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Abbreviations

Ac acetyl

Ad adamantyl

A angstrom: 1 A =0.1 nm
aq. aqueous

Ar aryl

BAr"  tetrakis[3,5-bis(trifluoromethyl)-
phenyl]borate

BINAP 2,2'-bis(diphenylphosphino)
-1,1'-binaphthyl

Bn benzyl

Boc tertiary-butoxycarobonyl

br broad

BrettPhos 2-(Dicyclohexylphosphino)

3,6-dimethoxy-2’,4’,6’-triisopropyl-1,1°-biphenyl

Bu butyl
c centi-
degree
°C degrees celsius

Calcd  calculated

cat. catalyst

cod 1,5-cyclooctadiene

COX  cyclooxygenase

Cp cyclopentadienyl

Cp* 1,2,3,4,5-pentamethylcyclopentadiene
CPME cyclopentyl methyl ether

Cy cyclohexyl

CyJohnPhos 2-(dicyclohexylphosphino)biphenyl

d doublet

D deuterium

dd double doublet

o chemical shift in parts per million
A heat, delta

dba dibenzylideneacetone

DBU 1,8-diazabicyclo[5.4.0]undec-7-ene
DCE 1,2-dichloroethane

DFT density functional theory

DG directing group

DIEA  N,N-diisopropylethylamine

DMA  N,N-dimethylacetamide

DMAP 4-dimethylaminopyridine

DME  1,2-dimethoxyethane

DMF  N,N-dimethylformamide

DMSO dimethylsulfoxide

dppBz  1,2-bis(diphenylphosphino)benzene
dppe 1,2-bis(diphenylphosphino)ethane
dppf 1,1'- bis(diphenylphosphanyl) ferrocene
dppp 1,3-bis(diphenylphosphino)propane

E electrophile
EIl electron ionization
ESI electrospray ionization

EWG electron withdrawing group
dba dibenzylideneacetone

esp

a,0,0”,0°-tetramethyl-1,3-benzenedipropionic acid

Et ethyl

equiv.  equivalent

FDA food and drug administration

FT-IR  fourier transform infrared

g gram(s)

G Gibbs free energy

GPC gel permeation chromatography

h hour(s)

HAT hydrogen atom transfer

Hex hexyl

HFIP  hexafluoroisopropanol

HPLC high performance liquid chromatography
HRMS high-resolution mass spectrometry

Hz hertz

i- iso

IPr 1,3-bis(2,6-diisopropylpheny imidazole
J coupling constant

JohnPhos  (2-biphenyl)di-tert-butylphosphine
K kelvin

L liter(s), ligand

LAH lithium alminum hydride



LED light emitting diode q quartet

M moles per liter, metal quant.  quantitative

m meter(s), milli, multiplet R functional group

m- meta p density

vl micro, dipole moment rac- racemic

mCPBA meta-chloroperbenzoic acid A wave length

Me methyl r.t. room temperature

Me-DalPhos s singlet
di(1-adamantyl)-2-dimethylaminophenylphosphine SeAr electrophilic aromatic substitution

MHz  megahertz SET single electron transfer

min minute(s) SM starting material

mol mole(s) SPhos  2-dicyclohexylphosphino-2°,6’

Mp melting point -dimethoxybiphenyl

MS mass spectrometry, molecular sieves SxAr  nucleophilic aromatic substitution

MTBE t triplet

MW micro wave t- tertiary

n- normal TBS tert-butyldimethylsilyl

N.D. not detected t-BuBrettPhos

NBS N-bromosuccinimide t-BuXPhos

NHC  N-heterocyclic carbene temp.  temperature

NIS N-iodosuccinimide TES triethylsilyl

NMR  nuclear magnetic resonance Tf trifluoromethanesulfonyl

N.R.  no reaction Tfs triftosyl

Nu nucleophile = 2-(trifluoromethyl)benzenesulfonyl.

Ns 2-nitrobenzenesulfonyl TFA trifluoroacetic acid

0- ortho THF tetrahydrofuran

p- para TIPS triisopropylsilyl

Pen pentyl TLC thin layer chromatography

PG protecting group ™ transition metal

pH potential of hydrogen TMS  trimethylsilyl

Ph phenyl TOF time of flight

PIFA  [bis(trifluoroacetoxy)iodo]benzene Ts p-toluenesulfonyl

Pin pinacol uv ultra violet

Piv pivaloyl eV electron volt(s)

ppm parts per million W watt(s)

Pr propyl X halide, leaving group, counteranion

PTLC  preparative thin layer chromatography XPhos  2-dicyclohexylphosphino-2°,4°,6

Py pyridine -triisopropylbiphenyl
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Figure 1-1. Structure and Calculated Acid Dissociation Constant of Isoxazole
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Figure 1-2. Isoxazoles in Bioactive Compounds
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Scheme 1-2. Synthetic Approaches towards Functionalized Isoxazoles
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Scheme 1-3. Condensation of 1,3-Dicarbonyl Compound with Hydroxylamine
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Scheme 1-4. 1,3—Dipolar Cycloaddition for Synthesis of Isoxazoles
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Scheme 1-5. Transitional Metal Catalyzed 1,3-Dipolar Cycloaddition
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Scheme 1-6. Isoxazole Synthesis by Cycloisomerization
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Scheme 1-7. Ring Opening of Isoxazoles by Deprotonation at C3/CS Positions

— 07 URFEEEEIZ 4T — R VA — L 3T 2 EEE L3 v E- RS LY 41 v
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AMNFEB LT,
_ ) . N-0 -
N-Q  iPrMgCILiC P Electrophile MQ  E=Bpin, B(OH),, SnBus.
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Scheme 1-8. Preparation of 4-Isoxazolylanion Species
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Scheme 1-9. SgAr Reaction at the C4 Position of Isoxazoles
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& B 5 FiE (Scheme 1-10-1) 1 B L OV F — R 7 0% 0 47 2 W 5 13- BHREA (RO 2 (Scheme
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Scheme 1-10. Synthesis of S5-Iodoisoxazoles
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Scheme 1-11. Synthesis of 5-(Pseude)Halogenated Isoxazoles
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TfoH  Ph DMF
CX3 H,0 Ph MW 100 °C Ph
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Scheme 1-12. 5-Chloro/Bromo Isoxazoles Synthesis by Cycloisomerization
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Scheme 1-13. Synthesis of 5-Bromo or Chloro Isoxazoles from Cyclopropane
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Scheme 1-14. Intramolecular SeAr Type Reaction at the CS Position of Isoxazoles
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JETHWSBNEZ 3-7 0T A VA FH >V —)L 68 OFfEITIE STV,
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Scheme 1-15. Cross Coupling at the C3 Position
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Scheme 1-16. Cross Coupling at the C4 Position of Isoxazoles

SALCTOZaAR ) 7 ROGE, iR Y FRE A RS HIAR S 72 3,5- @A VA4
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2 “SnBuj N k y
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—
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Scheme 1-17. Cross Coupling at the C5 Position of Isoxazoles
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Scheme 1-18. Cross Coupling at the C5 Position of Trisubstituted Isoxazoles
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T CHEZAWD 2D, 3 MICERLEZ L0 YA — L TRBEBORBENARD 5, *
7o, HFZEE Yugandar [Tv T AMillEE o Fa T U —AbSZ#H S L7z (Scheme 1-19-3)
D EEEEE LT AMICEASNIE I ARF AL, 50 C-H fAIEHbIcEET 5 L L bic
BLERERIZ & W Uiz, ARIS S, 3MICEBRIEZ bTolonAg VAT — L2 WE L35 L BB
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N-0 1.5 mol% [(IPr)AuOH] N- 0
U\H > /
(1 KOH (1.05 equiv.) COOH
1 THF, CO,, 20 °C 84: 91%
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Scheme 1-19. C-H Activation at the C-5 Position of Isoxazole
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—oO L LTCEHIN, REMERICHLZHEINTE 72, TV A E= L —T 005 1, RAafi v
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RSN TE, a2\ L= lzm—7 Va2 E L LIS, 7 1731 F )L Claisen S5 RS &
L CHIH A% (Scheme 1-20), Z DZEET BEREIML SN T Lo DA AEE L TEEER 2580 0,
T Lo DE T A X DEMEEH O —FBEIIRAD A RIIGH SN ), a5l £Ox—
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i E BRI, BEFRAST RRILEYE 5 2 HRICOHEERME & L TiRIBS T,

13



5“?%
il

R R
O. [3 3] 0\ [3.3] N [3.3] N
Q=0 1O LS
N .
Il S
Claisen Propargyl Claisen Propargyl aza-Claisen

Rearrangement Rearrangement Rearrangement

Scheme 1-20. Three Types of Claisen Rearrangement

WD 7 1 2LV Claisen S50 SSIE, 8% @ Claisen 070G K 0 @R 2R 2L LT 57
DEREATFEMHICGRER H o T, L L\ Toste HIEH F A Me (D AEEZ WD 2 & T=IRSRM
TOZ r YL )L Claisen S50 I AKE L7 (Scheme 1-21) Y, Y7 mnm X X UREAR . 7 a0
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NS O FE R R LT,
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» Ph ° OTIPS
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Ph \\

Scheme 1-21. Gold-Catalyzed Propargyl Claisen Rearrangement

— 5.7 2L X)L T W Claisen #5075 1E 1990 4212 Hansen 5 (2 & - TR T4 S 4172 (Scheme
1-22-1) *, Hansen 5%, 7 ¥ EizzvnLaz G570 VLT =0 091 %=F LT

I — LRSI T THNEVT 5 Z & TERALIK 94 %R 34% CH7-, Claisen B\ RZ K> T o-7
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o SN ¢S
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Scheme 1-22. Pioneer Works for Propargyl Aza-Claisen Rearrangement
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100 %[0 87% CTH3+7= (Scheme 1-23-1) *V. SUSCHEREIZRE U CEEMZR S MR WA, 1 oo Ao
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Et 10 mol% [Rh(cod)z]OTf Et
O/ 10 mol% dppp NH N
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Scheme 1-23. Examples Propargyl Aza-Claisen Rearrangement
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Scheme 1-24. Formation of Au-Carbene 96 Assisted by Silylalkyne

Zhang D%, ISTRAE LTHELD o7 Lo A0S KIG~DISHEZ BE L, S U AT L%
Y19 DT YL NALD C-H fEA OB E IR L 2 #Hi5 L7z (Scheme 1-25-1) *, 7/vF% D 1,3
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TARTIEARL T Ly N8 2572, ZhiTo-T LA EDFEELZ RE LTI-T20, -7 L =
VAR X 2 RETAIOHIE~E RSN, 7F s EAaDv U OB AT, BHRIZES
il 7 v b ALDORLE, £727 L= BFHREO T 7 R A K DO TH o7z, Lol
HEMTHD C-H BRI (LENT VAT AR TiER ., FHELAYE Fur T2 121 24572,
Ballesteros 537 77 LF AL U AL LTS U LT v F 2 122 Z W4 2 & T, Zhang © 73 % 4]
AL LTV UAT AR a2 ) Lo —T )0 123 L LCHEBEL, £ BSh W7 L=
JUA AR 120 O BLEER X OMEIERE 2 35k L 72 (Scheme 1-25-2) %9,
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Scheme 1-25. C—H Activation via a c—Allenylgold Intermediate
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Scheme 1-26. Gold—Catalyzed Wolff Rearrangement of Silylalkynes
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Figure 1-3. Three Isomers of Azaborine

1—6—1 7H¥RY L OBARE

3OO BEMERD 5 B LB A R TE A T 1,2-7 AR U U FFERO F 72 A ik &2l <%, 1958 4=,

Dewar 5 [3#]® BN H&EHEILEHE LT, 9,10-THHRT 7 =F 2 FLr 129 OERERE L7Z
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Scheme 1-27. Synthesis of Azaboranaphthalene
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Scheme 1-28. Molandar’s Method to Synthesize 1,2-Azaborines
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Scheme 1-29. Synthesis of 1,2—Azaborines by Using Metathesis
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Scheme 1-30. Dong’s Synthetic Approach to Monocyclic 1,2-Azaborine
Bl BN FERICEM O ETHEMO — R MDA 1,2-T PR VEROGKT 7'v—Fid, ki
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Scheme 1-31. The Reported Heterocycle-Fused Azaborines
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Scheme 1-32. Synthesis of Oxazaborolidine 154 via Palladium Catalyzed B-H/N-H Double
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Functionalization
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Scheme 1-33. Three Approaches of Skeletal Editing
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Scheme 1-35. Ring Expansion using Rhodium Carbene Complex
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Scheme 1-34. Stepwise Procedure for Ring Expansion
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Scheme 1-36. Ring Expansion using a Free Carbene
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Scheme 1-37. Insertion of Zinc Carbene Complex into Si-H Bond
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Scheme 1-38. Cross Coupling and Direct Halogenation at the C5 Position of Isoxazoles
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Scheme 1-39. Propargyl Aza-Claisen Rearrangement
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Scheme 1-40. Synthesis of Isoxazoloazaborine via Propargyl Aza—Claisen Rearrangement
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Scheme 1-41. Ring Expansion of Isoxazole Using a Zinc Carbenoid
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SIWHEINTWDEN, A VA — N EHEE LIz axh v 7Y o 7L OREFIZD 720,
Brlo, @S VA — o rax gy ) USRS mens Y, s uxh v 7Y U RIG
2 & B ZEHA A BUEB R MEN L CW D JRK DO —2I%, RIBMATH D a7 bAoA VA x4 —
DB RIERKRIEL TH DT Th D, BED T F ACEOS T EEE AL . £-
NERIRVEO AR EE L WO A2 D, £ 2 CTARETIHE, FTEEMD 5 a7 fbs V4%
P — G, IRETHREEE Shizra Xl 7 ) RO L D ZERIRE RO FEBLE B I
L7z, SHIZCHFEEDO T AT LD 5—a o AbA Y A X3 — L Oak, 1L 0%e<
I AR 7Y TN & D ZEBRERIEORSE B LT,

2—2 WFFEEE

AVFHRY S =D 5 MERISHEETDHI7a Ry o TONT, 3.5- @l Y Fx9
—VOERBNTEZE RESNTWDHN, =@, VAT —LOAGHEIZIZE A ERy, 5
\Z Jurberg HIF7 B 2 T) v 7Y v T IROSIZ L D ZEHR OGRS R EE 2 G 2 s Lz, £2 T £ 7
ZONATIIZEE R UIEE 2V, 2 a0 Al v 7Y U TR K D S EBIKE RO RSS2 L
776

I, el s—ruaF oAb, VA XY =L OGERIEE LT, SALTO C-HEED 1 s AL
oG aEFRB LI, bbb, 5 MEBRNZRRIGDTZDIZA VA XY —)v 5 O 4 fIELm 2 A
L, BV 0 LMEIZ X5 C-H#EG D17 AU & 1ET L72(Scheme 2-2), £ LT, HFbitle e
FoAbA I FXH Y = T ZHNEI a0 A Dy P SRS EEIEL, SERA VAR — LA
ik LCOFMMER LT,

* Jurberg B, BWEHN v 7Y 7 BROEAR-EHA v 7V XD ZERIKA VA X —
DERITREETH D L5 L7z (Scheme2-1) VY, 7AFo 2Dh TV TITiE, AV AFH VY
WY 7T =k la, 70EA VAFT Y —L 1b OWTNOEMREWE 5272, RUBEDD v
TV T TRHA VAR Y INL NI 7T =M 1ald7 b 4 ZIE 3% THZ, 70 4%

V= 1b T &L R Lo Tz,
10 mol% Pd(PPhj),
20 mol% Cul

M nCoH.. DIEA (15 equiv) N-Q
Ph&%\x v eH13 - th\
B toluene B n-CgHq3
n 110 °C n
1a: X = OTf 2: 0%
1b: X=Br
_ 10 mol% Pd(PPhs), ~ o
N-Q Na,COj (1.4 equiv.) N-Q
Ph’%OTf + (HO),BPh » Ph’%ph Ph
1,4-dioxane
Bn 100 °C Bn Ph
1 3:0% 4: 43%

Scheme 2-1. Cross Coupling of Trisubstituted Isoxazoles
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N-Q TM cat. N-Q N-C

A 5 A Cross Coupling h
R1&%\H > R1‘%X v R1&%\R3
R2 Direct Halogenation R? R2
5 7 8: R® = Aryl, Alkyne
R2 = amide group l;l—O
as a Directing Group 7
R1/Y\[M]_H
L 4 J
DG

6

Scheme 2-2. C-H direct Halogenation and Cross Coupling at the CS Position of Isoxazoles

2—3 SALCBITZ7 BRIy TY Y TRIGICE D ZBHEA VA% —VOBEREE
HITE TR ~7z Jurberg HIZ KV EfSN/eA Y AFH Y UL R 7T —Fla L 5-7nEA VAF
Y= ab v, 7w d v 7Y T ROSC & D ZEBA VY AT Y — L OB BT LTz,

2-3—1 AVFFHJSININITFS— L 2BEEBLE LEIvR Dy ) T ORE

FT. AT O SURSIECHEEAD v 7'V v VIS % i 7= (Scheme 2-3-1), A VA %4> —L
la Z#5E & L, fiffi & U T PA(PPhs)s 38 LV UAESA(D), R L LT Y oL F LT I %
W MV 110°C Tl-A 27 F U EIRE LT, LML, I-A 27 F U R &k T 5720 Th
. BB 2 3R L0 oTe, £, A VAFH Y — 1 LT =R a il OmA—"Elh
vV TG, fillt e LT PA(PPhs)s, HEJEE L CREET MU 7 AZH, 1,404 0 iRt
100 °C T 7= (Scheme2-3-2), ZH o b b v 7 U o FARY 3 I1XERET, 4 VAT —1
1R L7 B da BIERE 43% TARR LT, 230D OFEFRIE Jurberg & O L 5L, EEH1 O
s aRAN 7Y T RIGHNEECH 2 Z & Heksd TR ST,

10 mol% Pd(PPh3),
20 mol% Cul

N-Q DIEA (1.5 equiv.) N-0
(1) Ph&%\ow + //"'C‘*"'13 > Ph&%\
z toluene n-CgHq3
Bn 110 °C Bn
1a 2: 0%
10 mol% Pd(PPh;),
l;l—O Na,CO; (1.4 equiv.) ’;‘_0 o
Ph/%OTf + (HO),BPh > Ph/g)\Ph Ph
(2) 1,4-dioxane
Bn 100 °C Bn Ph
1a 3: 0% 4: 43%

Scheme 2-3. Cross Coupling of Trisubstituted Isoxazole 1a

AVFXY Y M) 7T —FlazdiEEE Lz aRx by 7 ) o FORBERIL, T oR0m Uik
REDI TV T N—= N ST ORNCEEN L CLES 2 EIZH D, Z2DH T
VI RIS DERME T ORI IR D05, S A 7 VBT H R T U ARAZ LR B A VA
XY — VOSMRPEITL TS EHER LT, T2 C, BHHRAWE 5 2 -HED v 7Y 7 TD
Gy FRM DREIE A fiat L7z (Table 2-1),
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Table 2-1. Condition Screening of Sonogashira Coupling of Isoxazoles 1a and 10

10 mol% Pd(OAc),
20 mol% Xantphos N-O Tf

Cs,C0; (3.0 equiv. - ‘N-0
n-Cetlyy 2003 B0 eaulv) Ph’%/)\ + N
Z solvent n-CgHqi  Ph o

R

3
=]
\

R R
1a: R=Bn 2:R=Bn 9:R=Bn
10: R=H 11:R=H 12:R=H

entry R solvent condition yield (%)?
1 10: H benzene no change 11: 84
2 1a: Bn benzene no change 2: 27
3 1a: Bn toluene no change 9:33
4 1a: Bn PhCF; no change 9:76

5 1a: Bn toluene without 1-Octyne 9: 61

6 10: H PhCFs;  without 1-Octyne 12: 42

? Isolated yield.

BOS 2 at Uz, filfit & U ClHERR X T U v A, BALF- & LT Xantphos, ¥ikkE L CIRER
YU L, ZELTHEEL LTRCBUVEHWERET 1A F Dzl y 7 ) o 7REITL
7z (entries 1 and 2), —_{E#A 10 ZHE L L72ga. FATHIZEDOIE % 1A% 84%D IR THY
12356, ZERA1a 2T L35 LAY 2 08 27% DR THELNTZ, UL, WitE e
IR a00— U TZA R MV ACERTLE T AR 2 TiER . MY A e AR
VAN EIVIENA VA X — VB O BRI BT LI B R TH DA AT ey 9 R
o7z (entries3and4), 7 VX U BHEIELBRWSEMETHA Y AFH Y r 2 9 035517 (entry 5),
ZOREMAIE TERIK 10 THHEIT LA VAT Y nr 2 835507 (entry 6), A VA FH VUL
MU Z7T—=bF 1a 30y 7V 7= b T —=DBELRWGG /T D0 LAEAF/E T CTRET S
& 2 LT ZDRIINIONEIE DR B e RE %2 5 2 E DR BT 572 (entry 2 vs. entry 3)
¥, B9 & 121X NMR LB ESITIC L OBERENNETH -7, A 12 DAL X
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RGN AT o T2 fE R, T OBEBIIERE 10O MY 74 a XX o Z )Lk = )V EEIN 2 (LD EEFITHENT
L7 BMERE, Thebb A YAy a 12 Tho7- (Figure 2-1),

Tf,
N-O

PhMo
12

Figure 2-1. X-ray Structure of 12

DXL AVAXFTY I AL R T T —hNlanbA VY AFH a9 ~oRM bofl % i L7z
(Table2-2), T72bb, XUBUEMA, fikift s LCPd(OAc)., Hitke: LTty v AE2HWD
KT, RN DT A OB 7 Z T L7z, £79°, Buchwald B D JohnPhos (entry 1) & XPhos
(entry2) ZHWZD, Ty 7V U TAB) 2 1T BLNT, 4 VA XV 1 9 BENENEFE
30%., 25% CTHELILTZ, HEWVT, RAT 4 VBN FEZRFT LI, U 7 ==Lk AT 4 TEBED
By TV TERM 2 G 2720, A VY AX Y v 98 45% TE BT (entry 3), P(o-Tol); (entry
4). PCys;-HBFy (entry 5), P(+-Bu)s*HBF, (entry 6) IV bW v 7V 7oA 2 2 523, Btk
K 6 DI% 5 272 (entry 4: 29%, entry 5: 91%, entry 6: 26%) , D & (2, _JEEMI % Kist L 7=, DPEPhos
Xy 7V T AR 2 FIEBEG 2T, BEIR 9 2R 36% T hH- 272 (entry 7)., rac-BINAP (%
LAy TN TR E 52T BRI DAZIR 13% TH 272 (entry 8), dppf |TIEBIED T v 7
U T3 &b 20208, BVER9 % 18%DINRTH 272 (entry9), dppe ZHWTH v 7Y
TR 2 1I3E LT, BER 9 ZUUE 57% TH 272 (entry 10), F7=, NHC i Th D IPr &
AN D EROSFRBEHA L, By 7Y TARY 2 BRORMEK 9 HFLAEHBLNRN-T
(entry 11), ZNHDOFERE Y, =@, YV AXH Y VAL NY 7T — bk 1ald/"T7 V7 Az L -
TAVAFH a9 ~NIGNTH0, 7aRAhy 7Y 7OREEE LTl TR &l L7,

°® De Castro &, fililit& 0 DMAP F/E FC, SOLIZIRIEY = =)V AT VE[GT HA VA FH ) —
N3 NA VA FT a 14 ~E BT DG HE L2 2 (Scheme 2-4), 7035, A %%V —1
15 % JE & 3 5 AR OBRAL UG T Steglich #5075 i & LCaISHIL S P (Scheme 2-5),

o}
_ lo) PhO"Q
N-Q L Ph 20 mol% DMAP N-O
Ph—\~0" © N
/KR\ CHZC|2 Ph/&ﬁo
Bn -25°C Bn
13 28% 14

Scheme 2-4. Rearrangement to Isoxazolone

R! R! R1
0
Vs ) _Re_DMAP o Q@ = Yo
0 -DMAP
R2 R2 R3 R2C02R3
15 16 17 18

Scheme 2-5. Steglich Rearrangement
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Table 2-2. Condition Screening of Sonogashira Coupling

10 mol% Pd(OAc),
20 mol% Ligand

N-Q .. CS2C0s (3.0 equiv) N-Q N-Q
Ph&%\ow i 6713 — » Ph&%\n_cwn + Ph’%o
Bn rt. Bn Bn
1a 12 h 2 9
entry ligand coupling product 2 (%) isoxazolone 9 (%)°

1 JohnPhos 0 30

2 XPhos 0 25

3 PPhs trace 45

4 P(o-Tol)s 0 29

5 PCys*HBF4 0 91

6 P(t-Bu)s*HBF4 0 26

7 DPEPhos trace 36

8 rac-BINAP 0 13

9 dppf trace 18

10 dppe 0 57

1" IPr trace trace

?NMR yield using dibromoetane as an internal standard.

Jurberg HIX=EHA VY AXY Y VUL RNY 7T — |k la 2HE LT HEED v 7Y o TV RONTET
LAWERE LD, NIV AEGFETTOA VY AXH VUL NI 7T —K1ladDA VA FH Y
a9 B ERZEDO—HNThoT- EHEE LT,

2—3—2 HAR-BEHEI YTV XD =ZEBEA VATV — LB ROKRR

DONT, AVFFXFH VIV RN TT—F 1 BT HHMA-EHI TV T ERF LI

(Table 2-3), F7ebb, 1L4VAFH REEN, WMERL LTIV VB= ) UL Iy TV TR—
M= LT z=Ra @iz W, x0T D0 Atz W RK-g >~ 7Y v 7%
Fehi L7, BEIZIRR7-238 Y . PA(PPhs) Z il & L CTHWD & B 3 13 E L2 > 7= (entry
1), —J7. Pd(dppHCl, Zfilfi L 92 & 1 v 7 U v 7 A sk 3 SR 80% THF H L7z (entry 2), 7233,
ZOBET b 4 PR NN% CRIE LTz, BRx T U0 M2 G L7223, 77 b 4 BVAERKRT S
%5 (entries3and4) &HHWIEL KIS LRWGH (entriessSand6) O—FHThO, hy 7V 74
) 3 1345 Do 7o, BT, 2NT DT MMl A PA(OAc), THEIE L. BifF 45T L7z (entries
7-10), % DFEH, BT dppf (30 v 7V o ZERM 3 Z IR 50% TH- 27208, 7 b 4 HULEK 24%
THR L7 (entry7), & DOMOBEMIT dppe (entry8). dppBz (entry9). Xphos (entry 10) % H ¥
2 BT FUBAENR S vz,
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Table 2-3. Condition Screening of Suzuki Miyaura Cross Coupling

10 mol% Pd cat. fo)
N-Q K3PO, (3.0 equiv.) N-Q
Ph’%OTf + (HO),BPh > Ph/g/)\Ph + Ph)l\L
1,4-dioxane
Bn rt. Bn Ph
1a 12h 3 4
entry catalyst coupling product 3 (%) ketone 4 (%)?
1 Pd(PPhs)4 0 31
2 Pd(dppf)Cl2 80 1"
3 Pd(PPhs)2Cl. 0 23
4 PdCl: 0 25
5 Pdz(dba); 0 0
6 Pd(OAc)2 0 0
7 Pd(OAc)./dppf 50 24
8 Pd(OAc)./dppe 0 53
9 Pd(OAc)./dppBz 0 0
10 Pd(OAc)./Xphos 0 0

? NMR yield using dibromomethane as an internal standard.

FATHFIEICHRNWT, A VY AX YV UV MY 77— N VISR D v 7V > 7 DRSS TofiF

L7, REFRE T @A VA — L 3 MR RIETHE L7 (entry 2, Table 2-3), L
LG, 7 b4 ORIAEZIHIT L2 L IZREETH 72,

v 4 DERREIMEIT 5 RUGHER IR ST A VAT — L2 2 EE L
A-EY » 7V IS E G LT (Table2-4), 5-70EA VAFH Y —/L1b &7 ==/LR
VERIZKE L, T U U A L RIEORGT EIT o7, 9 WEE Y V= U U A I
Z 1,424 U AZEE LT, 100°C DRI TRT U0 Afiklit 2 85t L7 (entries 1-3), Pd(PPhs)s
(X770 TR 3 B 67% CTH -2 1203, 77 b 4 DU 24% CARKL L7z (entry 1), FEEE/S
T VT A TITREED 62%035%A7 L. BIUY 3 OIERIT 13%IC £ -7 (entry2), Pdy(dba)s (Zxf LT
20 mol%® P(t-Bu)s* HBFs Z i - & L THWAD & v 7 AR 3 DIERIT 40% T > 7273,
7Ny 4 OERPEBEICIN A b7 (entry 3),

ST, il & BN F-% Pda(dba)s & P(-Bu)s- HBF4 I E L. WA FaiT L7 (entries 4-13), 72
B WA 100 °C LA FOWBEZ DWW T, MOSRE 2 ¥ oEEICEERE L7, 7 7 R
077 ERIFIVA NSV, by T AR 3 EENTRICGE 49%, 57% CTH Z 72
(entries 4 and 5), FEBERBEBETH D ML 3R 61%TH v 7V 7Y 3 %5 % (entry
6), N T UREEED 127 vux g FTINE 67% ThH Yy Y o TIK3 25 272 (entry7), TV
T )VREETH D A X ) — NV TIEROS 2L EITET (entry8), Y 7m/3/ —/b (entry9). ~
XH7uAdrrasN ) —/ (entry 10) THKIEIIEIME T L7z (entry 9: 5%, entry 10: 11%), &ifi
PRI DT = =K UL (entry 11) & DMF (entry 12) Tid A > 7'V > 74K 3 DL\ | L7- (entry
11: 65%, entry 12: 77%), Z L5 O 5 K U I 5% DMF 23 il Tdb - 7=,
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Bt T A RET L7 (entries 13-18), fREET b U w7 ATIXFEL 1b 23 9%FRfF L3, By 7Y
> TR 3 DR 80% TR B ALZ (entry 13), FREEAD U w7 A TIIEE b e EICHEE S, By
T TR DOINRIL 88% TH V. &7 b2 4 DARIT 5% E THIHl Sz (entry14), By 7 U
THEEM 3 LN 4 EORBEI Y ISV T A a~w NI T T 4 —TIREEETH 7203, GPC
ERAWHERICE D Iy 7Y 7K 3 2R T3% CHEEL7Z, ZOMoEIE LT, R 7 A
(entry 15), 7 > {b A1V 7 L (entry 16), EEEET RV 7 A (entry 17). tert=7 ¥ 5 U 7 A (entry
18) ZRAAT=M, B CTHIRIT 60%I28E F 7= (entry 15: 50%, entry 16: 60%, entry 17: 6%, entry 18:
0%)
Table 2-4. Condition Screening of Suzuki Miyaura Cross Coupling

10 mol% Pd cat.

10 mol% Ligand o

'}l_o base (4.0 equiv.) r;l—O
th\sr + (HO),BPh oot Ph/S/)\Ph + PhJ\L
Bn Bn Ph
1b 3 4
entry catalyst base solvent temp (°C) SM 1b (%)? product 3 (%)? ketone 4 (%)?

1 Pd(PPhs)4 K3PO4 1,4-dioxane 100 0 67 24
2 Pd(OAc):2 K3PO4 1,4-dioxane 100 62 13 8

3 Pd2(dba)s, P(t-Bu)s*HBF4 K3PO4 1,4-dioxane 100 39 40 trace
4 Pd2(dba)s, P(t-Bu)s*HBF4 K3PO4 THF 60 10 49 trace
5 Pd2(dba)s, P(t-Bu)s*HBF4 K3PO4 DME 80 31 57 trace
6 Pd2(dba)s, P(t-Bu)s*HBF4 K3PO4 toluene 100 3 61 2

7 Pd2(dba)s, P(t-Bu)s*HBF4 K3PO4 1,2-DCE 80 7 67 2

8 Pd2(dba)s, P(t-Bu)s*HBF4 K3PO4 MeOH 80 100 0 0

9 Pd2(dba)s, P(t-Bu)s*HBF4 K3PO4 i-PrOH 80 85 5 0
10 Pd2(dba)s, P(t-Bu)s*HBF4 K3PO4 HFIP 80 59 1" trace
1" Pd2(dba)s, P(t-Bu)s*HBF4 K3PO4 MeCN 80 0 65 trace
12 Pd2(dba)s, P(t-Bu)s*HBF4 K3PO4 DMF 100 0 77 2
13 Pd2(dba)s, P(t-Bu)s*HBF4 Naz:COs DMF 100 9 80 5
14 Pd2(dba)s, P(t-Bu)s*HBF4 K2CO3 DMF 100 0 88(73)° 5
15 Pd2(dba)s, P(t-Bu)s*HBF4 Cs2CO0; DMF 100 19 50 6
16 Pd2(dba)s, P(t-Bu)s*HBF4 KF DMF 100 23 60 5
17 Pd2(dba)s, P(t-Bu)s*HBF4 NaOAc DMF 100 73 6 5
18 Pd2(dba)s, P(t-Bu)s;- HBF4 t-BuOK DMF 100 complex mixture

? NMR yield using dibromomethane as an internal standard.
bsolated yield.

FAT DL TIE ST BT, VAT — L b ZHE L TH /AT v 7Y 7 1348L
AT LR o 72h BOGHREE & L C Pdy(dba)s, BAfZ & L C P(t-Bu)s-HBFs, Hgdke L TR Y ¥
L, WL LT DME 2 HWASHETIRERRLS 7 a2y 7Y U IR HEITT 52 L2 BN LT,
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FNT, ZOMEEHWTEBARERH D v 7 o Z7oE GRS L, Thbb, 5-7u%®
AIFAXY S =)l LFEAOT V—LARa U119 DO v 7 T IS E S LT (Scheme 2-6),

10 mol% Pd,(dba);
20 mol% P(t-Bu);'HBF,

F;I—O K,CO; (4.0 equiv.) )
R1‘S/)\Br + (HO),BAr - R“%Ar
DMF, 100 °C

R2 R2
1 19 3
N-0 N-0 N-O N-O
Ph% th th th
Bn Bn Bn cl Bn CF;
3a: 73% 3b: 84% 3c: 56% 3d: 72%
hll—o CF, r;l—o rlu—o hll—o
Ph/%Q th th Ph/%C\N
Bn Bn CHO Bn Bn Z
CF;
3e: 52% 3f: 61% 3g: 43% 3h: 54%
N-0O N-O
Bn Bn
3i: 57% 3j: 92%
N-O N-0 N-0O N-O
MeO Bn Bn Bn Bn
3k: 64% 31: 70% 3m: 77% 3n: 92%
r/«—o rll—o rll—o
Ph—\7 ~Ph Ph’H/)\Ph Ph—\7 ~Ph
Me &C‘\
30:64%  oMe 3p: 84% 3q: 52%

Scheme 2-6. Substrate Scope of Suzuki-Miyaura Cross Coupling

FF 3T 2=V AR DOV EE AT L 5T eE A Y AFY Y — 1Tk L, flix D
Ao AR Lz, Bl 7 2 =/LRa g 6a W=k v 7 U 7Tk, AR 4a HEEERIN
RI3%THELNZ, p-b U R U eb 2 HWD SN E E L, IR 84% TXIGTHHh v 7V v
TR 4b B LT, Teds, T =R VR 6a & FHWTCBRIZAERM L BIZER T R 25 D4y
BENIREECH o 7208, ER 4 ORIESEBIEIC L > TR L7k, 4a LSO ARIIE G ICH
BENATRE ChH o 72, B REMMEEBRECHL 7l (6¢) & FY 7t v AF LI (6d) % /XT(L
WZATDHT V= ARa VBT, ZNENHRREDINRTH v 7V v T HERBE STz (de: 56%,
4d:72%), RNV INVEEZFT LT U —Ahn Ui 6f LIRS, Ty U U T ER A SR 61%
THOLNZ, &=L T xR a ik 6g VDL, AT LU EFET LI TERY 4g
IR 43% TR LNz, ~T a7 V—LARa U (bh B LTV 6) Zmatd 2L, BV 2F7T5
4h B 54%, T 7 =2 HT 5 4 BIEE S7T% RO, 2, 2-F7FvRa k6 #
Wizl Z A, BINERIZTH v 7V 7R 4 BESNTE (45:92%),

FWNT, Aarvger = dhnrfgeallHEL, 4 VA Yy —VoEBEE R Lz, £7
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o
X, 3MOBEHILICOVWTHRA Lz, BFGHEOBRETHD A NEFVEREAETIHE. 1y TV
R Ak DR 64% T BT, 2-F 7 FNERTF A 7 2 U EEBREL L TATAHA LI v
TV T L, BRI 41 4m 2 E N E IR 70%, T1% TRz, 7AF Vs UT ter=7 F IV
BEa2fGT4 VA —VIZBRIINETH vy 7V V7R dn & 5272 (92%), 7. 4 VA
XY=L D 4 fLOBEBRILIZONTL, p-A bF IRV AT T ELVEEET D
AV F XA — VSRR G BAFRINER THIIW Z 5272 (40: 64%, 4p: 84%, 4q: 52%) .
DEORERLD 5-7uEAf VY AXH Y — 1 ZFEE LTEA-EHZ e Ay 7Y 7LD
CEMRA A VAR EFGRE LT, 4 MOBBRENTAXNAEHTHD S-T T VAT
=V 1 IIERIEICTREGICRRTE 2 2 L0 KRUSHRNZHWNEXE S I @& VA x ¥
— VAN FIRETH D,

2—4 s uFUfbA I AXH T —VOERR

FER Tl 7eil 0 | RERIETIRARATAER 5 (L m 7 AbA ) A% — L ORI TIRE
HIThHD, FrZ, 5-F—FA VAFH =L OGHITEEL | FrZ4MICEBREALFT 5 5-3—F
A IAXHY —VOERIZESEEFD RN Y, LT 5 fina oAb, YA XY — L OFME
IEZBFE L7 v A0 v 7 ) 7RIS TE UL, A OAE TIEEI T eV B (¥
— VD EEWA VI XY — L OEE L RIS R D L E X,

2—4—1 A IJFFV Y —)V5{LD C-H ~aF AbDrRE

i Cub _7-18 Y | YAFJEE Yugandar, BEH 51X, 4 MICEAIEE L CTHONAR=VIERERT LA Y
FxH =KL, v Py A XD SN0 C-H BRERALS WS LY, £7-. Glorius &
37X Fxidmiks L, v o0 M A W2 7B B bW O C-H RGO ~a 7 ABORZ S L
2% ZNOOMmRAEHAGDY, A VA — 40T 2 RREEZREMIEE LTEAL, YYD
L2 T2 A A XY — )L S LD C-H #EG DO 7 AV s & B LT,
FT.3NMICp-rur T o=V ANV A YT LT I REERET LA VAT —1 10
I L L, Glorius 528 Lz g 7 U ACEOS DRI > TA Y A XV — L S Ao = v #EAL
B & k7= (Scheme2-8), 472 b, 12~ 7 nn= X REEET . 1 mol%D[RhCp*Cll, & 4 mol%
D AgSbFs fifit & L, I UHFAIE LTN-F—RFAZ A 2 R, EXLVEBRZTIAIE L. 60 °C
OIS FCTHRE 22 D 53 UHRLERATZ, LLARRL, A I FXH Y —ILERO 5 ALOIHH
GBI AERDIEONT, p-rra 7 = T I URKISHET L7ZY 3 — Rk
23 BUILR 60% TELNTZ, ZhuE, A YAy — L BARARMEE LTERAL D, pZun >

¢ Glorius HiX, mY v A () filfEzHu iz, FEHRILEYMO C-H G OIEMHEIC L 5 7 el
BIXOavHEE2HREE L9 (Scheme 2-7),

1 mol% [RhCp*Cl,],

N(i-Pr), 4 mol% AgSbFg N(i-Pr),
PivOH (1.1 equiv.)
O +NXS > o
1,2-DCE
H 60 °C X
20 16 h 21a (X = Br): 99%
21b (X =1): 98%

Scheme 2-7. Rhodium Catalyzed C—H Bond Halogenation
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= = NVEEDRFEIRFREG bIE L SN2 LR LT,

1 mol% [RhCp*Cl,],

4 mol% AgSbFg I

N-O NIS (2.0 equiv.) N-O

WH PivOH (1.1 equiv.) /@YI

cl T oal

1,2-DCE
07 N(i-Pr), 60 °C 07 N(i-Pr),
22 23: 60%

Scheme 2-8. Direct Iodination at the C5 Position of Isoxazole 22

AV FFY Y —VEBRLSND C-H S TO I VR ERIS Z M+ 272012, 3 7 R il 2 LE 22
IZxtLC 095 B &AW Ta vFRbERATz (Scheme2-9), SR ZEIZ ;5@%@%%@5& Ak
AR LT, A Y AFH Y =V BRO B I U RS AERWY) 24 DICHEIZ 30%ICE EFED, 3
— FIR 23 BNINR 18% TR LN p-7 n 0 7 = = VD BN I v HE L SN AR 25 1315 BT,
AVFFXY =V SOOI URIZLY p-run T 2o VEETORFBEIRFBEEDIEELEIND Z

ERIRIBE I T,

1 mol% [RhCp*Cl,],

4 mol% AgSbFg
N-O |
Vi

rll—o NIS (0.95 equiv.) ' N-0O N N-O
/@Y\H PIVOH (1.1 equiv) _ /@/f\l . /Q/j\)\l . P
cl cl
1,2-DCE cl ; Cl
o 07 N(i-Pr), O~ "N(i-Pr), 07 N(i-Pr),

N(i—Pr)2 60 °C
22 23:18% 24: 30% 25: 0%

Scheme 2-9. Examination of Reactivity of Direct Halogenation of Isoxazole 25

2T INCT RN EEFETHA I FFT =IO T 4 VDR A EE 2 E L7z (Table 2-
5)s §72b> 5, Scheme 2-8 LRI UKIGERED S & AV AXH Y — 1D 31L& 4 (L OEBIL A IRET
L7, £F. 3MOEHIER % tert-7 FNVHEE L, B R ZHRF LTZ, B _HFKOT I RTHD n-
TFNT I RELORE 26a Tk, I 7HRIK 152 BIE 83% TH LV (entry 1), N-7EF /LT 2
J BEEAT HEE 14 TIHRNTIT E A EEITET, Blm ki ﬂ%b\é? RN A VR = VRN
AVFXY Y —VBRAITH DM ENHEY TH -7 (entry 2), DT, EHIL R 2 nX0F LI L
LT\Mﬁ%w@@%%ﬁ&okowf%wTiF%%O%Emkfﬁ\3?%%2hﬁﬂ$@%
THELILE (entry3), £z, BT I RTHLHVA Y 7o LT I ReidmikeE 7555 26d 1%
3R 63% T3 VHEK27d #5272 (entry 4),
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Table 2-5. Condition Screening for Iodination of S—allenylisoxazoles
1 mol% [Rth*CIz]z

4 mol% AgSbFg
N=Q gil\?o(ﬁ?f? l;i;h)iv.) N-Q
R“S/)\H > R“k%\l
2R62 1,62(;[‘)’gE 2R72
entry substrate R’ R? product (%)?

1 26a t-Bu CONH(n-Bu) 27a: 83
2 26b t-Bu NHCOCH: 27b: trace
3 26¢c n-Pen CONH(n-Bu) 27c: 64
4 26d n-Pen CON(i-Pr)2 27d: 63

? Isolated yield.

AV F XY =D AN A~OFEY 2R FEOEANIC LY, 50D C-H #EE D 3 v RIS & 2Rk
Lz 4 VAXH ) —)LSALTO C-HFEAD a7 ACBINT Z v E THREFDN /2L, EHICED
AR EOGIE TR CE RN N, AURE 5-3— FA VA F 3 — L O AL
ELTHEHThDEEZ DN S,

2—4—2 ZBEEA VIIXYV S —ND S Rb v LY T RIGDOBE

AT CAR LTz -3 — RA Y AFH Y — VW, EED v 7V v 7Rt Lz, £, 3 A0l
tert-7 FNIEF L, 4 (LI T I REb oA VA XYY —27a MG L72 (Scheme 2-10-1),
T bbb, it PACL(PPh:), B L OV F VLA DIFE T, I — FA YV AFH Y —)L27a L =F =
NRB DTy ) o T hAIRT, TOFRER. 21% AR 5 b xS T 2 @A 28 2345
Silz, DT, 3L =X FNEEF TS 2 o504 Y AFH V) —)1 27e-d et L7z (Scheme
2-10-2), T 72 b, MV RS A Y A — L 27¢ 7213 27d B HE L L il £ O Pd(PPhs),
&I BEHDFEIE R, 100 °C TZF = _U B U LG E&E, B k7 I Feboo VY AFHY
— 2T DOITIST DT U TR 29 DU 54% THROLI, Bk T I RERET L4 Y AF Y
=V ASE DB IE T Y TR 30 D3N 74% TR B LTz,

10 mol% PdCl,(PPhs),

N-O 10 mol% Cul N-O
U Et3N (2.0 equiv.) l
¥ 1 ‘ Y =~
1) + > ESS
Y MeCN
O” "NHn-Bu r.t. O” "NHn-Bu
27a 2th 28:21%
10 mol% Pd(PPhj),
N-O 20 mol% Cul r;l—o
/\/\/f\l /@ DIEA (1.5 equiv.) I~
+ > ==
2 .R2 = toluene .R?
@ 07N Z 100 °C o= ;
R 12 h R
27c: R'=n-Bu,R2=H 29 (R' = n-Bu, R? = H): 54%
27d: R'=R2 = j-Pr 30 (R'=R2=-Pr): 74%

Scheme 2-10. Sonogashira and Suzuki-Miyaura Coupling for Trisubstituted Isoxazoles
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T, tert=T7 FNIEEHETHA VATV —/L 27a 1Zx L, filiEE O Pdy(dba); & EIALF P(-Bu)s-
HBF, # W, - RU 7L F a0 AF LT =R Uil OBAED v ) v VRIS ERE LT
LA TV TR 1T IR 41% TE LIV,

5 mol% Pd,(dba);

N-0 oF 10 mol% P(t-Bu)s'HBF, N-O
U 2~ /@, 3 NayCOj; (3.0 equiv.) _ U P
(HO),B THF/H,0 CF3
07 "NHn-Bu rt. 07 ~"NHn-Bu
27a 17h 31: 41%

Scheme 2-11. Sonogashira Coupling of Trisubstituted Isoxazoles 15e and 15f

UEDOBFILY, CHFEED AL > TAR LEZHH 5-3 — KA VA3V —1 27 1%
saAf 7Y T RIGOEE, bbb 5 i~OBEHLEAOREAL L THEHTH D Z LIVR
Shic, 7uAxHy 7Y o T ROSOFEMEEEES, ol v 7Y o 7 RIS~OISHITMETE Twn
RIS, IR T4% CTH T T ERMBN G LN Z LD REBIEIL @A AR
—IVOERIEE LTAHTH D Lk Lz,

2—5 F£&®

ARETIE, Z@EHA VAT —VOEMIESE L THIITHNL I TR SO a Al v
UV RIGICER LR LTz, £ PFRITIIRICB N T a2 v 70 » ZRISHINEE L @5 ST
WA Y FXH VIV R T7T7— M laBLl7eEs VY AXH Y —v1b 2V, B v 7Y v
TG B L OA-E/H D~ 7V U IRIGERG LTz, TO/RR, NY 77— MEOBMALIE, F
bbb R 7da AL AR =NV IO L > T VAT Y e 9 (F7201% 12) NERT
HZEERBL. AYAXFYH YUV NI 7T —MlazHWb7ax v 7 ) I RIGIREETH 5
JRKZ B SN Lz, $VWT, 78T A Y ATV —L 1b ~ULEE 2 A E L, w2 it 4
R L2 & CThix D =& A VATV — L 3OEMICRI LY, 72, 5-3— A VY AFH
—VOFHERIEE LT, 40027 2 FEEMEE L, voy Az w5 C-H 3 v LG E
B L7z, ZHUC LY | WERIETIHXEMNEE S — R Y AFY Y — 127 O & vliglc Lz, &
LIz, Bonfca vRbFEREANT- 7 e A D v 7Y U RIS ERGT L, FB SER A Y A
V=)V DEREE B Lo (Figure 2-2),
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Pd,(dba);
N-0 PUBUSHBF,  Ng
U
RAA~Br + ABOH), ———2 5 g J~pa, 17examples
52~92%
R2 DMF R2
100 °C
1b 19 4
N-Q [Rh] cat. N-Q
R1 ¥ H—>» R1‘%|
Direct
DG Halogenation DG
26 27

R' = Alkyl
DG = amide group

Figure 2-2. Cross Coupling of Trisubstituted Isoxazoles and Synthesis of 5S—lodoisoxazoles
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Experimental section
General techniques

NMR spectra were recorded on a Bruker biospin AVANCE 111 (500 MHz for 'H, 125 MHz for '*C) instrument
in the indicated solvent. Chemical shifts are reported in units parts per million (ppm) relative to the signal (0.00
ppm) for internal tetramethylsilane for solutions in CDCls (7.26 ppm for 'H, 77.16 ppm for *C). Multiplicities
are reported using the following abbreviations: s; singlet, d; doublet, dd; doublet of doublets, t; triplet, q; quartet,
sep; septet, m; multiplet, br; broad, J; coupling constants in Hertz. IR spectra were recorded on a JASCO FT/IR-
4200 spectrometer. Only the strongest and/or structurally important peaks are reported as IR data given in cm™.
Mass spectra were measured using a Bruker micrOTOF II. HRMS (ESI-TOF) was calibrated as sodium formate.
All reactions were monitored by thin-layer chromatography carried out on 0.2 mm E. Merck silica gel plates
(60F-254) with UV light (254 nm). Gel permeation chromatography (GPC) for purification was performed on
Japan Analytical Industry Model LC- 9225 NEXT (recycling preparative HPLC) and a Japan Analytical Industry
Model UV-600 NEXT ultra violet detector with a polystyrene gel column (JAIGEL-1H, 20 mm X 600 mm),
using chloroform as solvent (3.5 mL/min). Column chromatography was performed on Silica Gel 60 N,

purchased from Fuji Silysia Chemical LTD.

1. Preparation of isoxazol-5-yl trifluoromethanesulfonate and 5-bromo isoxazole"
4-Benzyl-3-phenylisoxazol-5-yl trifluoromethanesulfonate (1a)

To a mixture of 4-benzyl-3-phenylisoxazol-5(4H)-one” (2.51 g, 10.0 mmol, 1.00 equiv.) and triethylamine
(2.79 mL, 20.0 mmol, 2.00 equiv.) in dry CH»Cl, (50 mL), Tf,0 (2.46 mL, 15.0 mmol, 1.50 equiv.) was added
under -78 °C. The mixture was stirred under — 78 °C for 30 min, warmed up to room temperature and stirred at
this temperature for additional 30 min. The reaction was quenched by addition of water. The resultant mixture
was extracted with CH,Cl, and the combined organic layers were dried over MgSO4 and filtered. The solvent
was removed in vacuo, and the residue was purified by silica gel column chromatography (hexane : ethyl acetate
=19 : 1) to give 4-benzyl-3-phenylisoxazol-5-yl trifluoromethanesulfonate 1a (2.67 g, 6.98 mmol, 70%) as a
yellow oil. '"H NMR (500 MHz, CDCl;) § 7.54-7.51 (m, 2H), 7.49-7.45 (m, 1H), 7.43-7.40 (m, 2H), 7.30-7.27
(m, 2H), 7.25-7.22 (m, 1H), 7.11 (d, J= 7.2 Hz, 2H), 3.92 (s, 2H); *C NMR (125 MHz, CDCl;) § 165.5, 15;9.0,
136.6, 130.6, 129.0. 128.9, 128.3,128.2, 128.1, 127.2, 118.6 (q, Jc.-=320 Hz), 103.8, 27.5; FT-IR (neat): 3138,
3055, 3078, 1617, 1580, 1468, 1440, 1224, 1132, 832 cm™'; HRMS (ESI-TOF): calcd. for [C17H12FNO4S +Na]*,
406.0331: found 406.0341.

N-Q

Z~0Tf

@

®

3-Phenylisoxazol-5-yl trifluoromethanesulfonate (10)
To a mixture of 3-phenylisoxazol-5(4H)-one” (1.84 g, 11.4 mmol) and triethylamine (2.00 mL, 14.6 mmol) in
dry CH2Cl, (35 mL), T£,0 (1.80 mL, 11.0 mmol) was added under — 78 °C. The mixture was stirred under —

78°C for 30 min, warmed up to room temperature and stirred at this temperature for additional 30 min. The
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reaction was quenched by addition of water. The resultant mixture was extracted with CH,Cl, and the combined
organic layers were dried over MgSO4 and filtered. The solvent was removed in vacuo, and the residue was
purified by silica gel column chromatography (hexane : ethyl acetate = 19 : 1) to give 3-phenylisoxazol-5-yl
trifluoromethanesulfonate 10 (936 mg, 3.19 mmol, 28%) as a yellow oil. 'H NMR (500 MHz, CDCl;) § 7.79-
7.77 (m, 2H), 7.53-7.47 (m, 3H), 6.38 (s, 1H); *C NMR (125 MHz, CDCl;) § 164.9, 161.7, 131.2, 129.3, 128.0,
126.7, 118.7 (q, Je.r = 320 Hz), 89.0; FT-IR (neat): 3137, 3128, 3079, 1617, 1508, 1224, 1132, 832 cm™'; HRMS

(ESI-TOF): caled. for [C17H12FNO4S +Na]", 406.0331: found 406.0341.
N-0

'/
WOTf

2. General procedure for Sonogashira coupling for isoxazol-5-yl trifluoromethanesulfonate

To a mixture of isoxazol-5-yl trifluoromethanesulfonate (1.00 equiv.), Pd(OAc), (0.100 equiv.), Xantphos
(0.200 equiv.) and caesium carbonate (3.00 equiv.) in benzene (0.100 M), 1-octyne (2.00 equiv.) was added.
After being stirred at room temperature for 6 h, the reaction mixture was filtered and concentrated in vacuo. The

residue was purified by silica gel column chromatography to give trisubstituted isoxazoles.

4-Benzyl-5-(hept-1-yn-1-yl)-3-phenylisoxazole (2)

Purification by column chromatography on silica gel (hexane : ethyl acetate = 19 : 1) afforded 4-benzyl-5-
(hept-1-yn-1-yl)-3-phenylisoxazole 3 (9.4 mg, 0.027 mmol, 27%) as a yellow oil. "H NMR (500 MHz, CDCl;)
0 7.50-7.48 (m, 2H), 7.41-7.36 (m, 3 H), 7.27-7.24 (m, 2H), 7.20-7.18 (m, 1H), 7.13-7.11 (m, 2H), 3.93 (s, 2H),
2.46 (t,J = 7.3 Hz, 2H), 1.62-1.55 (m, 2H), 1.44-1.38 (m, 2H), 1.32-1.26 (m, 4H), 0.88 (t, /= 7.0 Hz, 3H); “*C
NMR (125 MHz, CDCl3) 8 162.8, 153.4, 138.8, 129.7, 129.0, 128.8, 128.7, 128.4, 128.3, 126.6, 118.9, 103.1,
67.8, 31.4, 28.9, 28.6, 28.1, 22.6, 19.8, 14.2; FT-IR (neat): 2949, 2927, 2855, 1652, 1635, 1456, 1072, 1339,

942 cm’™'; HRMS (ESI-TOF): calcd. for [C24H2sNO +H]", 344.2009: found 344.2016.
N-0

Y=
0

5-(Hept-1-yn-1-yl)-3-phenylisoxazole (11)
Purification by column chromatography on silica gel (hexane : ethyl acetate = 19 : 1) afforded 5-(hept-1-yn-
1-yl)-3-phenylisoxazole 9 (6.8 mg, 0.027 mmol, 27%) as a yellow oil. The analytical data obtained are in

accordance with the literature.”

N-O
Q/U\\J
S

4-Benzyl-3-phenyl-2-((trifluoromethyl)sulfonyl)isoxazol-5(2H)-one (9)

Following the general procedure, 3-(4-chlorophenyl)-N,N-diisopropylisoxazole-4-carboxamide 9 was
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obtained (435 mg, 1.42 mmol, 46%) as a white solid. 'H NMR (500 MHz, CDCl3) § 7.62-7.58 (m, 1H), 7.52 (4,
J=17.8 Hz, 2H), 7.47-7.45 (m, 2H), 7.29 (t,J = 7.9 Hz, 2H), 7.26-7.23 (m, 1H), 7.13-7.11 (m, 2H), 3.71 (s, 2H);
C NMR (125 MHz, CDCl;) § 167.4, 158.6, 136.7, 132.4, 129.2, 129.1, 128.1, 127.3, 125.8, 119.5 (q, Jer=
327 Hz), 114.1, 28.8; FT-IR (neat): 3088, 3065, 3031, 3005, 2984, 1790, 1644, 1227, 1132, 883 cm™'; HRMS
(ESI-TOF): calcd. for [Ci7H12F3NO4S +Na]", 406.0331: found 406.0341.

Tf,
N-O
(o

3-Phenyl-2-((trifluoromethyl)sulfonyl)isoxazol-5(2H)-one (12)

Following the general procedure, 3-(4-chlorophenyl)-N,N-diisopropylisoxazole-4-carboxamide 12 was
obtained (435 mg, 1.42 mmol, 46%) as a white solid. '"H NMR (500 MHz, CDCl;) § 7.64-7.59 (m, 3H), 7.54-
7.51 (m, 2H), 5.99 (s, 1H); *C NMR (100 MHz, CDCl3) & 165.8, 165.4, 133.3, 129.1, 128.9, 122.0 (q, Jc.r =
315 Hz), 101.6; FT-IR (neat): 2920, 2862, 2360, 1792, 1771, 1120, 765 cm™'; HRMS (ESI-TOF): calcd. for
[C1HsF3NO4S +Na]", 315.9862: found 315.9857.

General procedure (A) for the synthesis of 3,4-disubtituted-5-bromoisoxazoles" ?
NH,O0H+OH (2.0 equiv.)

O O pyridine (3.0 equiv.) N-O
> I
R1”\/U\o/\ EtOH RS0
60°C,6h

1) RZCHO (2.0 equiv.)
piperidine (3.0 equiv.)

i-PrOH N-O POBr; (2.0 equiv.) N-0
60 °C, 6 h . R1,{(¥0 Et;N (1.0 equiv.) _ R1jl\f\Br
2) NaBH, (3.0 equiv.) ) 1,2-DCE )
EtOH R 100°C, 6 h R
0°Cto80°C,2h 1

To a mixture of the corresponding fB-ketoester (1.0 equiv.) and pyridine (3.0 equiv.) in ethanol (1.0 M),
hydroxyl amine hydrochloride (2.0 equiv.) was added. After being stirred at 60 °C for 6 h, the reaction mixture
was quenched by adding water and the aqueous layer was extracted with ethyl acetate. The combined organic
extracts were washed with 1M HCI and brine, dried over MgSO, and concentrated in vacuo.

The residue was dissolved in isopropanol (0.4 M). To this solution, the corresponding aldehyde (2.0 equiv.)
and piperidine (3.0 equiv.) were added at room temperature. After being stirred at 60 °C for 6 h, the reaction
mixture was cooled to room temperature and poured into water. The aqueous layer was extracted with ethyl
acetate. The combined extract was washed with brine, dried over MgSO, and concentrated in vacuo. The crude
mixture was dissolved in ethanol (0.1 M) and sodium borohydride (3.0 equiv.) was added at 0 °C. After being

stirred at room temperature for 30 min, the mixture was heated to 80 °C for 2 h. Then, the residue was poured
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into water. The aqueous layer was extracted with ethyl acetate. The combined extract was washed with brine,
dried over MgSO, and concentrated in vacuo.

The residue was mixed with POBr; (2.0 equiv.) and dissolved into 1,2-dichloroethane. After cooling the
mixture to 0 °C, triethylamine (1.0 equiv.) was added. Then, the reaction mixture was heated to 100 °C. After
being stirred at the same temperature for 6 h, the mixture was cooled to room temperature and poured into water.
The aqueous layer was extracted with ethyl acetate. The combined extract was washed with brine, dried over
MgSO; and concentrated in vacuo. The residue was purified by column chromatography on silica gel or GPC

to afford the desired 5-bromoisoxazole 1.

General procedure (B) for the synthesis of 3,4-disubtituted-5-bromoisoxazoles"?

O o NH,OH+OH (2.0 equiv.) N-O POBr; (2.0 equiv.) N-O
\ ~ pyridine (3.0 equiv.) R 4 o Et;N (1.0 equiv.) R U A~Br
R O = >
EtOH 1,2-DCE
R2 60°C,6 h R? 100°C,6 h R2

1

To a mixture of the corresponding fB-ketoester (1.0 equiv.) and pyridine (3.0 equiv.) in ethanol (1.0 M),
hydroxyl amine hydrochloride (2.0 equiv.) was added. After being stirred at 60 °C for 6 h, the reaction mixture
was quenched by adding water and the aqueous layer was extracted with ethyl acetate. The combined organic
extracts were washed with 1M HCI and brine, dried over MgSO, and concentrated in vacuo.

The residue was mixed with POBr; (2.0 equiv.) and dissolved into 1,2-dichloroethane. Next, mixture was
cooled to 0 °C and triethylamine (1.0 equiv.) was added. Then, the reaction mixture was heated to 100 °C. After
being stirred at the same temperature for 6 h, the mixture was cooled to room temperature and poured into water.
The aqueous layer was extracted with ethyl acetate. The combined extract was washed with brine, dried over
MgSO; and concentrated in vacuo. The residue was purified by column chromatography on silica gel or GPC

to afford the desired 5-bromoisoxazole 1.

4-Benzyl-5-bromo-3-phenylisoxazole (1b)

Following the representative procedure A using ethyl benzoylacetate (970 mg, 5.65 mmol), compound 1b was
obtained (356 mg, 1.13 mmol, 20%) after purification by column chromatography on silica gel with hexane and
ethyl acetate (19 : 1) as a brown oil. 'H NMR (500 MHz, CDCls) & 7.49-7.38 (m, 5H), 7.30-7.22 (m, 3H), 7.09
(d, J=7.0 Hz, 2H), 3.89 (s, 2H); *C NMR (100 MHz, CDCl;) § 167.3, 164.4, 139.0, 130.0, 129.7, 129.4, 129.1,
128.8, 128.5, 128.2, 128.0, 127.0, 126.7, 111.0, 29.0; FT-IR (neat): 3061, 3027, 2914, 1454, 1386, 1168, 963,

888 cm™'; HRMS (ESI-TOF): calcd. for [C1sHi2NOBr +Na]", 335.9994: found 335.9994.
N-O

I/Br
@

4-Benzyl-5-bromo-3-(4-methoxyphenyl)isoxazole (1¢)
Following the representative procedure A using ethyl 3-(4-methoxyphenyl)-3-oxopropanoate® (1.11 g, 5.00
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mmol), compound 1¢ was obtained (39.7 mg, 0.101 mmol, 2%) after purification by column chromatography
on silica gel with hexane and ethyl acetate (19 : 1) and GPC as a white solid. Mp 99-100 °C; '"H NMR (400
MHz, CDCl;) 6 7.42 (d, J = 8.9 Hz, 2H), 7.30-7.20 (m, 3H), 7.11-7.09 (m, 2H), 6.90 (d, J = 8.9 Hz, 2H), 3.88
(s, 2H), 3.82 (s, 3H); *C NMR (100 MHz, CDCls) § 163.9, 161.1, 141.7, 137.9, 129.6, 128.9, 128.1, 126.8,
120.9, 115.7, 114.4, 55.4, 28.9; FT-IR (neat): 2926, 2834, 1611, 1424, 1382, 1253, 1176, 1027, 835 cm™'; HRMS

(ESI): caled. for [C17H1sBrNO; +Na]", 366.0100: found 366.0099.
N-O

o LT
0

4-Benzyl-5-bromo-3-(naphthalen-2-yl)isoxazole (1d)

Following the representative procedure B using methyl 3-(naphthalen-2-yl)-3-oxopropanoate® (456 mg, 2.00
mmol), compound 1d was obtained (39.0 mg, 0.107 mmol, 5%) after purification by column chromatography
on silica gel with hexane and ethyl acetate (19 : 1) and GPC as a white solid. Mp 99-100 °C; '"H NMR (400
MHz, CDCl3) 8 7.90 (s, 1H), 7.9 (t,J= 7.5 Hz, 2H), 7.73-7.71 (m, 1H), 7.63 (dd, J= 1.7, 8.6 Hz, 1H), 7.52 (dq,
J=1.5,7.4 Hz, 2H), 7.30 (t, J = 7.2 Hz, 2H), 7.25-7.22 (m, 1H), 7.15 (d, J = 7.1 Hz, 2H), 3.95 (s, 2H); *C
NMR (100 MHz, CDCls) 8 164.2, 142.1, 137.9, 134.0, 133.1, 128.9, 128.8, 128.6, 128.4, 128.2, 127.9, 127.3,
127.0, 126.8, 125.3, 125.2, 116.2, 29.1; FT-IR (neat): 3058, 2927, 2841, 1591, 1493, 1394, 1168, 838, 820 cm

'; HRMS (ESI): calcd. for [C2H4BrNO +Na]*, 386.0151: found 386.0149.
N-0

OO {A~Br
®

4-Benzyl-5-bromo-3-(thiophen-2-yl)isoxazole (1e)

Following the representative procedure B using ethyl 3-oxo-3-(thiophen-2-yl)propanoate (813 pL, 5.00 mmol),
compound 1e was obtained (109 mg, 0.340 mmol, 7%) after purification by column chromatography on silica
gel with hexane and ethyl acetate (19 : 1) and GPC as a white solid. Mp 78-80 °C; 'H NMR (400 MHz, CDCls)
07.41(dd,J=1.1,5.1 Hz, 1H), 7.31 (t,J= 7.3 Hz, 2H), 7.26-7.23 (m, 2H), 7.16 (d, J = 7.0 Hz, 2H), 7.04 (dd,
J=3.7,5.1 Hz, 1H), 3..99 (s, 2H); *C NMR (100 MHz, CDCl3) § 158.8, 142.4, 137.2, 129.1, 128.9, 128.5,
128.3, 128.0, 127.9, 126.9, 28.9; FT-IR (neat): 3104, 3084, 2920, 1592, 1391, 1165, 892, 848 cm'; HRMS

(ESI): caled. for [C14H10BrNOS +Na]’, 341.9559: found 341.9558.
N-O

S U
Z ~Br

\_/

4-Benzyl-5-bromo-3-(tert-butyl)isoxazole (1f)
Following the representative procedure A using ethyl 4,4-dimethyl-3-oxopentanoate (888 uL, 5.00 mmol),

compound 1f was obtained (88.3 mg, 0.300 mmol, 6%) after purification by column chromatography on silica
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gel with hexane and ethyl acetate (19 : 1) as a white solid. Mp 103-104 °C; 'H NMR (500 MHz, CDCl;) § 7.29
(t,J=7.4 Hz, 1H), 7.22 (t,J= 7.3 Hz, 1H),7.08 (d, J = 7.2 Hz, 2H), 3.91 (s, 2H), 1.24 (s, 9H); *C NMR (400
MHz, CDCl3) 8 171.1, 142.7,137.9, 128.7, 128.0, 126.7, 114.8, 33.5, 30.0, 28.9; FT-IR (neat): 3085, 3029, 2972,

1590, 1397, 1192, 976, 825, 732 cm™'; HRMS (ESI): calcd. for [C1sHisBrNO +Na]*, 316.0307: found 316.0302.
N-0
(s Br

5-Bromo-4-(4-methoxybenzyl)-3-phenylisoxazole (1g)

Following the representative procedure A using ethyl benzoylacetate (858 uL, 5.00 mmol), compound 1g was
obtained (273 mg, 0.792 mmol, 16%) after purification by column chromatography on silica gel with hexane
and ethyl acetate (19 : 1) and GPC as a yellow oil. 'H NMR (400 MHz, CDCls) § 7.53-7.51 (m, 2H), 7.45-7.39
(m, 3H), 7.02 (d, J = 8.8 Hz, 2H), 6.83 (d, J = 8.6, 2H), 3.83 (s, 2H), 3.78 (s, 3H); *C NMR (100 MHz, CDCl;)
0 164.1, 158.4, 141.6, 130.1, 129.7, 129.0, 128.8, 128.5, 128.2, 128.1, 116.2, 114.1, 55.2, 27.9; FT-IR (neat):
3062, 2999, 2834, 1611, 1511, 1247, 1175, 1034, 763 cm™'; HRMS (ESI): calcd. for [Ci7H14BrNO, +Na]",
366.0096: found 366.0100.

N-0
O \A~Br
O OMe

5-Bromo-4-methyl-3-phenylisoxazole (1h)

Following the representative procedure B using ethyl 2-benzoylpropionate® (1.03 g, 5.00 mmol), compound
1h was obtained (185 mg, 0.778 mmol, 16%) after purification by column chromatography on silica gel with
hexane and ethyl acetate (19 : 1) as a yellow oil. "H NMR (400 MHz, CDCl;) § 7.66-7.63 (m, 2H), 7.49-7.47
(m, 2H), 2.12 (s, 3H); *C NMR (100 MHz, CDCl;) & 163.6, 140.3, 130.0, 128.9, 128.8, 127.9, 112.8, 8.8; FT-
IR (neat): 3063, 2963, 2867, 1605, 1456, 1379, 1014, 845, 770 cm™'; HRMS (ESI): calcd. for [C1oHsBrNO

+Na]", 259.9681: found 259.9683.
Me

5-Bromo-3-phenyl-4-propylisoxazole (1i)

Following the representative procedure B using ethyl 2-benzoylpentanoate® (2.34 g, 10.0 mmol), compound
1i was obtained (265 mg, 1.00 mmol, 10%) after purification by column chromatography on silica gel with
hexane and ethyl acetate (19 : 1) and GPC as a yellow oil. '"H NMR (400 MHz, CDCls) § 7.61-7.59 (m, 2H),
7.49-7.46 (m, 3H), 2.49 (t, J = 8.0 Hz, 2H), 1.50 (sext, J = 7.2 Hz, 2H), 0.89 (t, J = 6.0 Hz, 3H); *C NMR (100
MHz, CDCl3) 6 163.8, 140.4, 130.0, 129.0, 128.9, 128.0, 117.2, 24.9, 22.3, 13.8; FT-IR (neat): 3064, 2961, 2871,
1441, 1385, 1101, 772, 696 cm™; HRMS (ESI): calced. for [C12H;2BrNO +Na]*, 287.9994: found 287.9993.
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3. General procedures for Suzuki-Miyaura cross coupling of 4-benzyl-5-bromo-3-phenylisoxazole 15
Representative procedure for the synthesis of 4-benzyl-3,5-diphenylisoxazole (3a)

To a mixture of Pdy(dba); (0.100 equiv.) and P(z-Bu); - HBF4(0.200 equiv.) and K»COs3 (4.00 equiv.) in a sealed
vial, 4-benzyl-5-bromo-3-phenylisoxazole 15 (1.00 equiv.) in DMF (1.00 mL/ mmol of 15) was added under an
argon atmosphere. The reaction mixture in the vial was stirred at 100 °C for 6 h. After cooling the reaction
mixture to room temperature, the mixture was passed through a pad of celite and concentrated in vacuo. The
residue was purified by PTLC (hexane : ethyl acetate = 19 : 1) and GPC to afford the desired coupling products
3a (22.7 mg, 0.073 mmol, 73%) as a yellow oil. '"H NMR (500 MHz, CDCls) § 7.70-7.68 (m, 2H), 7.54-7.52
(m, 2H), 7.44-7.36 (m, 6H), 7.34-7.31 (m, 2H), 7.27-7.24 (m, 1H), 7.20-7.19 (m, 2H), 4.12 (s, 2H); *C NMR
(125 MHz, CDCl3) 6 167.3, 164.4, 139.0, 130.0, 129.7, 129.4, 129.1, 129.0, 128.9, 128.5, 128.2, 128.0, 127.0,
126.7, 111.0. 29.0; FT-IR (neat): 3062, 2922, 1494, 1473, 1455, 1447, 962, 744 cm™'; HRMS (ESI-TOF): calcd.

for [C22H17NO +Na]", 334.1202: found 334.1206.
N-O
I

Sag®
@

4-Benzyl-3-phenyl-5-(p-tolyl)isoxazole (3b)

Following the representative procedure, 4-benzyl-3-phenyl-5-(p-tolyl)isoxazole 3b was obtained (27.3 mg,
0.084 mmol, 84%) as a yellow oil. '"H NMR (400 MHz, CDCls) § 7.58 (d, J = 8.2 Hz, 2H), 7.53-7.51 (m, 2H),
7.41-7.29 (m, 5H), 7.24-7.18 (m, 5H), 4.10 (s, 2H), 2.38 (s, 3H); *C NMR (100 MHz, CDCl;) § 167.5, 164.3,
140.2,139.1, 129.8, 129.6, 129.5, 129.0, 128.8, 128.6, 128.5, 128.0, 126.9, 126.7, 125.4, 110.4, 29.0, 21.6 ; FT-
IR (neat): 3060, 3028, 2921, 2857, 1508, 1455, 1416, 964, 823 cm™'; HRMS (ESI-TOF): calcd. for [C23H19NO

+Na]", 348.1359: found 348.1394.
-0

e el
®

4-Benzyl-5-(4-chlorophenyl)-3-phenylisoxazole (3c)

Following the representative procedure, 4-benzyl-5-(4-chlorophenyl)-3-phenylisoxazole 3¢ was obtained
(19.3 mg, 0.056 mmol, 56%) as a yellow oil. '"H NMR (500 MHz, CDCl3) § 7.61 (d, J = 8.8 Hz, 2H), 7.53-7.51
(m, 2H), 7.44-7.36 (m, 5H), 7.33 (t, J = 7.4 Hz, 2H), 7.27-7.24 (m, 1H), 7.18-7.16 (m, 2H), 4.09 (s, 2H); "*C
NMR (125 MHz, CDCls) 6 166.2, 164.5, 138.6, 136.1, 129.7, 129.4, 128.9, 128.5, 128.2, 127.9, 126.9, 126.6,
111.3, 28.9 ; FT-IR (neat): 3061, 3027, 1493, 1455, 1414, 1094, 964, 834 cm™'; HRMS (ESI-TOF): calcd. for
[C22H6CINO +Na]", 368.0813: found 368.0827.
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4-Benzyl-3-phenyl-5-(4-(trifluoromethyl)phenyl)isoxazole (3d)

Following the representative procedure, 4-benzyl-3-phenyl-5-(4-(trifluoromethyl)phenyl)isoxazole 3d was
obtained (27.3 mg, 0.072 mmol, 72%) as a yellow solid. Mp 101-102 °C; '"H NMR (500 MHz, CDCl;) & 7.80
(d, J= 8.8 Hz, 2H), 7.68 (d, J = 8.0 Hz, 2H), 7.54-7.53 (m, 2H), 7.46-7.38 (m, 3H), 7.35-7.32 (m, 2H), 7.29-
7.26 (m, 1H), 7.19-7.17 (m, 2H), 4.12 (s, 2H); >*C NMR (125 MHz, CDCl3) § 165.7, 164.7, 138.4, 131.6 (q, Jc-
r=34.5Hz), 129.9, 129.2, 129.0, 128.5, 127.9, 127.2, 127.0, 126.1 (q, Jc.r = 3.7 Hz), 124.0 (q, Jc.r = 263 Hz),
112.5, 28.9; FT-IR (neat): 2954, 2923, 2852, 1652, 1324, 1129, 1070, 847 cm™'; HRMS (ESI-TOF): calcd. for

[C23H16F3NO +Na]", 402.1076: found 402.1077.
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4-Benzyl-5-(3,5-bis(trifluoromethyl)phenyl)-3-phenylisoxazole (3e)

Following the representative procedure, 4-benzyl-5-(3,5-bis(trifluoromethyl)phenyl)-3-phenylisoxazole 3e
was obtained (23.3 mg, 0.0520 mmol, 52%) after purification by PTLC (hexane : ethyl acetate = 19 : 1) and
GPC as a white solid. Mp 112-113 °C; '"H NMR (500 MHz, CDCls) & 8.07 (s, 2H), 7.87 (s, 1H), 7.61-7.59 (i,
2H), 7.50-7.43 (m, 3H), 7.34-7.31 (m, 2H), 7.25 (t,J = 8.1 Hz, 1H), 7.16 (d, J = 7.1 Hz, 2H), 4.13 (s, 2H); “C
NMR (125 MHz, CDCl3) & 165.0, 163.8, 137.8, 132.6 (q, Jc.r = 33.8 Hz), 130.2, 129.9, 129.3, 129.1, 128.61,
128.56, 127.9, 127.2, 126.9, 123.2 (q, Jc.r = 3.3 Hz), 123.0 (q, Jc.r = 271 Hz), 28.9; FT-IR (neat): 3066, 2926,
2855, 1366, 1278, 1185, 1136, 846, 731 cm™; HRMS (ESI): caled. for [C24HisFsNO +Na]*, 470.0950: found

470.0946.
N-Q CFs3

O

4-(4-Benzyl-3-phenylisoxazol-5-yl)benzaldehyde (3f)

Following the representative procedure, 4-(4-benzyl-3-phenylisoxazol-5-yl)benzaldehyde 3f was obtained
(20.7 mg, 0.061 mmol, 61%) as a yellow oil. "H NMR (500 MHz, CDCl;) § 10.0 (s, 1H), 7.93 (d, J = 9.0 Hz,
2H), 7.86 (d, J = 8.0 Hz, 2H), 7.54-7.52 (m, 2H), 7.54-7.37 (m, 3H), 7.35-7.30 (m, 2H), 7.28-7.25 (m, 1H),
7.19-7.17 (m, 2H), 4.15 (s, 2H); *C NMR (125 MHz, CDCl;) § 191.5, 165.7, 164.8, 138.1, 136.8, 133.3, 130.3,
130.0, 129.2, 129.0, 128.9, 128.5, 127.9, 127.3, 127.0, 29.0; FT-IR (neat): 3028, 2924, 2835, 2736, 2349, 1702,
1602, 1211, 1169, 964, 835 cm™'; HRMS (ESI-TOF): calcd. for [C23H17NO, +Na]*, 340.1332: found 340.1327.
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4-Benzyl-3-phenyl-5-(4-vinylphenyl)isoxazole (3g)

Following the representative procedure, 4-benzyl-3-phenyl-5-(4-vinylphenyl)isoxazole 3g was obtained (14.5
mg, 0.043 mmol, 43%) as a yellow oil. 'H NMR (500 MHz, CDCls) § 7.66 (d, J = 8.0 Hz, 2H), 7.53-7.51 (m,
2H), 7.46-7.45 (m, 2H), 7.44-7.36 (m, 3H), 7.34-7.31 (m, 2H), 7.27-7.24 (m, 1H), 7.20-7.18 (m, 2H), 6.72 (dd,
J=17.8,11 Hz, 1H), 5.81 (dd, J=17.6, 0.6 Hz, 1H), 5.32 (dd, J= 11, 0.5 Hz, 1H), 4.11 (s, 2H); *C NMR (125
MHz, CDCls) 8 167.0, 164.5, 139.1, 139.0, 136.1, 130.0, 129.4, 129.1, 128.9, 128.5, 128.0, 127.4, 127.1, 126.9,
126.8, 29.0; FT-IR (neat): 3085, 3062, 3029, 3007, 2924, 1507, 1455, 1413, 964, 846 cm™'; HRMS (ESI-TOF):
caled. for [C24H1oNO +Na]", 360.1359: found 360.1360.

Saery
C

4-Benzyl-3-phenyl-5-(pyridin-4-yl)isoxazole (3h)

Following the representative procedure, 4-benzyl-3-phenyl-5-(pyridin-4-yl)isoxazole 3h was obtained (16.9
mg, 0.054 mmol, 54%) as a yellow oil. '"H NMR (500 MHz, CDCls) 6 8.69 (d, J = 5.7 Hz, 2H), 7.55 (dd, J =
4.6, 1.7 Hz, 2H), 7.53-7.51 (m, 2H), 7.46-7.40 (m, 3H), 7.36-7.33 (m, 2H), 7.29-7.27 (m, 1H), 7.18-7.16 (m,
2H), 4.15 (s, 2H); *C NMR (125 MHz, CDCl3) § 164.8, 164.3, 150.8, 138.0, 134.9, 130.0, 129.3, 129.0, 128.7,
128.5,127.9,127.1, 120.5, 113.9, 28.9; FT-IR (neat): 3029, 2934, 2904, 1590, 1455, 1406, 1167, 1025, 828 cm™

' HRMS (ESI-TOF): calcd. for [C21Hi6N.O +H]", 313.1335: found 313.1331.
N-O

4-Benzyl-3-phenyl-5-(thiophen-3-yl)isoxazole (3i)

Following the representative procedure, 4-benzyl-3-phenyl-5-(thiophen-3-yl)isoxazole 3i was obtained (18.1
mg, 0.057 mmol, 57%) as a yellow oil. '"H NMR (500 MHz, CDCl3) § 7.55-7.53 (m, 1H), 7.45-7.37 (m, 2H),
7.35-7.32 (m. 2H), 7.26 (t,J = 6.5 Hz, 1H), 7.21 (d, J= 7.0 Hz, 2H), 4.10 (s, 2H); *C NMR (125 MHz, CDCl5)
0 164.2,164.1, 138.7, 129.7, 129.3, 129.0, 128.9, 128.4, 127.9, 126.9, 126.8, 125.9, 124.8, 28.9; FT-IR (neat):
3105, 3083, 3061, 3027, 1698, 1455, 1026, 859 cm; HRMS (ESI-TOF): calcd. for [C2HisNOS +H]",

318.0947: found 318.0949.
N-Q
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4-Benzyl-5-(naphthalen-2-yl)-3-phenylisoxazole (3j)

Following the representative procedure, 4-benzyl-5-(naphthalen-2-yl)-3-phenylisoxazole 3j was obtained
(33.3 mg, 0.092 mmol, 92%) as a yellow oil. '"H NMR (500 MHz, CDCls) & 8.14 (brs, 1H), 7.89 (d, J=9.0 Hz,
1H), 7.85 (d, J = 8.0 Hz, 2H), 7.82 (dd, J = 8.5, 1.5 Hz, 1H), 7.59-7.57 (m, 2H), 7.55-7.48 (m, 2H), 7.46-7.39
(m, 2H), 7.36-7.33 (m, 2H), 7.29-7.24 (m, 3H), 4.20 (s, 2H); *C NMR (125 MHz, CDCl;) § 167.3, 164.6, 139.1,
133.7,133.1,129.7,129.4,129.1, 128.90, 128.89, 128.84, 128.5, 128.1, 127.9, 128.4, 127.0, 126.9, 127.8, 125.5,
123.9, 111.4,29.1 ; FT-IR (neat): 3081, 3027, 2926, 1507, 1411, 1073, 943, 819 cm™'; HRMS (ESI-TOF): calcd.

for [C26H1oNO +Na]", 384.1359: found 384.1366.
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4-Benzyl-3-(4-methoxyphenyl)-5-phenylisoxazole (3k)

Following the representative procedure, 4-benzyl-3-(4-methoxyphenyl)-5-phenylisoxazole 3k was obtained
(33.3 mg, 0.0668 mmol, 67%) after purification by PTLC (hexane : ethyl acetate = 19 : 1) as a yellow solid. Mp
96-97 °C; 'H NMR (400 MHz, CDCl;) § 7.69-7.66 (m, 2H), 7.47 (d, J = 8.8 Hz, 2H), 7.42-7.41 (m, 3H), 7.33
(t,J=7.3 Hz, 2H), 7.26 (t, J="7.2 Hz, 1H), 7.20 (d, J=7.1 Hz, 2H), 6.90 (d, /= 8.9 Hz, 2H), 4.11 (s, 2H), 3.81
(s, 3H); *C NMR (100 MHz, CDCl3) § 167.2, 164.0, 160.8, 139.1, 129.9, 129.8, 129.0, 128.7, 128.3, 128.0,
127.0, 126.7, 121.8, 114.3, 110.8, 55.4, 29.1; FT-IR (neat): 3059, 2933, 2835, 1612, 1428, 1252, 1177, 1030,
835 cm™'; HRMS (ESI): calcd. for [C23H19NO, +Na]*, 364.1308: found 364.1308.
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4-Benzyl-3-(naphthalen-2-yl)-5-phenylisoxazole (31)

Following the representative procedure, 4-benzyl-3-(naphthalen-2-yl)-5-phenylisoxazole 31 was obtained
(25.1 mg, 0.0696 mmol, 70%) as a white solid. Mp 133-134 °C; 'H NMR (400 MHz, CDCl;) & 7.94 (s, 1H),
7.85 (t,J=17.7 Hz, 2H), 7.75-7.66 (m, 4H), 7.53-7.43 (m, 5H), 7.36 (t, /= 7.3 Hz, 2H), 7.30-7.24 (m, 3H), 4.18
(s, 2H); *C NMR (125 MHz, CDCls) § 167.5, 164.3, 139.1, 133.7, 133.1, 130.0, 129.1, 128.6, 128.3, 128.2,
128.1, 127.8, 127.0, 126.8, 126.7, 126.5, 125.7, 111.2, 29.2; FT-IR (neat): 3057, 2922, 2851, 1494, 1446, 1412,
861, 762, 694 cm™'; HRMS (ESI): calcd. for [CasH19NO +Na]", 384.1359: found 384.1352.
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4-Benzyl-5-phenyl-3-(thiophen-2-yl)isoxazole (3m)
Following the representative procedure, 4-benzyl-5-phenyl-3-(thiophen-2-yl)isoxazole 3m was obtained (18.2
mg, 0.0573 mmol, 57%) after purification by PTLC (hexane : ethyl acetate = 19 : 1) as a white solid. Mp 119-
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120 °C; '"H NMR (400 MHz, CDCl3) § 7.66-7.64 (m, 2H) 7.45-7.42 (m, 3H), 7.39 (dd, J= 1.1, 5.1 Hz, 1H), 7.35
(t, J = 7.3 Hz, 2H), 7.29-7.23 (m, 3H), 7.19 (dd, J = 1.1, 3.6 Hz, 1H), 7.02 (dd, J = 3.7, 5.1 Hz, 1H), 4.21 (s,
2H); *C NMR (100 MHz, CDCL) & 168.0, 158.9, 138.5, 130.23, 130.16, 129.1, 128.0, 127.9, 127.8, 127.7,
127.1,126.9, 110.4, 29.1; FT-IR (neat): 3060, 3026, 2922, 2852, 1453, 1401, 930, 849 cm™'; HRMS (ESI): calcd.
for [C20H1sNOS +Na]", 340.0767: found 340.0767.
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4-Benzyl-3-(tert-butyl)-5-phenylisoxazole (3n)

Following the representative procedure, 4-benzyl-3-(fert-butyl)-5-phenylisoxazole 3n was obtained (26.9 mg,
0.0923 mmol, 92%) after purification by PTLC (hexane : ethyl acetate = 19 : 1) as a white solid. Mp 97-98 °C;
'H NMR (400 MHz, CDCl3) § 7.59-7.55 (m, 2H), 7.39-7.36 (m, 3H), 7.31 (t, J = 7.3 Hz, 2H), 7.23 (t, J = 7.3
Hz, 1H), 7.16 (d,J= 7.0 Hz, 2H), 4.15 (s, 2H), 1.31 (s, 9H); *C NMR (100 MHz, CDCl;) § 170.5, 167.5, 139.3,
129.7, 128.9, 128.8, 128.5, 128.1, 127.1, 126.6, 110.4, 33.4, 29.5, 29.4; FT-IR (neat): 2966, 2869, 1494, 1452,
1153, 970, 783, 670 cm™'; HRMS (ESI): calcd. for [C20H21NO +H]", 292.1696: found 292.1701.
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4-(4-Methoxybenzyl)-3,5-diphenylisoxazole (30)

Following the representative procedure, 4-(4-methoxybenzyl)-3,5-diphenylisoxazole 30 was obtained (21.8
mg, 0.0638 mmol, 64%) after purification by PTLC (hexane : ethyl acetate = 19 : 1) as a yellow oil. '"H NMR
(400 MHz, CDCls) 6 7.69-7.66 (m, 2H), 7.48-7.46 (m, 2H), 7.42-7.41 (m, 3H), 7.35-7.32 (m, 2H), 7.27-7.25
(m, 1H), 7.24-7.19 (m, 2H), 6.90 (d, J = 8.8 Hz, 2H), 4.11 (s, 2H), 3.81 (s, 3H); *C NMR (100 MHz, CDCl;) &
167.2, 164.4, 158.4, 130.9, 129.9, 129.6, 129.5, 129.1, 129.0, 128.8, 128.7, 128.5, 128.3, 128.0, 127.0, 126.5,
114.4,111.4, 55.4, 28.1; FT-IR (neat): 3026, 2930, 2834, 1653, 1495, 1031, 815, 745 cm™'; HRMS (ESI): calcd.
for [C23H19NO; +Na]", 364.1308: found 364.1306.
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4-Methyl-3,5-diphenylisoxazole (3p)

Following the representative procedure, 4-benzyl-5-(naphthalen-2-yl)-3-phenylisoxazole 3p was obtained
(19.7 mg, 0.0838 mmol, 84%) after purification by PTLC (hexane : ethyl acetate = 19 : 1) as a white solid. Mp
121-122 °C; '"H NMR (400 MHz, CDCl3) § 7.79-7.76 (m, 2H), 7.71-7.68 (m, 2H), 7.54-7.44 (m, 6H), 2.33 (s,
3H); *C NMR (100 MHz, CDCl5) § 165.9, 164.0, 129.8, 129.6, 129.5, 129.0, 128.9, 128.7, 128.6, 127.1, 108.8,
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9.4; FT-IR (neat): 2924, 2854, 1458, 1442, 1073, 770, 713 cm’'; HRMS (ESI): calcd. for [Ci¢Hi3NO +Na]",
258.0889: found 258.0889.

4

3,5-Diphenyl-4-propylisoxazole (3q)

Following the representative procedure, 3,5-diphenyl-4-propylisoxazole 3q was obtained (13.7 mg, 0.0520
mmol, 52%) after purification by PTLC (hexane : ethyl acetate = 19 : 1) and GPC as a white solid. 64-65 °C;
'H NMR (500 MHz, CDCls) § 7.76-7.74 (m, 2H), 7.65-7.63 (m, 2H), 7.53-7.44 (m, 6H), 2.70 (t, J = 8.0 Hz,
2H), 1.51 (sext, J = 6.1 Hz, 2H), 0.86 (t, J = 7.4 Hz, 3H); >C NMR (125 MHz, CDCl5) § 165.9, 164.0, 130.1,
129.7, 129.5, 129.0, 128.9, 128.8, 128.5, 127.2, 114.1, 25.0, 23.2, 14.1; FT-IR (neat): 2959, 2931, 2871, 1447,
1409, 766 cm™; HRMS (ESI): calcd. for [CisH17NO +Na]*, 286.1202: found 286.1202.

4. General procedures for synthesis isoxazole-4-carboxamide”

To a round bottom-flask were added under argon isoxazole-4-carboxylic acid® (1.00 equiv.), DMF (0.10
equiv.) and dichloromethane (0.50 M). The mixture was cooled to 0 °C, then oxalyl chloride (0.98 equiv.) was
added. The reaction was allowed to stir at room temperature for 30 min. Separately, the solution of the amine
(2.50 equiv.) in dichloromethane (0.50 M) was prepared under argon. The solution of the acyl chloride was
added in one portion to the solution of the amine and the reaction was stirred at room temperature. The mixture
was filtered through a pad of silica gel, and concentrated in vacuo. The residue was purified by column

chromatography on silica gel (hexane : ethyl acetate =9 : 1) to afford isoxazole-4-carboxamide.

3-(4-Chlorophenyl)-N,/N-diisopropylisoxazole-4-carboxamide (22)

Following the general procedure, 3-(4-chlorophenyl)-N,N-diisopropylisoxazole-4-carboxamide 22 was
obtained (435 mg, 1.42 mmol, 46%) as a white solid. 'H NMR (400 MHz, CDCl;) & 8.50 (s, 1H), 7.70 (d, J =
8.6 Hz, 2H), 7.42 (d, J = 8.6 Hz, 2H), 3.69 (s, 1H), 3.45 (s, 1H), 1.50 (s, 6H), 0.88 (s, 6H); *C NMR (100 MHz,
CDClL) 6 161.5, 158.3, 156.2, 136.7, 129.4, 129.3, 126.7, 117.2, 51.6, 46.5, 20.5; FT-IR (neat): 3087, 2970,
2934, 2870, 1631, 1341, 1370, 1093, 835 cm™'; HRMS (ESI-TOF): calcd. for [C1sH19CIN2O> +Na]", 329.1027:

found 329.1036.
N
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3-(tert-Butyl)-N-butylisoxazole-4-carboxamide (26a)

Following the general procedure, 3-(fert-butyl)-N-butylisoxazole-4-carboxamide 26a was obtained (318 mg,
0.908 mmol, 83%) as a white solid. Mp 125-126 °C; 'H NMR (400 MHz, CDCl;) § 8.47 (s, 1H), 5.80 (s, 1H),
3.38 (q,J = 8.5 Hz, 2H), 1.60-1.53 (m, 2H), 1.42 (s, 9H), 1.40-1.34 (m, 2H), 0.95 (d, J = 9.3 Hz, 2H); *C NMR
(100 MHz, CDCls) & 168.6, 162.1, 157.7, 117.0, 40.0, 33.4, 31.7, 28.9, 20.2, 13.8. FT-IR (neat): 3297, 2961,
2933, 2872, 1650, 1577, 1538, 1219, 876; HRMS (ESI-TOF): calcd. for [C16H19CIN,O> +Na]", 329.1027: found
329.1036.
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N-(3-(tert-Butyl)isoxazol-4-yl)acetamide (26b)

To a mixture of 3-(fert-butyl)isoxazol-4-amine (70.1 mg, 0.500 mmol) and 4-dimethylaminopyridine (10.5 mg,
0.0859 mmol), acetic anhydride (56.7 uL, 0.600 mmol) and dichloromethane were added under an argon
atmosphere. After being stirred at room temperature for 6 h, the reaction mixture was diluted with water. The
aqueous layer was extracted with two portions of dichloromethane. The combined extract was dried over MgSO4
and concentrated in vacuo. The residue was purified by column chromatography on silica gel (hexane : ethyl
acetate = 9 : 1) to afford N-(3-(tert-butyl)isoxazol-4-yl)acetamide 26b (78.4 mg, 0.430 mmol, 86%) as a pale
yellow oil. '"H NMR (500 MHz, CDCl5) & 8.80 (s, 1H), 7.39 (brs, 1H), 2.12 (s, 3H), 1.32 (s, 9H); *C NMR (125
MHz, CDCl3) 6 168.5, 162.7, 152.0, 116.7, 32.3, 28.5, 23.4, 23.4, FT-IR (neat): 2972, 2936, 2873, 1671, 1537,

1377, 1125, 872 cm™'; HRMS (ESI-TOF): calcd. for [CoH14N>O» +Na]*, 205.0947: found 205.0949.
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N-Butyl-3-pentylisoxazole-4-carboxamide (26¢)

The residue was purified by silica gel chromatography with hexane : ethyl acetate (9 : 1) to give N-butyl-3-
pentylisoxazole-4-carboxamide 26¢ (902 mg, 3.78 mmol, 76%) as a yellow oil. 'H NMR (500 MHz, CDCl;) §
8.68 (s, 1H), 6.34 (brs, 1H), 3.30 (q, /= 6.7 Hz, 2H), 2.78 (t,J = 7.8 Hz, 2H), 1.71-1.65 (m, 2H), 1.55-1.49 (m,
2H), 1.38-1.29 (m, 6H), 0.90 (t, /= 7.4 Hz, 3H), 0.87-0.84 (m, 3H); >*C NMR (125 MHz, CDCl3) § 162.2, 161.2,
158.3, 116.2, 39.6, 31.7, 31.6, 27.6, 25.4, 22.4, 20.2, 14.0, 13.8; FT-IR (neat): 3312, 3095, 2958, 2932, 1644,

1548, 1154, 1133, 836 cm™'; HRMS (ESI-TOF): calcd. for [C13H2:N>0, +Na]*, 261.1573: found 261.1567.
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N,N-Diisopropyl-3-pentylisoxazole-4-carboxamide (26d)

The residue was purified by silica gel chromatography with hexane : ethyl acetate (9 : 1) to give N,N-
diisopropyl-3-pentylisoxazole-4-carboxamide 26d (388 mg, 1.45 mmol, 73%) as a yellow oil. '"H NMR (500
MHz, CDCl) 6 8.25 (s, 1H), 3.75 (m, 2H), 2.73 (t, J = 7.5 Hz, 2H), 1.66-1.60 (m, 2H), 1.31-1.29 (m, 16H),
0.85 (t,J= 7.3 Hz, 3H); *C NMR (125 MHz, CDCl3) § 162.0, 161.6, 154.3, 116.7, 50.8, 46.4, 31.5, 27.5, 24.9,
22.4,20.8, 14.0.; FT-IR (neat): 3092, 2963, 2932, 1632, 1591, 1371, 1210, 1034, 820 cm™'; HRMS (ESI-TOF):

calcd. for [CisH2602N; +Na]”, 289.1886: found 289.1878.
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5. General procedure for the direct iodination at the C5 position of isoxazoles

To a mixture of [RhCp*Clz]> (0.0100 equiv.), AgSbFs (0.0400 equiv.), NIS (2.00 equiv.) and isoxazole-4-
carboxamide (1.00 equiv.), PivOH (1.10 mmol) in 1,2-DCE (1 mL/isoxazole-4-carboxamide 0.100 mmol) was
added under an argon atmosphere. The reaction mixture in the flask was stirred at 60 °C for 16 h. After cooling
the reaction mixture to room temperature, the mixture was diluted with ethyl acetate and filtered through a short
pad of silica gel and eluted with ethyl acetate. After removing the solvent under reduced pressure, the product

was purified by flash chromatography.

3-(4-Chloro-2-iodophenyl)-5-iodo-N,/N-diisopropylisoxazole-4-carboxamide (23)

Following the general procedure, 3-(4-chloro-2-iodophenyl)-5-iodo-N,N-diisopropylisoxazole-4-carboxamide
23 was obtained (39.7 mg, 0.0658 mmol, 66%) as a white solid. 'H NMR (500 MHz, CDCl;) § 7.98 (d, J=1.5
Hz, 1H), 7.41-7.37 (m, 2H), 3.64-3.60 (m, 1H), 3.33-3.31 (m, 1H), 1.38 (brs, 6H), 0.90 (brs, 6H); *C NMR
(125 MHz, CDCl;3) 6 161.1, 160.0, 139.8, 137.0, 131.8, 131.0, 128.7, 125.6, 110.7, 51.8, 46.4, 21.2, 20.3 ; FT-
IR (neat): 2971, 2932, 1621, 1580, 1368, 1337, 824 cm™'; HRMS (ESI-TOF): calcd. for [C1sHi7CIILN,O>+Na]",

580.8960: found 580.8966.
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3-(4-Chloro-2-iodophenyl)-5-iodo-N,/N-diisopropylisoxazole-4-carboxamide (24)

To a mixture of [RhCp*ClL]» (5.7 mg, 0.093 mmol, 0.0100 equiv.), AgSbFe (12.8 mg, 0.0372 mmol, 0.0400
equiv.), NIS (188 mg, 0.837 mmol, 0.950 equiv.) and isoxazole-4-carboxamide (286 mg, 0.930 mmol 1.00
equiv.), PivOH (104.5 mg, 1.02 mmol, 1.10 equiv.) in 1,2-DCE (10 mL) was added under an argon atmosphere.
The reaction mixture in the flask was stirred at 60 °C for 16 h. After cooling the reaction mixture to room
temperature, the mixture was diluted with ethyl acetate and filtered through a short pad of silica gel and eluted

with ethyl acetate. After removing the solvent under reduced pressure, the residue was purified by column
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chromatography on silica gel (hexane : ethyl acetate =9 : 1) to afford 3-(4-chloro-2-iodophenyl)-5-iodo-N,N-
diisopropylisoxazole-4-carboxamide 24 (122 mg, 0.282 mmol, 30%) as a pale pink solid. 'H NMR (500 MHz,
CDCl3) 6 7.70 (d, J = 8.5 Hz, 2H), 7.41 (d, J = 8.5 Hz, 2H), 3.58 (sep, J = 6.7 Hz, 1H), 3.43 (sep, J = 6.8 Hz,
1H), 1.57-1.56 (m, 3H), 1.50-1.49 (m, 3H), 1.15-1.14 (m, 3H), 0.67-0.66 (m, 3H); *C NMR (125 MHz, CDCls)
0 161.1, 160.0, 139.8,136.9, 131.8, 131.0, 128.7, 125.6, 110.7,97.0, 51.8, 36.4, 21.2,20.3 ; FT-IR (neat): 2970,
2934, 2874, 1619, 1410, 1338, 835 cm™'; HRMS (ESI-TOF): calcd. for [CisHisCIIN2O2+Na]", 454.9994: found

454.9987.
N

N-0
AL
N

3-(tert-Butyl)-N-butyl-5-iodoisoxazole-4-carboxamide (27a)

Following the general procedure, 3-(fert-butyl)-N-butylisoxazole-4-carboxamide 27a was obtained (318 mg,
0.908 mmol, 83%) as a white solid. '"H NMR (500 MHz, CDCl3) 6 6.09 (s, 1H), 1.37 (q, J = 7.3 Hz, 2H), 1.60-
1.54 (m, 2H), 1.43-1.37 (m, 2H), 1.34 (s, 9H), 0.20 (t, J = 7.4 Hz, 3H), 4.54 (brs, 1H), 0.47 (s, 9H); °C NMR
(125 MHz, CDCl3) 6 170.0, 161.9, 123.7, 112.3, 39.9, 33.4, 31.4, 28.7, 20.2, 13.8; FT-IR (neat): 2962, 2928,
1620, 1368, 1337, 1142, 823 cm™'; HRMS (ESI-TOF): caled. for [C12H9IN2O> +Na]*, 373.0383: found
373.0383.

N-O

fo) N
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N-Butyl-5-iodo-3-pentylisoxazole-4-carboxamide (27¢)

Following the general procedure, N-butyl-5-iodo-3-pentylisoxazole-4-carboxamide 27¢ was obtained (115 mg,
0.315 mmol, 32%) as a white solid. '"H NMR (500 MHz, CDCl3) § 6.12 (brs, 1H), 3.40 (q, J = 6.7 Hz, 2H), 2.84
(t,J=7.8 Hz, 2H), 1.65-1.62 (m, 2H), 1.61-1.55 (m, 2H), 1.44-1.37 (m, 4H), 1.31-1.30 (m, 3H), 0.93 (t, /=7.8
Hz, 3H); *C NMR (125 MHz, CDCl3) § 164.6, 160.1, 121.9, 112.3, 39.6, 31.5, 27.3, 25.6, 22.4, 20.2, 14.0,
13.8; FT-IR (neat): 2957, 2930, 2858, 1639,1618, 1561, 1401, 1145, 839 cm™'; HRMS (ESI-TOF): calcd. for

[C13H21IN,O, +Na]", 387.0540: found 387.0543.
N
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5-Iodo-N,N-diisopropyl-3-pentylisoxazole-4-carboxamide (27d)

Following the general procedure, 5-iodo-N, N-diisopropyl-3-pentylisoxazole-4-carboxamide 27d was obtained
(243 mg, 0.618 mmol, 62%) as a yellow solid. 'H NMR (500 MHz, CDCls) § 3.73 (brs, 1H), 3.47 (brs, 1H),
2.60 (m, 2H), 1.65-1.62 (m, 2H), 1.48 (m, 6H), 1.29-1.21 (m, 6H), 1.11 (m, 3H), 0.85-0.82 (m, 3H); *C NMR
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(125 MHz, CDCl;) 6 163.0, 160.8, 124.9, 108.8, 51.6,46.3, 31.5,27.0, 25.3,22.2,21.7,21.3,20.3, 13.9.; HRMS

(ESI-TOF): caled. for [C1sHas02NoI +Na]", 415.0853: found 415.0841.
N-O
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6. Cross coupling
3-(tert-Butyl)-N-butyl-5-(phenylethynyl)isoxazole-4-carboxamide (28)

To a mixture of Pd(PPh3),ClL (7.0 mg, 0.0100 mmol), Cul (1.8 mg, 0.0100 mmol), 3-(tert-butyl)-N-butyl-5-
iodoisoxazole-4-carboxamide 27a (35.0 mg, 0.100 mmol) and acetonitrile (1.0 mL), ethynylbenzene (12.1 pL,
0.110 mmol) and triethylamine (27.9 pL, 0.200 mmol) were added at room temperature under an argon
atmosphere. After being stirred at the same temperature for 21 h, the mixture was diluted into ethyl acetate,
passed through a pad of activated alumina, and concentrated in vacuo. The residue was purified by column
chromatography on silica gel (hexane : ethyl acetate = 19 : 1) to afford 3-(¢ert-butyl)-N-butyl-5-
(phenylethynyl)isoxazole-4-carboxamide 28 (6.7 mg, 0.021 mmol, 21%) as a white solid. 'H NMR (500 MHz,
CDCls) 6 7.83 (d, J= 8.1 Hz, 2H), 7.71 (d, J = 8.2 Hz, 2H), 5.75 (brs, 1H), 3.38 (q, /= 6.8 Hz, 2H), 1.53-1.48
(m, 2H), 1.44 (s, 9H), 1.29-1.25 (m, 2H), 0.894 (t,J = 7.4 Hz, 3H); *C NMR (125 MHz, CDCl3) § 169.7, 165.2,
163.6, 132.5 (q, Jcr = 32.5 Hz), 130.2, 126.7 (q, Jc.r = 3.3 Hz), 123.8 (q, Jc.r = 268.8 Hz), 113.3, 40.2, 33.8,
31.1, 29.1, 20.2, 13.7; FT-IR (neat): 2964, 2930, 2866, 2858, 1617, 1456, 1032, 823 cm™'; HRMS (ESI-TOF):
calcd. for [C20H24N20, +Na]", 325.1911: found 325.1902.
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N-butyl-3-pentyl-5-(phenylethynyl)isoxazole-4-carboxamide (29)

To a mixture of Pd(PPhs)s (11.6 mg, 0.0100 mmol), Cul (3.6 mg, 0.0200 mmol), N-butyl-5-iodo-3-
pentylisoxazole-4-carboxamide 27¢ (35.0 mg, 0.100 mmol) and toluene (1 mL), ethynylbenzene (12.1 puL, 0.110
mmol) and diisopropylethylamine (27.9 pL, 0.200 mmol) were added at room temperature under an argon
atmosphere. After being stirred at the same temperature for 21 h, the mixture was diluted into ethyl acetate,
passed through a pad of activated alumina, and concentrated in vacuo. The residue was purified by column
chromatography on silica gel (hexane : ethyl acetate = 19 : 1) to afford N-butyl-3-pentyl-5-
(phenylethynyl)isoxazole-4-carboxamide 33 (18.3 mg, 0.054 mmol, 54%) as a white solid. 'H NMR (500 MHz,
CDCls) 6 7.59-7.57 (m, 2H), 7.52-7.43 (m, 3H), 6.63 (brs, 1H), 3.47-3.44 (m, 2H), 2.98 (t, J = 7.8 Hz, 2H),
1.76-1,71 (m, 2H), 1.61-1.55 (m, 2H), 1.42-1.34 (m, 6H), 0.896 (t,J= 7.3 Hz, 6H); >*C NMR (125 MHz, CDCl;)
6 164.5, 160.3, 151.0, 132.1, 131.0, 129.0, 119.9, 116.6, 103.7, 75.5, 39.4, 31.7, 27.6, 26.0, 22.5, 20.3, 14.1,
13.8. FT-IR (neat): 2960, 2933, 2914, 2868, 1651, 1540, 1027, 755 cm™.
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N,N-Diisopropyl-3-pentyl-5-(phenylethynyl)isoxazole-4-carboxamide (30)

To a mixture of Pd(PPhs)s (11.6 mg, 0.0100 mmol), Cul (3.6 mg, 0.0200 mmol), 5-iodo-N,N-diisopropyl-3-
pentylisoxazole-4-carboxamide 27d (39.2 mg, 0.100 mmol) and toluene (1 mL), ethynylbenzene (12.1 pL,
0.110 mmol) and diisopropylethylamine (27.9 uL, 0.200 mmol) were added at room temperature under an argon
atmosphere. After being stirred at the same temperature for 21 h, the mixture was diluted into ethyl acetate,
passed through a pad of activated alumina, and concentrated in vacuo. The residue was purified by column
chromatography on silica gel (hexane : ethyl acetate = 19 : 1) afforded N,N-diisopropyl-3-pentyl-5-
(phenylethynyl)isoxazole-4-carboxamide 30 (30.8 mg, 0.074 mmol, 74%) as a yellow solid. 'H NMR (500 MHz,
CDCls) 6 7.51-7.50 (m, 2H), 7.44-7.36 (m, 3H), 4.01 (brs, 1H), 3.53 (brs, 1H), 2.71 (t, J = 7.8 Hz, 2H), 1.69-
1.67 (m, 2H), 1.54 (m, 6H), 1.35-1.34 (m, 4H), 1.22 (m, 6H), 0.89 (t, J = 6.5 Hz, 3H); *C NMR (125 MHz,
CDCls) 8 162.9, 161.2, 148.9, 131.9, 130.2, 128.8, 120.8, 119.2, 101.0, 51.6, 46.5, 31.6, 27.6, 25.3, 22.4, 21 .4,
20.6, 14.0; FT-IR (neat): 2963, 2931, 2871, 1634, 1455, 1370, 1147, 1032, 820 cm™'; HRMS (ESI-TOF): calcd.
for [C23H30N202 +Na]”, 389.2199: found 389.2208.

f;l—o
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3-(tert-Butyl)-N-butyl-5-(4-(trifluoromethyl)phenyl)isoxazole-4-carboxamide (31)

To a round bottom flask containing a magnetic stirring bar, 3-(tert-butyl)-N-butyl-5-iodoisoxazole-4-
carboxamide 27a (35.0 mg, 0.100 mmol), 4-(trifluoromethyl)phenylboronic acid (22.8 mg, 0.120 mmol),
Pd,(dba); (4.6 mg, 0.0050 mmol), P(+-Bu);*HBF4 (2.9 mg, 0.0010 mmol) and sodium carbonate (31.8 mg, 0.300
mmol), tetra tetrahydrofuran (0.5 mL) and H,O (0.5 mL) were added under argon atmosphere. After being
stirred at room temperature for 16 h, the reaction mixture was poured into water. The aqueous layer was
extracted with two portions of ethyl acetate. The combined extract was washed with brine, dried over MgSO4
and concentrated in vacuo. The residue was purified by PTLC (hexane : ethyl acetate =9 : 1) to afford 3-(tert-
butyl)-N-butyl-5-((4-(trifluoromethyl)phenyl)ethynyl)isoxazole-4-carboxamide 31 (16.0 mg, 0.0408 mmol,
41%) as a white solid. '"H NMR (500 MHz, CDCl3) § 7.83 (d, J = 8.1 Hz, 2H), 7.71 (d, J = 8.2 Hz, 2H), 5.75
(brs, 1H), 3.38 (q, J = 6.8 Hz, 2H), 1.53-1.48 (m, 2H), 1.44 (s, 9H), 1.29-1.25 (m, 2H), 0.894 (t, J = 7.4 Hz,
3H); *C NMR (125 MHz, CDCl3) § 169.7, 165.2, 163.6, 132.5 (q, Jcr = 32.5 Hz), 130.2, 126.7 (q, Jcr = 3.3
Hz), 123.8 (q, Jcr = 268.8 Hz), 113.3, 40.2, 33.8, 31.1, 29.1, 20.2, 13.7; FT-IR (neat): 3245, 3073, 2963, 2932,
2870, 1637, 1166, 1129, 1110, 1066, 846 cm™'; HRMS (ESI-TOF): calcd. for [C20H24N>O> +Na]”", 369.1784:
found 369.1790.
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7. Crystal data and structure refinement details for 12.

Table 1. Sample and crystal data for 12.

Identification code
Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

Unit cell dimensions

Volume/A®

Z

Pearcg/cm’

wmm™!

F(000)

Crystal size/mm*

Radiation

12

CioHsF3NO4S

293.22

90

triclinic

P-1

a=5.86372) A a=106.062(3)°
b=9.52113)A B =100.430(3)°
c=11.1936(5) A y=199.589(3)°
574.88(4)

2

1.694

3.046

296.0

0.306 x 0.054 % 0.025

CuKoa (A=1.54184)

20 range for data collection/°8.468 to 152.88

Index ranges

Reflections collected

Independent reflections

Data/restraints/parameters

Goodness-of-fit on F?

Final R indexes [[>=2¢ (I)]
Final R indexes [all data]

7<h<7,-10<k<12,-13<1<13
6156

2270 [Rin = 0.0170, Ryigma = 0.0167]
2270/0/172

1.055

R; = 0.0295, wR, = 0.0782

R, =0.0304, wR, = 0.0787

Largest diff. peak/hole / e A 0.27/-0.43
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Table 2. Fractional Atomic Coordinates (x10*) and Equivalent Isotropic Displacement Parameters
(A2x10°) for 15. U, is defined as 1/3 of of the trace of the orthogonalised Uy, tensor.

Atom x y z U(eq)

St 8955.9(6) 2310.0(4) 3411.03) 18.71(12)
Fl 5772.7(17) 3405.1(12) 4504.1(9) 332(2)
F3 8435.1(18) 2780.3(12) 5723.3(9) 35.9(2)
F2 5591.5(19) 1073.9(12) 4303.4(10) 39.4(3)
0o10 5759.7(18) 284.3(11) 1667.8(10) 20.6(2)
0o19 1959.2(19) -990.7(11) 813.0(10) 25.3(2)
018 10222.2(18) 3797.6(11) 3638.4(10) 23.4(2)
017 10074.7(19) 1107.8(12) 3424.7(11) 28.3(3)
N11 7028(2) 1799.5(13) 1964.2(12) 17.93)
Cl 6119(2) 4218.2(15) 1763.9(13) 17.13)
7 5323(2) 2632.3(15) 1656.9(13) 16.6(3)
8 3156(3) 1705.5(16) 1180.0(14) 19.6(3)
6 8125(3) 4670.6(16) 1340.0(14) 20.6(3)
) 3335(3) 212.0(16) 1177.1(14) 19.8(3)
C4 7528(3) 7184.5(16) 1854.3(15) 22203)
2 4812(3) 5249.2(17) 2231.2(15) 22.7(3)
Cs 8816(3) 6149.1(16) 1384.2(14) 21.6(3)
3 5526(3) 6733.4(17) 2272.8(16) 25.903)
13 7043(3) 2394.6(18) 4564.8(15) 25.103)

Table 3. Anisotropic Displacement Parameters (A2x10%) for 15. The Anisotropic displacement factor
exponent takes the form: -2z*[h’a**U+2hka*b* U 2+...].

Atom Un U Uss Uss Uss Ui

S1 16.28(18) 16.83(19) 21.7(2) 6.66(14) 2.54(13) 1.41(13)
Fl 32.8(5) 43.9(6) 28.2(5) 12.0(4) 13.1(4) 15.9(4)
F3 37.9(5) 45.7(6) 20.1(5) 11.3(4) 0.9(4) 4.3(5)
F2 41.8(6) 34.8(6) 36.9(6) 11.2(5) 15.3(5) -10.3(4)
010 22.2(5) 11.5(5) 24.5(5) 4.2(4) 2.7(4) 0.2(4)
019 27.3(6) 16.5(5) 25.7(6) 5.5(4) 1.0(4) -4.0(4)
018 20.0(5) 19.1(5) 27.3(6) 7.3(4) 2.3(4) -1.9(4)
017 24.2(5) 23.7(6) 35.8(7) 11.0(5) 0.8(5) 6.9(4)
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Table 3. Anisotropic Displacement Parameters (A*x10%) for 15. The Anisotropic displacement factor
exponent takes the form: 2a’[h?a*?U;+2hka*b*Upt...].

Atom Un U Uss Uss Uss Ui

N11 19.9(6) 11.9(6) 20.0(6) 3.9(5) 3.9(5) 1.2(4)
Cl 19.1(7) 14.6(7) 15.5(7) 4.6(5) 1.6(5) 1.2(5)
c7 19.7(7) 16.7(7) 14.2(6) 5.2(5) 5.5(5) 4.1(5)
8 20.2(7) 17.9(7) 19.3(7) 5.9(6) 3.6(5) 1.6(5)
c6 24.8(7) 18.3(7) 21.3(7) 7.4(6) 9.1(6) 6.2(6)
C9 21.8(7) 19.0(7) 16.2(7) 4.8(5) 3.2(5) 0.9(6)
C4 25.6(7) 15.9(7) 24.2(8) 8.4(6) 2.9(6) 2.0(6)
C2 19.4(7) 20.7(7) 28.7(8) 8.3(6) 7.9(6) 3.4(6)
Cs 23.5(7) 20.5(7) 22.5(7) 10.2(6) 7.3(6) 1.6(6)
C3 26.4(8) 18.3(7) 34.9(9) 8.1(6) 9.5(7) 8.5(6)
Cl13 25.7(8) 27.7(8) 19.5(7) 8.3(6) 4.2(6) -0.2(6)

Table 4. Bond Lengths for 15.
Atom Atom Length/A  AtomAtom Length/A

S1 018 1.4156(10) N11 C7 1.4272(18)
s1 017 1.4132(11) C1  C7 1.4687(19)
S1 NIl 1.6898(13) C1  C6 1.393(2)
S1 CI3 1.8520(16) C1  C2 1.392(2)
F1 CI3 1.3197(19) C7  C8 1.341(2)
F3 CI3 1.3176(18) C8 C9 1.442(2)
2 Cl13 1.3194(18) C6 C5 1.383(2)
010 NI11 1.4257(14) C4  C5 1.387(2)
010 C9 1.4112(18) C4 C3 1.387(2)
019 C9 1.2014(18) C2  C3 1.391(2)

Table 5. Bond Angles for 15.

Atom Atom Atom Angle/ Atom Atom Atom Angle/

018 S1 NI1 106.38(6) C7 C8 C9 109.21(13)
018 S1 C13 107.06(7) C5 C6 Cl1 119.82(13)
017 S1  O18 123.40(7) O10 C9 C8 106.89(12)
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Table 5. Bond Angles for 15.

Atom Atom Atom
017 S1 NIl
017 S1 C13
N1l S1 Ci13
C9 Ol10 NI1
010 NI11 S1
010 NI1 C7
C7 NI11 S1
C6 C1 C7
c2 C1 C7
C2 C1 Ce6
N1l C7 ClI
C8 C7 NII
c8 C7 Cl1

Angle/®
106.74(6) O19
107.17(7) O19
104.68(7) C3

107.46(10) C3

108.65(8) Co6
107.13(10) C4
123.07(10) F1
119.64(13) F3
120.10(13) F3
120.19(13) F3
119.98(12) F2
109.29(12) F2
130.40(13)

C9
C9
C4
C2
G5
C3
C13
C13
C13
C13
C13
C13

Atom Atom Atom

010
C8
G5
Cl
C4
C2
S1
S1
F1
F2
S1
F1

Angle/

118.25(13)
134.75(14)
119.90(13)
119.48(13)
120.30(14)
120.31(14)
109.93(10)
108.11(11)
109.54(13)
109.81(13)
110.29(11)
109.15(13)

i
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Table 6. Hydrogen Atom Coordinates (Ax10*) and Isotropic Displacement Parameters (A?x10%) for 15.

Atom
HS8
H6
H4
H2
H5
H3

y
1729.6

9015.55
8015.48
3442.56
10179.36
4638.69

1987.87
3965.48
8200.91
4941.52
6457.14
7441.78
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1021.46
1889.52
2519.53
1091.35
2589.38
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8. NMR spectra

4-Benzyl-3-phenylisoxazol-5-yl trifluoromethanesulfonate (1a)

'"H NMR (500 MHz, CDCls)
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3-Phenylisoxazol-5-yl trifluoromethanesulfonate (10)

'"H NMR (500 MHz, CDCls)
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4-Benzyl-5-(hept-1-yn-1-yl)-3-phenylisoxazole (2)

'"H NMR (500 MHz, CDCls)
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4-Benzyl-3-phenyl-2-((trifluoromethyl)sulfonyl)isoxazol-5(2 H)-one (9)

'"H NMR (500 MHz, CDCls)
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3-Phenyl-2-((trifluoromethyl)sulfonyl)isoxazol-5(2H)-one (12)

'"H NMR (500 MHz, CDCls)
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4-Benzyl-5-bromo-3-phenylisoxazole (1b)

'"H NMR (500 MHz, CDCls)
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4-Benzyl-5-bromo-3-(4-methoxyphenyl)isoxazole (1¢)
'"H NMR (400 MHz, CDCl;)
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4-Benzyl-5-bromo-3-(naphthalen-2-yl)isoxazole (1d)
'"H NMR (400 MHz, CDCl;)
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4-Benzyl-5-bromo-3-(thiophen-2-yl)isoxazole (1e)

'"H NMR (400 MHz, CDCl;)
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4-Benzyl-5-bromo-3-(tert-butyl)isoxazole (1f)
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'"H NMR (500 MHz, CDCls)
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5-Bromo-4-(4-methoxybenzyl)-3-phenylisoxazole (1g)

'"H NMR (400 MHz, CDCl;)
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5-Bromo-4-methyl-3-phenylisoxazole (1h)

'"H NMR (400 MHz, CDCl;)
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5-Bromo-3-phenyl-4-propylisoxazole (1i)

'"H NMR (400 MHz, CDCl;)
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4-Benzyl-3,5-diphenylisoxazole (3a)

'"H NMR (500 MHz, CDCls)
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4-Benzyl-3-phenyl-5-(p-tolyl)isoxazole (3b)

'"H NMR (400 MHz, CDCls)
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4-Benzyl-5-(4-chlorophenyl)-3-phenylisoxazole (3c)

'"H NMR (500 MHz, CDCls)
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4-Benzyl-3-phenyl-5-(4-(trifluoromethyl)phenyl)isoxazole (3d)

'"H NMR (500 MHz, CDCls)
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4-Benzyl-5-(3,5-bis(trifluoromethyl)phenyl)-3-phenylisoxazole (3e)

'"H NMR (500 MHz, CDCls)
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4-(4-Benzyl-3-phenylisoxazol-5-yl)benzaldehyde (3f)

'"H NMR (500 MHz, CDCls)
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4-Benzyl-3-phenyl-5-(4-vinylphenyl)isoxazole (3g)

'"H NMR (500 MHz, CDCls)
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in-4-yl)isoxazo
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4-Benzyl-3-phenyl-5-(pyr

'"H NMR (400 MHz, CDCls)
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4-Benzyl-3-phenyl-5-(thiophen-3-yl)isoxazole (3i)

'"H NMR (500 MHz, CDCls)
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4-Benzyl-5-(naphthalen-2-yl)-3-phenylisoxazole (3j)

'"H NMR (500 MHz, CDCls)
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4-Benzyl-3-(4-methoxyphenyl)-5-phenylisoxazole (3k)

'"H NMR (400 MHz, CDCl;)
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4-Benzyl-3-(naphthalen-2-yl)-5-phenylisoxazole (31)

'"H NMR (400 MHz, CDCl;)
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4-Benzyl-5-phenyl-3-(thiophen-2-yl)isoxazole (3m)

'"H NMR (400 MHz, CDCl;)
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4-Benzyl-3-(tert-butyl)-5-phenylisoxazole (3n)
'"H NMR (400 MHz, CDCl;)
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4-(4-Methoxybenzyl)-3,5-diphenylisoxazole (30)

'"H NMR (400 MHz, CDCl;)
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4-Methyl-3,5-diphenylisoxazole (3p)

'"H NMR (400 MHz, CDCl;)
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3,5-Diphenyl-4-propylisoxazole (3q)

'"H NMR (500 MHz, CDCls)
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3-(4-Chlorophenyl)-N,/N-diisopropylisoxazole-4-carboxamide (22)

'"H NMR (500 MHz, CDCls)
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3-(4-Chloro-2-iodophenyl)-5-iodo-N, N-diisopropylisoxazole-4-carboxamide (23)

'"H NMR (500 MHz, CDCls)
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3-(4-Chlorophenyl)-5-iodo-N, N-diisopropylisoxazole-4-carboxamide (24)

'"H NMR (500 MHz, CDCls)
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3-(tert-Butyl)-N-butylisoxazole-4-carboxamide (26a)

'"H NMR (400 MHz, CDCls)
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N-(3-(tert-Butyl)isoxazol-4-yl)acetamide (26b)

'"H NMR (500 MHz, CDCls)
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3C NMR (125 MHz, CDCl;)
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N-Butyl-3-pentylisoxazole-4-carboxamide (26¢)

'"H NMR (500 MHz, CDCls)
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N,N-Diisopropyl-3-pentylisoxazole-4-carboxamide (26d)

'"H NMR (500 MHz, CDCls)

LvL:

09z

€SC”

NANN A A A A AAAAAAO OO

T b

[p—

[ —

[P

N

O\

ONJ\

ppm

90°e

f

$6'GL

=

|

20C

|

v0C

j

o
<
-

13C NMR (125 MHz, CDCl;)

8L6

LES”

6LE
T06

98%

LZh
9€8

806

Z91"

LTV

LTL®

gscC:

09g"
9z0”

ET—
0z

zz N
YT
LT
TTE

9 —

‘08—

‘9L

.hhw

91T —

PST—

T9T~
9T

ppm

190 180 170 160 150 140 130 120 110 100 9 @80 70 60 50 40 30 20 10

200

105



HE-
&’

3-(tert-Butyl)-N-butyl-5-iodoisoxazole-4-carboxamide (27a)

'"H NMR (500 MHz, CDCl;)
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N-Butyl-5-iodo-3-pentylisoxazole-4-carboxamide (27¢)

'"H NMR (500 MHz, CDCls)
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5-Iodo-N,N-diisopropyl-3-pentylisoxazole-4-carboxamide (27d)

'"H NMR (500 MHz, CDCls)
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3-(tert-Butyl)-N-butyl-5-(phenylethynyl)isoxazole-4-carboxamide (28)

'"H NMR (500 MHz, CDCls)
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N-Butyl-3-pentyl-5-(phenylethynyl)isoxazole-4-carboxamide (29)

'"H NMR (500 MHz, CDCls)
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N,N-Diisopropyl-3-pentyl-5-(phenylethynyl)isoxazole-4-carboxamide (30)

'"H NMR (500 MHz, CDCls)
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3-(tert-Butyl)-N-butyl-5-(4-(trifluoromethyl)phenyl)isoxazole-4-carboxamide (31)

'"H NMR (500 MHz, CDCls)
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31 LB

Fram Cilb 7218 Y | 71 UL L7 W Claisen B0 SOGITAER & L TRE TR T L= LK
Bii)7e 7 2 7 P L 2B LM 2 5 2 50 F28# L L CHBb5S (Scheme 3-1), Lo
LM E, ZOERY 1T IXEWEIEHED X IZHEGHITHTNEET 2 & Sh, EBRICHBE S 7= flix
72\, Wan 5% 'THNMR %z H W72 SBHRZ & - T Claisen 850U RO T L AN GFIET 5
TEARMERLEN D RRE LT Ly DIEHES Ty, E72, Claisen B SUSTHEL 5 H
AR ET D 2 DOEREIIE OR 50 FABROEH#Y & UTRHRMERH 21260 0b 5,
ZOHEKR T OHBERS KOMIERREETH H72012, ¥ o7 AUNPINTENL ZFIH Lz +4&
BOFNL720,

AFETIZ, 7 LR T W Claisen SIS O BRI ~D—o>07 7o —F L LT, Hif%E
BIE, BHEIC X DT 2% b Lo, BFAUmse (D s vz 4 (Fa/ux Ly )
A VA F Y — /LD Claisen AL DOBHFEICEY #lA, RELHBES N Z R WAEgm T L1
OEBE, T70bb 7 a0 LT Y Claisen 85 5O O S HME D SE5E4 Bfg L 7=,

-~

RN Ir:":{*:

vz —_— L“ml

HN 2 NH; i
|

Scheme 3-1. A Representative Structure of Product of Propargyl Aza-Claisen Rearrangement

3—2. WFSERTE

WMRFZER OB, BEIEA Y AV —)u 5 MBI B EEREFBERREOSC X 5 H e
A I FXY = VERREZBT L2 (Scheme 3-2) Y, 4 (T v/ VXTI ) HEGT LA VA
T — MK LT FAMEe () MEEAEH S5 2 & THFRNERbEDRETL, BV
Mot LicA Y AXH Y — VI 24572, 77205, A4 YA FH Y —/L S ORVREM:Z 4 (71T E R
ENTe~TaZ o TV, El T4 m4e 1) B X > T4 IO NER T L% v &R
BAHNIEM LT 2 2 & C BFEBREFEROSET LT,

N-Q N-O N-0
RVS) o 1A R«(% - RIAA~ R R'=H, Alkyl, Aryl
= —— = e | R2 = H, Me
HN 7 HN S Nx '
N ') R3 = Alkyl, Aryl
R2 R2 [Au]@ R2

Scheme 3-2. Gold Catalyzed Intermolecular SgAr Reaction

—J. TAF EOBEBILE RN N AF ATV (TMS ) THDHA VY AFH Y —L IV L,
DFNECDLERH THDHA VAT ) P M TERL, 5-T V=472 ) A 4% H
V' —)vV %527 (Scheme3-3), Z DAL LB OBEEERRRE L SNTALFETH-T2N, Zh
VL EORKFEHNT 2 ST, ARRE O @ F#H OIS Z I S s sz ooz, £ 2T, A
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T ZDFATHIRICESE . o BUEODF A e () ML D7 m/SVF LT I A VA%
P =D Claisen LS &R Lc, £PSUSRIERF L, 70OV AT 4 Claisen 5K
SO L, 35 X ORI O WEEE A S LT,

N-Q 20 mol% JohnPhosAucl N-Q
Z TMs 20 mol% AgSbFg - L
HN/ DCE N, \\\
r.t.
v 2h V: 46%

Scheme 3-3. Propargyl Aza—Claisen Rearrangement of Isoxazole IV

71 VXV T W Claisen 85 UG ZRETT 2I2H720, AV AFH Y — L 1la ZETVEEE L
THWE (Figure 3-1), 3fLIC 42 mu 7 == VEERT 54 VA XY —/L 1ald, BT CTH
WHNTA Y FFH Y — LIV EH L TZE TR BN EL TH D720 Th D, OG22 T
L7=Dh | RGO TFREZ R L. S DICARKIEOEEO— vz B L7=, £7=, DFT &t
BERWTHEREDO = AN X —T a7 7 A VERRE L, BEmFHEOBEN O RS ZBE L
776

Figure 3-1. The Structure of 4-(Propargylamino)isoxazole 1a

3—3 Fa XN TV Claisen 8oL D BA %

AIEI TR Rz 4T VXL T I AV AFH Y — b la 2 EE L, 7m0 7 3 Claisen
HEAE RS DNBRINANIC AT T D RO A TRR Lo, RSO /RT A—42 L LT, @@l b fliiid
it BLOBWEA R LT,

3—3—1 &t

ARIETROEHERERTH L, TAF 2 REFINTEH LS E D o BESRBAMBEORE N

wi~% (Table 3-1), 7 b= b UAEEH, SIREMHICT 10 mol% D@L & 1 ) A X4 —/1
la Z{RA Lz, 9. SLATHF9E & R USE, Buchwald BUECAL 1@ JohnPhos” % Bl - & L7-4 (D)
fil i - $RYE AgSbFs DAFIE T Tl. Claisen B ISIZ XD AR T LV 2a LBRILIKTH L E Y v
3a NENZHULE 54%, 24% CTEONT- (entry 1), =i b4 () Z&fEl LCTHWD &,
T Ly 2ald e ARET. BV UV 3a DU 29% T L AL (entry2), AfMBEIZEIN L 72 8RIE &
TUFEEWALT S OZ 06 MU Tt a A X UERRAE AL L CTHWER, b7 L
2a 525613 A ERISITHEIT LR o7z (entry 3), T OMO&EAEEE L Tr o v Afilil
[Rh(cod)Cl]; <2 U 7/ b X 2 Ufgd, BELO R 7bdm X 2 UERlignz AWz, Wing £
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< BT H RSB X 4172 (entries 4-6) . SR DIRE Z =@ D 60°C F TEHRIETT
Ly 2a OIRR EA K- 72238, v o0 MMl SAREEO W I8N TS OE < T L h»
7= (entries 7and 8), LLEDOFER LV . AINZIZE D T A M4 (1) AR w5 &l L7,

Table 3-1. Catalyst Screening for Propargyl Aza—Claisen Rearrangement

N-Q o
m 10 mol% cat.
/ solvent rt,2h CI NH,

entry catalyst allene 2a (%)? pyridine 3a (%)?
1 AuCl/ AgSbFe 54 24
2 AuCls / AgSbFe° 0 29
3 AgOTf trace 0
4 [Rh(cod)Cl]: 0 0
5 CuOTf 0 0
6 ZnOTf. 0 0
7° [Rh(cod)Cl]2 0 0
8¢ CuOTf 0 0

? NMR yield using dibromomethane as an internal standard.
b The amount of AgSbFs was 30 mol%.
° The reaction was performed at 60 °C.

RN THF A e (D AEORNL T 2 it 35 ~< | 1,2-Y 7 & Ui 10 mol%d
i 2 DR %A 2 SRl & SR AgSbFs DFE T, A VA FH Y —/L 1la OF w/ ULF L7
Claisen [z FEMi L, BV P2 3a &7 L2 2a ORI HEL T D244 L= (Table 3-
2), SR DiEY JohnPhos Z 5 & 7 Lo 2a R 54% THER L7223, U P2 3a b 24%DIL
LCTHAR LTz (entry 1), JohnPhos & bbisz LC YU 830 O STARKEE 23 /)N & U CyJohnPhos % W
5HéL T L 2a DILRD 68%IC1H L7 — T P2 3a HILEK 29% THRL L 7=, &IZ. Buchwald
BNLFDOET V) —/UEEDNRISC G 2 2B it 2~ 7 Y —/VIRICERE A2 AT DB
FZEHFT L7 (entries 3-6), A Y 7 ARF¥ LA HT 5 RuPhos ZHMNL T &35 &7 L 2a HUEE
T1% TH L, 22 Y 2 3a DULRN 21%IZHfl Sz (entryd), BT U —/LHERN LD S E0D
XPhos < BrettPhos Z W5 & A VA %4 —)L 1la DEALRNZE LK F L7 (entries 5 and 6), &
S U VR BT tert—7 F VI A 1D ~BuXPhos <X° t—BuBrettPhos Tl &< ST LR 0o 72

(entries 7and 8) , ZAULH DfERIL. GMEBLORNL TS EWEEE. B L DONAKFREIZ L > T
RIS T L2 AN TERLS R T2 2 L 2RI T 5, fitWT Y 7 2=V AT 4 2 (entry9) <°
NYZFNHRAT 4 (entry 10), BERMI 7 B8A~FIILRAT 42 (entry 11) 72 EOxF7e
RAT 4 VBT % W2 & 2 A, JohnPhos (entry 1) <° CyJohnPhos (entry 2) & [RIERICT LY 2a
DEARDE LTELILE, L, F U7 anF I )ViR AT 4 2 CIEEEEME T L, b U —tert—
TFINEKRAT 4 o TIEEL ST Lo 72 (entry 12), U VIR D 2300 S @ & UG EST
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L7y & 5 AL Buchwald BifZ 1 & —E L7z, BLEREWZ L2, U VR OE MR R A
77 A FLERMFICTDE, Tl 2a s Py 3aDAERENHIZL, BV 2 3a MUK 80%
THRC LT (entry 13), ZEATHIZETIZE Y PUBREATMT 27 DITKEZHEKE LTN-7 = =L
VATV I ENBELE LA LT, RA T 74 b L ZENLF LT D eIk EZ FI
N EHBIHFRIGETY Y Y 3a & 5 2 72, ZJER T BINAP (entry 14) <> Me-DalPhos (entry
15) Z#HWTHT L 2a OILRIEA EET, 7L 2a LB Y PV 3a OAFHICGRIZWLTRE 50%L
TEAoTz, £/, NHC B 7O IPr HRFT L7225, 7 L2 2a QYR E LR > 72 (entry 16)

S FNEALRETIEN-7 2= LR RTINS v A BKRBEZHRE LTEHRINT 5 EBRIBA VIO
RN E L7 (Table3-3) 7, 4 2 A B LA2WGA . REJEDA Y A FH Y — LK FEZ R
K UTER LT 5 72 DIZEBR LSS DIRNME T L7- S HEE ST,

Table 3-3. Addition of Hydrogen Acceptor

N-Q 20 mol% JohnPhosAuCl N-Q Ph
Z 20 mol% AgSbF [ Ph N°
Ph o AgSbFs o Y j
N _Z additive N Ph
DCE
\' \'/] N-phenyl benzaldimine (A)

entry temp. (°C) time (h) additive yield (%)
1 r.t. 12 - 54
2 60 3 A 84

119



G

Table 3-2. Ligand Screening of Gold Catalyst for Propargyl Aza-Claisen Rearrangement

N-Q 10 mol% Au cat. N-O
M 10 mol% AgSbFs I ’
cl
\/ DCE rt,2h NH, \\\
entry catalyst allene 2a (%)? pyridine 3a (%)? 1R,1
R»p
3
1 JohnPhosAuCl 54 24 _T_
I
2 CyJohnPhosAucCl 68 29 R7=
Ligand R! R? R®
3 SPhosAuClI 31 41 JohnPhos By H H
4 RuPhosAuCl 77 21 CyJohnPhos cy H H
5 XPhosAuClI 10 6 SPhos cy H 2,6-OMe
6 BrettPhosAuCl 0 0 RuPhos Cy H 2,6-0(i-Pr)
7 t-BuXPhosAucCl 0 0 XPhos Ccy H 2,4,6-i-Pr
8 t-BrettPhosAuCl 0 0 BrettPhos Cy 2,5-OMe  2,4,6-i-Pr
9 Ph3PAuCI 68 32 t-BuXPhos t-Bu H 2,4,6-i-Pr
10 Et:PAuCI 63 37 t-BuBrettPhos t-Bu 2,5-OMe 2,4,6-i-Pr
1 CysPAuCI 41 21 00
P£O t-Bu
12 t-BusPAuCI 0 0 Q PPh,
PPh,
13 LAuCI 4 80 t-Bu OO
3
14 (S)-BINAPAUCI 38 12 L (S)-BINAP
Ad
15  Me-DalPhosAuCl 18 28 Adnt /\
P NN
16 IPrAuCl 37 22 N .
\
2 NMR yield using dibromomethane as an internal standard. MeDalPhos Pr

PLEDOSEBREFT LY . B OIERS L OSBRIRMEIZ TT LY 2a 2 5 % 7= RuPhos 23 72 Behr 1~ &
MM L7z, DWW, $RIEAE T L F A4 o M4e () fitoxt 7 =4 O 2 2 st L7- (Table 3-

b BFAUMAE (1) BRSBTS T = U BNRISREICRE S BB 52 5880 L5 Y,
Echavarren 5%, B F Ao M4 1) fiEc X570 F 0 &7 L ORRIBCISICEBWT, %7 =
Fo ORI L DA OIR DI L Z B L7 (Table3-4) *, Z DOFJEFH TIL OTf <PFs <NTf,”
< BF4 < SbFs < BARF (3,5-bis(trifluoromethyl)phenylborate) DNEIZ U A3\ U, FERCALET =4 FE
DS Z R LTz,

Table 3-4. Effect of Counter Anion for Gold(I)-Catalyzed [2+2] Cycloaddition
3 mol% t-BuXPhosAu(NCMe)X
Ph
)\Ph

h
>

=
Z CH,Cl,, 23°C, 12 h L

entry counteranion (X7) Yield (%)

1 BAR™

2 SbFe~ 80
3 BFs~ 62
4 NTf2~ 26
5 PFe” 19
6 oTf 18
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5), AgNTHIZT L 2a & 75%, BV P 3a % 18% CTH %, AgSbFs & W24 & g L TR &
7pFE T o7 (entriesland2), — . RU TN AX L ALK UEBEA WA LU U0 3a DA
I S, 7 L 2a OUCRDA E L7z (entry 3, 2a: 91%, 3a: 9%), 728, BEEZIFIN L2 WEE
TSN EITE, KRS F Ao mnd: 1) MRV ETH -7 (entry 4),

Table 3-5. The Effect of Counter Anions for Propargyl Aza-Claisen Rearrangement of 1a

'}'/0 13 23:4" iu;hosAuCI N-Q o N-Q s
HN/ DCE, rt, 2 h c NH, g Nx
1a 2a 3a
entry AgX allene 2a (%)? pyridine 3a (%)?

1 AgSbFe 77 21

2 AgNTR 75 18

3 AgOTf 91 9

4 - 0 0

? NMR yield using dibromomethane as an internal standard.

RIZ, Wiz ET L7z (Table 3-6), ZHETOMFI THW12-Y 72 (entry 1) 706
ML AZETET D LT L 2a DURD 75%ITIRT L, 2228 U 20 3a DU 25%I2HN L 72

(entry 2), F£7-. 14-VAFH 0 TiE, 7L 2a DILRPMET LE YU 20 3a MUK 14% THAERL L
7= (entry3), —J4. 7Er=bFU/ (entryd) IFHRBEBOERE G272, Tbb, 7L 2a BIHE
93% THR L, B'U P 3a DILERIT 7% E Tl Sz, £ 2 T. entry 4 ORISFRIHITIBWDTHRL
L7=7 Ly 2a OHBEERATZ, L L7eRG, 7L 2a 3y BTV ETREZETHY, FiE
FECHMRE, FEERELTE Y Yr 3a i fE T, ZORKILT L2 2a BERMSETREET
HU . FWBEDOT Y BTN ETHR LT T2 EHEER LTz, FEBRIC, HARMOT L 2ax2Ty 7m0
AR R T BTNV ERAGLIZEZ A, B VU 3allEf STz, £ 2T, BEEIZ 1viv%
DRI ZFAT IVERML T Y DTN ERNEHAET D & INEE 60% TOT L 3a O HEEIZ L)
L7ce LDLARDG, ZOBEEY U2 3a BIER 30% THLNIZZ b, 5-7T V=147 /A4
VA FH =)L 2a DB A STERITIGIT 5 Z LITREETH 5 L Lz,
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Table 3-6. Solvent Screening for Propargyl Aza-Claisen Rearrangement

N-Q 10 mol% RuPhosAuClI N-Q N-0
W us 10 mol% AgOTE WTMS (A~ TMS
cl HN/ solvent, r.t., 2 h ol NH, “\ ¥ CI/Q/U
1a 2a 3a
entry solvent allene 2a (%)? pyridine 3a (%)?
1 DCE 91 9
2 toluene 75 25
3 1,4-dioxane 86 14
4 MeCN 93(60)° 7

? NMR yield using dibromomethane as an internal standard.
bsolated yield.

OSSR OSSR, A VAV —)L 1la 28 L L7 a0 L7 ¥ Claisen S5 23
W, 5T L=b4-T 3 ) A4 AFH Y —)L 2a 8 NMR UK 93% CHERT 256042 R Lz, £
LT LV 2alZ VBTSN T aru~ 757 ¢ CTHfE - FRTE 2000, ZORERIBRIC
BOTT L 2a BBALT D72 OUERMET L7 (entry 4, HEEINER 60%), €2 T, £ THLT
L ORERITIEIZ DWW TR L7z,

3—3—2 HMRHFORES

T L 2a OFFRURIE COBRILEZRI T2, 7T ) EAORGEEREZZEANZL DT L 2a ORE
fbz B L7z (Table3-7), £7°, V—tert=7 F N H—RF— M LD tert=7 F IV VR= )V FDE
NERHBTZD, T Lo 2al3ilE SNPR#ER 4 1T E A EER L o7 (entry 1), KIZI—FK
AL WIZATF A E RS D & AT AR Sa BIER 47% TR B atlz, L, ZOIERT
IRLRFEDT L 2a OHBENE (60%) % Flalo7z (entry2), b2 A vz HW =Xy ALk
DEANIZIBNTEH, HIUY 6a 1315 LN EDOIERIT 59% & HREFEIC L EF o572 (entry 3), KIT,
ARV RRERLEAREF L, £, o= hu_XU P2k =/Li (Ns i) oA LR
D BOSMFESET LR o7 (entryd), —J7, p- MV 2L =)VHE (Ts B) WD &, %F
i AR 8a MSHBEINER 87% TE S 72 (entry5), 7 L2 2a @ NMR =R 93% (Table 3-6, entry
4) LT DL T O N IIEDOIERIT 94% EmETh oz, IV TRES DT
Ly 8a 3B T THOLRETHY ., SV AN ITAIa~x M IT 7 4 —IC K DR THIEL
mhrolo, o, EE 1a % 1g (8 35mmol, SUGSIMRETD 350 fi58) WD RIS A7 —/iziBsn
THILRBI%TT L 8a NHBETCE T2 LD KEUSIZA T =L T v THRETH H Z LRI
7=, eB. L7 I Bof#iL, 7 a UL T W Claisen S50 G 0D O B RUSERIR &2 A1l -
B L CEONDHAERD EZ AW Lz, 20518 - BiEOBREOEIEIC X 5 Mo mieR
BTV 8B ERIEL., VR Yy hTO I ERATE (entry6), LNLARSL, TRy b
OGS TSR DG L2728, 7 a2 L)L 7 W Claisen S50 UG D Ai « JHE & W 9 #E
IIVETH ST,
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Table 3-7. Protection of Amino Group of S-allenylisoxazole 2a

N-Q 10 mol% RuPhosAuCl N-O N-Q o
m ms 10 mol% AgOTf /@MTMS protection [
cl HN/ MeCN Tl c

S
r.t. NHz ‘\\ PG’NH ‘\\

1a 2h 2a 4-8a
entry condition PG Product Yield (%)?
1 Boc20 (1.2 equiv.), Et:N (6.0 equiv.), DMAP (cat.) Boc 4a trace
THF, r.t., 24 h
2 CHsl (5.0 equiv.), K2CO3 (2.0 equiv.) Me 5a 47
DMF, r.t. to 60 °C, 24 h
3 PhCOCI (1.2 equiv.), pyridine (1.0 equiv.), PhCO 6a 59
THF,0°C,2h
4 NsCl (1.2 equiv.), EtsN (1.5 equiv.) Ns 7a N.R.
DCM,0°Ctort.,16 h
5 TsClI (1.5 equiv.), pyridine (2.0 equiv.) Ts 8a 87(87)°
DCM,0°Cto35°C.,2h
6 TsClI (1.5 equiv.), pyridine (2.0 equiv.) Ts 8a 362

0 °C to 35 °C., 16 h, one pot
2 |solated yield.” 1g scale (1a: 35 mmol)

77, HOENUOEZIMREINT-RE THILK GH ORERE ADOVLENR LY T L
10 DILENE ETDHEFH L, £TIT, T ARV ULVETHRELZRE I TOT /3L
LT A Claisen B0 &A=, LvL, 7L 1008 RRT U —AUK 11 AT, 5K 9
MEUY X7~ (Scheme 3-4),

',“0 10 mol% RuPhosAuCl N-O N-O
m Tms 10 mol% AgOTf /MTMS I N\ __TMS
> +
c anN // MeCN Cl _NH i cl _N \
rt. Bn \\ Bn
9 2h 10: 0% 11: 0%

Scheme 3-4. Claisen Rearrangement of Tertiary Amine 9

3—3—3 EEEHFOBKRR

CZETORRTIE, BETHHA VAR Y =L 1a DT AF UV OBEBIER T M) AF LY
NITH o 72, TATHTRE 2V TIET NV F U OBEBIEN T VX VST U — VT h 5 HE T Claisen 5
NETHEAT L2 v o T2 2 & v, a7 UL L7 W Claisen S50 G DAL 7 V& v OE#HEEIC
KIFETHEHERN LT, Z2T A VAFH Y — L1 OBEBERR N T L8 LU P 3 DR
lZ 5% % 5% % 5 ~T=  (Table 3-8),
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Table 3-8. Scope and Limitation of Substituent R®

N-Q 10 mol% RuPhosAuCl N-0 s N-Q
m R 10 mol% AgOTf R TsCl, pyridini /Q/WR . P R3
c HN__Z MeCN, r.t., 2 h CH,Cl, cl NH | cl N
0t035°C, 6h Ts Y
1 8 3
entry R3 allene 8 (%)? pyridine 3 (%)?

1 1a: TMS 8a: 87 3a:7

2 1b: H 8b: 0 3b: 33

3 1c: Me 8c: 0 3c: 72

4 1d: i-Pr 8d: 0 3d: 60

5 1e: Cy 8e: 0 3e: 60

6 1f: t-Bu 8f: 0 3f: 60

7 1g: Ph 8g: 0 39:75

8 1h:  SiPhMe: 8h: 64 3h: trace

9 1i: TBS 8i: 0 3i: 0

10 1j: TIPS 8j: 0 35: 0

? Isolated yield.

TNFX L OEEEIEN NV ATF LY NI THHHEE 1a 13, T CICHB 728 0 &R IICT L 8a
A ST (entry 1), K7 VX2 HT HEE 1b (RP°=H) TiE, 7L 8bidae<BFonTe
Uy 3b DHIUHE 33% TH LA (entry 2), WIT, EHENT VX VETHLGE, 4V AFH
V= lef ODWVTINHET L 8ef 5T, BV U 3e-f DAL LT (entries 3-6: 3¢: 72%. 3d:
60%. 3e:60%. 3f:60%), FFZ, MU AF L ULHE L RO EE S & O tert-7 TNV EHT 5
AVFXH =V UERT Lo 8 52 72ho7-Z Lnh | Claisen B0 OEITIZIZ T L% > E
DY IVIVENRMETHD Z ENRB SN, £z, 7= VEEHTHA VY AXH Y —b 1g bRk
IZe Y U 3g DA EH %72 (entry 8,3g:75%), fit\ VT, Y U AEKONIEIDBKINIE 2 52 %
T2y, PURAFATVI AL NEIENT ATV T 2 =)L V)V E AT 5 FE 1h TlE, Claisen
HNLEOL AT L, 7 L2 8h MR 64% T H L7z (entry 8), L L, LV NS EW tert-7 F /L
DAFNTINVERL NI ATy U VEE S OEE 1 Tk, &<KRICBET Lo T
(entries 9 and 10), AARFEE NS & BLET HMHMIE, BALFOREHER & —H LT,

Fo. BT A UMAE 1) MEE A AT — 0 1 ORIE, ARRREM MRV A Y A —
VS PLE R ET D EEEREFERONGETH D, £ 2T, REMENRRD 3 (IR0 4 (5K
JeRET DA Y AXH Y — VARG L, A UAMEESRIZ K % Claisen 407 )& & 78 7=  (Table 3-9).,
EFTAVAFY Y=V 1aD 3L SAOEWBEEZ ANVER A YV AFY Y — L 1k ZHWT 3 (Lo
T L= bR T, B OSTET Lo 7z (entry 1), fitW\WVC, A VA FH ) —LdD 350D
FOGRAIZ BT b SREEMER B 4 AL TIEERED SOS D EI T 5 & FAEL, a0 L7 2 5
ZINMICAETHEE N & SAUICAETLHEE Im 2L, 72 UL /L7 W Claisen #4( SG & 3
Hlee LLBRRL, WTNOREEIZEWTH R UMTEITET, 7L 2l 2mI3/607270 -
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7= (entries2and3), F7=. WITNOEBFIZBWTH O FWNEIL LA b &< ArkE 3, JFERN
fEPI T,

Table 3-9. Substrate Screening of Claisen Rearrangement

N-0
5‘-0 10 mol% RuPhosAuCl ()
4 10 mol% AgOTF »,/TMS

HN > !

— TMS MeCN /(
R r.t.
1 2h

entry substrate product yield (%)

N-Q N-0

[ T™MS_ [/
1 \(NH cl *  NH cl 0

i

1k 2k
N-O
N-O
/ 1
HN&/)\M(? HZN/f\Me
2 Ph (]
N\ TMS™_Ph
T™MS
11 2|
N-O N-0
/
MeMNH Me I/ NH,
3 y Ph 0
7 Ph 7 “TMS
T™S
1m 2m

PLEDOKBTOREE,. 4 VA%V —/1 1 O Claisen BN SR ICB W T, BWELRNISEIEZFATLHY
DNVIENRT VoAl T 5700 BEERKNFTHLZEEZHLNI Lz, 2. KRURIEA V4%
W=V EIE LT HGE. 5 MEMKIGRE T HERIL Y — 2 TRIRWICEITT 25 2 E 0
Lo,

3—3—4 EEEAGHOER

ATENTE CITHEN. L2 BOSSERM, BLOT Vo OHBEREZ AW T, 7 a7OLE)07 3 Claisen #i5/17
BChes D FE T FH# P 2 #ii L7z (Scheme 3-5), F9° 7 0 L ALOE S R2IZHOWTRET LT,
RENTIVFNIETHDA VAFH Y — b 1a, In, lo1d, TOEHIEONIEHIITELTT LU 8a,
8n. 80 % 5-%27- (8a: 87%. 8n: 46%. 80: 74%), R*N7 UV —NIETHHEGE, ERKoIEEKILE
HOT V= VEERT LY 1qr, EFEGMHEREL OT7 ) —AEEZ AT 58 1st OV T
HHFFREND BRI RIRCTHIGT 27 L 8 &5 272 (8p: 77%, 8q: 71%, 8r: 79%, 8s: 53%, 8t: 65%) ,
LR D, 7a/OLE ARl AF LU THLA Y AFH Y —/L1u (R*=H) TE7 L2 8ud
RN KA T L, £ OHBEINERIT 28% THh 70, OB, BIAERYOE U 22 3u MUK 63% T
Bohiz, ZORBERE, 7Te UL OERIE R? &SRR T & ONARK RN 7 1 7L L
Claisen #5 UG ZRET DR+ THDHZ L EZRB L TWD, KIT, A VA FH Y —)L 3 LOEHI
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RUZOWTHRE LTz, BLGHD p- N VEE DA VATV Y —)L v TIETREOIEE & 7
ST (8v: 51%) . 7 = =/VHEAE S ORE 1w TR 89% TT L 8w IZEHL I T, 3AZITIEHARL
EHI 0B IxR =H) R tert-7 FNLEEE OB 1y Db 7 L2 8x-y BMF H LT (8x: 46%,
8y: 53%), F7=. BIHi CIR_728Y . TAXV FOEBRER DO ATF LT ==L VI TH D5
E1h ZHWE 2 A, i 57 L2 8h NFRREDIVRTE LN (8h: 64%),

N-Q 10 mol% RuPhosAuCI [ N-Q N-Q
RrK% s 10 mol% AgOTf w TsCl, pyrldme R1J/\%\“R
HN // MeCN [J
e NH, \\\ CH20|2 T _NH \L
k2 rt. R2| 0°Cto35°C s R2
Y ms ’ . ms
oAt ¥ @/S)T(
Cl > cl )
NH _NH
Ts L Ts W, L,
8a: 87% 8n: 46% 80: 74%

N-O N-O
/

DL ) ™S
O ¢
° Ts/NH \L@ “ Ts/NH \\\©\ NH \
8p: 77% 8q: 71% cl 8r: 79% CF3
! MT ';l
° 1N m
8s: 53% Me 8t: 65% L@ 8u: 28% 1

N-O N-O N-O ™S
Mws P A~
Me ; )
Ts/N H \\\ N H \\\ Ts/N H \\\

8v: 51% 8w: 89% 8x: 46%

O

N-O

N-O
M /@/%/)\W&M%Ph
_NH ci NH |
s\ L

8y: 53% 8h: 64%

Scheme 3-5. Substrate Scope of Gold(I) Catalyzed Propargyl Aza—Claisen Rearrangement
E72, T L 8w SOV THE X BEEMENT 21TV ERT L= ke T I REAT D

ZEEHLMMT L (Figure 3-2), ZiUE., v 2ULX)L7 W Claisen S50 SSIZ L » THEKT BT
Ly DY) TOEERETH D,
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N-O b
Ts’NH \\\ ) o .

8w

Figure 3-2. X-Ray Crystal Structure of 5-Allenylisoxazole 8w

AE T, BADS5-TL=VA4-TI)AIFFY YV — L8 AR LT-, E£7-. HiEAL X s
ftrick > TT7 Ly 8w OEEZFIEL. ZNE CTERWARKIGEE LTHabLNTW =7 a0 XL
T Claisen BV S lZBWT, T LUDNAERKRTHZ 2O THOMZ LT,

3—4 HEERCHERE

BWFFEE D IATIITE T I D 53 F WIS DHEE SO 36 LU Toste &3 E L7c 74 M
S LD 7T e VX L L — T LB B L L7 e LX)V Claisen Bafif s 0% b ST
LRI AT ROSHEREZ HEE L7 (Scheme 3-6)

N-O — N0 4
R1 ¥ 3 R1 ! R3
\Pe -~
AN HND G5 A
Au]® () fod
N ! B 2N\ N-0 N-O
R1 I/ R3 R1 I/ R3
| e |
N-Q N 1Au] NS
R // ® R2 R2
R3 [Au] c 3
=
HN/
R2
_o —
1 \ H R3 N/O R3
R 3 1
NH \L i N
NHZ \L
2
D R 2 R?

Scheme 3-6. Proposed Mechanism of Gold(I) Catalyzed Reactions of Isoxazoles 1

FI. hTFAUME Q1) R A VXY= 1 DT X ATENT D D E T, TS EE
MREFINTIEMLSND (A, 4 L EFOERRFOOEFEGIT L RKEMER M E LA VA
XY —V 5 LORBIRF DT F ANAKREHE L, BILROSHEITT 5, AR L4 v =L HifH
KBTI PUBRAERK (B—C) & Claisen #s(if)s (B—D) OI@HFEIATH O | el & BLEH &
DNARRFENC L » TRISREE DN 332 EHERI L 7=, T70b b SRR K E WA 4R FEH
O OBKMEEI L, TIUTE BRWVIRFE-BHRBEENHAL TT LR D 2 AERT 5 & H#E
E LT, LT, HEE D I3A Y AF WY — VBROGFHREORIE 28 ) & L CR/EL, 5-7
VEA4-T XA FHRT Y= 2 BERT D, — . TR BIZBWTA VAT — LB 5
Bk 7w b UBHREEIZ Lo THIEHEM D & @fEDOMRBE L JElc A Y A XY —LEROFE
JEPEEIE L CHBIR C BET 5, IR C 26 OSUSHRE OFEMIZI S Tidz vy, Bira b
AEDOBRCHIEE LTER Lz N-7'a b Ak I AF SV U o h D F 4y DRORGFERFEICL ST
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HE C DL SN TE Y YU 3455225 LHEER LT,

T L & OSHRRCRIZ K ABHER (B—D) OREIR, A VAT Y — 1 O a L ALO
BEHILRIOAEICL > TT L2 LY V0 3 OAERICHE RN R SN2 & (Scheme 3-4, 8a
vs. 8u) HLEMITOND, T, T L2 2a OHAERYEFET & h= b U VR CFE U4t
CHUHELIEALTHE Y DU 3aldAlEF T Lo 2a BNERIFELIZZ 0D, TAF U OEHIL R2HR
VU NEDEAIET L 2a b E D U 3a ~BRILT AT,

R OHEE SRS 2 AT D720, M2 TT Ly 2 ARRICBIT 5 2 U VORI 5T
B0, DFT HRICE ARG D =R LX—F 07 7 A L ERRE Lz,

AREOGSOFARYEZ, B A B o7 v kb (B—C) LBiER (B—D) OIEME L= x L ¥ —0D
ZIZBEND EHEL, INLOE b= VX —Z2HAE Lz, 22T e vk, BROZNE
NOERIREEZ TS2 (B—C), TS3 (B—D) & 75, ¢t =/LH{KE B o071k Aboifz
(B—C) 1%, Yang DI X DEATHIIE P& 5B, FEOA VY AFH Y — 137 1 hfifEsl e L
TYEMRT 2 &E L TR LT,

R! ¥
AN
N-0 N-0 1 N-0 \ N-0
R1 h R N= 7
4 —{ R! (. — R . |
“N\/// ® “N\.J(— A TAu] NQH HN_~~[Au]
R2 [Au] R2 [Au] R2 ‘ R2
A TS1 B H%_ [Au] c
R2
l TS2
- N_
QGee |1
1 W \
N-. ./ TAdl NH wm@
2 R?
TS3 D

Figure 3-3. The Model Structures for Energy Profile Calculations

Fo, REOETNVEE L LT Table 3-10 (2R L7z 6 FFHOMEEZFHEAE LTZ, T7bb, 7%
COBEHIER (TMS K& tere=7 F NI . T VAL OBEHIE R (H 72134 F L) . Sl
DOEAL T (RuPhos F 7213 PMes) (Z2W T, ZNENOEENTEMAL = R X —I2 5 2 D BE TR
7o AMEITIX. RuPhos Z/N T & LTZETMCEWTIERN FO BT U — k&2 7 L3 1kt
L CHIEFRMANS, 7 r S XN A T AEREZ AT 25651 S BlElIC, NEERFPEEO A Y 4%
P — L SAHSRORFR 7 SBLE & L TET MEELFHE LT,

¢ RFED DFT #FHHEIZT T, HEMICASDO TSUBAME3.0 %, #H 7 12 F A2 Guaissian 16
(Revision C.01)ZF|H L TIHIT L. HEEICIT oBI7XD"W A, FIKBE E L TR Fiox LTk
LANL2DZ %, & ODOMODOJREF121X 6-31G(d,p)E i H L7z, £72. TS1 (A>B) #ELe&EDO =RV
X —OREIE IOV TCIEERRTE A B,
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Table 3-10. Calculated Activation Energies and The Difference

N-O - . -
i R ) ';‘ O“\H R Claisen ';‘ o‘\H R
a \ Deprotonation \ Rearrangement ®
- | —_ .
N> 1Au] HN S faa] NH - {jiTAul
R? R2 R2
C B D
entry R' R? Ligand AG*s_c (kcallmol) AG*s_p (kcal/mol)  AAG*(kcal/mol)
1 SiMes H PMes 10.8 25.2 14.4
2 SiMes Me PMes 15.9 229 7.0
3 SiMes H RuPhos 6.6 21.0 14.4
4 SiMes Me, RuPhos 15.7 16.9 1.2
5 t-Bu H PMes 6.3 21.8 15.5
6 t-Bu Me RuPhos 16.1 17.6 1.5

FHA L7 iE ML =1L ¥ —% Table 3-10 (237, Bi7'm b iAb & BRER D ZNZ N OmFEDIEMAL
TRNVX—EZNEI AG s . AG'sp& L, TDEE AAG'T/R LT, entryl & entry2, entry3 &
entry 4, entry 5 & entry 6 Z N EIHELT H E, TR UKD A TF RIS TR T 2 kb
DIEMEL= R F— (AGhse) DN EH L, S SICHROIEH (L= LX— (AG%ssp) AL, 1%
LT XL X —D7 (AAGH) ZATNEEFTHEEO S N/INES L /o7, entryl & entry3, entry
2 & oentry4 T 5 & FULF RuPhos IZW T OTEMH L= L X —2 b S8, 7'r L F L)
IZ A FNVHAE S B RuPhos Z BN 7- & T HET )V TYVAROED i b KX Bz (entry 4: AAGH =
1.2 kcal/mol), = OFEANIEHLIL R' 23 tere—7 FNIETH H5E LRI TH -7 (entry 5 vs. entry 6)
IO OFRERIT, E L L ONREEIC L - TR (BoD) MEEIND & WO IRE R BT
oo LU D, entryd & entry6 ZHBE L TH, UKL tert-7 FVIEDOMICERE 27T S
N AR THLIE ) VU3 ET LY 2 DRI T 7 kAl (B—C) LBHER (B—D) Oibf:
IR LR Z &R STz,

EBRFERICEESS L, OT L 237 AR OEBILR PV Y VETH D58 LinERET, @
TLX L OEBIE R 3 ) VT HIXT 1L RO BB AR OB OFEEIC K 57
FOGHETT 22 01E7 L 2 bAEKT S, ZNHORRE BROFREERELHREGT DL, 7%
ANV D NIEDNOBRIEE T T HA VY AXY =V 1 T L 25252508, REETH LD
IZ7 Ly 2b BTV 3 ~EBRILT OREARIBEIND, K, BESRETEICINLVEERTD
TLr2bEY U3 ERLT,

LEDRER, 7 OBEBREIZCINEERT 54V AF VY — L TOHRT L 2 LD
DI, YIUNEICE DTV 2 ORZEMITERT S Z E0Nmm@ IS, Ziuk, RIGEENRT VX
YRV NVEDANDOEBREEZ G T 5560, BHEY D U 3 BRI N ORI TR, —E
Claisen #5028 H L7= D BIZH OB LT 2 RENFIET 2 /lRetE 2R3, ZOEGHEL, > U VL
AOEHILTITI T L 2 BAERLRNE WS FEPL, FEREAT RRZBE LTI E T
J& L7,
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3—5 5T LA JAHVY —LVoOFEE R

T W7 L)L Claisen BRI SUGIC LD EMM T Lo 2, FlT bV TTr R e LT
7Ly 8 HHWIEHEEIRME A ME L7 (Scheme 3-7),

T UDIT, NIV AMEEERNET 2 7 U — b & i A7 (Scheme 3-6-1), Gao Bl
N?V?A%ﬁmié&7i/7vy&5~F7v~y®wnyyﬁ%;ﬁ%k%ﬂ%btz&
e Rt —UBROAKRERE L P, 9 — 7 L—ICBLBIN Lz 8T U0 Aty 7 L
vE T VAR TER L, ZHICKT AT S EOREKBICL WEZERM/EE SN D, ZD Gao
SOWEEBEIC, 5-T L= VI XYY —)L2a £7-1% 8a ZHE L L. DMF AT, 5mol%d
TRIFA(M) T2 LIRAT 4 ) TV L (0) FAEF, I— RRUEB U EDORIGERRT,
L2, WO REEIZ wf%%m%uiﬂxmsi BT, HMREAMN GO,

WIZ., Lewis Mafibitt & U CHafkgk (1) & HAW=BIbn 274 7= (Scheme 3-6-2), Ma H L, &
2 W C BT I /) 7Ly T AT RO ERSEEA I =Ll F &, G FHNOT L AT
NEDOBALRISESRE LT W, ZOIGE 7 a2 L)L 7 W Claisen 87 SZ K> THET L v
3p EHWTEIE L, T70bb, YZ7un A U EEH . Smol%difbek () F/EF, 427 rn
NRURXTNLNTE RE NI AF LIy T 0T L2 2piaxt LT BB 14 135 59,
BHEIRIR G Z 5 % 1=,

FENT, YIUAT L EWOIEEIZERL, YIALEEZLOT LR A ORIGZ G LT,
Danheiser i, 7L bt=hravy=ursfFr (NO) ZHWDHA VAXH > —)VEROEKIEL H
LD, ZORIGE S-T L= VA — L 2aB L8 # L U TEM L7 (Scheme 3-
6-3), T7bb, T b= MU EET, -78°C T, 5-7 L=/bA Y AFH Y —L2alZxtLTT b
TINFRRUB= a2 A ENZTZ, LA LARRL, BUA 151358619, EHERRES %mx
B/Boniz, REFHTHLH= N Y =T LA FUNEE 3a OFT D57 27 B EMUG LT L HEER
T HERNUNVETHRE LT L 8a CTRIEED G Z AT, LN LN G, [FEE ;néEP#%E’%E
L. 2o R 16 1IZE bR o 7=,

F72. R L < Danheiser HIZ Lo THEINTZIAT L) o EDBRIEMINBINIZER L
9 ZOBALAMIGED T L 2a & 8a ~Di & A 7= (Scheme 3-6-4), 7 mr X & LI
78°C TT L 2af/-ii8a bty runrss ) UEREA L, £~ Lewis ik & L CUEILTF ¥ v %
WILTze LOLARRS, WTFNROEEZHWSa b BRILAINE 17,18 135 6o 72,

%z, & () filfEzHwas7 Lo ka7 Yy RMess a7 7z (Scheme 3-6-5), 7 L' 2p
SRR /&HH%?/%@$ 10 mol%® LAuCl & AgOTffFAE R TR U AF AT I AT Y RER
féﬁto7vVapm% WCHE SN DD, BHRIREME S 2 5DHT, 7V NMufk 19 1%
HEohiginot,
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5 mol% Pd(PPh;), N-0 N-Q
N-O Phl (3.0 equiv.) i Y
/@MTMS K,CO; (2.0 equiv.) W ™S
M c N DMF R Ph

" \\\ r.t.

2a:R=H 12 (R=H): 0%
8a:R=Ts 13 (R=Ts): 0%
N-O 10 mol% FeCl3
- 4-Cl-benzaldehyde
! I~¢™S  TmscI
(2) ) —_— >
¢ NH; \L CH,Cl,
2p Ph r.t.

N-O N-O

I \_TMS h
NOBF4 ArN\F
@ ¢© N

H .NH .
2a:R=H \\ M'Ie:::: ) N r-NH 15 (R =H): 0%
8a:R=Ts Ar = 4-CICgH, © 16 (R = Ts): 0%

@4 ¢ N

2a:R=H 17 (R = H): 0%
8a:R=Ts 18 (R=Ts): 0%
10 mol% LAuCI
N-O 10 mol% AgOTf N-O PO t-Bu
5 )} Ph
B) c NH; | cIiFél cl NH,
2p Ph r_zt_ 2 19: 0% N3 t-Bu 3

L

Scheme 3-7. Trials of Derivatization of 5-Allenyl-4-aminoisoxazoles

DLk, 5-7T L=d oA VA — LOFEMRILE B L, fix 2OGE BT L7228, Wiho
BBV TH HBDIL WIS o N o7z,

3—6 T =V UHEEE~DOIAORR

INETA VATV —LFEREZIEE L LT a0LX LT Claisen (S MHH L CT&
T2y, ARG E — R T FBRAEAEM~EIETE UL, TRETHERSNR P27 0T L =T
=V URELND, 2B, TRV T =1 K LT n S R AL 2 (EH S5 & 6-endo BR
{EREITTHZERMOLNTEY P, Claisen 5 G E T TIVEARSICOARZIT L VLT L F
N TFH M MBEDORAGDOREICH L EBNHLMNERSL, £22 T, x0T =V UiFEAKREZH
W=7 a2 LX) L7 Claisen B0 S & fR et L7z (Table 3-11), 3725, 2-3-1 TR L7= G
FERG, a7 =0 20 0 RIET D o7 L= T =0 21 OERRERE LT, N
VEBUVER BICEBEE L 72 WIEVE 20a TIEAS KISHETET, T 2lab X/ 2a b5
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2ot (entry 1), NP B EOBTHEENKISICE 2 5 HBER57-0, BTR|IVEEHR
Eo=tnlktrooiksz7 2 ) EORTANT S OFEE 20b— Z WA, BUGNT A #EFT L)
o7z (entry 2, 3), —F. BIHLEGMOBEBRILTHD A MR HE 2 DDA XLIZHOHE 20d 15,
YE oW UIR 22d IR 5S1%TH 256, 7 a2 L7 ¥ Claisen BTN HEIT L., 7L v
21d 28I 34% TR B AL (entry 4), 72, A FF VLN TEFGREMEN A FLHEEZ 2 S
AT 5IE 20e TRUCEZRATZD, B NTET L2D o7z (entry 5), T HDFERNG, &
SELRT L= HOREEIT Claisen 8oL SUSNETS 5 Z EAVRER SN, KRS, T7FAT7 IV
BB 20f 2 FIWTRIG AR 2 & BRI 22f 23UE 80% TR LN b DD, HieT L > 21f K
IR (14%) 235 HAR LT (entry 6),

Table 3-11. Propargyl Aza-Claisen Rearrangement of Aniline Derivatives

PArS 3 R 9 PR ~ R PRl D R
S GRS G
HN\/ M:’_EN NH, ”\ N
Ph 2h Ph Ph
20 21 22
entry R allene 21 (%)? quinoline 22 (%)?
1 20a: H 21a: 0 22a: 0
2 20b: 4-NO: 21b: 0 22b: 0
3 20c: 4-Cl 21c: 0 22¢: 0
40 20d: 3,5-MeO 21d: 51 22d: 34
5 20e: 3,5-Me 21e: 0 22e: 0
6 20f: 1-Naphthyl 21f: 80 22f: 14

? NMR yield using dibromomethane as an internal standard.
b Reaction Time: 23 h

3,5— VA MRUT =V UFEEK20d ZEE L LG AR D LWERBE LN O, TS
7L 21d DU L4 BHIE L. S olifr +08 . W OW CHERS L, 7O T,
Vrunx g OEET | iR A [Pr, $RIEA AgSbFe & T ORMT, o-T L=AT =1 23
Z IR 41% TH37-  (Scheme 3-8)

MeO OMe 20 mol% IPrAuClI TsCl MeO OMe
20 mol% AgSbFg pyridine
_ ™S > > ™S
HN_ _Z DCE, rt., 6 h CHyCl, _NH =
r.t. Ts |L

Ph 6h Ph
20d 23: 41%

Scheme 3-8. Propargyl Aza-Claisen Rearrangement of Aniline Derivative 20d

PLEORKENCEY, A V4V — 1Tl 7= UVFERIcH L TH 7 a2 r 73
Claisen Bi(\V S A[RETHDH Z L a2 n LTz, 7=V UFHEROGA., WEOHEER FICE L
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Figure 3-4. Propargyl Aza—Claisen Rearrangement and its Application for Isoxazoloazaborine Synthesis
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Experimental section
General techniques

NMR spectra were recorded on a Bruker biospin AVANCE II (400 MHz for 'H, 100 MHz for '*C) or a Bruker
biospin AVANCE III (500 MHz for 'H, 125 MHz for '*C, 160 MHz for ''B) instrument in the indicated solvent.
Chemical shifts are reported in units parts per million (ppm) relative to the signal (0.00 ppm) for internal
tetramethylsilane for solutions in CDCl; (7.26 ppm for 'H, 77.16 ppm for *C). Multiplicities are reported using
the following abbreviations: s; singlet, d; doublet, dd; doublet of doublets, t; triplet, q; quartet, m; multiplet, br;
broad, J; coupling constants in Hertz. IR spectra were recorded on a JASCO FT/IR-4200 spectrometer. Only
the strongest and/or structurally important peaks are reported as IR data given in cm™. Mass spectra were
measured using a JMS-700 Mstation and Bruker micrOTOF II. HRMS (EI, 70 eV) was calibrated as
perfluorokerosene and HRMS (ESI-TOF) was calibrated as sodium formate. All reactions were monitored by
thin-layer chromatography carried out on 0.2 mm E. Merck silica gel plates (60F-254) with UV light (254 nm),
and were visualized using an aqueous alkaline KMnOQOj4 solution. Gel permeation chromatography (GPC) for
purification was performed on Japan Analytical Industry Model LC- 9225 NEXT (recycling preparative HPLC)
and a Japan Analytical Industry Model UV-600 NEXT ultra violet detector with a polystyrene gel column
(JAIGEL-1H, 20 mm X 600 mm), using chloroform as solvent (3.5 mL/min). Column chromatography was
performed on Silica Gel 60 N, purchased from Fuji Silysia Chemical Ltd. Preparative thin-layer chromatography
(PTLC) was performed using Wakogel B5-F silica coated plates (1.0 mm) prepared in our laboratory. 3-(4-
chlorophenyl)isoxazole-4-amine,” isoxazol-4-amine,” 4-trimethylsilyl-3-butyn-2-one” and (3-bromo-3-

phenylprop-1-yn-1-yl)trimethylsilane” were synthesized according to the literatures.

1. Representative procedure for the synthesis of 3-phenylisoxazol-4-amine

To a mixture of N-hydroxybenzimidoyl chloride” (2.38 g, 12.5 mmol) and ethyl (E)-3-(pyrrolidin- 1-
ylacrylate® (21.2 g, 12.5 mmol) in MeCN (2 mL/mmol of 3-(pyrrolidin-1-yl)acrylate), NEt; (2.07 mL, 15
mmol) was added dropwise at 0 °C under an argon atmosphere. After being stirred at room temperature for 3 h,
the residue was poured into diethyl ether and water. The aqueous layer was extracted with diethyl ether. The
combined extract was washed with brine, dried over MgSQO4 and concentrated in vacuo. The residue was
dissolved in acetic acid (4 mL/mmol of 3-(pyrrolidin-1-yl)acrylate), 6 M HCI (10 mL/mmol of 3-(pyrrolidin-1-
yl)acrylate was added under an argon atmosphere. After being refluxed for 6 h, the residue was poured into ethyl
acetate and water. The aqueous layer was extracted with two portions of ethyl acetate. The combined extract
was washed with brine, dried over MgSO4 and concentrated in vacuo. The residue was dissolved in tert-butyl
alcohol (3 mL/mmol of 3-(pyrrolidin-1-yl)acrylate), diphenyl phosphoryl azide (2.69 mL, 12.5 mmol) and NEts
(1.73 mL, 12.5 mmol) were added. After being stirred at 85 °C for 12 h, the residue was passed through a pad
of silica gel and concentrated in vacuo. Then, 4 M HCI in dioxane (10 mL/mmol of 3-(pyrrolidin-1-yl)acrylate)
was added to the residue. After being stirred at room temperature for 3 h, saturated aq. NaHCO3 was added. The
mixture was poured into ethyl acetate, the aqueous layer was extracted with two portions of ethyl acetate. The
combined extract was washed with brine, dried over MgSOs and concentrated in vacuo to afford 3-
phenylisoxazol-4-amine (755 mg, 3.88 mmol, 31% in 4 steps) as a brown oil. "H NMR (500 MHz, CDCl;) 8.03
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(s, 1H), 7.73 (d, J= 7.9 Hz, 2H), 7.46-7.41 (m, 3H), 3.13 (brs, 2H); *C NMR (125 MHz, CDCl;) 155.7, 144.1,
129.6, 129.0, 128.4, 127.6, 125.6; FT-IR (neat): 3400, 3333, 3222, 3124, 3124, 3065, 1633, 1454, 1396, 895,
698 cm™'; HRMS (EI, 70 eV): caled. for [CoHsN>O]", 160.0637: found 160.0638.

N-O

D
NH

2

3-(tert-Butyl)isoxazol-4-amine

Following the representative procedure using N-hydroxypivalimidoyl chloride (4.07 g, 30.0 mmol), 3-(fer?-
butyl)isoxazol-4-amine was obtained (1.64 g, 11.7 mmol, 39% in 4 steps) as a pink solid. Mp 60-61 °C; 'H
NMR (500 MHz, CDCls) & 7.96 (s, 1H), 2.80 (brs, 2H), 1.39 (s, 9H); *C NMR (125 MHz, CDCl;) § 163.5,
1453 , 125.2, 32.6, 28.3; FT-IR (neat): 3397, 3299, 3136, 2967, 2933, 2870, 1637, 1485, 1262cm™"; HRMS
(ESI-TOF): caled. for [C7H12N2O +Na]", 163.0841: found 163.0843.

N-O
W

NH,

2. N-Propargylation of 4-aminoisoxazoles
Representative procedure A for the synthesis of 3-(4-chlorophenyl)-NV-(4-(trimethylsilyl)but-3-yn-2-
yDisoxazol-4-amine (1a)

A mixture of 4-(trimethylsilyl)but-3-yn-2-one (976 mg, 7.50 mmol), 3-(4-chlorophenyl)isoxazol-4-amine (974
mg, 5.00 mmol) and MgSOs4 (1.20 g, 10.0 mmol) in dry dichloromethane (15 mL) was stirred at room
temperature for 2 h. The mixture was filtered and concentrated in vacuo. The imine residue was dissolved in
MeOH (20 mL). To the solution was added NaBH3CN (3.18 g, 15.0 mmol). After the addition, the mixture was
stirred at room temperature for 1 h. The reaction was quenched by addition of water. The resultant mixture was
extracted with dichloromethane and the combined organic layers were dried over MgSOs and filtered. The
solvent was removed in vacuo, and the redisue was purified by silica gel column chromatography with hexane :
ethyl acetate (19 : 1) to give 3-(4-chlorophenyl)-N-(4-(trimethylsilyl)but-3-yn-2-yl)isoxazol-4-amine 1a (1.83
g, 5.75 mmol, 58%) as a white solid. Mp 69-71 °C; '"H NMR (500 MHz, CDCl;) § 8.21 (s, 1H), 7.75 (d, J= 8.0
Hz, 2H), 7.46 (d, J = 8.5 Hz, 2H), 3.87-3.85 (m, 1H), 2.96 (brs, 1H), 1.49 (d, J= 6.5 Hz, 3H), 0.137 (s, 9H); *C
NMR (125 MHz, CDCls) & 154.6, 144.2, 135.9, 129.4, 129.2, 127.6, 127.3, 106.3, 88.4, 45.2,22.3, 0.02; FT-IR
(neat): 3337, 3129, 2949, 2888, 2153, 1363, 1245, 1088, 835 cm’'; HRMS (ESI-TOF): calcd. for
[C16H1oCIN,OSi]", 318.0955: found 318.0955.

N-0
S

U
O e
c HN/
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Representative procedure B for the synthesis of 3-(4-chlorophenyl)-V-(1-phenyl-3-(trimethylsilyl)prop-2-
yn-1-yl)isoxazol-4-amine (1p)

A  mixture of (3-bromo-3-phenylprop-1-yn-1-yl)trimethylsilane (1.34 g, 5.00 mmol), 3-(4-
chlorophenyl)isoxazol-4-amine (973 mg, 5.00 mmol) and N,N-diisopropylethylamine (1.70 mL, 10.0 mmol) in
acetonitrile (15 mL) was stirred at 60 °C for 6 h. The reaction was quenched by addition of 1.0 M HCI. The
resultant mixture was extracted with ethyl acetate and the combined organic layers were dried over MgSO4 and
filtered. The solvent was removed in vacuo, and the residue was purified by silica gel column chromatography
with hexane : ethyl acetate (19 : 1) to give 3-(4-chlorophenyl)-N-(1-phenyl-3-(trimethylsilyl)prop-2-yn-1-
yl)isoxazol-4-amine 1p (623 mg, 1.64 mmol, 33%) as a yellow solid. Mp 92-95 °C; 'H NMR (500 MHz, CDCl5)
6 8.15 (s, 1H), 7.76 (d, J= 8.5 Hz, 2H), 7.45-7.36 (m, 4H), 7.37-7.34 (m, 1H), 5.02 (s, 1H), 3.43 (brs, 1H), 0.22
(s, 9H); *C NMR (125 MHz, CDCl3) § 154.6, 144.7, 138.2, 135.8, 129.3, 129.1, 128.8, 128.5, 127.5, 127.2,
103.4, 91.7, 53.7, -0.06; FT-IR (neat): 2958, 2899, 2169, 1412, 1250, 842 cm™'; HRMS (ESI-TOF): calcd. for

[C21H2CIN,OSi +Na]", 403.1003: found 403.0997.
N-O
Y

!
LY _ms
c HN. _F

N-(But-3-yn-2-yl)-3-(4-chlorophenyl)isoxazol-4-amine (1b)

A mixture of 3-(4-chlorophenyl)-N-(4-(trimethylsilyl)but-3-yn-2-yl)isoxazol-4-amine 1la (95.7 mg, 0.300
mmol) and cesium fluoride (91.1 mg, 0.600 mmol) in ethanol (3 mL) was stirred at room temperature for 2 h.
After being stirred, the residue was poured into ethyl acetate and water. The aqueous layer was extracted with
two portions of ethyl acetate. The combined extract was washed with brine, dried over MgSO4 and concentrated
in vacuo. The residue was purified silica gel colum chromatography with hexane : ethyl acetate (19 : 1) to give
N-(But-3-yn-2-yl)-3-(4-chlorophenyl)isoxazol-4-amine 1e (72.1 mg, 0.292 mmol, 97%) as a white solid. Mp
89-90 °C; "H NMR (400 MHz, CDCls) § 8.20 (s, 1H), 7.73 (d, J = 8.6 Hz, 2H), 7.45 (d, J = 8.6 Hz, 2H), 3.86
(qd, J = 6.8 Hz, 1.9 Hz, 1H) 3.01 (br, 1H), 2.30 (d, J = 2.1 Hz, 3H), 1.52 (d, J = 6.9 Hz, 3H); *C NMR (125
MHz, CDCl3) 6 154.6, 144.2, 135.9, 129.4, 129.2, 127.6, 127.3, 106.3, 88.4, 45.2, 22.3, 0.02; FT-IR (neat):
3144, 2850, 2800, 2025, 1569, 1371, 1067, 992, 886, 825 cm™'; HRMS (EL, 70 eV): calcd. for [C13H;iCIN,O

+Na]", 246.0560: found 246.0556.
N-0

ory
cl HN\///

3-(4-Chlorophenyl)-N-(pent-3-yn-2-yl)isoxazol-4-amine (1c)

Following the representative procedure A using 5-methylhex-3-yn-2-one (123 mg, 1.50 mmol), compound 1¢
was obtained (50.4 mg, 0.193 mmol, 19%) as a brown oil after purification by silica gel chromatography with
hexane and ethyl acetate (19 : 1). "H NMR (500 MHz, CDCl3) § 8.17 (s, 1H), 7.73 (d, J = 9.0 Hz, 2H), 7.44 (d,
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J=19.0 Hz, 2H), 3.84-3.79 (m, 1H), 1,78 (d, J = 2.0 Hz, 3H), 1.46 (d, J = 7.0 Hz, 3H); *C NMR (125 MHz,
CDCls) § 154.4, 143.6, 135.8,129.4, 129.1, 127.9, 127.3,79.7, 79.5, 44.6, 22.7, 3.54 ; FT-IR (neat): 2968, 2867,

1618, 1413, 1093, 835cm™. HRMS (ESI-TOF): calcd. for [C14H;3CIN,O +Na]", 283.0614: found 283.0613.
N-0

Y
cl HN\/

3-(4-Chlorophenyl)-NV-(5-methylhex-3-yn-2-yl)isoxazol-4-amine (1d)

Following the representative procedure A using 5-methylhex-3-yn-2-one (165 mg, 1.50 mmol), compound
1d was obtained (189 mg, 0.654 mmol, 65%) as a brown oil after purification by silica gel chromatography
with hexane and ethyl acetate (19 : 1). '"H NMR (500 MHz, CDCl;) § 8.18 (s, 1H), 7.73 (d, J = 8.5 Hz, 2H),
7.43 (d, J=9.0 Hz, 2H), 3.82 (q, /= 2.8 Hz, 1H), 2.96 (brs, 1H), 2.54-2.48 (m, 1H), 1.45 (d, /= 6.5H, 3H),
1.12 (s, 3H), 1.10 (s, 3H); *C NMR (125 MHz, CDCl;) § 154.4, 143.9, 135.7, 129.3, 129.1, 127.8, 127.4,
89.6, 79.6, 44.6, 23.1, 22.7,20.4 ; FT-IR (neat): 3343, 3292, 3133, 2971, 2932, 1618, 1413, 1319, 1093, 835

cm’'; HRMS (ESI-TOF): calcd. for [C16Hi7CIN>O +Na]*, 311.0922: found 311.0971.
N-O

ory
ci N, F

3-(4-Chlorophenyl)-/N-(4-cyclohexylbut-3-yn-2-yl)isoxazol-4-amine (1e)

Following the representative procedure A using 4-cyclohexylbut-3-yn-2-one (225 mg, 1.50 mmol), compound
1e was obtained (118 mg, 0.358 mmol, 36%) as a yellow oil after purification by silica gel chromatography with
hexane and ethyl acetate (19 : 1). "H NMR (500 MHz, CDCl;) & 8.20 (s, 1H), 7.75 (d, J = 8.6 Hz, 2H), 7.46 (d,
J=28.7Hz, 2H), 3.87 (qd, J = 6.7 Hz, J = 1.7 Hz, 1H), 2.93 (br, 1H), 2.33 (t, J = 8.4, H), 1.75-1.72 (m, 2H),
1.65-1.63 (m, 2H), 1.48 (d, J= 6.8, 3H), 1.39-1.25 (m, 6H); *C NMR (125 MHz, CDCl;) & 154.5, 144.0, 135.9,
129.4,129.2, 127.8, 127.4, 88.4, 80.4, 44.7, 32.8, 29.0, 25.9, 25.0, 22.9; FT-IR (neat): 2930, 2853, 1619, 1448,

1412, 1093, 938, 835cm™; HRMS (EI, 70 eV): calcd. for [C1oHiCIN,OSi]", 328.1342: found 328.1344.
N-0

ory
c HN. F

3-(4-Chlorophenyl)-N-(5, S-dimethylhex-3-yn-2-yl)isoxazol-4-amine (1f)

Following the representative procedure A using 5,5-dimethylhex-3-yn-2-one (298 mg, 2.40 mmol), compound
1f was obtained (471 mg, 1.56 mmol, 78%) as a brown oil after purification by silica gel chromatography with
hexane and ethyl acetate (19 : 1). "H NMR (500 MHz, CDCl;) & 8.20 (s, 1H), 7.76 (d, J = 8.5 Hz, 2H), 7.46 (d,
J=8.5Hz, 2H), 3.85 (q, J = 6.7 Hz, 1H), 2.91 (brs, 1H), 1.46 (d, J= 7.0 Hz, 1H), 1.17 (s, 9H); *C NMR (125
MHz, CDCls) 6 154.6, 144.0,135.9,129.4,129.2, 127.8, 127.4,92.7,44.7,31.2,27.4,22.8 ; FT-IR (neat): 2968,
2867, 1618, 1413, 1093, 835cm™'; HRMS (EI, 70 eV): caled. for [C17H1sCIN,O]", 302.1186: found 302.1182.
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3-(4-Chlorophenyl)-/N-(4-phenylbut-3-yn-2-yl)isoxazol-4-amine (1g)

Following the representative procedure A using 4-phenylbut-3-yn-2-one (69.2 mg, 0.480 mmol), compound
1g was obtained (86.5 mg, 0.267 mmol, 67%) as a brown oil after purification by silica gel chromatography
with hexane and ethyl acetate (19 : 1). '"H NMR (500 MHz, CDCl;) & 8.28 (s, 1H), 7.77 (d, J = 6.5 Hz, 2H),
7.47 (d, J = 6.5 Hz, 2H), 7.38-7.36 (m, 2H), 7.31-7.29 (m, 3H), 4.10 (q, J = 4.1 Hz, 1H), 3.10 (brs, 1H), 1.61
(d,J=7.0 Hz, 3H); “C NMR (125 MHz, CDCl3) § 154.5, 144.0, 135.9, 131.8, 129.4, 129.2, 128.5, 128.4, 127.7,
127.3, 122.6, 89.6, 83.7, 45.1, 22.5 ; FT-IR (neat): 3339, 3287, 3127, 3056, 2981, 2931, 1488, 1413, 1093, 756

cm’. ; HRMS (ESI-TOF): calcd. for [C1oHsCIN>O +Na]*, 345.0765: found 345.0757.
N-O
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ci HN. F

3-(4-Chlorophenyl)-N-(4-(dimethyl(phenyl)silyl)but-3-yn-2-yl)isoxazol-4-amine (1h)

Following the representative procedure A using 4-(dimethyl(phenyl)silyl)but-3-yn-2-one (304 mg, 1.50 mmol),
compound 1h was obtained (308 mg, 0.807 mmol, 81%) after purification by silica gel chromatography with
hexane and ethyl acetate (19 : 1) as a brown oil. '"H NMR (500 MHz, CDCl;) § 8.20 (s, 1H), 7.75 (d, J= 8.5 Hz,
2H), 7.55 (m, 2H), 7.46 (d, J= 8.5 Hz, 2H), 7.38 (m, 3H), 3.91 (q, /= 6.5 Hz, 1H), 2.99 (brs, 1H), 1.53 (d, J =
7.0 Hz, 3H), 0.386 (s, 6H); *C NMR (125 MHz, CDCls) § 154.6, 144.4, 136.8, 136.0, 133.7, 129.7, 129.4,
129.2, 128.1, 127.5, 127.3, 108.1, 86.5, 45.4, 22.3, -0.81, -0.82; FT-IR (neat): 3341, 3289, 3068, 2961, 2163,
1618, 1414, 1116, 1093, 732, 701, 661 cm™'; HRMS (ESI-TOF): calcd. for [C21H21CIN,OSi +Na]*, 403.1003:
found 403.0996.

N

I_o O
|
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N-(4-(tert-Butyldimethylsilyl)but-3-yn-2-yl)-3-(4-chlorophenyl)isoxazol-4-amine (1i)

Following the representative procedure A using 4-(tert-butyldimethylsilyl)but-3-yn-2-one (85.7 mg, 0.480
mmol), compound 1i was obtained (39.7 mg, 0.110 mmol, 27%) after purification by silica gel chromatography
with hexane and ethyl acetate (19 : 1) as a white solid. Mp 99-100 °C; '"H NMR (500 MHz, CDCl;) & 8.19 (s,
1H), 7.73 (d, J= 8.6 Hz, 2H), 7.43 (d, J= 8.6 Hz, 2H), 3.87 (q, J = 6.8 Hz, 1H), 3.00 (brs, 1H), 1.50 (d, /= 6.9
Hz, 3H), 0.88 (s, 9H), 0.064 (d, J = 2.0 Hz, 6H); >*C NMR (125 MHz, CDCl;) & 154.5, 144.2, 135.9, 129.4,
129.1,127.6,127.3,106.9, 86.5,45.2,26.1,22.4, 16.6, -4.56, -4.57; FT-IR (neat): 2928, 1725, 1602, 1413, 1093,
901, 836, 775, 669 cm™'; HRMS (EI, 70 eV): caled. for [C19H2sCIN,OSi]", 360.1425: found 360.1422.
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3-(4-Chlorophenyl)-N-(4-(triisopropylsilyl)but-3-yn-2-yl)isoxazol-4-amine (1j)

Following the representative procedure A using 4-(triisopropylsilyl)but-3-yn-2-one (128 mg, 0.480 mmol),
compound 1j was obtained (119 mg, 0.294 mmol, 74%) after purification by silica gel chromatography with
hexane and ethyl acetate (19 : 1) as a brown oil. '"H NMR (500 MHz, CDCl;) § 8.21 (s, 1H), 7.75 (d, J= 8.0 Hz,
2H), 7.46 (d, J = 8.5 Hz, 2H), 3.90 (q, J = 6.8 Hz, 1H), 2.96 (brs, 1H), 1.52 (d, /= 6.9 Hz, 3H), 1.02 (s, 21H);
C NMR (125 MHz, CDCl;) § 154.5, 144.2, 135.9, 129.4, 129.1, 127.6, 127.3, 108.3, 84.3, 45.2, 22.6, 18.6,
11.2; FT-IR (neat): 3434, 2943, 2891, 2865, 2161, 1621, 1463, 1094, 882, 835, 678 cm™'; HRMS (ESI-TOF):
calcd. for [C22H31CIN,OSi +Na]", 425.1786: found 425.1774.

oA

5-(4-Chlorophenyl)-/V-(4-(trimethylsilyl)but-3-yn-2-yl)isoxazol-4-amine (1k)

Following the representative procedure A using 4-(trimethylsilyl)but-3-yn-2-one (210 mg, 1.50 mmol),
compound 1k was obtained (122 mg, 0.381 mmol, 38%) as a brown oil after purification by silica gel
chromatography with hexane and ethyl acetate (19 : 1). '"H NMR (500 MHz, CDCls) & 8.36 (s, 1H), 7.79 (d, J
= 8.5 Hz, 2H), 7.44 (d, J=9.0 Hz, 2H), 3.93 (q, /= 6.8 Hz, 1H), 2.98 (br, 1H), 1.50 (d, J= 6.5 Hz, 3H), 0.123
(s, 9H); *C NMR (125 MHz, CDCls) § 154.4, 147.5, 135.0, 129.4, 126.9, 126.7, 124.4, 107.3, 88.6, 45.9, 22.6,

0.038.
N-O
m
™S
\/NH cl

5-Methyl-N-(1-phenyl-3-(trimethylsilyl)prop-2-yn-1-yl)isoxazol-3-amine (11)

Following the representative procedure B using (3-bromo-3-phenylprop-1-yn-1-yl)trimethylsilane (534 mg,
2.00 mmol), compound 11 was obtained (37.9 mg, 0.133 mmol, 7%) as a yellow solid after purification by silica
gel chromatography with hexane and ethyl acetate (19 : 1). 'H NMR (400 MHz, CDCl3) § 7.57 (d, J= 7.6 Hz,
2H), 7.39-7.29 (m, 3H), 5.54 (s, 1H), 5.44 (d, J = 8.0 Hz, 1H), 4.33 (d, J = 8.0 Hz, 1H), 2.29 (d, J = 0.8, 3H),
0.176 (s, 9H); *C NMR (125 MHz, CDCl;) § 169.1, 163.7 , 139.3, 128.8, 128.2, 127.2, 104.2, 93.6, 90.1, 50.5,

12.7,0.012.
I;I—O
HN/K/)\
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3-Methyl-V-(1-phenyl-3-(trimethylsilyl)prop-2-yn-1-yl)isoxazol-5-amine (1m)

Following the representative procedure B using (3-bromo-3-phenylprop-1-yn-1-yl)trimethylsilane (534 mg,
2.00 mmol), compound 1m was obtained (20.8 mg, 0.073 mmol, 4%) as a yellow solid after purification by
silica gel chromatography with hexane and ethyl acetate (19 : 1). '"H NMR (500 MHz, CDCl3) 6 7.53 (d, J=17.5
Hz, 2H), 7.40-7.33 (m, 3H), 5.24 (d, J= 7.5 Hz, 1H), 4.95 (s, 1H), 4.87 (d, /= 7.5 Hz, 1H), 2.16 (s, 3H), 0.186
(s, 9H); *C NMR (125 MHz, CDCl3) § 168.4, 161.5, 138.0, 129.0, 128.6, 127.2, 102.6, 91.1, 80.4, 51.2, 11.94,

-0.07.
N-0

A A
// Ph
T™S

3-(4-Chlorophenyl)-N-(1-(trimethylsilyl)hept-1-yn-3-yl)isoxazol-4-amine (1n)

Following the representative procedure A using 1-(trimethylsilyl)hept-1-yn-3-one (274 mg, 1.50 mmol),
compound 1n was obtained (53.7 mg, 0.148 mmol, 15%) as a yellow oil after purification by silica gel
chromatography with hexane and ethyl acetate (19 : 1). '"H NMR (500 MHz, CDCls) & 8.21 (s, 1H), 7.76 (d, J
= 8.4 Hz, 2H), 7.46 (d, J = 8.4 Hz, 2H), 3.72 (t, J = 8.4 Hz, 1H), 1.77-1.73 (m, 2H), 1.51-1.45 (m, 2H), 1.40-
1.33 (m, 2H), 0.93 (t,J = 7.2 Hz, 3H), 0.138 (s, 9H); *C NMR (125 MHz, CDCl3) § 154.7, 144.2, 135.9, 129.4,
127.7,127.4,105.6, 89.2, 50.1, 35.5, 28.3, 22.4, 14.1, 0.045 ; FT-IR (neat): 2961, 2931, 2898, 2872, 2165, 1413,

1249, 841 cm™'; HRMS (ESI-TOF): calcd. for [C19H2sCIN,OSi +Na]*, 383.1317: found 383.1310.
N-O

]
O
ci NP4

3-(4-Chlorophenyl)-N-(4-methyl-1-(trimethylsilyl)pent-1-yn-3-yl)isoxazol-4-amine (10)

Following the representative procedure A using 4-methyl-1-(trimethylsilyl)pent-1-yn-3-one (253 mg, 1.50
mmol), compound 1o was obtained (47.4 mg, 0.136 mmol, 14%) as a yellow oil after purification by silica gel
chromatography with hexane and ethyl acetate (19 : 1). '"H NMR (500 MHz, CDCl;) & 8.19 (s, 1H), 7.76 (d, J
= 8.4 Hz, 2H), 7.47 (d, J = 8.4 Hz, 2H), 3.54 (d, /= 5.8 Hz, 1H), 2.02-1.95 (m, 1H), 1.07 (d, J = 6.6 Hz, 3H),
1.06 (d, J= 6.7 Hz, 3H), 0.140 (s, 9H); >*C NMR (125 MHz, CDCl;) & 154.7, 144.1, 135.9, 129.4, 129.2, 128.0,
127.4,104.2,56.3,32.8, 19.5, 18.3, 0.0722; FT-IR (neat): 2957, 2933, 2871, 2861, 2166, 1413, 1250, 1093, 760

cm’'; HRMS (ESI-TOF): calcd. for [C1sH23CIN,OSi +Na]", 369.1160: found 369.1153.
N-O

U
o

3-(4-Chlorophenyl)-/N-(1-(4-chlorophenyl)-3-(trimethylsilyl)prop-2-yn-1-yl)isoxazol-4-amine (1q)
Following the representative procedure B using (3-bromo-3-(4-chlorophenyl)prop-1-yn-1-yltrimethylsilane
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(290 mg, 0.960 mmol), compound 1q was obtained (109 mg, 0.520 mmol, 65%) as a yellow solid after
purification by silica gel chromatography with hexane and ethyl acetate (19 : 1). Mp 108-109 °C; "H NMR (500
MHz, CDCl;) & 8.11 (s, 1H), 7.73 (d, J = 8.5 Hz, 2H), 7.51 (d, J = 8.5 Hz, 2H), 7.44 (d, J = 8.5 Hz, 2H), 7.36
(d, J = 8.5 Hz, 2H), 4.96 (s, 1H), 3.37 (brs, 1H), 0.187 (s, 9H); *C NMR (125 MHz, CDCls) § 154.8, 1448.3,
136.7,136.0, 134.4,129.4, 129.1, 129.0, 128.9, 127.1, 126.8, 102.8, 92.3, 53.1, -0.07; FT-IR (neat): 3337, 3127,
3065, 2953, 2943, 2167, 1486, 1245, 1088, 841 cm™'; HRMS (ESI-TOF): calcd. for [C21H20Cl.N,OSi +Na]",
437.0614: found 437.0606.
N-0
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3-(4-Chlorophenyl)-N-(1-(4-(trifluoromethyl)phenyl)-3-(trimethylsilyl)prop-2-yn-1-yl)isoxazol-4-amine
(Ir)

Following the representative procedure B wusing (3-bromo-3-(4-(trifluoromethyl)phenyl)prop-1-yn-1-
yDtrimethylsilane (156 mg, 0.800 mmol), compound 1r was obtained (248 mg, 0.550 mmol, 69%) as a yellow
oil after purification by silica gel chromatography with hexane and ethyl acetate (19 : 1). '"H NMR (500 MHz,
CDCls) ¢ 8.11 (s, 1H), 7.74 (d, J = 8.6 Hz, 2H), 7.71 (d, /= 8.3 Hz, 2H), 7.65 (d, /= 8.3 Hz, 2H), 7.45 (d, J =
8.6 Hz, 2H), 5.04 (s, 1H), 3.42 (brs, 1H), 0.193 (s, 9H); *C NMR (125 MHz, CDCls) § 154.9, 145.0, 142.0,
136.1, 130.8 (q, Jcr = 32.5 Hz), 129.5, 129.2, 128.0, 127.0, 126.7, 125.9 (q, Jc.r = 3.5 Hz), 124.1 (q, Jcr =
270.5 Hz), 102.4, 92.8, 53.4, -0.093; FT-IR (neat): 3340, 3276, 2961, 2900, 2171, 1619, 1414, 1326, 1128, 1068,

844 cm™'; HRMS (EI, 70 eV): caled. for [C22HaoCIF3N,OSi]", 448.0986: found 448.0990.
N-0

i
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3-(4-Chlorophenyl)-N-(1-(p-tolyl)-3-(trimethylsilyl)prop-2-yn-1-yl)isoxazol-4-amine (1s)

Following the representative procedure B using (3-bromo-3-(p-tolyl)prop-1-yn-1-yl)trimethylsilane (270 mg,
0.96 mmol), compound 1s was obtained (106 mg, 0.268 mmol, 33%) as a yellow oil after purification by silica
gel chromatography with hexane and ethyl acetate (19 : 1). '"H NMR (500 MHz, CDCl;) § 8.14 (s, 1H), 7.75 (d,
J=8.5Hz, 2H), 7.46 (d, J = 8.0 Hz, 2H), 7.44 (d, J = 8.5 Hz, 2H), 7.21 (d, J = 8.0 Hz, 2H), 4.96 (s, 1H), 3.35
(brs, 1H), 2.38 (s, 3H), 0.196 (s, 9H); *C NMR (125 MHz, CDCl3) § 154.7, 144.6, 138.4, 135.9, 135.3, 129.6,
129.4, 127.4,127.2, 127.1, 103.6, 91.5, 53.5, 21.3, -0.025; FT-IR (neat): 3343, 2958, 2921, 2898, 2170, 1619,
1513, 1413, 1251, 1093, 743 cm™'; HRMS (ESI): calcd. for [C22Ha3CIN,OSi +Na]*, 417.1160: found 417.1151.
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3-(4-Chlorophenyl)-N-(1-(3-methoxyphenyl)-3-(trimethylsilyl)prop-2-yn-1-yl)isoxazol-4-amine (1t)
Following the representative procedure B using (3-bromo-3-(3-methoxyphenyl)prop-1-yn-1-
yDtrimethylsilane (356 mg, 0.960 mmol), compound 1t was obtained (97.0 mg, 0.236 mmol, 30%) as a brown
oil after purification by silica gel chromatography with hexane and ethyl acetate (19 : 1). "H NMR (500 MHz,
CDCl3) 6 8.13 (s, 1H), 7.75 (d, J= 8.4 Hz, 2H), 7.44 (d, J = 8.4 Hz, 2H), 7.33-7.27 (m, 1H), 7.25 (d, /= 7.2 Hz,
2H), 6.88 (m, 1H) 4.97 (s, 1H), 3.82 (s, 3H), 3.39 (brs, 1H), 0.191 (s, 9H); *C NMR (125 MHz, CDCl3) § 160.0,
154.7, 144.7, 139.7, 135.9, 129.9, 129.4, 129.2, 127.2, 127.1, 119.8, 113.9, 113.3, 103.3, 91.7, 55.3, 53.7, -
0.044; FT-IR (neat): 3331, 2958, 2898, 2834, 2170, 1602, 1488, 1413, 1251, 1093, 842, 760 cm™'; HRMS (ESI-

TOF): calcd. for [C22H3CIN,0,Si +Na]", 433.1109: found 433.1097.
N-0
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3-(4-Chlorophenyl)-N-(3-(trimethylsilyl)prop-2-yn-1-yl)isoxazol-4-amine (1u)

Following the representative procedure A using 3-(trimethylsilyl)propiolaldehyde (284 mg, 2.25 mmol),
compound 1u was obtained (161 mg, 0.520 mmol, 35%) as a white solid after purification by silica gel
chromatography with hexane and ethyl acetate (19 : 1). Mp 84-85 °C; 'H NMR (500 MHz, CDCls) § 8.14 (s,
1H), 7.72 (d, J = 8.5 Hz, 2H), 7.43 (d, J = 8.0 Hz, 2H), 3.80 (s, 2H), 3.20 (brs, 1H), 0.150 (s, 9H); *C NMR
(125 MHz, CDClL) 6 154.2, 143.1, 135.9, 129.3, 129.0, 128.5, 127.1, 101.7, 89.7, 37.8, -0.121; FT-IR (neat):
3356, 3133,2959,2897,2171, 1621, 1415, 1250, 1093, 843 cm™'; HRMS (ESI-TOF): calcd. for [CsH;7CIN,OSi
+Na]", 327.0690: found 327.0683.

N
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3-(p-Tolyl)-N-(4-(trimethylsilyl)but-3-yn-2-yl)isoxazol-4-amine (1v)

Following the representative procedure A using 3-(p-tolyl)isoxazol-4-amine (190 mg, 1.09 mmol), compound
1v was obtained (79.3 mg, 0.266 mmol, 24%) as a yellow after purification by silica gel chromatography with
hexane and ethyl acetate (19 : 1). "H NMR (400 MHz, CDCl3) § 8.17 (s, 1H), 7.66 (d, J = 7.2 Hz, 2H), 7.29 (d,
J=172Hz, 2H), 3.87 (d, J= 6.0 Hz, 1H), 3.03 (s, 1H), 2.41 (s, 3H), 1.49 (d, J = 4.0 Hz, 3H), 0.140 (s, 9H); *C
NMR (100 MHz, CDCls) ¢ 155.4, 143.3, 139.8, 129.8, 127.74, 127.68, 125.9, 106.5, 88.1, 45.2, 22.3, 21.5, -
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0.013; FT-IR (neat): 3321, 3121, 3065, 2953, 2827, 2151, 1612, 1245, 835 cm™; HRMS (EI, 70 eV): calcd. for

[C17H22N20,Si]", 314.1451: found 314.1445.
N

N-Q
&G
Me HN/

3-Phenyl-N-(4-(trimethylsilyl)but-3-yn-2-yl)isoxazol-4-amine (1w)

Following the representative procedure A using 4-(trimethylsilyl)but-3-yn-2-one (316 mg, 2.25 mmol) and 3-
phenylisoxazol-4-amine (240 mg, 1.50 mmol), compound 1w was obtained (309 mg, 1.08 mmol, 72%) as a
brown oil after purification by silica gel chromatography with hexane and ethyl acetate (19 : 1) as a brown oil.
'H NMR (500 MHz, CDCl3) § 8.18 (s, 1H), 7.77 (dd, J = 8.5 Hz, 2.0 Hz, 2H), 7.48-7.42 (m, 3H), 3.88 (q, J =
6.5 Hz, 1H), 3.09 (brs, 1H), 1.48 (d, J= 6.5 Hz, 3H), 0.143 (s, 9H); >*C NMR (125 MHz, CDCl3) § 154.5, 144.0,
135.9,131.8, 129.4, 129.2, 128.5, 128.4, 127.7, 127.3, 122.6, 89.6, 83.7, 45.1, 22.5; FT-IR (neat): 3435, 2090,
1638, 1516, 1413, 1092, 834, 756 cm™'; HRMS (ESI-TOF): calcd. for [C1sH20N20Si +Na]*, 307.1237: found
307.1233.

N-0
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N-(4-(Trimethylsilyl)but-3-yn-2-yl)isoxazol-4-amine (1x)

Following the representative procedure A using 4-(trimethylsilyl)but-3-yn-2-one (421 mg, 3.00 mmol) and
isoxazol-4-amine (168 mg, 2.00 mmol), compound 1x was obtained (68.5 mg, 0.329 mmol, 33%) as a brown
oil after purification by silica gel chromatography with hexane and ethyl acetate (19 : 1). '"H NMR (500 MHz,
CDCls) 8 8.10 (s, 1H), 8.09 (s, 1H), 3.87 (q, J = 6.8 Hz, 2H), 3.02 (brs, 1H), 1.45 (d, J= 7.0 Hz, 3H), 0.116 (s,
9H); *C NMR (125 MHz, CDCl3) § 145.3, 143.1, 129.0, 106.6, 88.3, 45.3,22.2, 0.0; FT-IR (neat): 3322, 2960,

1629, 1251, 878, 842, 759 cm™'; HRMS (EI, 70 eV): calcd. for [C1oH1sN20Si]", 208.1032: found 208.1033.
N-0

3-(tert-Butyl)-N-(4-(trimethylsilyl)but-3-yn-2-yl)isoxazol-4-amine (1y)

Following the representative procedure A using 4-(trimethylsilyl)but-3-yn-2-one (421 mg, 3.00 mmol) and 3-
(tert-butyl)isoxazol-4-amine (280 mg, 2.00 mmol), compound 1y was obtained (171 mg, 0.647 mmol, 32%) as
white solid. '"H NMR (400 MHz, CDCls) § 8.08 (s, 1H), 3.75 (quin., J = 7.6 Hz, 1H), 2.72 (d, J = 8.4 Hz, 1H),
1.44 (d, J= 6.8 Hz, 3H), 1.34 (s, 9H), 0.097 (s, 9H); *C NMR (100 MHz, CDCl;) § 163.1, 144.4, 127.5, 107.1,
87.7, 45.3, 32.5, 28.3, 22.4, -0.053; FT-IR (neat): 3331, 3121, 2953, 2157, 1606, 1492, 1245, 878, 841 cm™;
HRMS (EI, 70 eV): calcd. for [C14H24N>0Si]", 264.1658: found 264.1656.
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3. Synthesis of 5-allenylisoxazoles (8) via gold-catalyzed Claisen rearrangement
Synthesis of N-(3-(4-chlorophenyl)-5-(1-(trimethylsilyl)buta-1,2-dien-1-yl)isoxazol-4-yl)-4-
methylbenzenesulfonamide (2a)

To a mixture of RuPhosAuCl (245 mg, 0.350 mmol) and AgOTf (89.9 mg, 0.350 mmol) in a sealed vial, 4-
propargylaminoisoxazole 1a (1.12 g, 3.50 mmol) in acetonitorile (35 ml) was added at room temperature under
an argon atmosphere. After stirred at room temperature for 2 h, the mixture was passed through a pad of celite
and concentrated in vacuo. The residue was purified by silica gel column chromatography with hexane : ethyl
acetate (19 : 1) with 1% triethylamine to give 2a (19.1 mg, 0.060 mmol, 60%) as a yellow oil. "H NMR (400
MHz, CDCl3) 6 7.73 (d, J= 8.8 Hz, 2H), 7.46 (d, J= 8.8 Hz, 2H), 5.38 (q, /= 7.2 Hz, 1H), 3.39 (brs, 2H), 1.80
(d,J=6.8 Hz, 3H), 0.30 (s, 9H); '*C NMR (125 MHz, CDCl;) § 207.2, 154.7, 150.5, 135.6, 129.4, 128.8, 127.9,
122.1,90.5, 84.6, 14.2, -0.8; FT-IR (neat): 2956, 2923, 1921, 1461, 1363, 1090, 831 cm™'; HRMS (ESI-TOF):
calcd. for [C16H19CIN,OSi]", 318.0955: found 318.0953.

N-O

Cl N

He “‘Me

Representative procedure for the synthesis of V-(3-(4-chlorophenyl)-5-(1-(trimethylsilyl)buta-1,2-dien-1-
yDisoxazol-4-yl)-4-methylbenzenesulfonamide (8a)

To a mixture of RuPhosAuCl (245 mg, 0.350 mmol) and AgOTf (89.9 mg, 0.350 mmol) in a sealed vial, 4-
propargylaminoisoxazole 1a (1.12 g, 3.50 mmol) in acetonitorile (35 ml) was added at room temperature under
an argon atmosphere. After stirred at room temperature for 2 h, the mixture was passed through a pad of celite
and concentrated in vacuo. The allene residue 3a was dissolved in dichloromethane (35 mL). To the solution
was added p-toluenesulfonyle chloride (1.33 g, 7.00 mmol) and pyridine (706 pL, 8.75 mmol) at 0 °C. After the
addition, the mixture was stirred at room temperature for 16 h. The solvent was removed in vacuo, and the
residue was purified by silica gel column chromatography with hexane : ethyl acetate (19 : 1) to give 8a (1.44
g, 3.03 mmol, 87%) as a yellow solid. When the reaction was carried out at 0.100 mmol scale (1a; 31.9 mg,
0.100 mmol), 8a was obtained in 87% yield (41.2 mg, 0.0870 mmol). Mp 138-139 °C; '"H NMR (500 MHz,
CDCl3) 6 7.58 (d, J = 8.5 Hz, 2H), 7.42 (d, J = 8.5 Hz, 2H), 7.25 (d, J = 8.5 Hz, 2H), 7.06 (d, J = 8.0 Hz, 2H),
6.10 (s, 1H), 5.26 (q, J = 7.0 Hz, 1H), 2.36 (s, 3H), 1.78 (d, J= 7.0 Hz, 3H), 0.20 (s, 9H); '*C NMR (125 MHz,
CDCl3) 6 209.9, 165.4, 159.1, 144.3, 136.1, 135.8, 129.5, 129.1, 128.7, 127.5, 126.7, 111.0, 88.6, 84.8, 21.6,
13.0, -0.96; FT-IR (neat): 3131, 3069, 2921, 1580, 1357, 1108, 794 cm™; HRMS (ESI-TOF): calcd. for
[C23HasCIN,03SSi +Na]”, 495.0936: found 495.0932.
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N-(3-(4-Chlorophenyl)-5-(1-(dimethyl(phenyl)silyl)buta-1,2-dien-1-yl)isoxazol-4-yl)-4-
methylbenzenesulfonamide (8h)

Following the representative procedure using 1h (38.1 mg, 0.100 mmol), 8h was obtained (34.2 mg, 0.064
mmol, 64%) as a yellow solid. Mp 102-103 °C; '"H NMR (500 MHz, CDCl;) § 7.57 (dd, J= 7.8 Hz, 1.8 Hz, 2H),
7.50 (d, J= 8.5 Hz, 2H), 7.37 (m, 5H), 7.21 (d, J = 8.5 Hz, 2H), 7.01 (d, J = 8.0 Hz, 2H), 6.07 (s, 1H) 5.21 (q,
J=17.0Hz, 14.5 Hz, 1H), 2.36 (s, 3H), 1.71 (d, J = 7.5 Hz, 3H), 0.52 (s, 3H), 0.49 (s, 3H); *C NMR (125 MHz,
CDCl3) 6 211.1, 164.3, 159.1, 144.3, 136.5, 136.1, 135.8, 134.1, 129.7, 129.5, 129.0, 128.7, 128.0, 127.5, 126.6,
111.0, 87.6, 85.3,21.7, 12.9, -2.38, -2.44; FT-IR (neat): 3274, 3069, 2958, 2923, 1933, 1600, 1430, 1163, 1092,
835, 812 cm™'; HRMS (ESI-TOF): caled. for [C2sH27CIN,O5SSi +Na]", 557.1092: found 557.1079.
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N-(3-(4-Chlorophenyl)-5-(1-(trimethylsilyl)hepta-1,2-dien-1-yl)isoxazol-4-yl)-4-
methylbenzenesulfonamide (8n)

Following the representative procedure using 1n (36.1 mg, 0.100 mmol), 8n was obtained (23.7 mg, 0.046
mmol, 46%) as a yellow oil. "H NMR (500 MHz, CDCl3) 8 7.63 (d, J= 8.5 Hz, 2H), 7.43 (d, J = 8.0 Hz, 2H),
7.26 (d, J= 8.5 Hz, 2H), 7.08 (d, J= 8.0 Hz, 2H), 6.12 (s, 1H), 5.27 (t, J=7.0 Hz, 1H), 2.37 (s, 3H), 2.12 (q, J
=7.2 Hz, 2H), 1.44-1.35 (m, 4H), 0.92 (t, J= 7.2 Hz, 3H), 0.185 (s, 9H); *C NMR (125 MHz, CDCl;) § 208.8,
165.1, 159.1, 144.3, 136.0, 129.5, 129.1, 128.7, 127.5, 126.7, 111.0, 90.2, 31.7, 27.6, 22.5, 21.6, 14.0, -0.96;
FT-IR (neat): 3268, 2956, 2928, 2855, 1930,1599, 1434, 1155, 841 cm'; HRMS (ESI-TOF): calcd. for

[C26H31CIN,03SSi +Na]", 537.1405: found 537.1390.
N-0
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N-(3-(4-Chlorophenyl)-5-(4-methyl-1-(trimethylsilyl)penta-1,2-dien-1-yl)isoxazol-4-yl)-4-
methylbenzenesulfonamide (80)

Following the representative procedure using 1o (34.7 mg, 0.100 mmol), 80 was obtained (37.1 mg, 0.074
mmol, 74%) as a yellow oil. "H NMR (500 MHz, CDCl3) 8 7.64 (d, J= 8.5 Hz, 2H), 7.42 (d, J = 8.5 Hz, 2H),
7.26 (d,J=8.5Hz, 2H), 7.08 (d, /= 8.0 Hz, 2H), 6.11 (s, 1H), 5.27 (d, /= 6.5 Hz, 1H), 2.49-2.42 (m, 1H), 2.36
(s, 3H), 1.08 (d, J = 7.1 Hz, 3H), 1.06 (d, J = 7.2 Hz, 3H) 0.184 (s, 9H); *C NMR (125 MHz, CDCl3) § 207.5,
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165.0, 159.1, 144.3, 136.0, 135.9, 129.5, 129.1, 128.7, 127.5, 126.7, 111.1, 97.5, 90.4, 27.8, 23.0, 22.6, 21.6, -
0.99; FT-IR (neat): 3278, 2959, 2928, 2869, 1601, 1434, 1159, 839 cm™; HRMS (ESI-TOF): calcd. for

[C25H29CIN,O3SSi +Na]’, 523.1248: found 523.1235.
N-O
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N-(3-(4-Chlorophenyl)-5-(3-phenyl-1-(trimethylsilyl)propa-1,2-dien-1-yl)isoxazol-4-yl)-4-
methylbenzenesulfonamide (8p)

Following the representative procedure using 1p (38.1 mg, 0.100 mmol), 8p was obtained (41.2 mg, 0.077
mmol, 77%) as a yellow solid. Decomposition temperature: 130 °C; '"H NMR (500 MHz, CDCl3) § 7.54 (d, J =
8.6 Hz, 2H), 7.43 (d, J = 8.3 Hz, 2H), 7.33 (t, J = 7.6 Hz, 2H), 7.26-7.22 (m, 5H), 7.07 (d, J = 8.2 Hz, 2H), 6.27
(s, 1H), 6.13 (s, 1H), 2.37 (s, 3H), 0.289 (s, 9H); *C NMR (125 MHz, CDCl3) § 210.7, 164.4, 159.4, 144.4,
136.3,135.9,132.1, 129.5, 129.2, 129.2, 128.7, 127.8, 127.8, 127.5, 127.1, 126.5, 111.5, 93.6, 93.2, 21.6, -0.75;
FT-IR (neat): 3269, 3062, 2957, 2928, 2853, 1722, 1599, 1457, 1163, 835 cm™'; HRMS (ESI-TOF): calcd. for
[CasH27CIN,03SSi +Na]", 557.1092: found 557.1077.
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N-(3-(4-Chlorophenyl)-5-(3-(4-chlorophenyl)-1-(trimethylsilyl)propa-1,2-dien-1-yl)isoxazol-4-yl)-4-
methylbenzenesulfonamide (8q)

Following the representative procedure using 1q (41.5 mg, 0.100 mmol), 8q was obtained (40.4 mg, 0.071
mmol, 71%) as a yellow solid. Decomposition temperature: 138 °C. "H NMR (500 MHz, CDCl5) & 7.46 (d, J =
8.5 Hz, 2H), 7.39 (d, J= 8.0 Hz, 2H), 7.30 (d, /= 8.5 Hz, 2H), 7.21-7.19 (m, 4H), 7.04 (d, /= 8.0 Hz, 2H), 6.27
(s, 1H), 6.04 (s, 1H), 2.36 (s, 3H), 0.30 (s, 9H); *C NMR (125 MHz, CDCl3) § 210.8, 164.6, 159.3, 144.4, 136.2,
136.2, 136.0, 133.4, 130.8, 129.5 129.3, 129.0, 128.7, 128.3, 127.4, 126.3, 111.5, 93.6, 92.8, 21.6, -0.724; FT-
IR (neat): 3277, 2928, 2853, 1920, 1598, 1435, 1163, 841 cm'; HRMS (ESI-TOF): calcd. for
[CasH26C1N,03SSi +Na]”, 591.0702: found 591.0688.
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N-(3-(4-Chlorophenyl)-5-(3-(4-(trifluoromethyl)phenyl)-1-(trimethylsilyl)propa-1,2-dien-1-yl)isoxazol-4-
yl)-4-methylbenzenesulfonamide (8r)
Following the representative procedure using 1r (44.9 mg, 0.100 mmol), 8r was obtained (47.6 mg, 0.079
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mmol, 79%) as a yellow oil. "H NMR (500 MHz, CDCls) & 7.58 (d, J = 8.2 Hz, 2H), 7.42-7.37 (m, 6H), 7.18
(d, J = 8.6 Hz, 2H), 7.02 (d, J = 8.1 Hz, 2H), 6.36 (s, 1H), 6.05 (s, 1H), 2.35 (s, 1H), 0.33 (s, 9H); 13C NMR
(125 MHz, CDCLs) & 211.0, 164.7, 159.4, 144.4, 136.5, 136.2, 136.0, 130.0, 129.5 (q, Jer = 32.2 Hz), 129.5,
129.0, 128.7, 128.2, 127.4, 127.2, 126.2, 126.0 (q, Jex= 11.2 Hz), 124.2 (q, Jer= 270.3 Hz), 93.5, 92.7, 21.6,
-0.721; FT-IR (neat): 3268, 2929, 2854, 1920, 1592, 1433, 1318, 1163, 849 cm™'; HRMS (ESI-TOF): calcd. for
[C20H26CIFsN,05SSi +Na]*, 625.0966: found 625.0949.
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N-(3-(4-Chlorophenyl)-5-(3-(p-tolyl)-1-(trimethylsilyl)propa-1,2-dien-1-yl)isoxazol-4-yl)-4-
methylbenzenesulfonamide (8s)

Following the representative procedure using 1s (38.1 mg, 0.100 mmol), 8s was obtained (29.3 mg, 0.051
mmol, 51%) as a yellow solid. Mp 120 °C. 'H NMR (500 MHz, CDCls) § 7.55 (d, J= 8.6 Hz, 2H), 7.43 (d, J =
8.3 Hz, 2H), 7.24 (d, J= 8.7 Hz, 2H), 7.08 (d, J = 8.0 Hz, 2H), 6.24 (s, 1H), 6.16 (s, 1H), 2.37 (s, 3H), 2.32 (s,
3H), 0.272 (s, 9H); *C NMR (125 MHz, CDCl;) § 210.8, 164.4, 159.3, 144.3, 137.7, 136.2, 135.9, 129.9, 129.5,
129.1, 129.0, 128.7, 127.5, 127.0, 126.5, 111.4, 93.5, 93.2, 21.6, 21.3, -0.755; FT-IR (neat): 3421, 2959, 2922,
2861, 2104, 1919, 1645, 1603, 192, 875, 829 cm™'; HRMS (ESI-TOF): calcd. for [C29H29CIN,O3SSi +Na]",
571.1248: found 571.1237.
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N-(3-(4-Chlorophenyl)-5-(3-(3-methoxyphenyl)-1-(trimethylsilyl)propa-1,2-dien-1-yl)isoxazol-4-yl)-4-
methylbenzenesulfonamide (8t)

Following the representative procedure using 1t (41.1 mg, 0.100 mmol), 8t was obtained (36.7 mg, 0.065
mmol, 65%) as a yellow oil. "H NMR (500 MHz, CDCl3) 8 7.52 (d, J= 8.5 Hz, 2H), 7.42 (d, J = 8.5 Hz, 2H),
7.25-7.22 (m, 3H), 7.07 (d, J = 8.0 Hz, 2H), 6.84 (d, J = 8.0 Hz, 1H), 6.80-6.77 (m, 2H), 6.24 (s, 1H), 6.13 (s,
1H), 3.80 (s, 3H), 2.37 (s, 3H), 0.290 (s, 9H); *C NMR (125 MHz, CDCl;) § 210.7, 164.3, 160.2, 159.4, 144 .4,
146.2, 135.9, 133.5, 130.1, 129.5, 129.1, 128.7, 127.5, 126.4, 119.7, 113.6, 112.3, 111.5, 93.6, 93.2, 55.4, 21.6,
-0.737; FT-IR (neat): 3283, 2957, 2924, 1921, 1722, 1598, 1438, 1247, 1159, 839 cm™'; HRMS (ESI-TOF):
calcd. for [C29H29CIN,O4SSi +Na]", 587.1198: found 587.1185.
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N-(3-(4-Chlorophenyl)-5-(1-(trimethylsilyl)propa-1,2-dien-1-yl)isoxazol-4-yl)-4-
methylbenzenesulfonamide (8u)

Following the representative procedure using lu (30.5 mg, 0.100 mmol), 8u was obtained (12.9 mg, 0.028
mmol, 28%) as a yellow solid. Mp 149-150 °C; "H NMR (400 MHz, CDCl3) § 7.70 (d, J = 8.6 Hz, 2H), 7.47 (d,
J=28.0 Hz, 2H), 7.31 (d, J = 8.0 Hz, 2H), 7.12 (d, J = 8.0 Hz, 2H), 6.15 (s, 1H), 4.82 (brs, 2H), 2.39 (s, 3H)
0.191 (s, 9H); *C NMR (125 MHz, CDCls) § 211.2, 163.8, 159.4, 144.4, 136.1, 136.0, 129.6, 129.2, 128.8,
127.5,126.6,111.6, 88.0,73.7,21.7,-1.12; FT-IR (neat): 3276, 2957, 2924, 2855, 1923, 1745, 1592, 1250, 1163,

841 cm™'; HRMS (ESI-TOF): calcd. for [C2,H2;CIN>O3SSi +Na]™, 481.0779: found 481.0772.
N-0

Cl

Ts’NH H)\\H

4-Methyl-NV-(3-(p-tolyl)-5-(1-(trimethylsilyl)buta-1,2-dien-1-yl)isoxazol-4-yl)benzenesulfonamide (8v)

Following the representative procedure using 1v (38.1 mg, 0.106 mmol), 8v was obtained (24.8 mg, 0.055
mmol, 52%) as a yellow oil. "H NMR (400 MHz, CDCl3) 8 7.53 (d, J= 8.0 Hz, 2H), 7.42 (d, J = 8.0 Hz, 2H),
7.10 (d, J= 8.0 Hz, 2H), 7.04 (d, J = 8.0 Hz, 2H), 6.13 (s, 1H), 5.22 (q, J = 7.2 Hz, 1H), 2.35 (s, 3H), 2.33 (s,
3H) 1.76 (d, J = 7.2 Hz, 3H), 0.187 (s, 9H); *C NMR (125 MHz, CDCl;) § 209.9, 165.0, 160.0, 143.9, 139.6,
136.2, 129.4, 129.1, 127.7, 127.5, 125.3, 110.9, 88.7, 84.5, 21.6, 21.6, 13.0, -0.949; FT-IR (neat): 3421, 2957,
2923, 2860, 1932, 1599, 1249, 1162, 873, 836 cm™'; HRMS (ESI-TOF): calcd. for [C24H2sN>O5SSi +Nal”,
475.1482: found 475.1475.
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4-Methyl-V-(3-phenyl-5-(1-(trimethylsilyl)buta-1,2-dien-1-yl)isoxazol-4-yl)benzenesulfonamide (8w)

Following the representative procedure using 1w (38.1 mg, 0.100 mmol), 8w was obtained (39.0 mg, 0.089
mmol, 89%) as a yellow solid. Mp 59-60 °C; '"H NMR (500 MHz, CDCl3) § 7.61 (d, J= 7.2 Hz, 2H), 7.41 (d, J
= 8.2 Hz, 2H), 7.35-7.26 (m, 3H), 7.01 (d, J= 8.1 Hz, 2H), 6.18 (s, 1H), 5.23 (q, /= 7.3 Hz, 1H), 2.31 (s, 3H),
1.77 (d, J = 7.3 Hz, 2H) 0.20 (s, 9H); *C NMR (125 MHz, CDCl;)  210.0, 165.3, 160.1, 143.9, 136.0, 129.5,
129.4, 128.4, 128.1, 127.8, 127.5, 88.5, 84.6, 21.6, 13.0, -0.96; FT-IR (neat):3269, 3065, 2957, 2923, 2858,
1931, 1598, 1452, 1163, 841 cm™'; HRMS (ESI-TOF): calcd. for [C23H26N203SSi +Na]’, 461.1325: found
461.1313.

N-O
U

Y
Ts’NH “\

4-Methyl-V-(5-(1-(trimethylsilyl)buta-1,2-dien-1-yl)isoxazol-4-yl)benzenesulfonamide (8x)
Following the representative procedure using 1x (38.1 mg, 0.100 mmol), 8x was obtained (21.4 mg, 0.059
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mmol, 59%) as a yellow oil. "H NMR (500 MHz, CDCl;) & 8.42 (s, 1H), 7.56 (d, J = 8.0 Hz, 2H), 7.24 (d, J =
8.0 Hz, 2H), 6.40 (s, 1H), 5.20 (q, J = 7.0 Hz, 1H), 2.40 (s, 3H), 1.69 (d, J = 7.5 Hz, 3H), 0.098 (s, 9H); "*C
NMR (125 MHz, CDCls) 6 208.2, 157.4, 148.2, 144.5, 135.6, 129.8, 127.3, 114.2, 88.9, 84.9, 21.7, 13.3, -1.15;
FT-IR (neat): 3276, 2957, 2925, 2855, 1745, 1599, 1333, 1159, 839 cm™; HRMS (ESI-TOF): calcd. for
[C17H22N205SSi +Na]", 385.1012: found 385.1003.
N-Q
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N-(3-(tert-Butyl)-5-(1-(trimethylsilyl)buta-1,2-dien-1-yl)isoxazol-4-yl)-4-methylbenzenesulfonamide (8y)

Following the representative procedure using 1y (38.1 mg, 0.100 mmol), 8y was obtained (22.2 mg, 0.053
mmol, 53%) as a white solid. Mp 160-161 °C; "H NMR (500 MHz, CDCls) § 7.63 (d, J = 8.0 Hz, 2H), 7.24 (d,
J=8.0 Hz, 2H), 5.86 (s, 1H), 4.95 (d, /= 7.0 Hz, 1H), 2.41 (s, 3H), 1.63 (d, /= 7.0 Hz, 3H), 1.41 (s, 9H), 0.089
(s, 9H); *C NMR (125 MHz, CDCl5) § 208.9, 168.8, 164.6, 144.1, 137.0, 129.6, 127.8, 110.85, 88.7, 84.0, 33.5,
29.5,21.7, 13.0, -1.0; FT-IR (neat): 3267, 2961, 2925, 2871, 1932, 1592, 1333, 1159, 839 cm™'; HRMS (ESI-
TOF): calcd. for [C21H30N203SSi +Na]", 441.1638: found 441.1632.
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4. Isolation of isoxazolo[4,5-b]pyridines
Representative procedure for synthesis of 3-(4-Chlorophenyl)-5-methyl-7-(trimethylsilyl)isoxazolo[4,5-
b]pyridine (3a)

To a mixture of RuPhosAuCl (7.0 mg, 0.010 mmol) and AgOTf (2.6 mg, 0.010 mmol) in a sealed vial, 4-
propargylaminoisoxazole 1a (31.9 mg, 0.100 mmol) in acetonitorile (1 ml) was added at room temperature
under an argon atmosphere. After stirred at room temperature for 2 h, the mixture was passed through a pad of
celite and concentrated in vacuo. The reaction residue was concentrated in vacuo, and the residue was purified
by PTLC with hexane : ethyl acetate (19 : 1) to give 3a (9.6 mg, 0.030 mmol, 30%) as a white solid. Mp 132-
133 °C; "H NMR (500 MHz, CDCl;) § 8.50 (d, J = 8.7 Hz, 2H), 7.52 (d, J = 8.6 Hz, 2H), 7.36 (s, 1H), 2.74 (s,
3H), 0.470 (s, 9H); *C NMR (125 MHz, CDCl;) § 160.4, 156.6, 154.8, 137.2, 136.6, 132.0, 129.5, 129.3, 129.0,
127.0, 24.6, -1.47; FT-IR (neat): 3361, 2962, 2921, 1603, 1450, 1321, 1243, 881 cm™'; HRMS (EI, 70 eV): calcd.

for [C16H17CIN,OSi]", 316.0799: found 316.0803.
N-O
V
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3-(4-Chlorophenyl)-5,7-dimethylisoxazolo[4,5-b]pyridine (3¢)
Following the representative procedure using 1¢ (26.0 mg, 0.100 mmol), 3¢ was obtained (18.5 mg, 0.072
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mmol, 72%) as a white solid. 'H NMR (500 MHz, CDCl;) § 8.49 (d, J = 8.5 Hz, 2H), 7.52 (d, J = 8.5 Hz, 2H),
7.15 (s, 1H), 2.70 (s, 3H), 2.60 (s, 3H); *C NMR (125 MHz, CDCl3) § 157.7, 156.2, 155.0, 138.6, 136.7, 129.9,
129.5,129.3, 126.9, 124.9, 24.5, 15.2; FT-IR (neat): 2965, 2924, 2857, 1558, 1507, 1418, 1094, 878, 835 cm';

HRMS (ESI-TOF): calcd. for [C14H11CIN,O +Na]", 281.0452: found 281.0460.

N-Q
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3-(4-Chlorophenyl)-7-isopropyl-5-methylisoxazolo[4,5-b]pyridine (3d)

Following the representative procedure using 1d (28.9 mg, 0.100 mmol), 3d was obtained (17.1 mg, 0.060
mmol, 60%) as a white solid. '"H NMR (500 MHz, CDCls) & 8.50 (d, J = 8.5 Hz, 2H), 7.52 (d, J = 8.5 Hz, 2H),
7.17 (s, 1H), 3.44-3.35 (m, 1H), 2.72 (s, 3H), 1.45 (s, 3H), 1.44 (s, 3H); *C NMR (125 MHz, CDCl;) §158.0,
155.3, 155.0, 140.5, 139.1, 136.7, 129.5, 129.3, 126.9, 121.2, 29.8, 24.8, 21.9; FT-IR (neat): 2967, 2932, 2907,
2874, 1507, 1456, 1090, 881, 836 cm™'; HRMS (ESI-TOF): calcd. for [Ci¢HisCIN,O +Na]*, 309.0771: found
309.0772.
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3-(4-Chlorophenyl)-5-methylisoxazolo[4,5-b]pyridine (3e)

Following the representative procedure using 1e (24.7 mg, 0.100 mmol), 3e was obtained (8.0 mg, 0.033 mmol,
33%) as a white solid. Mp 109-110 °C; 'H NMR (500 MHz, CDCl3) § 7.63 (d, J = 8.0 Hz, 2H), 7.24 (d, J = 8.0
Hz, 2H), 5.86 (s, 1H), 4.95 (d, J = 7.0 Hz, 1H), 2.41 (s, 3H), 1.63 (d, J = 7.0 Hz, 3H), 1.41 (s, 9H), 0.089 (s,
9H); *C NMR (125 MHz, CDCl;) § 208.9, 168.8, 164.6, 144.1, 137.0, 129.6, 127.8, 110.85, 88.7, 84.0, 33.5,
29.5,21.7, 13.0, -1.0; FT-IR (neat): 2923, 2361, 1490, 1456, 1265, 1091, 1016, 834 cm™'; HRMS (ESI-TOF):

calcd. for [C13HoCIN,O +Na]", 267.0296: found 267.0303.
N
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3-(4-Chlorophenyl)-7-cyclohexyl-5-methylisoxazolo[4,5-b]|pyridine (3f)

Following the representative procedure using 1f (32.8 mg, 0.100 mmol), 3f was obtained (19.6 mg, 0.060
mmol, 60%) as a yellow solid. Mp 115-117 °C; '"H NMR (500 MHz, CDCl) & 8.49 (d, J = 8.5 Hz, 2H), 7.52 (d,
J=28.5Hz, 2H), 7.15 (s, 1H), 3.03 (tt,J=12.0 Hz, J=3.0 Hz, 1H), 2.71 (s, 3H), 2.03 (d, /= 12.5 Hz, 2H), 1.92
(d, J=13.0 Hz, 2H), 1.82 (d, J=13.0 Hz, 2H), 1.67 (dq, /= 13.0 Hz, J = 2.7 Hz, 2H), 1.49 (tq, J = 12.8 Hz, J
=3.2Hz, 2H), 1.36 (tt,J= 12.8 Hz, J=3.3 Hz, 1H), 0.089 (s, 9H); *C NMR (125 MHz, CDCl;) & 158.0, 155.3,
155.0, 139.6, 139.0, 136.7, 129.5, 129.3, 126.9, 121.6, 39.6, 32.1, 26.6, 26.1, 24.7 ; FT-IR (neat): 2927, 1967,
1733, 1507, 1449, 1092, 1016, 882 cm™; HRMS (ESI-TOF): calcd. for [CioH19CIN,O]*, 327.1259: found
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7-(tert-Butyl)-3-(4-chlorophenyl)-5-methylisoxazolo[4,5-b]|pyridine (3f)

Following the representative procedure using 1f (30.3 mg, 0.100 mmol), 3f was obtained (17.7 mg, 0.059
mmol, 59%) as a white solid. Mp 109-110 °C; '"H NMR (500 MHz, CDCls) § 8.50 (d, J = 8.5 Hz, 2H), 7.52 (d,
J=8.5Hz, 2H), 7.19 (s, 1H), 2.73 (s, 3H), 1.53 (s, 9H); *C NMR (125 MHz, CDCl3) § 158.0, 155.4, 154.8.
143.4, 139.5, 136.6, 129.5, 129.3, 126.9, 120.4, 34.7, 29.3, 24.9; FT-IR (neat): 2965, 2871, 1732, 1600, 1456,
1382, 1245, 1092, 1017, 836 cm'; HRMS (ESI-TOF): calcd. for [Ci7Hi7CINoO +Na]’, 323.0922: found
323.0920.
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S
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3-(4-Chlorophenyl)-5-methyl-7-phenylisoxazolo[4,5-b]pyridine (3g)

Following the representative procedure using 1g (32.3 mg, 0.100 mmol), 3g was obtained (24.1mg, 0.075
mmol, 75%) as a white solid. 'H NMR (500 MHz, CDCls) § 8.53 (d, J = 8.5 Hz, 2H), 8.03 (d, J = 7.0 Hz, 2H),
7.58-7.50 (m, 6H), 2.80 (s, 3H); *C NMR (125 MHz, CDCls) & 158.2, 155.0, 154.0, 140.3, 136.8, 132.9, 131.8,
130.1,129.6,129.32,129.39, 128.7, 126.7, 121.3, 24.8; FT-IR (neat): 3059, 2924, 2848, 1598, 1487, 1288, 1091,
869 cm™'; HRMS (ESI-TOF): caled. for [C1oH13CIN,O +Na]", 321.0789: found 321.0787.

3-(4-Chlorophenyl)-5-phenyl-7-(trimethylsilyl)isoxazolo[4,5-b]pyridine (2j)

To a mixture of RuPhosAuCl (35.0 mg, 0.050 mmol) and AgOTf (12.8 mg, 0.050 mmol) in a sealed vial, 4-
propargylaminoisoxazole 1j (190 mg, 0.500 mmol) in acetonitorile (5 ml) was added at room temperature under
an argon atmosphere. After stirred at room temperature for 2 h, the mixture was passed through a pad of celite
and concentrated in vacuo. The allene residue 2j was dissolved in 1,2,4-trichlorobenzene (15 mL). After the
mixture was cooled at - 40 °C, boron trichloride solution 1.0 M in heptane (2.00 mL, 2.00 mmol) was added.
The reaction mixture was stirred at 80 °C for 16 h. The reaction was quenched with H>O. The resultants mixture
was extracted with ethyl acetate and the combined organic layers were dried over MgSO, and filtered. The
solvent was removed in vacuo, and the residue was purified by silica gel chromatography with hexane : ethyl
acetate (19 : 1) to give 3-(4-chlorophenyl)-5-phenyl-7-(trimethylsilyl)isoxazolo[4,5-b]pyridine 2j (26.8 mg,
0.071 mmol, 14%) as a white solid. Mp 132-133 °C; 'H NMR (500 MHz, CDCL;) § 8.61 (d, J = 8.7 Hz, 2H),
8.10 (d, J = 7.1 Hz, 2H), 7.96 (s, 1H), 7.57-7.47 (m, 5H), 0.535 (s, 9H); >*C NMR (125 MHz, CDCl3) § 160.9,
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155.6, 155.2, 139.2, 138.0, 136.8, 132.7, 129.5, 129.3, 129.1, 127.5, 126.9, 126.4, -1.42; FT-IR (neat): 3064,
2956, 2898, 1601, 1483, 1458, 1249, 1091, 1013, 839 cm™'; HRMS (ESI-TOF): calcd. for [C16H17CIN,OSi]",
379.1028: found 379.1032.
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5. Synthesis of N-propargyl aniline derivative (20)
3,5-Dimethoxy-/NV-(1-phenyl-3-(trimethylsilyl)prop-2-yn-1-yl)aniline (20d)

A mixture of 3,5-dimethoxylaniline (804 mg, 5.30 mmol) and (3-bromo-3-phenylprop-1-yn-1-
yDtrimethylsilane (935 mg, 3.50 mmol) in toluene (7 mL), N,N-diisopropylethylamine (1.19 mL, 7.00 mmol)
was added and stirred at 60 °C under argon atmosphere for 6 h. The reaction was quenched by 0.1 M HCL. The
resultant mixture was extracted with ethyl acetate and the combined organic layers were dried over MgSQO4 and
filtered. The solvent was removed in vacuo, and the residue was purified silica gel column chromatography with
hexane : ethyl acetate (19 : 1) to give 3,5-dimethoxy-N-(1-phenyl-3-(trimethylsilyl)prop-2-yn-1-yl)aniline 20d
(416 mg, 1.23 mmol, 35%) as a yellow oil. 'H NMR (500 MHz, CDCl;) § 7.56 (d, J= 7.5 Hz, 2H), 7.37 (t,J =
7.5 Hz, 2H), 7.32 (d, J = 7.0 Hz, 1H), 5.94 (s, 1H), 5.92 (s, 2H), 5.24 (s, 1H), 3.73 (s, 6H), 0.16 (s, 9H); *C
NMR (125 MHz, CDCl3) & 161.7, 148.6, 139.7, 128.9, 128.1, 127.4, 126.0, 93.0, 91.3, 90.0, 55.3, 51.0, 0.060;
FT-IR (neat): 3082, 3055, 3012, 2988, 2929, 2835, 2171, 1616, 1596, 1206, 1155, 847 cm™'; HRMS (ESI-TOF):
calcd. for [C20H2sNO,Si +H]", 340.1727: found 340.1722.

MeO OMe
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6. Gold-catalyzed Claisen rearrangement of N-propargyl aniline derivative (20)
N-(3, 5-Dimethoxy-2-(3-phenyl-1-(trimethylsilyl)propa-1,2-dien-1-yl)phenyl)-4-
methylbenzenesulfonamide (23)

To a mixture of IPrAuCl (6.2 mg, 0.010 mmol) and AgOTf (3.9 mg, 0.010 mmol) in a sealed vial, N-
propargyl aniline derivative 20d (34.0 mg, 0.1 mmol) in acetonitorile (1 ml) was added at room temperature
under an argon atmosphere. After stirred at room temperature for 2 h, the mixture was passed through a pad of
celite and concentrated in vacuo. The residue was dissolved in dichloromethane (1 mL). To the solution was
added p-toluenesulfonyle chloride (38.1 mg, 0.200 mmol) and pyridine (20.2 pL, 0.250 mmol) at 0 °C. After
the addition, the mixture was stirred at room temperature for 16 h. The solvent was removed in vacuo, and the
residue was purified silica gel column chromatography with hexane : ethyl acetate (19 : 1) to give 23 (20.2 mg,
0.041 mmol, 41%) as a yellow oil. '"H NMR (500 MHz, CDCl;) & 7.57 (d, J = 8.5 Hz, 2H), 7.34-7.31 (m, 2H),
7.28-7.26 (m, 2H), 7.19 (t, J=7.3 Hz, 1H), 7.11 (d, J= 8.1 Hz, 1H), 6.88 (d, /= 2.3 Hz, 1H), 6.18 (d, J=2.5
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Hz, 1H), 6.01 (s, 1H), 3.78 (s, 3H), 3.74 (s, 3H), 2.29 (s, 3H) 0.038 (s, 9H); *C NMR (125 MHz, CDCl3) &
206.9, 159.7, 157.0, 143.9, 136.5, 135.0, 134.0, 129.7, 129.0, 127.4, 126.9, 126.5, 108.5, 97.7, 96.2, 94.8, 89.9,
55.6, 55.2, 21.6. -0.6; FT-IR (neat): 3323, 3055, 2976, 2947, 2839, 1604, 1576, 1333, 1161, 1084, 835 cm™;
HRMS (ESI-TOF): calcd. for [C27H3NO4SSi +Na]”, 516.1635: found 516.1636.

MeO OMe
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7. Computational Method

All calculations were performed with the Gaussian 16 program package (revision C.01).” The DFT
calculations were carried out using the ®B97XD functional®. A standard 6-31G(d,p)” basis set was used for
carbon, hydrogen, oxygen, nitrogen, silicon, and phosphorus and LANL2DZ'? basis set was used for gold. Each
of the stationary points was adequately characterized by normal coordinate analysis (no imaginary frequency
for an equilibrium structure and one imaginary frequency for a transition-state structure). Intrinsic reaction
coordinates (IRC)'" were calculated to verify the relevance of transition-state structures. In all calculations, the

temperature was set to 298.15 K.

Table S2. Calculated electronic energy, enthalpy, Gibbs free energy (Hartree), and imaginary frequency (cm™)

Compound Electronic Energy Enthalpy Free energy  Imaginary Frequency
Si-SM-H -825.350881 -825.115971 -825.179055 -
Si-SM-Me -864.660713 -864.395912 -864.462109 -
t-Bu-SM-H -573.929215 -573.685787 -573.742903 -
t-Bu-SM-Me -613.238675 -612.965406 -613.026078
AuPMes -596.301755 -596.176107 -596.218543 -
AuRuPhos -1795.862889 -1795.144670  -1795.250413 -
Si-H-PMe;-A -1421.722877 -1421.360263  -1421.446767 -
Si-H-PMe;-TS1 -1421.714703 -1421.352962  -1421.434827 -263.09
Si-H-PMe;-B -1421.693190 -1421.333749  -1421.415901 -
Si-H-PMe;-TS2 -2247.097155 -2246.501635  -2246.617905 -1072.19
Si-H-PMe;-C -2247.117188 -2246.515661  -2246.634428 -
Si-H-PMe;-TS3 -1421.693190 -1421.333749  -1421.415901 -298.49
Si-H-PMes-D -1421.703540 -1421.343368  -1421.428542 -
Si-Me-PMes-A -1461.033278 -1460.641934  -1460.728737 -
Si-Me-PMe3-TS1 -1461.024965 -1460.633558  -1460.717470 -268.33
Si-Me-PMes-B -1461.049415 -1460.656447  -1460.740580 -
Si-Me-PMes-TS2 -2325.712876 -2325.057696  -2325.179303 -1075.79
Si-Me-PMes-C -2325.741340 -2325.080149  -2325.200587 -
Si-Me-PMes-TS3 -1461.008353 -1460.618884  -1460.703994 -267.52
Si-Me-PMe;s-D -1461.014846 -1460.624481  -1460.712465 -
Si-H-RuPhos-A -2621.278360 -2620.322899  -2620.463788 -
Si-H-RuPhos-TS1 -2621.264416 -2620.310402  -2620.447622 -295.97
Si-H-RuPhos-B -2621.283537 -2620.328108  -2620.464918 -
Si-H-RuPhos-TS2 -3446.652276 -3445.463861  -3445.633327 -1128.26
Si-H-RuPhos-C -3446.669563 -3445.474864  -3445.645987 -
Si-H-RuPhos-TS3 -2621.246157 -2620.294013  -2620.431582 -354.98
Si-H-RuPhos-D -2621.257801 -2620.304496  -2620.444549 -
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Si-Me-RuPhos-A -2660.591701 -2660.606646  -2660.752086 -
Si-Me-RuPhos-TS1 -2660.575364 -2660.591398  -2660.731100 -302.50
Si-Me-RuPhos-B -2660.595175 -2659.609681  -2659.748250 -
Si-Me-RuPhos-TS2 -3525.254875 -3524.007475  -3524.185403 -1188.48
Si-Me-RuPhos-C -3525.278767 -3524.025817  -3524.203065 -
Si-Me-RuPhos-TS3 -2660.562367 -2659.580376  -2659.721374 -315.39
Si-Me-RuPhos-D -2660.571021 -2659.587801  -2659.732102 -
t-Bu-H-PMes-A -1170.301311 -1169.930247  -1170.013458 -
t-Bu-H-PMes3-TS1 -1170.293009 -1169.923991  -1169.997063 -272.81
t-Bu-H-PMe;-B -1170.315195 -1169.943459  -1170.020393 -
t-Bu-H-PMe;-TS2 -1744.259787 -1743.647266  -1743.753236 -1100.44
t-Bu-H-PMe;-C -1744.279857 -1743.660844  -1743.768698 -
t-Bu-H-PMe;.TS3 -1170.276529 -1169.908318  -1169.985671 -228.62
t-Bu-H-PMe;s-D -1170.281587 -1169.912714  -1169.992255 -
t-Bu-Me-RuPhos-A -2409.168347 -2408.174707  -2408.314775 -
t-Bu-Me-RuPhos-TS1 -2409.152831 -2408.160397  -2408.295126 -306.96
t-Bu-Me-RuPhos-B -2409.176363 -2408.182572  -2408.317576 -
t-Bu-Me-RuPhos-TS2 -3022.443490 -3021.149872  -3021.317980 -1216.70
t-Bu-Me-RuPhos-C -3022.437235 -3021.166444  -3021.338380 -
t-Bu-Me-RuPhos-TS3 -2409.145087 -2408.154140  -2408.289450 -314.50
t-Bu-Me-RuPhos-D -2409.152533 -2408.160674  -2408.299124 -
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Cartesian coordinates and geometry

All coordinates were calculated at the level of ®B97XD/LANL2DZ for Au and 6-31G(d,p) for other elements.

Si-SM-H

a0 EXzZoIXTTaoa0n

w2
=

T I ZT@ZTTDT O @D O T

2.144577 -0.636445 0.596500
2.633940 0.403246 -0.134989
3.848929 -0.125236 -0.659074
1.242790 -0.783379 1.168305
4.569057 0.358071 -1.305662
2.987752 -1.685901 0.516459
4.057870 -1.355789 -0.268058
2.099642 1.666622 -0.380801
2.814977 2.367190 -0.512008
1.047131 2.124939 0.514015
-0.210822 1.399481 0.308630
-1.236690 0.766941 0.166943
-2.759070 -0.242032 -0.081305
-2.430479 -1.963530 0.596925
-2.206727 -1.930597 1.667503
-3.304098 -2.608478 0.455633
-1.581689 -2.430606 0.088331
-4.177177 0.570607 0.845672
-4.363738 1.582559 0.474280
-5.097848 -0.009246 0.721764
-3.962931 0.637902 1.916372
-3.131503 -0.320556 -1.920205
-4.026684 -0.923160 -2.106664
-3.304409 0.678443 -2.330973
-2.299769 -0.771198 -2.469506
0.881292 3.188914 0.319679
1.334719 2.026733 1.575053

Si-SM-Me

a0 EXEzZoIXTTaoa0n

w2
=

™ T T QO

1.868662 -1.222390 -0.830817
2.423780 -0.098419 -0.302522
3.338039 -0.622215 0.655793
1.115640 -1.389746 -1.585650
3.999489 -0.077976 1.315981
2.407565 -2.312172 -0.269732
3.326919 -1.928654 0.683985
2.195955 1.262017 -0.589186
1.862211 1.367899 -1.541612
1.252073 1.934357 0.323252
-0.078164 1.301356 0.287025
-1.131162 0.703280 0.189717
-2.661437 -0.308687 0.047578
-2.219328 -1.860145 -0.919734
-1.415965 -2.413256 -0.423371
-3.084028 -2.526208 -1.006941
-1.886387 -1.610835 -1.932303

) T I T OoO@D DD OQO@ODT IO

-3.254353 -0.758619 1.771781
-3.490422 0.136715 2.354390
-4.157373 -1.375941 1.719993
-2.489905 -1.322323 2.314378
-3.976122 0.677845 -0.863100
-4.893575 0.089459 -0.969477
-4.225595 1.595846 -0.322808
-3.637490 0.957961 -1.865025
1.658460 1.821300 1.335319
1.188204 3.422452 -0.018832
0.787375 3.566745 -1.026876
0.535987 3.948950 0.681018
2.191273 3.851852 0.025776

N o
f
fr;

tBu-SM-H

T DT To@DnT@DmIT@mo@m@DmT@moo@nooromnzzomTmoaonan

1.815271 -0.638972 0.591697
2.254126 0.432983 -0.125103
3.497168 -0.027512 -0.648100
0.920087 -0.836199 1.158206
4.195131 0.499369 -1.284926
2.710773 -1.643921 0.504320
3.766772 -1.250443 -0.270235
1.656920 1.669537 -0.359074
2.336850 2.408883 -0.464614
0.566774 2.055200 0.527684
0.345399 3.110406 0.340822
-0.642761 1.257915 0.299328
-1.613509 0.561470 0.130824
0.852229 1.964645 1.589881
-2.784749 -0.303080 -0.098896
-2.351649 -1.495552 -0.972132
-1.565278 -2.075019 -0.480437
-3.207025 -2.155170 -1.151711
-1.968565 -1.152896 -1.936928
-3.315284 -0.812641 1.253492
-3.619152 0.020386 1.893508
-4.183955 -1.459607 1.093078
-2.550002 -1.389012 1.781048
-3.881283 0.501320 -0.820036
-4.752845 -0.136422 -1.000822
-4.198881 1.356489 -0.216925
-3.520652 0.875070 -1.782112

e
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tBu-SM-Me

C
C
C
H
H
(6]
N
N
H
C
C
C
H
C
H
H
H
C
C
H
H
H
C
H
H
H
C
H
H
H

1.835836 -1.126321 -0.932734
2.128609 0.039335 -0.297006
2.961873 -0.391863 0.775388
1.240616 -1.365956 -1.800336
3.428785 0.208440 1.544276
2.448317 -2.153148 -0.324744
3.145669 -1.685841 0.766457
1.748047 1.361545 -0.584637
1.422069 1.429834 -1.543130
0.713608 1.915421 0.310361
-0.529229 1.124349 0.266780
-1.491091 0.400903 0.166586
1.121247 1.864708 1.327035
0.475485 3.382007 -0.046342
0.070865 3.468399 -1.059727
-0.244549 3.830254 0.641474
1.417426 3.932564 0.004303
-2.647454 -0.505630 0.056710
-3.074496 -0.954944 1.465988
-3.929560 -1.635610 1.397300
-2.257290 -1.475441 1.972485
-3.365072 -0.096055 2.077178
-2.232020 -1.733548 -0.775619
-3.071952 -2.431104 -0.859420
-1.931839 -1.435348 -1.784631
-1.392960 -2.254892 -0.306463
-3.812922 0.224423 -0.634331
-4.673492 -0.446740 -0.724017
-4.118763 1.102501 -0.058836
-3.527281 0.554913 -1.636958

AuPMes

P
Au

T I T O@DITZTZZ OO T IO

0.000000 0.000000 -1.337636
0.000000 0.000000 0.946996
0.000000 1.696110 -1.983688
0.889225 2.225053 -1.634971
-0.889225 2.225053 -1.634971
0.000000 1.666083 -3.077320
1.468874 -0.848055 -1.983688
1.482340 -1.882618 -1.634971
2.371565 -0.342435 -1.634971
1.442870 -0.833041 -3.077320
-1.468874 -0.848055 -1.983688
-1.442870 -0.833041 -3.077320
-2.371565 -0.342435 -1.634971
-1.482340 -1.882618 -1.634971
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AuRuPhos

P
Au

aoococoocoocog@m Doz oD IO oo oo Do o@D ozmnaaan

1.111299 -0.152133 0.009206
-0.337419 -0.920861 -1.623518
1.694855 1.525009 -0.488113
2.338120 2.314531 0.665936
2.584762 1.453550 -1.740048
0.764801 2.046861 -0.749100
2.773189 3.701510 0.179952
3.209758 1.781132 1.062164
1.619078 2.413921 1.484206
3.001853 2.858899 -2.183822
3.487290 0.865894 -1.531095
2.053065 0.941814 -2.551792
3.685081 3.618180 -1.044985
3.272188 4.230261 0.997739
1.879052 4.283722 -0.074489
3.664131 2.785330 -3.051468
2.111326 3.412556 -2.509282
3.963751 4.622894 -1.375957
4.618015 3.105507 -0.773948
2.508366 -1.366009 0.121934
3.821902 -0.918365 0.790558
2.008532 -2.709581 0.685735
2.735158 -1.519108 -0.942750
4.881758 -2.017118 0.639573
3.674115 -0.718082 1.856722
4.188254 0.008146 0.341690
3.088098 -3.787985 0.555486
1.734937 -2.586769 1.740216
1.099319 -3.023961 0.158876
4.398518 -3.350303 1.212417
5.803437 -1.697035 1.134404
5.121654 -2.140894 -0.424746
2.726399 -4.718853 1.002265
3.264024 -3.994580 -0.508381
5.164394 -4.118853 1.074544
4.246331 -3.246963 2.295067
0.236224 0.023869 1.603282
0.967327 -0.122428 2.788856
-1.127908 0.370995 1.675790
0.366798 0.060186 4.027710
2.019094 -0.374534 2.754349
-1.716013 0.543131 2.928062
-0.980972 0.393147 4.097513
0.952928 -0.058071 4.932433
-2.769739 0.796827 2.975441
-1.460508 0.533911 5.060329
-1.970498 0.528168 0.457879
-2.022968 1.736195 -0.236195
-2.654666 -0.598829 -0.052878
-2.727196 1.841294 -1.444605
-3.312447 -0.514256 -1.290834
-3.347573 0.718445 -1.961820

T I ro@mnIZITo@n ooz Oonaooomn o

-2.745381 2.781295 -1.983330
-3.857114 -1.357690 -1.695834
-3.880159 0.784855 -2.904610
-2.565993 -1.702105 0.708300
-1.272031 2.764173 0.240836
-3.033825-2.974500 0.230508
-2.829226 -3.037480 -0.848084
-2.191372 -4.010864 0.953004
-2.467491 -5.016744 0.627330
-1.130077 -3.852158 0.743592
-2.345492 -3.939235 2.032929
-4.524159 -3.123563 0.498357
-4.714466 -3.075869 1.573939
-5.106141 -2.336097 0.013037
-4.878431 -4.088771 0.127128
-1.948111 4.005119 0.544045
-2.592469 4.270668 -0.303563
-0.857318 5.046685 0.695871
-0.292164 5.151547 -0.233661
-1.293916 6.016759 0.945301
-0.169225 4.760546 1.497190
-2.794656 3.832613 1.795518
-2.161791 3.549734 2.641774
-3.308391 4.766793 2.036962
-3.553753 3.057873 1.651072

Si-H-PMes-A

a0 zZoaoaoanZ

>0 00w
i

j=ofia= e =i niiiasfifasfian il st

-5.554213 -0.207726 0.002928
-4.901190 -1.065772 0.742806
-3.723526 -1.535272 0.092261
-3.749963 -0.874950 -1.099134
-4.836628 -0.084703 -1.155421
-2.792331 -2.445972 0.591612
-1.446199 -2.392201 0.075720
-0.900931 -0.997819 0.129149
-0.983481 0.240677 0.145957
-1.470604 2.073272 0.155194
-2.874020 2.195446 1.379461
0.060917 3.019128 0.681472
-1.988522 2.470823 -1.594879
1.249007 -0.339894 0.024073
3.572381-0.126675 -0.089310
-5.286635 -1.330367 1.718393
-3.106225 -0.862889 -1.964471
-2.828669 -2.528388 1.597986
-1.429086 -2.718985 -0.970201
-3.193369 3.238744 1.472995
-3.738815 1.613409 1.046022
-2.578943 1.844759 2.372488
-0.167335 4.085929 0.770754
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0.865460 2.916237 -0.055102
0.430812 2.675017 1.652614
-2.901457 1.931092 -1.862514
-2.199418 3.541245 -1.687524
-1.207311 2.219744 -2.318539
4.311828 -0.918111 -1.554716
4.102547 -1.989890 -1.540234
3.877344 -0.490101 -2.460668
5.393885 -0.761519 -1.562356
4.070009 1.626216 -0.165379
5.159661 1.709183 -0.201186
3.643621 2.089412 -1.057998
3.695424 2.152764 0.715250
4.441005 -0.827726 1.351253
4.088237 -0.342089 2.263641
4.233132-1.897510 1.422623
5.519176 -0.675094 1.252717
-0.817579 -3.083850 0.638257

Si-H-PMes-TS1

a0 zZoaoaoanZ

>0 00w

u

T ZITO@N@D I @D DI ST DT

-5.204853 -0.312567 0.531956
-4.544300 -1.350073 0.957569
-3.445384 -1.655023 0.092424
-3.501864 -0.651306 -0.863039
-4.590054 0.117941 -0.610155
-2.501636 -2.617563 0.214504
-1.225240 -2.395952 -0.422281
-0.765875 -0.949919 -0.233570
-1.479097 0.112052 -0.201039
-1.808371 1.967473 0.034020
-2.877390 2.154946 1.554540
-0.117425 2.746286 0.299311
-2.598798 2.621779 -1.528262
1.268209 -0.445097 -0.070351
3.530777 0.126175 0.106384
-4.862232 -1.860899 1.855962
-3.109822 -0.585113 -1.866586
-2.469283 -3.080482 1.111659
-1.297983 -2.566767 -1.502516
-3.017494 3.218730 1.773531
-3.867884 1.712452 1.422576
-2.405204 1.694920 2.427760
-0.241072 3.823075 0.458437
0.529863 2.609688 -0.573221
0.384066 2.333332 1.180498
-3.609799 2.232374 -1.670778
-2.673368 3.712544 -1.466824
-1.999821 2.382021 -2.412207
3.774341 1.701237 0.995923
3.230027 2.497518 0.483133
3.381316 1.611237 2.011117



T I DT T OTT I OT

4.836380 1.957356 1.040280
4.550288 -1.095141 0.999036
5.588366 -0.756634 1.055852
4.158304 -1.230893 2.009344
4.511659 -2.054798 0.479007
4.352886 0.354180 -1.506454
4.305970 -0.575895 -2.077000
3.837467 1.133758 -2.071678
5.398719 0.640146 -1.365270
-0.508113 -3.113270 -0.026341

Si-H-PMes-B

naovoaoaozZoaooaz
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-5.115775 -0.403669 0.604790
-4.636677 -1.599381 0.783761
-3.411299 -1.740029 0.061295
-3.207279 -0.470255 -0.643407
-4.334495 0.307110 -0.217984
-2.487562 -2.650788 0.052604
-1.171642 -2.303447 -0.510627
-0.823580 -0.832591 -0.279805
-1.801162 0.089159 -0.284118
-1.722625 1.979314 -0.015232
-2.520924 2.356453 1.641458
0.040867 2.630234 -0.010612
-2.654572 2.773654 -1.440063
1.195122 -0.451869 -0.076117
3.484001 0.076251 0.144835
-5.139639 -2.301241 1.433290
-3.284631 -0.566659 -1.734612
-2.583246 -3.479921 0.625805
-1.182536 -2.506497 -1.589539
-2.476463 3.431718 1.843631
-3.572399 2.058624 1.668322
-1.996567 1.844152 2.454568
-0.007097 3.723470 0.051881
0.583821 2.374887 -0.926210
0.614715 2.277924 0.852678
-3.707430 2.480139 -1.468131
-2.623201 3.863491 -1.338894
-2.198831 2.522224 -2.403483
3.883383 1.705390 -0.579817
3.654329 1.694158 -1.647917
3.268401 2.473301 -0.104590
4.940457 1.946547 -0.438699
4.058660 0.189562 1.875398
5.113882 0.473171 1.915345
3.463574 0.935585 2.407008
3.924324 -0.774880 2.370099
4.641800 -1.087593 -0.655772
4.523760 -2.080803 -0.216883
4.414954 -1.151493 -1.722311

5.675314 -0.755498 -0.525125

-0.449543 -2.981532 -0.056310

Si-H-PMes-TS2

a0 zZoaaoanZ

>0 00w
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5.444162 -1.480079 -1.455236
4.538914 -2.236895 -2.018322
3.235179 -1.848462 -1.587757
3.458142 -0.842575 -0.638137
4.829466 -0.585777 -0.657719
2.010210 -2.218979 -1.940357
0.848120 -1.459248 -1.456333
1.170783 -0.121038 -0.804346
2.427470 0.207364 -0.411481
2.881684 1.871630 0.387368
2.960232 3.169261 -0.964125
1.594002 2.395219 1.680341
4.537505 1.721062 1.271871
-0.518314 1.011817 -0.481548
-2.438054 2.330368 -0.089275
4.836835 -3.005334 -2.717161
3.273830 -1.649619 0.588480
1.879531 -2.928570 -2.643987
0.281753 -2.067674 -0.731353
3.190530 4.157868 -0.553875
3.726155 2.924072 -1.705868
1.996743 3.228023 -1.482012
2.091959 2.934196 2.494080
1.035279 1.557288 2.110139
0.859255 3.077900 1.241778
5.360728 1.561241 0.572241
4.738476 2.644394 1.825363
4.568708 0.897134 1.994561
-3.376964 1.856847 1.405811
-3.671544 0.807523 1.334062
-2.724188 1.967145 2.275608
-4.261280 2.487308 1.533120
-2.074636 4.105529 0.160749
-2.994097 4.673891 0.325848
-1.419245 4.223409 1.027015
-1.558603 4.499831 -0.717695
-3.667986 2.319660 -1.442370
-3.208751 2.726549 -2.346544
-3.980368 1.294280 -1.651256
-4.544313 2.919430 -1.181356
0.177746 -1.300454 -2.306585
0.618346 -2.704724 1.748348
0.693296 -1.523058 2.446373
2.042733 -1.148052 2.297148
-0.184426 -3.396420 1.547871
2.555951 -0.266470 2.654648
1.811614 -3.017398 1.220592
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2.706154 -2.055552 1.594573
-0.298720 -0.794925 3.065324
0.008375 -0.262621 3.865374
-1.614776 -1.400183 3.216519
-2.221341 -0.721956 3.823186
-2.279590 -1.616686 1.927751
-2.845289 -1.835793 0.875042
-3.843909 -2.153272 -0.654986
-2.838707 -1.620117 -2.149572
-3.452749 -1.657064 -3.055358
-2.444816 -0.603668 -2.042906
-1.989555 -2.294534 -2.297231
-5.428286 -1.157982 -0.496811
-6.038491 -1.263096 -1.399847
-6.023441 -1.512603 0.350034
-5.238874 -0.091416 -0.343495
-4.219532 -3.987184 -0.740600
-4.779432 -4.319451 0.138392
-4.823260 -4.211499 -1.626101
-3.303173 -4.582013 -0.802660
-1.566139 -2.358607 3.757808

Si-H-PMes-C
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5.398068 -1.236008 -1.539536
4.498297 -2.187550 -1.683792
3.199437 -1.710229 -1.379847
3.399187 -0.403576 -1.032353
4.711929 -0.120064 -1.128668
1.943696 -2.302592 -1.243911
0.841044 -1.333171 -1.383354
1.085981 0.012532 -0.701652
2.356554 0.497392 -0.559635
2.724386 2.225156 0.146450
2.039014 3.533248 -1.014130
1.895287 2.408826 1.841087
4.568958 2.474475 0.392501
-0.651440 1.034191 -0.283175
-2.664596 2.214153 0.123033
4.817901 -3.164324 -2.022682
3.782051 -2.680783 0.977154
1.812459 -3.111494 -1.837023
-0.053630 -1.800459 -0.960510
2.243404 4.537923 -0.629492
2.497730 3.451379 -2.004148
0.956107 3.426508 -1.137900
2.148245 3.389404 2.258770
2.228788 1.663411 2.572883
0.802703 2.358882 1.770194
5.114965 2.437536 -0.553130
4.746424 3.453639 0.849922
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5.009658 1.717284 1.048870
-3.622613 1.614197 1.560929
-3.797182 0.540501 1.455362
-3.043529 1.784959 2.472418
-4.577971 2.139352 1.645133
-2.431647 3.998887 0.444454
-3.389450 4.494885 0.623649
-1.787115 4.131072 1.316722
-1.941317 4.460441 -0.415903
-3.848521 2.160481 -1.269315
-3.381623 2.593870 -2.157001
-4.109020 1.123454 -1.492582
-4.758128 2.718408 -1.030382
0.617522 -1.114275 -2.444246
0.900347 -3.038865 1.952065
1.017951 -1.695061 2.219051
2.358522 -1.405997 1.887878
0.086252 -3.742236 2.019476
2.903269 -0.475291 1.911221
2.066713 -3.548408 1.520899
2.935199 -2.528899 1.516763
0.109533 -0.799313 2.724542
0.175847 0.109541 2.276568
-1.261829 -1.253488 2.919842
-1.809038 -0.435396 3.396038
-1.959478 -1.665919 1.693369
-2.538590 -1.985792 0.673412
-3.544586 -2.375583 -0.837770
-2.722129 -1.578583 -2.326595
-3.396274 -1.607439 -3.189052
-2.453259 -0.533334 -2.140071
-1.806891 -2.108620 -2.605463
-5.251456 -1.652130 -0.538757
-5.894626 -1.814873 -1.409710
-5.730990 -2.125117 0.323360
-5.215069 -0.574885 -0.348073
-3.627368 -4.236497 -1.038910
-4.088349 -4.711521 -0.168050
-4.225660 -4.497495 -1.917918
-2.631438 -4.669041 -1.175000
-1.253523 -2.076916 3.644024

Si-H-PMes-TS3
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-5.041230-0.359925 0.914505
-4.694614 -1.594267 0.822432

-3.568207 -1.778942 -0.088169
-3.279578 -0.384065 -0.570540
-4.259931 0.413816 0.110146

-2.898194 -2.812424 -0.425493
-0.730793 -2.132940 -0.411831
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-0.923649 -0.778423 -0.275429
-1.863407 0.153553 -0.294760
-1.684333 2.048820 -0.098314
-2.196261 2.507331 1.643441
0.108831 2.560760 -0.380888
-2.768714 2.834386 -1.408941
1.209356 -0.540279 -0.065704
3.458171 0.115198 0.177536
-5.214547 -2.349761 1.396187
-3.481794 -0.296552 -1.644477
-3.221383 -3.659075 0.042529
-0.516021 -2.565798 -1.385605
-2.082405 3.584561 1.802939
-3.241115 2.245982 1.827862
-1.578077 1.991777 2.385556
0.150748 3.654060 -0.439676
0.515573 2.166973 -1.318891
0.759278 2.260935 0.449291
-3.821400 2.575460 -1.266852
-2.686754 3.924857 -1.357357
-2.469153 2.530099 -2.417198
3.876736 1.499039 -0.934252
3.743862 1.187658 -1.972724
3.207222 2.339142 -0.735387
4.912242 1.814159 -0.780048
3.843784 0.709862 1.858101
4.886116 1.034566 1.917640
3.190130 1.548867 2.107231
3.672206 -0.090823 2.580688
4.678305 -1.193128 -0.176277
4.526458 -2.031433 0.507000
4.547557 -1.549255 -1.200383
5.693755 -0.806438 -0.054392
-0.562677 -2.762446 0.458481

Si-H-PMes-D

N -4.938016 -0.177968 1.456725
C -4.971386 -1.312867 0.863812
C -4.117554 -1.351858 -0.332139
C -3.571114 0.060336 -0.392628
(6] -4.125558 0.696270 0.769285
N -3.814284 -2.266704 -1.154876
C -0.611472 -2.001274 -0.266858
C -1.325136 -0.855624 -0.298837
C -2.051572 0.213470 -0.334949
Si -1.330164 2.005349 -0.254755
C -0.605731 2.206975 1.461674
C -0.033725 2.186110 -1.604667
C -2.738492 3.187644 -0.582740
Au 1.266677 -0.818445 -0.032075
P 3.330342 0.245584 0.204604
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-5.565244 -2.119051 1.274714
-3.954047 0.581351 -1.276938
-4.302696 -3.136906 -0.939954
-0.475548 -2.547542 -1.199926
-0.141096 3.191918 1.575772
-1.392110 2.116661 2.216736
0.151941 1.445310 1.677418
0.362482 3.207663 -1.591741
-0.473764 2.017319 -2.592091
0.810474 1.496961 -1.498044
-3.547648 3.068941 0.141885
-2.370805 4.216938 -0.515733
-3.151822 3.057096 -1.588074
4.156585 0.525483 -1.395867
4.339811 -0.431665 -1.888739
3.512774 1.130579 -2.038273
5.107641 1.043694 -1.246014
3.161138 1.895083 0.963159
4.135887 2.387003 1.022124
2.482588 2.503401 0.360667
2.742930 1.798190 1.967404
4.525936 -0.662763 1.236916
4.112591 -0.805921 2.237605
4.721648 -1.642839 0.796538
5.463329 -0.104604 1.308365
-0.603909 -2.577772 0.659239

Si-Me-PMes-A
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5.498038 -0.003903 0.051101
4.895393 -0.830002 -0.762988
3.687520 -1.342983 -0.204326
3.644057 -0.741863 1.018204
4.716187 0.056407 1.171752
2.812349 -2.232409 -0.828560
1.402717 -2.256429 -0.480092
0.886137 -0.852083 -0.386966
0.942902 0.380256 -0.251927
1.396350 2.210590 -0.063096
2.870445 2.470024 -1.177654
-0.116600 3.181661 -0.597453
1.789849 2.457469 1.746911
-1.270399 -0.233786 -0.109937
-3.590516 -0.103782 0.118168
5.335583 -1.043163 -1.728150
2.958159 -0.770666 1.848874
2.965304 -2.270623 -1.826181
3.167663 3.523842 -1.157552
3.728116 1.877999 -0.843965
2.645835 2.204933 -2.214661
0.101482 4.254281 -0.587795
-0.959808 3.012554 0.081479
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-0.427565 2.913426 -1.611993
2.705522 1.927240 2.023468
1.950370 3.520818 1.952532
0.975563 2.111520 2.390885
-4.140266 1.620766 0.341236
-3.686999 2.036067 1.244124
-3.825869 2.220052 -0.516155
-5.229084 1.662151 0.432229
-4.501294 -0.730740 -1.330653
-5.578141 -0.622396 -1.175387
-4.205345 -0.170157 -2.220008
-4.263681 -1.785058 -1.487852
-4.239677 -1.021674 1.552617
-3.998790 -2.082092 1.451338
-3.778157 -0.644966 2.467940
-5.324582-0.902545 1.617732
0.885858 -2.761594 -1.300713
1.123129 -3.037495 0.808800
0.046308 -3.094474 0.992573
1.520854 -4.047689 0.701515
1.593666 -2.570449 1.675529
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5.155286 -0.023647 -0.706063
4.515782 -1.041902 -1.202558
3.442695 -1.452469 -0.346506
3.493473 -0.531044 0.689322
4.553188 0.291351 0.478898
2.525717 -2.424015 -0.562674
1.204920 -2.320071 0.038420
0.756940 -0.858757 0.037451
1.440243 0.217715 0.142813
1.708234 2.097376 0.142635
2.736567 2.510627 -1.361443
-0.005297 2.861590 0.013352
2.515494 2.571799 1.760971
-1.289752 -0.372005 -0.038300
-3.566012 0.166809 -0.114635
4.827528 -1.466813 -2.146888
3.133805 -0.558124 1.705244
2.539462 -2.810517 -1.495786
2.851334 3.596846 -1.439892
3.737769 2.075638 -1.311151
2.251841 2.160009 -2.277567
0.090723 3.952851 0.004054
-0.634932 2.588849 0.866492
-0.511352 2.562916 -0.910525
3.543212 2.207016 1.830226
2.549618 3.663307 1.841691
1.948090 2.196346 2.618235
-3.889490 1.868349 0.461414
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-3.563904 1.969687 1.499192
-3.322983 2.574599 -0.149801
-4.9555302.101376 0.392388
-4.286861 0.082990 -1.788728
-5.343067 0.364594 -1.764475
-3.746693 0.760963 -2.453173
-4.192408 -0.932844 -2.178543
-4.624005 -0.900570 0.919546
-4.539363 -1.936464 0.583981
-4.295091 -0.844246 1.959486
-5.668094 -0.583126 0.852325
0.535900 -2.906839 -0.594552
1.144124 -2.891670 1.458719
0.123549 -2.817934 1.842433
1.444295 -3.940937 1.445927
1.801563 -2.350854 2.142322

Si-Me-PMes-B
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-5.069466 -0.117784 0.846407
-4.632950 -1.321068 1.073373
-3.423252 -1.541485 0.342064
-3.200995 -0.326167 -0.450176
-4.280113 0.522781 -0.024034
-2.523383 -2.471486 0.398942
-1.181780 -2.230386 -0.187359
-0.817347 -0.745673 -0.119881
-1.764481 0.204206 -0.209178
-1.606487 2.107837 -0.199245
-2.274380 2.736044 1.438461
0.169056 2.691856 -0.405974
-2.615439 2.738657 -1.654221
1.212994 -0.389775 0.027422
3.514507 0.111577 0.183032
-5.146260 -1.969884 1.768459
-3.350933 -0.488970 -1.524995
-2.652751 -3.259666 1.022010
-2.190549 3.826685 1.487930
-3.327767 2.477667 1.575292
-1.706695 2.320151 2.277131
0.150572 3.781690 -0.521305
0.647798 2.272389 -1.296556
0.787562 2.466422 0.468906
-3.675974 2.485725 -1.570730
-2.545086 3.830072 -1.706335
-2.237962 2.342531 -2.602904
3.977448 1.541438 -0.856373
3.768889 1.312358 -1.903953
3.376566 2.407231 -0.568018
5.038308 1.780084 -0.741972
4.058827 0.572341 1.865253
5.121289 0.830546 1.872041
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3.476800 1.429093 2.212591
3.884815 -0.262016 2.548270
4.653389 -1.223228 -0.325185
4.496269 -2.098808 0.308642
4.447283 -1.503809 -1.360491
5.693554 -0.897364 -0.239433
-0.503613 -2.810328 0.443512
-1.110413 -2.768527 -1.620483
-0.097267 -2.623496 -2.000985
-1.348140 -3.834319 -1.655553
-1.795319 -2.230532 -2.281068

Si-Me-PMes-TS2
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5.767626 -1.021453 -1.031182
5.086195 -1.406936 -2.078014
3.694567 -1.152813 -1.884543
3.600061 -0.662327 -0.575211
4.917071 -0.504934 -0.124706
2.645882 -1.214513 -2.694223
1.316721 -0.749352 -2.241870
1.390750 0.180912 -1.026073
2.493853 0.278150 -0.240987
2.663426 1.603602 1.115517
2.748448 3.282004 0.278335
1.196199 1.581601 2.329209
4.233187 1.336062 2.122380
-0.339792 1.225171 -0.617985
-2.236176 2.465070 0.049328
5.600146 -1.823739 -2.932393
3.185439 -1.812832 0.290095
2.754406 -1.542238 -3.641471
2.867482 4.080479 1.018511
3.594851 3.333561 -0.413100
1.835748 3.476549 -0.294689
1.562927 1.563412 3.362453
0.511303 0.738910 2.190996
0.606435 2.497923 2.218556
5.128721 1.494647 1.517131
4.253018 2.055654 2.948128
4.324053 0.335063 2.558638
-3.015594 1.769034 1.549655
-3.300330 0.730532 1.362939
-2.274944 1.776249 2.354234
-3.890112 2.351282 1.853055
-1.826701 4.185692 0.516733
-2.712796 4.716370 0.875840
-1.067332 4.178840 1.302139
-1.417441 4.710068 -0.349854
-3.598927 2.655357 -1.154196
-3.223418 3.169563 -2.042126
-3.968600 1.674462 -1.458261
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-4.420506 3.233772 -0.722546
0.907388 -0.154283 -3.066252
0.514757 -3.173795 1.215812
0.575379 -2.168416 2.147741
1.908594 -1.718929 2.046977
-0.276395 -3.820418 0.871869
2.407837-0.920610 2.576707
1.695840 -3.311961 0.593967
2.564981 -2.420606 1.139452
-0.422958 -1.614214 2.916095
-0.139739-1.319133 3.839311
-1.766715 -2.183734 2.851648
-2.345191 -2.000255 1.509318
-2.887694 -1.883663 0.427401
-3.967553 -1.745508 -1.075907
-3.054819 -0.889594 -2.479028
-3.774397 -0.528732 -3.221947
-2.458373 -0.036568 -2.138599
-2.378853 -1.583441 -2.986564
-5.473600 -0.754135 -0.545216
-6.146564 -0.592276 -1.393757
-6.033643 -1.290825 0.226417
-5.207075 0.225394 -0.136750
-4.464932 -3.477427 -1.590825
-4.995559 -3.995195 -0.786618
-5.128577 -3.439849 -2.460979
-3.591972 -4.078298 -1.863400
-1.734462 -3.267549 3.055099
0.401294 -1.962662 -2.035269
-0.512758 -1.672100 -1.511120
0.127124 -2.408130 -2.996657
0.916229 -2.721706 -1.447419
-2.642095 -1.519298 3.916945
-2.684083 -0.440266 3.750179
-3.655077 -1.920900 3.871841
-2.240583 -1.713677 4.916075

Si-Me-PMes-C
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-5.249691 1.161796 -0.890648
-4.568191 1.486929 -1.979751
-3.380672 0.736035 -2.095666
-3.387331 -0.067054 -0.988646
-4.506314 0.160136 -0.274101
-2.273428 0.710289 -2.929655
-1.023834 0.669096 -2.142412
-1.058179 -0.446653 -1.081019
-2.246189 -0.846564 -0.532311
-2.433541 -2.382289 0.567548
-1.774830 -3.876134 -0.359461
-1.482374 -2.216563 2.197592
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-4.248493 -2.636187 0.986332
0.784300 -1.156784 -0.505400
2.916886 -2.026326 0.063586
-4.967278 2.254665 -2.629752
-4.381106 2.336279 0.562996
-2.266442 1.413918 -3.655430
-1.927894 -4.792518 0.220209
-2.287065 -3.990925 -1.319370
-0.704294 -3.774696 -0.566124
-1.881557 -1.439320 2.859502
-0.413341 -2.031977 2.034147
-1.561336 -3.160263 2.748237
-4.860936 -2.709974 0.082824
-4.370946 -3.567660 1.548726
-4.666511 -1.826701 1.592947
3.700452 -1.330406 1.563104
3.640580 -0.239648 1.537264
3.160462 -1.685075 2.444614
4.744744 -1.645523 1.641015
2.907272 -3.830652 0.362485
3.907658 -4.193288 0.614098
2.222014 -4.059718 1.182079
2.552007 -4.344093 -0.534106
4.169183 -1.804827 -1.251111
3.811072 -2.271035 -2.172100
4.321364 -0.740816 -1.443874
5.120909 -2.259111 -0.961859
-0.227298 0.428541 -2.851513
-1.586096 3.179779 1.621550
-1.546988 1.859901 2.004442
-2.830295 1.380180 1.662114
-0.872502 3.987240 1.649510
-3.267734 0.399723 1.768268
-2.781877 3.487956 1.078290
-3.511431 2.363282 1.120100
-0.573028 1.111648 2.607756
-0.528219 0.161209 2.256979
0.735325 1.688030 2.906037
1.536856 1.982583 1.703569
2.234421 2.211168 0.734075
3.367364 2.588624 -0.687101
2.756525 1.693683 -2.223076
3.541891 1.676783 -2.986180
2.463004 0.660147 -2.010946
1.887978 2.200677 -2.652558
5.080443 1.994053 -0.197081
5.797079 2.198123 -0.999450
5.431023 2.509918 0.701772
5.106005 0.919163 0.006096
3.357062 4.442616 -0.959798
3.699894 4.979380 -0.070502
4.019923 4.709867 -1.789239
2.352932 4.800388 -1.207530
0.555903 2.627690 3.445036
-0.715671 2.029468 -1.499401
0.134317 1.969942 -0.815982
-0.498978 2.780195 -2.266953
-1.588132 2.375578 -0.937569
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1.473572 0.727776 3.841508
1.593594 -0.243390 3.352524
2.464634 1.115739 4.081964
0.902848 0.591281 4.761992

Si-Me-PMe3-TS3

naovoaoanzZzoaonoaz

> 0

u

T O IITOQOITTI DT QI DO TD DTS IS IT T DT T T

-4.956486 0.025695 1.101877
-4.638813 -1.213512 1.227580
-3.574578 -1.597547 0.305028
-3.275331 -0.326257 -0.434706
-4.209793 0.610621 0.124097
-2.946356 -2.692476 0.120909
-0.770225 -2.129451 -0.282407
-0.895971 -0.748529 -0.221660
-1.833108 0.192269 -0.292042
-1.620931 2.095755 -0.296173
-2.080526 2.748298 1.398972
0.165422 2.572737 -0.672221
-2.715031 2.765150 -1.663888
1.212452 -0.444972 0.011910
3.455674 0.208691 0.270324
-5.138669 -1.832288 1.960702
-3.516555 -0.423106 -1.499483
-3.248781 -3.432776 0.754004
-1.937983 3.833139 1.440530
-3.125321 2.534547 1.636473
-1.453104 2.298800 2.175753
0.191502 3.650333 -0.869923
0.562834 2.068950 -1.560087
0.833681 2.388971 0.176942
-3.770766 2.547476 -1.484174
-2.606872 3.852870 -1.726452
-2.435958 2.352147 -2.638936
3.947731 1.432711 -0.989553
3.861091 0.989551 -1.984109
3.280333 2.296045 -0.935730
4.978587 1.758400 -0.826334
3.773958 1.016492 1.874784
4.816725 1.338650 1.940287
3.120858 1.885733 1.980869
3.558503 0.319372 2.687384
4.677631 -1.140201 0.150010
4.483420 -1.882010 0.927658
4.592750 -1.625517 -0.824682
5.690546 -0.746573 0.270750
-0.553458 -2.663110 0.642022
-0.552277 -2.875968 -1.567267
0.501457 -3.151009 -1.672894



-1.134937 -3.797449 -1.541661
-0.850680 -2.273930 -2.426327
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-4.776415 0.242152 1.595530
-4.832481 -0.983007 1.225299
-4.014842 -1.252206 0.034853
-3.463050 0.116609 -0.305863
-3.982103 0.962692 0.736668
-3.756739 -2.316276 -0.606054
-0.632298 -2.006609 -0.175719
-1.215810-0.791514 -0.227845
-1.943909 0.283439 -0.330558
-1.258691 2.077980 -0.474610
-0.579664 2.530053 1.213757
0.072453 2.114397 -1.806411
-2.663327 3.190283 -1.007251
1.211284 -0.695275 0.061544
3.307504 0.313149 0.303389
-5.417103 -1.693677 1.795138
-3.882566 0.466994 -1.256038
-4.256188 -3.112736 -0.208017
-0.117246 3.522435 1.200734
-1.386694 2.543489 1.952115
0.169497 1.806647 1.554759
0.424926 3.144030 -1.933868
-0.332208 1.785128 -2.768322
0.943773 1.489333 -1.585063
-3.485331 3.182638 -0.287791
-2.299366 4.219048 -1.097651
-3.057925 2.900230 -1.986646
4.215079 0.411333 -1.274475
4.381978 -0.593802 -1.667492
3.624928 0.975695 -2.000168
5.178316 0.907483 -1.127889
3.171857 2.031715 0.897086
4.162120 2.492301 0.950344
2.540539 2.604329 0.213701
2.712772 2.045023 1.887957
4.418375 -0.535665 1.472212
3.954304 -0.570723 2.460237
4.596912 -1.558554 1.133675
5.372098 -0.005219 1.538652
-0.585746 -2.483803 0.806610
-0.507075 -2.898428 -1.394627
0.325791 -3.596376 -1.290167
-1.438396 -3.464079 -1.489634
-0.374421 -2.313110 -2.305909

Si-H-RuPhos-A
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-6.508010 -1.649626 0.154560
-5.415845 -2.334620 -0.068973
-4.726181 -1.873040 -1.226212
-5.518182-0.853567 -1.661378
-6.577841 -0.718179 -0.843448
-3.531940 -2.368803 -1.753395
-2.721707 -1.442801 -2.516263
-2.474494 -0.180400 -1.760933
-2.716466 0.800650 -1.043847
-3.510646 2.175938 -0.020733
-4.387558 1.325792 1.392420
-2.132112 3.275507 0.604094
-4.685556 3.044149 -1.189058
-0.455318 0.449051 -0.956625
1.844321 0.699438 -0.609966
-5.158179 -3.148916 0.594855
-5.467794 -0.168742 -2.493272
-2.979506 -2.841180 -1.049094
-4.962981 2.057724 1.969237
-5.081333 0.552969 1.048911
-3.651314 0.875522 2.063100
-2.539141 4.118761 1.171138
-1.522211 3.678828 -0.210619
-1.490484 2.690127 1.270658
-5.485042 2.371012 -1.512206
-5.155460 3.893498 -0.682429
-4.170699 3.424129 -2.076085
2.149663 2.528169 -0.775528
1.674013 3.269308 0.485337
3.532510 3.024468 -1.226468
1.453300 2.783108 -1.587763
1.627399 4.777905 0.233113
2.364951 3.058838 1.310541
0.692381 2.900110 0.801276
3.475406 4.537350 -1.479277
4.287745 2.828579 -0.456866
3.856857 2.508856 -2.135855
2.984937 5.299811 -0.245367
1.318962 5.294369 1.147316
0.862813 4.993977 -0.525503
4.465181 4.893951 -1.779728
2.800471 4.733518 -2.322985
2.923278 6.369573 -0.465758
3.718763 5.186879 0.563841
2.810330-0.161792 -1.937834
4.280872 -0.417297 -1.570255
2.128784 -1.466825 -2.387813
2.770448 0.551113 -2.775709
5.033290 -1.060004 -2.739875
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4.315498 -1.089893 -0.705013
4.779514 0.510968 -1.274901
2.891639 -2.111674 -3.548730
2.082863 -2.161253 -1.541149
1.096425 -1.260166 -2.696431
4.358538 -2.355822 -3.191149
6.069469 -1.249490 -2.443362
5.069569 -0.354288 -3.580534
2.404247 -3.051624 -3.826148
2.837276 -1.455595 -4.428023
4.891283 -2.782990 -4.045934
4.415324 -3.094514 -2.380461
2.450880 0.165617 1.029306
3.674095 0.687059 1.476379
1.743015 -0.713919 1.866281
4.192515 0.369234 2.723437
4.237166 1.357093 0.839672
2.280821 -1.023826 3.121805
3.486146 -0.490692 3.556385
5.140072 0.791690 3.039143
1.733185 -1.706457 3.764461
3.872426 -0.749929 4.536300
0.461825 -1.402427 1.525920
0.502704 -2.667259 0.922482
-0.783412 -0.867365 1.895742
-0.664095 -3.410001 0.745770
-1.948922 -1.614083 1.735310
-1.877683 -2.889229 1.182328
-0.601623 -4.387342 0.280345
-2.900638 -1.186306 2.027901
-2.779082 -3.490162 1.102969
1.696263 -3.130178 0.452157
-0.854982 0.429870 2.323369
-0.624069 0.695085 3.728256
-0.079420 -0.157544 4.149214
2.506154 -3.936334 1.339875
2.248668 -3.668908 2.371908
-1.959823 0.844203 4.437612
-2.515811 1.692849 4.027548
-2.565508 -0.059431 4.324491
-1.806955 1.017838 5.506434
0.242300 1.939270 3.807752
1.194435 1.777944 3.295657
-0.268143 2.787907 3.340860
0.443940 2.196063 4.851120
3.949391 -3.555704 1.062839
4.114193 -2.496486 1.279472
4.627456 -4.148483 1.682270
4.192220 -3.743211 0.012066
2.216173 -5.410510 1.106735
1.173622 -5.648106 1.334178
2.417875 -5.675175 0.064802
2.848688 -6.028103 1.750457
-1.785653 -1.932086 -2.788976
-3.230884 -1.180597 -3.450295
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-6.603008 -1.258349 -0.154954
-5.713629 -2.207755 -0.207995
-4.732476 -1.942395 -1.214215
-5.106400 -0.698765 -1.710871
-6.265795 -0.332419 -1.098458
-3.623017 -2.642605 -1.532058
-2.511039 -1.915587 -2.109033
-2.347556 -0.556346 -1.438953
-3.265196 0.222116 -0.998519
-3.858332 1.781173 -0.099811
-4.696884 1.249754 1.487190
-2.316568 2.766573 0.302735
-4.995666 2.716576 -1.255191
-0.400312 0.115920 -1.052910
1.819552 0.763088 -0.660995
-5.792110 -3.057976 0.455429
-4.924892 -0.228519 -2.665815
-3.355980 -3.345853 -0.857636
-5.083126 2.132907 2.007600
-5.536093 0.569605 1.324126
-3.972350 0.768909 2.151358
-2.598639 3.709775 0.784001
-1.731146 3.004424 -0.591026
-1.691944 2.196336 0.997743
-5.927341 2.177412 -1.443941
-5.258583 3.679678 -0.805264
-4.507374 2.923050 -2.212722
1.854122 2.620118 -0.799614
1.325240 3.257655 0.495867
3.135076 3.320667 -1.275713
1.098842 2.789330 -1.580581
1.046400 4.746788 0.284388
2.076076 3.139130 1.286377
0.426994 2.736969 0.841939
2.854495 4.814968 -1.486648
3.932602 3.215047 -0.530480
3.500889 2.878002 -2.207707
2.296070 5.473050 -0.221692
0.698225 5.193249 1.221366
0.231617 4.863001 -0.443038
3.772845 5.318165 -1.804238
2.133044 4.929373 -2.306656
2.071562 6.526309 -0.415147
3.064040 5.453782 0.563191
2.948554 0.046219 -1.949989
4.446474 0.089564 -1.606986
2.518654 -1.388525 -2.311291
2.766814 0.690014 -2.824508
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5.291721 -0.478188 -2.751772
4.621591 -0.507859 -0.704032
4.769960 1.110427 -1.384418
3.382261 -1.965303 -3.436470
2.587673 -2.022270 -1.419369
1.466172 -1.394380 -2.618452
4.871600 -1.906974 -3.095584
6.349200 -0.444761 -2.471775
5.179484 0.160098 -3.638416
3.074772 -2.996648 -3.636965
3.201094 -1.396919 -4.358839
5.467921 -2.288818 -3.929776
5.074574 -2.558955 -2.235214
2.475993 0.331906 0.993946
3.661516 0.956920 1.409616
1.835748 -0.554960 1.877063
4.215185 0.722659 2.660010
4.164810 1.646231 0.743501
2.407297 -0.779426 3.136383
3.580932 -0.153971 3.532620
5.132877 1.223567 2.948227
1.910059 -1.466120 3.814869
3.995455 -0.349825 4.515750
0.578859 -1.313937 1.598562
0.634376 -2.590639 1.021097
-0.668158 -0.807136 1.996572
-0.518209 -3.368172 0.902352
-1.818534 -1.586264 1.890915
-1.732820 -2.869836 1.362233
-0.437617 -4.355921 0.461543
-2.769969 -1.168841 2.198889
-2.622371 -3.493275 1.325271
1.815558 -3.040956 0.511286
-0.753944 0.497949 2.391012
-0.587435 0.798100 3.795214
-0.004440 -0.011639 4.250034
2.723595 -3.719420 1.409177
2.510862 -3.383149 2.430800
-1.951079 0.883977 4.462256
-2.549683 1.673031 3.996639
-2.490787 -0.063380 4.376406
-1.843054 1.114693 5.525769
0.200081 2.093701 3.868059
1.179422 1.971266 3.398179
-0.340133 2.892074 3.348857
0.343726 2.396025 4.908769
4.123391 -3.283460 1.015186
4.231222 -2.201055 1.129317
4.869714 -3.777966 1.642449
4.320344 -3.549395 -0.028289
2.506081 -5.221087 1.312184
1.487819 -5.488480 1.607999
2.674845 -5.562224 0.286739
3.198736 -5.750132 1.972774
-1.617623 -2.531127 -2.012733
-2.679422 -1.735694 -3.176880
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-6.554199 -1.320710 -0.209178
-5.814183 -2.368984 -0.418267
-4.688473 -2.014500 -1.225330
-4.836569 -0.587994 -1.521942
-6.049614 -0.249794 -0.836373
-3.605372 -2.649831 -1.554790
-2.453805 -1.863414 -2.025110
-2.402507 -0.485872 -1.366210
-3.542100 0.140928 -1.039984
-3.814656 1.796655 -0.138673
-4.532843 1.425226 1.559414
-2.207830 2.722845 0.117721
-5.002614 2.809946 -1.185399
-0.459098 0.125935 -1.038684
1.787512 0.754510 -0.663272
-6.073567 -3.320559 0.023004
-4.999182 -0.366025 -2.583706
-3.449599 -3.591385 -1.218135
-4.780992 2.361788 2.070671
-5.441920 0.820013 1.519790
-3.786957 0.907791 2.171163
-2.431646 3.704804 0.550529
-1.648260 2.883586 -0.808965
-1.578074 2.176986 0.827159
-5.972090 2.319071 -1.309127
-5.184929 3.778604 -0.708460
-4.585330 3.006758 -2.178435
1.844061 2.613023 -0.796201
1.365247 3.257534 0.515103
3.113967 3.304033 -1.313451
1.064017 2.792607 -1.550188
1.086853 4.747289 0.308277
2.142972 3.137815 1.279102
0.476835 2.744088 0.894316
2.837517 4.799582 -1.520563
3.933378 3.194935 -0.592506
3.448972 2.856516 -2.254715
2.322720 5.465596 -0.241183
0.772454 5.199062 1.254724
0.248566 4.863672 -0.391730
3.748654 5.296220 -1.868333
2.091346 4.916005 -2.317913
2.097364 6.519348 -0.431699
3.115657 5.445546 0.518582
2.906939 0.037713 -1.963941
4.410090 0.080730 -1.646583
2.472563 -1.397820 -2.316248
2.711756 0.678260 -2.838023
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5.237333 -0.488840 -2.803532
4.600053 -0.515220 -0.745567
4.737945 1.101433 -1.430529
3.317322 -1.976927 -3.454429
2.557652 -2.029873 -1.424493
1.414779 -1.404354 -2.603269
4.812094 -1.918285 -3.138325
6.299472 -0.454945 -2.541329
5.110396 0.147682 -3.689559
3.007068 -3.008892 -3.648780
3.121501 -1.409790 -4.374706
5.395241 -2.301917 -3.981177
5.028590 -2.568480 -2.279778
2.478474 0.319127 0.979601
3.672842 0.938577 1.377659
1.852637 -0.569331 1.871902
4.248833 0.697718 2.616803
4.164887 1.630321 0.705537
2.446347 -0.801471 3.119607
3.628766 -0.181175 3.497232
5.172688 1.195575 2.890527
1.959290 -1.489118 3.804594
4.060540 -0.382230 4.471898
0.586544 -1.319430 1.610135
0.623243 -2.592553 1.023466
-0.653359 -0.800877 2.014653
-0.540143 -3.351980 0.895281
-1.815240 -1.562311 1.898611
-1.749928 -2.838963 1.352137
-0.469344 -4.337196 0.446449
-2.759290 -1.130369 2.209402
-2.652173 -3.441893 1.292068
1.794787 -3.058514 0.504603
-0.728499 0.500221 2.421947
-0.517110 0.787049 3.822346
0.087105 -0.022025 4.249541
2.708713 -3.734345 1.396734
2.509738 -3.390936 2.418546
-1.857887 0.852992 4.536534
-2.476440 1.647012 4.107427
-2.395098 -0.095768 4.449294
-1.714331 1.062887 5.600255
0.262260 2.087927 3.883435
1.228568 1.976888 3.384612
-0.298903 2.885555 3.385959
0.433345 2.382982 4.922149
4.106794 -3.309848 0.984498
4.221892 -2.227431 1.090473
4.857186 -3.804944 1.606523
4.290197 -3.582965 -0.059614
2.480096 -5.235373 1.312292
1.461331 -5.491903 1.616502
2.639445 -5.585072 0.288140
3.172995 -5.765212 1.972050
-1.567282 -2.457963 -1.803595
-2.519572-1.743794 -3.114212
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-6.277385 -1.769782 -1.666189
-5.934616 -0.550522 -1.988351
-4.740704 -0.177333 -1.300344
-4.446504 -1.270070 -0.465885
-5.379334 -2.262810 -0.794150
-3.937406 0.870576 -1.367871
-2.702742 0.883106 -0.572222
-2.194862 -0.493142 -0.156925
-3.019290 -1.573056 -0.159391
-2.605227 -3.398051 0.156575
-2.829798 -4.310615 -1.471159
-0.843994 -3.664938 0.736452
-3.807275 -4.043170 1.458217
-0.210839 -0.408932 0.390557
2.077623 -0.311643 1.039290
-6.526705 0.005761 -2.700753
-4.868817 -0.805150 0.865040
-4.141933 1.648767 -1.975939
-2.659869 -5.384172 -1.337125
-3.834264 -4.177831 -1.881466
-2.103009 -3.949124 -2.206496
-0.702208 -4.729631 0.955890
-0.594978 -3.102262 1.642389
-0.142334 -3.385353 -0.055560
-4.848593 -3.847839 1.186530
-3.693400 -5.127030 1.564990
-3.624051 -3.607117 2.446939
2.334121-1.701293 2.259059
2.556516 -3.030633 1.518375
3.346644 -1.539159 3.401797
1.341475 -1.757067 2.729598
2.428881 -4.209474 2.484446
3.561190 -3.032803 1.079096
1.854610 -3.129739 0.685727
3.223116 -2.721671 4.372391
4.369779 -1.512880 3.007176
3.184332 -0.600436 3.941642
3.400869 -4.064976 3.658838
2.613757 -5.146512 1.949252
1.398011 -4.258774 2.860208
3.959492 -2.616167 5.175218
2.233014 -2.689776 4.847135
3.266618 -4.887071 4.368540
4.430220 -4.138466 3.282949
2.480911 1.295328 1.884073
3.972434 1.606500 2.085925
1.790976 2.463392 1.156894
2.010065 1.179324 2.874184
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4.165976 2.927086 2.838891
4.452116 1.684058 1.102632
4.476984 0.801125 2.626114
1.994780 3.781818 1.904701
2.196501 2.542523 0.141326
0.720801 2.265300 1.043210
3.477050 4.086365 2.118491
5.236058 3.126682 2.953064
3.753902 2.830656 3.852753
1.503654 4.591229 1.357096
1.496086 3.726561 2.883391
3.600883 5.014596 2.685015
3.958350 4.241723 1.143365
3.312305 -0.560906 -0.294637
4.641622 -0.821732 0.070849
2.978525 -0.556233 -1.660099
5.627271 -1.070540 -0.873626
4.914573 -0.838685 1.118757
3.983382 -0.814804 -2.601284
5.294232 -1.069042 -2.223364
6.644949 -1.268877 -0.555158
3.718196 -0.814188 -3.654389
6.048529 -1.266583 -2.977659
1.618482 -0.286333 -2.215159
1.225783 1.020147 -2.536856
0.732770 -1.339612 -2.485565
0.004593 1.263965 -3.162667
-0.489216 -1.099850 -3.112111
-0.841299 0.199281 -3.459769
-0.265865 2.288198 -3.398251
-1.167153 -1.928717 -3.278403
-1.794120 0.385019 -3.945425
2.013416 2.066893 -2.149495
1.036911 -2.586220 -2.015739
1.760889 -3.478957 -2.888416
2.356058 -2.871063 -3.581269
3.091893 2.464911 -3.022561
3.399585 1.590780 -3.608050
0.780740 -4.338006 -3.672340
0.155996 -4.917437 -2.985619
0.132038 -3.720489 -4.299684
1.317400 -5.033220 -4.324164
2.688965 -4.285188 -1.998015
3.384082 -3.622480 -1.475684
2.107813 -4.839850 -1.254101
3.262656 -5.001993 -2.591557
4.232671 2.894302 -2.117770
4.548771 2.059663 -1.485274
5.087948 3.230608 -2.709746
3.910749 3.721099 -1.476004
2.614904 3.562652 -3.960405
1.777733 3.215136 -4.572347
2.291951 4.436207 -3.386742
3.422213 3.866604 -4.632794
-1.935060 1.380162 -1.168570
-4.117352 1.742801 2.401436
-3.081735 0.935790 2.802043
-3.554510-0.360630 2.516180
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-4.270508 2.810366 2.411954
-3.064759 -1.310785 2.659238
-5.129800 1.013029 1.912232
-4.773441 -0.310071 1.987867
-1.836374 1.251456 3.314943
-1.112209 0.688973 2.875442
-1.481613 2.664556 3.377943
-1.521392 3.378000 2.090294
-1.554995 3.955335 1.021172
-1.539361 4.922000 -0.557381
-2.776874 4.150335 -1.755698
-3.006365 4.858481 -2.558336
-2.361427 3.248923 -2.218191
-3.715856 3.900583 -1.250149
-2.058029 6.676323 -0.148760
-1.383149 7.124639 0.586272
-2.037926 7.301068 -1.047797
-3.071745 6.709626 0.261463
0.177749 4.868687 -1.305508
0.153580 5.314885 -2.306539
0.890737 5.444355 -0.707242
0.562959 3.848212 -1.400299
-2.150345 3.158256 4.092858
-2.8493751.516933 0.316626
-0.475000 2.732280 3.800145

Si-H-RuPhos-C
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-6.247087 -2.044629 -1.712211
-6.162102 -0.747964 -1.508814
-4.866081 -0.383709 -1.064947
-4.189497 -1.569891 -1.007390
-5.013126 -2.565888 -1.396496
-4.251586 0.784486 -0.627086
-2.794834 0.737967 -0.832094
-2.155338 -0.559871 -0.328179
-2.842555 -1.733297 -0.480688
-2.353890 -3.496164 0.022660
-2.317889 -4.606296 -1.491373
-0.694366 -3.598417 0.889544
-3.702197 -4.101994 1.206556
-0.216358 -0.319845 0.305191
2.019798 -0.015275 1.086126
-7.028495 -0.129512 -1.700965
-5.364882 -1.124831 1.529891
-4.671231 1.637233 -0.972040
-2.259812 -5.657675 -1.190318
-3.212923 -4.480774 -2.106369
-1.437883 -4.392226 -2.105629
-0.543147 -4.625659 1.241292
-0.604494 -2.934342 1.756400
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0.108777 -3.362352 0.184973
-4.692973 -4.036318 0.746490
-3.530296 -5.153401 1.459323
-3.721567 -3.557222 2.159039
2.243961 -1.225433 2.488607
2.601660 -2.615325 1.936307
3.146972 -0.862563 3.675461
1.219915 -1.289973 2.885336
2.460135 -3.677491 3.027343
3.638017 -2.601308 1.578034
1.980013 -2.858357 1.070128
3.009829 -1.927085 4.772632
4.195896 -0.815877 3.358057
2.887557 0.121000 4.081180
3.320440 -3.331240 4.245932
2.741886 -4.657055 2.627679
1.405403 -3.750257 3.325890
3.669964 -1.679491 5.609807
1.983317 -1.903781 5.163440
3.173504 -4.070305 5.039550
4.380005 -3.381415 3.961438
2.256038 1.709302 1.745700
3.701618 2.142952 2.035118
1.573661 2.722418 0.808200
1.701585 1.688615 2.698840
3.750709 3.562156 2.610223
4.270269 2.121771 1.097730
4.192619 1.450835 2.724339
1.648684 4.145587 1.364808
2.052114 2.675104 -0.177220
0.526411 2.447543 0.649422
3.086705 4.564975 1.666900
4.791830 3.842182 2.798686
3.238962 3.579668 3.582436
1.183826 4.840191 0.656960
1.051994 4.207882 2.285807
3.110018 5.569989 2.099607
3.656982 4.608369 0.729173
3.376291 -0.340152 -0.102327
4.688135-0.431617 0.387015
3.152152 -0.542684 -1.474653
5.763589 -0.700981 -0.447325
4.875980 -0.294619 1.444859
4.248377 -0.811069 -2.304389
5.541662 -0.888878 -1.807053
6.765271 -0.765547 -0.036333
4.068988 -0.966170 -3.364070
6.368994 -1.100761 -2.476088
1.817810 -0.506623 -2.143071
1.319319 0.687483 -2.680870
1.073358 -1.683428 -2.310705
0.135425 0.695182 -3.416980
-0.109723 -1.677986 -3.045922
-0.566812 -0.490568 -3.605638
-0.227147 1.635234 -3.817022
-0.680847 -2.593575 -3.138898
-1.491345 -0.486424 -4.173597
1.966017 1.857325 -2.398812
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1.475891 -2.811412 -1.649532
2.357758 -3.718719 -2.342999
2.920842 -3.143727 -3.088699
3.024233 2.273260 -3.283699
3.458070 1.379490 -3.748754
1.541632 -4.797640 -3.037968
0.947580 -5.351073 -2.304114
0.865618 -4.362128 -3.778948
2.199216 -5.502566 -3.554604
3.314670 -4.266821 -1.299515
3.889649 -3.453940 -0.847818
2.755977 -4.781171 -0.510774
4.007884 -4.980748 -1.752322
4.069313 2.942996 -2.408686
4.444302 2.237629 -1.661333
4.909419 3.296393 -3.012352
3.630841 3.803338 -1.891950
2.461801 3.187072 -4.361716
1.715977 2.663462 -4.966027
1.989650 4.061373 -3.903501
3.258135 3.529653 -5.028650
-2.523428 0.838624 -1.900935
-4.238391 1.525920 2.562770
-3.089381 0.784294 2.680729
-3.492519 -0.518574 2.316761
-4.467468 2.569399 2.704423
-2.927860 -1.434380 2.260284
-5.273303 0.759260 2.180237
-4.786723 -0.487131 2.067642
-1.817335 1.147217 3.063450
-1.119920 0.668565 2.490635
-1.548093 2.577760 3.188343
-1.757183 3.331298 1.945317
-1.905706 3.889982 0.876753
-1.941609 4.685599 -0.797954
-3.598700 4.302319 -1.604442
-3.759187 4.957824 -2.466438
-3.615034 3.272303 -1.975830
-4.436919 4.447141 -0.916272
-1.705170 6.529778 -0.568585
-0.767023 6.743268 -0.047493
-1.673446 7.035489 -1.539129
-2.520944 6.968964 0.013035
-0.562258 3.908390 -1.801715
-0.648946 4.189755 -2.857155
0.429044 4.211967 -1.455928
-0.601223 2.816568 -1.739283
-2.169112 2.981683 3.996539
-2.370442 1.596007 -0.307513
-0.509569 2.686663 3.514423
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-6.447615 -1.481004 0.029909
-5.829131 -2.486306 -0.483845
-4.814374 -2.065105 -1.441120
-4.909096 -0.570016 -1.420858
-5.978292 -0.318825 -0.492607
-3.957114 -2.719705 -2.128935
-2.091637 -1.624470 -1.952468
-2.500069 -0.460058 -1.324721
-3.621549 0.157460 -0.981676
-3.833300 1.845087 -0.118691
-4.386437 1.570560 1.652311
-2.185818 2.742029 -0.074602
-5.105943 2.797761 -1.116467
-0.441866 0.056029 -1.031922
1.796876 0.729073 -0.686384
-6.084526 -3.493814 -0.183990
-5.230314 -0.174976 -2.390866
-3.994637 -3.724476 -1.959494
-4.616618 2.531348 2.125604
-5.276209 0.940306 1.716377
-3.576471 1.108803 2.224740
-2.333263 3.759963 0.303239
-1.704960 2.818551 -1.055755
-1.515210 2.228341 0.622586
-6.076897 2.293905 -1.115543
-5.251929 3.793975 -0.686608
-4.785902 2.930562 -2.155118
1.831956 2.579840 -0.894168
1.376663 3.274883 0.399777
3.094023 3.248841 -1.458113
1.039756 2.728762 -1.641856
1.089110 4.753781 0.135668
2.170780 3.189345 1.151121
0.499061 2.775614 0.820599
2.811682 4.734673 -1.720773
3.923061 3.167989 -0.744536
3.415565 2.764123 -2.385456
2.313954 5.451680 -0.462346
0.788795 5.242686 1.067919
0.239008 4.838238 -0.554496
3.717295 5.217004 -2.101056
2.054738 4.817898 -2.512022
2.081771 6.495566 -0.693598
3.118251 5.466284 0.285345
2.894552 -0.045853 -1.970808
4.400085 0.013714 -1.665128
2.459613 -1.496658 -2.253588
2.690485 0.556762 -2.869283
5.219066 -0.606145 -2.802013
4.596517 -0.542788 -0.740723
4.727525 1.043482 -1.496511
3.297960 -2.125849 -3.369830
2.550154 -2.087557 -1.334619
1.400475 -1.519576 -2.535821
4.794507 -2.050356 -3.066524
6.282712 -0.557650 -2.549072
5.084069 -0.011007 -3.715080
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2.987339 -3.165727 -3.513121
3.094657 -1.602405 -4.313944
5.372138 -2.471662 -3.894784
5.018111 -2.659604 -2.180329
2.484714 0.352508 0.967416
3.685327 0.980900 1.331605
1.860549 -0.503185 1.892012
4.271067 0.776589 2.572491
4.174634 1.647431 0.632136
2.466523 -0.699129 3.139607
3.655519 -0.072530 3.485047
5.199382 1.278478 2.822378
1.983895 -1.362446 3.850975
4.096487 -0.245503 4.460924
0.586291 -1.247699 1.658038
0.612019 -2.541820 1.117182
-0.651337 -0.697814 2.031667
-0.561491 -3.286371 0.996220
-1.823857 -1.443849 1.917238
-1.772002 -2.737460 1.408950
-0.504142 -4.283590 0.573320
-2.766726 -0.989446 2.197853
-2.685700 -3.317694 1.325488
1.783284 -3.035514 0.623831
-0.713369 0.615224 2.405613
-0.464754 0.929190 3.796465
0.154501 0.129537 4.218939
2.680121 -3.702221 1.540261
2.491693 -3.315283 2.548533
-1.782351 1.000101 4.551000
-2.409900 1.801452 4.150314
-2.328478 0.055556 4.474721
-1.601872 1.200922 5.610841
0.311777 2.232633 3.813800
1.268499 2.114394 3.298243
-0.262531 3.018815 3.313144
0.503381 2.549009 4.842536
4.086739 -3.327190 1.109397
4.227214 -2.244112 1.170602
4.827038 -3.813507 1.750016
4.261553 -3.647423 0.077226
2.414808 -5.199073 1.513031
1.391360 -5.419839 1.828862
2.562845 -5.591315 0.502751
3.096738 -5.719670 2.191260
-1.685286 -2.442782 -1.361159
-1.872034 -1.624880 -3.016783
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-5.633324 -1.684853 0.891290
-5.430802 -2.580114 -0.003632
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-5.098834 -2.004502 -1.315039
-5.077322 -0.518951 -1.029055
-5.497440 -0.430758 0.347113
-4.853818 -2.520362 -2.446940
-1.820001 -1.324180 -2.182663
-2.726431 -0.516850 -1.609423
-3.710960 0.166651 -1.111869
-3.636636 1.988104 -0.497801
-3.227900 2.007065 1.323331
-2.352247 2.894794 -1.523709
-5.338684 2.693272 -0.842723
-0.259527 -0.000414 -1.240454
1.734720 0.949323 -0.463680
-5.515452 -3.628352 0.253438
-5.810434 0.016131 -1.639084
-4.924132 -3.538273 -2.411163
-3.030331 3.030621 1.660847
-4.069993 1.610787 1.898668
-2.351183 1.390508 1.542437
-2.437763 3.972109 -1.346012
-2.492833 2.719245 -2.594511
-1.333039 2.597546 -1.259943
-6.113076 2.177337 -0.267362
-5.361654 3.748672 -0.551868
-5.599233 2.641822 -1.904865
1.433244 2.775128 -0.299882
0.589355 3.042285 0.958713
2.619212 3.745969 -0.398109
0.802270 2.972428 -1.178361
0.097236 4.490583 0.986108
1.205499 2.850460 1.845378
-0.253368 2.343500 1.017555
2.104811 5.191639 -0.379972
3.302629 3.609462 0.447633
3.190604 3.567244 -1.314459
1.262910 5.475563 0.866599
-0.462320 4.668963 1.910154
-0.602306 4.650122 0.155241
2.953335 5.880341 -0.433227
1.498890 5.367722 -1.278749
0.889544 6.503624 0.841364
1.898513 5.392627 1.758299
3.064105 0.637580 -1.723052
4.502027 0.873510 -1.230905
2.919573 -0.784475 -2.301781
2.835894 1.364234 -2.517936
5.517514 0.614361 -2.348461
4.710396 0.188677 -0.400301
4.626241 1.890681 -0.848248
3.960600 -1.061317 -3.389748
3.014251 -1.516887 -1.490902
1.915475 -0.917481 -2.721907
5.384159 -0.806893 -2.894340
6.527496 0.786509 -1.964002
5.360867 1.336651 -3.160627
3.852046 -2.093677 -3.736728
3.758666 -0.414882 -4.254389
6.102733 -0.974042 -3.702208



T I IO IZoD@Dfom@DIZomnomaooomIzIooooooomnz@zoomnaoaoanmxm

5.627557 -1.523222 -2.098003
2.321526 0.320335 1.151566
3.376982 1.010840 1.767427
1.773959 -0.798033 1.804111
3.897100 0.613845 2.990816
3.808843 1.875791 1.281328
2.314391 -1.187284 3.036212
3.363510 -0.499410 3.629267
4.712865 1.171065 3.438110
1.884536 -2.047781 3.539750
3.755932 -0.827484 4.585850
0.611676 -1.603571 1.324803
0.786926 -2.771108 0.569505
-0.685429 -1.235178 1.715053
-0.307289 -3.581637 0.263336
-1.784112 -2.030953 1.393883
-1.582269 -3.213132 0.686536
-0.144418 -4.479900 -0.322001
-2.778496 -1.707262 1.681762
-2.431819 -3.843810 0.443765
2.018879 -3.058095 0.061842
-0.847202 -0.030441 2.333841
-0.831903 -0.007508 3.780401
-0.183394 -0.823188 4.123488
2.935256 -3.808262 0.890976
2.671226 -3.632313 1.940469
-2.236887 -0.207555 4.325909
-2.901445 0.581575 3.963330
-2.645014 -1.175367 4.023482
-2.224048 -0.175844 5.419007
-0.216979 1.324749 4.167437
0.803968 1.397456 3.782603
-0.809754 2.146268 3.752315
-0.191730 1.432807 5.254832
4.317679 -3.243524 0.617399
4.350902 -2.180950 0.875732
5.071740 -3.771619 1.206773
4.567824 -3.356842 -0.442350
2.811171 -5.290744 0.577760
1.801367 -5.651956 0.791354
3.033639 -5.474493 -0.477224
3.511826 -5.868878 1.186790
-1.464243 -2.195065 -1.628379
-1.726477 -1.331083 -3.266141

Si-Me-RuPhos-A

N

C
C
C

7.325632 -0.525947 0.055686
6.754481 -1.158651 -0.933936
5.346609 -1.287992 -0.741753
5.149564 -0.675476 0.458873
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6.324584 -0.228359 0.940350
4.461423 -1.929659 -1.612273
3.035358 -1.895742 -1.346814
2.579996 -0.481131 -1.161084
2.555634 0.751196 -1.027960
3.034368 2.578643 -0.981925
3.849494 2.879801 -2.640405
1.492406 3.620665 -0.773072
4.246091 2.808407 0.423661
0.388277 0.055670 -0.915722
-1.937483 -0.234227 -0.896385
7.355450 -1.509995 -1.761884
4.278893 -0.475246 1.062215
4.686223 -1.757618 -2.582428
4.166956 3.924395 -2.723377
4.736507 2.250627 -2.760132
3.164305 2.669224 -3.466972
1.783282 4.653353 -0.552317
0.843048 3.274427 0.037085
0.907664 3.638124 -1.697902
5.109875 2.144481 0.331084
4.615131 3.839728 0.411963
3.781443 2.632732 1.396200
-2.256441 -1.789019 -1.861433
-1.886176 -3.014867 -1.008832
-3.627496 -1.971014 -2.528821
-1.518259 -1.706095 -2.672337
-1.893363 -4.286324 -1.860463
-2.618052 -3.115713 -0.198226
-0.913637 -2.874378 -0.522303
-3.622412 -3.244849 -3.384403
-4.412132-2.064037 -1.769123
-3.874817 -1.106148 -3.152736
-3.241897 -4.477117 -2.559619
-1.664536 -5.151623 -1.230208
-1.095952 -4.223573 -2.613436
-4.606981 -3.380533 -3.841940
-2.906798 -3.120104 -4.207975
-3.215096 -5.363881 -3.199782
-4.016689 -4.657960 -1.802707
-2.743019 1.201154 -1.758560
-4.247015 1.380003 -1.496807
-1.973235 2.494777 -1.433197
-2.594782 0.969039 -2.824497
-4.800805 2.586870 -2.261669
-4.406917 1.538525 -0.423720
-4.803869 0.480888 -1.777123
-2.554570 3.707775 -2.162143
-1.981685 2.661059 -0.349287
-0.922717 2.372038 -1.716103
-4.051066 3.867060 -1.893784
-5.868529 2.690123 -2.045568
-4.712886 2.407489 -3.341487
-2.008479 4.606283 -1.856890
-2.393073 3.591259 -3.242314
-4.449605 4.716794 -2.455858
-4.211008 4.085911 -0.829387
-2.687960 -0.437862 0.756685
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-4.040327 -0.807310 0.825683
-1.970957 -0.267126 1.952802
-4.687348 -0.987414 2.039656
-4.605653 -0.953206 -0.085410
-2.641901 -0.444629 3.169575
-3.983117 -0.796950 3.223018
-5.733658 -1.271937 2.057820
-2.084923 -0.307117 4.091425
-4.471988 -0.928325 4.182434
-0.520411 0.067459 2.066394
-0.085621 1.398107 2.140902
0.420865 -0.961830 2.218413
1.243733 1.693051 2.439116
1.747525 -0.668087 2.529977
2.147804 0.657904 2.655525
1.551019 2.731787 2.492829
2.452952 -1.480957 2.658617
3.177609 0.886524 2.912499
-0.962294 2.398724 1.834850
0.025338 -2.242186 1.958968
-0.383489 -3.067524 3.074196
-0.733284 -2.404880 3.875520
-1.772803 2.928709 2.910148
-1.880221 2.146626 3.671386
0.795465 -3.891890 3.567209
1.192550 -4.505250 2.752849
1.595665 -3.251755 3.947432
0.483294 -4.554554 4.379152
-1.540841 -3.914411 2.575843
-2.370452 -3.276921 2.258252
-1.221355 -4.525544 1.725735
-1.893663 -4.582168 3.366130
-3.133292 3.237182 2.311474
-3.582604 2.327493 1.902177
-3.802341 3.646439 3.072836
-3.034977 3.975102 1.508687
-1.086683 4.142109 3.516281
-0.117485 3.871246 3.943750
-0.931522 4.909025 2.751877
-1.700143 4.567240 4.315545
2.539668 -2.275190 -2.245835
2.654870 -2.808389 -0.176498
3.225268 -2.556761 0.718432
1.592742 -2.730359 0.068471
2.892163 -3.837656 -0.450651

Si-Me-RuPhos-TS1

N

C
C
C

7.021228 -0.382876 -0.860890
6.371017 -1.357394 -1.426136
5.163998 -1.658805 -0.716670
5.144973 -0.712313 0.304305
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6.299201 0.010022 0.227798
4.203813 -2.549788 -1.035204
2.838307 -2.328648 -0.571678
2.525163 -0.832386 -0.584523
3.312075 0.168135 -0.422493
3.728977 2.010167 -0.583570
4.906732 2.159098 -2.032488
2.127674 2.902468 -0.972317
4.500103 2.642213 1.000710
0.488212 -0.340177 -0.741595
-1.844920 -0.191852 -1.015230
6.767920 -1.827775 -2.315185
4.691099 -0.724635 1.282385
4.285657 -2.945178 -1.961135
5.087413 3.217902 -2.246864
5.875105 1.692393 -1.836400
4.479021 1.706504 -2.932404
2.321286 3.979810 -1.022756
1.347732 2.733277 -0.224676
1.748480 2.588033 -1.949362
5.439876 2.135168 1.231749
4.724264 3.707700 0.881022
3.823959 2.541617 1.852507
-2.302653 -1.799532 -1.835058
-2.253448 -2.941747 -0.805157
-3.579860 -1.873468 -2.684228
-1.459747 -1.939248 -2.527482
-2.347542 -4.301653 -1.500711
-3.096515 -2.830380 -0.112397
-1.345818 -2.876295 -0.192682
-3.662372 -3.238023 -3.381168
-4.468426 -1.750107 -2.054410
-3.596047 -1.074640 -3.432481
-3.600800 -4.390578 -2.375477
-2.348526 -5.099589 -0.751051
-1.455332-4.453172 -2.123764
-4.583639 -3.293213 -3.969099
-2.829574 -3.327917 -4.091516
-3.630192 -5.349997 -2.900793
-4.490419 -4.355954 -1.732455
-2.334447 1.208910 -2.133815
-3.820173 1.602227 -2.110205
-1.444459 2.432300 -1.851486
-2.086589 0.826035 -3.136048
-4.102486 2.749735 -3.085936
-4.087561 1.925668 -1.097113
-4.458676 0.748300 -2.354769
-1.751827 3.592399 -2.800548
-1.580344 2.747448 -0.810092
-0.393566 2.148000 -1.950186
-3.233470 3.968368 -2.775431
-5.164095 3.011367 -3.037603
-3.906767 2.412248 -4.112592
-1.130082 4.452557 -2.531845
-1.470400 3.306819 -3.823320
-3.435130 4.771959 -3.490180
-3.495879 4.353661 -1.780813
-2.825564 -0.076404 0.526218
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-4.211184 -0.285730 0.448221
-2.253249 0.182308 1.782695
-5.025329 -0.230175 1.570240
-4.669119 -0.493670 -0.509769
-3.090043 0.242274 2.904946
-4.459766 0.041859 2.810615
-6.092609 -0.396499 1.472874
-2.642310 0.447978 3.872595
-5.078929 0.093244 3.699903
-0.801014 0.393641 2.057019
-0.242107 1.678265 2.027586
0.002042 -0.681408 2.466553
1.065092 1.893432 2.461076
1.301430 -0.464825 2.919717
1.822986 0.823624 2.924887
1.469885 2.898856 2.420584
1.894840 -1.312545 3.241241
2.833100 0.993120 3.284151
-0.965922 2.704139 1.492575
-0.480938 -1.952025 2.318983
-1.146653 -2.556574 3.450570
-1.535001 -1.751403 4.086059
-1.840817 3.437798 2.378875
-2.122099 2.775708 3.206676
-0.156151 -3.397887 4.240640
0.278933 -4.169834 3.598596
0.650623 -2.780575 4.644606
-0.656464 -3.888307 5.080379
-2.305697 -3.360428 2.889133
-3.001063 -2.704570 2.358637
-1.935866 -4.117935 2.190795
-2.844770 -3.867402 3.693826
-3.078325 3.785365 1.570969
-3.569735 2.873619 1.219095
-3.786716 4.353018 2.179999
-2.804210 4.395237 0.704096
-1.111453 4.655112 2.924709
-0.234175 4.357473 3.505581
-0.786111 5.299715 2.103039
-1.769781 5.232441 3.579995
2.191840 -2.833280 -1.293251
2.580313 -2.942658 0.807644
3.228007 -2.499155 1.567259
1.541526 -2.780602 1.108002
2.780968 -4.015371 0.770237

Si-Me-RuPhos-B

N
C
C

-6.531222 -1.181010 0.190580
-5.837883 -2.260350 -0.018218
-4.730401 -1.968357 -0.876016
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-4.854855 -0.551199 -1.228393
-6.018372 -0.146896 -0.488199
-3.673184 -2.647081 -1.195903
-2.486103 -1.938935 -1.732494
-2.411810 -0.514650 -1.182148
-3.522317 0.171098 -0.872402
-3.713939 1.916726 -0.135988
-4.349404 1.747415 1.625841
-2.082691 2.833270 -0.056267
-4.938602 2.838696 -1.225370
-0.447207 0.083367 -0.961615
1.826495 0.676596 -0.715729
-6.108818 -3.188540 0.464137
-5.090044 -0.378144 -2.284857
-3.552587 -3.584395 -0.832566
-4.574609 2.737283 2.037602
-5.257377 1.143820 1.699495
-3.572450 1.301391 2.254746
-2.270763 3.858351 0.283620
-1.566377 2.887413 -1.019599
-1.427897 2.350954 0.676287
-5.921982 2.359997 -1.243834
-5.078790 3.857393 -0.849197
-4.572569 2.916779 -2.254518
1.939561 2.509534 -1.036989
1.525747 3.301305 0.214376
3.214135 3.098090 -1.659302
1.141278 2.640180 -1.782000
1.290123 4.771377 -0.136926
2.323370 3.232402 0.963981
0.633212 2.862820 0.670069
2.980725 4.573625 -2.011624
4.052431 3.033395 -0.954856
3.503929 2.545247 -2.558700
2.530163 5.384935 -0.793455
1.022062 5.328500 0.766629
0.433470 4.845776 -0.820221
3.895971 4.998810 -2.435137
2.213157 4.634908 -2.794701
2.333227 6.421115 -1.085071
3.346479 5.414243 -0.059169
2.876198 -0.201812 -1.975301
4.389411 -0.188345 -1.707556
2.379757 -1.645791 -2.180183
2.676162 0.362404 -2.899472
5.157383 -0.892336 -2.830975
4.587195 -0.706861 -0.761520
4.760718 0.834253 -1.596002
3.164435 -2.357614 -3.285581
2.473348 -2.197007 -1.237164
1.312836 -1.638229 -2.431621
4.670085 -2.328643 -3.020677
6.228074 -0.876303 -2.604346
5.024525 -0.334311 -3.767629
2.811228 -3.390202 -3.375437
2.958944 -1.868486 -4.247679
5.210913 -2.809445 -3.841639
4.890930 -2.906435 -2.112905

=y
=
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2.559646 0.378735 0.939212
3.784925 0.993218 1.238959
1.937807 -0.400048 1.931393
4.394744 0.852689 2.477348
4.275246 1.599905 0.487918
2.566189 -0.531788 3.176704
3.778484 0.082557 3.456765
5.341893 1.343390 2.673463
2.082207 -1.134637 3.939368
4.236415 -0.038952 4.432669
0.642052 -1.129926 1.780692
0.622178 -2.453828 1.318597
-0.568984 -0.535163 2.168027
-0.566991 -3.182895 1.294874
-1.756232 -1.265453 2.156710
-1.746912 -2.588907 1.731407
-0.540011 -4.207486 0.939093
-2.676957 -0.774896 2.449693
-2.669654 -3.162567 1.746699
1.762726 -3.005422 0.813810
-0.594494 0.800420 2.451671
-0.316856 1.210704 3.809218
0.276957 0.424052 4.289377
2.684903 -3.619643 1.740906
2.530834 -3.170062 2.728688
-1.624597 1.391833 4.563525
-2.232241 2.167487 4.087856
-2.197521 0.460256 4.582127
-1.430815 1.690028 5.597807
0.507061 2.481950 3.716944
1.448785 2.288354 3.196658
-0.046598 3.248886 3.165748
0.728665 2.867696 4.715631
4.080624 -3.284811 1.246304
4.232614 -2.201782 1.242320
4.836172 -3.742525 1.890336
4.219879 -3.663727 0.228727
2.408660 -5.113239 1.814257
1.393195 -5.304317 2.172765
2.523679 -5.568048 0.826073
3.106638 -5.597614 2.502974
-1.639881 -2.519067 -1.354998
-2.473897 -1.962817 -3.263511
-3.323865 -1.414156 -3.677815
-1.560287 -1.476452 -3.611810
-2.494286 -2.986969 -3.643735

Si-Me-RuPhos-TS2

N
C

4.046695 -2.925294 2.662491
4.410421 -1.746559 2.221315
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3.628925 -1.382176 1.088522
2.844987 -2.511882 0.821787
3.052943 -3.393952 1.874313
3.538000 -0.314293 0.298507
2.211850 0.031330 -0.284012
1.245020 -1.142266 -0.347210
1.548850 -2.387912 0.105679
0.484367 -3.948238 -0.062615
-0.497069 -4.222192 1.513124
-0.688988 -3.836611 -1.530330
1.691785 -5.364111 -0.361124
-0.665380 -0.507268 -0.776420
-2.859072 0.308156 -1.136038
5.183761 -1.193902 2.735203
3.769407 -2.961495 -0.178613
4.221185 0.430445 0.377075
-1.078332 -5.148777 1.453442
0.163707 -4.297126 2.383118
-1.190928 -3.390841 1.675824
-1.060017 -4.839345 -1.770377
-0.196356 -3.432545 -2.419990
-1.555554 -3.207159 -1.308244
2.374379 -5.501966 0.482683
1.149426 -6.304260 -0.504398
2.294738 -5.193990 -1.260215
-3.808185 -1.113385 -1.871919
-4.193123 -2.100485 -0.755598
-4.992317 -0.849480 -2.811736
-3.028906 -1.594924 -2.481016
-4.696733 -3.417575 -1.348997
-4.985608 -1.652357 -0.143688
-3.348166 -2.272087 -0.077573
-5.490821 -2.174584 -3.403932
-5.818918 -0.376123 -2.268423
-4.701566 -0.169949 -3.619560
-5.864222 -3.178947 -2.310122
-4.998547 -4.093655 -0.542282
-3.874519 -3.911054 -1.884507
-6.348388 -1.985154 -4.057200
-4.700845 -2.601984 -4.035997
-6.184906 -4.123158 -2.761079
-6.722489 -2.792240 -1.744074
-2.820338 1.722115 -2.346177
-4.111570 2.542914 -2.489385
-1.636020 2.648139 -2.005399
-2.607826 1.225898 -3.305961
-3.949048 3.658148 -3.527519
-4.353248 2.997356 -1.520953
-4.956522 1.904755 -2.763296
-1.491286 3.787463 -3.016873
-1.774953 3.054004 -0.996311
-0.709390 2.065527 -1.971374
-2.787887 4.583990 -3.165041
-4.882951 4.224270 -3.601714
-3.769087 3.214469 -4.516036
-0.670151 4.443812 -2.709051
-1.212885 3.369265 -3.994066
-2.671521 5.365696 -3.922246
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-3.014142 5.090009 -2.216530
-3.799461 0.892551 0.327507
-5.172493 1.140539 0.177663
-3.215290 1.093835 1.590462
-5.957869 1.593108 1.228415
-5.642165 0.978068 -0.783938
-4.019834 1.558631 2.639355
-5.373698 1.812009 2.470478
-7.016508 1.772601 1.074980
-3.563524 1.706922 3.613578
-5.968404 2.167524 3.305317
-1.795677 0.800656 1.952181
-0.806134 1.791535 1.919397
-1.456306 -0.473840 2.429077
0.469934 1.533307 2.418886
-0.174887 -0.742890 2.905780
0.776820 0.270309 2.916490
1.213688 2.322483 2.384950
0.068230 -1.746990 3.232927
1.772249 0.067427 3.301157
-1.076245 2.989450 1.319752
-2.385811 -1.469667 2.326902
-3.242072 -1.699784 3.466588
-3.353458 -0.749957 4.004687
-1.652423 4.030318 2.133090
-2.170045 3.562077 2.978894
-2.620666 -2.738116 4.388463
-2.463349 -3.677496 3.850553
-1.658685 -2.393813 4.777231
-3.278952 -2.929951 5.240699
-4.588514 -2.121252 2.906967
-5.006157 -1.325651 2.284190
-4.476194 -3.022864 2.296473
-5.288739 -2.338131 3.718116
-2.663916 4.753337 1.260838
-3.439353 4.058315 0.926242
-3.137445 5.568496 1.814617
-2.168016 5.176381 0.381071
-0.547746 4.938042 2.654069
0.159437 4.374927 3.270073
-0.006021 5.386956 1.815704
-0.966069 5.741536 3.267027
1.759907 0.781187 0.380343
2.414776 0.706245 -1.643712
2.618817 -0.022472 -2.432304
1.505779 1.240258 -1.928290
3.236547 1.427575 -1.596635
6.483330 -1.798083 -1.014802
5.695786 -1.178755 -1.949254
4.527592 -1.976960 -1.956629
7.474773 -1.612763 -0.633627
3.614999 -1.873415 -2.524393
5.855566 -2.867422 -0.496104
4.636031 -2.979045 -1.096647
5.934252 -0.042809 -2.699259
5.103666 0.300344 -3.164522
6.721528 1.042600 -2.105090
6.024262 1.707891 -0.981094
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5.426950 2.309613 -0.106862
4.514129 3.310898 1.168548
4.212319 2.213121 2.667375
3.725807 2.790528 3.460859
3.556588 1.369480 2.428952
5.149581 1.820737 3.074100
5.585312 4.778452 1.617729
5.787580 5.402685 0.742615
5.085222 5.400947 2.366848
6.544909 4.457542 2.033212
2.876785 3.852709 0.425553
2.326304 4.467251 1.146582
3.029123 4.452973 -0.476297
2.233911 3.006627 0.164000
7.653345 0.602785 -1.731878
7.078493 2.058099 -3.193391
6.172085 2.514544 -3.601961
7.700055 2.853772 -2.779335
7.619476 1.557608 -3.998732
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-5.161295 -2.834180 -1.198653
-5.274154 -1.599543 -0.760696
-4.003133 -1.025820 -0.519751
-3.119315 -2.021652 -0.825062
-3.808250 -3.105121 -1.237585
-3.529211 0.149960 0.044548
-2.176912 0.470392 -0.434674
-1.228992 -0.725026 -0.184334
-1.699026 -1.972724 -0.500588
-0.784909 -3.632100 -0.504714
-0.919169 -4.377331 -2.223830
1.020175 -3.560920 -0.014697
-1.672049 -4.772303 0.730739
0.680504 -0.278934 0.425437
2.875481 0.323779 1.133764
-6.257131 -1.167165 -0.632994
-2.809059 -3.127883 1.839889
-4.182928 0.922788 -0.008105
-0.498321 -5.388272 -2.237294
-1.956876 -4.435834 -2.561964
-0.356490 -3.776786 -2.945937
1.418619 -4.582694 -0.017110
1.178079 -3.145046 0.985601
1.598366 -2.972893 -0.734347
-2.755435 -4.811594 0.564199
-1.310183 -5.799149 0.615725
-1.450431 -4.507928 1.775682
3.565565 -1.125437 2.083282
4.137634 -2.171339 1.111696
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4.528895 -0.886007 3.254178
2.648751 -1.551367 2.516592
4.396351 -3.492020 1.838334
5.082084 -1.796458 0.699166
3.466155 -2.317303 0.260657
4.792662 -2.209342 3.985538
5.484391 -0.489343 2.889710
4.119826 -0.151108 3.955349
5.326880 -3.286869 3.037220
4.826953 -4.218991 1.141878
3.439438 -3.910380 2.179276
5.496473 -2.042143 4.807044
3.854916 -2.557100 4.439963
5.465642 -4.227939 3.578558
6.317801 -2.984426 2.672652
2.800537 1.797333 2.272420
4.131498 2.509341 2.560176
1.755772 2.802276 1.750445
2.421385 1.367029 3.212672
3.939362 3.683948 3.524959
4.541801 2.890949 1.617442
4.868531 1.814611 2.972570
1.588963 3.995364 2.694695
2.053872 3.148018 0.753498
0.792800 2.298281 1.622886
2.922352 4.686408 2.980103
4.903771 4.171190 3.700264
3.595418 3.305561 4.497237
0.873898 4.703324 2.262204
1.155939 3.647658 3.643239
2.782528 5.511262 3.685867
3.311156 5.124370 2.050784
4.101261 0.709929 -0.176871
5.452386 0.823283 0.184943
3.755185 0.852550 -1.531635
6.444601 1.083051 -0.749536
5.739591 0.701145 1.221768
4.768037 1.115207 -2.463556
6.098354 1.233708 -2.087552
7.478952 1.163675 -0.433085
4.493233 1.221052 -3.508831
6.858566 1.435543 -2.834823
2.376621 0.724402 -2.090841
1.534686 1.837361 -2.215645
1.927199 -0.514402 -2.569265
0.303041 1.726888 -2.858887
0.696569 -0.628696 -3.211002
-0.103921 0.497228 -3.365919
-0.328423 2.605679 -2.932518
0.362731 -1.603619 -3.545769
-1.064492 0.409243 -3.863228
1.889266 3.016405 -1.621802
2.674321 -1.625784 -2.291840
3.631196 -2.060832 -3.278418
3.953175 -1.183064 -3.852925
2.748575 3.905951 -2.363639
3.328852 3.309992 -3.077909
2.986694 -3.075809 -4.210739
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2.609099 -3.926450 -3.634973
2.154980 -2.629860 -4.762711
3.715232 -3.444097 -4.938669
4.812574 -2.619592 -2.505521
5.248314 -1.845454 -1.868232
4.487643 -3.451739 -1.872554
5.580730 -2.986810 -3.191394
3.691728 4.537518 -1.354867
4.285598 3.764938 -0.857832
4.369795 5.238777 -1.848583
3.121650 5.085037 -0.597153
1.901496 4.917887 -3.119856
1.237580 4.415109 -3.828668
1.292385 5.498221 -2.420519
2.538142 5.607291 -3.681860
-2.198628 0.613265 -1.531481
-1.756926 1.792958 0.191337
-1.634171 1.698647 1.277191
-0.807881 2.135886 -0.226131
-2.509075 2.565982 -0.007834
-5.372692 -1.613460 2.627232
-4.502175 -0.561467 2.743770
-3.239435 -1.129622 2.445827
-6.440102 -1.719003 2.727137
-2.253228 -0.693730 2.374231
-4.718785 -2.753073 2.311801
-3.426471 -2.407962 2.210729
-4.726295 0.758364 3.055418
-3.983015 1.356997 2.714952
-6.052453 1.332170 2.794334
-6.325797 1.455589 1.348638
-6.504715 1.626094 0.157219
-6.755564 2.003626 -1.648179
-7.970372 0.771117 -2.368097
-8.206810 1.045118 -3.401631
-7.564094 -0.244554 -2.385032
-8.908154 0.757001 -1.805203
-7.411915 3.755723 -1.754591
-6.710980 4.471416 -1.314942
-7.571512 4.039451 -2.799995
-8.367440 3.853021 -1.231106
-5.081986 1.861880 -2.496673
-5.175103 2.174598 -3.541967
-4.330204 2.505524 -2.026962
-4.709217 0.832579 -2.492189
-6.790895 0.660409 3.247759
-6.154932 2.690725 3.491254
-5.419205 3.387369 3.078834
-7.146920 3.118174 3.336596
-5.973993 2.572619 4.561445
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-6.023780 -1.199324 0.867380
-5.522337 -2.293285 0.409435
-4.737553 -2.062942 -0.795763
-4.855813 -0.588986 -1.023272
-5.693752 -0.154963 0.066651
-4.008820 -2.833981 -1.508603
-2.138525-1.762773 -1.893204
-2.443942 -0.511958 -1.363707
-3.521273 0.176485 -0.998646
-3.597320 2.018843 -0.506762
-3.479685 2.160271 1.356927
-2.167115 2.940455 -1.311924
-5.209672 2.700736 -1.186670
-0.408054 0.043925 -1.047552
1.801123 0.747097 -0.624624
-5.694840 -3.228916 0.924644
-5.397105 -0.368080 -1.950037
-3.988010 -3.793015 -1.162662
-3.546432 3.207907 1.669721
-4.288642 1.609377 1.845996
-2.521325 1.759823 1.704171
-2.354517 4.018108 -1.248611
-2.051489 2.680648 -2.368878
-1.219444 2.746088 -0.801195
-6.082112 2.219152 -0.737926
-5.275402 3.772892 -0.974449
-5.268049 2.581153 -2.273934
1.775277 2.601947 -0.769284
1.211794 3.215833 0.524937
3.041932 3.338754 -1.227857
1.025953 2.750750 -1.560216
0.910484 4.703035 0.327558
1.953282 3.100132 1.324599
0.319330 2.673230 0.861013
2.730038 4.828251 -1.424919
3.836496 3.243645 -0.478319
3.422083 2.913189 -2.162163
2.151983 5.457997 -0.154854
0.543680 5.130760 1.266144
0.103661 4.814523 -0.408817
3.638993 5.354183 -1.732506
2.009551 4.936409 -2.246580
1.910191 6.509875 -0.334335
2.914218 5.440198 0.635658
2.930395 0.032991 -1.917149
4.434773 0.138331 -1.618050
2.542032 -1.430638 -2.206217
2.702879 0.635712 -2.810002
5.268792 -0.451096 -2.760189
4.654033 -0.416616 -0.697988
4.730037 1.177153 -1.445549
3.398958 -2.033727 -3.322294
2.645706 -2.020633 -1.287607
1.484056 -1.486041 -2.488313
4.892878 -1.909067 -3.022483
6.331353 -0.365983 -2.512483
5.108663 0.139278 -3.672243
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3.121687 -3.083308 -3.464003
3.177054 -1.517808 -4.266397
5.481946 -2.311766 -3.851919
5.138365 -2.509676 -2.136168
2.492465 0.338858 1.021295
3.694585 0.958853 1.395609
1.871552 -0.533895 1.931153
4.286893 0.724479 2.628144
4.181556 1.641407 0.711005
2.484057 -0.761647 3.170098
3.677361 -0.147488 3.522814
5.216128 1.221114 2.885081
1.998917 -1.434102 3.871118
4.123736 -0.344309 4.491711
0.572714 -1.235454 1.707157
0.527847 -2.525845 1.161754
-0.626506 -0.629375 2.111856
-0.681454 -3.217494 1.083322
-1.839130-1.311147 2.019102
-1.854919 -2.610085 1.521962
-0.681723 -4.219405 0.667064
-2.753605 -0.807055 2.310567
-2.795223 -3.149718 1.465006
1.658665 -3.068321 0.626753
-0.592060 0.678496 2.501879
-0.406125 0.950638 3.910720
0.171303 0.123163 4.340924
2.561321 -3.765035 1.514899
2.421226 -3.369046 2.527415
-1.753947 1.046474 4.608174
-2.354613 1.848721 4.170215
-2.308616 0.108146 4.523011
-1.613596 1.258102 5.671970
0.408759 2.228081 3.989626
1.380236 2.088350 3.507749
-0.120156 3.043633 3.486203
0.570641 2.513907 5.032237
3.966430 -3.443881 1.038015
4.145685 -2.365747 1.084634
4.708208 -3.949982 1.661394
4.099594 -3.779126 0.004371
2.239846 -5.251064 1.502476
1.219470 -5.432105 1.851940
2.340419 -5.651692 0.489624
2.923274 -5.795023 2.160590
-1.647905 -2.479605 -1.234472
-2.011642 -1.993400 -3.372428
-2.668854 -1.323175 -3.928233
-0.979215 -1.811129 -3.685606
-2.256582 -3.029662 -3.605989
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-5.643760 -1.420500 1.160047
-5.388412 -2.434967 0.418490
-4.964539 -2.053316 -0.934997
-4.963002 -0.542736 -0.872423
-5.464621 -0.260827 0.452703
-4.643618 -2.740598 -1.953234
-1.837541 -1.519816 -1.986184
-2.601730 -0.565268 -1.423173
-3.602888 0.152883 -0.985513
-3.571478 2.011329 -0.514567
-3.176100 2.192395 1.302491
-2.286902 2.866872 -1.588089
-5.274044 2.674627 -0.936813
-0.323508 -0.023630 -1.117885
1.756221 0.894447 -0.523186
-5.495312 -3.435919 0.817091
-5.671104 -0.116235 -1.589669
-4.726925 -3.739309 -1.757515
-3.029828 3.246823 1.561614
-4.000387 1.800987 1.906281
-2.270823 1.638085 1.568055
-2.409367 3.952401 -1.508476
-2.391849 2.593540 -2.642494
-1.266808 2.629284 -1.272926
-6.054063 2.193228 -0.340087
-5.312070 3.748505 -0.726603
-5.513628 2.541475 -1.996995
1.537058 2.739083 -0.522049
0.764860 3.161006 0.740736
2.753561 3.644490 -0.764688
0.873481 2.880406 -1.387301
0.329372 4.624675 0.646781
1.415871 3.029761 1.613433
-0.100147 2.507636 0.906840
2.296277 5.105932 -0.865993
3.469491 3.560935 0.060727
3.274748 3.354541 -1.682542
1.524522 5.543511 0.381623
-0.179487 4.914504 1.571762
-0.401946 4.732626 -0.164837
3.167176 5.749575 -1.022319
1.656348 5.220565 -1.751019
1.189326 6.579105 0.271543
2.197490 5.520374 1.249176
3.000623 0.407606 -1.813935
4.471439 0.618372 -1.417222
2.764138 -1.052098 -2.251339
2.761431 1.070126 -2.660012
5.414511 0.209625 -2.553352
4.693864 0.004194 -0.536509
4.658712 1.659545 -1.138896
3.733665 -1.476395 -3.357701
2.868376 -1.712141 -1.381505
1.734488 -1.172659 -2.608985
5.190944 -1.247306 -2.957125
6.449877 0.367113 -2.236009
5.247104 0.861579 -3.420990
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3.562418 -2.529610 -3.601758
3.515509 -0.901628 -4.267881
5.858192 -1.521878 -3.779508
5.443922 -1.899220 -2.110094
2.405852 0.395691 1.113274
3.515907 1.097336 1.608350
1.851761 -0.632214 1.895947
4.081062 0.798836 2.839736
3.955027 1.892274 1.020036
2.436615 -0.921959 3.135064
3.538133 -0.223453 3.609062
4.938449 1.361743 3.191974
2.000749 -1.711252 3.739916
3.964457 -0.472705 4.574898
0.641823 -1.433317 1.545359
0.742045 -2.672702 0.898632
-0.623654 -0.975285 1.943239
-0.393087 -3.462709 0.712451
-1.764075 -1.750345 1.736975
-1.635695 -3.001585 1.140860
-0.287535 -4.418853 0.211553
-2.733868 -1.357451 2.022156
-2.518286 -3.614540 0.987175
1.939497 -3.056048 0.371142
-0.715467 0.289738 2.445249
-0.638994 0.451373 3.880949
-0.012624 -0.357137 4.278124
2.866048 -3.756753 1.231349
2.657727 -3.467516 2.268120
-2.028005 0.370714 4.493902
-2.672119 1.151237 4.079394
-2.488836 -0.601831 4.302471
-1.969893 0.506786 5.577492
0.048088 1.784230 4.113721
1.055444 1.771180 3.688391
-0.524244 2.588944 3.641038
0.120663 1.995198 5.183775
4.253318 -3.277663 0.843211
4.336672 -2.197151 0.993009
5.015109 -3.775594 1.448684
4.448775 -3.503786 -0.209955
2.674122 -5.256709 1.074520
1.662326 -5.553108 1.364838
2.842036 -5.553266 0.035198
3.379826 -5.799821 1.709398
-1.467212 -2.315072 -1.335407
-1.747746 -1.728894 -3.477639
-1.959896 -0.809038 -4.024283
-0.761293 -2.099723 -3.764462
-2.500608 -2.474215 -3.751861
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5.655534 -0.078700 0.430825
5.083735 -0.766807 -0.522220
3.820828 -1.285040 -0.113887
3.708214 -0.840144 1.168693
4.797746 -0.121743 1.495549
2.941318 -2.057075 -0.871686
1.552384 -2.050183 -0.497619
0.985310 -0.655956 -0.411622
1.104637 0.573359 -0.328632
-1.162130 -0.247885 -0.093549
-3.473721 -0.176770 0.227683
5.585741 -0.879661 -1.473825
2.958580 -0.946001 1.936823
3.089467 -1.962070 -1.866501
1.427444 -2.524265 0.482071
-3.982082 -0.614935 1.921766
-3.659542 -1.632760 2.151441
-3.513236 0.068109 2.633349
-5.069186 -0.549556 2.018658
-4.147802 1.489071 -0.081029
-5.229804 1.494120 0.076421
-3.681232 2.205385 0.598837
-3.930835 1.788064 -1.108879
-4.390945 -1.298633 -0.877342
-4.179431 -1.043249 -1.917914
-4.077451 -2.329604 -0.699510
-5.465383 -1.211782 -0.694258
0.985512 -2.646197 -1.214422
1.351096 2.026120 -0.244412
1.063765 2.513576 1.186930
0.009913 2.372417 1.448935
1.680001 1.979698 1.914627
1.293429 3.579955 1.258652
0.466106 2.768815 -1.262492
0.641291 2.407102 -2.278780
-0.596952 2.648563 -1.027127
0.699902 3.836122 -1.229383
2.844118 2.237835 -0.587544
3.497489 1.760404 0.145355
3.083824 1.849590 -1.580540
3.048426 3.312019 -0.580794
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-5.413537-0.210398 0.373011
-4.729148 -1.204810 0.859576
-3.550294 -1.446237 0.084093
-3.585343 -0.449006 -0.879307
-4.735966 0.253887 -0.718245
-2.575550-2.363879 0.257387
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-1.300249 -2.095163 -0.359386
-0.866529 -0.638296 -0.159334
-1.614157 0.398356 -0.130661
1.207309 -0.290194 -0.044345
3.518666 0.049616 0.058383
-5.088010 -1.732244 1.732492
-3.133344 -0.376393 -1.857110
-2.551908 -2.823309 1.156372
-1.356409 -2.271103 -1.439978
4.400423 -0.426046 -1.466267
4.245316 -1.489079 -1.662939
4.005709 0.143947 -2.310131
5.471175 -0.229200 -1.364968
3.952565 1.800406 0.337929
5.038008 1.924584 0.381746
3.551968 2.409908 -0.475161
3.511483 2.140687 1.277452
4.345939 -0.870089 1.399428
3.916956 -0.580187 2.361053
4.190565 -1.941911 1.258605
5.418468 -0.657609 1.402350
-0.569053 -2.793551 0.043938
-1.871945 1.848701 0.081615
-2.437049 2.513711 -1.186029
-1.790922 2.327515 -2.048870
-3.446696 2.167984 -1.412261
-2.489592 3.594133 -1.027456
-0.514500 2.514669 0.419859
-0.065550 2.073206 1.314261
0.187490 2.435624 -0.415785
-0.694498 3.575630 0.614311
-2.819634 2.044366 1.280526
-3.813776 1.642344 1.085247
-2.414880 1.570918 2.179151
-2.929033 3.114646 1.476122
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-5.413537-0.210398 0.373011
-4.729148 -1.204810 0.859576
-3.550294 -1.446237 0.084093
-3.585343 -0.449006 -0.879307
-4.735966 0.253887 -0.718245
-2.575550-2.363879 0.257387
-1.300249 -2.095163 -0.359386
-0.866529 -0.638296 -0.159334
-1.614157 0.398356 -0.130661
1.207309 -0.290194 -0.044345
3.518666 0.049616 0.058383
-5.088010 -1.732244 1.732492
-3.133344 -0.376393 -1.857110
-2.551908 -2.823309 1.156372
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-1.356409 -2.271103 -1.439978
4.400423 -0.426046 -1.466267
4.245316 -1.489079 -1.662939
4.005709 0.143947 -2.310131
5.471175 -0.229200 -1.364968
3.952565 1.800406 0.337929
5.038008 1.924584 0.381746
3.551968 2.409908 -0.475161
3.511483 2.140687 1.277452
4.345939 -0.870089 1.399428
3.916956 -0.580187 2.361053
4.190565 -1.941911 1.258605
5.418468 -0.657609 1.402350
-0.569053 -2.793551 0.043938
-1.871945 1.848701 0.081615
-2.437049 2.513711 -1.186029
-1.790922 2.327515 -2.048870
-3.446696 2.167984 -1.412261
-2.489592 3.594133 -1.027456
-0.514500 2.514669 0.419859
-0.065550 2.073206 1.314261
0.187490 2.435624 -0.415785
-0.694498 3.575630 0.614311
-2.819634 2.044366 1.280526
-3.813776 1.642344 1.085247
-2.414880 1.570918 2.179151
-2.929033 3.114646 1.476122
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-5.458901 1.225325 -1.019245
-4.567409 2.007969 -1.564152
-3.253800 1.558643 -1.233924
-3.444886 0.470695 -0.364362
-4.828777 0.255028 -0.333364
-2.047450 1.956089 -1.597857
-0.874762 1.194238 -1.148224
-1.158574 -0.218061 -0.641348
-2.411540 -0.616078 -0.317733
0.657207 -1.166429 -0.361069
2.768253 -2.133298 0.018733
-4.879107 2.840596 -2.178081
-3.147060 1.143638 0.900183
-1.931443 2.728954 -2.234524
-0.344032 1.765689 -0.367923
3.808337 -1.168132 1.171235
3.298071 -1.118351 2.136511
4.791430 -1.628581 1.301464
3.916808 -0.148295 0.794275
2.700812 -3.802145 0.764219
3.705776 -4.197514 0.935584
2.163467 -3.754724 1.714175
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2.157012 -4.475108 0.097198
3.803885 -2.357201 -1.470629
3.289619 -3.021283 -2.169233
3.953210 -1.393943 -1.962395
4.774782 -2.787871 -1.210735
-0.187392 1.138970 -1.997894
-0.617628 2.688371 1.892659
-0.318042 1.457382 2.424001
-1.546094 0.770168 2.351681
-0.033489 3.574338 1.700349
-1.775690 -0.249616 2.619357
-1.911168 2.751268 1.541679
-2.495185 1.557893 1.868623
0.890920 0.936098 2.836457
0.834681 0.360853 3.663737
2.061793 1.803633 2.786386
2.891707 1.261377 3.248285
2.412387 2.152813 1.406878
2.686371 2.453730 0.269574
1.917467 2.724993 3.373322
-2.905308 -2.017091 0.076571
-3.772344 -2.546094 -1.088374
-4.652568 -1.924167 -1.261649
-3.184205 -2.582238 -2.010329
-4.119277 -3.559745 -0.864055
-3.751604 -1.974861 1.366751
-3.134158 -1.750652 2.243973
-4.570718 -1.255634 1.323136
-4.194854 -2.959469 1.542352
-1.780510 -3.030707 0.308433
-1.182347 -3.192268 -0.592888
-1.112496 -2.723413 1.121192
-2.223423 -3.991349 0.589125
3.057893 2.816071 -1.110445
3.196549 1.530327 -1.945895
2.271032 0.945236 -1.933831
3.439990 1.780892 -2.982935
4.002472 0.904880 -1.549316
1.970578 3.724541 -1.712689
1.855975 4.639900 -1.125513
2.245519 4.005288 -2.733841
1.005470 3.211210 -1.746128
4.402809 3.567163 -1.083126
4.697704 3.832912 -2.102853
4.327465 4.486024 -0.495867
5.189875 2.945388 -0.648058

tBu-H-PMes-C

N
C

-5.435355 0.744356 -1.414759
-4.598616 1.756642 -1.445007
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-3.283245 1.338787 -1.119721
-3.404377 -0.002207 -0.879910
-4.694234 -0.356385 -1.062583
-2.069468 1.991068 -0.939222
-0.928739 1.090988 -1.170408
-1.073274 -0.297658 -0.538098
-2.307072 -0.870524 -0.444532
0.794586 -1.100089 -0.186410
2.985268 -1.942166 0.098835
-4.966730 2.737697 -1.713355
-3.710858 1.694554 1.422150
-1.990311 2.857449 -1.455030
-0.047704 1.590332 -0.758782
4.099109 -0.858541 1.064239
3.758135 -0.834078 2.102804
5.127583 -1.228759 1.040501
4.058023 0.157749 0.664366
3.077463 -3.557826 0.950027
4.113607 -3.894969 1.040817
2.636115 -3.473297 1.945750
2.506100 -4.297438 0.384225
3.864075 -2.222669 -1.479545
3.305373 -2.945825 -2.078291
3.923175 -1.288255 -2.041369
4.873134 -2.604192 -1.300990
-0.742715 0.939541 -2.250789
-0.970617 2.878176 2.081438
-0.657377 1.560087 2.310323
-1.885364 0.889079 2.126995
-0.395638 3.789801 2.079846
-2.127557 -0.159811 2.184487
-2.278659 3.025321 1.813177
-2.811087 1.795897 1.883376
0.530631 0.972424 2.672551
0.645763 0.059327 2.240476
1.739854 1.787560 2.591073
2.555453 1.199095 3.019572
2.091225 2.218894 1.231351
2.377030 2.537622 0.100735
1.615639 2.653585 3.251637
-2.675077 -2.288699 0.025531
-3.213031 -3.066487 -1.195514
-4.112272 -2.607615 -1.610413
-2.452186 -3.108738 -1.980976
-3.462136 -4.091962 -0.904360
-3.767488 -2.233225 1.116903
-3.390374 -1.785378 2.045999
-4.655416 -1.685685 0.799005
-4.082331 -3.249223 1.372425
-1.505250 -3.088953 0.606345
-0.736966 -3.297050 -0.144082
-1.032376 -2.581199 1.455480
-1.879792 -4.052317 0.965730
2.768556 2.921638 -1.268505
2.883070 1.651462 -2.131511
1.933982 1.108180 -2.172427
3.173854 1.919078 -3.151808
3.646418 0.981299 -1.723997
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1.712859 3.870324 -1.865196
1.602399 4.769280 -1.252699
2.018506 4.176138 -2.870107
0.739020 3.378392 -1.942773
4.133055 3.634913 -1.207423
4.446196 3.918140 -2.216819
4.076226 4.540458 -0.597822
4.898784 2.981171 -0.780449
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-5.144594 -0.261028 0.979628
-4.788658 -1.477530 0.776353
-3.645060 -1.571504 -0.126682
-3.376382 -0.133002 -0.500733
-4.356390 0.588578 0.264319
-2.975716 -2.575447 -0.537087
-0.796623 -1.856297 -0.437498
-1.008611 -0.511233 -0.268715
-1.955544 0.414156 -0.270485
1.149474 -0.372297 -0.068076
3.450735 0.051998 0.188552
-5.308643 -2.288509 1.268613
-3.629270 0.018786 -1.557890
-3.317350 -3.454732 -0.149507
-0.610762 -2.268302 -1.425527
3.789778 1.839621 0.324336
3.422433 2.350168 -0.568778
3.270973 2.245786 1.195632
4.863400 2.018329 0.427856
4.183931 -0.701394 1.678374
5.244640 -0.445877 1.749782
3.663451 -0.337896 2.567047
4.076247 -1.787171 1.631410
4.463864 -0.533646 -1.210032
4.359283 -1.616005 -1.311283
4.120318 -0.062730 -2.133604
5.516035 -0.285405 -1.046196
-0.630894 -2.514435 0.412423
-1.784774 1.931823 -0.145405
-0.347147 2.372997 -0.456560
0.357058 2.034810 0.314842
-0.012683 2.018903 -1.438035
-0.297063 3.465418 -0.460647
-2.116198 2.363930 1.297698
-3.149567 2.138625 1.561269
-1.455547 1.857921 2.009438
-1.965284 3.443126 1.399377
-2.714285 2.647627 -1.146574
-2.495013 2.344733 -2.176217
-3.769404 2.462466 -0.939235

-2.554295 3.726926 -1.077826

tBu-H-PMes-D

a0 zZoaaoanZ

>

u

T ZIro@nIIZroz@mDzIsoomnIZIZIs oD IZISIOoOD@D IO DT

-4.783994 -0.217156 1.557894
-4.816312 -1.279215 0.842462
-4.023376 -1.158229 -0.388861
-3.518611 0.268472 -0.314842
-4.031578 0.753181 0.937292
-3.760014 -1.965343 -1.330431
-0.771646 -1.831296 -0.233708
-1.291315 -0.590773 -0.265224
-2.007629 0.499107 -0.324561
1.160681 -0.675099 -0.043438
3.309800 0.212216 0.200489
-5.370626 -2.143873 1.183970
-3.974816 0.855940 -1.117881
-4.231711 -2.859952 -1.191291
-0.681271 -2.395167 -1.161119
4.187635 0.387843 -1.386380
4.310226 -0.593264 -1.850150
3.603141 1.020280 -2.058298
5.170887 0.838876 -1.227656
3.243921 1.884600 0.923714
4.250370 2.303765 1.006431
2.632266 2.531125 0.290191
2.788517 1.837187 1.915395
4.402380 -0.765628 1.281579
3.955071 -0.851719 2.274156
4.528658 -1.768060 0.866957
5.379862 -0.282961 1.365091
-0.748631 -2.384556 0.705826
-1.472370 1.948434 -0.321945
-0.405879 2.123089 -1.416491
0.478184 1.499048 -1.242420
-0.803658 1.870488 -2.403175
-0.072915 3.165000 -1.439305
-0.880467 2.238098 1.069113
-1.638759 2.114195 1.846316
-0.046316 1.564179 1.298318
-0.508630 3.266546 1.109382
-2.596699 2.960655 -0.601008
-3.019788 2.834458 -1.602572
-3.399935 2.899786 0.136268
-2.178038 3.969354 -0.553856
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-6.408459 -0.075059 0.785587
-5.261664 -0.702493 0.790441
-5.087736 -1.512157 -0.369508
-6.243871 -1.298587 -1.057281
-7.021342 -0.440116 -0.391543
-3.985344 -2.311927 -0.726126
-3.018454 -1.724868 -1.653036
-2.622307 -0.337781 -1.233464
-2.769193 0.845414 -0.909029
-0.501586 0.191595 -0.865946
1.818362 0.466258 -0.793532
-4.583859 -0.566256 1.621915
-6.630894 -1.679145 -1.989907
-3.502044 -2.634771 0.102517
2.067571 2.264270 -1.195276
1.718445 3.123419 0.032873
3.393334 2.711091 -1.827848
1.287558 2.431701 -1.952499
1.639780 4.602205 -0.352453
2.496429 2.987146 0.793882
0.782523 2.785468 0.495409
3.306300 4.194254 -2.212433
4.219905 2.580590 -1.119775
3.623141 2.111097 -2.714235
2.940156 5.070346 -1.011327
1.424310 5.202944 0.536878
0.801918 4.752858 -1.046976
4.259354 4.515944 -2.642900
2.548794 4.315653 -2.998147
2.852497 6.115478 -1.322473
3.752058 5.028308 -0.273087
2.614125 -0.579472 -2.103169
4.134395 -0.759749 -1.960258
1.910788 -1.948274 -2.194182
2.408216 -0.020707 -3.029208
4.699086 -1.610518 -3.102509
4.345470 -1.259535 -1.007161
4.643752 0.208275 -1.936358
2.499424 -2.810038 -3.314346
1.998769 -2.465550 -1.231431
0.837981 -1.803774 -2.372814
4.012405 -2.974359 -3.168066
5.778148 -1.728670 -2.964479
4.558252 -1.082511 -4.055007
2.004956 -3.786536 -3.316416
2.279426 -2.342303 -4.283483
4.412260 -3.562257 -3.999535
4.231882 -3.533485 -2.248510
2.621733 0.136617 0.812657
3.949242 0.558045 0.983820
1.962279 -0.481371 1.888085
4.624366 0.373717 2.181802
4.470741 1.038755 0.166169
2.658568 -0.660152 3.089971
3.973115 -0.242667 3.244244
5.650387 0.710273 2.281916
2.145327 -1.137395 3.919298
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4.483498 -0.395289 4.189189
0.551223 -0.968657 1.878624
0.244930 -2.284020 1.503030
-0.480267 -0.137148 2.340959
-1.049726 -2.780950 1.660392
-1.770914 -0.634209 2.509670
-2.041911 -1.961588 2.190680
-1.254294 -3.807413 1.375277
-2.545848 0.029889 2.875548
-3.036803 -2.362825 2.363386
1.207244 -3.050071 0.915979
-0.209355 1.188267 2.526204
0.160541 1.624769 3.855301
0.604166 0.769765 4.380263
2.091585 -3.800777 1.781132
2.131859 -3.293272 2.752215
-1.073263 2.103081 4.604228
-1.555916 2.917432 4.055558
-1.794919 1.292837 4.736873
-0.796866 2.470542 5.596401
1.210055 2.705875 3.672011
2.083439 2.303898 3.151518
0.800287 3.533370 3.084113
1.528015 3.097399 4.641783
3.463677 -3.758062 1.132974
3.810486 -2.724303 1.044910
4.186675 -4.320452 1.729467
3.422723 -4.203264 0.133672
1.549461 -5.209031 1.964588
0.563268 -5.190112 2.436566
1.465871 -5.711685 0.996788
2.217223 -5.793891 2.603332
-2.139948 -2.374580 -1.623619
-3.547914 -1.679547 -3.086592
-4.409155 -1.010540 -3.158871
-2.774675 -1.312171 -3.765938
-3.847833 -2.684733 -3.389578
-3.123719 2.246136 -0.582651
-2.154826 3.214229 -1.287137
-1.139220 3.113554 -0.890691
-2.130287 3.036500 -2.365835
-2.485167 4.241873 -1.112222
-4.558743 2.466162 -1.107032
-4.611527 2.308814 -2.187697
-5.269925 1.800176 -0.613406
-4.855795 3.497100 -0.894356
-3.068860 2.455480 0.940422
-3.796677 1.814179 1.444535
-2.071886 2.243215 1.339102
-3.323195 3.494962 1.167668
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-6.815079 -0.890051 0.123119
-5.948703 -1.858461 0.051857
-4.942256 -1.582596 -0.928411
-5.274731 -0.313334 -1.387494
-6.437229 0.059680 -0.777604
-3.858791 -2.313127 -1.250767
-2.690806 -1.647033 -1.814076
-2.497715 -0.278423 -1.167838
-3.364606 0.546589 -0.717923
-0.467527 0.229663 -0.931776
1.788644 0.775599 -0.649213
-6.059351 -2.730367 0.681789
-5.089865 0.175290 -2.331028
-3.643314 -3.060568 -0.606565
1.854147 2.630270 -0.808073
1.319788 3.293959 0.472773
3.146688 3.308530 -1.285947
1.107947 2.797591 -1.598430
1.066510 4.784726 0.238068
2.058326 3.173324 1.274724
0.407859 2.792897 0.815707
2.886619 4.802762 -1.521022
3.939412 3.205783 -0.535678
3.511972 2.846967 -2.208898
2.330387 5.485425 -0.268400
0.717981 5.250169 1.165568
0.260079 4.902789 -0.498472
3.813132 5.289376 -1.840669
2.170984 4.914820 -2.346426
2.122614 6.539329 -0.476363
3.092780 5.464691 0.521853
2.859022 0.037755 -1.973042
4.362957 0.020389 -1.656099
2.369415 -1.372093 -2.353965
2.685415 0.704533 -2.831921
5.165725 -0.551069 -2.829398
4.531106 -0.602530 -0.769250
4.726628 1.024038 -1.416522
3.187160 -1.949441 -3.512707
2.441898 -2.028397 -1.478708
1.310010 -1.334302 -2.633936
4.684490 -1.953476 -3.202044
6.228469 -0.565941 -2.568343
5.063265 0.113584 -3.697690
2.839065 -2.963672 -3.732937
3.007772 -1.350816 -4.416198
5.249543 -2.333893 -4.058396
4.880160 -2.636222 -2.364224
2.485605 0.341469 0.988903
3.674466 0.973242 1.383495
1.871486 -0.556476 1.880082
4.252459 0.741522 2.623479
4.162456 1.664215 0.708229
2.467267 -0.777995 3.128439
3.640764 -0.140731 3.506221
5.171916 1.248340 2.895289
1.991292 -1.474419 3.812219
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4.074178 -0.334442 4.481597
0.628090 -1.341524 1.613133
0.712416 -2.611633 1.024557
-0.628276 -0.872206 2.026396
-0.419521 -3.417447 0.904443
-1.759468 -1.680030 1.919523
-1.644057 -2.955636 1.376747
-0.318687 -4.396512 0.449360
-2.717473 -1.288680 2.242297
-2.514529 -3.605286 1.336569
1.903332 -3.024394 0.505383
-0.750592 0.425716 2.433923
-0.547251 0.727288 3.832547
0.076525 -0.063435 4.265614
2.826079 -3.701438 1.389151
2.608414 -3.387696 2.417032
-1.891010 0.764833 4.542898
-2.529254 1.537439 4.103248
-2.402034 -0.198905 4.464656
-1.756824 0.990566 5.604502
0.199208 2.047961 3.882836
1.166455 1.957735 3.381457
-0.383445 2.828061 3.382102
0.366139 2.354833 4.918712
4.215852 -3.230285 1.000611
4.304991 -2.149345 1.141075
4.973948 -3.726427 1.612268
4.412526 -3.466796 -0.049912
2.638815 -5.205193 1.265110
1.627134 -5.498908 1.558375
2.811532 -5.523851 0.233126
3.344021 -5.731893 1.914192
-1.842040 -2.282434 -1.551518
-2.751816 -1.528502 -3.339337
-3.595814 -0.917422 -3.666628
-1.834599 -1.060124 -3.704743
-2.848321 -2.520111 -3.785702
-3.725982 1.802991 0.005454
-2.418532 2.577206 0.300090
-1.761518 1.993483 0.950182
-1.890821 2.839710 -0.621750
-2.681756 3.504894 0.818063
-4.641937 2.703206 -0.841996
-4.196261 2.902194 -1.821328
-5.633694 2.270231 -0.979832
-4.772809 3.660207 -0.329651
-4.378979 1.451990 1.355408
-5.313813 0.903760 1.233958
-3.688393 0.860865 1.963213
-4.603998 2.376048 1.896504
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-6.667634 -0.943023 0.195063
-6.004586 -2.013796 -0.122715
-4.869257 -1.661152 -0.917680
-4.948470 -0.208275 -1.130890
-6.107017 0.143693 -0.344589
-3.842115 -2.341663 -1.304913
-2.635501 -1.630308 -1.793844
-2.508670 -0.247820 -1.168292
-3.582600 0.459696 -0.792763
-0.497030 0.207616 -0.958515
1.782669 0.719294 -0.661116
-6.313643 -2.982462 0.242842
-5.219309 0.042924 -2.164911
-3.768327 -3.323931 -1.069576
1.881932 2.571059 -0.847362
1.380902 3.261105 0.432879
3.175631 3.225050 -1.353146
1.124153 2.741853 -1.625835
1.136857 4.749699 0.178057
2.136523 3.147644 1.219996
0.472979 2.775087 0.805656
2.931768 4.718916 -1.607887
3.976982 3.122113 -0.611634
3.522427 2.744933 -2.273909
2.399597 5.428954 -0.359677
0.808195 5.234243 1.103179
0.319233 4.862182 -0.546831
3.859718 5.189612 -1.947175
2.206558 4.826601 -2.425555
2.199691 6.481318 -0.583408
3.173247 5.414157 0.419815
2.860917 -0.055904 -1.960406
4.366958 -0.065343 -1.655237
2.367996 -1.477401 -2.291093
2.682924 0.581426 -2.840658
5.161959 -0.680742 -2.811430
4.541705 -0.655666 -0.747480
4.734244 0.945454 -1.455193
3.179001 -2.100204 -3.430653
2.439881 -2.102078 -1.392914
1.307246 -1.446414 -2.565389
4.677764 -2.095922 -3.127271
6.226692 -0.686379 -2.557737
5.053431 -0.049618 -3.703774
2.827972 -3.121463 -3.611638
2.997319 -1.535239 -4.355247
5.238562 -2.510897 -3.970458
4.875830 -2.745172 -2.263604
2.481837 0.313572 0.985891
3.694096 0.914826 1.356523
1.841871 -0.532952 1.908713
4.272718 0.698646 2.599066
4.199526 1.570470 0.658966
2.438759 -0.740893 3.159094
3.637639 -0.136808 3.510450
5.210751 1.181332 2.850975
1.942076 -1.398144 3.866651
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4.071369 -0.318239 4.488101
0.562529 -1.269558 1.674040
0.579559 -2.555330 1.114672
-0.667624 -0.727991 2.077285
-0.592897 -3.303607 1.011369
-1.839097 -1.479036 1.988238
-1.793010 -2.767470 1.468151
-0.539077 -4.296982 0.579025
-2.774592 -1.028808 2.299464
-2.701945 -3.361629 1.424674
1.742805 -3.044654 0.598041
-0.725798 0.583464 2.452912
-0.499907 0.901730 3.843844
0.108766 0.102819 4.283582
2.651026 -3.718119 1.497398
2.462918 -3.353236 2.513941
-1.832193 0.984489 4.572423
-2.456901 1.767620 4.132557
-2.369317 0.033568 4.514263
-1.675183 1.219412 5.629018
0.281526 2.202504 3.864679
1.242424 2.076175 3.358984
-0.283569 2.987577 3.352114
0.463751 2.523882 4.893631
4.052971 -3.322224 1.070126
4.186256 -2.240449 1.159272
4.799554 -3.820144 1.694478
4.224789 -3.613547 0.028969
2.400284 -5.216993 1.441425
1.380030 -5.453585 1.756432
2.547926 -5.587102 0.422708
3.089849 -5.744827 2.106286
-1.809768 -2.259215 -1.449565
-2.630082 -1.580614 -3.324617
-3.464953 -0.984938 -3.703771
-1.703360 -1.107050 -3.654835
-2.685013 -2.583640 -3.755453
-3.673699 1.862123 -0.173050
-2.334650 2.610589 -0.189351
-1.604354 2.121831 0.460927
-1.922275 2.696761 -1.199430
-2.492948 3.622026 0.198779
-4.686833 2.712734 -0.966568
-4.387491 2.789941 -2.017603
-5.705927 2.323273 -0.918199
-4.714319 3.725609 -0.554946
-4.096560 1.742358 1.305953
-5.054168 1.234768 1.433305
-3.324266 1.206237 1.865422
-4.193939 2.742193 1.742101
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4.071965 -2.746641 2.640762
4.384334 -1.558147 2.191335
3.627924 -1.258821 1.023140
2.922272 -2.437461 0.740509
3.139511 -3.284988 1.822099
3.510863 -0.204720 0.223009
2.186709 0.062606 -0.399529
1.287856 -1.159303 -0.484801
1.650438 -2.387663 -0.042951
0.141662 -4.053582 1.098895
-0.127476 -3.686649 -1.353538
1.905953 -4.829370 -0.530860
-0.645293 -0.536872 -0.858167
-2.863478 0.230456 -1.087220
5.104743 -0.951160 2.720694
3.920600 -2.844537 -0.206211
4.152860 0.574737 0.316199
-0.372243 -5.015579 0.992996
0.824132 -4.134804 1.949829
-0.606929 -3.287636 1.321457
-0.509600 -4.699443 -1.516448
0.323569 -3.331767 -2.285378
-0.986844 -3.049158 -1.127723
2.628124 -4.990774 0.272977
1.378321 -5.775013 -0.684730
2.455784 -4.604214 -1.452216
-3.772521 -1.203606 -1.850174
-4.038360 -2.271365 -0.774214
-5.017558 -0.965074 -2.715039
-3.000052 -1.604525 -2.523000
-4.484578 -3.584799 -1.418968
-4.826285 -1.909765 -0.101867
-3.150565 -2.424454 -0.148905
-5.460558 -2.285647 -3.359608
-5.843520-0.578178 -2.106370
-4.812077 -0.224347 -3.494737
-5.711124 -3.372891 -2.310775
-4.702579 -4.323278 -0.640478
-3.658368 -3.991115 -2.018170
-6.361628 -2.118209 -3.958018
-4.679086 -2.622807 -4.053766
-5.991495 -4.310087 -2.801484
-6.563397 -3.078154 -1.683685
-2.955951 1.695826 -2.227941
-4.291379 2.455545 -2.257638
-1.797421 2.662449 -1.912814
-2.778208 1.253546 -3.220603
-4.244526 3.621859 -3.250054
-4.496936 2.853249 -1.256448
-5.119329 1.787642 -2.512498
-1.767868 3.848729 -2.879454
-1.896639 3.019453 -0.880605
-0.844435 2.124171 -1.957744
-3.106818 4.586341 -2.914665
-5.206164 4.144725 -3.242278
-4.105593 3.231036 -4.267088
-0.961181 4.531642 -2.592192
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-1.530655 3.486088 -3.889128
-3.072984 5.404447 -3.640975
-3.297997 5.039761 -1.932433
-3.757854 0.689411 0.447729
-5.150611 0.846117 0.378477
-3.122949 0.871404 1.688996
-5.910173 1.183838 1.489575
-5.656582 0.702250 -0.567562
-3.903466 1.215452 2.800969
-5.279140 1.375043 2.713079
-6.985180 1.294909 1.397390
-3.408402 1.345651 3.758723
-5.853125 1.638374 3.595255
-1.666359 0.686278 1.967459
-0.771241 1.763668 1.941753
-1.195957 -0.570242 2.373959
0.541333 1.603387 2.384551
0.121038 -0.739285 2.798829
0.976342 0.356135 2.823162
1.210596 2.456685 2.357643
0.466656 -1.728279 3.076439
1.997669 0.230970 3.171275
-1.173513 2.955288 1.408798
-2.036573 -1.639361 2.253776
-2.799905 -2.024045 3.416803
-2.945186 -1.131272 4.038426
-1.799589 3.907674 2.291488
-2.256081 3.359805 3.124453
-2.046570 -3.082738 4.208011
-1.851310-3.955933 3.578470
-1.092036 -2.696566 4.574928
-2.635451 -3.401606 5.072852
-4.145199 -2.504149 2.902639
-4.655820 -1.699439 2.367034
-4.006769 -3.347583 2.218829
-4.776958 -2.832007 3.732533
-2.887986 4.591867 1.483232
-3.618520 3.855793 1.135635
-3.404614 5.341179 2.088950
-2.452172 5.092379 0.612415
-0.751294 4.869696 2.830997
0.006332 4.334296 3.410436
-0.259207 5.390954 2.004158
-1.213483 5.614294 3.485427
1.681661 0.798347 0.241705
2.404335 0.733746 -1.759568
2.674623 0.008176 -2.530972
1.481945 1.219532 -2.084509
3.188412 1.495901 -1.688684
6.600768 -1.525241 -0.859450
5.832179 -0.938430 -1.830251
4.722277 -1.810162 -1.924145
7.553285 -1.284490 -0.415293
3.839873 -1.751168 -2.543587
6.014643 -2.644723 -0.399460
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-5.185351 -3.255317 -1.422875
-5.346790 -1.998936 -1.076634
-4.104451 -1.390930 -0.777146
-3.183702 -2.387840 -0.944457
-3.832691 -3.504185 -1.343296
-3.701516 -0.171393 -0.267697
-2.328719 0.160348 -0.666156
-1.369038 -0.989994 -0.285666
-1.782341 -2.268872 -0.531175
-0.942332 -4.292444 -1.742653
0.439281 -3.447099 0.117191
-1.733117 -4.496684 0.650300
0.484682 -0.377128 0.377665
2.621542 0.294741 1.158676
-6.342749 -1.578161 -1.062705
-3.466306 -3.213915 1.779170
-4.372381 0.584785 -0.345325
-0.403381 -5.241340 -1.651309
-1.929347 -4.505097 -2.155338
-0.394413 -3.663073 -2.450682
0.880834 -4.446396 0.202902
0.504922 -2.975565 1.103645
1.047179 -2.879427 -0.592081
-2.776354 -4.685397 0.375375
-1.245166 -5.473774 0.715001
-1.665813 -4.056868 1.657214
3.199165 -1.119807 2.226974
3.706665 -2.270096 1.340196
4.157799 -0.865339 3.398259
2.248029 -1.448230 2.671289
3.866981 -3.550343 2.161671
4.677587 -1.989557 0.913578
3.033996 -2.431560 0.491407
4.318974 -2.150053 4.222595
5.144384 -0.559249 3.030416
3.786422 -0.058817 4.039092
4.793247 -3.323294 3.359811
4.256603 -4.351961 1.525644
2.879548 -3.878349 2.514812
5.019782 -1.974500 5.044903
3.352835 -2.402455 4.680509
4.862070 -4.231619 3.966551
5.806697 -3.112253 2.992851
2.530087 1.825646 2.212088
3.865478 2.525651 2.507096
1.522772 2.819870 1.603378
2.111922 1.451000 3.159762
3.665626 3.750802 3.405144
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4.313712 2.848666 1.559693
4.574193 1.838161 2.977999
1.344897 4.057114 2.487023
1.866415 3.116234 0.605014
0.556808 2.324139 1.460716
2.680676 4.740132 2.782367
4.632278 4.232201 3.584180
3.288063 3.426873 4.384600
0.656386 4.756194 2.000435
0.876791 3.760230 3.436224
2.532827 5.599274 3.444245
3.104391 5.128577 1.846366
3.930678 0.557777 -0.100370
5.266859 0.620178 0.323286
3.658257 0.648230 -1.476376
6.315869 0.771148 -0.572465
5.496856 0.546912 1.378463
4.727831 0.797520 -2.368806
6.043670 0.860195 -1.932822
7.336652 0.815552 -0.208331
4.509279 0.863965 -3.430476
6.849226 0.975150 -2.650401
2.299614 0.596837 -2.092881
1.553070 1.766112 -2.289169
1.776005 -0.620270 -2.550542
0.342795 1.728094 -2.978919
0.569068 -0.661669 -3.244866
-0.134217 0.516404 -3.468850
-0.213265 2.650075 -3.109457
0.175182 -1.619068 -3.564839
-1.073128 0.486239 -4.012448
1.979346 2.935855 -1.725304
2.416514 -1.775979 -2.199421
3.389725 -2.317926 -3.113726
3.801036 -1.491328 -3.706747
2.936650 3.723544 -2.462525
3.482937 3.057639 -3.140916
2.722929 -3.328164 -4.035313
2.259944 -4.124718 -3.444737
1.951172 -2.852503 -4.646418
3.458346 -3.776573 -4.709420
4.488515 -2.919983 -2.255982
4.945800 -2.148516 -1.630684
4.073369 -3.696664 -1.605548
5.261993 -3.371428 -2.883119
3.900737 4.301118 -1.441217
4.418673 3.496424 -0.911457
4.645102 4.935269 -1.930229
3.355738 4.909204 -0.711811
2.204317 4.781978 -3.272946
1.519297 4.317385 -3.987680
1.628688 5.434272 -2.609625
2.915068 5.395741 -3.833821
-2.276108 0.260115 -1.766588
-1.985377 1.521206 -0.068356
-1.856233 1.456698 1.019312
-1.050932 1.901407 -0.486714
-2.776290 2.248815 -0.284903
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-5.653177 -1.176543 2.544474
-4.592209 -0.311495 2.533288
-3.480840 -1.137856 2.227089
-6.712214 -1.064354 2.706110
-2.433109 -0.909694 2.081115
-5.250885 -2.446173 2.291772
-3.921425 -2.369877 2.116320
-4.531842 1.044537 2.740918

-3.681487 1.451408 2.369983

-5.708264 1.870605 2.440996

-5.954881 1.991104 0.989918

-6.117191 2.182468 -0.193930
-6.773933 1.182203 -2.356371
-6.986730 1.409283 -3.405170
-5.988644 0.420493 -2.334086
-7.680668 0.767799 -1.906533
-7.410935 3.548288 -1.758852
-7.110251 4.465932 -1.246361
-7.574588 3.780556 -2.815527
-8.357600 3.208199 -1.330756
-5.004816 2.965248 -2.243592
-5.160990 3.215293 -3.297307
-4.643891 3.859107 -1.727299
-4.227025 2.195656 -2.193217
-6.569610 1.388874 2.918252

-5.520638 3.248540 3.079548

-4.653532 3.753887 2.643950

-6.399181 3.869693 2.897238

-5.368383 3.142840 4.155598

-1.005688 -3.590901 -0.368021
-6.325514 2.462575 -1.629559
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-6.051944 -1.036998 0.883161
-5.613504 -2.093485 0.294319
-4.831037 -1.765086 -0.888167
-4.906498 -0.268373 -0.969421
-5.682016 0.073727 0.199735
-4.149205 -2.493883 -1.683158
-2.263796 -1.466545 -1.994518
-2.511802 -0.236038 -1.396158
-3.558209 0.475505 -0.989116
-0.435603 0.157997 -1.072818
1.778569 0.765338 -0.568337
-5.820453 -3.073410 0.703375
-5.505441 0.031846 -1.837873
-4.176000 -3.483675 -1.440396
1.751757 2.624179 -0.642432
1.093870 3.184877 0.631208
3.036458 3.390824 -0.986062
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1.055564 2.796870 -1.476396
0.777004 4.671334 0.457659
1.784138 3.055332 1.473718
0.190573 2.619421 0.890563
2.714662 4.881728 -1.157940
3.776902 3.281539 -0.184934
3.488143 3.001219 -1.904128
2.033663 5.462629 0.084540
0.338287 5.064700 1.380283
0.019422 4.789195 -0.329073
3.634457 5.431080 -1.380566
2.055281 5.005819 -2.027308
1.784312 6.514812 -0.082427
2.737545 5.435521 0.927124
2.954275 0.106411 -1.845287
4.443568 0.180289 -1.470824
2.563835 -1.334502 -2.228917
2.773779 0.758786 -2.713700
5.325522 -0.361895 -2.600246
4.613873 -0.420188 -0.569035
4.738507 1.206777 -1.233964
3.467213 -1.888254 -3.333918
2.619718 -1.973424 -1.339359
1.519520 -1.360525 -2.561600
4.945992 -1.799085 -2.956030
6.375668 -0.304565 -2.297677
5.216868 0.276576 -3.487132
3.186438 -2.925107 -3.544924
3.296866 -1.320239 -4.258610
5.570677 -2.166356 -3.775804
5.141169 -2.447961 -2.091456
2.397436 0.291702 1.088001
3.574294 0.903764 1.545576
1.738477 -0.619614 1.931053
4.103451 0.628361 2.798310
4.091714 1.612191 0.911423
2.285608 -0.886231 3.192404
3.453551-0.276946 3.629132
5.014977 1.119680 3.120596
1.769682 -1.586492 3.842412
3.849496 -0.504564 4.613096
0.463537 -1.327650 1.611221
0.463467 -2.591694 1.005894
-0.761537 -0.755356 1.984394
-0.730522 -3.293734 0.838370
-1.958608 -1.448753 1.808515
-1.931251 -2.724223 1.254057
-0.697541 -4.273638 0.374377
-2.893243 -0.970020 2.078678
-2.858917 -3.274921 1.131292
1.626193 -3.095693 0.503596
-0.759510 0.537930 2.419425
-0.682399 0.772511 3.843619
-0.146822 -0.071009 4.297032
2.498568 -3.813372 1.405199
2.305150 -3.460450 2.424884
-2.081448 0.867477 4.431962
-2.639058 1.678248 3.953951
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-2.632625 -0.066199 4.292307
-2.028267 1.068477 5.505661
0.132645 2.040869 4.017579
1.134755 1.907782 3.600971
-0.354752 2.874417 3.501834
0.222042 2.295675 5.076828
3.918384 -3.451817 1.007435
4.078203 -2.374387 1.108696
4.639461 -3.974360 1.641434
4.102919 -3.739165 -0.032719
2.203007 -5.302279 1.318630
1.170228 -5.512117 1.610875
2.358102 -5.660092 0.296705
2.863325 -5.862156 1.986918
-1.783469 -2.238447 -1.392021
-2.175440 -1.614810 -3.488983
-2.851602 -0.917537 -3.985891
-1.153825-1.404110 -3.818903
-2.420712 -2.636818 -3.778132
-3.568248 1.953222 -0.566665
-2.399751 2.727214 -1.197755
-1.435290 2.431313 -0.771855
-2.358469 2.589545 -2.282630
-2.520563 3.794635 -0.990035
-4.866861 2.626471 -1.058430
-4.965304 2.549312 -2.147099
-5.760354 2.209249 -0.591212
-4.836821 3.689992 -0.806578
-3.455804 2.066914 0.965638
-4.292677 1.576788 1.467568
-2.521817 1.618992 1.318049
-3.460141 3.123524 1.255298

tBu-Me-RuPhos-D
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-5.587729 -1.355738 1.123393
-5.485876 -2.230833 0.192346
-5.155791 -1.636057 -1.109114
-5.034504 -0.163379 -0.786551
-5.378861 -0.100186 0.618079
-5.006410 -2.147289 -2.260937
-2.072656 -1.367793 -1.888219
-2.693314 -0.304428 -1.336935
-3.660328 0.491116 -0.933649
-0.426102 0.023845 -1.073022
1.726267 0.821606 -0.570530
-5.640783 -3.279006 0.414683
-5.792960 0.400832 -1.335771
-5.167239 -3.155314 -2.232075
1.575165 2.672261 -0.640940
0.860520 3.179461 0.623925
2.816886 3.517362 -0.959192
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0.885924 2.802500 -1.488295
0.468700 4.649690 0.465344
1.535873 3.070567 1.481282
-0.018785 2.565205 0.850109
2.411143 4.988938 -1.118397
3.551731 3.442684 -0.149360
3.301318 3.165752 -1.875738
1.685193 5.513821 0.123135
-0.006331 5.004327 1.385657
-0.280655 4.738292 -0.332847
3.300631 5.591881 -1.324407
1.755145 5.085852 -1.993742
1.380849 6.553181 -0.031948
2.378633 5.512042 0.974674
2.909507 0.233460 -1.874666
4.398447 0.391860 -1.524178
2.595104 -1.228030 -2.252095
2.676293 0.876114 -2.737563
5.290459 -0.100033 -2.668570
4.617440 -0.198890 -0.626685
4.638777 1.433196 -1.290292
3.512661 -1.733371 -3.368518
2.695383 -1.861798 -1.362585
1.550557 -1.313203 -2.575101
4.989388 -1.558074 -3.014114
6.340271 0.019765 -2.383993
5.129286 0.528530 -3.554469
3.287768 -2.785258 -3.571194
3.295486 -1.180035 -4.292138
5.620718 -1.891398 -3.843107
5.235582 -2.191537 -2.151244
2.393709 0.359093 1.067704
3.544254 1.028035 1.512323
1.807407 -0.609112 1.901596
4.118629 0.752610 2.745009
4.006753 1.778001 0.883660
2.400478 -0.874665 3.141817
3.542933 -0.210197 3.565883
5.008013 1.287813 3.058990
1.938700 -1.615201 3.787703
3.975738 -0.438762 4.533963
0.553026 -1.360582 1.601699
0.573306 -2.620273 0.988313
-0.677795 -0.821137 2.006047
-0.607409 -3.349801 0.842105
-1.863628 -1.535868 1.839573
-1.814765 -2.808747 1.277823
-0.562626 -4.324755 0.369013
-2.806973 -1.082822 2.123822
-2.733400 -3.374912 1.160508
1.737711 -3.087342 0.454397
-0.684588 0.464227 2.461843
-0.619933 0.680731 3.888877
-0.062027 -0.153677 4.332871
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2.647745 -3.792784 1.328236
2.472575 -3.450650 2.354974
-2.022118 0.732182 4.474782
-2.600128 1.530347 3.999697
-2.548008 -0.214767 4.329071
-1.976531 0.928777 5.549611
0.158994 1.969618 4.078616
1.164089 1.871783 3.659144
-0.353750 2.795043 3.574377
0.242612 2.213410 5.140853
4.048329 -3.396425 0.896977
4.185053 -2.315861 1.000131
4.797248 -3.904703 1.509887
4.213334 -3.674633 -0.148913
2.382844 -5.287118 1.238848
1.362604 -5.521571 1.555197
2.520051 -5.635073 0.211015
3.071829 -5.836292 1.886746
-1.764644 -2.180909 -1.226183
-1.982672 -1.602873 -3.374892
-2.147667 -0.681178 -3.933843
-1.012459 -2.025923 -3.646187
-2.766460 -2.312876 -3.652985
-3.530419 1.969606 -0.519420
-2.493245 2.686820 -1.398581
-1.478450 2.313801 -1.221204
-2.719044 2.573735 -2.463091
-2.487021 3.754141 -1.158665
-4.875386 2.697320 -0.700418
-5.227207 2.652986 -1.736740
-5.651476 2.298969 -0.042033
-4.743762 3.751935 -0.444078
-3.104359 2.059359 0.955983
-3.855093 1.606685 1.608077
-2.154091 1.550830 1.133992
-2.989538 3.111249 1.240675
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8. X-ray Crystallographic Data of Compounds 8w
Crystallography data and structure refinement for 8w (CCDC: 2027303)

Table 1 Crystal data and structure refinement for 8w.

Identification code 8w

Empirical formula C23H26N203SSi
Formula weight 438.61
Temperature/K 90.0

Crystal system triclinic

Space group P-1

Unit cell dimensions

Volume/A3

Z

Pearcg/cm’
w/mm!

F(000)

Crystal size/mm’>

Radiation

20 range for data collection/°

Index ranges

Reflections collected

a=10.1798(2) A a=112.371Q2)°

b=10311312) A B=101.901(2)°
c=12.4879(3) A y=101.004(2)°
1132.33(5)

2

1.286

1.993

464.0

0.146 x 0.128 x 0.109

Cu Ko (A= 1.54184)

8.046 to 153.056
-12<h<12,-12<k<12,-15<1<15

30216

Independent reflections 4555 [Rint = 0.0402, Rsigma = 0.0226]
Data/restraints/parameters  4555/0/276

Goodness-of-fit on F? 1.085

Final R indexes [I>=206 (I)] Ri1=0.0426, wR>=10.1150

Final R indexes [all data] R1=0.0457, wR2=0.1175

Largest diff. peak/hole / ¢ A= 0.91/-0.39
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9. NMR spectra
N-(3-(4-Chlorophenyl)-5-(1-(trimethylsilyl)buta-1,2-dien-1-yl)isoxazol-4-yl)-4-
methylbenzenesulfonamide (2a)
'"H NMR (400 MHz, CDCls)
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N-(3-(4-Chlorophenyl)-5-(1-(trimethylsilyl)buta-1,2-dien-1-yl)isoxazol-4-yl)-4-

methylbenzenesulfonamide (8a)

'"H NMR (500 MHz, CDCls)
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N-(3-(4-Chlorophenyl)-5-(1-(dimethyl(phenyl)silyl)buta-1,2-dien-1-yl)isoxazol-4-yl)-4-

methylbenzenesulfonamide (8h)

'"H NMR (500 MHz, CDCls)
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N-(3-(4-Chlorophenyl)-5-(1-(trimethylsilyl)hepta-1,2-dien-1-yl)isoxazol-4-yl)-4-

methylbenzenesulfonamide (8n)

'"H NMR (500 MHz, CDCls)
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N-(3-(4-Chlorophenyl)-5-(4-methyl-1-(trimethylsilyl)penta-1,2-dien-1-yl)isoxazol-4-yl)-4-

methylbenzenesulfonamide (80)

'"H NMR (500 MHz, CDCls)
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N-(3-(4-Chlorophenyl)-5-(3-phenyl-1-(trimethylsilyl)propa-1,2-dien-1-yl)isoxazol-4-yl)-4-

methylbenzenesulfonamide (8p)

'"H NMR (500 MHz, CDCls)
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N-(3-(4-Chlorophenyl)-5-(3-(4-chlorophenyl)-1-(trimethylsilyl)propa-1,2-dien-1-yl)isoxazol-4-yl)-4-

methylbenzenesulfonamide (8q)

'"H NMR (500 MHz, CDCls)
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N-(3-(4-Chlorophenyl)-5-(3-(4-(trifluoromethyl)phenyl)-1-(trimethylsilyl)propa-1,2-dien-1-yl)isoxazol-4-

yl)-4-methylbenzenesulfonamide (8r)

'"H NMR (500 MHz, CDCls)
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5-(3-(3-Methoxyphenyl)-1-(trimethylsilyl)propa-1,2-dien-1-yl)isoxazol-4-yl)-4-

methylbenzenesulfonamide (8t)

'"H NMR (500 MHz, CDCls)
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N-(3-(4-Chlorophenyl)-5-(1-(trimethylsilyl)propa-1,2-dien-1-yl)isoxazol-4-yl)-4-
methylbenzenesulfonamide (8u)
'"H NMR (500 MHz, CDCls)
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N-(3-(4-Methoxyphenyl)-5-(1-(trimethylsilyl)buta-1,2-dien-1-yl)isoxazol-4-yl)-4-

methylbenzenesulfonamide (8v)

'"H NMR (500 MHz, CDCls)
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4-Methyl-V-(3-phenyl-5-(1-(trimethylsilyl)buta-1,2-dien-1-yl)isoxazol-4-yl)benzenesulfonamide

'"H NMR (500 MHz, CDCls) (8w)
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=
4-Methyl-V-(5-(1-(trimethylsilyl)buta-1,2-dien-1-yl)isoxazol-4-yl)benzenesulfonamide (8x)
'"H NMR (500 MHz, CDCls)
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N-(3-(tert-Butyl)-5-(1-(trimethylsilyl)buta-1,2-dien-1-yl)isoxazol-4-yl)-4-methylbenzenesulfonamide (8y)
'"H NMR (500 MHz, CDCls)
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3-(4-Chlorophenyl)-5-methyl-7-(trimethylsilyl)isoxazolo[4,5-b]pyridine (3a)
'"H NMR (500 MHz, CDCls)
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'"H NMR (500 MHz, CDCls)

3-(4-Chlorophenyl)-5-methylisoxazolo[4,5-b]pyridine (3b)
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3-(4-Chlorophenyl)-5,7-dimethylisoxazolo[4,5-b]pyridine (3¢)

®
[1]
il

'"H NMR (500 MHz, CDCls)
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3-(4-Chlorophenyl)-7-isopropyl-5-methylisoxazolo[4,5-b]pyridine (3d)

'"H NMR (500 MHz, CDCls)
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1

3-(4-Chlorophenyl)-7-cyclohexyl-5-methylisoxazolo[4,5-b]pyr

'"H NMR (500 MHz, CDCls)
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[1]

7-(tert-Butyl)-3-(4-chlorophenyl)-5-methylisoxazolo[4,5-b|pyridine (3f)

A

'"H NMR (500 MHz, CDCls)
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3-(4-Chlorophenyl)-5-methyl-7-phenylisoxazolo[4,5-b]pyridine (3g)
'"H NMR (500 MHz, CDCls)
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3-(4-Chlorophenyl)-5-phenyl-7-(trimethylsilyl)isoxazolo[4,5-b]pyridine (3p)

'"H NMR (500 MHz, CDCls)
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3, 5-Dimethoxy-/N-(1-phenyl-3-(trimethylsilyl)prop-2-yn-1-yl)aniline (20d)

'"H NMR (500 MHz, CDCls)
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13C NMR (100 MHz, CDCl;)
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N-(3, 5-Dimethoxy-2-(3-phenyl-1-(trimethylsilyl)propa-1,2-dien-1-yl)phenyl)-4-

methylbenzenesulfonamide (23)

'"H NMR (500 MHz, CDCls)
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4—1. XLC®HIZ

i Cilb 72y . o FNICA Y FE-ER 2=y NE AT 5 BN EHEHEIEEWIL, ~T a2 H
DU IAY S VAN %%ﬁ% IVERZEDTND ;%ﬂﬂbEﬁ\%®%§¢é%m%ﬁ@é%%
O ATRERFHPE TOAREL TWD, ZNHIENFT VA X D0 TREOENZ 2 H 515,
ﬁ%é%k?®ﬁﬁﬂ%#é&@%@bfﬂf%éﬂ%mAVH%&%ALK12TﬁTJ/I
FEAEMONTELT, 7720, FA4 7202 BIOCY VU IEHALET R v Lo
HFD3 720y (Scheme 4-1-1), ZAUE, BN FEBILEWORIEEENBIRE SN D Z LITHRT D, fEKRIE
Tl o-E=A7T=U > 1, Il ®X577 /LRGSO =y AR LI-EN T IR
U VERORIBMRICKLETH DM, ~T aRIC LT =V E T 2 e LI EICEAT S

DITFG TIF e\, Fio, ARURRELZHWZBRILO AT » FI30lE, migt - SRtz Lz s
L. ~TrJEFZBRENICHET 52 ~T v FERICEWII ST 1 b A XD REH LA 2T 5,
—J7. MWFFEEREE ., A EIIREA AR T U T P A A VWD Z & T, N-H/B-H
BRI LERHT 24X R ) U0 VOLSRRIZHEN L7z (Scheme4-1-2) Y, AT 1,2-7 %
R AAZBWTHIOAREF AR~ & B S v, PERIE TIEA A AR ﬁ«vn#m%”®127ﬁf
U UHREENAI SN, ZOEITIIEN D, BT 57 I 2 R v = VK S W O IERIEICE
%%m®%ﬁﬁ%mﬂﬁé’&ﬁiBN«%m%é%ké%@é%%%%mkofigkwiéo$
FCHE, B TR BOBAREIC R o7z, BHET 27 L= R e T VeG4 VATV
—VEFH L BN ~7 0 BEBRCA ORI E L, ERIE TIXE AN AT 228~ T 1 B O
ZHfE LTz,

] ) e el
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I > | = I
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Scheme 4-1. Conventional Synthetic Approach to Heteroarene-Fused Azaborines

4—2. HFSEEHE

HEoEmTII T a UL LT Y Claisen S0 SO & LTT Lo Z2HEEL7=0N, DR Rk
WERIEN LI FEBUIEBLTE R0 oTc, ZORKITI M AEEIZL DT 2 EOREIZHK L,
TR EROREEMETT 5720 T, PIVERLY U LK LEDONKREEICLY 7 L =L EJE50
SOREHN OB IS A FREIZAR Y | D FREROOSHEIMET LIz EHER L=, BOSR T THNITT
VIR EICHFET D2 0D, 72/ EROFE#EZRE LWy FESICEE LT,
EEEICBITAREERGNC T, 5-T L= A- T I AV FXF Y — L IX OT 2 HITkE
FEPIET D2 ENHALNC IR o7, TZT, 72/ RHICKH L TREBFICKIEL, EHICT7T L
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DHFESIINTE 2RI L LT=IAR Y RO, 772806 1,2-T VR VEROBE L EM
L7z, RETHIETHEREEZH W 12-7 R Y > VI OGRUTIE, ﬁv74/ﬁ%?»%/vm>
ZRIBMA L LT ERfliZd 28, 7 L2 VI ZRTEEAR & UCRIH L7 BliEEVy (Scheme 4-2), %

T, 5T Va4 TI)AVFXH Y =V IX & 12-THRY COFiEEEKE LTHWSZ E T, A
VFEXY B EMEE LA VA a TR X BERTEHETHELE, 7 Lo
TH_EEED )L RURPIM Lol ZFEES T exo- A T LD B =L~ L BEEL L
ARSEEEICERRBLLET VP RY V2525 2 L2 LT,

ARBETIE, FT5-T L= d-T I )4 VA=V IXDHT VR VB X 25T 5 K5k
P2 U, ARBOG 0 B FHHEHE O RET s L OHEE RUSHE DIRE 217 - 72,

° known o R!' known
HN |
NH, B

B~ "R?2 NH,
I vi R? Vil

Wunknown
N-O N-O
° AL N SiRa Boron Al SiR3
| _ R Reagent R 7 \
NH, = ” NH, \\\\ HN\B‘ \
Vil X RS®

RS

f

Scheme 4-2. Precursors for Arene-Fused 1,2-Azaborine Ring

4—3. A VFFH a7 HERY L OER

THRY VEREEORFIE, HEEmETHW A Y AF Y — b la 25 &E T AREE LT
A, B\ T L7 v 30X L7 W Claisen #50LIDRM. T72b b, &flliic
RuPhosAuCl, #iZ AgOTE, WIEICT & b=t U & WD ISSFICEE Ui, OGBAAH 2 FE
M1 TLC f#HT 24T\, JRBI O E 2R LIZObL T R Y VERIEERIS 2 Bat Lz,

4—3—1. ZHRIHRUREZHNET IR VBREBEORH

UL, KEFHE LCEHbAR YR IZHNET VR Y CEBEEICIY AR, £ TERTFIE
(ZOW TR %, Claisen %ﬁﬁhﬁﬂfx FoTs5-7TLv=ndaT7I )4 FFY Y — el Mk
Wik 74 P TAHABULIEOBIZEN Lz, & L Ol R im i SE20 515 °C O&MFETT
LR T EEWM L, %I 100 °C OFE T TR L, B, ZHEAR 7 EIZ 1.0 MIBED
T H R T, LT, SR R R RN 5 K6 THW D IEBE O MRGHE R % k<% (Table
4-1), =T =V UHEENGOTYRY VEEETHHIND M A HWD & RIETIE
HLIN oD FuaxvEE2AT57 VR V3N 21%DINRTELNT (entryl), T I T, X
VU ROBEA R LR, 12-Y7na_X0Py (3:28%,entry2) & 124 7o _yovy
(3: 43%, entry 3) ZHWDHEMETTHFRY > 3 DIFENR M ELZ, —FHT, 7ZrFdeXrErzH
WhHE, TYRI 3T TR, e X E2—2DOLETLT7HFRY > 4 HARK LT (entry
4), bz, MVt e bz E2H0WD ETHRY v 4 OHRPEIRICE ST (4:35%, entry
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5), BT, NaFUREMLE LT 12-v7aax 2 A0S L. o7 R URERED
IRTHEHONTZ (3:41%, 4: 48%, entry 6), 7 v u A X 2 HWTRER, BMIEIZETLZH0OD
THRY 3D 50%DNERTH O (entry 7). 7B, 7o FR/VLEEELETHET7HRY 3
DNBIRAITAG DT DZE DOIERITIL T L7 (3: 38%, entry 8), DMF & HW72BEI2iE, =HibAR v 3R
ENA T ERRIZEON RPN L L, 7RI U 2EARITE Lo 7- (entry9), Claisen
NN ERIC T b= MUV EEEEE LTHWZE Z A, E-MEWIERTT AR Y > 3 BEL
N7z (3:45%, entry 10), V2R y hTCORIGERAD & KISOBPFYEILTFRY 4 ~EH, 7
PARY > 478 53%DIETH LN (entry 11),

Table 4-1. Condition Screening

N-0 10 mol% RuPhosAuCI N-Q then, N-Q N-Q
Ar/(% ™S 10 mol% AgOTf ArWTMS BCl3 (4.0 equiv.) A A~ \ TMS AR \ TMS
> +
HN _Z MeCN NH, ‘ solvent HN. o HN. g
t \_ |-15°Cto100°c OH OH on |
1a (Ar = 4-CICgH,) 2a 3 4
entry solvent azaborine 3 (%)? azaborine 4 (%)?
1 toluene 21 0
2 1,2-dichlorobenzene 28 0
3 1,2,4-trichlorobenzen e 43 0
4 fluorobenzene 10 31
5 a,a,0-trifluorotoluene 0 35
6 DCE 41 48
7 CH:CI2 50 (50)® 0
8 CHCIs 38 0
9 DMF 0 0
10 MeCN 45 33
1 MeCN (one-pot) 15 53 (51)°

2'H NMR yield using dibromomethane as an internal standard. ° Isolated yield.

AR CTHE LN “FOT YR Y 1T 'THNMR TOMEN AR EETH - 7=, BfbSh X i
Bz E > TEDOHEZH L MNIT LT (Figured-1), ZTOFER, A3 L 40T ivb A Y AFHY
—IVERDHEG LT 1,227 RV U ThY, AURRT LOEREIIHICE Rex v EThoT,
ZORYERF EOr Mo TEEhIicE N2 K01 &2 WITEEE R OEE CTIRA L2
KT THDEHR LT,

212



&
=
it

N-O
4 TMS
7
Cl
HN‘BI
OH OH

Figure 4-1. X-Ray Crystallographic Analysis of Azaborines 3 and 4

5-TLanad-TI ) A IFXH =)L 2 DT VR VEREBET G AEEETEZLD0,

ZOOTHRY 3 AITVTNERELETH Y | HEEEIE-20 °C OIRFSME T — R E CHfE
LBMERIRA W E 5 272, 7TV RY VEROBFESKD T L D00, RUEFRT Eice Refdy
KERTHHFERTOPKIZE D —EEIBRMOEND 0D A VY AXY Yy a7 HARY 3 L4
SFRETNT EALIC R o CTHEME LI EHERI L 72, 22 C. K0 LETERY BT WHEER 7 R
VU OEEEZBR L, A YRR EOBEREOBRFHIEY AT,

4—3—2. FUR LEBREDOR

5TV d-T ) A4 VFXH =R, =T =) U EFEEETS 12-T R VAR L
U B-Cl#E&EAT 2RSS 2T 5 EE L, B-CliEA DR %A 7= (Scheme4-3), —ii
bR U FBEMBZ OISR RI L, KFE(RV F TV LAT A I =T 22 HNTE R RiELEiTo7,
LU, BHEAZATH TR > 6 134AEKE T, ISR NER L, ZofFico
WTC, B LTeA YAy a7 R v 6 PARLETHDHZ L, FlITHEEPRIE 5 OfEENRR
DTHHZ ED BV DFRRNREZHND,

10 mol% RuPhosAuClI

N-Q 10 mol% AgOTf N-Q
I I ™S
W Tms MeCN,rt,2h 23
cl HN. F then e HN<g
BCl; (2.0 equiv.) L
Toluene o,
1a -15 °C to 100 °C 6: 0%

Scheme 4-3. Reduction of B-Cl bond using LiAlH4

N T, REBEBFHEOEWB-ClLIESICH L TAZ , — L ZREH E L TN S8/ (Scheme 4-5)
RYBIFRF E~D AL 7 —)LOMINO% W L7225, IBEIZ A R3S M LU= 11 355
. RUERTF EOBEHEILIIE Faxs hThotz, —F, DEEWERXTH D +BuOK Z AV 5

@ Ashe HIE, =LA EICL > TR LI 12-THFRY VBEO B-CliEaa ., KEJEMETLI= A
HRIETB-HFEA~ERT L, BER12-THRY 9 A5 L= (Scheme 4-4) 2,

~ t,0
NH | toluene B 2 HN~B

o H
7 8 9

Scheme 4-4. Synthesis of 1,2—Azaborine 9
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&L tert=7 xR VEPMIMUTCARDIIGONT. T 4 D 3T%DIERTH LN, Zhbd
FERIL, R 10 oS L TR~ET 5, Thbb, SR UvRICEDBR(EOOL . K 10 134K
UERRTECoRanRKER L, TLVUOHERO _EHESIE exo- AT LU OWEE E D, AKX ) —
PO RAFNAFAET D & exo- A TF Lo ~MINL, tert=7 b F 2 RO X 5 7258 5T exo- A F L
D ofroTa v ESEEE, WTROBELETOBENCE Y 7R Y VEBROFGFERENRIE
5o B, B X ISR PICHEIEZ N Z TO AR WEA IR, AR DILEEL 21 4
Lo T e b AL HEITT D EHEE LT,

PUbEoBatdk v, RUERRFICEREZETHT7FRY VIARTE Ao 720, RETHIFRY
FRIIC L > TERT 2 PEEOEEN R SN, THRY VERERE OB L DR U H#
JE - ~OEHIE AN IREETH D S L, HED CRUNTBS Le W iEIL 2 9 5 4k v #il i
HH L7,

N-Q
4 TMS
MeOH AT N7
> HN
10 mol% RuPhosAuCl N-O ~B
N-0 10 mol% AgOTF ) ™S OH OMe
Ar\Z s MeCN, r.t., 2 h . AN - 11: 55%
HN =z then . eHg~B| h/l-o T™MS
BCl; (2.0 equiv.) cl cl Ar g
Toluene t-BuOK |
1a (Ar = 4-CICgHy) -15°C to 100 °C 10 —_— HN\B \
1
4: 37%

Scheme 4-5. Trials of Trapping of Intermediate 10

SHERURERREN LB/ OND T HRY VRITHEHKROERIA T2 RV EECHETHI Lnb,

B FRBRIEICKLE o a S UEREOBII T SOTHSTHY . KGNICEE L WEBREN KT E B
ICAFTEL CTHERILITEITT 5 Y, 22 C, BMELZ AT HRETHFRUVRRELZMRFN L, 7o
7 = =LK T > % Claisen BN O BOGSERIFIZ K LT VR » b TYEH &8 80 °C (2B 5
&L B 1a BROT L oHER 2a 8T X THE I, TR Y U 12a 8 63% DI TR B AL
(Scheme 4-6), ZDOTHRY > NRalZv VbW FNrn~ T T77 4 —CRBICHEEAEETHY ., 7
PRY V3, 4 THRESNTEDMBISHEIT LTz, RmUFEEDT = = VI X 5 IR DOME
WCEDTHRY v 12a PEELLTZEBZOND, LNLARRGL, @fEEsHETHY/7anRT
TAFARELRRIII 7 a7 2= VR T DB Tholz, £, BRGHERETHHY 7 oo R
T F. BAHITHIET DA VRS LK RS D72 DI RN SR EECTH 5, BRROR S
SESOFEMEZEZEE L, 2oy oo 7 2= )LiRT & funi-mahikea Lz,
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10 mol% RuPhosAuCl

N-0
\ 10 mol% AgOTf ) ™S
m Tms MeCN,rt,2h 7 \
ci HN. _Z then —cl HN<g
PhBCl, (2.0 equiv.) |
-15 °C to 80 °C
1a 16 h 12a: 63%

Scheme 4-6. Using of Substituted Boron Reagents

CruaRT ORBERDLIFVHEREE L TAE N 7vdnRl L — MNEICER L, AU D
LAY 7 udaRb— MEIE, KISRTT Lewis BB TH DMLY A FLE G L T
bR 7 % H x5 % ZT, Claisen B US4 O SISERRIZ® L, -15°C DEHFTH I VLT ==
VR T FaRb— e 2.0 HE, WEr A #2420 88, NI F LTI 225 YEMAT
100 °C DT TIRETHE, P/nu 7 2= A RT A RMULEBE LR U7 R & 51%0
IR T (Scheme 4-8), H U T LAHAHE N 7 A u R L— MEIIAT A RERREOFEEN L2
TR, ST LR UBNOEGICHBTE L2 06, 7RI VEROR U FRF~DEH]
FEEANTHET DLW L7z, 22T, 7R VRIBEOFRVFZFIZITAKNY 7r4AeRL— b
WABA L, RO Ea BHiE L CRUSRHOREICE Y AT,

10 mol% RuPhosAuCl
N N-O

-Q 10 mol% AgOTf -
I I ™S
m s MeCN, r.t., 2 h . Y \
Cl HN__ZF then c HN- g
PhBF;K (2.0 equiv.) ] |

SiCI4 (2.0 equiv.) 12a: 51%
1a Et;N (2.5 equiv.)
-15°C to 100 °C
one-pot

Scheme 4-8. A Trial of Using Organotrifluoroborate as a Boron Source

4—3—3. RtFMEHEL

TR CBRIBERICDORIG/NT A —4 & UT, RIS, HIE, FONMREZMRE Lo, 7138
BERREHZ DWW R D (Table4-2), Hifiod Scheme4-8 & [A U< 7 b= bk U LiEHEF-15°C DAk
IZBWTY YRy NTHRYFEREHZRIML, BOSRE% 100 °C £ TLEAIELLET7HRY » 12a
DOULEN 80%E Tl L L7z (entry 1), BATF, S H2H0EER L& B L TR D MISHAR 2 -
THRY CVRIEREZRE LTz, i, AR ORI, #i4-3-1 £[F U< Claisen #B5(7 S DT

> Vedejs HITAMS Y VA RY 7 d R — MEE Lewis iRz H WD U a7 AbR T v OffH
HEERH L W, Molander HS51ZZ DO a X AbRT 2R LT VR VERIEESRELZRE LT
(Scheme 4-7) 2,

PhBF;K (1.0 equiv.)
SiCly (1.0 equiv.) H

©/\"tz NEt; (1.5 equiv.) ©/\N)B,Ph
S i

Z 40°C,18 h z

6: 1.2 equiv. toluene/CPME 13: 79%

Scheme 4-7. Using Organotrifluoroborate and Tetrachlorosilane for 1,2—Azaborine Synthesis
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BICETA FABB X OB EITV., RIEEIET 2RISR T CROBEEZRMLZ, 72 =KV
NEIVEWREHEEAETH T oA = I LEHAND L, BIERDOE ) v 14 OICRN A E L,
THRY > 12a OIRNED L= (entry2), TREATH D7 Lo 2a 1 TFeMES #ft)//mAk
BILT 2720, Zov U P2 14 OB, MWEL7 A 5 L0 A C73ERRIC K0 ROGR 03 feiE
STl EHEER LT, 14-U4 ST WY %7%%Uyuawﬂ$ﬁﬁTL\@$ﬁ%®H
U2 14 QIR L7 (entry3), Y7z oor aaRLizm g L 7HRY »oILE
FEEL72b o0, T b= U AORMEITIZRIZR o7 (61%: entry 4, 68%: entry 5), FEfE— T
IV DMF ZRIEE L CTH TR U oluRixm E Lo -7 (entriess6and7), ~/LTl | a,a,0— ~
Y7/t ua by CPME, THF Z¥EE e LTHWD IR THL T Lo nsEFE L, BROT
AU OIFEILA EL72h o7 (entries8-11), L EDOFER LV | 7R Y VEREAMHET 5720121
T Ry FTTORYBRIEHORMA il T D Ll L=,

Table 4-2. Condition Screening

10 mol% RuPhosAuClI

N-O 10 mol% AgOTf N-Q N-O N-O
ar& s MeCN, rt., 2 h I ™S ) ™S / ™S
r s il » Ar \ . Arw US4 \
PhBF;K (2.0 equiv.) 3 2 \\\
SiCl, (2.0 equiv.) Ph
1a: Ar = 4-CIC¢H, Et;N (2.5 equiv.) 12a 2a 14

solvent, 100 °C

entry solvent azaborine 12a (%)? allene 2a (%)? pyridine 14 (%)?
1 MeCN (one-pot) 80 0 1
2 propionitrile 60 0 22
3 1,4-Dioxane 40 0 24
4 1,2-DCE 61 0 17
5 CHCIs 68 0 16
6 EtOAc 47 0 20
7 DMF 29 0 5
8 Toluene 44 22 31
9 PhCF3; 43 17 8
10 CPME 37 44 28
11 THF 13 31 38

? NMR yield using dibromomethane as an internal standard.

FWT, WINFITHDHEIEDO B L) DT (Tabled-3), NV ZF AT IUMHRICL ZHOT
NEXLT IV THHLUAY TN TF T I U2 HWTZEICIE, REONETTHARY » 12a B
FOBY P 443G oid (entryl), BHEKRT I ThH NN-VAFNLT =V xHW=5E
U Y14 OEREIHICTE S, TR COMCRITME T L7 (40%: entry 2), HFEE LT
Vo rEHWD & RIAERMOE Y ¥ 14 QARG SR’ T FARY & 12a DICEHIR T L7
(entry3), F7z, ME L LRIV U LAZHWD &, ISR EHL L TERY 122 13455
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niginole, TRHORRED . WINTL2HILL LT R =F A7 IR EITHL & HWr L,

Table 4-3. Condition Screening

10 mol% RuPhosAuClI

I;I—O 10 mol% AgOTf ’;“0 TMS N-O I;I—O
A'/S) Tms MeCN,rt,2h o AN Al ™S A AN TS
Z | + + |
HN =z then HN\B NH, N
PhBF;K (2.0 equiv.) 3 2\
SiCl, (2.0 equiv.) Ph
1a: Ar =4-CICgH, Base (2.5 equiv.) 12a 2a 14
MeCN, 100 °C
entry Base azaborine 12a (%)? allene 2a (%)? pyridine 14 (%)?
1 DIEA 80 0 12
2 N,N-dimethyl aniline 40 0 12
3 pyridine 58 0 trace
4 K2COs complex mixture

? NMR yield using dibromomethane as an internal standard.

UEDRERLIY, 5T L= a4-T I ) AV AFH Y —2a LV THRY VU 12a 25T 5 K
OGN 2 G T-, 5-T V=47 I ) A VAV —)b 2a TRRICALZERFREICL b5
P S RP TN AR T AR T D ORI L 7 A FBIFE T TR LETH D,
VEAL 7 A DA U DHERIC I 2T L2 2a OBLEFS 72010, RN EE R %E 2 R7-9 L HfE

277,

4—3—4. BEEREHAORER

HE T8 7= i st (Table 4-2, entry 12) ZHWT, A VAV a7 ¥R Y > 12 BOIEEHE
HEPHORF 21T > 7= (Scheme 4-9), AMHtTiE, MU 74 oRL— M, 4 VA%V —1 3
M OBHILR, O T 0 UL AN OEHILRY, SV ILVED 4 SEBE LT,

N7t — MEOBEBRILE LT, ErGHB I OE FRIMEEREZGT57 U —
B, TAXNE TV EEe2/T 57 VR RGN, 7 U= HETE it G E L A
BT 55 IIEERM BT 28M23H 0 (12b-d), B REIMEEBRETHL 7 na kv T 2 K
BT DA ITIEEMET Lz (12e:43%. 12f:65%), AV MIZ 7 v A2 G T 256, SRR EIC
Lo TTHRY OUWRNKIEIZED Lz (12g:27%), T 7 FNVEE2ET 55 ANRITTRE TH
VD (12h:55%) ., TA 7 = = VETIET AR Y U OBEEREA LTz (12i:46%) . [EHAELDS A FLHD
Lo, TR > 12) DHREREOINRTELNZN, b X e fm3 57 AR >3 4 LR,
20 °C DIRAFSRMETH 1V EBLINIC O LTz, —FH, v 7uera eV EE G757 AR Y > 12k 1
BRIEETIIH 2B T HARY > 12 EIIRBICLE TH T, V74 5HTH M) 7t aR
L—F2HWD ERIGT 2T FRY AT b RRICETHE L7z (121: 73%, 12m: 79%) .

AV FXYY = VEROBEBRERNIZOWTORELRFTH L, 7=/ (12n), B LG5 E
a3 57 U —i (120-p). tert-7FH (12q). n—X>F )V (12r) 2R UELEICAETH
THERY URENENE LN, 7B EVEEET LT R D OIEENRKE KT LD,
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—EEH CTH D 7 LT W Claisen S5 SUG DIURN B L TV D LHEER LT,

Fa OV E AL OBHE R IZHONWTIZ, XU 12s), -7 F R (12t) 2H T 5 g%t
ST AHTYRY & ERTEHER, YUAEICONWTIE, PAFA T 2=V UV ERHET LSS
WX T D7 AR Y CSHREDOIER TR L (12u: 41%),

R®BF;K (2.0 equiv.)

N-Q 10 mol% RuPhosAuCl  SiCls (2.0 equiv.)
RI™N\A SiR, 10 mol% AgOTf Et;N (2.5 equiv.) R?
HN% > >

MeCN, rt, 2 h -15°C to 100 °C
, 1h
1 R one-pot

N-O
U
Ar P \ TMS
HN‘B \ HN‘B
Ar =4-CICgH, @
Me t-Bu OMe
12a: 78% 12b: 85% 12c: 39% 12d: 79%

r;l—o r}—o l;l—O r;l—O r;l—O
Ar P \ TMS Ar P \ TMS Ar P \ TMS Ar P \ TMS Ar P \ TMS
HN‘B HN‘B \ HN‘B HN‘B \ HN\B

Br.
O @ 4
J )
Cl CN
12e: 43% 12f: 65% 12g: 27% 12h: 55% 12i: 46%
r;l—O l;l—O N-O N-O
U U
Ar P \ TMS Ar P \ TMS Ar P \ TMS Ar P \ TMS
HN‘BI HN‘B HN‘B \ HN‘B \
Me A /) )\
12j: 50% 12k: 35% 121: 73% 12m: 79%
N-O N-O N-0
! TMS ! TMS > TMS
| Me | MeO |
HN‘B HN‘B HN\B
| | |
Ph Ph Ph
12n: 86% 120: 73% 12p: 79%

12s: 65% 12t: 63% 12u: 41%

Scheme 4-9. Substrate Scope of Propargyl Aza-Claisen Rearrangement/Borylative Cyclization Cascade
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Ik, RUREICT ==V EEETHTHRY 120 00T b B X SEERIT 2170, b
Yot aRl— MEEZHWEAGRTHA YA — VR ETFRY VERAHES L ZBRAEHK
DEONDZ EEH BN LT (Figure 4-2),

Figure 4-2. X-Ray Crystallographic Analysis of Isoxazoloazaborine 12n

4—4. HEERIOHEE

HEE SR 2 UL N IZ7~ 3 (Scheme 4-10), 53 =T Tk X728V | 1 F 4 AL A > A4
V=L A DRSO T V% & RETFINTIEMHEL L= 5 (B), Claisen B SGDERM TH D 5-
TVaN4-T I ) AVFXRY ) —VEPERT D, AN 7 A m R L— ME & I A
ALY AbR T > (RBBXy) BHEIKE O7 X /I > THIES T, BNEAGEHET S
HEA F BT 5, £ LT, RURETF Loy Oz & b7 5 Bbic L0 s f
TOHEEG DR LD, 7 a b AmAb & BFHFERIEDOEEIC L > TA Y AF Yy e TR
H 28BS 5,

SHAEARUBREER SO BIZA Y /= NV ERMUEBIC, A YRR BT M8z 2 R
UMD L7 EBRE R (Scheme 4-5) (X, HA G OFEZRET 5, £z, NEIEmWERELT
&% t+-BuOK Z FHWTZBRIC 7V ax VENIM U2 TlI7e< AL 7 0 RSN Z b,
TEA G DIFEZ SRS 5,

’ 9 "9 H SR
Z . Z SiR IR3
R1&R SRy au® R VS)\‘ S|R3 3
HN =z —_—> HN A @ NH \
~ N [Au] u[ u \\\
R? R2
A B
N-O N-0
] I

SiR SiR
R W ? R33x2 R1 : S ‘?'RS S|R3
— « : NH, \\\\ S\\\\ H%\)B B HX HN\B
( b X = |= cl) XJ' ,‘qs C Rs

H~N

Scheme 4-10. Plausible Mechanism

4—5. %Tii;!;lmmﬁé‘u‘

KBIZ, JBoNnTeA VAT a7 R Y COFBERME ARG Lic, A Y AFF Y a7 PR
12a a‘:%wl/%’%f& L. YU 747% UVBD N-H S, £ LT = Eo =frd )G &
THHEME B Lz, Mama iR s e, 4 4%y a7 RY > 12a OFERLETNT
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WBREI Lginotz, BUF . BEtOFEMIZ oW TR~ 5%,

ETIETIFRY VR EOTV Y VEOREZKREF L7 (Table 4-4), £, A& ) — VIR CRER
AV ULEREG LIV Y NVERRES AT, BRI EREEIN S (entry 1), #EWT. 7 vt
AT ANV Y VEOBREEZH D, 7ok U AT vLKEE Y DU EMEH LR, IR
HDOEMTHIEEINEERIN 372 (entries2and3), 7 B r A X UREHCRY 74 0l %
EH S0, ZOBAFEMEADREONT (entryd), TNOHOMREHEREID ., 7THRY VB8R
DY NFEOBREITWEE LT,

Table 4-4. Examination of Protodesilylation of Isoxazoloazaborine 12a

N-O I;I—O
I
Z \ ™S Protodesilylation Z \ H
cl E—— o1
HN.g \ HN. o |
1 1
Ph Ph
12a 15
entry condition yield (%)
1 K2CO3, MeOH, r.t. to reflux, 3 h 0
2 CsF (2.0 equiv.), EtOH, r.t. to reflux, 3 h 0
3 HFepyridine 0
4 TFA, CH2Cl2, r.t., 16 h 0

WIZ, THRY VERO N-H fEOMEREIC L7 e Ak na b7 ¥z kb N7
Az BfE L2 (Scheme4-10-1), THF i, iR L LTV F U LY A Y TR ELT I N
EREE, e AT VR bRl E LTI — RAZ U ZRM LI, LILARREL, N-T L
TR ETET, A 12a BRI S 7,

VUNVEBIOIN-HESOEWMNRRETH 72720, 7RV VERICER L B = VOB
BHR LU, 2737 VU ARFERAOTHEANECIC X 57 V7 v O & R 7 72 (Scheme 4-10-2)
AZ )= VIRIEEF . RXT VT NRFEAEEE LT, KR DB LERATZD, E= KT edE
JLINT, R 12a BEEFEI Sz, D3WT, TV 0 Al Z 7o Wacker BB{RIZ K D, A
L7 4 DIV =V FEA~D WA T~ T- (Scheme 4-10-3), (b XT7 Vo Lafiifftl L, o7 on
AL VR T b E BEE A ER S8, L Lans, 266 62< A 18 1341,
JFEE 122 NFETE L=, F72. Y UNMRICE AT LT K19 ~DOZ%EH 772 (Scheme 4-10-4)
vraa AL R A U EER ST E 2 A, TLC FTIC Ko T Y = KRR D ARk % fil
BLIEbDOD, N T 2= ViR AT 4 XK DBICD AT v T TRIGRFPEHELL L, 7T
K19 13fFonienotz, ZICAL 7 4 v A X BV A ERF L2, 7205, 5 mol%? Hoveda-
Grubbs Il EDFIE T, MV LR CT7 7 U AT L LIRA L7z (Scheme4-10-5), L2>L7eAs
O, ZORISSTHFRY 20 1IFAEMET, A 12a BVEINESNDDHTH ST,
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(1)

()

@)

(4)

()

4—6. £L®

1) LDA (2.0 equiv.)
THF
-78 °C, 30 min

N-O
I ™S
v 7
2) Mel cl Me’N‘B
-78°C tort. L |

3h
16: 0%
N-0
PdIC, H, L
—» \
cl
MeOH HN< g
r.t. to 50 °C x
ah Ph
17: 0%
10 mol% PdCl, N-Q
Cul (1.5 equiv.) & \ ™S
—_—_——
cl o)
CH,Cl, HN.p
0, Ph
16 h 18: 0%
1) O3
CH,Cl, 5‘-0
-78°C, 15 min 2 : T™MS
—_—
cl o)
2) PPh, HN-g
Ar r.t. I‘°h H
19: 0%
0 5 mol% Hoveda-Grubbs
+ >
KLOEt toluene
80 °C
24h

Scheme 4-10. Trials of Derivatization of Isoxazoloazaborine 12

RETIE, FoBE T BOAREIL R ST o-T LA T =Y DT s 5-T L=b-4-T )
AV FXHF Y= 2 FHVETFRY CBRBEREICOVWTHRA, ATHEFE LTS bRy EE
HAWBE, WA ICE>Te FaxsEad SATATHFRY > 3 BIO—2FT 57 FRY »
4 %157, ARERNY 7t aR L — MESUE(Er A RZLVELL O a Tl U AbR T 20D &
RUREICEBENEANSNTT PR 12 2687, 2L =FEOA Y Xy a7 R o
S IL RS X BAEERAT T O NI Lc, MELA Y ATy e 7 R Y 12 OFFERKIT
BERTE ol b OO, FiBkAE LTT L2 AWV 2HH BN HFERIEA O BIEDBF I
L7z (Figure 4-3) ',
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- -0
N-Q ® AN SiRs | RBFK
R1j\) siR. [Aulcat. [R SiCl, 21
3 examples
HN% _— NH, \\\\ 27-86% yield
RZ R2
1 2 12
5-Allenyl-4-aminoisoxazole Isoxazoloazaborine

l BCl,

N-O N-O

4 TMS 4 TMS
7 c 7

Cl |
HN.B HN.BI \
(o] OH
3 4

OH OH

Figure 4-3. Construction of Isoxazoloazaborine Ring through Propargyl Aza-Claisen

Rearrangement/Borylative Cyclization Cascade Reaction
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Experimental section
General techniques

NMR spectra were recorded on a Bruker biospin AVANCE II (400 MHz for 'H, 100 MHz for "*C, 128 MHz
for ''B) or a Bruker biospin AVANCE III (500 MHz for 'H, 125 MHz for *C, 160 MHz for ''B) instrument in
the indicated solvent. Chemical shifts are reported in units parts per million (ppm) relative to the signal (0.00
ppm) for internal tetramethylsilane for solutions in CDCl; (7.26 ppm for 1H, 77.16 ppm for *C). Multiplicities
are reported using the following abbreviations: s; singlet, d; doublet, dd; doublet of doublets, t; triplet, dt; doublet
of triplets q; quartet, quint; quintet, m; multiplet, br; broad, J; coupling constants in Hertz. IR spectra were
recorded on a JASCO FT/IR-4200 spectrometer. Only the strongest and/or structurally important peaks are
reported as IR data given in cm™. Mass spectra were measured using a JMS-700 Mstation and Bruker micrOTOF
II. HRMS (EI, 70 eV) was calibrated as perfluorokerosene and HRMS (ESI-TOF) was calibrated as sodium
formate. All reactions were monitored by thin-layer chromatography carried out on 0.2 mm E. Merck silica gel
plates (60F-254) with UV light (254 nm), and were visualized using an aqueous alkaline KMnOj solution. Gel
permeation chromatography (GPC) for purification was performed on Japan Analytical Industry Model LC-
9225 NEXT (recycling preparative HPLC) and a Japan Analytical Industry Model UV-600 NEXT ultraviolet
detector with a polystyrene gel column (JAIGEL-1H, 20 mm X 600 mm), using chloroform as solvent (3.5
mL/min). Column chromatography was performed on Silica Gel 60 N, purchased from Fuji Silysia Chemical
Ltd. Preparative thin-layer chromatography (PTLC) was performed using Wakogel B5-F silica coated plates
(1.0 mm) prepared in our laboratory. 4-N-Propargylaminoisoxazoles la-b, 1d, 1f, 1h-i" and potassium

organotrifluoroborates® were synthesized according to the literatures.

1. Synthesis of 3-substituted-4-aminoisoxazoles
Synthesis of 3-(4-methoxyphenyl)isoxazol-4-amine

To a mixture of (Z)-N-hydroxy-4-methoxybenzimidoyl chloride® (3.71 g, 20.0 mmol) and ethyl (E)-3-
(pyrrolidin-1-yl)acrylate? (3.38 g, 20.0 mmol) in MeCN (2 mL/mmol of 3-(pyrrolidin-1-yl)acrylate),
triethylamine (3.3 mL, 24 mmol) was added dropwise at 0 °C under an argon atmosphere. After being stirred at
room temperature for 3 h, the residue was poured into diethyl ether and water. The aqueous layer was extracted
with diethyl ether. The combined extract was washed with brine, dried over MgSO4 and concentrated in vacuo.
The residue was dissolved in acetic acid (4 mL/mmol of 3-(pyrrolidin-1-yl)acrylate), 6 M HCI (10 mL/mmol of
3-(pyrrolidin-1-yl)acrylate) was added under an argon atmosphere. After being refluxed for 6 h, the residue was
poured into ethyl acetate and water. The aqueous layer was extracted with two portions of ethyl acetate. The
combined extract was washed with brine, dried over MgSQO4 and concentrated in vacuo. The residue was
dissolved in tert-butyl alcohol (3 mL/mmol of 3-(pyrrolidin-1-yl)acrylate), diphenyl phosphoryl azide (4.3 mL,
20 mmol) and tryethylamine (2.8 mL, 20 mmol) were added. After being stirred at 85 °C for 12 h, the residue
was passed through a pad of silica gel and concentrated in vacuo. Then, 4 M HCI in dioxane (10 mL/mmol of
3-(pyrrolidin-1-yl)acrylate) was added to the residue. After being stirred at room temperature for 3 h, saturated
aq. NaHCOj3; was added. The mixture was poured into ethyl acetate, the aqueous layer was extracted with two

portions of ethyl acetate. The combined extract was washed with brine, dried over MgSO4 and concentrated in
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vacuo to afford 3-(4-methoxyphenyl)isoxazol-4-amine (983 mg, 5.12 mmol, 26 % in 4 steps) as a white solid.
Mp 73-74 °C; '"H NMR (500 MHz, CDCl3) § 8.03 (s, 1H), 7.73 (d, J= 7.9 Hz, 2H), 7.46-7.41 (m, 3H), 3.13 (brs,
2H); C NMR (125 MHz, CDCl3) § 155.7, 144.1, 129.6, 129.0, 128.4, 127.6, 125.6; FT-IR (neat): 3400, 3333,
3222, 3124, 3124, 3065, 1633, 1454, 1396, 895, 698 cm™'; HRMS (ESI-TOF): calcd. for [C1oH;oN20, +Na]",
213.0634: found 213.0634.

N-O

oY
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2. N-Propargylation of 4-aminoisoxazoles
Representative procedure for the synthesis of 3-(4-methoxyphenyl)-V-(1-phenyl-3-(trimethylsilyl)prop-2-
yn-1-yl)isoxazol-4-amine (1d)

A mixture of 4-(trimethylsilyl)but-3-yn-2-one (743 puL, 4.5 mmol, 1.5 equiv.), 3-(4-methoxyphenyl)isoxazol-
4-amine (570 mg, 3.0 mmol, 1.0 equiv.) and acetic acid (360 uL, 6.0 mmol, 2.0 equiv.) in MeOH (4 mL/1 mmol
of 4-aminoisoxazoles) was stirred at 0 °C for 10 min. To the solution was added NaBH3;CN (566 mg, 9.0 mmol,
3.0 equiv.) at 0 °C. After addition, the mixture was stirred at room temperature for 2 h. The reaction was
quenched by addition of water. The resultant mixture was extracted with CH,>Cl, and the combined organic
layers were dried over MgSQOy4 and filtered. The solvent was removed in vacuo, and the residue was purified
silica gel column chromatography with hexane : ethyl acetate (19 : 1) to give the desired compound 1d (380 mg,
0.962 mmol, 32%) as an orange oil. '"H NMR (400 MHz, CDCl3) & 8.16 (s, 1H), 7.73 (d, J = 8.8 Hz, 2H), 7.01
(d, J=8.8, 2H), 3.89-3.84 (m, 4H), 3.00 (brs, 1H), 1.49 (d, J = 6.8 Hz, 3H), 0.14 (s, 9H); *C NMR (100 MHz,
CDCl3) 6 160.8, 155.2, 143.5, 129.3, 127.6, 121.2, 114.6, 106.5, 88.1, 55.5,45.2, 22.4, 0.04; FT-IR (neat): 2972,
2842, 1635, 1611, 1463, 1251, 1051, 1032, 894, 837 cm™'; HRMS (ESI-TOF): caled. for [C17H2N>0,Si +Na]",

337.1343: found 337.1343.
N
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3-Pentyl-/V-(4-(trimethylsilyl)but-3-yn-2-yl)isoxazol-4-amine (1f)

Following the representative procedure using 4-(trimethylsilyl)but-3-yn-2-one (619 uL, 3.8 mmol) and 3-
pentylisoxazol-4-amine (392 mg, 2.5 mmol)," purification by silica gel column chromatography with hexane :
ethyl acetate (19 : 1) afforded the desired compound 1f (380 mg, 0.962 mmol, 32%) as a yellow solid. Mp 120-
122 °C; '"H NMR (400 MHz, CDCl5) § 8.02 (s, 1H), 3.84 (brs, 1H), 2.69 (brs, 1H), 2.57 (t,J= 7.6 Hz, 2H), 1.73-
1.69 (m, 2H), 1.48 (d, J = 6.8 Hz, 3H), 1.38-1.35 (m, 4H), 0.90 (t, J = 6.8 Hz, 3H), 0.13 (s, 9H); *C NMR (100
MHz, CDCls) & 157.2, 142.7, 127.7, 106.7, 88.0, 45.2, 31.7, 26.8, 24.3, 22.3, 14.1, 0.03; FT-IR (neat): 2957,
2867, 1732, 1698, 1558, 1541, 1507, 1457, 1052, 1032, 838, 762 cm'; HRMS (ESI-TOF): caled. for
[C15H26N>0Si +Na]", 310.1707: found 301.1703.
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3-(4-Chlorophenyl)-NV-(1-phenyl-4-(trimethylsilyl)but-3-yn-2-yl)isoxazol-4-amine (1g)

Following the representative procedure using 3-(4-chlorophenyl)isoxazol-4-amine (584 mg, 3.0 mmol)® and
1-phenyl-4-(trimethylsilyl)but-3-yn-2-one (631 mg, 4.5 mmol),” purification by silica gel column
chromatography with hexane : ethyl acetate (19 : 1) afforded the desired compound 1g (380 mg, 0.962 mmol,
32%) as a brown oil. '"H NMR (500 MHz, CDCls) § 8.22 (s, 1H), 7.58 (d, J = 8.5 Hz, 2H), 7.38 (d, J = 8.5, 2H),
7.34-7.25 (m, 5H), 3.97 (t, J = 6.0 Hz, 1H), 3.08 (dd, J = 16.5, 6.5 Hz, 2H), 2.97 (brs, 1H), 0.15 (s, 9H); *C
NMR (125 MHz, CDCls) & 154.6, 144.4, 136.5, 135.8, 129.8, 129.3, 129.0, 128.7, 127.3, 127.2, 104.8, 90.3,
50.9, 41.6, -0.05; FT-IR (neat): 3338, 2958, 2898, 2167, 1618, 1494, 1413, 1249, 1093, 878, 843 cm™'; HRMS

(ESI-TOF): m/z [C2H23CIN,OSi +Na]" calcd. for, 417.1160: found 417.1160.
N-0
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3. Synthesis of isoxazoloazaborines
3-(4-Chlorophenyl)-6-(1-hydroxyethyl)-7-(trimethylsilyl)isoxazolo[5,4-¢][1,2]azaborinin-5(4 H)-ol (3)

To a mixture of RuPhosAuCl (7.0 mg, 0.010 mmol) and AgOTTf (2.6 mg, 0.010 mmol) in a sealed vial, 4-
propargylaminoisoxazole 1a (31.9 mg, 0.10 mmol) in acetonitorile (1 mL) was added at room temperature under
an argon atmosphere. After stirred at room temperature for 2 h, the mixture was passed through a pad of celite
and concentrated in vacuo. The allene residue 2a was dissolved in dichloromethane (3 mL). After the mixture
was cooled at - 40 °C, boron trichloride solution (1.0 M in heptane, 400 pL, 0.40 mmol) was added. The reaction
mixture was stirred at 80 °C for 16 h. The reaction was quenched with H,O. The resultants mixture was extracted
with ethyl acetate and the combined organic layers were dried over MgSOs and filtered. The solvent was
removed in vacuo, and the residue was purified by PTLC with hexane : ethyl acetate (19 : 1) to give 3-(4-
chlorophenyl)-6-(1-hydroxyethyl)-7-(trimethylsilyl)isoxazolo[5,4-¢][ 1,2]azaborinin-5(4H)-ol 3 (18.2 mg,
0.050 mmol, 50%) as a yellow solid. Mp 169-170 °C; "H NMR (500 MHz, CDCl;) & 7.66 (d, J = 8.5 Hz, 2H),
7.51 (d, J = 8.5 Hz, 2H), 6.75 (brs, 1H), 6.56 (brs, 1H), 5.36 (q, /= 6.5 Hz, 1H), 1.48 (d, /= 6.5 Hz, 3H), 0.48
(s, 9H); C NMR (125 MHz, CDCls) § 158.9, 151.3, 139.6, 136.2, 129.8, 128.7, 127.2, 120.7, 72.6, 29.4, 25.4,
1.8; "B NMR (160 MHz, CDCls) & 28.39; FT-IR (neat): 3345, 3270, 1410, 1275, 1046, 840 cm™'; HRMS (EI,

70 eV): calcd. for [C16H20CIN>O3SiB]", 362.1025: found 362.1020.
N-0
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3-(4-Chlorophenyl)-7-(trimethylsilyl)-6-vinylisoxazolo[5,4-¢][1,2]azaborinin-5(4 H)-ol (4)

To a mixture of RuPhosAuCl (7.0 mg, 0.010 mmol) and AgOTTf (2.6 mg, 0.010 mmol) in a sealed vial, 4-
propargylaminoisoxazole 1a (31.9 mg, 0.100 mmol) in acetonitorile (1 mL) was added at room temperature
under an argon atmosphere. After stirred at room temperature for 2 h, the mixture was cooled at - 40 °C, then
boron trichloride solution (1.0 M in heptane, 400 pL, 0.400 mmol) was added. The reaction mixture was warmed
to 100 °C, and stirred for 16 h. The reaction was quenched with H>O. The resultants mixture was extracted with
ethyl acetate and the combined organic layers were dried over MgSOs and filtered. The solvent was removed in
vacuo, and the residue was purified by PTLC with hexane : ethyl acetate (19 : 1) to give 3-(4-chlorophenyl)-7-
(trimethylsilyl)-6-vinylisoxazolo[5,4-¢][ 1,2]azaborinin-5(4H)-ol 4 (17.5 mg, 0.051 mmol, 51%) as a yellow
solid. Mp 135-136 °C; 'H NMR (500 MHz, CDCl3) § 7.68 (d, J = 9.0 Hz, 2H), 7.52 (d, J = 9.0 Hz, 2H), 7.03
(dd, J=18.0, 11.5 Hz, 1H), 6.29 (brs, 1H), 5.51 (dd, J=11.0, 1.5 Hz, 1H), 5,37 (dd, J = 18.0, 1.5 Hz, 1H), 4.54
(brs, 1H), 0.47 (s, 9H); *C NMR (125 MHz, CDCl3) § 159.5, 151.3, 142.5, 140.2, 136.2, 129.9, 128.7, 127.2,
120.4, 118.0, 1.2; "B NMR (160 MHz, CDCls) § 27.78; FT-IR (neat): 3318, 2923, 1410, 1251, 1015, 834 cm’

' HRMS (EIL, 70 eV): calcd. for [C16HisBCIN20Si]", 345.0995: found 345.0985.
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3-(4-Chlorophenyl)-6-(1-methoxyethyl)-7-(trimethylsilyl)isoxazolo[5,4-¢][1,2]azaborinin-5(4H)-ol (11)

To a mixture of RuPhosAuCl (7.0 mg, 0.010 mmol) and AgOTTf (2.6 mg, 0.010 mmol) in a sealed vial, 4-
propargylaminoisoxazole 11 (31.9 mg, 0.100 mmol) in acetonitorile (1 ml) was added at room temperature
under an argon atmosphere. After stirred at room temperature for 2 h, the mixture was filtrated with celite pad,
and the solvent was removed in vacuo. The residue was dissolved in toluene (2 mL) and cooled at -40 °C, then
boron trichloride solution (1.0 M in heptane, 400 pL, 0.400 mmol) was added. The reaction mixture was warmed
to 100 °C, and stirred for 1 h. The reaction was quenched with MeOH. The resultants mixture was extracted
with ethyl acetate and the combined organic layers were dried over MgSO4 and filtered. The solvent was
removed in vacuo, and the residue was purified by PTLC with hexane : ethyl acetate (9 : 1) to give desired
product 8 (20.8 mg, 0.055 mmol, 55%) as a white solid. Mp 172-173 °C; 'H NMR (500 MHz, CDCl3) § 7.67
(d, J=8.5 Hz, 2H), 7.52 (d, J = 8.5 Hz, 2H), 6.85 (brs, 1H), 6.55 (brs, 1H), 4.77 (q, J = 6.5 Hz, 1H), 1.42 (d, J
= 6.5 Hz, 3H), 0.51 (s, 9H); *C NMR (125 MHz, CDCl;) § 159.0, 151.3, 141.1, 136.1, 129.8, 128.7, 127.3,
120.9, 81.2, 57.0, 29.8, 23.3, 2.0; ''B NMR (128 MHz, CDCls) § 28.40; FT-IR (neat): 3300, 2981, 1770, 1407,

1248, 913, 747 cm™'; HRMS (ESI-TOF): calcd. for [C17H2,BCIN,0;Si +Na]*, 399.1073: found 399.1077.
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4. Synthesis of isoxazoloazaborines 12 via gold-catalyzed propargyl aza-Claisen
rearrangement/borylative cyclization cascade
General procedure of isoxazoloazaborines 12 synthesis

To a mixture of RuPhosAuCl (0.10 equiv.) and AgOTf (0.10 equiv.) in a Biotage microwave vial, 4-
propargylaminoisoxazole 1 (1.0 equiv.) in acetonitrile (10 mL/mmol of 1) was added at room temperature under
an argon atmosphere. After stirred at room temperature for 2 h, potassium organotrifluoroborate (2.0 equiv.),
silicon tetrachloride (2.0 equiv.) and triethylamine (2.5 equiv.) were added to the mixture in the glovebox. The
reaction mixture was stirred at 100 °C for 1 h. After cooling the reaction mixture to room temperature, the
mixture was passed through a pad of celite and concentrated in vacuo. The residue was purified by PTLC to

afford the desired products 12.

3-(4-Chlorophenyl)-5-phenyl-7-(trimethylsilyl)-6-vinyl-4,5-dihydroisoxazolo|S,4-¢e][1,2]azaborinine (12a)

Following the general procedure using 3-(4-chlorophenyl)-N-(4-(trimethylsilyl)but-3-yn-2-yl)isoxazol-4-
amine 12a (319 mg, 1.0 mmol) and potassium phenyltrifluoroborate (368 mg, 2.0 mmol), purification by PTLC
(hexane : acetone = 39 : 1) afforded the desired product 12a (317 mg, 0.783 mmol, 78%) as a yellow solid. Mp
103-104 °C; 'H NMR (500 MHz, CDCl;) & 7.80 (brs, 1H), 7.71 (d, J = 8.5 Hz, 2H), 7.61-7.59 (m, 2H), 7.54 (d,
J=28.5Hz, 2H), 7.41-7.38 (m, 3H), 7.14 (dd, /= 17.5, 11 Hz, 1H), 5.26 (dd, J=11.5, 2.0 Hz, 1H), 5.03 (dd, J
=17.5, 1.5 Hz, 1H), 0.54 (s, 9H); >*C NMR (125 MHz, CDCl;) § 162.5, 151.2, 141.3, 140.5, 136.4, 133.1, 130.0,
128.9, 128.5, 128.0, 127.0, 120.8, 120.2, 1.83; "B NMR (128 MHz, CDCl;) § 33.90; FT-IR (neat): 3404, 2955,
2924, 1600, 1502, 1408, 1251, 869, 834 cm™; HRMS (EI, 70 eV): calcd. for [C22H»BCIN,OSi]", 404.1283:
found 404.1283

3-(4-Chlorophenyl)-5-(p-tolyl)-7-(trimethylsilyl)-6-vinyl-4,5-dihydroisoxazolo|[5,4-¢][1,2]azaborinine
(12b)

Following the general procedure using 3-(4-chlorophenyl)-N-(4-(trimethylsilyl)but-3-yn-2-yl)isoxazol-4-
amine 1a (31.8 mg, 0.10 mmol) and potassium p-tolyltrifluoroborate (39.6 mg, 0.20 mmol),* purification by
PTLC (hexane : acetone = 39 : 1) afforded the desired product 12b (35.4 mg, 0.0845 mmol, 85%) as a brown
oil. '"H NMR (500 MHz, CDCl3) & 7.76 (brs, 1H), 7.71 (d, J = 8.0 Hz, 2H), 7.54 (d, J = 8.5 Hz, 2H), 7.50 (d, J
=8.0 Hz, 2H), 7.23 (d, /J=7.5 Hz, 2H), 7.13 (dd, J=17.5, 11 Hz, 1H), 5.26 (dd, /= 11.0, 1.5 Hz, 1H), 5.05 (dd,
J=17.5, 2.0 Hz, 1H), 2.40 (s, 3H) 0.53 (s, 9H); >*C NMR (125 MHz, CDCl;) § 162.5, 151.2, 141.1, 140.7,
138.4, 136.4, 133.2, 130.0, 128.9, 128.8, 127.0, 120.1, 21.6, 1.86; "B NMR (160 MHz, CDCl3) § 35.08; FT-IR
(neat): 3404, 2954, 2920, 1606, 1500, 1408, 1250, 869, 834 cm’'; HRMS (EI, 70 eV): caled. for
[C23H24BCIN>OSi]", 418.1439: found 418.1451.
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3-(4-Chlorophenyl)-5-(4-methoxyphenyl)-7-(trimethylsilyl)-6-vinyl-4,5-dihydroisoxazolo[5,4-
e][1,2]azaborinine (12¢)

Following the general procedure using 3-(4-chlorophenyl)-N-(4-(trimethylsilyl)but-3-yn-2-yl)isoxazol-4-
amine la (31.9 mg, 0.10 mmol) and potassium trifluoro(4-methoxyphenyl)borate (42.8 mg, 0.20 mmol),
purification by PTLC (hexane : acetone = 39 : 1) afforded the desired product 12¢ (34.4 mg, 0.0791 mmol, 79%)
as a brown oil. "H NMR (500 MHz, CDCl3) § 7.73-7.70 (m, 3H), 7.56-7.53 (m, 4H), 7.13 (dd, J=17.5, 11.5
Hz, 1H), 6.95 (d, J = 8.5 Hz, 2H), 5.27 (dd, J=11.0, 1.5 Hz, 1H), 5.06 (dd, J=17.5, 2.0 Hz, 1H), 3.85 (s, 3H),
0.52 (s, 9H); *C NMR (125 MHz, CDCl3) § 162.3, 160.2, 154.9, 151.2, 141.0, 140.8, 136.4, 134.7, 131.7, 130.0,
128.9, 127.1, 120.9, 119.9, 113.7, 55.2, 1.88; "B NMR (160 MHz, CDCl;) & 35.13; FT-IR (neat): 3403, 2954,
2898, 1601, 1499, 1407, 1234, 1179, 868, 832 cm'; HRMS (EI, 70 eV): caled. for[C2sH24BCIN,O,Si]",
434.1389: found 434.1387.

5-(4-(tert-Butyl)phenyl)-3-(4-chlorophenyl)-7-(trimethylsilyl)-6-vinyl-4,5-dihydroisoxazolo|[5,4-
e][1,2]azaborinine (12d)

Following the general procedure using 3-(4-chlorophenyl)-N-(4-(trimethylsilyl)but-3-yn-2-yl)isoxazol-4-
amine 1a (31.9 mg, 0.10 mmol) and potassium (4-(fert-butyl)phenyl)trifluoroborate (48.0 mg, 0.20 mmol),
purification by PTLC (hexane : acetone = 39 : 1) afforded the desired product 12d (18.1 mg, 0.0393 mmol,
39%) as a yellow oil. "H NMR (500 MHz, CDCls) § 7.80 (brs, 1H), 7.71 (d, J = 8.5 Hz, 2H), 7.61-7.59 (m, 2H),
7.54 (d, J=8.5Hz, 2H), 7.41-7.38 (m, 3H), 7.14 (dd, J=17.5, 11 Hz, 1H), 5.26 (dd, J=11.5, 2.0 Hz, 1H), 5.03
(dd, J=17.5, 1.5 Hz, 1H), 0.54 (s, 9H); *C NMR (125 MHz, CDCl;) § 162.5, 151.2, 141.3, 140.5, 136.4, 133.1,
130.0, 128.9, 128.5, 128.0, 127.0, 120.8, 120.2, 1.83; ''B NMR (160 MHz, CDCl;) § 34.41; FT-IR (neat): 3400,
2961, 2865, 1603, 1541, 1249, 1092, 869, 831 cm™; HRMS (EIL, 70 eV): caled. for [CasH3oBCIN,OSi]",
460.1909: found 460.1914.

N-O

PWLE
ci HN‘B\ \

230



FHIUE

3,5-Bis(4-chlorophenyl)-7-(trimethylsilyl)-6-vinyl-4,5-dihydroisoxazolo[5,4-¢][1,2]azaborinine (12¢)

Following the general procedure using 3-(4-chlorophenyl)-N-(4-(trimethylsilyl)but-3-yn-2-yl)isoxazol-4-
amine 1a (31.9 mg, 0.10 mmol) and potassium (4-chlorophenyl)trifluoroborate (43.7 mg, 0.20 mmol),’
purification by PTLC (hexane : acetone = 39 : 1) afforded the desired product 12e (19.1 mg, 0.0434 mmol, 43%)
as a brown solid. Mp 123-124 °C; 'H NMR (500 MHz, CDCls) § 7.76 (brs, 1H), 7.70 (d, J = 8.5 Hz, 2H), 7.55
(d, J=8.5 Hz, 2H), 7.51 (d, J = 8.5 Hz, 2H), 7.36 (d, J = 8.5 Hz, 2H), 7.09 (dd, J = 17.5, 11.5 Hz, 1H), 5.25
(dd, J=11.5, 1.5 Hz, 1H), 4.99 (dd, J = 17.5, 1.5 Hz, 1H), 0.52 (s, 9H); >*C NMR (125 MHz, CDCl3) § 162.5,
151.2, 141.3, 140.5, 136.4, 133.1, 130.0, 128.9, 128.5, 128.0, 127.0, 120.8, 120.2, 1.83; ''B NMR (160 MHz,
CDCls) & 35.26; FT-IR (neat): 3398, 2954, 2927, 1588, 1433, 1409, 1250, 1091, 869, 834 cm™; HRMS (EI, 70
eV): calcd. for [C22H21BCIN,OSi]", 438.0893: found 438.0883.
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4-(3-(4-Chlorophenyl)-7-(trimethylsilyl)-6-vinylisoxazolo[5,4-¢][1,2]azaborinin-5(4 H)-yl)benzonitrile
(121)

Following the general procedure using 3-(4-chlorophenyl)-N-(4-(trimethylsilyl)but-3-yn-2-yl)isoxazol-4-
amine la (31.9 mg, 0.10 mmol) and potassium (4-cyanophenyl)trifluoroborate (41.8 mg, 0.20 mmol),
purification by PTLC (hexane : acetone = 39 : 1) afforded the desired product 12f (27.8 mg, 0.0647 mmol, 65%)
as a yellow solid. Mp 229-230 °C; "H NMR (500 MHz, CDCl;) § 7.80 (brs, 1H), 7.71 (d, J = 8.5 Hz, 2H), 7.61-
7.59 (m, 2H), 7.54 (d, J= 8.5 Hz, 2H), 7.41-7.38 (m, 3H), 7.14 (dd, /= 17.5, 11 Hz, 1H), 5.26 (dd, /= 11.5, 2.0
Hz, 1H), 5.03 (dd, J=17.5, 1.5 Hz, 1H), 0.54 (s, 9H); *C NMR (125 MHz, CDCl;) § 162.5, 151.2, 141.3, 140.5,
136.4, 133.1, 130.0, 128.9, 128.5, 128.0, 127.0, 120.8, 120.2, 1.83; "'B NMR (160 MHz, CDCls) & 34.59; FT-
IR (neat): 2956, 2921, 2849, 1716, 1698, 1540, 1507, 1014, 832 cm'; HRMS (EI, 70 eV): calcd. for
[C23H2iBCIN30Si]", 429.1235: found 429.1224.

5-(2-Bromophenyl)-3-(4-chlorophenyl)-7-(trimethylsilyl)-6-vinyl-4,5-dihydroisoxazolo[5,4-
e][1,2]azaborinine (12g)

Following the general procedure using 3-(4-chlorophenyl)-N-(4-(trimethylsilyl)but-3-yn-2-yl)isoxazol-4-
amine 1a (31.9 mg, 0.10 mmol) and potassium (2-bromophenyl)trifluoroborate (52.6 mg, 0.20 mmol),’
purification by PTLC (hexane : acetone = 39 : 1) afforded the desired product 12g (13.0 mg, 0.0269 mmol,
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27%) as a yellow solid. Mp 145-146 °C; '"H NMR (500 MHz, CDCls) & 7.85 (brs, 1H), 7.71 (d, J = 8.5 Hz, 2H),
7.57-7.53 (m, 1H), 7.33-7.31 (m, 2H), 7.25-7.21 (m, 2H), 7.08 (dd, J=17.5, 11.0 Hz, 1H), 5.12 (dd, J = 11.0,
1.5 Hz, 1H), 4.91 (dd, J = 17.5, 1.5 Hz, 1H), 0.54 (s, 9H); *C NMR (125 MHz, CDCl;) § 162.5, 151.3, 141.6,
139.9, 136.5, 134.2, 132.1, 130.0, 129.9, 128.9, 126.9, 126.72, 126.65, 120.3, 119.6, 1.67; "'B NMR (160 MHz,
CDCls) & 35.10; FT-IR (neat): 3400, 2955, 2925, 1716, 1600, 1503, 1251, 1092, 1337, 1250, 869, 833 cm™';

HRMS (EI, 70 eV): caled. for [C22H2BBrCIN,OSi]", 482.0388: found 482.0380.

N-O
I _\_TNS

cl |
HN<g

Brﬁ‘

3-(4-Chlorophenyl)-5-(naphthalen-2-yl)-7-(trimethylsilyl)-6-vinyl-4,5-dihydroisoxazolo|5,4-
e][1,2]azaborinine (12h)

Following the general procedure using 3-(4-chlorophenyl)-N-(4-(trimethylsilyl)but-3-yn-2-yl)isoxazol-4-
amine 1a (31.9 mg, 0.10 mmol) and potassium 2-naphthalenyltrifluoroborate (46.8 mg, 0.20 mmol),?
purification by PTLC (hexane : acetone = 39 : 1) afforded the desired product 12h (25.0 mg, 0.0549 mmol,
55%) as a brown oil. '"H NMR (500 MHz, CDCls) & 8.06 (brs, 1H), 7.89-7.84 (m, 4H), 7.73 (d, J = 8.5 Hz, 2H),
7.68 (dd, J = 8.5, 1.0 Hz, 1H), 7.54 (d, J = 8.5, 2H), 7.51-7.49 (m, 2H), 8.18 (dd, J=17.5, 11.5 Hz, 1H), 5.24
(dd, J=11.5,2.0 Hz, 1H), 5.04 (dd, J=17.5, 1.5 Hz, 1H), 0.56 (s, 9H); >*C NMR (125 MHz, CDCl3) § 162.6,
151.3, 141.5, 140.3, 136.4, 133.4, 133.3, 132.9, 130.4, 130.0, 128.9, 128.2, 127.9, 127.04, 127.01, 126.4, 126.1,
120.9, 120.6, 1.82; "B NMR (160 MHz, CDCls) § 35.37; FT-IR (neat): 3400, 3052, 2956, 1598, 1545, 1467,
1250, 1092, 869, 833 cm™'; HRMS (EI, 70 eV): caled. for [CasH2aBCIN,OSi]", 454.1439: found 454.1484.

N-Q
I ™S

ci |
HN<g

be

3-(4-Chlorophenyl)-5-(thiophen-3-yl)-7-(trimethylsilyl)-6-vinyl-4,5-dihydroisoxazolo[5,4-
e][1,2]azaborinine (12i)

|

Following the general procedure using 3-(4-chlorophenyl)-N-(4-(trimethylsilyl)but-3-yn-2-yl)isoxazol-4-
amine 1a (31.9 mg, 0.10 mmol) and potassium 3-thuenyltrifluoroborate (38.0 mg, 0.20 mmol),? purification by
PTLC (hexane : acetone = 39 : 1) afforded the desired product 12i (18.8 mg, 0.0458 mmol, 46%) as a yellow
solid. Mp 97-98 °C; 'H NMR (500 MHz, CDCls) & 7.80 (brs, 1H), 7.72 (d, J = 8.5 Hz, 2H), 7.64 (dd, J = 2.5,
1.0 Hz, 1H), 7.56 (d, J= 8.0 Hz, 2H), 7.41 (dd, /= 5.0, 3.0 Hz, 1H), 7.35 (dd, J=4.5, 1.0 Hz, 1H), 7.15 (dd, J
=17.5, 11 Hz, 1H), 5.26 (dd, J = 11.5, 2.0 Hz, 1H), 5.03 (dd, J= 17.5, 1.5 Hz, 1H), 0.54 (s, 9H); >*C NMR (125
MHz, CDCl3) 6 162.4, 151.2, 141.2, 141.0, 136.5, 131.7, 131.1, 130.0, 128.9, 127.0, 125.6, 120.8, 119.6, 1.88;
'BNMR (160 MHz, CDCl3) § 32.51; FT-IR (neat): 3404, 2954, 2897, 1600, 1542, 1434, 1249, 1091, 869, 833
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cm’'; HRMS (EI, 70 eV): caled. for [C20H20BCIN>OSSi]", 410.0847: found 410.0848.

N-Q
I ) _TMS

ci |
HN<g

4
S

/

3-(4-Chlorophenyl)-5-methyl-7-(trimethylsilyl)-6-vinyl-4,5-dihydroisoxazolo[5,4-¢][1,2]azaborinine (12j)

Following the general procedure using 3-(4-chlorophenyl)-N-(4-(trimethylsilyl)but-3-yn-2-yl)isoxazol-4-
amine 1a (31.9 mg, 0.10 mmol) and potassium trifluoro(methyl)borate (24.3 mg, 0.20 mmol), purification by
PTLC (hexane : acetone = 39 : 1) afforded the desired product 12j (17.3 mg, 0.0504 mmol, 50%) as a brown
oil. '"H NMR (400 MHz, CDCl3) § 7.71 (d, J = 8.4 Hz, 2H), 7.57-7.55 (m, 3H), 7.08 (dd, J = 17.6, 11.2 Hz, 1H),
5.39 (dd, J=11.6, 2.0 Hz, 1H), 5.25 (dd, J = 18.0, 2.0 Hz, 1H), 0.79 (s, 3H), 0.49 (s, 9H); *C NMR (125 MHz,
CDCls) § 162.2, 150.9, 141.2, 139.5, 136.3, 129.9, 128.9, 127.3, 120.5, 118.3, 1.69; "B NMR (128 MHz,
CDCls) 8 37.26; FT-IR (neat): 3410, 2955, 2898, 1601, 1548, 1409, 1251, 1093, 920, 833cm™'; HRMS (EI, 70

eV): calcd. for [C17H20BCIN,OSi]", 342.1126: found 342.1118.

N-0
I _\_TMS

ci |
HN-g

Me

3-(4-Chlorophenyl)-5-cyclopropyl-7-(trimethylsilyl)-6-vinyl-4,5-dihydroisoxazolo[5,4-¢][1,2]azaborinine
(12k)

Following the general procedure using 3-(4-chlorophenyl)-N-(4-(trimethylsilyl)but-3-yn-2-yl)isoxazol-4-
amine 1a (31.9 mg, 0.10 mmol) and potassium cyclopropyltrifluoroborate (29.6 mg, 0.20 mmol), purification
by PTLC (hexane : acetone = 39 : 1) afforded the desired product 12k (12.8 mg, 0.0347 mmol, 35%) as a yellow
solid. Mp 119-120 °C; 'H NMR (500 MHz, CDCls) § 7.65 (d, J = 9.0 Hz, 2H), 7.56 (d, J = 8.5 Hz, 2H), 7.15
(dd, J=18.0, 11.5 Hz, 1H), 7.04 (brs, 1H), 5.48 (dd, J=18.0, 2.0 Hz, 1H), 5.44 (dd, /= 11.0, 2.0 Hz, 1H), 0.88-
0.84 (m, 2H), 0.63-0.58 (m, 1H), 0.49 (s, 9H), 0.45-0.42 (m, 2H); *C NMR (125 MHz, CDCl;) § 162.0, 150.9,
140.7, 139.3, 136.3, 120.3, 118.9, 6.86, 1.68; ''B NMR (160 MHz, CDCl;) & 36.90; FT-IR (neat): 3412, 3071,
2957, 1600, 1541, 1500, 1409, 1251, 1093, 867, 833 cm™'; HRMS (EIL, 70 eV): calcd. for [C1oH2,BCIN,OSi]",
368.1283: found 368.1274.

3-(4-Chlorophenyl)-7-(trimethylsilyl)-5,6-divinyl-4,5-dihydroisoxazolo[5,4-¢][1,2]azaborinine (121)
Following the general procedure using 3-(4-chlorophenyl)-N-(4-(trimethylsilyl)but-3-yn-2-yl)isoxazol-4-
amine 1a (31.9 mg, 0.10 mmol) and potassium trifluoro(vinyl)borate (26.8 mg, 0.20 mmol), purification by
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PTLC (hexane : acetone = 39 : 1) afforded the desired product 121 (25.8 mg, 0.0727 mmol, 73%) as a brown
solid. Mp 110-111 °C; "H NMR (500 MHz, CDCls) § 7.79 (brs, 1H), 7.72 (d, J = 8.5 Hz, 2H), 7.57 (d, J = 8.5
Hz, 2H), 7.13 (dd, J=17.5, 11.5 Hz, 1H), 6.73-6.66 (m, 1H), 5.85-5.81 (m, 2H), 5.44 (dd, J=11.0, 1.5 Hz, 1H),
5.31(dd, J=18.0, 2.0 Hz, 1H), 0.502 (s, 9H); *C NMR (125 MHz, CDCl3) § 162.5, 151.2, 140.8, 140.2, 139.2,
136.4, 130.0, 128.9, 128.2, 127.1, 120.5, 119.6, 1.60; ''B NMR (160 MHz, CDCl;) & 32.28; FT-IR (neat): 3406,
3049, 2953, 1601, 1541, 1499, 1404, 1250, 1092, 1011, 868, 832 cm; HRMS (EI, 70 eV): calcd. for

[CisH20BCIN>OSi]", 354.1126: found 354.1132.
N-O
Z

/ TMS
J

Vi

3-(4-Chlorophenyl)-5-(prop-1-en-2-yl)-7-(trimethylsilyl)-6-vinyl-4,5-dihydroisoxazolo|5,4-
e][1,2]azaborinine (12m)

Following the general procedure using 3-(4-chlorophenyl)-N-(4-(trimethylsilyl)but-3-yn-2-yl)isoxazol-4-
amine la (31.9 mg, 0.10 mmol) and potassium trifluoro(prop-1-en-2-yl)borate (29.6 mg, 0.20 mmol),
purification by PTLC (hexane : acetone = 39 : 1) afforded the desired product 12m (29.1 mg, 0.0790 mmol,
79%) as a brown solid. Mp 105-106 °C; '"H NMR (500 MHz, CDCls) §, 7.71 (d, J = 8.5 Hz, 2H), 7.67 (brs, 1H),
7.55 (d, J=8.5 Hz, 2H), 7.14 (dd, J=17.5, 11.0 Hz, 1H), 5.46-5.45 (m, 1H), 5.42 (dd, /= 17.5, 2.0 Hz, 1H),
5.33 (dd, J=11.0, 1.5 Hz, 1H), 5.28-5.27 (m, 1H), 1.98 (t, J = 1.5 Hz, 3H), 0.50 (s, 9H); *C NMR (125 MHz,
CDCls) 8 162.4, 151.1, 140.8, 140.7, 136.4, 130.0, 128.9, 127.1, 122.6, 120.3, 119.1, 23.2, 1.77; "B NMR (160
MHz, CDCls) § 34.43; FT-IR (neat): 3410, 2953, 2899, 1601, 1541, 1500, 1408, 1251, 1093, 870, 834 cm™';
HRMS (EI, 70 eV): calcd. for [C19H22BCIN,OSi]", 368.1283: found 468.1274.

N-O
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3,5-Diphenyl-7-(trimethylsilyl)-6-vinyl-4,5-dihydroisoxazolo[5,4-¢][1,2]azaborinine (12n)

Following the general procedure using 3-phenyl-N-(4-(trimethylsilyl)but-3-yn-2-yl)isoxazol-4-amine 1b (28.4
mg, 0.10 mmol) and potassium phenyltrifluoroborate (36.8 mg, 0.20 mmol), purification by PTLC (hexane :
acetone = 39 : 1) afforded the desired product 12n (29.3 mg, 0.0851 mmol, 85%) as an brown solid. Mp 95-96
°C; "H NMR (500 MHz, CDCls) & 7.80 (brs, 1H), 7.71 (d, J = 8.5 Hz, 2H), 7.61-7.59 (m, 2H), 7.54 (d, J = 8.5
Hz, 2H), 7.41-7.38 (m, 3H), 7.14 (dd, J=17.5, 11.0 Hz, 1H), 5.26 (dd, /= 11.5, 2.0 Hz, 1H), 5.03 (dd, J=17.5,
1.5 Hz, 1H), 0.54 (s, 9H); *C NMR (125 MHz, CDCl3) § 162.5, 151.2, 141.3, 140.5, 136.4, 133.1, 130.0, 128.9,
128.5, 128.0, 127.0, 120.8, 120.2, 1.83; "B NMR (160 MHz, CDCl;) & 34.45; FT-IR (neat): 3403, 2954, 2897,
1541, 1458, 1395, 1250, 1234, 868, 841 cm™'; HRMS (EI, 70 eV): caled. for [C2xH»BN,0Si]", 370.1673: found
370.1674.
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5-Phenyl-3-(p-tolyl)-7-(trimethylsilyl)-6-vinyl-4,5-dihydroisoxazolo[5,4-¢][1,2]azaborinine (120)

Following the general procedure using 3-(p-tolyl)-N-(4-(trimethylsilyl)but-3-yn-2-yl)isoxazol-4-amine 1lc
(29.8 mg, 0.10 mmol) and potassium phenyltrifluoroborate (36.8 mg, 0.20 mmol), purification by PTLC
(hexane : acetone = 39 : 1) afforded the desired product 120 (31.7 mg, 0.0783 mmol, 78%) as an brown solid.
Mp 75-76 °C; 'H NMR (500 MHz, CDCl;) & 7.80 (brs, 1H), 7.71 (d, J = 8.5 Hz, 2H), 7.61-7.59 (m, 2H), 7.54
(d, J=8.5 Hz, 2H), 7.41-7.38 (m, 3H), 7.14 (dd, J = 17.5, 11.0 Hz, 1H), 5.26 (dd, J = 11.5, 2.0 Hz, 1H), 5.03
(dd, J=17.5, 1.5 Hz, 1H), 0.54 (s, 9H); *C NMR (125 MHz, CDCl;) § 162.5, 151.2, 141.3, 140.5, 136.4, 133.1,
130.0, 128.9, 128.5, 128.0, 127.0, 120.8, 120.2, 1.83; ''B NMR (160 MHz, CDCl;) § 34.71; FT-IR (neat): 3406,
2954, 2898, 1556, 1519, 1436, 1250, 1235, 869, 841 cm™'; HRMS (EL, 70 eV): caled. for [C23H2sBN,OSi]",
384.1829: found 384.1839.

3-(4-Methoxyphenyl)-5-phenyl-7-(trimethylsilyl)-6-vinyl-4,5-dihydroisoxazolo[5,4-¢] [1,2]azaborinine
(12p)

Following the general procedure using 3-(4-methoxyphenyl)-N-(4-(trimethylsilyl)but-3-yn-2-yl)isoxazol-4-
amine 1d (31.4 mg, 0.10 mmol) and potassium phenyltrifluoroborate (36.8 mg, 0.20 mmol), purification by
PTLC (hexane : acetone = 39 : 1) afforded the desired product 12p (10.2 mg, 0.0286 mmol, 29%) as an orange
oil. '"H NMR (500 MHz, CDCls) & 7.80 (brs, 1H), 7.71 (d, J = 8.5 Hz, 2H), 7.61-7.59 (m, 2H), 7.54 (d, J = 8.5
Hz, 2H), 7.41-7.38 (m, 3H), 7.14 (dd, J=17.5, 11.0 Hz, 1H), 5.26 (dd, /= 11.5, 2.0 Hz, 1H), 5.03 (dd, J=17.5,
1.5 Hz, 1H), 0.54 (s, 9H); *C NMR (125 MHz, CDCl5) § 162.5, 151.2, 141.3, 140.5, 136.4, 133.1, 130.0, 128.9,
128.5, 128.0, 127.0, 120.8, 120.2, 1.83; "B NMR (160 MHz, CDCl;) & 34.83; FT-IR (neat): 3404, 2955, 2898,
1613, 1518, 1434, 1252, 1175, 868, 835 cm™; HRMS (EI, 70 eV): calcd. for [C23H2sBCIN,O,Si]", 400.1778:
found 400.1786.

3-(tert-Butyl)-5-phenyl-7-(trimethylsilyl)-6-vinyl-4,5-dihydroisoxazolo[5,4-¢][1,2]azaborinine (12q)
Following the general procedure using 3-(fert-butyl)-N-(4-(trimethylsilyl)but-3-yn-2-yl)isoxazol-4-amine 1le
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(26.4 mg, 0.10 mmol) and potassium phenyltrifluoroborate (36.8 mg, 0.20 mmol) , purification by PTLC
(hexane : acetone = 39 : 1) afforded the desired product 12q (30.0 mg, 0.0856 mmol, 86%) as a yellow solid.
Mp 125-126 °C; 'H NMR (500 MHz, CDCls) § 7.68 (brs, 1H), 7.60-7.59 (m, 2H), 7.42-7.40 (m, 3H), 7.10 (dd,
J=17.5,11.0 Hz, 1H), 5.21 (d, J= 11. 0 Hz, 1H), 4.98 (d, J = 17.5, 1H), 1.52 (s, 9H), 0.49 (s, 9H); *C NMR
(125 MHz, CDCls) § 161.7, 159.4, 141.3, 140.6, 133.2, 128.3, 128.0, 120.9, 119.8, 32.9, 28.9, 1.87; ''B NMR
(160 MHz, CDCl3) § 34.11; FT-IR (neat): 3429, 2961, 2902, 1538, 1395, 1250, 1238, 869, 840 cm™; HRMS (EI,

70 eV): calcd. for [C20H27BCINOSi]", 350.1986: found 350.1981.

N-0
I _\__TNS

HN5 \
3-Pentyl-5-phenyl-7-(trimethylsilyl)-6-vinyl-4,5-dihydroisoxazolo[5,4-¢] [1,2]azaborinine (12r)

Following the general procedure using 3-pentyl-N-(4-(trimethylsilyl)but-3-yn-2-yl)isoxazol-4-amine 1f (27.8
mg, 0.10 mmol) and potassium phenyltrifluoroborate (36.8 mg, 0.20 mmol), purification by PTLC (hexane :
acetone = 39 : 1) afforded the desired product 12r (11.7 mg, 0.0321 mmol, 32%) as a yellow oil. "H NMR (500
MHz, CDCl;s) 8 7.59-7.55 (m, 3H), 7.42-7.37 (m, 3H), 7.10 (dd, /= 17.5, 11.0 Hz, 1H), 5.20 (dd, J = 11.0, 2.0
Hz, 1H), 4.98 (dd, J=17.5, 2.0 Hz, 1H), 2.84 (t, J = 7.5 Hz, 2H), 1.80 (quint, J = 7.5 Hz, 2H), 1.45-1.34 (m,
4H), 0.91 (t, J = 7.0 Hz, 3H), 0.48 (s, 9H); *C NMR (125 MHz, CDCl;) § 161.2, 153.0, 141.2, 140.7, 133.1,
128.3,128.0, 121.8,119.9, 31.7,27.4,24.5,22.5,14.1, 1.82; "B NMR (160 MHz, CDCl;) § 34.62; FT-IR (neat):

3254, 2955, 2929, 1541, 1507, 1435, 1405, 1249, 867, 842 cm'; HRMS (EI, 70 eV): caled. for
[C21H2BCIN,OSi]", 364.2142: found 364.2131.

(E)-3-(4-Chlorophenyl)-6-(pent-1-en-1-yl)-5-phenyl-7-(trimethylsilyl)-4,5-dihydroisoxazolo|5,4-
e][1,2]azaborinine (12s)

Following the general procedure using 3-(4-chlorophenyl)-N-(1-(trimethylsilyl)hept-1-yn-3-yl)isoxazol-4-
amine 1g (36.1 mg, 0.10 mmol) and potassium phenyltrifluoroborate (36.8 mg, 0.20 mmol), purification by
PTLC (hexane : acetone = 39 : 1) afforded the desired product 12s (28.1 mg, 0.0628 mmol, 63%) as a yellow
oil. '"H NMR (500 MHz, CDCl;) § 7.75 (brs, 1H), 7.71 (d, J = 8.5 Hz, 2H), 7.58-7.53 (m, 4H), 7.41-7.35 (m,
3H), 6.74 (d, J = 15.5 Hz, 1H), 5.43 (dt, /= 15.5, 7.0 Hz, 1H), 2.06-2.02 (m, 2H), 1.35-1.31 (m, 2H), 0.84 (t, J
= 7.5 Hz, 3H), 0.52 (s, 9H); *C NMR (125 MHz, CDCl;) § 162.5, 151.2, 141.3, 140.5, 136.4, 133.1, 130.0,
128.9, 128.5, 128.0, 127.0, 120.8, 120.2, 1.83; ''B NMR (160 MHz, CDCl3) § 35.04; FT-IR (neat): 2956, 2925,
1716, 1698, 1541, 1507, 1456, 1338, 1249, 835¢cm™; HRMS (EI, 70 eV): calcd. for [C2sHasBCIN,OSI]",
446.1752: found 446.1750.
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(E)-3-(4-Chlorophenyl)-5-phenyl-6-styryl-7-(trimethylsilyl)-4,5-dihydroisoxazolo[5,4-¢][1,2]azaborinine

(12¢)

Following the general procedure using 3-(4-chlorophenyl)-N-(1-phenyl-4-(trimethylsilyl)but-3-yn-2-
yl)isoxazol-4-amine 1h (39.5 mg, 0.10 mmol) and potassium phenyltrifluoroborate (36.8 mg, 0.20 mmol),
purification by PTLC (hexane : acetone = 39 : 1) afforded the desired product 12t (31.3 mg, 0.0651 mmol, 65%)
as a yellow solid. Mp 158-160 °C; "H NMR (400 MHz, CDCl;) § 7.83 (brs, 1H), 7.73 (d, J = 8.4 Hz, 2H), 7.63-
7.60 (m, 2H), 7.56-7.52 (m, 3H), 7.41-7.39 (m, 3H), 7.32-7.23 (m, 6H), 6.38 (d, J = 16.4 Hz, 1H), 0.57 (s, 9H);
BC NMR (125 MHz, CDCls) § 162.7, 151.2, 141.2, 137.6, 136.4, 135.1, 133.1, 132.6, 130.0, 129.0, 128.89,
128.84, 128.65, 128.58, 128.2, 127.7, 127.0, 126.5, 120.8, 1.88; "B NMR (160 MHz, CDCl;) § 35.26; FT-IR
(neat): 2954, 2923, 1748, 1716, 1540, 1507, 1456, 1338, 1092, 835 cm™; HRMS (EI, 70 eV): calcd. for
[C2sH26BCIN>OSi]", 480.1596: found 480.1590.

3-(4-Chlorophenyl)-7-(dimethyl(phenyl)silyl)-5-phenyl-6-vinyl-4,5-dihydroisoxazolo[5,4-
e][1,2]azaborinine (12u)

Following the general procedure using 3-(4-chlorophenyl)-N-(4-(dimethyl(phenyl)silyl)but-3-yn-2-yl)isoxazol-
4-amine 1i (38.1 mg, 0.10 mmol) and potassium phenyltrifluoroborate (36.8 mg, 0.20 mmol), purification by
PTLC (hexane : acetone = 39 : 1) afforded the desired product 12u (19.3 mg, 0.0411 mmol, 41%) as a brown
oil. '"H NMR (500 MHz, CDCl;) § 7.81 (brs, 1H), 7.72 (d, J = 8.5 Hz, 2H), 7.65-7.63 (m, 2H), 7.56-7.53 (m,
4H), 7.38-7.35 (m, 6H), 6.90 (dd, J=17.5, 11.0 Hz, 1H), 5.06 (dd, J=11.3, 2.0 Hz, 1H), 4.90 (dd, /=17.5, 2.0
Hz, 1H), 0.80 (s, 9H); *C NMR (125 MHz, CDCl3) & 162.6, 151.3, 140.3, 139.1, 138.7, 136.5, 134.0, 133.1,
130.0, 129.3, 128.9, 128.5, 128.1, 128.0, 127.0, 121.0, 120.6, 0.75; "'B NMR (160 MHz, CDCls) & 35.35; FT-
IR (neat): 3013, 2956, 2927, 1716, 1683, 1540, 1507, 1260, 913, 813 cm™'; HRMS (EI, 70 eV): calcd. for

[C27H24BCIN,OSi]", 466.1439: found 466.1444.
N-O

I _\__SiMe,Ph
ci |
HN<g \
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5. X-ray Crystallographic Data of Compounds 3

Crystallography data and structure refinement for 3 (CCDC: 2027304)

Table. Crystal data and structure refinement for 3.

Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

Unit cell dimensions

Volume/A3

Z

Pearcg/cm’
w/mm!

F(000)

Crystal size/mm’>

Radiation

20 range for data collection/°

Index ranges

Reflections collected

Independent reflections

Data/restraints/parameters

Goodness-of-fit on F?

Final R indexes [[>=2¢ (I)]

Final R indexes [all data]

C16H20BCIN2038Si
362.69

90.0

triclinic

P-1
a=10.2669(3) A a=65.941(3) °
b=12.8020(4) A B=289.968(2) °
c=14.8879(4) A v =88.770(2) °
1786.34(10)

4

1.349

2.678

760.0

0.276 x 0.132 x 0.107

CuKoa (A =1.54184)

6.502 to 149.986
-11<h<12,-16<k<15,-18<1<18
22024

7092 [Rint = 0.0183, Rsigma = 0.0173]
7092/0/430

1.080

Ri=0.0402, wR2 = 0.1100

R1=10.0412, wR2=0.1105

Largest diff. peak/hole / e A3 0.64/-0.51
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Crystallography data and structure refinement for 4 (CCDC: 2027305)

Table. Crystal data and structure refinement for 4.

Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

Unit cell dimensions

Volume/A3

Z

Pearcg/cm’
w/mm!

F(000)

Crystal size/mm’>

Radiation

20 range for data collection/°

Index ranges

Reflections collected

C16H1sBCIN202Si

344.67

90.0

monoclinic

P2i/c

a=13.0522(6) A o =90°
b=12.5940(4) A B=108.750(4) °
c=10.8967(4) A vy =90°
1696.13(12)

4

1.350

2.749

720.0

0.649 x 0.134 x 0.078

CuKoa (A =1.54184)

7.152 to 149.916
-16<h<16,-15<k<5,-13<1<13

10014

Independent reflections 3362 [Rint = 0.0212, Rsigma = 0.0179]
Data/restraints/parameters  3362/0/211

Goodness-of-fit on F? 1.081

Final R indexes [I>=26 (I)] Ri1=0.0393, wR>=0.1145

Final R indexes [all data] R1=0.0403, wR2=0.1153

Largest diff. peak/hole / ¢ A3 0.65/-0.74
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Crystallography data and structure refinement for 12n (CCDC: 2118282)

Y

Table. Crystal data and structure refinement for 12n.

Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

Unit cell dimensions

Volume/A3

Z

Pearcg/cm’
w/mm!

F(000)

Crystal size/mm’>

Radiation

20 range for data collection/°

Index ranges

Reflections collected

Independent reflections

Data/restraints/parameters

Goodness-of-fit on F?

Final R indexes [[>=2¢ (I)]

Final R indexes [all data]

Ci176H152BsClsN1608Si8
3244.17

90.0

monoclinic

P2i/c

a=29.3806(10) A a=90°
b=23.8849(6) A B=106.467(4) °
c=25.2367(9) A vy =90°
16983.4(10)

4

1.269

2.241

6808.0

0.243 x 0.055 % 0.044

CuKoa (A =1.54184)

4.85t0 153.236
-37<h<36,-30<k<14,-31<1<30
114522

33108 [Rint = 0.0563]
33108/2819/2041

1.061

Ri1=0.0705, wR2=0.1756

Ri=0.1017, wR> = 0.1921

Largest diff. peak/hole / e A= 2.38/-0.74
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6. NMR spectra

3-(4-Methoxyphenyl)isoxazol-4-amine
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3-(4-Methoxyphenyl)-/V-(1-phenyl-3-(trimethylsilyl)prop-2-yn-1-yl)isoxazol-4-amine (1d)
'"H NMR (400 MHz, CDCl;)
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3-Pentyl-/V-(4-(trimethylsilyl)but-3-yn-2-yl)isoxazol-4-amine (1f)
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'"H NMR (400 MHz, CDCls)
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(1h)

-amine

3-(4-Chlorophenyl)-N-(1-phenyl-4-(trimethylsilyl)but-3-yn-2-yl)isoxazol-4

'"H NMR (500 MHz, CDCls)
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FHIUE

3-(4-Chlorophenyl)-6-(1-hydroxyethyl)-7-(trimethylsilyl)isoxazolo[S,4-¢][1,2]azaborinin-5(4 H)-ol (3)
'"H NMR (500 MHz, CDCls)
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"B NMR (160 MHz, CDCl;)

28.39
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3-(4-Chlorophenyl)-7-(trimethylsilyl)-6-vinylisoxazolo[5,4-¢][1,2]azaborinin-5(4 H)-ol (4)

'"H NMR (500 MHz, CDCls)
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"B NMR (160 MHz, CDCl;)

27.78
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3-(4-Chlorophenyl)-6-(1-methoxyethyl)-7-(trimethylsilyl)isoxazolo[5,4-¢][1,2]azaborinin-5(4H)-ol (11)

'"H NMR (500 MHz, CDCls)
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"B NMR (128 MHz, CDCl;)

—— 38.06
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3-(4-Chlorophenyl)-6-(1-methoxyethyl)-7-(trimethylsilyl)isoxazolo[5,4-¢] [1,2]azaborinin-5(4 H)-ol (12a)

'"H NMR (500 MHz, CDCls)
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"B NMR (128 MHz, CDCl;)

—33.90
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3-(4-Chlorophenyl)-5-(p-tolyl)-7-(trimethylsilyl)-6-vinyl-4,5-dihydroisoxazolo|[5,4-¢][1,2] azaborinine (12b)
'"H NMR (500 MHz, CDCls)

2.397
0.529

N-O
I N\ __TMS
cl |
HN\B \
Me
JJUM{M J_I R L1
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 ppm
ELEEH B g 3
Slr|d|r|r-o - L] ©
13C NMR (125 MHz, CDCl;)
T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

253



"B NMR (160 MHz, CDCl;)

— 35.08
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3-(4-Chlorophenyl)-5-(4-methoxyphenyl)-7-(trimethylsilyl)-6-vinyl-4,5-dihydroisoxazolo[5,4-

e][1,2]azaborinine (12¢)

'"H NMR (500 MHz, CDCls)
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"B NMR (160 MHz, CDCl;)

—35.13
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5-(4-(tert-Butyl)phenyl)-3-(4-chlorophenyl)-7-(trimethylsilyl)-6-vinyl-4,5-dihydroisoxazolo[5,4-

e][1,2]azaborinine (12d)
'"H NMR (400 MHz, CDCl;)
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"B NMR (160 MHz, CDCl;)

— 34.41
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3,5-Bis(4-chlorophenyl)-7-(trimethylsilyl)-6-vinyl-4,5-dihydroisoxazolo[5,4-¢][1,2]azaborinine (12¢)
'"H NMR (500 MHz, CDCls)
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"B NMR (160 MHz, CDCl;)

—35.26
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4-(3-(4-Chlorophenyl)-7-(trimethylsilyl)-6-vinylisoxazolo|[5,4-¢][1,2] azaborinin-5(4H)-yl)benzonitrile (12f)
'"H NMR (500 MHz, CDCls)
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"B NMR (160 MHz, CDCl;)
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5-(2-Bromophenyl)-3-(4-chlorophenyl)-7-(trimethylsilyl)-6-vinyl-4,5-dihydroisoxazolo[5,4-

(12g)

inine
'"H NMR (500 MHz, CDCls)
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"B NMR (160 MHz, CDCl;)

—35.10
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3-(4-Chlorophenyl)-5-(naphthalen-2-yl)-7-(trimethylsilyl)-6-vinyl-4,5-dihydroisoxazolo|5,4-

e][1,2]azaborinine (12h)

'"H NMR (500 MHz, CDCls)
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"B NMR (160 MHz, CDCl;)

— 35.37
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3-(4-Chlorophenyl)-5-(thiophen-3-yl)-7-(trimethylsilyl)-6-vinyl-4,5-dihydroisoxazolo[5,4-
e][1,2]azaborinine (12i)
'"H NMR (500 MHz, CDCl;)
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"B NMR (160 MHz, CDCl;)

—32.51
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3-(4-Chlorophenyl)-5-methyl-7-(trimethylsilyl)-6-vinyl-4,5-dihydroisoxazolo[5,4-¢][1,2]azaborinine (12j)
'"H NMR (500 MHz, CDCls)
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"B NMR (128 MHz, CDCl;)

—37.26
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3-(4-Chlorophenyl)-5-cyclopropyl-7-(trimethylsilyl)-6-vinyl-4,5-dihydroisoxazolo[5,4-¢][1,2]azaborinine (12k)
'"H NMR (500 MHz, CDCls)

3C NMR (125 MHz, CDCl;)
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"B NMR (160 MHz, CDCl;)

—36.90
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3-(4-Chlorophenyl)-7-(trimethylsilyl)-5,6-divinyl-4,5-dihydroisoxazolo[5,4-¢][1,2]azaborinine (121)
'"H NMR (500 MHz, CDCls)
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"B NMR (160 MHz, CDCl;)

32.28
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3-(4-Chlorophenyl)-5-(prop-1-en-2-yl)-7-(trimethylsilyl)-6-vinyl-4,5-dihydroisoxazolo|5,4-
e][1,2]azaborinine (12m)
'"H NMR (500 MHz, CDCl;)
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"B NMR (160 MHz, CDCl;)

— 34.43
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3,5-Diphenyl-7-(trimethylsilyl)-6-vinyl-4,5-dihydroisoxazolo[5,4-¢] [1,2]azabor

'"H NMR (500 MHz, CDCls)
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"B NMR (160 MHz, CDCl;)

—— 34.45
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5-Phenyl-3-(p-tolyl)-7-(trimethylsilyl)-6-vinyl-4,5-dihydroisoxazolo[5,4-¢][1,2]azaborinine (120)
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"B NMR (160 MHz, CDCl;)

—34.71
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3-(4-Methoxyphenyl)-5-phenyl-7-(trimethylsilyl)-6-vinyl-4,5-dihydroisoxazolo[5,4-¢|[1,2]azaborinine (12p)
'"H NMR (500 MHz, CDCl;)
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"B NMR (160 MHz, CDCl;)

— 34.83
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3-(tert-Butyl)-5-phenyl-7-(trimethylsilyl)-6-vinyl-4,5-dihydroisoxazolo[5,4-¢][1,2]azaborinine (12q)
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"B NMR (160 MHz, CDCl;)
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3-Pentyl-5-phenyl-7-(trimethylsilyl)-6-vinyl-4,5-dihydroisoxazolo|[5,4-¢] [1,2]azabor

'"H NMR (500 MHz, CDCls)
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"B NMR (160 MHz, CDCl;)

—34.62
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(E)-3-(4-Chlorophenyl)-6-(pent-1-en-1-yl)-5-phenyl-7-(trimethylsilyl)-4,5-dihydroisoxazolo|5,4-

e][1,2]azabor

(12s)

inine

'"H NMR (500 MHz, CDCls)
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"B NMR (160 MHz, CDCl;)
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(E)-3-(4-Chlorophenyl)-5-phenyl-6-styryl-7-(trimethylsilyl)-4,5-dihydroisoxazolo|5,4-¢|[1,2]azaborinine (12t)
'"H NMR (400 MHz, CDCl;)
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"B NMR (160 MHz, CDCl;)
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3-(4-Chlorophenyl)-7-(dimethyl(phenyl)silyl)-5-phenyl-6-vinyl-4,5-dihydroisoxazolo[5,4-

e][1,2]azaborinine (12u)

'"H NMR (500 MHz, CDCls)
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"B NMR (160 MHz, CDCl;)
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HIE

5—1. IZLC®IZ

Jrim CIk X7 Y | ‘BHMmE (skeletal editing) . T 72 By T DEHIE ZWET DRI ~T B ERD
BT 7a—F L LCHEEERZEDD Y, 7uaxh v 7 ) 70 C-H MAEH LR Y, kDA
AL P ROSIEFEIC D FEEDEMKS Th o7, —FH T, BRWED 2 &7 MIAIF LFICBT
HAXX 7=V R« Ry B 7EBALTEY, AlGEHBERICK T 2EMRERELZ AT/
B OWE LR RS 5,

BNICEZ- AT R a2 A8 T ~T B THD 12-T Y — MIERT B &, ~7 v i1k
BASOIFASOGNE K DBRIERBISDRHE SN TND, Fm TR LIEEY . vy v AR E0E
BABEAME AR LB SR, T V) b REAT DWEED S BRI LT
BOSIMN ZHE TR SN, L, BiE &M E SR A-CrA TR AR b b, 2L
T, WF L b AR X 2 PR A RIS EIRIGE LTREZY 5 52012, EMRE
DLEEDIZDITEHIEEANZ — PR OND, £z, B ATF L& ((CH) OEAEE L
T 12-T Y —=ND 2 DEFRRFOT VF AL, Fi < M E o 128507 SO K D BRIER K
JERRE SN TVWD A, EETREEZ®RED Z LI X DROEK T, sitER oM I X 2 85w &
IOD%IJBEﬁS‘L%%\é%LZo

T LTEHROT., WD LR ROBER L E LR A L 0 ISTEDMEN S DD R L [ERE
DIEEAT 2L LTHE AL A RIZER Lz, Thbb, AHSEREOFTHLED
IR e OS2~ T A b W &2 T2, TEROBRIEKR S & 32 7 T%
7R BRYE RS OB 2 B L=,

5—2. WFFEETE

FBIWETAR L=V EEZHETHA VA a7 R 1 IkL, va—RKxZrtox
FNHMEEHSEL &, ATFLUVERN-OFAE~MFALTRERTH D 1,3-FF VU0 2 2L
48% CTHF7= (Scheme5-1), Z DS, B =ik 7 a7a AT &< &EfT L0 o7 (3:0%), A
XL 2 OBFMRBMO AT L URFBL, FFEAY72 NMR A~X7 hLZE7R L ("HNMR:§5.17 ppm,
BC NMR: § 78.6 ppm) . JEATHFZEIC Tl &7z 1,3-A4F 32 O NMR A7 hL DL g4 % =
& TEOMEEZRIE LT,

CHl; (10 equiv.) N-O
T™MS EtZZn (5 equiv.) & T™MS
\
CHZCIZ N~B
rt,24h bh
2: 48% 3: 0%

Scheme 5-1. The Discovery of Methylene Insertion Using a Zinc Carbenoid

e T X A RiE, 1958 422 Simmons & Smith (2L > T 7 v 7 a i AbnE SV CTLEk,
BATHI 7 e a N qbiddi s LTEESIND —FH, TSN ISITER ol KK
JEANT B EROBRIERTZNT Tl g~/ A F@{K%k%?%ﬁuﬁi)‘g%ﬂﬂi% BV TH D,
R U7 N ) A ROFF RIS EFESIEHITHTZD . LTI ~D = 2DO8LEHHY
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AT,

ORI N A R HWTZBRIER NS K D 1,34 F 32 A pEOBF
AVFXY = VOBRIERIGIZE D ELNTZAREER 13- 4%V 03, AR AL
ARZPEKRE LTHRHF SN AHETHH 00, BUESESBWCARZETHD Z RIS, —
B2 S BB SN TR Y, 22T, ZOHE AR A RIZL B A VA XV — L OBRYEL
KRS E ATV U ARlEE U THIESE <, RISFEEEbE X ORE#EHEHORER 217
Stz, FLT, RREIENSFRESE L TET D NEFEIT L3, EWEHWE L L THRERH S

AV F XYY = VFERA~DISH bR LT,

@ FE 3t H P D Pk

300 12-7 V= VTBENO~T v JflFOFHEIC L > CTEDORIGHEIFRE S Bie D, ATHZET
3. EBBAER I AN UEERKIINTRO 1,2-7 Y — U LTS BRIEARIG 2 5 242 L A
HHNT, T T, AV AFY YLD N-OFEE~DATFLUAFAILE EE 5T, NNBEEEAFT
HETY =, N-SHEAEETDHA Y F 7V —iix LTHEBILKRGZMat Lz,

Flo, KO RARER-~T PRGOS T DM ) A FORISHEE AT 2 ~<
WA F v bk KOA~T v B LG & OFUGZRET LTz, e T8 TR S - ROSHREIE, 1,2-
T =D XKD R EERICAWIC T ARSI LS TidE b7, FERICHRT 2 R NEE
L7aWEE BRILKDEITT 20 E NI LN TR, 22T, BRAF L0, NO BHEE
AT 2ffM~7TERE LT, ZBROAIV VY Dy WEROD 12-4AFVEFV, HEROA
VAR D ATKET D ERIER UG A R LTz,

@DFT &5 % 7= SOS A E fEpT

iR T VX A RIZ K DBRIERISIZOWT, BEmREHE &2 WO TR 21T > 72, ko
12-7 Y — v, BiRkAF A a7 e B LEMITER - ~T uf G2 H T 2 RRMEEm & v
)AL H D HOD, FTOMFHELIIRE SR D, TNENOZIALTF—T 17 7 4 VER
BL., SEEORICHEMOMEY 2 B LT,

5—3. BSI NN A FIZ X BZRILRRIGOBRERE

AEICTIHER-~T R THEAE~DAF VAR L D ~T B BROBRILK S DBFIZ DWW Tl
D, FPTEOSEE ZMEERA VAT — o b EHib U, BIEKSGO S Mo bic B $A
2o T LT, A VATV Y —)VOEEMFEMZRE L7cob, KOs Z 1,2-7 Y —/VHE, BHIRA
VA, FLTEHR-BEMELAT Laf~T ug~ LIS LTz,

5—3—1. RItFMHRE{L
FPRISEEOREENHIRAND, 13-V 7 2= L-13-Fa X F e Rafxi s I o
SEATUSC X » TESICHRITTRE 13-V 7 == A VA FH Y —/b (4a) ZHEIZHOTHE
L7zt S, WA (Scheme 5-1) & RS CRILAKSIENEIT L, 4,6-V 7 = =1 3-FFH T
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(5a) BEOLNTe, Thbb, RARISICEERESE IS VA — VB THY , A4 VA FH Y —L
BRICHG LT AR Y VBRIIBUCOEITICRE S R L 52 eholc, 22T AR ERYFVD
KO SEZBE L, AV AXV Y — L daETT VEE L USSR EOBRF 21T -7 (Table5-1), X
JEDINT A= L LT, iR A ROYE, I, ROSEEICOWTHRE Lz, ¥Z7ar A ¥
VEBERL 0°C O TA Y AFH Y — LV FOLEE (K 1.0 M RV UIRIR) OIRATAIR
WL TYa—RAZ U ZRMLTEOB, BiRE CHIBESE 5 —EHOEM T, RISICHLEZRTEN
N ) A ROYEEZRF LT (entries 1-3), YI— RAX %404 E, VoFLlighs 2.0 Y&
WD LR da BSERICEBR SN2 LD, WEIREER I LR A RIZ X DEIROGE B ST dIzik
DY B IARSLENKE THD EHW L, (entry3), oW\ T. WA RS L7 & 2 A, THF <CHk#
TFNEEEEE UT2E . BRIERIKR Sa 132G o T, REIGOEE 4a BEIN S, bz
BURIE L D LR 42% TERILKIK Sa DABGHIL (entry6), 1,2- 7 mua X U aEl L UT2ER
(2. BRI Sa DILHEIL 62%FE Thl L L7 (entry 7), FeWN T, WEEOREA 0.1 M 75 0.05 M ~&
QARG D & JEE da DFRAF LoD B EL7Z (68%: entry 8), S 512, KIGREZ 10
CICHEES D & BRILKIK Sa DI 86% £ Tl L L7z (entry 9), FRA7 9 2JFEHOTHEL 2 X
IR 2 4 RERIZ O 12 FRF S TIER L7z & 2 A, B da 1TWHE S 72 b O DRI Sa DR S K
MEIZIB L7z (55%:entry 10), Z OFERIT, AFV VU Sa NARLETHD Z L E2RET 5, dighh
NR) A ROYEE, VIa—RAX 6048, DT LIH3.0 4 8EETHMSEL L, AT
¥ 5a OPFEIL 9% FE T EL7 (entry 11), Y=F UM EZRWZE Z A, X4 T2 5a i34<
AR, JFUE 4a 2V EEMICEIL S (entry 12) Z & 0D, ARISICIE Y = FILHE A MAETH
-7z,

F7o. PTLCIC K DA F VT Sa OB AL TN, 88O Y W5l Lo TAHF YV
Y Sald R Lz, 2T, BEIHIZ Ivv%ed N = F LT L U EIRIML T U B 7 VOt % i
T 5 & RS S EBEN R 80% TA XYY 5a 157 (entry 11), LR, AF PP 50DH
BEICIIIRERIC X BV ) B SV ORIEME AL 21T o T,

W FIVHERDOIRMND Y F— R A X CRINE CORRMZRETT 5 &0 RGN 10 0DO5MET
FFH T 5a DR KNI/ > 72 (Table 5-2),
Table 5-2. Screening of Timing of Diiodomethane Addition

EtZZn
10 °C, time
hll—o DCE (0.05 M) N o
_—
Ph&)\Ph then M\
Ph Ph
CH,l,
4a 5a
entry time (min) Oxazine 5a (%)? recovered 4a (%)?
1 5 66 33
2 10 86 1"
3 30 50 48
4 60 37 63

2'H NMR yield using dibromomethane as an internal standard.
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Table 5-1. Condition Screening of Ring Expansion Using a Zinc Carbenoid’
CH,l;, (X equiv.)

N-O Et,Zn (Y equiv.) N o
ey gl 2
4a temp::]ature 5a
entry X Y solvent temperature (°C) 5a (%)° recovered 4a (%)®
1 10 5 CH:Cl 0 tor.t. 63 9
2 2 1 CH:Cl 0 tor.t. 5 22
3 4 2 CH:Cl 0 tor.t. 56 0
4 4 2 THF 0 tor.t. 0 84
5 4 2 EtOAc 0tor.t. 0 quant.
6 4 2 toluene 0tort. 42 0
7 4 2 DCE 0 tor.t. 62 0
8° 4 2 DCE 0 tor.t. 68 7
9° 4 2 DCE 10 86 9
10°4 4 2 DCE 10 55 trace
11¢ 6 3 DCE 10 91 (80)° 6
12° 6 0 DCE 10 0 quant.

2 Raction condition: isoxazole 4a (0.2 mmol, 1 equiv.), CHzl2 (X equiv.), Et2Zn (Y equiv.), solvent (4.0 mL). ®* 'H NMR yield using

dibromomethane as an internal standard. ° DCE (4 mL, 0.05 M) was used. “ reaction time: 12 h. ¢ Isolated yield.

RIC, W2 MR L2 (Table 5-3), $772bh, Y=Flliga0Rb 0 IC, FHx O&RIiHE &
OHER DA WD & 2 /5 Lo, £97, Simmons—Smith 7 1 7w ARG THWOIL S | i
EDEETH D - Hgnd v TN Ve N2, FONTESEIT LR, ORIV BET D
s B NN A RIZ 1ZoCHl CThd 2 ERMBNTEY 9, ZOWAH LR A RidA Y AFH
—da LIS L2 NWZ ERB BN E o7, W T, @Righa W, FERIZE o 72 < ROSIE
AT L7272 (entry 2), RIS, 3 — RAZ o LMgRTI NS A REA LRV IRERTE 2 Rt L
KON HER I N A RREG3T5Z 26N LT (entries3-7), HAbHRSH. I v bdigh. EE
FRARgh, WA Y 7T — b, 7 ARESRE A2, WTROEREICIS N T b 4 < RIS IHET
Lioiz, THULOREL Y | ARISOEHREIL, AHTMN A CBTMIL) £ R THS
TEBHIDME T, e, VI—RAZORDYICT— FRLV ARV, A VA%
V=V da lTEL S Lo Tz,
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Table 5-3. Screening of Zinc Species for the Ring Expansion

CHal, (6 equiv.)
N-0 Zn species (3 equi\Q N o
Ph’u\Ph DCE (0.1 M) B} PhMph
4a 10°C,4 h 5a

entry Zinc species Oxazine 5a (%)?

1 Zn(Cu) 0

2 Zn powder 0

3 ZnCl; 0

4 Znlz 0

5 Zn(OAc):2 0

6 Zn(OTf): 0

7 Zn(CN)2 0

2H NMR yield using dibromomethane as an internal standard.

Flo, AV AFY — v dqalZHigh VX A REEH S5 FIREZ M L7z, Bl O&FHRET
%, BREIALBLCA VA — VBRSSO, £7710°C ORESLML FIcCY=F L dligh iR
B, 10 0RICTVI—RAZ U ERNLTE, A4 VAXY Y —)bda & RIST DRI, RKESOIEM:
L SNDHEAH NN A RPHSEFR S NVIVUIIERR BT 5 & PHEL, 10°CHOY 7 rrTH
VIREER Y a— A LT UM A IRA LTz (Scheme 5-2-a), 30 MR AG LD HITA Y
ﬁ%#/~n4a%ﬁm¢ék\ﬁ%%y/SMNW¢iM%kk%<ﬁTLtoik\ya~F%
Bk T ViR X0 ST 5 & AR A2 (Scheme 5-2-b), Y/ mu X L ERERCY A
— RAZ AV FFY Y — )b da ZEE L, FIUL 30 %Iy F LllignzimmLiz, ZO5M
THAFY VU 5a OICRILM BT, ZOIEIZ20%ICE EEoT,

DCE
10 °C, 30 min N O
CHyl, + EtyZn —— > l
(@) then, 4a PhMPh
4h 5a: 16%
CH,l, + )’ 3 EtZn NI/\O
212 _—
(b) ph{A~pn 10 °C, 30 min ph)\/kph
DCE o
4a 4h 5a: 20%

Scheme 5-2. Screening of Addition Order
LI EDORESORER, HER TNV A RIZXK DA Y A Y —/b da DERYLKSISIZITHE T 235 D

BINFINE & HEGERER VLB TH D ZENHBI L, FriZ, VI —FAX /1?1%7][10)5'4’ NS A e
Y 5a DILRITKRE 7B 527,
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5—3—2. EEEHAHEHORER
5—3—2—1 A4 Y AXV V= VORIEKXKIG

Bl LIz RSS2 VT, flix DA VATV =L 4 NWoE T XYV 5 ~OBRILKK G %k
F7= (Scheme 5-3), £, FHKEILTETNAEELE L THW=3,5-V 7 2= VA FH Y —b
(1a) Z 5f5ED 1.0 mmol W7z & Z A, BHEENER 76% CTAH XYV 8a 572, ZOREID .,
AFNEI AT —)VT » TREETH D Z EPNRENT, AV AXH Y — D 3 (LOE#BRIEEZ R LT
LA, NINICE TG HERILTH D AFLE @b), FIXBE T RIIMEERELTHL 7 oo
(4¢) ZHTDH,G. AXFV VU BNTREOPEETH LN (5b: 79%, S¢: 55%), F1-, /"TArk
ABNIZ ZHoO 7 ankE BT HGEIERBERIETAX v 5d BELNTE (5d:80%), AL K
NI ATFNIEEZGT D56, MEREO DAV OICRIFE T Lz (5e:36%), 7 /LF /LT
ONTIE, DEFBNT T BAF IOV ) R ter—7 F VI (4g) ZHWTESEAICA IO UGS
iz (5f: 26%., 5g: 62%), T hF T HNR=NVEEFTHEAIL, fHET 543V R EA7RIT
RTESLNT (5h: 85%), fKWNT, A VATV —)L 5 (OB R ORFHE LIRS, STAL
ICEFHEGIEELIEDO A TF L (41) A XU @) 2ETDHT VI BIOERSIMEE
B THL T VA aH 4k) ZHETHTV—NEERET LA, AX ORI REICE £
T ol (44-52%), AN BULEE (4) 1E, 3ALICEBR L TV DEGEA SR L THE YU IR
Zm B X7z (51:52%vs. 5e:36%), ZAUE, A VA FTH Y — L EHE IR A ROIERA VA
X — VB EOZBRF I CEIT L2 L 2RRT 5, SALC tert-7 TR EHT 554G (4m),
3MLDEHE ERIREDONFRTAF T Sm B35 bl (68%), ST M HAR=VEEZHT
LA, MIGTHAF U OICRIIRE KT L (5n:42%vs. 5h: 85%), — 5 T, v U V% E
AT DEAXRH D DOIERITA EL, TMS B2 A7 25 & 91%, TIPS EZ2H T 25 & 80%DULH Txhis
THAFY VL So-p 3FEHNTZ, ETo, A VAFH Y — VAN OEEIL R IZOWTIE, 7 i,
TR UANRENIEERTT L B VA — B U AR REDINRTH 272 (5q:
56%. 5r:39%), 40 & SN TRUBUVEREMR LT A Y AFH ) — L, 5 30X
VERERTHEG @s), ELTCZTFNZRATAVERT L6 ), T 24300 2 HRRED
B RIHRINETH 272 (5s: 61%, 5t: 88%),

BT, ZOHERI N A R VT RIEKRROSD TEERE] OBEfFET- T 2 & 2 EFET
LI, BHMEREEEZ AT 24 Y AX VY — VI ERA~OBEH Z R Lz, 300 A FAREE A
TALVKRYT I REATLY =9 RAn)NTARIETIESH L 004XV U sur 5272 (17%).
B ZDOANKEYT I RO N-HFEAGDBPERIE TORKETH D & FRL, N7 'F /b L7-iFER
W CRSZRA T, BRI R BN TEMRIEGW A 527, £7-. HDAC FHFAIE LT
EYTEEDRRE S THND R T — VB % 3NMUCAT D4 VAT —b (dy) Doxf LGl &S
Bzl A, FUSBENELRNORIST DA T s5v 3Gz (16%), 728, ZOA VA xH
S L DBWETHDH N T = ~D A F U ARASSITHEIT Lo 1=,
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_ CHo,l; (6.0 equiv.) A
';l Q Et,Zn (3.0 equiv.) N| o
R! 2 RER —MmM » J\%\
o R! R3
R2 DCE, 10°C, 4 h R2
4 5
NI/\O NI/\O NI/\O NI/\O
Ph)\%\Ph /@)\/\Ph W\Ph CIWPh
Me Cl Cl
5a: 80% (76%)? 5b: 79% 5¢: 55% 5d: 80%
Me NI/\O NI/\O NI/\O NI/\O
Ao AL Lo wo XA,
o
5e: 36% 5f: 62% 59: 26% 5h: 85%
NI/\O NI/\O NI/\O NI/\O Me
Me OMe F
5i: 52% 5j: 44% 5k: 52% 51: 52%
NI/\O NI/\O NI/\O NI/\O
Ph)\/* Ph)\%\n/oa o~ 1w pr s
o
5m: 68% 5n: 42% 50: 91% 5p: 80%
NI/\O NI/\O NI/\O NI/\O
Ph)\fkph Mph Ph)\© Et%c*@
Br o CO,Et
5q: 56% 5r: 39% 5s:61% 5t: 88%
0o N N0

\\s// | o |
. N<
H2N \)\© N’ N)\©

5u: 17%

2 1.0 mmol of 4a was used.

Scheme 5-3. Substrate Scope of Ring Expansion Using a Zinc Carbenoid

HER T V) A RIZK DA Y A XY — )V OBRILRBOGE, Scheme 5-3 T/ L7218 Y BUSEEE O
EHILICRE SR ELZ T, Thbb, 7V —ESOH VR = VI ERERICEH 5T 5 Bk
DU THDZ ENHALNE 72572, Figure 5-1 IZARGNMZHE A TX 2o 2 FE O 2 rRd, &
WA Y FXH Y=L (dw) R, 307 (4x) 50 (dy) OWT T ORTEHRE L FT 555,
KHET HAFH O ANIBLLGELNR o7, 3L E SADOEBREIZHHIRRH Y, WTivd 71X L
EThDHGE W) AT 3Gonkrote, £, 4 OAERKEEZET L85G (4aa) b
FIRRICA YV 3 oo lz, T (dab) RRT V¥ (dac) 0T DA ITEMRIRS
MG O, 3ALE 40D EHA (4ad) BLN4ALE SALO EHA (dae) 1IXSTHAFH
VEGZTEOOONEMES HBEZIZE L R oo, £, SACAT o FAE#R LA VA%
Y=l LT, zunrkk af), 7 I /% (4ag), OTf I (4ah) ZH T 25 51T R RISHETE
T BRI S T,
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Z Ph/k) U\Me Z Z
4aw 4z

N-0 N-0

/W /K)\ {
™S ch m CFs
CO,Et COzEt

4ab
N-O

Ph/U\CI /U\ O /U\OTf

4af

Figure 5-1. Examples of Unsuccessful Substrates

INHORERED . g IR A NICKDBRIERBICTIEA Y A X — D 3 firk 5D
BIENEETHY, D b0 TN —FRT YV —VETHDLZ ENEFE LW ERNRB I T,
Flo, TV NERLZ AT NVEEZGTL5AICBCPEIT LI LD 4 Y Ay — Lotk
FHROMEMN, ISOMREESD D VNTH R - A OREICTE LIz EHEE LT,

5—3—2—2 A IVFTIJT—N¢VTIF S —NVORIEKKIL

BNT, A AFY Y=L ERIL 12-7 Y — V@ T 5, A V?’“?"/“~/Izi§i()ﬂf? LA
S U7z (Scheme 5-4) , R -fiEfE G2 AT DA VT 7V — /L TIEIGNEEITITHETE T,
BRYLKAR Ta DIRIT 35%I2 & EF o7z, BR-ERWEELATLIET Y =T LY }ifﬁ'ib>1&<
1 MLOELIR T OEHILN NI VI TH DGE OBEBRILKEISNET L, DL To OIERIT
19% Toholz, ok, *HLT5HE TV —/b 6b OERILKIICDSMEEBIEHE Lzh, FiR, fgsh
N A ROFEEZxT 5K EOHENN, @ EOHSH v 4 K (CF;CO0ZnCH,I) OffEH Y0
WL RIT <, IERIZM E Loz, A 0 F Y —Uid A R (6e), NPT vay
B o(6d) ZHTHEERCA LTIV AT VIR (6e) (ZHWT, KUK BERJER S EIT LT
(7¢:39%., 7d: 31%. 7e:34%), | (DOEROBEBILIINIR X 7050 Baw 5.2, BRI T OEHRIEL
N, EER (6f) . ATF LI (6g). tert—7 FX T ANR=AIHE (6h), T NHE (6) THHET Y —
NI EFM T 25 272 ho T2, BT — L EIIRBIIC, MOV EERTHA U H Y —L 6 T
FBR LR SO TS T L v o 7o, BEHIEE L 72720 A &Y —)L 6k ITBRIERIR Tk TIE7R< . N-A
FIALKR 8k 2 5272 (73%), £7=, BNIZH 9 —DOERIRF2AT5~7TrEgE LT, X7
=L 6l 124-bV TV =L 6em, 1,23-F VU 7Y/ 6n Tk U CERIERMGZ BT LS, &k
T DA Ten 131G D720 o 72,

AV AXY Y — v 4 THEIT LTZBRIEKREONE, RIIRKESIETFTLELODA VY TF T — L0

T =K L CHEAARE TH o 72, HiW T, FEFHFIRMEOERRICEM ~D BRI SIS DR % B
el
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CHo,l, (6.0 equiv.) ~

N-Y Et,Zn (3.0 equiv.) N™ Y
U LA
R'Y ] DCE10°C,4h RT )
- e
6 7
NI/\S NI/\N/TS
Ph” 7" Ph Ph)\%\Ph
7a: 35% 7b: 19%
N/\N,OMe N/\N'o\/© N/\N'O\'p/
! ¥ ! ¥ ! Z o
7c: 39% 7d: 31% 7e: 34%
~\-R
N” °N Me
I P N/\N/TS N/\N'H N—N
Ph Ph I L I
7f (R = H): 0%
7g (R = Me): 0%
7h (R = BOC): 0% i« 09 - 0O . 0,
7 (R = Ac): 0% 7j: 0% 7k: 0% 8k: 73%
N /Ts /\N/Ts

N0 N
Ph)\N/)\Ph k ) N\@
71: 0% 7m: 0% 7n: 0%

Scheme 5-4. Scope and Limitation of 1,2-Azoles and Other Heteroarenes

5—3—2—3 WA * T LORILKK IS

FEBEFRMED N-O fiazHTH5~Tr{bEMmE LT, BRIKAFT L 9 25 L7 (Scheme 5-
5 T AVAFHY =B AN S NORFEM _EHEEPELINEAF L THLA VA FH
VUV 9a-e R LT, BERNTABET D05, A VAFH Y 2 9a [Tk L Ticilifbgft (Table 5-1,
entry 11) Z MW\ % & TLC fRHTIZ & > TERILKRIUS OMELT Z iR T & 723, AR K - THRL
¥ 10a 130 fE Uiz, B CTH DERIEKIE 10a 34XV 5a LB L TREETH D & FHEL,
Hgn I VR A ROFEIZHT DY EL PS5 &AW 10a OfERIIH S vz, 2o/ &

D, BIRAXFTVLEZIB LT HLEETI—RAZ 23048, DT Llliihz 1.5 Y&EHV55%
HE~EEE L, ZORMICBWT, 3ALE S 2D 7 == VIEEHT D4 Y AFY Y U 9a
X, BAFRIGETAERY 10a 2 5 272 (10a: 80%), LU 6, 307 U —FIZAF LKL
BALTESS. ST 2 OTCRIZRIEIZHEAD L7z (10b: 57%. 10¢: 30%), WTHOGE S
BHIWEE SN2 L b AR 10b-c DRNZE S PR DOJRKTh 5 L L2 LT, FEBE 37
2 tert-7 FNEERTDHAAXH TV 9d RS (M TF IV ATV EGTHA VAFH Y
9e |3 BRILKIK 10d-e 2 527, BHIOOIMKREEZ R CTAR LT EBEZLND B-7 R T /L=
—L 10d’-e’ D HDMF H AT (10d°: 24%, 10e’:53%), F7-, NEEROERIRA ¥ 4 of )6 L HER 10f
SNOBRIEKISERATEN, ZH 0 bRIEREIIENT, BlAERSE LTy F 72—/ 108
DHFFBIT,
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CHoyl, (3.0 equiv.)
Et,Zn (1.5 equiv.)

NI/\O

_—

‘4(\,))\,;3 DCE, 10°C, 4 h R1J\(v)f\Rs
10

N0 Me N O N0

| | |
Ph)\)\Ph ©)\)\Ph /@MPh
M
10a: 80% 10b: 57% € 10c: 30%
NI/\O O OH NI/\O O OH
*\)\Ph >Hj\/l\r>h Ph)\/kCOZEt Ph)j\/kCOZEt
10d: 0% 10d’: 24% 10e: 0% 10e’: 53%
o
N0
N OH
PhUPh Ph)l\/\(
Ph
10f: 0% 10f: 74%

Scheme 5-5. Scope of Cyclic Oximes

HEOBIBEND DD, WA A RICEABRIEREISITERR TR LA THLA VAT
VYK L TCHEHRRETH 72, SO0 EEHSEOILREZ BIE L. fafno~T ng{bs
W& kRt LTz,

5—3—2—4 fafn~7 v BILAEMORILKKIG
BRNICER- A AGEA T 2M0M~T v ibam e LT, ZBROAXH Y o0 UWEBROD
12-AFH BT 0 HEROA VAXH VDY WERGH Lz, 2B, ZhvE TORfafi~T
nERILEY EITRRY | 2 G =0T a R LAEMIL 2 MMOERFFICEBREZ AT 5, EFEE
T EOBEBENREZR A D&, FERNELG THLIEO_SOFMEBE L, T XTEEK
FIZ NNV EEZRATLEREEZAR LI, BUT, 246 OBRIEKEUG ORRFHERIZ OV TR RS,
F9, WERTHD 124XV EBF U0 11la OBRFHERIZOWTIRRS (Table 5-4), £, 1,2
TV LR CSETHEN IR ) A REERAESES & NO RSB ATF L UERHALE 1,34
XU U 12a DNHBRIGE 75% CARR L7z (entry 1), — 5. 12-7 V' — VO EHZ-~T 0 Ji 1-ik
BIHFHAT L2 ENAONL 0T T LI NRUGEHE D e DREERB TN, BIERIE 12b 138< 5
Hiienote (entry2), Fio, FIHERIHC KL > TOT VLEWNOE U DUEBED V2 & DG
ERABTEN, ZOFMETHRIEKE 12b T2 ELNR o7 (entry3), ZHUHOFERIT 1,2-4F
ﬁ?%y/ 11a OBEILRBOSITHEA I AR A RITRRTHD Z L 2R L, 1,2-4FhEF
KEFHE LTRIST DI ENABIDD, RBRILKISICIB W TRE TANTHEEH I L~ A

> Orentas 1%, THE I8 F . 12-FF VP EF 0 11a LAY F 7 43834 TMEDA 12(E F CTIES
THZ LT, fHxOFEEFFILEMZT I ) o F o —T UfEEZE A L7 ' (Scheme 5-6) .,

Li Ts TMEDA ©/ \L
+
©/ THF NHTs

-78°C
11a 13: 95%

Scheme 5-6. Synthetic Application of 1,2-Oxazetidine to Aminoethyletherization
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RCh D, 12-7 5585 D kb & LCRIE LT,

Table 5-4. Ring Expansion of 1,2—Oxazetidine 11a

1 R2
Ts, Ring Expansion T RR
N-O — » ssN“O
L /

1a 12
entry condition R! R! yield (%)
1 CHal2 (6.0 equiv.), Et2Zn (3.0 equiv.), DCE, 10 °C, 1 h H H 12a: 75
2 2 mol% Rhz(OAc)s, PhC(N2)CO:Me (1.5 equiv.), CHClz, reflux CO:Me Ph 12b: 0
3 PhC(N2)CO2Me (1.5 equiv.), CHzClz, Blue LED (A = 427 nm) CO:Me Ph 12b: 0

12-F X EBF ¥ U OBRIER SO R 4 B U RIS % a#{k L7z (Table 5-5), £
BRI NN A ROYELZHRFT 2L, A 1la ITHLTYI— RAZ LV F LM%
FREIN 4 M E, 2 9BV, RbEWIERTAERY 12a G007 (entry 3), E7o. AKX
JE T p- MV ZVR VR A TV (13a) DRI E LTAET D Z LAV L7z, v TRz
et L=, WOy 7oz o2 HNWTZBEOINREZB 2 720 -7~ (entries4-8), 7 1
0 AR UNEBEOY GV 7 n a2 o OE L ER LTRSS ELS . 10 °C & 1 FEffR > 72%12 13
RERE] 2500 TR L7234 12a DRI 53% ThH o 72 (entry4), dLERIT3T T HENLEED N im VY THF
TURHE LT D L AR 12a DIHE 9% T LME LT, REIGO SIS 11a 23 91%F%77 L 7= (entry
5). BEfRT F Lo F o2 OB S RERIZEE 11a 2R FE L. B9 122 OUCRIXKR T L7

(entries6and7), 72, M ZHWTHIERIZM E L2 -7 (entry8), WIZ, I — KA X
Y ORMGIEERGT Lz, A4 VAFV Y —/b 4 OBRILKTIE, 3 — KA X A3V F vilighz N
27210 3RRICIINT DR Rl ThH - 7203, 1,2-4FHEF V2 1la TlEYa— KA X &5
WINT 250 THEWIEE CTERIERIR 12a 5572 (88%, entry9) . HiV T, ST DA
B2 DAL &, -20°C TIXRISHEE DL T & RIZERY) 13a ORI L (entry 10) . 2R
TIXARM 12a DULRPMET L7z (entry 11) o ARBUSIE 1 RFELAPNICK T L7c & TR L, BB
5 CRIGEAZIET D & JFE 1a 28 22%5%7F L72 b OO 12a OIRIL 75%Z# L7 (entry
12), RO TR EZ B L 30 0B BUGKR M 2T U7ofE R, B 12a DIERIT 93% £ T
BN L, 2> ORIZAER) 13a OAERITIEBF &S HNH] 4072 (entry 13), ARSI 138 BE G A 3B o S T
BV YRR TR EEIET D 2 & TR E < A 122 M5 ST,
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Table 5-5. Condition Screening of Ring Expansion of 1,2-Oxazetizine 11a

CHal;, (X equiv.)
T Et,Zn (Y equiv.)
S\N—O Ts\N/\o TS\CHS
solvent /
11a temperature 12a 13a
time
entry Zn carbenoid (X : Y) solvent temperature (°C) time (min) 12a (%)? 11a (%)? 13a (%)?

1 6:3 DCE 10 60 84 0 16
2 2:1 DCE 10 60 76 24 trace
3 4:2 DCE 10 60 84 0 16
4° 4:2 CH:Cl2 10 to r.t. 14 (h) 53 0 7
5° 4:2 THF 10 to r.t. 14 (h) 8 91 trace
6° 4:2 EtOAc 10 to r.t. 14 (h) 38 60 trace
7° 4:2 n-Hexane 10 to r.t. 14 (h) 43 18 22
gb 4:2 toluene 10 to r.t. 14 (h) 54 0 10
9° 4:2 DCE 10 60 88 0 12
10° 4:2 DCE -20 60 64 9 22
11° 4:2 DCE r.t. 60 76 0 trace
12° 4:2 DCE 10 5 75 22 trace
13° 4:2 DCE 10 30 93 (81)¢ 0 trace

2'H NMR yield using dibromomethane as an internal standard. reaction time and temperature: 10 °C for 1 h then room temperature.

¢ CHl; was added first. ¢ Isolated yield.

A LI RSS2 AN T, 12-F R EBF D0 11 ORFZEOBHILO M B LT~~~ (Scheme 5-
7o BFREWED 7 v ENEHR LT V=V AR =V E T HEE e 205 &, BIER
¥ 13¢ DAERCDNH S TERIERMA 12¢ OULEED M E L2 (12¢: 87%), —F . BEFHEGMED A M
THEMNER L2GA (11d) . B 13d ONEERHEI L, BRIZKAE 12¢ OTCRIFE T L7z (126
65%), 7 U — VAR =)VHE EOBEBILIC K o TRIER OICRNEL LT Z £ D, BIZERRSIE
FOGFR BRI AT D HER I VR A R EBRILRIR 12 & OIS L > TER L, £ DRIG
SITEHEFTTHD Z LRI,
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CHyl; (4 equiv.)
R Et,Zn (2 equiv.)
N-0 ——» R-N"o
L] DCE
1 10°C,1h 12
09 0.0 o
N N W17
S-N"o S-N"No SN o
o oY J
HsC 12a: 81% ci 12d: 87% MeO 12e: 65%
QP %P ¥
/©/ “CH; /©/ “CH,4 /©/ “CH;3
Cl MeO
13a: 17%? 13d: trace? 13e: 18%2

2 1H NMR yield using dibromomethane as an internal standard.

Scheme 5-7. Ring Expansion of 1,2-Oxacetidines 11

Fo N-OFEE~AT L UE (CH) DA EFIAT 2, Pa— K220 viza— Rk
LD 277 7- (Scheme 5-8), A VA FH V' —/L 4a 2kt LTI — RE/L b L DT LA DA
AOEEEIIE LR TZ0IER L, 12-AF P F 0 1la 2BE L9 5 L EHISTHE S
AU BHER L72AERW 14 6T, ZhUd, BRIERBUSHEITL T, AF LA Rica vR A @R
EELTHTOHHEAR 12 PELNTEOL, ~IT I — V= X7 )UREE D INK R L THERR LT

LEZLND,

CHlI; (6.0 equiv.) o
Ts Et,Zn (3.0 equiv.)
\N_o TS~NH O’QH
L DCE —/
11a 10°C,1h 14: 51%

\—>[ Ts\N)I\o ]41
/
12e

Scheme 5-8. Using iodoform as a carbenoid source

FENT, A VAFF Y —VBOTFa s Ths 12-4FH U D0 15 125 U CBRIERE % 3R
717~ (Scheme 5-9), 12-AFHELF L 11 LR UKIHSAE (Table 5-5, entry 13) CHRALKIG %4
ST A L. ERITMET L2 ODORERARY 16 235 57z (16: 48%)

¢ Kang 513V T =7 Al A N2 1285001 KD N-A T IvA VA x> U 20 17 OBRIEKEES
Z#i L72 (Scheme 5-10) B, —5 T, SMBORFIFT %2 N-O fEAITHA L7 BlL M,

Me, 2.5 mol% [RuCly(p-cymene)], HN N0
$ > )\/k
CaH N A~CeHy;  P-TSOHH0, KoCO3 0 G Hg CoHis

toluene, 110 °C
17 oluene 18: 95%

Scheme 5-10. Ru Catalyzed Isomerization of Isoxazolidine 17
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CHzlz (4.0 equiv.)

Ts, EtpZn (2.0 equiv.) Ts. o~
- —_—
DCE (0.05 M)
o ;
15 10 °C, 30 min 16: 48%

Scheme 5-9. Ring Expansion of 1,2—oxazolidine 16

KZIC, ZBERTHLAXH VY V019 OBRILKKIL 2 A7 (Scheme 5-11-1), 1,2-F FHEF
DN RN2-FFH Y U5 SITRRIC, TUEER 20 1 Za< AL T. BRI EEL TE
R L72A 22 21 DR 63% CTELNZ, 49TV P 19 13X Davis iR 2 & I B B (LAI D —
FTHY ., AL LTERT 2 A I 21 ZREVER E LTHERD Z ENHMbND, £Z T, K
HARAEE I LR A RTIERL, REFTHL Y= FVERN AT Y 19 ES LTIz &
ML LTz, R, I — RAZ UERMUBRWSEEIZ T, I U 20 BRER LI Z &nh, #ligpl
JA RICEDAFY VY U019 OBRIEKIZREETH S & Hlr L7z (Scheme 5-11-2),

CHzlz (60 equiv.)
TS‘N—O Et,Zn (3.0 equiv.) TS\N—| N/Ts
. + ]
Y DCE (0.05 M) Ph)—o Ph)

10°C, 4 h
19 20:0%  21:63%
TS‘N—o Et,Zn (3.0 equiv.) TS\N N’Ts
_— ):l + J
@ Ph DCE(0.05M) ./ C  pp
10°C, 4 h
19 20:0%  21:35%

Scheme 5-11. Trial of Ring Expansion of 1,2-Oxaziridine 19

UbZFELHn L, WA A4 NIZLABRIEKRNIMEEE., LEEREOHEMA~T 2 BRIZH 5
HFARETH D Z ENRH BN o Tz, fafI~T BEROBRIERMIGNE, 1,2-7 Y — LRIk A v 4%
HE LT DG L U CTRISHEE N | M TORIMEIENER OIRR EICAZhTH -
77,

5—4. RUEERE

W NR ) A FORIGEE LT, A7 4Dy 7 a7 a AL ciise S Ta =, =D
FOCHERE L LT, AL 7 4 U ~OWBIR AT L UERALE | AL T 4 KT D I VR A X LD
TOREBIN TR, TR HIZL D DFT FHRIC K - THZRAIR A F L AR ADRREE N = 3L ¥
—WICAERITHD Z RSN W, — 5T, gL A RIS ChHLa v FRr AT L
RFE LIS DT LD, S\ RISIO KRR ELZ T HZ ENRAETH D, £ T, I~/ A
NIZ X DBRIER OGO OGHERE & L C o0 2 HEE L7z (Scheme 5-12), —2HIE, A VA FH
=V D NEDERIFFINHIAT N A ROATF U URBITRERE L, N-T VXU ETT 5
MHETHD, ZOHETIZ. T AR EODHIZ N-O #EE DR EZ L L 9BE., L TC6nE
TERSNC X D PABR & 9 BERERICBRIER D HETT T2 (BRIE A) . 2 BRIXY 7 m 7 a S ALKIE
E[RIERIC N-O FEG It L THBIINC AT LU AT 2 CH D (IRIE B), Ziub OHEEHE
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DTN A BFET % 720, DFT #F5% A0 CRIGHABARYT 417 > 72,

Et | -~
. ») I@ ZnEt
~CHZ : %N o)
Path A C N-O ®N-0 -
- » ~ » <9
4 1NZHR3 R1J\(9R3
1K A~Rs3 R R
| R R RZ
/ R2
N-O EtZn—CH, R2

R2 Eth‘: '_,I ¥ R2
4 CH, 5

[/ N'_b

Path B 77 > )
R1‘S/)\R3

R2

Scheme 5-12. Plausible Mechanisms of Ring Expansion

5—4—1. HE BN A4 FOBRH

B ENC X D ROSHREfRIT O 7= 010, ETISHREOIEIR IV~ A4 REeET Vb LTz, #i
HNNR) AR, Thbba— FAFLHEEMREOWTILL ORENRH D, TALITHAVHREE
12 > CRRICTHIATEE TH 528, I — R A F LRI O P USRS & » TR D
I — R AF VIR~ KSR T TR T 52 Enmbiud (Scheme 5-13) ¥, YT Ligh s v
I—RKAZpHaF Yy — iR LV AEL DT L (33— KA F L) dligh (22 #)11FEK) 13,
"o fEToAn Sy =TV AR EITOE A (33— R AT L) dligh (23: Wittig iddK) &3 — K
ffigh &0 D, Elo, =T (33— RATF)V) #ligh (23) 133 Vb7 v e Vlligh~D oy fif 4 i
L7=Db, MIGHRHICHFETLBFOY I — KA X boa Py =T VXV giairoa vk s —
KA Fvigh (24: Simmons—Smith FA3E) ~E 25, — KT =FLiEght oa— RA X
AT 2 OEH)IERER (22) L ENDHM, oI — FAF VIR G ARG OIEMERE L 720 9
5o T T, FHENHEHEN TS ERD 3 03— B A F/LARFNEREE D & @) 215 PR 2 b4
HWEN BT,

Et;zZn + CHy, —> EtZnCH,l + Etl
(1) 22
2 2 EtZnCH,l —_— IH,CZnCH,l +  Znl,
(2) 22 23

(3) EtZnCH)l —» _A~_2Znl ———> IZnCHyl + ~_ I
22 24

Scheme 5-13. Generation of Different Types of Zinc Carbenoids

¢ A#TO DFT #H8I1E. FHEME S L TARSED TSUBAME3.0 2 L., BH{LFEEY 7 b =7
& LT Gaussian 16 (Revision C.01) # HWTEEHE L, JLEI%EIC B3LYP-D3 %, FJEEIHITIHE L =
7 #IZxF L C LANL2DZ %, £ OO R 121E 6-31G(d,p) & W=, Y7 vnrx X N K DR
BT BIARHEKEE T /L (Polarizable Continuum Model: PCM) (2 X > CTEE L=,

310



iR

WD 3 — N A F VISR SE NG TH 2 M OV TERGEILS G O N o772, &
W 3 FED I — R AFVHFRAIEIC OV T, BILKUNMT L E R TG b =L ¥ — 23 L THig
L7z (Table 5-6), F7z. FHEAMOEREAL HE LT, AF/L (I—FAFN) #igy 25) 2E7
IMEE & UTEMRE Lic, Sl 72 OITHRE LI SB RIS IR, HEERICHED 5 BRI A O N-7 /1%
METH D, HBIEMA L= RV =D NI T=DF ATV (3— RAF ) dlign 25) THOH, £
DOIEMAL = L F — (AGrs1) 1% 14.5keal/mol TH -7z (entry 1), =F /L (I — KA F)L) figh (22)
XET LAY 25 L RIZFEOEMEL RV F—2ME L L, 207 (AAGY) 1 0.1 keal/mol ThH -7

(entry2), BYA (F— RAFN) #ify (23) 3 Uik (3—FAF)) gy 24) L=F)L (33—
RAF V) BEEROIEMAL= R L —D I TZEIZE 4 0.4 keal/mol, 3.3 kcal/mol T&H > 7= (entries 3 and
4), AREFHETIEI — FAFVHEGHARERICRE R XL F —EIT R o 7o hd, FEERICRISHET L
einol=a ik (23— RKAF)L) #ign (24) (Table2,entry 1) 2N b @mWEM L= ¥ —% 5.2 7=
TENDL, RHBEIIRYTHL M Lz, HIRE (22) WEMERE L TRBEYTHDLZ &0
5. FORETIEET MEE 25 Z W TEHR LT,

Table 5-6. Activation Energies of N-Alkylation with Zinc Carbenoids

I, t
-~ A
AGpce Zn-CH,
(kcal/mol) R N-o
CHyl I
R-Zn Ph’K/)\Ph © MeZnCH,l
N-O Q oo — Zn— EtZnCH,l
i P RO g -
ph&A~ph .5* TS1 e R ®N-Q ICH,ZNnCH,|
el N PhM\Ph
- N IZnCH,|
e 2
AN .
0.0 “Tee intd

Reaction Coordinate -

entry Halomethylzinc spieces AG*rs1 (kcal/mol) AGswm-int1 (kcal/mol)
1 MeZnCH:l (25) 14.5 -10.7
2 EtZnCHa2l (22) 14.6 -11.3
3 ICH2ZnCHz2l (23) 15.0 -12.3
4 1ZnCH:l (24) 17.9 -14.1
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5—4—2. 4 XY —VOBRILKRK)IEG

Simmons—Smith > 7 1@ 7’ a2/ ALD K S IZHRINZ A T L U NERE-REEE~FAT HEBIRRE
#5155 (Scheme 5-12,pathB) Z R L7=725, ERIKEMEIILHE R o7z 22T, 9 —20H#
ERICHE T 5 B RBRILRRISD =N X =T 17 7 A VEERER LT,

iR IR A RIZE DA Y A FH Y —) da DEBRILKIED =R )L F—7"1 7 7 A )L % Figure 5-
3R, T, MENIANR A ROAF L URFIIK L, A VA F W — VRO EFRF A DR
B EBIREE TS1 Z288H LT N7 VX AR LT L TR intl B4R T 5, ZORAT v
DOIEMWAL= RV F—[% 14.5 kcal/mol TH o7z, ZOHFEK intl 725 —>DOEZHEE L=, T72b
B, ON-T VX AR HEAL (1ZnMe) 23BEEL TA U RHREIK int2 2 5 % 2888 D, Ofigh
AL (1ZnMe) DML 7 F F N-O AW BHET 2888 9D > Th D, A U FHEIK ine2 (ZH[H
Kintl XY 1.0 kcal/mol W HH TR /LF—%2FT 203, N-O KA BHADERIRAE TS2 ICHERE
ML R =TT D 0.5 keal/mol EFRE I I7-, — . HHEAEBNAL (1ZnMe) ZPRFFLT=F F DK
JERRIE Tl BHR LT VX VEHORENELT D Z & THFIK int2? A2 ERT 5 DD, N-O #E
A OBZT 5 EBIREE TS ~DIEMHAL = F /L ¥ —1% 6.6 kcal/mol TH Y, A U FHEIAK int2 % H
TOHNZRAF—HNCAR TH D Z ERRB Iz, PREIE int2 22 5B S L7z FRA int3 13,
EBRIE TSI 77205 6n B BORRE PP RH L THER L, AR THHAFH T 5alc
PR L7, 7eds, BRBIREE TS 2/ M3 /R T, BABR & RN LSRRI A BLEE L C R Ui %
AT 2HMEIE It % 527203, O FPARLERNRELEE & oT7oled, AU RHEK int2 2803
HIRHE LD ZRAF—HIIAR T o7, E£lo, RELERBETH D PRUA int3 7> &t < ERIRAE
TSR 52> b =W\ T RV F —HEN A oR LTz, T3 F—BICAHFIZRONRIEIZIBN T, Z DG
MAb= RV X —13E 4 14.5keal/mol & RFE S HAL, RSO Z YN RSN, ZNHDOET L
IZE o T, AV FXRYY =V ORILKRIGIE, OEFRFEFOT VX, QEEFHERALOMRE, GN-
O FEH OBZUC X 2B, @6n BT BRIRBUS &8 3 2 BEFE e SS Th D 2 L R ST,

¢ AF LV UARANCHIET DIREIE— Na A7 2 BBIRBOGMMEE (Figure 5-2) ZRH L,
ERIEET % & B EDEE~DOPORIT D> T, HREREL L T2 Edfitgis & SOSEE & o=
TV —7E1T 78.5 keal/mol TH Y | UTHERE L 72 EBIREME S FAET D & LT HIERITEmWIEME
LN F =2 /T L ENTFRENTZ, £ I T, BRIVRBEBREMEOFRIIM G L., B
e ROGHRIE & BHHL LT,

Figure 5-2. A Candidate of Transition State for the Concerted Methylene Insertion
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AGDCE I\ t
(kcal/mol) IZn—‘c\Hz
Me "}_0 H
Ph—\Z"~Ph melg “N--0
CH,l _ ;
N SEEAN PP~ 53
. ST N 5. 182 182
S | 9.7 TS2'
0.0 int2
4a e — T‘
N-Q 107 Y 119 D20 P 1
\ N7 0
ph—{A~ph int1  1ZnMe o TSz L
\ Ph” ¥ pn
! © 42,9 N0
n V' s00 TS3 P ~Ppn
mé ®N-0 k U
o \\ int3’ -55.9
N O \‘ e, 5a
oAy .?gf
60.4 —
int3 -65.6
5a

Reaction Coordinate

Figure 5-3. Energy Profile of Ring Expansion of Isoxazole 4a with the Zinc Carbenoid

5-3-2-1 Tl_7i@m by, #Ha I~ A NIZ K DBRIERISTA VA F 5 — VEBROEHRILICK
TR LT, BHREAMOBREE B LN —ob 7 o= VA EBREE LTAT D 3,5-V7
T2 I F XY =)L (4a) HETNARELE LTIZDIZZDOTHDH, £ I T, EfEEZH-20
AIFXY =)L (dw) 3,5~ AT INA I AFH Y —)L (4ai) DR NLX—T a7 7 A VERE L,
EHENTRLFX =T 07 7 A VX DB L7 (Table5-7. Figure5-4), EHHLDLGA b
WL A VA XY Y = da EEDLT N-T XL TH 7208, DA F UL 4ai, TEEHRIK 4w
DNEIZ N=T VT AL DOTEH L= 2L —0 EFH L= (P AF K 4w : A Ghrgi=18.5 keal/mol, &
HUA dai © AGHrs1=19.9 keal/mol), ZAUE, ARG 3,5ALOEHILIC K-> TRES D Z & &R
T 5, H<HBROZAT v FIZHONT, Y7 x=/UE4a L DEVRENT (Figure 5-4), ¥ 7 ==/L
1K da [T A intl 2> 5 FEAABEEL TA U R RA int2 234 U720 512 N-O fEE 2B 5 K6
RN ERITHoT=DIZxt L, MEEHRK dw, ¥ A FIOUK 4ai 13085 (1ZnMe) 23ENL L 7= F £ N-O
FEAMBZL L, BHER & RIRFICLEES 2 RSN AR CTh o7, Mx T, A4V FHEE int2 225 N-
O #EA DA L 72 9 BBROEBIREII Yo7z, BBRZIIY 7=k 4a LRITL 61
BIERIRKSICE > TRIGT 24XV R LTz, SREEIZRZL 20D, MEEE S DHTE
PRV F — DI RYRETH D Z 0 n, BWEBRE 4w, 2 F VR dai O A XV V1348
LD DT ENRBSNT, DFEV, BMEHA VAXTY Y —L dw) T VFIVERA VA XYY
—NADBAXTF D UNELNRNDE, AR LA URREETH DD L LT,
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Table 5-7. Comparison of Activation energies of Ring Expansion of Isoxazoles

compound AGHs AGHrs2 AGHrs3
Isoxazole (1w) 19.9 0.2 9.2
3,5-dimethylisoxazole (1ai) 18.5 5.2 8.4
b
@ 1 acp ®) T Acp:
(kcal/mol) (kcal/mol)
1.7
8.0 .
int2 int2
— e —_— | il
0.0 02 - 0.0 02 N
int1 TS2 ‘\\ int1 TS2
Me . © Me_ . " Me, . © Me_ | 1
Py Zn Zn z
®< N-0 S0 z § § z
N N N7 O ®N-Q N-Q NZ O
2 Y N U /K)\ /K)\ M
— *
-45.9 -44.0
int3 int3
Reaction Coordinate Reaction Coordinate

Figure 5-4. Energy Profiles of Ring Expansion of Isoxazoles 1w and 1ai with the Zinc Carbenoid

5—4—31,2-7 V' — /VOBRILKKH

DBNTC, A VFT V)b 6a L ETY—L6b DTFNLX—T Ty A NVERE LT, £ /4%
P = da ERIC 3 ODOHRELG. DD N=T IVF AP HEREME & W ) A D = f V¥ —Fn 7 7
ANTHoTled, TRANX—HAT T T LNIEAKLEAT v 7OIEHEIL=R VX —2RICE LD
7z (Table 5-8), N-7 /X /ALDIEHAL=RAF—TA VA FH V' —/L (entry 1: 14.5 kcal/mol) <A
Y F 7 —)b (entry 2: 25.2 kcal/mol) < B > —/L (entry 3:29.9 kcal/mol) DNEIZHENNT 2 D%t L.
BRILR DAERINEZ L ETUEIZ 80%. 35%. 19% & i Lz, N-7 L F ALDIEME L= R L F—DK
& I LKA OICGRITAOHBBELR (FHEAFREL: -0.9989) (IZH U | RRISET VL DOESMENRI
77 F72, BTV —WT 12-7 = /VEHEOHF THE— 1 (fiDO~T a i+ FICE#IE A AT 5, Scheme
54 TRLIEEY, IMOER EOBBRILIIASSICREREEL 52, ©7Y— LT by s
BT HHE (6b) O, A Z =L TIET /L aFx ik (6e-d) LT ATV (6e) DEEZATHHEE
BORTRICHEIT LT, FZ T, £ UV F Y —ILVOEBIEORBLTHRAL L FIIVEB IR
MY EEETDHA L E S —NDZINAFT =TT 7 A VERE LT, AV F =L DEFKED A
N2 T N-7 L AL OTEEALRERE 2 R & < T, & OTEMH b= % /L ¥ —% 21.0 kcal/mol T -
7= (entry4), —J7, BFRIMEBEWHILTHD MV EEFT DA, N-7 VX /AL OIEHALFERE X
AL, ZOIEMEL= /L ¥ —1F 30.0kcal/mol TH 7= (entry5), N-h~ /LI ni=A &Y —)L
IR BRIERINE 52 72 o Tn R 2 Z 0T VTR Lz,

314



i
=
i

Table 5-8. Comparison of Activation Energies among 1,2-Azoles

I, 1

X e
Zn-CH, I,
/"d—j\ Mé Nx I ON-x
— - — Me -
Ph—\~ ~Ph l i
Ph/v\Ph th\Ph
TS1
H N 11
=
H’(Q N--X N“ X
®N-X —> ! - M
/{)\ Ph~—\“ ~Ph Ph Ph
Ph—\~ ~Ph -
TS2
N? X Nxo |F NI/\X
—_— (s ———
e e, Ph” " ph | Ph” 7" ph
TS3
entry substrate AGHrs AG#rs2 AG#rs3 Yield (%)
1 isoxazole 4a 14.5 0.5 7.8 80
2 isothiazole 6a 25.2 1.6 1.6 35
3 pyrazole 6b 29.9 7.3 6.9 19
4 indazole (N-OMe) 6¢ 21.0 6.3 3.7 31
5 indazole (N-Ts) 6k 30.0 6.8 2.7 0

TN F—DKRPERIZELR D OO, 1,2-7 Y — 3T~ CIaE U oHERE CERILRN #1792
ZLEWRENT, FUEHREEZATD 3D 1,2-7 Y —/1 4a, 6a, 6b [T OW THOEHEB DG LT
RNF— LA ONE L ORICHBEBERE Y . ON-7 L%k, @4 U RER, OB, @6r &
TBRR DS 2 #8 H T 2 BB 22 BRPE K OB8AR 135224 & Jllbr L 7=,

5—4—4. WA X T AORIEKRK)IG

WIC, BIRAF L L THLHA VY FXRH VY DT AF—T 1T 7 A IO Tik<% (Figure 5-
5) s TTIMEAMD 3,5~ 7 = =K 9a 1F C5 (LD RFFIRFEDSLIR A E[E L e b e, K
FHE T, 7 ==V E SR & OF EAERIC K AR E OEMALERET B2, WS HIEVML
BT == VIR LET D REEZETVEEE Lz, AV AXH U O N-T S bidxtisd
HA Y FFYY =)L 1a LHE L TREWEHRILT= R L X =% LB LT 5EBIRE TS1 Z8%H L,
HA intl Z23E8EE L L CH 272 (f VAFY YU 2 9 AGHs =26.0kcal/mol, o ¥V A4 FH > —
JV 4a: AG*rs; = 14.5 keal/mol) . Z DO HRAIZ AR int2 ~ & =5 EOHEERINOREEZEZT-D b,
FEERBAL AN L 72 F £ N-O A BRAOEBIRAE TS2 248 L CHBRK int3 & 5 % 7=, BRI
BB TER S TWRNA Y AFY VU VBRIE, 12-7T Y =D X ) RBRBRED 7 b VIR A HE
Th D7D, N-O fEGRAERFICILAE A RHIBRIE - E~EBE L T vaxy RRERIh, £
DT aFxy Riffigh (1ZnMe) MENLT 5D Z & THEA int3 & L CREN L, EFBRIRNKGT
BILT D 12-7 Y —VHERRY A VFXH Y FZ T Aaxy KRB I UVORFBIMAMT S 2
& TERAL U BRIERAERD DT & iz, etk OB OIE M L= % L ¥ —X 4.9 keal/mol & BAE D B,
BFBRIRRIGC LD BRILOSGE L L TRERTRLF —DIENLR Do T2,
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Figure 5-5. Energy Profile of Ring Expansion of Isoxazoline 9a

BRAFTLTHLA YV AFH VU 9a b —BBEH D N7 F PR CTh o7z, BE
AL TR WERIRA F 2 Ad, BRNICHERZ bW LD 1,2-7 Y —)L &3 HE e 5 KOS
AW D, HEHEEE T D N-T VT /LD T T IUTBRIER A E CRIZERRE ChH H =L F—
a7y AI)VEET,

5—4—5. faAfi~T v RLEW DRILR KIS

2T, N-O i a7 28M~T R EROBRILKD =R VX —T 07 7 A VT ONTIER D, &
FTIE, WEERO 12-AF T EBF VUi oW Tk %, KFREOET MLEMTHD 12-AFHEF
Yok, BFRET EICETREIEOANVK=NEETT 520 OREHITENTZTTHSL, 22
TLEREFEMBRTFOEL L RHER NN A Fxf U CORERE T 50555 L 72 (Figure 5-6-1)
N=7 /L% )AL DR = %L F—78 23 8 kcal/mol TH - 7=DIZk L. O-7 FAbDIEM L= 3L
X —1% 29.4 kcal/mol TH-72, ZOZXKNLF—ELY W I NL ) A RIZK DT VX NAITESE
JEA A CHEIT T 5 2 E DR E T, TVF b SRR intl 1, /D S ZRTEME ERERE (AGHs: =
2.7kcal/mol) % ZE3 2 ERIREE TS2 242 U THHER L7z, 1,2-7 Y — /L & BBIRA % 2 AE N-O #iy
MBAHLT-OB, A4 I VBIOFRIRZRE L THOHER LA, 1,24 X EF U 1368 & FBRM
WHRAINTHEITL, EBIRETS2 2RA L CELICHR L, ZOXAF LD 1 2-850013H 2R T
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b DHMBEBENCHEIT LTz, T70b b, EF-MBHEVHRAL A I =0 L0 F 4 O RIFHZ
ZoltOb, PR EREHETICOTFNOT IV aFx s Fﬁ‘ﬁfikf)%fb%@: L7z, Figure 5-6-2 (ZH[H]
Kintl (A), BBIKEE TS2 (B), EBRRE TS2 2B X700 L0 (C, D). £k (E) Ok
G2 md, 12-AFVEBF VU INEBIREETS2 2B L CN-OFANHAEL-0L, ROTH%E
RS D K D ICEE- BN RE AN D & b, RFEHED CH OFEAR D OT B &M
T 5 KO ICEENEN LT (B—C), £ LT, EFR-MIRMOEMEL/BRICELZOL, A I=0U A
A FF 2 DRFBRPERIRFANCHEL L (CoD), HEICA I =T LW TFF 2 ORFEFRAIT LT
Toaxy Rl LTIk L7 (D—E),

(1) 4

A(;DCE ;
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Figure 5-6. Energy Profile of Ring Expansion of 1,2-Oxazetidine 11a

PRSI, RS OB & B, B D WITHEEORE G O LR FIRFZE 2 5 KIS T 5., Diels-Alder
ﬁﬁm%%%m:o®%fﬁGFAﬁ%%émé&ﬂ%méﬁ\mmn%@&%%&%é%ﬁwﬁ
£ % EBRAIZAE L ') Houk & ifiurﬂad‘ T X BERER 7 i 2SS O ) /17 (Dynamism) 4B
L= ™, oL, Zo TEfEzE] %#%@h Bk L TR~ L ET D DITHERK IR
5 F DIRED— H@\;D%wkém W OLFROS TIREIZ R 5720, 20 L9 BREE TR
\ZREZEN B D W2 ST FERMIRY (Asynchronous) & FEXILD,
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HEERTOHLIA VATV VP15 124X EF V2 1a LR N-T S b b 1,2-
NI XD RIS COZ RN F—T a7 7 A L ERE LT (Figure 5-7), N-T7 VX WUALD AT >

GEBIREETSY) 1B WT, A VY AFH VD153 A4 F Vv PF 0 1a & FRE O b= %L
¥—%r L7 (AGHs =23.7 keal/mol), —5 T, N-O fi&& OfEEETH 2 EBRIRRE TS2 [Z ML E R TENE
b= F—1T 1,2-AFHEF U 12a L H#EE L T 4.1 kcal/mol KE o7z, ZOIEHL= /LT —
DZEFEFNAT B EROBROT HT R F =N I TN D EHEEE LT,

AGpce
(kcal/mol) 1 ¥
Ts, I;I?C—ZnMe
N-O
II ¥
CH,l | o — | Ts, /;--ZnMe
Me—Zn R TS1 ZnM N--O
Ts NP S Ts, /—<nle
'N-0 23.7 N-0 %
$ . S O S —_—
. N TS2
0.0 int1 7.2
15 0.4
\\ LTSN
¥ N0
\
N 76.7
1ZnMe 16
\_

Reaction Coordinate

Figure 5-7. Energy Profile of Ring Expansion of 1,2-Oxazolidine 15

HERFHEOR R, 124XV EBF V> Na bA VATV U U2 15 1%, 1,2-7 YV — A0k A
VALRIU S HEEEII BEEBOTAXIMETHY . O DT VX AT A VR = L FE )N E
SNTEBHZFRF ETHITTAZ28. ZLTTAXIMMEODE  N-O S ORI L RE-TREESDE
RN ZREOICHE Z 5 1 2- 8507 K » THBRT 5 Z L AVR &N,

& Megaers ©H OE 272 51, Homodesmotic €7 /L ZFIfH L CN-O fi& a6 7 28 =B8R,
BB, EEOROT AT RLX —% MP2/6-311G(d,p)DaIHE L~V CiE L 72 (Table 5-9), iz
FIRIEITFERIRICREEH L, ZOFHREICE S &L ZBROAF VDU VUG IUERTH 5 1,3-
FX VBT VL OBILRIEDHOT AT R F =N 5, BBOT O N-O FEA DB
DOEREN ) EAET D &, AV VU U2 19 TORBRIERBIEBEIT LA WEBREFZ L PG L2,

Table 5-9. Calculated Ring Strain Energies

HN-O HN-O (o] HN-O 9
Y L HA () HN_J
Oxaziridine 1,2-Oxazetidine 1,3-Oxazetidine 1,2-Oxazolidine 1,3-Oxazolidine
Strain Energy 285 29.8 36.2 8.6 9.4

(kcal/mol)
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5—5. F¥&®
ARFETIE, WER I NR ) A ROEHR-~T v L AEG~DOIALSG &R U 72 BR 5K G O BF I
DNTHRZ 20 U= L EAFTAMEEREA VAT Y — L 1 OFEMR L TR A U -BRIE RS

PERIETHW LN ER SR MBL-OCEE TRAVNEE L2, Zlicyrr 7k 13-4 s
RiEE W2 A, RBRIERKISIEA Y AFH Y —AmEIF ol tho 12-7 ) — 18, Bkt
L BR-BEESEAT DEA~T 2RI L THOMAEETH o 72, AFE TR L- IS, fix
D~T BB O TFIE T TR, AR A4 FOF LWRGEZ RT DO TH S, F
7=, DFT #EZ HW - ROSERERIT 217V BN o~T BRIk 2 g L A4 ROFA
FOGD A T3 =X L% 602 L7 (Figure 5-9)
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Figure 5-9. The Summary of Ring Expansion using a Zinc Carbenoid
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Experimental section
General techniques

NMR spectra were recorded on a Bruker biospin AVANCE II (400 MHz for 'H, 100 MHz for '*C) or a Bruker
biospin AVANCE III (500 MHz for 'H, 125 MHz for *C) instrument in the indicated solvent. Chemical shifts
are reported in units parts per million (ppm) relative to the signal (0.00 ppm) for internal tetramethylsilane for
solutions in CDCl; (7.26 ppm for 'H, 77.16 ppm for '*C). Multiplicities are reported using the following
abbreviations: s; singlet, d; doublet, dd; doublet of doublets, t; triplet, dt; doublet of triplets q; quartet, quint;
quintet, m; multiplet, br; broad, J; coupling constants in Hertz. IR spectra were recorded on a JASCO FT/IR-
4200 spectrometer. Only the strongest and/or structurally important peaks are reported as IR data given in cm’
!. Mass spectra were measured using a JMS-700 Mstation and Bruker micrOTOF II. All reactions were
monitored by thin-layer chromatography carried out on 0.2 mm E. Merck silica gel plates (60F-254) with UV
light (254 nm), and were visualized using an aqueous alkaline KMnOjs solution. Gel permeation chromatography
(GPC) for purification was performed on Japan Analytical Industry Model LC-9225 NEXT (recycling
preparative HPLC) and a Japan Analytical Industry Model UV-600 NEXT ultraviolet detector with a
polystyrene gel column (JAIGEL-1H, 20 mm X 600 mm), using chloroform as solvent (3.5 mL/min). Column
chromatography was performed on Silica Gel 60 N, purchased from Fuji Silysia Chemical Ltd. Preparative thin-
layer chromatography (PTLC) was performed using Wakogel B5-F silica coated plates (1.0 mm) prepared in
our laboratory. Preparative high performance liquid chromatography (HPLC) was performed with LC forte/R
(YMC) using a normal phase column (Kanto, Mightysil Si60 250 x 20 mm, 5 um). Isoxazoles 4a-40, 4q-r, 4v,

isothiazole 7a, pyrazoles 7b-e, cyclic oximes 10a-f were synthesized according to the literatures.''”

1. Synthesis of starting materials
3-Phenyl-5-(triisopropylsilyl)isoxazole (4p)

To a mixture of (£)-N-hydroxybenzimidoyl chloride (312 mg, 2.0 mmol) and ethynyltriisopropylsilane (445
pL, 2.0 mmol) in Et,O (4 mL), triethylamine (372 pL, 4.0 mmol) was added dropwise at 0 °C under an argon
atmosphere. After being stirred at room temperature for 2 h, the residue was poured into diethyl ether and water.
The aqueous layer was extracted with diethyl ether. The combined extract was washed with brine, dried over
MgSO4 and concentrated in vacuo. The residue was purified by column chromatography on silica gel (hexane :
ethyl acetate = 95 : 5) to afford isoxazole 4p was obtained in 80% yield (483 mg, 1.60 mmol) as a pale yellow
o0il.'"H NMR (500 MHz, CDCls) & 7.87 (dd, J = 8.0 Hz, J = 1.5 Hz, 2H), 7.47-7.41 (m, 3H), 6.80 (s, 1H), 1.41
(sep., J = 7.5 Hz, 3H), 1.16 (d, ] = 7.5 Hz, 2H); "> C NMR (125 MHz, CDCl;) § 176.2, 160.6, 129.8, 129.4,
129.0, 127.1, 112.2, 18.5, 11.0; FT-IR (neat) 2945, 2867, 1543, 1459, 1386, 913, 767, 749 cm™'; HRMS (ESI-
TOF): calcd for [CisH2sNOSi +H]™ 302.1940: found 302.1942.

N-O

Ph/()\TIPS
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2. Methylene insertion into nitrogen-heteroatom bonds via a zinc carbenoid
General procedure of methylene insertion

To a mixture of 1,2-azole (0.20 mmol, 1.0 equiv.) in 1,2-dichloroethane (4.0 mL), diethylzinc (ca. 1 mol/L in
toluene) (0.60 mL, 3.0 equiv.) was added at 10 °C under an argon atmosphere. After stirred at the same
temperature for 10 min, diiodomethane (96.5 pL, 6.0 equiv.) was added to the mixture. The reaction mixture
was stirred at the same temperature for 4 h. The reaction was traced by TLC analysis. After completion of the
reaction, saturated NH4Cl aq. was added to the mixture. After being stirred for 30 min, the residue was poured
into water. The aqueous layer was extracted with two portions of CH>Cl,. The combined extract was dried over
Na,SO4 and concentrated in vacuo. The residue was purified by PTLC which was deactivated by 1%
triethylamine to afford the desired product.

8-(4-Chlorophenyl)-2-phenyl-4-(trimethylsilyl)-3-vinyl-2,6-dihydro-1H-[1,2]azaborinino[6,5-
e][1,3]oxazine (2)

To a stirred solution of isoxazoloazaborine 1 (40.5 mg, 0.10 mmol, 1.0 equiv.) in CH,Cl, (1 mL), diethylzinc
(500 uL, 0.50 mmol, 5 equiv.) was added under an argon atmosphere at 0 °C. After being stirred at 0 °C for 15
min, diiodemethane (80.4 uL, 1.0 mmol, 10 equiv.) was added in dropwise under 0 °C, then the reaction mixture
was warmed to room temperature. After being stirred at room temperature for 14 h, saturated aq. NHCls was
added to the reaction mixture. The aqueous layer was extracted with two portions of CH,Cl,. The combined
extract was washed with brine, dried over MgSO4 and concentrated in vacuo. The residue was purified by
column chromatography on silica gel with hexane : ethyl acetate = 8 : 2 to give the desired compound 6 (20.0
mg, 0.048 mmol, 48%) as a yellow solid. Mp 168-169 °C; "H NMR (500 MHz, CDCl3) § 7.59 (d, J = 8.5 Hz,
2H), 7.48-7.47 (m, 4H), 7.42 (brs, 1H), 7.35-7.31 (m, 3H), 7.08 (dd, J = 17.5, 11.5 Hz, 1H), 5.17 (dd, J = 11.0,
1.5 Hz, 1H), 4.96 (dd, J = 17.5, 1.5 Hz, 1H), 0.38 (s, 9H); *C NMR (125 MHz, CDCl;) § 160.6, 151.6, 147.1,
141.0, 137.1, 133.2, 133.1, 130.2, 129.5, 128.2, 127.9, 119.3, 119.0, 78.6, 2.69; ''B NMR (160 MHz, CDCl;) &
32.36; FT-IR (neat): 3390, 3003, 2954, 1617, 1508, 1387, 1246, 1015, 916, 835 cm™'; HRMS (EI, 70 eV): calcd.
for [C27H24BCIN,OSi]", 418.1439: found 418.1445.

Cl ‘B

4,6-Diphenyl-2H-1,3-oxazine (5a)

Following the general procedure using 3,5-diphenylisoxazole 4a (66.4 mg, 0.30 mmol), purification by PTLC
(hexane : acetone : triethylamine = 80 : 20 : 1) afforded the desired product 5a (56.6 mg, 0.241 mmol, 80%) as
a yellow solid. 'H NMR (400 MHz, CDCls) § 7.92-7.90 (m, 2H), 7.83-7.81 (m, 2H), 7.47-7.45 (m, 6H), 6.66 (s,
1H), 5.68 (s, 2H); *C NMR (100 MHz, CDCl3) § 163.6, 162.8, 137.1, 132.3, 131.1, 130.6, 128.7, 128.6, 126.7,
126.2, 95.9, 81.0; FT-IR (neat) 3085, 3029, 2940, 2834, 1642, 1415, 1088, 1064, 754, 693 cm™'; HRMS (ESI-
TOF): calcd for [Ci6H13NO +H]" 236.1075: found 236.1070.

N0

|
Ph)\%Ph

322



Procedure for 1 mmol-scale reaction

To a mixture of isoxazole 4a (221 mg, 1.0 mmol, 1.0 equiv.) in 1,2-dichloroethane (20 mL), diethylzinc (ca. 1
mol/L in toluene) (3.0 mL, 3.0 equiv.) was added at 10 °C under an argon atmosphere. After stirred at the same
temperature for 10 min, diiodomethane (483 pL, 6.0 equiv.) was added to the mixture. The reaction mixture
was stirred at the same temperature for 4 h. The reaction was traced by TLC analysis. After completion of the
reaction, saturated NH4Cl aq. was added to the mixture. After being stirred for 30 min, the residue was poured
into water. The aqueous layer was extracted with two portions of CH>Cl,. The combined extract was dried over
Na,SO4 and concentrated in vacuo. The residue was purified by column chromatography on silica gel (hexane :

acetone : triethylamine = 80 : 20 : 1) to afford the desired product 5a (164 mg, 0.70 mmol, 70%).

6-Phenyl-4-(p-tolyl)-2H-1,3-oxazine (5b)

Following the general procedure using 5-phenyl-3-(p-tolyl)isoxazole 4b (47.1 mg, 0.20 mmol), purification
by PTLC (hexane : acetone : triethylamine = 80 : 20 : 1) afforded the desired product 5b (39.4 mg, 0.158 mmol,
79%) as a yellow oil. '"H NMR (500 MHz, CDCls) & 7.82-7.80 (m, 4H), 7.49-7.42 (m, 3H), 7.27-7.25 (m, 2H),
6.65 (s, 1H), 5.66 (s, 2H); *C NMR (125 MHz, CDCl;) 6 163.4, 162.7, 140.9, 134.3,132.4, 131.1, 129.3, 128.7,
126.7, 126.1, 95.9, 81.0, 21.5; FT-IR (neat) 3029, 2942, 2835, 1736, 1640, 1371, 1078, 817, 758, 699 cm;
HRMS (ESI-TOF): caled for [C17HisNO +H]" 250.1226: found 250.1226.
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4-(4-Chlorophenyl)-6-phenyl-2H-1,3-oxazine (5c¢)

Following the general procedure using 3-(4-chlorophenyl)-5-phenylisoxazole 4¢ (51.1 mg, 0.20 mmol),
purification by PTLC (hexane : acetone : triethylamine = 80 : 20 : 1) afforded the desired product S¢ (29.7 mg,
0.110 mmol, 55%) as a yellow solid. "H NMR (400 MHz, CDCls) & 7.84 (d, J = 8.8 Hz, 2H), 7.82-7.79 (m, 2H),
7.48-7.41 (m, 5H), 6.59 (s, 1H), 5.66 (s, 2H); *C NMR (100 MHz, CDCl;) § 163.6, 162.8, 137.1, 132.3, 131.1,
130.6, 128.7, 128.6, 126.7, 126.2, 95.9, 81.0; FT-IR (neat) 3060, 3027, 2938, 2839, 1653, 1619, 1371, 1072,
754, 670 cm™'; HRMS (ESI-TOF): calcd for [CisH12CINO +H]" 270.0680: found 270.0682.
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4-(3,4-Dichlorophenyl)-6-phenyl-2 H-1,3-oxazine (5d)

Following the general procedure using 3-(3,4-dichlorophenyl)-5-phenylisoxazole 4d (58.0 mg, 0.20 mmol),
purification by PTLC (hexane : acetone : triethylamine = 80 : 20 : 1) afforded the desired product 5d (48.7 mg,
0.160 mmol, 80%) as a yellow oil. "H NMR (500 MHz, CDCl;) § 7.99 (d, J = 1.5 Hz, 1H), 7.83-7.79 (m, 2H),
7.73-7.69 (m, 1H), 7.51-7.44 (m, 4H), 6.54 (s, 1H), 5.66 (s, 2H); *C NMR (125 MHz, CDCl;) § 163.5, 161.1,
137.0, 134.8, 133.1, 131.9, 131.5, 130.6, 128.8, 126.4, 95.0, 80.9; FT-IR (neat) 3062, 2944, 2836, 1653, 1494,
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1371, 1073, 756, 699 cm™'; HRMS (ESI-TOF): calcd for [C1sH1iCLLNO +H]" 304.0290: found 304.0287.

6-Phenyl-4-(o-tolyl)-2H-1,3-0xazine (5e)

Following the general procedure using 5-phenyl-3-(o-tolyl)isoxazole 4e (47.1 mg, 0.20 mmol), purification by
PTLC (hexane : acetone : triethylamine = 80 : 20 : 1) afforded the desired product Se (18.2 mg, 0.0729 mmol,
36%) as a yellow oil. '"H NMR (400 MHz, CDCls) § 7.90-7.88 (m, 2H), 7.76 (d, J = 8.8 Hz, 2H), 7.46-7.44 (m,
3H), 6.95 (d, J = 8.8 Hz, 2H), 6.55 (s, 1H), 5.63 (s, 2H); *C NMR (100 MHz, CDCl3) § 164.0, 162.9, 162.1,
137.4, 130.5, 128.6, 128.0, 126.8, 124.7, 114.2, 94.5, 81.0; FT-IR (neat) 3057, 3027, 2969, 2921, 2849, 1735,
1359, 1167, 763, 717 cm™'; HRMS (ESI-TOF): calcd for [Ci7HisNO +H]"250.1226: found 250.1228.

4-(tert-Butyl)-6-phenyl-2 H-1,3-oxazine (5f)

Following the general procedure using 3-(fert-butyl)-5-phenylisoxazole 4f (40.3 mg, 0.20 mmol), purification
by PTLC (hexane : acetone : triethylamine = 80 : 20 : 1) afforded the desired product 5f (26.9 mg, 0.125 mmol,
63%) as a pale yellow oil. 'H NMR (500 MHz, CDCls) § 7.72-7.71 (m, 2H), 7.43-7.39 (m, 3H), 6.25 (s, 1H),
5.43 (s, 2H), 1.21 (s, 9H); *C NMR (125 MHz, CDCls) § 174.5, 161.7, 132.5, 130.8, 128.6, 125.9, 95.4, 80.6,
37.5, 28.0; FT-IR (neat) 3005, 2969, 2849, 1737, 1373, 1216, 764, 751 cm™'; HRMS (ESI-TOF): calcd for

[C14H17NO +H]"216.1383: found 216.1383.
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4-Cyclohexyl-6-phenyl-2H-1,3-0xazine (5g)

Following the general procedure using 3-cyclohexyl-5-phenylisoxazole 4g (45.5 mg, 0.20 mmol), purification
by PTLC (hexane : acetone : triethylamine = 80 : 20 : 1) afforded the desired product 5g (12.7 mg, 0.0526 mmol,
26%) as a yellow oil. "H NMR (500 MHz, CDCl;) § 7.72-7.71 (m, 2H), 7.45-7.38 (m, 3H), 6.09 (s, 1H), 5.42
(s, 2H), 2.30-2.25 (m, 1H), 1.90-1.82 (m, 4H), 1.42-1.27 (m, 6H); *C NMR (125 MHz, CDCl;) § 172.2, 161.8,
132.1,130.8, 128.5, 125.9, 96.9, 80.3, 45.7, 30.4, 26.1, 26.0; FT-IR (neat) 3056, 2923, 2818, 1736, 1530, 1338,
755, 690 cm™'; HRMS (ESI-TOF): caled for [C16H1oNO +H]"242.1539: found 242.1534.
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Ethyl 6-phenyl-2H-1,3-0xazine-4-carboxylate (Sh)

Following the general procedure using ethyl 5-phenylisoxazole-3-carboxylate 4h (43.4 mg, 0.20 mmol),
purification by PTLC (hexane : acetone : triethylamine = 80 : 20 : 1) afforded the desired product 5h (39.5 mg,
0.170 mmol, 85%) as a yellow solid. '"H NMR (400 MHz, CDCl;) & 7.85-7.83 (m, 2H), 7.50-7.43 (m, 3H), 6.95
(s, 1H), 5.70 (s, 2H), 4.38 (q, J = 7.2 Hz, 2H), 1.39 (t, J= 7.2 Hz, 3H); *C NMR (125 MHz, CDCl;) § 163.7,
163.5, 157.7, 131.7, 131.3, 128.8, 126.3, 95.2, 80.5, 62.4, 14.3; FT-IR (neat) 3062, 2929, 2838, 1735, 1508,
1258, 762, 750 cm™'; HRMS (ESI-TOF): calcd for [C13H13NO; +Na]*254.0788: found 254.0789.

4-Phenyl-6-(p-tolyl)-2H-1,3-oxazine (5i)

Following the general procedure using 5-(4-methoxyphenyl)-3-phenylisoxazole 4i (47.1 mg, 0.20 mmol),
purification by PTLC (hexane : acetone : triethylamine = 80 : 20 : 1) afforded the desired product 5i (25.9 mg,
0.103 mmol, 52%) as a yellow oil. 'H NMR (500 MHz, CDCl3) § 7.90-7.89 (m, 2H), 7.71 (d, J = 8.0 Hz, 2H),
7.46-7.45 (m, 3H), 7.26-7.24 (m, 2H), 6.62 (s, 1H), 5.65 (s, 2H); >*C NMR (125 MHz, CDCl;) § 163.9, 163.1,
141.7, 137.2, 130.6, 129.5, 128.6, 126.8, 126.2, 95.3, 81.0, 21.7; FT-IR (neat) 3060, 2992, 2927, 1701, 1569,
1330, 1052, 754, 691 cm™'; HRMS (ESI-TOF): calcd for [C17H;sNO +H]*250.1226: found 250.1230.
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6-(4-Methoxyphenyl)-4-phenyl-2H-1,3-oxazine (5j)

Following the general procedure using 5-(4-methoxyphenyl)-3-phenylisoxazole 4j (50.3 mg, 0.20 mmol),
purification by PTLC (hexane : acetone : triethylamine = 80 : 20 : 1) afforded the desired product 5j (23.3 mg,
0.0878 mmol, 44%) as a yellow oil. '"H NMR (400 MHz, CDCl;) & 7.90-7.88 (m, 2H), 7.76 (d, J = 8.8 Hz, 2H),
7.46-7.44 (m, 3H), 6.95 (d, J= 8.8 Hz, 2H), 6.55 (s, 1H), 5.63 (s, 2H), 3.86 (s, 3H); *C NMR (100 MHz, CDCl5)
0164.0,162.9,162.1, 137.4, 130.5, 128.6, 128.0, 126.8, 124.7,114.2,94.5, 81.0, 55.6; FT-IR (neat) 3032, 2992,
2834, 2780, 1628, 1492, 1090, 761, 687 cm™'; HRMS (ESI-TOF): calcd for [C17H;sNO, +H]" 266.1176: found
266.1178.
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6-(4-Fluorophenyl)-4-phenyl-2H-1,3-oxazine (5k)

Following the general procedure using 5-(4-fluorophenyl)-3-phenylisoxazole 4k (47.9 mg, 0.20 mmol),
purification by PTLC (hexane : acetone : triethylamine = 80 : 20 : 1) afforded the desired product 5k (27.2 mg,
0.107 mmol, 54%) as a yellow oil. 'H NMR (500 MHz, CDCls) § 7.89-7.88 (m, 2H), 7.82-7.79 (m, 2H), 7.49-
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7.43 (m, 3H), 7.13 (t, J = 8.5 Hz, 2H), 6.58 (s, 1H), 5.66 (s, 2H); *C NMR (125 MHz, CDCls) & 165.6, 163.6,
161.9, 137.0, 130.7, 128.7, 128.53, 128.50, 128.4, 128.3, 126.7, 116.0, 115.8, 95.6, 81.1; FT-IR (neat) 2980,
2931, 2907, 2856, 1732, 1636, 1291, 1234, 1108, 761, 693 cm™'; HRMS (ESI-TOF): calcd for [C16H,FNO +H]"

254.0976: found 254.0981.
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4-Phenyl-6-(o-tolyl)-2H-1,3-oxazine (51)

Following the general procedure using 3-phenyl-5-(o-tolyl)isoxazole 41 (47.1 mg, 0.20 mmol), purification by
PTLC (hexane : acetone : triethylamine = 80 : 20 : 1) afforded the desired product 51 (22.1 mg, 0.0886 mmol,
42%) as a yellow oil. "H NMR (500 MHz, CDCl3) § 7.90-7.88 (m, 2H), 7.52-7.43 (m, 4H), 7.37-7.34 (m, 1H),
7.28-7.24 (m, 2H), 6.30 (s, 1H), 5.67 (s, 2H), 2.51 (s, 3H); *C NMR (125 MHz, CDCl3) § 165.4, 163.5, 137.4,
137.0,133.2, 131.2, 130.7, 130.5, 129.4, 128.7, 126.7, 126.0, 100.2, 80.6, 21.0; FT-IR (neat) 3060, 2990, 2922,
2856, 1700, 1604, 1570, 1053, 764, 699 cm™'; HRMS (ESI-TOF): calcd for [C17H1sNO +H]" 250.1226: found
250.1227.
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6-(tert-Butyl)-4-phenyl-2H-1,3-0xazine (5m)

Following the general procedure using 5-(fert-butyl)-3-phenylisoxazole 4m (40.3 mg, 0.20 mmol), purification
by PTLC (hexane : acetone : triethylamine = 80 : 20 : 1) afforded the desired product Sm (29.3 mg, 0.136 mmol,
68%) as a pale yellow oil. 'H NMR (500 MHz, CDCls) § 7.82-7.80 (m, 2H), 7.45-7.39 (m, 3H), 5.97 (s, 1H),
5.45 (s, 2H), 1.21 (s, 9H); *C NMR (125 MHz, CDCls) § 176.4, 163.6, 137.3, 130.4, 128.5, 126.6, 94.0, 80.7,
35.8, 27.7; FT-IR (neat) 3060, 2966, 2869, 2787, 1633, 1559, 1349, 1101, 765, 692 cm™'; HRMS (ESI-TOF):
calcd for [C14H7NO +H]"216.1383: found 216.1380.
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Ethyl 4-phenyl-2H-1,3-0xazine-6-carboxylate (5n)

Following the general procedure using ethyl 3-phenylisoxazole-5-carboxylate 4n (43.4 mg, 0.20 mmol),
purification by PTLC (hexane : acetone : triethylamine = 80 : 20 : 1) afforded the desired product 5n (19.3 mg,
0.0834 mmol, 42%) as a yellow oil. 'H NMR (500 MHz, CDCl3) § 7.77-7.76 (m, 2H), 7.49-7.41 (m, 3H), 6.68
(s, 1H), 5.67 (s, 2H), 4.39 (q, J = 7.0 Hz, 2H), 1.40 (t, J = 7.0 Hz, 3H); >*C NMR (125 MHz, CDCl;) § 163.7,
163.5, 157.7, 131.7, 131.3, 128.8, 126.3, 95.2, 80.5, 62.4, 14.3; FT-IR (neat) 3059, 2925, 2820, 1704, 1570,
1278, 1049, 765, 691 cm™'; HRMS (ESI-TOF): calcd for [C13H3NO; +H]"232.0968: found 232.0969.
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4-Phenyl-6-(trimethylsilyl)-2H-1,3-oxazine (50)

Following the general procedure using 3-phenyl-5-(trimethylsilyl)isoxazole 40 (43.5 mg, 0.20 mmol),
purification by PTLC (hexane : acetone : triethylamine = 80 : 20 : 1) afforded the desired product 50 (43.5 mg,
0.188 mmol, 91%) as a yellow oil. '"H NMR (400 MHz, CDCls) § 7.82-7.80 (m, 2H), 7.44-7.39 (m, 3H), 6.32
(s, 1H), 5.36 (s, 2H), 0.24 (s, 9H); *C NMR (100 MHz, CDCl;) § 175.4, 160.8, 137.0, 130.5, 128.6, 126.6,
109.2, 79.1, -2.74; FT-IR (neat) 2965, 2905, 2781, 1639, 1560, 1494, 1402, 1127, 1056, 763, 689 cm™'; HRMS
(ESI-TOF): caled for [C13Hi7NOSi +Na]" 254.0972: found 254.0971.

N0

I
PhMTMS

4-Phenyl-6-(triisopropylsilyl)-2 H-1,3-oxazine (5p)

Following the general procedure using 3-phenyl-5-(triisopropylsilyl)isoxazole 4p (60.3 mg, 0.20 mmol),
purification by PTLC (hexane : acetone : triethylamine = 80 : 20 : 1) afforded the desired product 5p (50.2 mg,
0.159 mmol, 80%) as a yellow oil. "H NMR (500 MHz, CDCls) & 7.82-7.80 (m, 2H), 7.46-7.40 (m, 3H), 6.40
(s, 1H), 5.33 (s, 2H), 1.31-1.24 (m, 3H), 1.14 (d, J= 7.5 Hz, 18H); >*C NMR (125 MHz, CDCl;) § 172.8, 160.4,
137.1,130.4, 128.6, 126.7, 112.1, 78.4, 18.6, 10.4; FT-IR (neat) 3060, 2927, 2826, 1629, 1557, 1398, 1117, 760,
691 cm™; HRMS (ESI-TOF): calcd for [C19H2oNOSi +H]"316.2091: found 316.2090.
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5-Bromo-4,6-diphenyl-2 H-1,3-oxazine (5q)

Following the general procedure using 4-bromo-3,5-diphenylisoxazole 4q (60.0 mg, 0.20 mmol), purification
by PTLC (hexane : acetone : triethylamine = 80 : 20 : 1) afforded the desired product 5q (35.2 mg, 0.112 mmol,
56%) as a yellow oil. '"H NMR (400 MHz, CDCl3) § 7.91 (dd, J= 7.6, J = 1.2 Hz, 2H), 7.68 (dd, J= 7.2 Hz, J
= 1.6 Hz, 2H), 7.51-7.44 (m, 6H), 5.54 (s, 2H); >*C NMR (100 MHz, CDCl;) § 165.6, 161.5,137.1, 132.0, 131.4,
130.4, 130.1, 129.1, 128.3, 128.1, 94.5, 80.1; FT-IR (neat) 2957, 2930, 2871, 1683, 1558, 1524, 1046, 766, 689
cm’'; HRMS (ESI-TOF): calcd for [C16H12BrNO +H]"314.0175: found 314.0166.
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Ethyl 4-(4-chlorophenyl)-6-phenyl-2 H-1,3-oxazine-5-carboxylate (5r)
Following the general procedure using ethyl 3-(4-chlorophenyl)-5-phenylisoxazole-4-carboxylate 4r (65.6 mg,
0.20 mmol), purification by PTLC (hexane : acetone : triethylamine = 80 : 20 : 1) afforded the desired product
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5r (26.7 mg, 0.078 mmol, 39%) as a yellow oil. '"H NMR (400 MHz, CDCl;) & 7.75-7.73 (m, 2H), 7.56-7.52
(m, 3H), 7.47-7.43 (m, 2H), 7.39-7.37 (m, 2H), 5.57 (s, 2H), 3.86 (q, J = 7.2 Hz, 2H), 0.81 (t, J = 7.2, 3H); "°C
NMR (100 MHz, CDCl3) § 171.1, 165.16, 164.87, 137.0, 135.9, 132.2, 131.9, 130.7, 129.3, 128.4, 128.1, 108.1,
80.9, 60.8, 13.5; FT-IR (neat) 3062, 2980, 1715, 1598, 1489, 1396, 1251, 1158, 1015, 840, 694 cm-1; HRMS
(ESI-TOF): calcd for [C19H 6CINO; +H]+ 342.0891: found 342.0896.
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4-Phenyl-2H-benzo|e][1,3]oxazine (5s)

Following the general procedure using 3-phenylbenzo[d]isoxazole 4s (39.0 mg, 0.20 mmol), purification by
PTLC (hexane : acetone : triethylamine = 80 : 20 : 1) afforded the desired product 5s (25.4 mg, 0.121 mmol,
61%) as a yellow solid. '"H NMR (500 MHz, CDCl3) § 7.61-7.59 (m, 2H), 7.51-7.49 (m, 3H), 7.48-7.40 (m, 1H),
7.39-7.25 (m, 1H), 7.00-6.96 (m, 2H), 5.61 (s, 2H); * C NMR (125 MHz, CDCl3) § 164.8, 157.0, 136.8, 133.6,
130.1, 129.0, 128.5, 128.0, 121.5, 119.0, 116.7, 79.5; FT-IR (neat) 3060, 2900, 2821, 1606, 1336, 1250, 1077,
843, 768, 695 cm™; HRMS (ESI-TOF): calcd for [C14H;iNO +H]"210.0913: found 210.0913.

3

Ethyl 2H-benzo|e][1,3]oxazine-4-carboxylate (5t)

Following the general procedure using 3-phenylbenzo[d]isoxazole 4t (38.2 mg, 0.20 mmol), purification by
PTLC (hexane : acetone : triethylamine = 80 : 20 : 1) afforded the desired product 5t (36.1 mg, 0.176 mmol,
88%) as a yellow solid. '"H NMR (400 MHz, CDCl3) § 7.77 (dd, J = 7.8 Hz, 1.4 Hz, 1H), 7.38 (dt, J = 8.0 Hz,
1.2 Hz, 1H), 7.00 (dt, J = 7.6 Hz, 0.8 Hz, 1H), 6.88 (d, J = 8.0 Hz, 1H), 5.63 (s, 2H), 4.42 (q, J = 7.2 Hz, 2H),
1.41 (t, J= 7.2 Hz, 3H); > C NMR (100 MHz, CDCl;) § 163.3, 156.2, 156.1, 134.6, 127.3, 122.1, 116.5, 116.2
79.1, 62.4 14.2; FT-IR (neat) 3072, 2982, 2848, 1731, 1624, 1486, 1373, 1206, 1154, 1130, 1022, 756 cm™;
HRMS (ESI-TOF): caled for [C11H1iNOs +H]"206.0812: found 206.0813.
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(2H-Benzo|e][1,3]oxazin-4-yl)methanesulfonamide (5u)

Following the general procedure using benzo[d]isoxazol-3-ylmethanesulfonamide 4u (42.4 mg, 0.20 mmol),
purification by column chromatography on silica gel (hexane : AcOEt =7 : 3), then preparative HPLC (hexane :
AcOEt =70 : 30 to 50 : 50) afforded the desired product Su (7.9 mg, 0.035 mmol, 17%) as a white solid; Mp
143-144 °C; '"H NMR (500 MHz, CDsCN) & 7.54 (dd, J= 8.0 Hz, 1.5 Hz, 1H), 7.43 (td, /= 7.4 Hz, 1.5 Hz, 1H),
7.04 (td, J = 7.8 Hz, 1,0 Hz), 6.90 (dd, J = 8.0 Hz, 0.5 Hz,1H), 5.57 (s, 2H), 5.56 (brs, 2H), 5,56 (s, 2H); B¢
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NMR (125 MHz, CD;CN) 6 158.0, 156.6, 135.2, 127.3,122.7, 119.1, 117.1, 79.9, 58.5; FT-IR (neat) 2922, 2851,
1606, 1541, 1457, 1308, 1276, 1139, 1019, 955, 765 cm™'; HRMS (ESI-TOF): calcd for [CoH oN,O3S +Na]”
249.0304: found 249.0305.
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4-(4-(4-Phenoxyphenyl)-1H-1,2,3-triazol-1-yl)-2H-benzo|e][1,3]oxazine (5v)

Following the general procedure using 3-(4-(4-phenoxyphenyl)-1H-1,2,3-triazol-1-yl)benzo[d]isoxazole" 1v
(70.9 mg, 0.20 mmol), purification by GPC afforded the desired product 4v (11.9 mg, 0.032 mmol, 16%) as a
colorless oil. '"H NMR (500 MHz, CDCl;) § 8.53 (s, 1H), 8.19 (dd, J = 8.0 Hz, 1.5 Hz, 1H), 7.89 (d, J = 8.5 Hz,
1H), 7.53-7.50 (m, 1H), 7.39-7.36 (m, 2H), 7.16-7.03 (m, 7H), 5.68 (s, 2H); '* C NMR (125 MHz, CDCl;) §
158.1, 157.8, 156.9, 150.7, 146.8, 135.2, 130.0, 129.0, 127.7, 124.8, 123.8, 122.4, 119.4, 119.2, 118.2, 116.8,
113.9, 78.5; FT-IR (neat) 2919, 2054, 1645, 1488, 1277, 1238, 1006, 752 cm™'; HRMS (ESI-TOF): calcd for
[C22H16N4O, +Na]"391.1165: found 391.1164

4,6-Diphenyl-2H-1,3-thiazine (7a)

Following the general procedure using 3,5-diphenylisothiazole (6a) (25.3 mg, 0.10 mmol), purification by
PTLC (hexane : acetone : triethylamine = 90 : 10 : 1) afforded the desired product 7a (17.6 mg, 0.035 mmol,
35%) as a colorless oil. '"H NMR (500 MHz, CDCl;) & 7.89-7.87 (m, 2H), 7.77-7.75 (m, 2H), 7.49-7.44 (m, 6H),
7.25 (s, 1H), 4.84 (s, 2H); *C NMR (125 MHz, CDCl;) § 165.9, 152.6, 138.6, 136.9, 130.9, 130.4, 129.0, 128.7,
128.1,127.2, 114.8, 50.5; FT-IR (neat) 3057, 2869, 2818, 1602, 1571, 1530, 1487, 1066, 755, 725 cm™'; HRMS
(ESI-TOF): caled for [CisHi3NS +H]" 252.0841: found 252.0846.

N s
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4,6-Diphenyl-1-tosyl-1,2-dihydropyrimidine (7b)

Following the general procedure using 3,5-diphenyl-1-tosyl-1H-pyrazole 6b (74.9 mg, 0.20 mmol),
purification by PTLC (hexane : acetone : triethylamine = 90 : 10 : 1) afforded the desired product 7b (14.8 mg,
0.038 mmol, 19%) as a colorless oil. 'H NMR (500 MHz, CDCl3) § 7.72 (dd, J = 7.5 Hz, J = 1.5 Hz, 2H), 7.51-
7.45 (m, 5H), 7.40-7.36 (m, 3H), 7.33-7.30 (m, 2H), 7.01 (d, J = 8.5 Hz, 2H), 6.62 (s, 1H), 5.53 (s, 2H), 2.14
(s, 3H); >C NMR (125 MHz, CDCl3) & 162.9, 148.8, 144.1, 136.3, 135.6, 135.3, 130.8, 130.3, 129.1, 128.5,
128.3, 128.2, 127.9, 126.5, 113.5, 65.4, 21.3; FT-IR (neat) 3058, 2884, 1622, 1358, 1167, 764, 750, 717 cm™;
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HRMS (ESI-TOF): calcd for [C23H20N20,S +Na]" 411.1138: found 411.1138.

N/\N/Ts
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1-Methoxy-1,2-dihydroquinazoline (7¢)

Following the general procedure using indazole 6c (29.6 mg, 0.20 mmol), purification by PTLC (hexane :
acetone : triethylamine = 90 : 10 : 1) afforded the desired product 7c¢ (12.5 mg, 0.0770 mmol, 39%) as a yellow
oil. '"H NMR (500 MHz, CDCls) & 8.12 (s, 1H), 7.38 (dt, /= 7.8 Hz, J= 1.3 Hz, 1H), 7.18 (dd, J= 7.5 Hz, J =
1.1 Hz, 1H), 7.09 (d, J = 8.2 Hz, 1H), 6.98 (dt, /=10 Hz, J = 3.7 Hz, 1H), 4.88 (d, J = 2.1 Hz, 2H), 3.73 (s,
2H); *C NMR (125 MHz, CDCl3) § 159.2, 148.1, 136.3, 133.3, 129.4, 128.70, 128.66, 127.2, 122.3, 119.3,
114.1, 76.4, 67.6; FT-IR (neat) 3006, 2866, 1623, 1358, 1167, 750, 717 cm’'; HRMS (ESI-TOF): calcd for
[CoH1oN>O +H]" 163.0866: found 163.0866.

N/\N,OMe
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1-(Benzyloxy)-1,2-dihydroquinazoline (7d)

Following the general procedure using indazole 6d (44.9 mg, 0.20 mmol), purification by PTLC (hexane :
acetone : triethylamine = 90 : 10 : 1) afforded the desired product 7d (14.8 mg, 0.062 mmol, 31%) as a yellow
oil. '"H NMR (500 MHz, CDCl3) & 8.10 (s, 1H), 7.45 (dd, J = 8.2 Hz, J = 1.7 Hz, 2H), 7.40-7.32 (m, 4H), 7.16
(dd, J=7.5Hz, J=1.3 Hz, 1H), 7.03 (d, /= 8.1 Hz, 1H), 6.97 (dt, /= 10.3 Hz, /= 3.8 Hz, 1H), 4.87 (s, 2H),
4.83 (d, J = 2.1 Hz, 2H); C NMR (125 MHz, CDCl;) § 159.2, 148.1, 136.3, 133.3, 129.4, 128.70, 128.66,
127.2,122.3,119.2, 114.1, 76.4, 67.6; FT-IR (neat) 3006, 2969, 1733, 1258, 1065, 913, 748 cm™'; HRMS (ESI-
TOF): calcd for [CisH1sN,O +H]" 239.1179: found 239.1179.

Quinazolin-1(2H)-yl 2,4,6-trimethylbenzoate (7e)

Following the general procedure using indazole 6e (56.0 mg, 0.20 mmol), purification by PTLC (hexane :
acetone : triethylamine = 90 : 10 : 1) afforded the desired product 7e (20.2 mg, 0.0686 mmol, 34%) as a yellow
oil. '"H NMR (500 MHz, CDCls) § 8.3 (s, 1H), 7.73 (d, J = 8.9 Hz, 1H), 7.67 (d, J = 8.6 Hz, 1H), 7.33-7.30 (m,
1H), 7.12-7.09 (m, 1H), 6.80 (s, 2H), 6.53 (s, 2H), 2.24 (s, 3H), 2.15 (s, 6H); *C NMR (125 MHz, CDCl;)
0169.2, 149.7, 140.3, 136.0, 128.9, 128.8, 127.2, 125.1, 122.7, 122.2, 120.8, 118.2, 73.5, 21.3, 19.9, ; FT-IR
(neat) 3060, 2943, 1955, 1604, 1462, 1362, 1007, 957, 765, 695 cm™'; HRMS (ESI-TOF): calcd for [C1sH1sN>O»
+H]" 295.3615: found 295.3610.
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1-Methyl-1H-indazole (8k)
Following the general procedure using 1H-indazole (23.6 mg, 0.20 mmol), purification by PTLC (hexane :
acetone = 8 : 2) afforded the desired product 8k (19.6 mg, 0.148 mmol, 74%) as a white solid. Spectroscopic

data are in agreement with the previous report.*!!

3. General procedure for ring expansion of cyclic oximes
4,6-Diphenyl-5,6-dihydro-2H-1,3-oxazine (10a)

Following the general procedure using 3,5-diphenyl-4,5-dihydroisoxazole 9a (44.7 mg, 0.20 mmol),
purification by PTLC (hexane : acetone : triethylamine = 80 : 20 : 1) afforded the desired product 10a (38.0 mg,
0.160 mmol, 80%) as a yellow oil. '"H NMR (400 MHz, CDCls) § 7.84-7.81 (m, 2H), 7.44-7.34 (m, 8H), 5.66
(dd,J=16.0 Hz,J=2.4 Hz, 1H), 5.44 (dt, /= 16.0 Hz, /= 3.4 Hz, 1H), 4.72 (dd, /= 10.4 Hz, /= 3.6 Hz, 1H),
2.99 (dt,J=17.2 Hz, J = 3.2 Hz, 1H), 2.83-2.75 (s, 1H); >*C NMR (100 MHz, CDCl;) § 161.9, 141.4, 138.4,
130.5, 128.8, 128.6, 128.2, 126.0, 125.9, 81.9, 73.2, 34.6; FT-IR (neat) 3060, 2943, 2834, 1736, 1642, 1371,
1089, 1065, 753, 693 cm™'; HRMS (ESI-TOF): calcd for [C16HisNO +Na] ™ 260.1046: found 260.1049.

N0
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6-Phenyl-4-(o-tolyl)-5,6-dihydro-2H-1,3-oxazine (10b)

Following the general procedure using 3,5-diphenylisoxazole 9b (47.5 mg, 0.20 mmol), purification by PTLC
(hexane : acetone : triethylamine = 80 : 20 : 1) afforded the desired product 10b (28.7 mg, 0.114 mmol, 57%)
as a yellow oil. '"H NMR (400 MHz, CDCl;) § 7.41-7.22 (m, 9H), 5.63 (d, J= 16 Hz, 2H), 5.42 (dt, J=15.9 Hz,
J=3.4Hz 1H), 4.77 (t,J=7.0 Hz, 1H), 2.76-2.74 (m, 2H), 2.45 (s, 3H); *C NMR (100 MHz, CDCl) § 166.0,
141.2, 140.2, 135.2, 131.2, 128.8, 128.1, 127.0, 126.0, 125.9, 81.7, 73.1, 37.9, 20.3; FT-IR (neat) 3062, 3030,
2923, 1587, 1494, 1338, 1030, 895, 757, 699 cm™'; HRMS (ESI-TOF): calcd for [Ci7Hi7NO +Na]" 274.1202:
found 274.1202.

Me NI/\O
Ph
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6-Phenyl-4-(p-tolyl)-5,6-dihydro-2H-1,3-oxazine (10c)

Following the general procedure using 5-phenyl-3-(p-tolyl)-4,5-dihydroisoxazole 9¢ (47.5 mg, 0.20 mmol),
purification by PTLC (hexane : acetone : triethylamine = 80 : 20 : 1) afforded the desired product 10¢ (15.2 mg,
0.0604 mmol, 30%) as a yellow oil. '"H NMR (400 MHz, CDCls) & 7.71 (d, J = 7.7, 2H), 7.44-7.32 (m, 5H),
7.22 (d, J=8.0 Hz, 2H), 5.64 (dd, J=16.0 Hz, J= 2.4 Hz, 1H), 5.43 (dt, /= 16.0 Hz, J= 3.2 Hz, 1H), 4.71 (dd,
J=10.4 Hz, J=3.6 Hz, 1H), 2.97 (dt, J= 17.5 Hz, J= 3.0 Hz, 1H), 2.81-2.72 (m, 1H), 2.39 (s, 3H); C NMR
(100 MHz, CDCl3) 6 161.7, 141.5, 140.7, 135.7,129.3, 128.8, 128.1, 125.99, 125.95, 81.9, 73.3, 34.5, 21.5; FT-
IR (neat) 3030, 2943, 2836, 1642, 1372, 1080, 1021, 758, 699 cm™'; HRMS (ESI-TOF): calcd for [Ci7Hi17NO

+Na]" 274.1202: found 274.1204.
|
o
Me

4. Representative procedure of ring expansion of saturated heterocycles
Synthesis of 3-tosyloxazolidine (12a)

To a mixture of 2-tosyl-1,2-oxazetidine (11a) (42.7 mg, 0.20 mmol, 1.0 equiv.) in 1,2-dichloroethane (4.0 mL),
diethylzinc (ca. 1 mol/L in toluene) (0.60 mL, 3.0 equiv.) was added at 10 °C under an argon atmosphere. After
stirred at the same temperature for 10 min, diiodomethane (96.5 pL, 6.0 equiv.) was added to the mixture. The
reaction mixture was stirred at the same temperature for 30 min. The reaction was traced by TLC analysis. After
completion of the reaction, saturated NH4Cl aq. was added to the mixture. After being stirred for 10 min, the
residue was poured into water. The aqueous layer was extracted with two portions of CH»Cl,. The combined
extract was dried over Na,SO4 and concentrated in vacuo. The residue was purified by PTLC (Hexane : EtOAc
= 8 : 2) to afford 3-tosyloxazolidine 12a (33.8 mg, 0.149 mmol, 74%) as a white solid. "H NMR (500 MHz,
CDCls) 6 7.73 (d, J= 8.5 Hz, 2H), 7.33 (d, J = 8.0 Hz, 2H), 4.84 (s, 2H), 3.66 (t, J = 6.8 Hz, 2H), 3.43 (t, J =
6.8 Hz, 2H), 2.43 (s, 3H); *C NMR (125 MHz, CDCls) § 144.4, 134.2, 130.0, 127.9, 80.9, 66.3, 46.2, 21.7;
spectral properties identical with with to those previously reported.*”

o9
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3-((4-Chlorophenyl)sulfonyl)oxazolidine (12d)

According to the representative procedure, 3-((4-chlorophenyl)sulfonyl)oxazolidine 12d was obtained (21.6
mg, 0.087 mmol, 87%) as a pale yellow solid, Mp 84-85 °C; 'H NMR (500 MHz, CDCl3) § 7.80 (d, J= 9.0 Hz,
2H), 7.52 (d, J = 9.0 Hz, 2H), 4.85 (s, 2H), 3.72 (t, J = 6.8 Hz, 2H), 3.43 (t, J = 6.5 Hz, 2H): *C NMR (125
MHz, CDCls) 6 140.1, 135.8, 129.8, 129.3, 80.9, 66.3, 46.2; FT-IR (neat) 2969, 2880, 1735, 1351, 1169, 753,
627 cm’™'; HRMS (ESI-TOF): calcd for [CoHoCINO3S +Na] " 269.9962: found 269.9969.

N
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3-((4-Methoxyphenyl)sulfonyl)oxazolidine (12¢)

According to the representative procedure, 3-((4-chlorophenyl)sulfonyl)oxazolidine 12e was obtained (18.7
mg, 0.0768 mmol, 77%) as a pale yellow solid, Mp 81-82 °C; "H NMR (500 MHz, CDCls) & 7.79 (d, J = 9.0
Hz, 2H), 6.99 (d, J = 9.0 Hz, 2H), 4.84 (s, 2H), 3.87 (s, 2H), 3.66 (t, /= 6.8 Hz, 2H), 3.42 (t, /= 6.8 Hz, 2H):
C NMR (125 MHz, CDCl3) § 163.6, 130.1, 128.8, 114.6, 80.9, 66.2, 55.8, 46.3; FT-IR (neat) 3009, 2970, 1735,
1349, 1260, 750 cm™'; HRMS (ESI-TOF): calced for [C1oH13NO4S +Na]™ 266.0457: found 266.0458.

N1

2-((4-Methylphenyl)sulfonamido)ethyl formate (14)

According to the representative procedure using iodoform instead of diiodomethane, 3-((4-
chlorophenyl)sulfonyl)oxazolidine 14 was obtained (12.4 mg, 0.051 mmol, 51%) as a pale yellow oil. 'H NMR
(500 MHz, CDCl3) 6 7.96 (s, 1H), 7.75 (d, J = 8.5 Hz, 2H), 7.32 (d, J = 8.0 Hz, 2H), 4.98 (t, /= 6.0 Hz, 1H),
4.19 (t, J = 5.3 Hz, 2H), 3.26 (t, J = 5.7 Hz, 2H), 2.43 (s, 3H): *C NMR (125 MHz, CDCl;) § 160.6, 143.9,
136.9, 130.0, 127.2, 62.6, 42.1, 21.7; FT-IR (neat) 3279, 2923, 1724, 1327, 1158, 1092, 663 cm™'; HRMS (ESI-
TOF): calcd for [C1oH13NO4S +Na]™ 266.0457: found 266.0457.

3-Tosyl-1,3-oxazinane (16)

According to the representative procedure, 3-tosyl-1,3-oxazinane 16 was obtained (23.2. mg, 0.096 mmol,
48%) as a white solid. Mp 93-94 °C; 'H NMR (400 MHz, CDCl;) § 7.76 (d, J = 8.4 Hz, 2H), 7.31 (m, J = 8.0
Hz, 2H), 4.93 (s, 2H), 3.70 (t, J = 5.4 Hz, 2H), 3.52 (t, J = 5.6 Hz, 2H), 2.43 (s, 3H), 1.35 (quint., J = 5.6 Hz,
2H): C NMR (125 MHz, CDCl3) § 143.7, 137.4, 129.8, 127.7, 78.5, 67.5, 44.5, 23.7, 21.7; FT-IR (neat) 2960,
2870, 1339, 1154, 975, 666 cm™'; HRMS (ESI-TOF): calcd for [C1iHisNOsS +Na]™ 264.0665: found 264.0666.
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4. Computational methods

I

All calculations were performed with the Gaussian 16 program package (revision C.01).* The DFT

calculations were carried out using the B3LYP functional®” with tight SCF convergence and ultrafine integration

grids. Grimmes’s DFT-D3 dispersion correction was used to express the van der waals interaction.”> A standard

6-31G(d,p)*® basis set was used for carbon, hydrogen, oxygen, and nitrogen and LANL2DZ?” basis set was

used for iodine and zinc. Each of the stationary points was adequately characterized by normal coordinate

analysis (no imaginary frequency for an equilibrium structure and one imaginary frequency for a transition-state

structure). Intrinsic reaction coordinates (IRC)

28)

were calculated to verify the relevance of transition-state

structures. The solvent effect of 1,2-dichloroethane was taken into account by the polarizable continuum model

(PCM)* for DFT calculations. In all calculations, the temperature was set to 298.15 K.

Table S2. Calculated electronic energy, enthalpy, Gibbs free energy (Hartree), and imaginary frequency (cm™)

Compound Electronic Energy Enthalpy Free energy Imaginary Frequency
MeZnCH:I -156.214362 -156.145241 -156.187691 -
EtZnCH:I -195.525967 -195.426530 -195.471422 -
1ZnCH:I -127.761206 -127.726916 -127.769823 -
ICH2ZnCH2I -167.001494 -166.939879 -166.987109 -
IZnMe -116.977728 -116.935664 -116.973846 -
4a -708.189847 -707.955678 -708.011345 -
intl -864.416566 -864.111131 -864.191022 -
TS1 -864.401633 -864.097065 -864.175991 -311.78
int2 -864.447054 -864.139685 -864.216112 -
int3 -864.447345 -864.139862 -864.217652 -
TS2 -864.435687 -864.130809 -864.207425 -495.93
int4 -864.506519 -864.199303 -864.278470 -
int5 -747.506653 -747.244010 -747.304813 -
TS3 -747.498251 -747.236306 -747.293554 -319.78
Sa -747.521979 -747.257413 -747.314283 -
int2’ -864.447345 -864.139862 -864.217652 -
TS2’ -864.435687 -864.130809 -864.207425 -495.93
int3’ -864.506519 -864.199303 -864.278470 -
TS3 -747.498251 -747.236306 -747.293554 -319.78
S5a’ -747.521979 -747.257413 -747.314283 -
int1-EtZnCH:I -903.729678 -903.393895 -903.475749 -
TS1-EtZnCH:I -903.714621 -903.379612 -903.459448 -327.35
int2-EtZnCH:I -903.759848 -903.421974 -903.500714 -
int1-1ZnCH:I -835.972810 -835.701668 -835.780826 -
TS1-1ZnCH:I -835.945957 -835.676129 -835.752669 -351.76
int2- IZnCH:I -836.000151 -835.727361 -835.803686 -
intl-ICH2ZnCH:I -875.205527 -874.907616 -874.993643 -
TS1-ICH2ZnCH:I -875.189872 -874.892846 -874.974563 -322.41
int2-ICH:ZnCH:I -875.237979 -874.937977 -875.018127 -
4w -246.989268 -245.984746 -246.015475 -
intl-w -402.269061 -402.135309 -402.194583 -
TS1-w -402.247364 -402.114272 -402.171376 -328.71
int2-w -402.293992 -402.158599 -402.213627 -
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TS2-w -402.213627 -402.157329 -402.213303 -363.22
int3-w -285.365818 -285.275210 -285.312978 -
TS3-w -285.354638 -285.264400 -285.298254 -385.43
Sw -285.377312 -285.284306 -285.317987 -
4ai -324.704265 -324.583051 -324.621912 -
intl-ai -480.923149 -480.730399 -480.792639 -
TS1-ai -480.906723 -480.715136 -480.780054 -314.19
int2-ai -480.954695 -480.760036 -480.823295 -
TS2-ai -480.943745 -480.751884 -480.814972 -470.74
int3-ai -364.023737 -363.874318 -363.919657 -
TS3-ai -364.012573 -363.863738 -363.906210 -349.28
Sai -364.036559 -363.885145 -363.926217 -
6a -1031.207388 -1030.975755 -1031.031664 -
int1-S -1187.421808 -1187.118817 -1187.199149 -
TS1-S -1187.403507 -1187.101316 -1187.179144 -319.40
int2-S -1187.445759 -1187.140795 -1187.218681 -
int3-S -1187.446635 -1187.141715 -1187.217868 -
TS2-S -1187.420472 -1187.117726 -1187.194910 -343.33
int4-S -1187.455266 -1187.150589 -1187.231115 -
intS-S -1070.480192 -1070.219587 -1070.281321 -
TS3-S -1070.479932 -1070.220337 -1070.279128 -84.76
Ta -1070.508811 -1070.247285 -1070.305467 -
6b -1507.329353 -1506.954642 -1507.034972 -
intl-N -1663.543671 -1663.098418 -1663.199750 -
TS-N -1663.522214 -1663.076395 -1663.174965 -336.96
int2-N -1663.559298 -1663.111048 -1663.210162 -
int3-N -1663.561764 -1663.113480 -1663.211549 -
TS2-N -1663.536169 -1663.090831 -1663.190033 -490.87
int4-N -1663.592810 -1663.145578 -1663.244863 -
int5-N -1546.619010 -1546.216268 -1546.300904 -
TS3-N -1546.616697 -1546.616702 -1546.295625 -143.27
7b -1546.657636 -1546.252648 -1546.331383 -
6¢c -494.34184 -494.182292 -494.226469 -
int1-OMe -650.561873 -650.330971 -650.399942 -
TS1-OMe -650.541591 -650.331578 -650.380648 -320.86
int2-OMe -650.586444 -650.353308 -650.419220 -
int3-OMe -533.586331 -533.399736 -533.446028 -
TS2-OMe -533.574593 -533.389973 -533.436026 -340.62
int4-OMe -533.614315 -533.427564 -533.477974 -
TS3-OMe -533.610812 -533.424687 -533.472082 -183.13
Tc -533.661876 -533.472653 -533.519595 -
6k -1198.834416 -1198.581262 -1198.644485 -
intl-Ts -1355.048913 -1354.724454 -1354.810522 -
TS1-Ts -1355.025437 -1354.701507 -1354.784391 -335.25
int2-Ts -1355.064883 -1354.738236 -1354.819992 -
int3-Ts -1238.077538 -1237.797218 -1237.861678 -
TS2-Ts -1238.065560 -1237.786970 -1237.850800 -502.10
int4-Ts -1238.108556 -1237.827897 -1237.897304 -
TS3-Ts -1238.105719 -1237.825962 -1237.892994 -182.29
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7k -1238.164653 -1237.881129 -1237.945237 -
9a -709.402311 -709.144996 -709.202510 -
intl-oxime -865.616690 -865.287977 -865.369093 -
TS1-oxime -865.597413 -865.269364 -865.348711 -333.32
int2-oxime -865.645883 -865.314841 -865.393653 -
int3-oxime -865.651082 -865.320049 -865.398900 -
TS2-oxime -865.633439 -865.305289 -865.384454 -392.38
int4-oxime -865.688933 -865.359204 -865.439485 -
TS3-oxime -865.681941 -865.353326 -865.431636 -171.56
10a -748.753702 -748.465288 -748.522860 -
11a -1028.085677 -1027.877761 -1027.932698 -
four TS1 -1184.283737 -1184.045147 -1184.121355 -321.69
four int1 -1184.326540 -1184.045147 -1184.121355 -
four TS2 -1184.320285 -1184.040948 -1184.117061 -342.05
12a -1067.479934 -1067.240352 -1067.297697 -
four TST’ -1184.275334 -1183.996389 -1184.073501 -262.81
four int1’ -1184.282825 -1184.001908 -1184.079350 -
15 -1067.436247 -1067.197740 -1067.254730 -
five TS1 -1223.635622 -1223.325987 -1223.404533 -334.51
five intl -1223.676525 -1223.364096 -1223.441589 -
five TS2 -1223.663708 -1223.353882 -1223.430731 -333.71
16 -1106.801891 -1106.531815 -1106.590640 -

Calculation of ring strain energy (homodesmotic model)

HN-O
\

Oxaziridine
HN-O
L
1,2-Oxazetidine
HN-O

1,2-Oxazolidine

HO-NH,

HzN-CHg —_—

H;C-OH

HO-NH,
H,N-CH;
H;C-OH

HO-NH,
H,N-CH,

H;C-CH; —»

H;C-CH;
H3C-OH

30)

Homodesmotic reactions for each substrate are shown in Scheme S1.

The strain energy of oxaziridine, 1,2-oxazetidine, and isoxazolidine were calculatated within the
homodesmotic model. Optimum equilibrium geometries and corresponding electronic energies were calculated

at the level of MP2 (Mgller—Plesset perturbation theory, second-order)*" using the 6-311G(d,p) basis set.

HO-NH-CH,
H,N-CH,-OH
H;C-O-NH,

HO-NH-CH,

HN,-CH,-CH3
H;C-CH,-OH
H;C-O-NH,

HO-NH-CH,
HN,-CH,-CH3
CH3-CH,-CH,
H3C-CH,-OH

H3C-O-NH,

Scheme S1. Homodesmotic Model

(Strain Energy) = Z(Enthalpies of Components(l = 3))

0

2

@)

The ring strain eneries can be calculated by using enthalpies (/ = length of chain):

- (Z(Enthalpies of Components(l = 2)) + (Enthalpy of a Heterocycle))
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The calculated enthalpies are shown in Table S1.

Table S2. Calculated electronic energy, enthalpy, Gibbs free energy (Hartree), and imaginary frequency (cm™)

Compound Electronic Energy Enthalpy Free energy
CH;0H -115.436403 -115.379809 -115.406750
CH3;NH, -95.587461 -95.517936 -95.545125
CH3CH3 -79.570889 -79.490602 -79.516379
NH,OH -131.417949 -131.372660 -131.399240

CH3;0CH;3 -154.615967 -154.529623 -154.559561

CH3;NHCH; -134.772576 -134.673343 -134.704076

HOCH,NH» -170.666610 -170.590448 -170.620338

CH;NHOH -170.606984 -170.531998 -170.562177

CH3;0NH; -170.596744 -170.521981 -170.552800

CH3;CH,OH -154.636678 -154.550070 -154.580710

CH3;CHoNH, -134.785777 -134.686223 -134.71694

CH3;CH2CH3 -118.766048 -118.655640 -118.686032
oxazirine -169.378965 -169.328629 -160.356688

1,2-oxazetidine -208.563074 -208.481748 -208.512400
1,2-oxaziridine -247.793062 -247.680664 -247.713646
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Cartesian coordinates and geometry
All coordinates were calculated at the level of B3LYP-D3/LANL2DZ for I, Zn and 6-31G(d,p) for other

elements.

MeZnCH:I

Zn -1.871043 0.308619 0.005369
C -0.043300 1.298696 0.005289
H 0.196009 1.882220 0.896781
H 0.179908 1.913712 -0.869022
C -3.409198 -1.034723 0.002115
H -3.016412 -2.058526 0.012351
H -4.039961 -0.930600 -0.888821
H -4.055741 -0.918786 0.880147
1 1.652135 -0.204459 -0.036987

Y

EtZnCH:I

Zn -1.504707 -0.705629 0.000002
0.430002 -1.442205 -0.000007
0.749735 -1.996631 -0.884771
0.749740 -1.996642 0.884749
-3.377117 0.156857 -0.000000
-3.933993 -0.203151 -0.876220
-3.933999 -0.203148 0.876217
1.871684 0.316951 0.000000
-3.339122 1.694455 -0.000003
-4.343831 2.143645 -0.000010
-2.814148 2.085883 0.879526
-2.814138 2.085880 -0.879526

Yor

IZnCH1

T ZTXT Q" IZIZao@m@oa

N
=)

-0.426404 0.710594 0.000001
1.502493 1.372963 -0.000002
1.782913 1.940427 0.887746
1.782909 1.940420 -0.887757

2.937781 -0.348022 0.000000

-2.933793 -0.282855 -0.000000

~-{

ICH2ZnCH:I

- T E I QO

N
=)

0.000000 0.000000 0.029957
1.675429 1.163501 -0.204307
1.835822 1.955761 0.528429
1.802600 1.587311 -1.202147
-1.675429 -1.163500 -0.204307

Q- @ a

H -1.802599 -1.587310 -1.202147
H -1.835821 -1.955760 0.528429
I 3.535946 -0.096838 0.027362

I -3.535947 0.096838 0.027362
IZnMe

Zn -1.405460 -0.004625 0.011062

I 1.382480 -0.017909 0.037056

C -3.421946 0.142489 -0.247909
H -3.945927 0.045966 0.707513
H -3.771996 -0.643985 -0.923530
H -3.665790 1.115198 -0.686545

*——{

=
1)

1.112369 -0.358750 -0.039427
0.008779 0.541892 0.035229
-1.096842 -0.260488 -0.029901
0.697973 -1.611313 -0.144971
0.035635 1.614098 0.141494
-0.696041 -1.552433 -0.137664
-2.533398 0.002958 -0.001145
-3.457549 -1.056338 0.001554
-3.006242 1.326846 0.025504
-4.825750 -0.792754 0.031585
-3.099089 -2.079708 -0.018160
-4.374786 1.583130 0.056807
-2.303618 2.154063 0.017185
-5.289223 0.525253 0.060042
-5.530996 -1.618321 0.033935
-4.728506 2.609446 0.076720
-6.355723 0.727668 0.083807
2.551798 -0.042210 -0.006746
3.505502 -1.065867 0.131424
2.991344 1.286300 -0.115744
4.864960 -0.763871 0.158075
3.171588 -2.094053 0.221182
4.353776 1.585460 -0.086511
2.271866 2.090311 -0.232930
5.294699 0.562630 0.050233
5.590960 -1.564162 0.266808
4.678823 2.617929 -0.173130
6.354964 0.796235 0.073319
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Int1

(6] 2.206622 -0.798263 -0.848560
N 1.105745 0.050906 -0.974826
C 1.522981 1.243558 -0.577597
C 2.891193 1.203114 -0.182410
H 3.500831 2.022925 0.161468
C 3.268668 -0.098255 -0.375455
Zn -1.399509 -0.144976 1.061210

-2.201951 -1.219914 -0.505259
-1.808490 -2.227778 -0.653771
-2.197720-0.710892 -1.471069
-0.634124 0.936416 2.614470
0.428327 0.703374 2.757161
-1.150837 0.741017 3.561473
-0.706871 2.008985 2.400980
-4.414971 -1.617134 -0.187522
4.523918 -0.820316 -0.186356
5.628112 -0.172781 0.395400
4.645022 -2.163653 -0.582807
6.828278 -0.856458 0.573439
5.545759 0.861991 0.712397
5.848546 -2.842014 -0.400399
3.797285 -2.667622 -1.033901
6.943072 -2.192356 0.176518
7.674490 -0.347149 1.024275
5.932102 -3.879019 -0.710984
7.879788 -2.723186 0.316862
0.601748 2.392415 -0.564921
0.867245 3.503008 0.250068
-0.572622 2.374168 -1.336844
-0.028323 4.571397 0.299371
1.761735 3.522897 0.864427
-1.467830 3.440846 -1.280974
-0.775522 1.520746 -1.974907
-1.199233 4.542328 -0.462242
0.185483 5.422775 0.938412
-2.372264 3.415588 -1.881397
-1.896769 5.373490 -0.420803
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1.768295 -0.627321 -0.861135
0.725190 0.274943 -1.029196
1.182508 1.462352 -0.644075
2.537922 1.357240 -0.231661
3.181199 2.154008 0.104748
2.854376 0.031847 -0.383895
-1.566584 0.236561 1.174342
-1.164365 -0.725237 -0.607997
-0.595925 -1.649940 -0.669239
-1.538134 -0.429923 -1.583716
-1.607760 1.158686 3.000366
-1.071290 0.562034 3.747305
-2.634046 1.300939 3.357456
-1.129555 2.143947 2.948793

-3.467157 -2.289510 -0.284664

4.064310 -0.746843 -0.145884
5.220857 -0.113006 0.342194
4.086312 -2.131163 -0.391377
6.375898 -0.852927 0.580600
5.216180 0.954770 0.536014
5.246039 -2.864422 -0.150234
3.197222 -2.624872 -0.767991
6.392361 -2.229603 0.335808
7.263860 -0.355493 0.958009
5.254456 -3.932934 -0.341531
7.294308 -2.804110 0.523339
0.310321 2.644649 -0.651487
0.603097 3.739398 0.177791
-0.848972 2.673190 -1.446671
-0.251839 4.840138 0.214945
1.486560 3.721850 0.807848
-1.701336 3.774869 -1.403570
-1.067057 1.840844 -2.105944
-1.406459 4.859555 -0.572197
-0.019159 5.679659 0.862568
-2.591667 3.789669 -2.024543
-2.071349 5.717283 -0.540949

Int2

amZ ooz o
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2.105836 -0.881022 -0.374929
0.966506 -0.081052 -0.467845
1.342044 1.199511 -0.416710
2.748191 1.245691 -0.272162
3.344808 2.141232 -0.215180
3.176210 -0.057335 -0.230793
-1.825124 -0.049811 0.823048
-0.296686 -0.771459 -0.503992
-0.090014 -1.795514 -0.188322
-0.668539 -0.797281 -1.531498
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-2.380211 1.288961 2.282524
-2.171369 0.908894 3.290106
-3.453014 1.507649 2.225304
-1.836377 2.233763 2.160328
-3.921327-1.901344 -0.258761
4.477630 -0.686513 -0.065372
5.617508 0.112800 0.135817
4.607437 -2.086785 -0.102726
6.865089 -0.482686 0.296504
5.528342 1.193649 0.169753
5.859581 -2.673272 0.061100
3.732083 -2.707421 -0.259577
6.989699 -1.875189 0.260290
7.740753 0.139203 0.452261
5.953373 -3.754129 0.032036
7.964358 -2.336092 0.387100
0.404264 2.323756 -0.470583
0.630264 3.426119 0.371898
-0.700349 2.325551 -1.338896
-0.254618 4.501471 0.364312
1.480564 3.424105 1.046518
-1.578690 3.408437 -1.343730
-0.863960 1.493747 -2.013686
-1.361548 4.492542 -0.490089
-0.083816 5.343209 1.027689
-2.429516 3.405272 -2.017261
-2.050771 5.331206 -0.492710

0.800452 1.457106 -0.190561
-0.589217 1.496060 -0.205681
-1.074338 0.212012 -0.103925
0.054873 -0.646844 -0.052408
0.008100 -1.718659 0.058509
1.182737 0.112022 -0.084393
-1.119156 2.711050 -0.348411
-0.434711 3.536163 -0.450878
-2.171851 2.776853 -0.558849
2.600818 -0.147974 0.005292
3.075793 -1.476069 0.064593
3.538611 0.904920 0.032129
4.438877 -1.735253 0.151519
2.372242 -2.302552 0.039503
4.902369 0.633118 0.119415
3.193401 1.932022 -0.013867
5.363031 -0.684204 0.180005
4.784075 -2.764076 0.196325
5.609078 1.457689 0.140065
6.426439 -0.891492 0.247070
-2.484514 -0.139260 -0.021141
-2.891470 -1.420413 -0.455886

339

i

-3.466615 0.715896 0.521810
-4.219142 -1.823211 -0.354651
-2.160059 -2.094418 -0.890784
-4.795335 0.304995 0.618071
-3.186769 1.689302 0.907287
-5.183797 -0.961729 0.177896
-4.504680 -2.811531 -0.703224
-5.529602 0.980893 1.046939
-6.221231 -1.273797 0.246665
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(6]
N
C
C
H
C
C
H
H
C
C
C
C
H
C
H
C
H
H
H
C
C
C
C
H
C
H
C
H
H
H

0.838326 1.524776 -0.344581
-0.644826 1.563809 -0.286352
-1.073014 0.275255 -0.301954
0.064168 -0.574593 -0.391029
0.036032 -1.650653 -0.331995
1.185851 0.200072 -0.310518
-1.201038 2.762375 -0.397243
-0.628345 3.614246 -0.065968
-2.105549 2.853741 -0.980946
2.582987 -0.119961 -0.066696
3.043944 -1.444266 -0.208044
3.502045 0.882624 0.298529
4.380608 -1.753469 0.022752
2.354817 -2.227751 -0.507536
4.837580 0.562402 0.532808
3.160628 1.906807 0.402427
5.285400 -0.754014 0.396778
4.719298 -2.778975 -0.091121
5.532102 1.346286 0.820238
6.327837 -0.999135 0.574797
-2.460555 -0.132433 -0.075261
-2.835448 -1.456342 -0.389340
-3.438082 0.717192 0.481694
-4.127931 -1.912114 -0.145378
-2.114066 -2.129731 -0.840255
-4.723862 0.247749 0.740156
-3.182728 1.741418 0.726394
-5.082132 -1.064993 0.424070
-4.390581 -2.933483 -0.404885
-5.453922 0918912 1.183314
-6.091472 -1.419465 0.608705

Int4

(0] 1.424870 2.118873 0.181124
N -1.424045 2.113497 -0.077673
C -1.196389 0.741071 0.007989
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0.041120 0.178379 0.125493
0.069840 -0.886605 0.316124
1.326537 0.888539 0.124437
-1.214179 2.777963 -1.135982
-1.407466 3.850271 -1.135592
-0.834840 2.331127 -2.061319
2.578218 0.051252 0.089153
2.602313 -1.278313 -0.361571
3.781231 0.652198 0.493466
3.801613 -1.990493 -0.399688
1.693179 -1.756962 -0.709451
4.975735 -0.062277 0.468594
3.755067 1.684006 0.826976
4.988699 -1.387410 0.021296
3.808728 -3.014822 -0.759745
5.897152 0.410699 0.794980
5.920129 -1.945296 -0.002099
-2.435259 -0.074720 0.069166
-2.452839 -1.400660 -0.399436
-3.622786 0.477210 0.582432
-3.620197 -2.158338 -0.335857
-1.559776 -1.828937 -0.842300
-4.787042 -0.285834 0.648193
-3.620305 1.499953 0.942029
-4.790386 -1.605953 0.191758
-3.618961 -3.177736 -0.709473
-5.692442 0.151103 1.058373
-5.699287 -2.197944 0.239570
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1.391134 2.056710 -0.305988
-1.272234 2.073329 0.017104
-1.214439 0.747537 -0.235775
0.004863 0.122398 -0.524840
0.028612 -0.957403 -0.522348
1.255172 0.794406 -0.343097
-0.417320 2.841897 -0.616027
-0.226525 3.839260 -0.226139
-0.233012 2.701153 -1.684412
2.484904 -0.015130 -0.076044
2.629677 -1.332522 -0.540462
3.541562 0.575646 0.636248
3.802245 -2.043842 -0.289022
1.842512 -1.798491 -1.123454
4.703626 -0.143858 0.903368
3.433010 1.598642 0.978715
4.838311 -1.455978 0.440454
3.906406 -3.057319 -0.664120
5.506938 0.319440 1.468177
5.747369 -2.014630 0.641808
-2.457316 -0.034170 -0.024355
-2.629453 -1.308304 -0.593009
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-3.505663 0.512961 0.735888
-3.813392-2.017298 -0.398910
-1.849425 -1.737965 -1.212686
-4.684270 -0.201741 0.936853
-3.377042 1.497769 1.170277
-4.842660 -1.469787 0.371224
-3.934182-2.995893 -0.853418
-5.480364 0.230548 1.535593
-5.762818 -2.025380 0.525225
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1.190748 1.887819 0.214666
-1.222307 2.011735 -0.078885
-1.232652 0.722121 -0.225752
-0.001782 -0.027756 -0.448389
-0.013663 -1.076810 -0.702272
1.171991 0.570382 -0.105667
0.056864 2.622644 -0.324619
0.115946 3.601833 0.151964
0.219948 2.730157 -1.411089
2.482328 -0.089428 0.015839
2.585203 -1.480147 0.197721
3.658356 0.677653 -0.052456
3.834396 -2.088349 0.287313
1.687850 -2.082185 0.293163
4.906536 0.065282 0.043547
3.582713 1.750069 -0.190397
4.999033 -1.318456 0.209792
3.900139 -3.162399 0.431016
5.807464 0.668253 -0.015641
5.971920 -1.794678 0.284574
-2.530426 0.002939 -0.081999
-2.721934 -1.289777 -0.594927
-3.604970 0.635014 0.567473
-3.954382-1.931724 -0.464319
-1.920570 -1.798354 -1.119662
-4.831004 -0.009554 0.705378
-3.457887 1.634211 0.961739
-5.011201 -1.297041 0.189674
-4.086452 -2.928217 -0.874929
-5.647747 0.490514 1.217547
-5.967642 -1.799907 0.297204
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(6] 1.087164 -0.339379 -1.264464
N -0.284569 -0.513504 -1.343477
C -0.637737 -1.526839 -0.552430
C 0.531296 -2.039068 0.058084
H 0.571641 -2.878024 0.732722
C 1.573697 -1.290034 -0.418926
Zn -0.504531 2.457570 -1.078413

-0.989412 0.570652 -1.973445
-2.050063 0.380828 -1.812435
-0.777128 0.547222 -3.046212
-0.204578 4.482554 -1.309960
-0.093878 4.762826 -2.364732
0.695272 4.815255 -0.778920
-1.054903 5.043210 -0.902724
-0.666336 1.478562 1.784093
3.013697 -1.324136 -0.222514
3.851516 -0.402239 -0.875822
3.574894 -2.283018 0.640438
5.227599 -0.443623 -0.666813
3.424406 0.339990 -1.541247
4.951098 -2.315553 0.844077
2.937865 -2.997312 1.151625
5.780669 -1.397748 0.191900
5.868688 0.270903 -1.173216
5.377315 -3.056932 1.512342
6.853758 -1.425830 0.353716
-2.015031 -2.009341 -0.401940
-2.871856 -2.140600 -1.507208
-2.458928 -2.388703 0.874686
-4.161967 -2.636499 -1.330149
-2.522429 -1.874030 -2.499132
-3.752655 -2.878368 1.044226
-1.798960 -2.275010 1.728231
-4.605432 -3.002067 -0.055903
-4.818626 -2.742611 -2.187841
-4.095297 -3.159209 2.035032
-5.612464 -3.384851 0.078477
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(6] -0.820303 0.433532 -1.178457
N 0.823884 0.266960 -1.342810
C 1.260762 1.242590 -0.532510
C 0.230327 2.008616 0.023480
H 0.373467 2.906015 0.602194
C -0.978927 1.506340 -0.441290
Zn -0.359051 -2.472839 -1.026519
C 1.255755 -0.987948 -1.626589
H 1.991752 -1.365070 -0.916171
H 1.458377 -1.169192 -2.681393
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-1.623123 -3.773405 -1.988602
-1.780237 -3.467406 -3.029297
-2.597978 -3.800503 -1.488946
-1.213316 -4.789929 -1.990698
-0.105403 -1.823959 1.806139
-2.330033 2.043865 -0.262911
-3.407359 1.488993 -0.976047
-2.564035 3.095245 0.640984
-4.695042 1.985749 -0.792820
-3.225868 0.675758 -1.670272
-3.855140 3.583213 0.822930
-1.745099 3.521728 1.210326
-4.922004 3.032073 0.106327
-5.522291 1.555230 -1.348206
-4.030143 4.391943 1.525357
-5.927640 3.414794 0.251391
2.701978 1.486303 -0.355778
3.630650 1.181483 -1.365773
3.150679 2.058997 0.846968
4.983063 1.452526 -1.174576
3.290785 0.748567 -2.299790
4.507062 2.316325 1.035563
2.443532 2.275268 1.640745
5.425026 2.017041 0.025709
5.692568 1.224575 -1.963777
4.846371 2.746807 1.972358
6.481046 2.221406 0.173340
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0.852233 -0.337756 -1.299047
-1.633676 0.825251 -1.604077
-1.993509 -0.194107 -0.743923
-1.135751 -1.202067 -0.367966
-1.565949 -2.014638 0.198064
0.263811 -1.268366 -0.684522
2.062218 1.329400 -0.974448
-1.4393822.031199 -1.259651
-1.439081 2.366666 -0.219170
-1.228203 2.769371 -2.032925
3.169524 2.117965 -2.495255
2.532104 2.323413 -3.362887
3.951988 1.417996 -2.809770
3.650755 3.054792 -2.195302
1.222817 1.813058 1.668249
1.051763 -2.470289 -0.283559
2.454855 -2.399054 -0.349663
0.456996 -3.671290 0.145229
3.242305 -3.484210 0.022452
2.917215 -1.482361 -0.695536
1.246016 -4.760885 0.509483
-0.621354 -3.775595 0.177628
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[}

T DT Zo@DnaorocoooocozomoozmoocoaooaomnTmaoz0oo0man

2.639137 -4.669261 0.455424
4.324278 -3.408752 -0.025261
0.772536 -5.682630 0.832992
3.251569 -5.517899 0.745098
-3.422270 -0.219092 -0.347497
-4.402396 0.361264 -1.174295
-3.818383 -0.800132 0.871961
-5.743894 0.342130 -0.799385
-4.110887 0.809053 -2.117834
-5.159714 -0.805219 1.247312
-3.073313 -1.211437 1.544388
-6.127233 -0.240020 0.411697
-6.490375 0.781500 -1.453857
-5.448204 -1.241807 2.198468
-7.172327 -0.247830 0.705999

XX

-1.213278 0.753432 0.048298
0.010423 0.217730 0.458601
0.046640 -0.802357 0.812631
1.259405 0.835740 0.122621
1.395799 2.067047 -0.159448
-1.277046 2.012479 -0.451923
-0.430885 2.880787 0.051146
-0.232314 2.906312 1.126628
-0.244948 3.803742 -0.493561
2.493978 -0.001392 0.043361
2.457148 -1.389239 -0.175876
3.741140 0.633539 0.178318
3.640329 -2.123771 -0.246821
1.507803 -1.893285 -0.320170
4.921657 -0.102619 0.112629
3.766223 1.705090 0.343496
4.873913 -1.484015 -0.098803
3.599560 -3.193971 -0.425597
5.878321 0.397886 0.228626
5.793935 -2.058767 -0.151074
-2.462687 -0.046644 0.019839
-3.696651 0.622243 -0.068340
-2.462187 -1.451153 0.088685
-4.894397 -0.089419 -0.071349
-3.700364 1.705262 -0.128172
-3.660806 -2.162514 0.084435
-1.524996 -1.996038 0.122803
-4.880828 -1.484878 0.006880
-5.838536 0.443644 -0.133534
-3.642380 -3.247192 0.132712
-5.813670-2.041017 0.002510
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-1.241094 0.730033 0.101067
-0.0108390.012144 0.411319
-0.031336 -0.985930 0.824372
1.167203 0.578884 0.030950
1.177787 1.854286 -0.431430
-1.236004 2.000960 -0.166157
0.041446 2.635453 0.031056
0.198107 2.845624 1.103882
0.102643 3.565351 -0.535753
2.485789 -0.074089 0.016422
2.603669 -1.475879 0.012484
3.653732 0.708642 0.006586
3.859653 -2.077165 0.020531
1.712626 -2.094072 -0.020276
4.908988 0.102385 0.007745
3.565843 1.789129 0.007667
5.016304 -1.290603 0.018647
3.937476 -3.160148 0.014741
5.803741 0.717623 0.004612
5.994603 -1.761981 0.019680
-2.535441 -0.003689 0.042119
-3.741620 0.706172 0.173304
-2.587883 -1.393765 -0.150153
-4.965029 0.043055 0.120671
-3.698947 1.779641 0.321714
-3.814761 -2.057264 -0.207522
-1.671849 -1.960722 -0.279751
-5.006141 -1.342430 -0.069324
-5.888244 0.604455 0.231649
-3.838390 -3.131659 -0.364206
-5.960394 -1.859624 -0.109202

int1-EtZnCH:I
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2.109997 -0.831317 -0.979517
1.096178 0.107247 -1.172216
1.578170 1.259018 -0.729271
2.908953 1.101388 -0.243378
3.558357 1.859439 0.162715
3.190425 -0.225404 -0.425242
-1.368860 -0.063939 0.885597
-2.148233 -1.158441 -0.684076
-1.605519 -2.068705 -0.947611
-2.333600 -0.599624 -1.603925
-0.670011 1.126366 2.404576
-0.776196 0.619861 3.373618
0.408356 1.269421 2.248891
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-4.215007 -1.961936 -0.193015
4.363352 -1.052253 -0.154342
5.509226 -0.481403 0.427214
4.362983 -2.422061 -0.470924
6.630309 -1.266485 0.684677
5.522838 0.574587 0.677817
5.488026 -3.201776 -0.209744
3.482612 -2.867994 -0.920604
6.624133 -2.628370 0.367532
7.510012 -0.815372 1.133374
5.477468 -4.258666 -0.458157
7.499579 -3.238126 0.569246
0.755958 2.481253 -0.766258
1.185195 3.646775 -0.114111
-0.476517 2.493557 -1.442919
0.400236 4.799853 -0.137140
2.127213 3.654572 0.424287
-1.261355 3.644375 -1.457931
-0.812256 1.595863 -1.951050
-0.824990 4.802887 -0.807083
0.744271 5.693510 0.374545
-2.212089 3.639141 -1.982584
-1.436602 5.699919 -0.821571
-1.374630 2.493418 2.439685
-0.978661 3.157292 3.223599
-1.264680 3.022352 1.487572
-2.450555 2.386947 2.625758

TS1-EtZnCH:I
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1.974238 -0.628685 -0.751572
0.870862 0.180925 -0.994307
1.229866 1.420048 -0.674520
2.578758 1.441240 -0.228326
3.155572 2.304340 0.061575
2.997026 0.137573 -0.295797
-1.686158 0.151514 0.938995
-0.919435 -0.979238 -0.610605
-0.241810 -1.818607 -0.479178
-1.213248 -0.871582 -1.651206
-2.253289 1.498218 2.372244
-2.664119 0.962719 3.238794
-1.353050 2.014443 2.733862
-3.023796 -2.813627 -0.277684
4.259727 -0.529859 -0.001092
5.318897 0.196892 0.571104
4.431063 -1.896818 -0.281899
6.526675 -0.434931 0.855100
5.195515 1.250934 0.798441
5.642577 -2.521637 0.005514
3.617880 -2.460673 -0.725615
6.692425 -1.794601 0.573453
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7.338693 0.132931 1.298374
5.767507 -3.577059 -0.215516
7.635318 -2.284558 0.796238
0.290150 2.543467 -0.794614
0.469217 3.694858 -0.010954
-0.808878 2.468687 -1.668249
-0.435442 4.751832 -0.099674
1.303648 3.756351 0.680385
-1.711006 3.527746 -1.751825
-0.941150 1.587475 -2.286590
-1.526158 4.671673 -0.969574
-0.291675 5.635151 0.514634
-2.554218 3.463026 -2.432391
-2.229539 5.495906 -1.036662
-3.272212 2.529390 1.856220
-3.560599 3.260536 2.626289
-2.873930 3.095223 1.007253
-4.194570 2.046021 1.512381

int2-EtZnCH:I
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2.280569 -0.869629 -0.315208
1.124173 -0.091351 -0.434073
1.478719 1.196236 -0.416503
2.883024 1.270551 -0.266418
3.464194 2.176613 -0.219888
3.333195 -0.023633 -0.188196
-1.772089 -0.026932 0.631504
-0.121159 -0.807170 -0.495259
0.072223 -1.792468 -0.067034
-0.414496 -0.938292 -1.540887
-2.706517 1.308498 1.889582
-2.988486 0.794639 2.819143
-1.989677 2.090866 2.176915
-3.615795 -2.271469 -0.295962
4.644761 -0.623087 0.006470
5.790671 0.192560 0.009501
4.777007 -2.011014 0.193932
7.047089 -0.374833 0.200826
5.700381 1.262952 -0.143982
6.038080 -2.568895 0.386196
3.895998 -2.643386 0.193397
7.174217 -1.754602 0.390430
7.928121 0.258832 0.200373
6.133886 -3.639867 0.533596
8.155845 -2.193396 0.539897
0.525168 2.304199 -0.507148
0.754039 3.454883 0.267368
-0.600031 2.244648 -1.347634
-0.145163 4.517433 0.219157
1.618723 3.503170 0.921547
-1.491663 3.315417 -1.394637
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-0.765596 1.376893 -1.974600
-1.270010 4.448292 -0.608337
0.029508 5.397230 0.829969
-2.356531 3.263886 -2.047831
-1.969790 5.277326 -0.642652
-3.946166 1.950779 1.246699
-4.458888 2.659605 1.915131
-3.678632 2.503210 0.338238
-4.682297 1.192943 0.953547

int1-1ZnCH.I
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3.

1.718388 -0.802970 -0.222137
1.003169 0.359864 -0.498560
1.883405 1.351350 -0.560114
3.189065 0.857108 -0.311541
4.105364 1.424359 -0.320027
3.032052 -0.490456 -0.110349
-1.159603 0.041551 -0.300846
-1.801976 -1.483382 -1.523542
-0.998378 -2.144783 -1.853170
-2.374012 -1.173393 -2.399266
-3.212565 -2.887763 -0.480234
3.959720 -1.579840 0.170293
5.331552 -1.308169 0.316934
3.497634 -2.901751 0.296840
6.223378 -2.343193 0.584233
5.699192 -0.291445 0.224301
4.396566 -3.931384 0.565281
2.440619 -3.116694 0.184345
5.759325 -3.656328 0.709082
7.280859 -2.125473 0.695950
4.032798 -4.949481 0.662000
6.457256 -4.461273 0.917943
1.475122 2.728647 -0.866129
2.179072 3.804874 -0.303923
0.391186 2.982557 -1.721690
1.791291 5.114511 -0.582190
3.012655 3.615363 0.365172
0.007092 4.293016 -1.996932
-0.127814 2.151607 -2.187607
0.704683 5.360981 -1.425926
2.334696 5.942263 -0.137437
-0.830257 4.480412 -2.661733
0.405292 6.382098 -1.641475
-1.872991 1.833676 1.668941



TS1-1ZnCH:I

2.560089 0.749082 0.682643
1.423465 0.145259 1.204642
1.620955 -1.167375 1.139718
2.900371 -1.442537 0.587914
3.351348 -2.410845 0.444284
3.445839 -0.213406 0.319788
-1.319461 0.173076 -0.416814
-0.298963 1.400283 0.839574
0.410261 2.147589 0.500234
-0.480461 1.439286 1.906852
-2.304745 3.333327 0.559556
4.722433 0.219227 -0.236338
5.668476 -0.738708 -0.642674
5.018908 1.586582 -0.375402
6.887688 -0.333182 -1.178601
5.450554 -1.796937 -0.541233
6.241214 1.984052 -0.912729
4.293384 2.329243 -0.062117
7.177732 1.027919 -1.315352
7.612060 -1.079191 -1.490088
6.462952 3.041547 -1.016850
8.129312 1.341106 -1.733822
0.590989 -2.116488 1.583537
0.547647 -3.409523 1.037271
-0.384353 -1.730458 2.519516
-0.459774 -4.296181 1.414488
1.286303 -3.713218 0.302269
-1.390705 -2.620154 2.890944
-0.339250-0.742016 2.963298
-1.432227 -3.903250 2.338076
-0.489928 -5.290927 0.981293
-2.137621 -2.313955 3.616706
-2.217421 -4.594712 2.627729
-2.739217 -1.560487 -1.879295
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(6] 2.608854 1.094795 0.507838
1.444546 0.428610 0.870528
1.708414 -0.876446 0.977792
3.073142 -1.074622 0.663942
3.594264 -2.017337 0.685082
3.586941 0.162947 0.368314
-1.450497 0.535494 -0.086337
0.255862 1.243378 0.941771
0.512646 2.189828 0.462670
0.014952 1.446333 1.988613

-3.560646 2.271141 0.484545
4.900535 0.640114 -0.033667
5.906921 -0.286979 -0.359155
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5.173784 2.018540 -0.098601
7.167407 0.162286 -0.741547
5.701254 -1.351785 -0.323090
6.437541 2.457861 -0.483357
4.401699 2.736310 0.155994
7.435702 1.533393 -0.804504
7.939812 -0.556656 -0.994797
6.644266 3.522225 -0.530142
8.419901 1.880094 -1.103890
0.715086 -1.885042 1.350313
0.773027 -3.142964 0.725444
-0.265193 -1.637375 2.327318
-0.155625 -4.126477 1.052397
1.523575 -3.334277 -0.034559
-1.189622 -2.629769 2.650945
-0.292462 -0.685713 2.844494
-1.140276 -3.870492 2.011375
-0.117103 -5.089012 0.552897
-1.942891 -2.434573 3.407238
-1.865035 -4.638754 2.261936
-1.879062 -1.358315 -1.998345

int1-ICHZnCH:I
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3.029997 0.372098 0.696720
1.813727 -0.212219 1.053124
1.932818 -1.498646 0.763147
3.213741 -1.784111 0.208943
3.599377 -2.744105 -0.094294
3.860415 -0.577735 0.195685
-1.037931 0.467796 -0.342957
-0.386997 2.157436 0.620848
0.576115 2.537708 0.277474
-0.353568 2.083783 1.708733
-1.754416 -1.197486 -1.309330
-1.761677 -1.169474 -2.400209
-1.318645 -2.141063 -0.980716
-1.766644 3.923205 0.289401
5.196885 -0.158980 -0.217535
6.046722 -1.066695 -0.873911
5.650773 1.146512 0.038991
7.325666 -0.674886 -1.261567
5.704614 -2.074851 -1.085504
6.931306 1.532054 -0.352902
5.000347 1.849598 0.547727
7.772471 0.624572 -1.002414
7.973698 -1.383237 -1.768509
7.273613 2.541866 -0.148222
8.770107 0.927409 -1.305602
0.814391 -2.423632 1.009007
0.696697 -3.602596 0.257699
-0.167474 -2.119342 1.967693
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-0.393959 -4.452416 0.447312
1.442742 -3.842064 -0.493715
-1.257107 -2.968067 2.150139
-0.069042 -1.216020 2.560588
-1.375704 -4.134720 1.388862
-0.481101 -5.356483 -0.147533
-2.014689 -2.720589 2.887290
-2.228668 -4.791484 1.528743
-3.941823 -1.486105 -0.816328

TS1-ICH2ZnCH:I

amZ ooz o

N
=

TmEEKo@moxooocoozmzToDaoXxomnooaoo "~ @mIZDo@mTmao

3.005374 0.357056 0.642857
1.773113 -0.108065 1.085879
1.775138 -1.423683 0.904209
3.013461 -1.843003 0.348307
3.312472 -2.851544 0.113101
3.745609 -0.692614 0.204399
-1.019861 0.431507 -0.459749
0.272623 1.451904 0.760746
1.111607 2.035559 0.394572
0.157022 1.542035 1.836148
-1.986473 -0.905086 -1.672509
-2.090630 -0.623320 -2.721087
-1.579173 -1.916596 -1.618444
-1.277462 3.764449 0.459122
5.085241 -0.407332 -0.296828
5.945976 -1.464985 -0.639975
5.525282 0.919489 -0.448906
7.221577 -1.197063 -1.129673
5.620604 -2.493168 -0.518540
6.803153 1.179089 -0.939081
4.864878 1.738688 -0.186410
7.653697 0.124164 -1.281266
7.880176 -2.019450 -1.390913
7.134595 2.206222 -1.055484
8.648895 0.329850 -1.663379
0.594862 -2.230867 1.241435
0.331856 -3.418180 0.539722
-0.307676 -1.797070 2.227980
-0.821886 -4.152248 0.812822
1.016659 -3.753897 -0.232746
-1.460328 -2.533881 2.495008
-0.096502 -0.889240 2.782984
-1.721425 -3.710394 1.786816
-1.021869 -5.064966 0.260389
-2.152351 -2.191872 3.258205
-2.621400 -4.280813 1.994105
-4.120048 -1.202226 -1.019184



int2-ICH:1ZnCH:I

(6] 3.228055 0.769540 0.363959

N 1.966454 0.200676 0.578260

C 2.090473 -1.128769 0.527209
C 3.442231 -1.441590 0.258003
H 3.852203 -2.433340 0.162428
C 4.102394 -0.243677 0.146645
Zn -0.998572 0.641219 -0.167876

0.877044 1.125971 0.755312
1.190730 2.056858 0.278780
0.737311 1.316867 1.823791
-1.896392 -0.838430 -1.305247
-2.050520 -0.605104 -2.360839
-1.405995 -1.811481 -1.234450
-2.427511 3.098471 0.263293
5.480039 0.115067 -0.153543
6.454531 -0.894850 -0.250124
5.846325 1.458609 -0.350950
7.773900 -0.561917 -0.541539
6.183334 -1.933375 -0.091008
7.168622 1.781344 -0.644445
5.097356 2.239705 -0.279661
8.133898 0.774811 -0.740185
8.522253 -1.344681 -0.612198
7.445852 2.819075 -0.799527
9.164000 1.030605 -0.968072
0.976182 -2.061771 0.700680
0.939018 -3.224604 -0.087650
-0.045005 -1.822359 1.635533
-0.121024 -4.119328 0.042358
1.721769 -3.410456 -0.815913
-1.099968 -2.723703 1.761256
-0.004147 -0.947360 2.273297
-1.143099 -3.868232 0.962508
-0.152893 -5.008325 -0.579084
-1.888863 -2.529367 2.479745
-1.971896 -4.562473 1.055722
-3.986601 -1.317985 -0.613315
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(-
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(0] 0.551152 -1.008991 -0.000001
N -0.845350 -0.873295 -0.000001
C -1.062753 0.422247 0.000001

0.143942 1.176903 0.000000
0.264936 2.248495 -0.000009
1.108465 0.218133 0.000002
2.188430 0.248654 -0.000003
-2.083059 0.784141 0.000000

,(?N

m T QI 0

intl-w

(6] 3.199517 -0.686307 -0.143973
N 2.675318 0.602591 -0.193558
C 3.696662 1.410125 -0.373873
C 4.919116 0.693325 -0.448811
H 5.914094 1.083685 -0.591264
C 4.534540 -0.604724 -0.297839
Zn 0.366281 1.067720 -0.048074
C 0.469298 3.112162 -0.175627
H -0.512380 3.599715 -0.143457
H 0.950425 3.416766 -1.114956
H 1.067097 3.533430 0.643610

1 -2.641190 -0.898148 0.199197
H 3.515643 2.474458 -0.443332
H 5.069108 -1.543283 -0.277987
C -0.378432 -0.869563 -0.017590
H -0.238495 -1.450845 -0.932486
H -0.070127 -1.498146 0.821547
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3.465854 -1.700689 -0.109590
2.715983 -0.548863 0.087117
3.550957 0.461322 0.011330
4.877396 0.015935 -0.231986
5.770106 0.610968 -0.340099
4.751150 -1.338313 -0.296420
0.107560 1.289584 0.149363
-0.075594 3.312649 0.010287
-0.842815 3.588686 -0.722374
0.867270 3.776016 -0.303813
-0.360057 3.752840 0.972996
-2.159449 -1.332116 0.450832
3.177695 1.469366 0.133152
5.449067 -2.146433 -0.460212
0.552019 -0.724131 0.249203
0.601303 -1.380156 -0.615475
0.712485 -1.270930 1.174005
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-3.510021 -1.634773 0.014765
-2.564563 -0.576530 -0.053268
-3.238928 0.557014 -0.035626
-4.621856 0.302962 0.042466
-5.419817 1.026573 0.077851
-4.716849 -1.059904 0.077617
0.111024 0.847106 0.013092
-1.170972 -0.895546 -0.141703
-0.991346 -1.398445 -1.096021
-0.930240 -1.580001 0.675600
-0.248537 2.875605 -0.013788
-0.750925 3.169432 -0.945177
0.679850 3.454603 0.051111
-0.890062 3.192420 0.818766
2.702669 -0.501898 0.011770
-2.698793 1.493484 -0.070123
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-3.627360 -1.729215 0.005532
-2.451949 -0.566892 0.014123
-3.170834 0.532680 -0.010382
-4.556213 0.325794 -0.033909
-5.317187 1.088581 -0.057828
-4.733636 -1.041076 -0.024979
0.185391 0.904289 0.017619
-1.145854 -0.947326 0.052938
-0.821456 -1.485102 -0.839145
-0.859352 -1.436532 0.985090
-0.355689 2.892836 -0.021344
-0.938308 3.136722 -0.917586
0.540111 3.523528 -0.023725
-0.952523 3.165459 0.857345
2.663371 -0.521014 0.022866
-2.642444 1.479489 -0.012569
-5.665761 -1.600378 -0.042594
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-1.208124 -1.304599 -0.171946
1.350871 0.138006 -0.460544
0.493252 1.142909 -0.069158
-0.843122 1.047561 0.144353
-1.387070 1.964395 0.349540
-1.633064 -0.179713 0.070186
1.848633 -0.733244 0.313862
2.510437 -1.492962 -0.100711
1.646509 -0.768232 1.389343
0.963865 2.125874 -0.042368
-2.719048 -0.023399 0.248117

-1.042003 -1.123914 -0.129265
1.431323 -0.019350 -0.300473
0.796076 1.128926 -0.031808
-0.572341 1.203544 0.220698
-1.049246 2.174762 0.282024
-1.401245 0.082919 -0.061148
0.940606 -1.114478 0.246943
1.190686 -2.075829 -0.195372
0.675746 -1.124301 1.306496
1.366645 2.047285 -0.170891
-2.445640 0.299370 -0.332938

0.180807 -1.322921 -0.226213
1.053222 0.968772 -0.142515
-0.171854 1.364293 -0.078271
-1.296148 0.476145 0.168934
-2.302281 0.851378 0.300895
-1.059296 -0.841462 -0.018124
1.235245 -0.420775 0.225549
2.146285 -0.820808 -0.220132
1.291721 -0.506591 1.323638
-0.375547 2.415050 -0.292779
-1.826876 -1.606271 -0.092845

0.687273 1.128863 0.000001

-0.721285 1.178520 -0.000002
-1.116934 -0.076849 -0.000003
-0.007875 -0.975215 -0.000001
-0.029309 -2.054130 -0.000002

1.086281 -0.164492 0.000002
2.552843 -0.416279 0.000000
3.022857 0.026762 -0.883874
3.022858 0.026755 0.883877
2.747764 -1.489914 -0.000004
-2.575434 -0.412793 0.000002
-2.833394 -1.006429 0.882689
-3.179868 0.496617 -0.000006
-2.833379 -1.006441 -0.882682
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-3.203353 -0.185692 -1.138210
-2.375405 -1.327855 -1.128851
-2.415766 -1.780840 0.107424
-3.250172 -0.969625 0.933080
-3.474159 -1.102865 1.980368
-3.714223 0.004072 0.100062
-0.184645 1.066930 -0.041644
0.996259 -0.600519 -0.339076
1.021513 -0.989280 -1.358918
0.826797 -1.440568 0.336245
-1.299011 2.746885 0.275251
-1.925715 2.967404 -0.597055
-0.669965 3.625466 0.462502
-1.961741 2.623210 1.139652
3.183885-0.125123 0.045173
-1.651828 -3.008320 0.493555
-2.336881 -3.805428 0.800169
-1.048766 -3.366208 -0.343258
-0.991139 -2.798990 1.340297
-4.631029 1.161228 0.282627
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-5.485514 1.087675 -0.397644
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C -3.815948 0.040794 -0.305359
Zn 0.088232 1.359045 0.212065

0.292103 -0.627765 -0.288781
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0.112400 3.550550 1.691500
-1.413434 3.446369 0.798015
3.055746 -0.439948 -0.114753
-2.221946 -3.069683 0.832442
-2.920595 -3.863510 0.553025
-1.226377 -3.333384 0.471099
-2.198730 -3.018277 1.925583
-4.735639 1.172514 -0.591732
-4.319800 2.111480 -0.212512
-4.886105 1.284060 -1.670187
-5.701853 0.996150 -0.116875
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-2.689837 0.466688 -0.735335
-2.110043 -0.712412 -0.298066
-3.018372 -1.436631 0.342473
-4.241370 -0.720148 0.326754
-5.177178 -1.041049 0.755797
-3.996186 0.432477 -0.360297
0.433433 0.838201 0.262815
-0.687611 -0.819354 -0.495543
-0.495967 -0.938527 -1.565975
-0.369441 -1.722680 0.025126
0.400913 2.698566 1.154867
0.927256 3.438271 0.539427
0.894182 2.672646 2.134054
-0.623122 3.062115 1.307314
3.123048 -0.368961 -0.198294
-2.697824 -2.763942 0.938973
-3.619085 -3.275952 1.218403
-2.142116 -3.384722 0.230637
-2.081711 -2.642214 1.836239
-4.829973 1.585351 -0.778329
-4.415691 2.521824 -0.392992
-4.866157 1.655058 -1.870113
-5.843972 1.459609 -0.397031
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2.433772 -0.642424 -0.549272
1.983550 0.934770 -0.231299
3.139449 1.456978 0.161325
4.213901 0.562309 0.099010
5.245794 0.802341 0.301667
3.727598 -0.643966 -0.377733
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-0.519765 -0.745083 0.315530
0.671152 1.177875 -0.029658
0.139038 1.587823 -0.886753
0.440164 1.612875 0.944569
0.136136 -2.566086 1.000423
0.506033 -3.164139 0.159338
-0.651321 -3.133632 1.507889
0.967482 -2.424323 1.700764
-3.118455 0.309100 -0.201488
3.176018 2.892896 0.582758
4.205462 3.250970 0.619856
2.592810 3.511649 -0.103476
2.731724 2.992507 1.579337
4.489155 -1.868539 -0.766817
4.082825 -2.744139 -0.252752
4.390427 -2.037972 -1.843813
5.545134 -1.756558 -0.516261
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-1.360518 1.297806 -0.266965
1.455475 0.735610 -0.445542
0.981049 -0.524476 -0.089844
-0.331528 -0.834009 0.069698
-0.573213 -1.875953 0.256859
-1.468119 0.093477 -0.039038
1.636246 1.663215 0.399352
2.022110 2.623683 0.058064
1.416169 1.558587 1.467554
2.067600 -1.564345 -0.004212
1.658917 -2.557220 0.190902
2.641848 -1.588620 -0.936368
2.769570 -1.302860 0.796552
-2.838261 -0.543127 0.141044
-3.614111 0.219870 0.065221
-3.003978 -1.312726 -0.621689
-2.903419 -1.040896 1.115431
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0.107420 -1.932319 -0.546231
1.264468 -0.179496 -0.083026
-0.455887 1.822560 -0.192676
-0.305137 2.784278 0.293019
-0.246044 1.791404 -1.265536
-2.425092 -1.171358 0.087232
-2.241793 -2.201519 -0.223769
-2.772142 -1.171714 1.126047
-3.235293 -0.752643 -0.519438
2.509463 -1.004568 0.158622
3.401787 -0.425182 -0.086120
2.559473 -1.279999 1.218426
2.492267 -1.927560 -0.426533
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-1.186017 0.972723 -0.269859
1.255151 1.074140 -0.089496
1.249047 -0.211878 0.042531
0.023429 -0.963014 0.293616
0.052595 -2.026246 0.496499
-1.154235 -0.348341 0.026575
-0.013996 1.702137 0.195716
-0.082954 2.671691 -0.299586
-0.125377 1.839235 1.285236
-2.495845 -0.996488 -0.064490
-3.188237 -0.543227 0.652735
-2.914887 -0.836223 -1.064178
-2.428278 -2.068815 0.125352
2.531056 -0.979461 -0.138926
2.741798 -1.574961 0.757102
2.447414 -1.682204 -0.975670
3.363273 -0.297747 -0.322278

1.123516 -0.355626 -0.067541
-1.201493 -0.443027 -0.092240
-0.035184 0.374247 0.052573
-0.051936 1.430871 0.283086
-0.976551 -1.733296 -0.314594
0.674402 -2.015127 -0.364825
2.514273 0.106378 0.018389
3.544000 -0.753634 0.439670
2.838369 1.431695 -0.324384
4.859365 -0.300172 0.517230
3.311254 -1.774830 0.727514
4.153393 1.883312 -0.238615
2.059350 2.100347 -0.676165
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5.168891 1.019777 0.181032

5.641399 -0.976673 0.847885
4.387017 2.908658 -0.508556
6.193626 1.372658 0.243751

-2.594391 0.046802 0.006643

-3.647950 -0.854077 0.238037
-2.892204 1.412115 -0.133556
-4.961287 -0.399786 0.329998
-3.422510-1.909002 0.349884
-4.208232 1.864805 -0.040141
-2.099261 2.125111 -0.334327
-5.247346 0.961831 0.193004

-5.763459 -1.108455 0.513441
-4.420920 2.923464 -0.154563
-6.271443 1.315122 0.266804
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3.007585 -0.469682 -0.108506
1.458471 1.262372 -0.193720
2.835833 0.894136 -0.189340
3.650183 1.604364 -0.243575
0.599281 0.247964 -0.117094
1.434721 -1.213202 -0.060573
4.256473 -1.240765 -0.094105
4.333110 -2.487092 0.553351
5.403764 -0.733941 -0.731300
5.526494 -3.206630 0.563255
3.463673 -2.883689 1.070029
6.596228 -1.454349 -0.713761
5.352841 0.214446 -1.256461
6.661946 -2.692432 -0.068079
5.571013 -4.165153 1.071055
7.473061 -1.052578 -1.212303
7.591664 -3.253053 -0.058050
0.956621 2.648001 -0.283845
-0.236877 2.931706 -0.969037
1.671782 3.701227 0.308604
-0.710941 4.240212 -1.047123
-0.779600 2.123655 -1.450176
1.194645 5.009292 0.228393
2.588440 3.493090 0.851891
0.002607 5.282238 -0.447858
-1.632075 4.447656 -1.583326
1.751253 5.814386 0.698421
-0.366515 6.301484 -0.510509
-1.616931 0.211821 0.802522
-2.415769 -0.899636 -0.762223
-1.895477 -1.833116 -0.993433
-2.559412 -0.364590 -1.704700
-1.407934 1.193913 2.592751
-0.868208 0.574956 3.321309
-2.366714 1.472584 3.046516
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3.042247 -0.262143 -0.348632
1.124115 1.029829 -0.607684
2.515943 1.009811 -0.304310
3.090611 1.895110 -0.066586
0.592706 -0.161827 -0.883322
1.766169 -1.364412 -0.786403
4.427974 -0.688374 -0.124536
4.725897 -1.978812 0.349159
5.485899 0.203151 -0.381758
6.047604 -2.365785 0.561720
3.921456 -2.673552 0.573672
6.805163 -0.186555 -0.162214
5.273096 1.192818 -0.772893
7.090865 -1.471243 0.309042
6.261769 -3.363519 0.932028
7.611605 0.510645 -0.367820
8.120090 -1.773393 0.476704
0.280003 2.240112 -0.607139
-0.778602 2.377360 -1.519730
0.509654 3.256573 0.335070
-1.599545 3.503344 -1.481034
-0.939251 1.608862 -2.267558
-0.313782 4.381351 0.370971
1.314028 3.152492 1.056472
-1.372034 4.505662 -0.533519
-2.412537 3.600663 -2.193922
-0.133726 5.156192 1.109744
-2.013673 5.381027 -0.503037
-1.590543 0.072494 1.348488
-1.472674 -0.799473 -0.517994
-1.164861 -1.827939 -0.696202
-1.770329 -0.315656 -1.441487
-1.331272 1.158090 3.051139
-0.461067 0.805774 3.617834
-2.203364 1.112241 3.713221
-1.157173 2.208305 2.789491
-4.134958 -1.723753 -0.339243
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2.634259 0.956246 -0.273403
3.158488 1.897789 -0.186155
0.774755 -0.382633 -0.488421
2.058949 -1.520285 -0.415259
4.674066 -0.579444 -0.052914
5.098968 -1.786702 0.531733
5.639480 0.346879 -0.489494
6.457330 -2.058786 0.676350
4.368600 -2.503095 0.897668
6.995882 0.070522 -0.337783
5.326393 1.269230 -0.967597
7.409268 -1.131739 0.243680
6.771708 -2.991500 1.133773
7.731242 0.790526 -0.682867
8.467458 -1.345545 0.357359
0.333975 2.050071 -0.443299
-0.721032 2.162089 -1.364323
0.550528 3.080683 0.488851
-1.557167 3.277739 -1.336789
-0.875300 1.393375 -2.111470
-0.292578 4.189310 0.514962
1.360063 2.996824 1.207037
-1.350044 4.287789 -0.394302
-2.368155 3.357143 -2.053573
-0.127518 4.972988 1.247456
-2.007465 5.151350 -0.370863
-1.973585 -0.115111 0.945218
-0.605361 -0.873080 -0.522855
-0.565231 -1.954728 -0.374463
-1.022629 -0.695800 -1.515335
-2.277264 1.037318 2.619776
-3.309834 0.967233 2.981141
-2.069844 2.090493 2.392152
-1.614002 0.740667 3.442112
-4.286802 -1.500143 -0.358537
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-1.224225 0.240196 0.087815
1.145589 0.326384 0.095011
-0.036272 -0.444658 0.095756
0.014450 -1.525092 0.050820
0.882725 1.688801 0.123059
-0.857189 1.983146 0.120301
-2.591895 -0.237088 -0.008294
-3.692923 0.640303 0.097969
-2.866609 -1.609560 -0.209792
-5.001473 0.171696 0.000776
-3.530560 1.701960 0.269789
-4.174915 -2.071993 -0.295405
-2.048307 -2.315300 -0.308455
-5.254884 -1.187316 -0.193934
-5.825905 0.873852 0.084914
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-4.354182-3.132149 -0.450510
-6.274374 -1.552923 -0.265517
2.504372 -0.224152 0.036359
3.524856 0.337142 -0.757831
2.794063 -1.408749 0.744311
4.780924 -0.261535 -0.834573
3.326871 1.231703 -1.338557
4.049437 -2.006939 0.659250
2.029209 -1.851299 1.375182
5.053350 -1.434707 -0.126190
5.547920 0.187530 -1.459004
4.247108 -2.916832 1.218539
6.034785 -1.895225 -0.183953
1.709911 2.732432 0.211258
1.292152 3.725961 0.247652
2.760936 2.547131 0.357958
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1.232853 0.348923 -0.295780
-1.144792 0.425668 -0.235050
0.036669 -0.321118 -0.433819
-0.009701 -1.399795 -0.514778
-0.923787 1.760861 -0.000499
0.935643 2.070668 -0.142824
2.558677 -0.224270 -0.074333
3.722870 0.558002 -0.217490
2.715820 -1.581122 0.283119
4.986952 0.015389 0.007934
3.639339 1.595664 -0.529950
3.980860 -2.125143 0.481355
1.840610 -2.205157 0.430460
5.125169 -1.330404 0.351755
5.866103 0.643112 -0.103852
4.074343 -3.171478 0.757362
6.110016 -1.756885 0.515223
-2.475656 -0.192004 -0.098355
-3.439441 0.254156 0.827485
-2.781983 -1.323313 -0.880343
-4.649699 -0.418229 0.974624
-3.233404 1.124749 1.440348
-3.998963 -1.987809 -0.734739
-2.067070 -1.672489 -1.618816
-4.940709 -1.541045 0.193667
-5.371068 -0.061646 1.704204
-4.212399 -2.852699 -1.356052
-5.891326 -2.053959 0.302620
-1.773068 2.770779 0.053081
-1.434239 3.717987 0.446463
-2.748335 2.665138 -0.403221
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1.311695 0.791723 -0.052125
-1.221371 0.667536 0.065552
0.038063 0.135292 -0.112682
0.068896 -0.936101 -0.271419
-1.433730 1.976338 0.457880
1.541824 2.458434 -0.038316
2.492416 -0.117593 0.021754
3.690852 0.198807 -0.643169
2.436766 -1.308580 0.770858
4.791421 -0.651019 -0.571208
3.741772 1.111163 -1.227390
3.546709 -2.147769 0.859377
1.533381 -1.560292 1.316918
4.725453 -1.825978 0.183448
5.701984 -0.397677 -1.105751
3.490600 -3.051140 1.459142
5.586607 -2.484588 0.244404
-2.421226 -0.203301 -0.013926
-3.552831 0.059287 0.781017
-2.454104 -1.302328 -0.893330
-4.674634 -0.763250 0.710168
-3.542844 0.897338 1.468786
-3.583063 -2.114304 -0.969177
-1.609948 -1.498716 -1.545364
-4.695052 -1.852027 -0.164775
-5.532988 -0.554475 1.341070
-3.597715 -2.947143 -1.665298
-5.572726 -2.488206 -0.223773
-2.113341 2.819532 -0.205483
-2.304241 3.799676 0.228869
-2.502371 2.624701 -1.210097
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-1.267234 0.766939 0.121585
1.285199 0.737277 0.039188
0.023865 0.196172 0.306170
0.016262 -0.873119 0.480133
1.465740 2.003963 -0.413794
-1.668914 2.414013 -0.036909
-2.384082 -0.213732 0.001813
-3.629743 0.036150 0.606637
-2.220406 -1.406472 -0.729051
-4.673450 -0.879056 0.491636
-3.763057 0.944154 1.184685
-3.272282-2.311352 -0.859180
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-1.277409 -1.605664 -1.227481
-4.500207 -2.053924 -0.244787
-5.621911 -0.676757 0.979818
-3.133862 -3.215394 -1.444297
-5.316271 -2.763985 -0.338866
2.491888 -0.120899 0.059836
3.602074 0.211987 -0.738596
2.571565 -1.253383 0.891291
4.747727 -0.579175 -0.722626
3.547157 1.085992 -1.377453
3.723763 -2.035690 0.912307
1.746077 -1.506110 1.548136
4.813144 -1.705958 0.101551
5.590808 -0.317020 -1.354437
3.773767 -2.899652 1.567678
5.708575 -2.319777 0.116376
0.943165 3.025584 0.171620
0.957931 3.988936 -0.333018
0.684464 3.019622 1.229471

-1.159242 0.547906 0.097440
1.309835 0.728056 0.297207
0.036153 0.029967 0.488356
0.052329 -1.006007 0.804195
1.4292552.012132 0.180722
-1.270282 2.235181 -0.428143
-2.392294 -0.262050 0.000218
-3.651082 0.284453 0.309126
-2.323329 -1.607506 -0.408669
-4.803028 -0.496654 0.227687
-3.720344 1.316629 0.636158
-3.476076 -2.385003 -0.487758
-1.365251 -2.031318 -0.691245
-4.720004 -1.832977 -0.168852
-5.765275 -0.061497 0.479561
-3.405560 -3.418780 -0.811951
-5.618308 -2.439195 -0.234920
2.546547 -0.093482 0.136259
3.606335 0.399290 -0.644384
2.694579 -1.343184 0.759016
4.775295 -0.339927 -0.804153
3.493070 1.364749 -1.124498
3.871569 -2.077926 0.607605
1.906279 -1.741342 1.389060
4.913272 -1.582618 -0.177936
5.579670 0.051433 -1.419980
3.972560 -3.037341 1.105962
5.825256 -2.158857 -0.301937
0.258009 2.809482 0.452675
0.413590 3.838484 0.123906
0.032461 2.808271 1.527902
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1.679026 0.843865 0.049754
-0.327670 1.838258 -0.111866
1.039558 2.057602 0.210230
1.520846 2.980378 0.495764
-0.533562 0.564669 -0.451703
0.681230 -0.031509 -0.346305
3.106678 0.522347 0.177186
3.776018 -0.244999 -0.790131
3.833075 1.052137 1.255181
5.142342 -0.488702 -0.668881
3.229774 -0.637218 -1.641679
5.201219 0.809344 1.369662
3.316811 1.640664 2.007164
5.858726 0.035999 0.410136
5.649634 -1.083194 -1.422433
5.751494 1.218879 2.211220
6.923572 -0.155368 0.501189
-1.444200 2.798333 -0.102312
-2.761854 2.358898 -0.320242
-1.215855 4.164158 0.126816
-3.819650 3.264561 -0.309005
-2.944664 1.303695 -0.494085
-2.277836 5.068468 0.139020
-0.206051 4.526395 0.291425
-3.583197 4.623385 -0.078987
-4.832099 2.909679 -0.477884
-2.083429 6.121919 0.316906
-4.409288 5.328015 -0.069729
0.742792 -1.767542 -0.600552
0.940011 -1.984086 -2.036351
1.716395 -2.273857 0.366979
-0.895840 -2.263619 -0.136569
-1.154599 -2.543405 1.206081
-1.885422-2.363729 -1.116204
-2.441431 -2.931845 1.567696
-0.367065 -2.460312 1.946471
-3.163623 -2.753945 -0.731124
-1.655297 -2.137556 -2.150609
-3.461640 -3.041931 0.610687
-2.657243 -3.152433 2.608655
-3.944140 -2.833988 -1.481830
-4.845306 -3.489745 1.007542
-4.951978 -4.571858 0.865275
-5.050235 -3.274117 2.059312
-5.611358 -3.004100 0.396691
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-1.710816 -0.210336 1.592550
-0.422399 1.611476 1.347339
-1.500897 1.054236 2.090171
-2.047655 1.511372 2.900716
0.010850 0.742948 0.433938
-0.734097 -0.397541 0.616612
-2.723878 -1.200318 1.985092
-2.378992 -2.522103 2.307748
-4.063623 -0.790122 2.082798
-3.364321 -3.420613 2.711265
-1.344612 -2.837169 2.236263
-5.046046 -1.694490 2.485229
-4.328419 0.230385 1.824300
-4.698240 -3.010952 2.798387
-3.090445 -4.441388 2.959416
-6.080900 -1.372508 2.548851
-5.463287 -3.715757 3.109940
0.194209 2.935174 1.519490
0.861497 3.566546 0.456227
0.113518 3.588865 2.760028
1.443283 4.820092 0.635933
0.911562 3.080303 -0.511114
0.693635 4.844953 2.934524
-0.386375 3.106821 3.594250
1.361395 5.463392 1.874545
1.953320 5.298561 -0.194732
0.628869 5.337247 3.900081
1.813541 6.440996 2.011942
2.041267 0.543642 -0.866719
2.956866 -0.510694 0.666520
2.291035 -1.199564 1.192773
3.514611 0.055306 1.416805
1.865913 1.595183 -2.623934
1.035844 2.314077 -2.616252
1.689219 0.910006 -3.463460
2.773060 2.165956 -2.860651
4.555523 -1.928686 -0.115801
-0.889638 -1.391668 -0.822051
0.416877 -1.261846 -1.476079
-1.385180 -2.690511 -0.387043
-2.127341 -0.528281 -1.744799
-3.467201 -0.890496 -1.579767
-1.738724 0.548644 -2.546109
-4.436954 -0.152210 -2.252068
-3.738127 -1.724116 -0.942060
-2.729219 1.269010 -3.206745
-0.691799 0.809721 -2.648097
-4.086212 0.932324 -3.072277
-5.482677 -0.421107 -2.137040
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-2.444707 2.107074 -3.836065
-5.144371 1.704683 -3.818194
-6.105025 1.673402 -3.297318
-4.854359 2.750233 -3.953515
-5.296514 1.275156 -4.815778
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-1.908928 -1.209383 1.080290
-0.286787 0.159918 1.804156
-1.472662 -0.519083 2.189072
-1.938533 -0.517695 3.162860
0.002332 -0.101098 0.527345
-0.960212 -0.981882 0.076227
-3.094569 -2.058960 0.940916
-3.037263 -3.297877 0.281949
-4.300536 -1.641928 1.530678
-4.172425 -4.101877 0.211326
-2.105629 -3.621711 -0.166924
-5.433789 -2.449363 1.452754
-4.346944 -0.678020 2.027896
-5.371611 -3.680068 0.793183
-4.120781 -5.059638 -0.296907
-6.364219 -2.116297 1.901970
-6.254825 -4.308725 0.732817
0.563107 1.041801 2.609242
1.238069 2.113942 1.999721
0.701980 0.832418 3.990308
2.051649 2.951271 2.758947
1.094938 2.296436 0.939863
1.517504 1.673723 4.746039
0.190099 0.000527 4.464163
2.195634 2.730539 4.132475
2.566500 3.779926 2.282690
1.628603 1.500801 5.811919
2.831031 3.383348 4.723182
2.095028 0.814144 -1.513720
1.998742 -0.574002 -0.014385
1.689681 -1.603457 -0.179382
2.306561 -0.406692 1.014301
2.026536 2.303336 -2.902856
1.651941 3.245654 -2.484172
1.363378 2.018991 -3.728500
3.019123 2.503123 -3.323314
4.702974 -1.528288 -0.399281
-1.393932 -0.652610 -1.613768
-0.113257 -0.465244 -2.297440
-2.308885 -1.714636 -2.011559
-2.254341 0.891865 -1.475922
-3.612458 0.869411 -1.142299
-1.548742 2.087977 -1.625947
-4.269448 2.082028 -0.958103
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-4.137906 -0.072008 -1.028173
-2.231039 3.287088 -1.439297
-0.499446 2.084767 -1.894760
-3.593295 3.304766 -1.101498
-5.323798 2.079655 -0.698258
-1.695519 4.224281 -1.557829
-4.325145 4.610817 -0.925749
-5.134217 4.519795 -0.195899
-3.650245 5.407369 -0.601381
-4.774135 4.926016 -1.875390
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2.229323 0.152335 -1.387868
0.549176 1.614487 -1.054163
1.933886 1.488195 -1.326575
2.615782 2.303728 -1.509574
0.024613 0.378450 -0.955727
1.040562 -0.567110 -1.140991
3.509316 -0.486778 -1.687336
3.575361 -1.647783 -2.476744
4.697345 0.107629 -1.225703
4.811310 -2.206949 -2.789803
2.659402 -2.100838 -2.837664
5.930197 -0.457581 -1.542502
4.645454 0.990809 -0.596987
5.989411 -1.616053 -2.323136
4.855715 -3.103293 -3.400280
6.842908 -0.000356 -1.173635
6.950949 -2.057563 -2.566682
-0.222048 2.857112 -0.994784
-1.283459 3.033830 -0.088600
0.150991 3.924356 -1.833512
-1.957929 4.251205 -0.029891
-1.566519 2.233704 0.584331
-0.534284 5.135086 -1.776177
0.961935 3.795182 -2.542946
-1.590001 5.301305 -0.875279
-2.770601 4.379084 0.677986
-0.246774 5.947066 -2.436467
-2.123011 6.246016 -0.831460
-2.374275 -0.553130 0.849802
-1.375266 -0.032500 -0.962607
-1.435207 -0.912332 -1.602979
-1.929032 0.783265 -1.431015
-2.346340 -0.587110 2.906230
-2.022811 0.368533 3.338667
-1.662338 -1.363470 3.269694
-3.344908 -0.804906 3.302992

-4.950524 -1.274945 -0.537109

1.169855 -1.816750 0.213759
-0.205561 -2.166170 0.551313
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2.094695 -2.811941 -0.306059
1.920612 -0.864441 1.502179
3.302247 -0.964739 1.692536
1.130288 0.024602 2.236775
3.895416 -0.151381 2.653157
3.890510 -1.656405 1.102132
1.751061 0.829337 3.186289
0.059488 0.075830 2.085967
3.136015 0.756603 3.408511
4.966706 -0.220326 2.815453
1.149462 1.523443 3.765186
3.789260 1.615681 4.460141
4.835537 1.819208 4.217350
3.265653 2.567975 4.579446
3.769436 1.106463 5.431201

A

1.328667 -1.006941 -0.060766
-0.918542 -1.325043 0.223315
0.154515 -1.329065 -0.693088
0.057074 -1.595789 -1.735268
-0.361330-1.089319 1.474430
1.020255 -0.732405 1.317186
2.694560 -0.973817 -0.557852
3.798863 -1.156298 0.298460
2.939304 -0.787146 -1.933599
5.095384 -1.159950 -0.207058
3.627340 -1.291418 1.360463
4.239138 -0.802956 -2.434493
2.104600 -0.613273 -2.606261
5.326311 -0.987911 -1.575922
5.932059 -1.302716 0.470958
4.403857 -0.656276 -3.498182
6.339359 -0.991729 -1.966350
-2.330548 -1.569418 -0.021742
-3.348020 -0.946095 0.731107
-2.718560 -2.399776 -1.095938
-4.692184 -1.154305 0.427407
-3.087936 -0.262306 1.531218
-4.062314 -2.597735 -1.398244
-1.956978 -2.900851 -1.685290
-5.060067 -1.981953 -0.635500
-5.454805 -0.657491 1.020222
-4.333177 -3.245449 -2.227033
-6.107871 -2.145673 -0.867241
-0.823441 -1.220189 2.713857
-0.125409 -1.113486 3.524739
-1.870082 -1.427673 2.854407
1.149020 1.082310 1.691637
0.607344 1.249620 3.043205
2.548241 1.386251 1.392556
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0.072889 1.842666 0.512019

0.526206 2.019125 -0.797830
-1.252975 2.108780 0.876367
-0.376342 2.476712 -1.756652
1.556652 1.804819 -1.056445
-2.131518 2.564020 -0.097601
-1.575914 1.960108 1.899938
-1.711535 2.745432 -1.427459
-0.037053 2.619808 -2.778057
-3.161829 2.776291 0.171696
-2.695025 3.210020 -2.471153
-2.207469 3.400606 -3.429979
-3.472217 2.453760 -2.629736
-3.200275 4.127933 -2.153190
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1.407236 0.717209 -0.064352
-0.833880 1.130406 -0.437020
0.238187 1.208481 0.477763
0.165769 1.782985 1.389950
-0.466666 0.536398 -1.595906
1.142726 0.085539 -1.286668
2.779836 1.005218 0.355605
3.865213 0.797589 -0.515996
3.043126 1.482372 1.654715
5.165738 1.082263 -0.108151
3.676249 0.410273 -1.509930
4.347181 1.753274 2.060704
2.227097 1.627226 2.355756
5.416385 1.560253 1.181045
5.988747 0.923152 -0.798787
4.529284 2.114786 3.068535
6.432424 1.772463 1.499436
-2.128021 1.810733 -0.275236
-3.330780 1.191850 -0.654224
-2.178887 3.092170 0.305111
-4.550981 1.844389 -0.474661
-3.319694 0.179540 -1.040917
-3.398353 3.739694 0.484207
-1.256459 3.586858 0.592355
-4.588656 3.120002 0.090065
-5.472067 1.350134 -0.768062
-3.420398 4.732707 0.922646
-5.538380 3.627873 0.227307
-1.055536 0.152663 -2.701767
-0.460217 0.108681 -3.601307
-2.052781 -0.262771 -2.681130
1.132474 -1.649036 -1.256013
0.727425 -2.081325 -2.596305
2.453980 -2.006235 -0.729862
-0.116258 -2.125976 -0.083896
0.168168 -2.046166 1.282024
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-1.392101 -2.469056 -0.543322
-0.850460 -2.305752 2.195959
1.166954 -1.793210 1.617729
-2.394467 -2.722192 0.387792
-1.582633 -2.539871 -1.606989
-2.144473 -2.634172 1.766875
-0.636888 -2.249649 3.259192
-3.386570 -2.995471 0.040213
-3.254274 -2.866941 2.760853
-3.850167 -1.955024 2.887733
-3.933917 -3.654237 2.422311
-2.863276 -3.144832 3.742954
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-0.510808 1.239496 -0.311098
-1.885933 -0.884665 -0.232439
-1.746070 0.480240 -0.239289
-2.651369 1.066979 -0.151486
-0.823295 -1.772379 -0.323701
0.550986 0.646583 -0.791200
-0.591208 2.665379 0.111068
0.029079 3.665603 -0.654619
-1.328422 3.028094 1.249287
-0.081315 5.003025 -0.282780
0.582903 3.392371 -1.546935
-1.419949 4.365638 1.630209
-1.806962 2.258102 1.846419
-0.800484 5.355287 0.862539
0.392777 5.770399 -0.886578
-1.975604 4.635552 2.522852
-0.880710 6.398148 1.153961
-3.230110 -1.517835 -0.191008
-3.396268 -2.787758 0.388661
-4.358116 -0.867039 -0.723873
-4.658208 -3.374255 0.463210
-2.537270 -3.313434 0.790100
-5.616575 -1.459105 -0.654514
-4.247198 0.091693 -1.218741
-5.772754 -2.712330 -0.056151
-4.769738 -4.350712 0.924326
-6.474527 -0.945923 -1.077619
-6.754421 -3.173075 -0.004168
-0.036750 -2.034792 0.636974
0.791123 -2.722644 0.472995
-0.132646 -1.583204 1.630698
2.125926 1.163320 -0.604459
2.635283 1.587458 -1.924590
2.356274 2.049543 0.554170
2.825203 -0.435904 -0.203709
3.112417 -0.743042 1.125760
3.001358 -1.380725 -1.217476
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3.582180 -2.018406 1.440240
2.965315 0.005156 1.896345
3.471192 -2.647812 -0.885933
2.767323 -1.125995 -2.245155
3.767091 -2.987967 0.444987
3.805571 -2.263606 2.474580
3.607690 -3.388080 -1.669128
4.299846 -4.357628 0.785613
3.854885 -5.127803 0.148961
5.385212 -4.397538 0.633910
4.104156 -4.615924 1.829723
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0.702357 0.914460 -0.253365
2.046953 -1.178139 -0.054957
1.863622 0.135877 -0.513692
2.733290 0.698778 -0.823321
1.030164 -1.882408 0.481677
-0.467851 0.329432 -0.011779
0.908271 2.395950 -0.224048
0.682961 3.142750 0.940909
1.391493 3.034462 -1.374689
0.931423 4.514399 0.946192
0.314257 2.651719 1.834249
1.624375 4.409708 -1.366818
1.568247 2.455669 -2.276078
1.397475 5.152169 -0.206099
0.760754 5.085176 1.853791
1.983460 4.898852 -2.267092
1.584101 6.221682 -0.198777
3.395220 -1.794831 0.009017
3.494448 -3.195322 0.089181
4.578569 -1.036122 -0.016765
4.738643 -3.819990 0.124113
2.583822 -3.783833 0.116282
5.822855 -1.662398 0.021508
4.533675 0.047133 -0.037784
5.907773 -3.055376 0.088437
4.797054 -4.902842 0.178014
6.726957 -1.061512 0.008440
6.878465 -3.541079 0.118075
-0.179370 -1.708636 -0.006273
-1.028364 -2.034460 0.589546
-0.344610 -1.670104 -1.084923
-1.868159 1.123755 0.503098
-1.841061 1.344864 1.961839
-2.157146 2.262610 -0.385739
-3.044781 -0.175022 0.160367
-3.389519 -0.443642 -1.166955
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-3.587177 -0.909438 1.213612
-4.286727 -1.472881 -1.433471
-2.961462 0.142467 -1.973022
-4.487706 -1.935197 0.926191
-3.303675 -0.681162 2.234725
-4.849542 -2.232778 -0.394611
-4.556926 -1.691733 -2.462513
-4.913111 -2.513126 1.741332
-5.842905 -3.326004 -0.699581
-5.913621 -4.044709 0.120843
-6.842536 -2.903734 -0.857217
-5.572033 -3.866203 -1.611451
N

X

-0.914466 -0.530419 -1.547581
0.271166 -1.240298 -1.059680
1.434607 -0.562910 -0.886021
-0.818262 0.560004 -2.239874
0.208376 -2.289963 -0.802626
0.545656 0.979847 -2.508311
0.963142 0.404676 -3.347393
0.566823 2.036894 -2.769816
2.636040 -1.112558 -0.237844
3.915215 -0.689704 -0.636752
2.520559 -2.081313 0.773984
5.051811 -1.241751 -0.052574
4.002841 0.068606 -1.406318
3.660493 -2.629561 1.358396
1.536527 -2.381466 1.120164
4.928769 -2.214034 0.944493
6.035534 -0.913173 -0.373515
3.559113 -3.370870 2.145022
5.816675 -2.638785 1.402866
-2.265556 -1.032175 -1.183828
-2.453752 -1.863314 -0.068430
-3.388354 -0.626519 -1.924041
-3.734145 -2.281904 0.296331
-1.605752 -2.157611 0.540399
-4.664948 -1.047090 -1.561426
-3.240895 0.022307 -2.780300
-4.842837 -1.877002 -0.449474
-3.864383 -2.918464 1.166239
-5.523526 -0.730157 -2.145877
-5.838921 -2.204322 -0.166973
1.480704 0.778270 -1.377070
1.451265 2.010052 -0.144116
2.645443 1.800397 0.679021
1.250411 3.275202 -0.861660
0.013585 1.658228 0.854372
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-1.211023 2.240038 0.518626
0.114488 0.713716 1.877375
-2.348070 1.864489 1.224744
-1.267088 2.961814 -0.287672
-1.038799 0.347422 2.569256
1.074888 0.274352 2.122704
-2.283986 0.904710 2.247653
-3.304627 2.310680 0.969531
-0.970164 -0.389649 3.363834
-3.540055 0.453865 2.947585
-3.320462 -0.011765 3.911798
-4.227601 1.288521 3.112659
-4.063054 -0.285746 2.329733
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(=)
(]

0.872660 0.970911 0.048275
0.126732 -0.217166 -0.166678
0.712245 -1.491510 -0.217399
2.085328 -1.543237 -0.040513
2.856859 -0.372101 0.176434
2.268471 0.880952 0.221513
-0.101592 2.014476 0.025744
0.114133 -2.379119 -0.388468
2.587421 -2.505507 -0.069754
3.930164 -0.467402 0.307492
2.863604 1.773975 0.385656
0.047396 3.078448 0.149715
-1.165036 0.201892 -0.301877
-1.322751 1.536662 -0.184401
-2.242706 -0.607989 -0.541010
-2.950860 -0.891191 0.689952
-3.774066 -1.543494 0.396513
-2.294961 -1.403617 1.400428
-3.336592 0.033939 1.126474

T ZZTQO0ZzZzIZIZDIZIIZOOOOOOAONO

int1-OMe
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-3.329198 -0.989021 0.780492
-3.373979 -0.168288 -0.377592
-4.471946 -0.133675 -1.251712
-5.539380-0.952146 -0.923033
-5.524586 -1.780587 0.230737
-4.435475 -1.810263 1.083806
-2.055403 -0.731591 1.363384
-4.472202 0.496859 -2.133183
-6.414045 -0.964189 -1.566130

T T OO0 0000
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-6.388845 -2.402824 0.440096
-4.426149 -2.446840 1.962815
-1.611024 -1.153825 2.253494
-2.180863 0.491640 -0.391294
-1.381434 0.159662 0.643887
0.855014 0.926688 0.624586
1.625879 -0.859968 -0.107782
1.313732 -1.133490 -1.119165
1.495025 -1.741684 0.525143
0.924846 2.889380 1.225827
0.077846 3.149605 1.874218
0.899065 3.573757 0.367913
1.841305 3.113684 1.786050
3.891399 -0.792755 -0.331926
-1.734871 1.352113 -1.351366
-2.016751 2.730148 -0.981913
-1.644467 3.320429 -1.819428
-3.093751 2.874904 -0.860847
-1.480025 2.989031 -0.066997

TS1-OMe

ZzIIIZonITZmIZooooooono

N

n

T ZZT Q0" IZIXZTTZOIIAO

-3.367169 -0.990532 0.829805
-3.302741 -0.212484 -0.356392
-4.406748 -0.006861 -1.198716
-5.590130-0.613465 -0.811987
-5.683635 -1.397344 0.368813
-4.589610 -1.594126 1.192481
-2.050925 -0.948385 1.370654
-4.325707 0.584535 -2.103293
-6.473600 -0.490614 -1.430834
-6.636284 -1.851073 0.622585
-4.662207 -2.196576 2.092217
-1.655437 -1.431773 2.252752
-2.009062 0.218058 -0.432657
-1.258692 -0.204901 0.607536
1.370170 1.529868 0.570311
0.859315 -0.437177 0.267814
0.594512 -0.846764 -0.703274
0.852942 -1.202628 1.039597
1.542040 3.551877 0.768672
0.676762 3.970916 1.296395
1.594266 4.032830 -0.215394
2.442226 3.833945 1.326507
3.516685 -1.238965 -0.309609
-1.466587 1.033163 -1.381902
-1.733112 2.431361 -1.087284
-1.214788 2.980827 -1.873048
-2.807612 2.629115 -1.128731
-1.331196 2.701760 -0.107646

int2-OMe
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3.388563 -1.240854 -0.373492
3.478990 -0.056646 0.399259
4.682647 0.619479 0.627192
5.814295 0.062811 0.048577
5.755683 -1.127652 -0.718134
4.559273 -1.790667 -0.933336
2.021348 -1.614048 -0.361573
4.722079 1.519672 1.228690
6.773393 0.549736 0.192453
6.672359 -1.525701 -1.140495
4.515376 -2.705634 -1.514146
1.523242 -2.474356 -0.781409
2.211197 0.204579 0.853771
1.329500 -0.720275 0.346547
-1.311572 0.751556 -0.497214
-0.087097 -0.633629 0.612881
-0.213439-0.383073 1.667816
-0.493058 -1.628123 0.429140
-1.357755 2.583996 -1.448397
-0.540045 2.696042 -2.171493
-1.266804 3.396577 -0.717214
-2.300598 2.724715 -1.989581
3.843464 -0.670953 0.177154
1.750071 1.348842 1.417648
1.710754 2.448124 0.453744
1.219210 3.257802 0.991420
2.726591 2.732984 0.171446
1.126780 2.166867 -0.423107

int3-OMe
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-0.757528 -1.014573 0.095212
-0.424774 0.282755 -0.350899
-1.342659 1.304441 -0.503133
-2.680774 1.014679 -0.190214
-3.045448 -0.270613 0.234732
-2.105100 -1.295412 0.376709
0.449148 -1.762065 0.150325

-1.031332 2.286443 -0.842940
-3.433281 1.790713 -0.282625
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-4.087324 -0.477179 0.462881
-2.405616 -2.282857 0.712050
0.631354 -2.786873 0.430179
0.956371 0.295193 -0.683311
1.490267 -0.961920 -0.214465
2.805953 -1.149938 -0.240267
3.425868 -0.359034 -0.625438
3.180981 -2.106782 0.085604
1.714736 1.397677 -0.295220
1.715015 1.616330 1.139352
2.207460 0.785439 1.652408
2.289967 2.532668 1.274688
0.694569 1.749505 1.508483

TS2-OMe
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-0.713726 -1.034304 0.002274
-0.400937 0.297590 -0.378079
-1.363859 1.309366 -0.374895
-2.685099 0.957261 -0.106184
-3.025584 -0.375487 0.199617
-2.057529 -1.370296 0.261383
0.481918 -1.766719 0.223315
-1.084239 2.325229 -0.633336
-3.461291 1.714381 -0.153948
-4.062690 -0.626359 0.401378
-2.322269 -2.388405 0.529569
0.561046 -2.707333 0.753461
0.932739 0.398317 -0.762311
1.586673 -1.065033 -0.049852
2.860330 -1.316836 -0.157898
3.549488 -0.483846 -0.098835
3.202008 -2.315658 -0.403656
1.615595 1.543630 -0.384248
1.604146 1.817006 1.035446
2.127448 1.015158 1.567710
2.144983 2.757363 1.147172
0.586926 1.921959 1.419733

int4-OMe

oo e Ne!

-0.706131 -0.923658 -0.064598
-0.300901 0.493252 0.028640
-1.345609 1.484418 0.235497
-2.654594 1.136413 0.134915
-3.053545 -0.224084 -0.133978
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-2.117294 -1.203300 -0.232822
0.161974 -1.982190 0.052061
-1.048541 2.510786 0.404840
-3.423693 1.895752 0.244882
-4.108661 -0.459367 -0.229105
-2.414887 -2.236510 -0.389626
-0.243667 -2.989319 -0.069502
0.970032 0.769189 -0.135091
1.486839 -1.873685 0.408294
2.364662 -2.694594 -0.028198
3.377880 -2.643242 0.367853
2.162292 -3.449956 -0.796798
1.239812 2.117159 0.099990
2.606831 2.377403 -0.218845
2.806632 2.196242 -1.280959
2.768502 3.431922 0.013026

3.275193 1.755934 0.387017
ag
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-0.999597 0.800051 0.189474
-0.146412 -0.385714 0.036208
-0.800179 -1.636193 -0.283128
-2.156291 -1.758172 -0.187934
-2.987213 -0.640086 0.141944
-2.421274 0.590623 0.300006
-0.573156 2.106440 -0.080087
-0.176946 -2.492773 -0.501889
-2.616428 -2.728451 -0.353942
-4.060424 -0.772442 0.230974
-3.046701 1.462173 0.475689
-1.347482 2.867234 -0.179293
1.162275 -0.285605 0.233182
0.653638 2.476313 -0.477122
1.728174 1.997393 0.072772
2.675123 2.091874 -0.456715
1.775419 1.743943 1.126076
1.853152 -1.373630 -0.317238
3.154404 -1.431211 0.262863
3.102700 -1.614562 1.342157
3.663243 -2.261774 -0.230281
3.704170 -0.499934 0.080002

Tc

-0.936258 0.846575 -0.112275
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-0.230537 -0.303661 0.284305
-0.893535 -1.522811 0.433365
-2.268702 -1.588584 0.212832
-2.984867 -0.442515 -0.158760
-2.319450 0.768488 -0.328383
-0.167613 2.071935 -0.349253
-0.329040 -2.400614 0.730359
-2.788614 -2.533196 0.339321
-4.056659 -0.501183 -0.319517
-2.862730 1.658311 -0.635555
-0.671095 2.884905 -0.878856
1.180420 -0.220305 0.490834
1.049823 2.248954 0.008502
1.644573 1.144440 0.762543
2.725191 1.143515 0.606950
1.458651 1.335520 1.828760
1.806315 -0.681144 -0.745525
2.739794 -1.709189 -0.427432
2.244893 -2.581409 0.016612
3.198103 -1.993980 -1.378571
3.518656 -1.351333 0.257694
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2.454276 0.632365 -1.096544
1.961224 0.011800 0.072634
2.311904 0.450692 1.355334
3.170086 1.541946 1.425582
3.679941 2.170148 0.267832
3.334183 1.722400 -0.998965
1.850439 -0.090271 -2.178981
1.930846 -0.038378 2.241749
3.461311 1.918253 2.401324
4.354425 3.013317 0.376598
3.726646 2.198333 -1.891692
1.971469 0.078522 -3.241349
1.169545 -1.049787 -0.375324
1.068771 -1.055448 -1.756105
-0.144527 -1.770808 0.484043
-0.462311 -3.006034 -0.225549
0.292351 -1.780532 1.881557
-1.464612 -0.599328 0.279467
-1.652149 0.388569 1.248750
-2.245415 -0.651420 -0.878122
-2.653837 1.335201 1.050785
-1.032326 0.407533 2.137652
-3.239731 0.305927 -1.053936
-2.075949 -1.424920 -1.618028
-3.460269 1.309451 -0.097038
-2.8118302.105807 1.799327
-3.854750 0.275067 -1.948343
-4.561954 2.321289 -0.286225
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H -5.503412 1.943533 0.130419
H -4.332756 3.261897 0.221597
H -4.734301 2.530524 -1.345453

intl-Ts
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2.020325 2.513849 1.170977
1.900196 2.076463 -0.166832
2.705593 2.575777 -1.196388
3.646697 3.532526 -0.834028
3.776583 3.990972 0.496742
2.967623 3.495181 1.508671
1.051406 1.749428 1.898651
2.593437 2.235097 -2.217663
4.297062 3.945127 -1.598916
4.521394 4.746599 0.724268
3.060741 3.848315 2.530255
0.817528 1.784191 2.954514
0.857024 1.148584 -0.173256
0.398731 0.924314 1.112276
-1.609605 -0.402759 1.398481
-2.893557 0.967032 0.517653
-2.439103 1.577400 -0.266505
-3.483594 1.624668 1.160563
-0.992976 -1.972795 2.572808
0.001191 -1.784222 2.998879
-0.936349 -2.916670 2.014734
-1.676925 -2.145704 3.413727
-4.526658 -0.117344 -0.639770
0.712988 -0.183199 -1.269961
-0.563072 -0.808573 -0.907371
0.941576 0.393056 -2.592164
3.256280 -1.167590 -1.525948
1.885511 -2.114822 0.264640
4.314776 -1.978845 -1.125587
3.355925 -0.492188 -2.367756
2.959657 -2.912634 0.644978
0.941856 -2.158877 0.795823
4.184581 -2.860163 -0.040971
5.256017 -1.927347 -1.664536
2.845476 -3.588549 1.487243
5.326549 -3.757613 0.362881
6.291770 -3.332552 0.075423
5.330812 -3.936298 1.441708
5.235707 -4.733311 -0.129641
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int2-Ts
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-2.139785 2.182728 -1.230438
-2.292541 1.946275 0.150639
-3.505622 2.146857 0.808042
-4.570613 2.594417 0.028481
-4.432777 2.840958 -1.352884
-3.219163 2.646564 -1.998727
-0.777915 1.902347 -1.520319
-3.608382 1.972750 1.870923
-5.530246 2.768343 0.504032
-5.289365 3.196984 -1.915332
-3.100595 2.847404 -3.057646
-0.220061 2.047290 -2.434065
-1.050712 1.510739 0.666559
-0.154531 1.505076 -0.420310
2.070868 -0.728174 -0.257888
1.255984 1.261499 -0.233871
1.535009 1.669615 0.736743
1.770638 1.809789 -1.023274
1.731212 -2.741682 -0.521706
1.221892 -2.955675 -1.469958
1.109075 -3.142348 0.287178
2.679507 -3.291570 -0.524949
4.884837 0.225807 -0.120134
-1.141019 0.045276 1.732277
0.221446 -0.461241 1.850960
-1.865570 0.558743 2.888982
-2.174470 -1.062600 0.809077
-3.499427 -1.230499 1.223456
-1.674927 -1.690350 -0.337400
-4.330525 -2.058845 0.475121
-3.863776 -0.730211 2.112264
-2.529655 -2.506610 -1.070262
-0.648174 -1.564322 -0.654663
-3.863939 -2.705805 -0.678959
-5.359325 -2.200656 0.791498
-2.152238 -3.000034 -1.960772
-4.765190 -3.619258 -1.468645
-5.818174 -3.360477 -1.331008
-4.532192 -3.583235 -2.536371
-4.633904 -4.657288 -1.140203

N

-2.139785 2.182728 -1.230438
-2.292541 1.946275 0.150639
-3.505622 2.146857 0.808042
-4.570613 2.594417 0.028481
-4.432777 2.840958 -1.352884
-3.219163 2.646564 -1.998727
-0.777915 1.902347 -1.520319
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int3-Ts

@]

T OoOzZzzZzIzIDmIZIIZIZOoOooooon

-3.608382 1.972750 1.870923
-5.530246 2.768343 0.504032
-5.289365 3.196984 -1.915332
-3.100595 2.847404 -3.057646
-0.220061 2.047290 -2.434065
-1.050712 1.510739 0.666559
-0.154531 1.505076 -0.420310
2.070868 -0.728174 -0.257888
1.255984 1.261499 -0.233871
1.535009 1.669615 0.736743
1.770638 1.809789 -1.023274
1.731212 -2.741682 -0.521706
1.221892 -2.955675 -1.469958
1.109075 -3.142348 0.287178
2.679507 -3.291570 -0.524949
4.884837 0.225807 -0.120134
-1.141019 0.045276 1.732277
0.221446 -0.461241 1.850960
-1.865570 0.558743 2.888982
-2.174470 -1.062600 0.809077
-3.499427 -1.230499 1.223456
-1.674927 -1.690350 -0.337400
-4.330525 -2.058845 0.475121
-3.863776 -0.730211 2.112264
-2.529655 -2.506610 -1.070262
-0.648174 -1.564322 -0.654663
-3.863939 -2.705805 -0.678959
-5.359325 -2.200656 0.791498
-2.152238 -3.000034 -1.960772
-4.765190 -3.619258 -1.468645
-5.818174 -3.360477 -1.331008
-4.532192 -3.583235 -2.536371
-4.633904 -4.657288 -1.140203

>
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1.445124 1.062443 -1.166424
1.883361 0.281172 -0.072406
2.567728 0.806454 1.010482
2.797671 2.190027 1.018709
2.358225 2.988947 -0.047318
1.690116 2.446424 -1.145956
0.849671 0.183775 -2.101950
2.890710 0.169704 1.824062
3.324706 2.639229 1.853626
2.550074 4.057948 -0.022572
1.367961 3.075767 -1.968995
0.511021 0.355739 -3.110516
1.510962 -1.087412 -0.302741
0.953798 -1.097542 -1.637826
0.668425 -2.263853 -2.209779
0.906616 -3.171719 -1.687391
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0.196316 -2.233616 -3.179358
0.300330 -1.682287 0.905654
-0.011143 -3.061148 0.530284
0.939719 -1.378569 2.185879
-1.110738 -0.646921 0.643534
-1.131441 0.627993 1.219354
-2.119872 -1.082653 -0.221164
-2.196221 1.472475 0.922735
-0.332267 0.945766 1.878084
-3.173644 -0.218205 -0.500371
-2.070722 -2.071221 -0.661571
-3.228937 1.066347 0.063083
-2.224862 2.464632 1.362965
-3.965239 -0.544084 -1.168426
-4.390363 1.982983 -0.225754
-4.087345 3.033020 -0.193701
-4.828858 1.776631 -1.205686
-5.179949 1.846758 0.523039
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TS2-Ts

-1.529931 0.965374 1.124807
-1.908188 0.149542 0.029985
-2.707311 0.643543 -0.999354
-3.027935 2.003251 -0.989696
-2.619606 2.831636 0.068530
-1.889104 2.321845 1.138557
-0.988038 0.137738 2.150042
-3.004177 -0.007543 -1.812451
-3.592951 2.423309 -1.815524
-2.886357 3.883928 0.056584
-1.595165 2.957344 1.967582
-0.954222 0.376990 3.203952
-1.469398 -1.178964 0.185879
-0.824555 -1.127567 1.776825
-0.217026 -2.167322 2.287951
-0.551126 -3.155171 2.013444
0.666266 -2.005403 2.891673
-0.229713 -1.686537 -0.895709
0.151832 -3.035548 -0.469183
-0.788346 -1.460676 -2.234901
1.138007 -0.578000 -0.640440
1.085526 0.705593 -1.194574
2.197550 -0.974218 0.179488
2.115627 1.598477 -0.916032
0.255951 0.994723 -1.828951
3.218890 -0.064302 0.441841
2.213788 -1.973071 0.597620
3.194690 1.230498 -0.097096
2.081918 2.597608 -1.340427
4.048035 -0.364428 1.075880
4.318969 2.199496 0.170056

ao@@ZozzaoroonoooorvIIraoZzID oD IZIOooooooaaon



H 3.953894 3.229218 0.220349
H 4.834201 1.967574 1.105903
H 5.062436 2.156122 -0.634949

int4-Ts

@]

-2.816132 1.176768 -0.085282
-2.135431 -0.116201 -0.034074
-2.972225 -1.284734 -0.098224
-4.333076 -1.175038 -0.221548
-4.992463 0.088462 -0.281217
-4.245725 1.229288 -0.210277
-2.137925 2.391523 0.003626
-2.506645 -2.262015 -0.073870
-4.929645 -2.081400 -0.278729
-6.071533 0.133342 -0.376573
-4.722926 2.204736 -0.246703
-2.732930 3.305858 0.001027
-0.807853 -0.087186 0.066331
-0.847703 2.591823 0.246376
0.201126 2.923159 -0.366756
1.119462 3.081732 0.194943
0.234715 3.027186 -1.454260
0.087218 -1.453756 0.265470
-0.045795 -1.982336 1.644517
-0.085429 -2.431967 -0.836045
1.716193 -0.727017 0.099022
2.578149 -1.192702 -0.889995
2.113332 0.283719 0.980460
3.852362 -0.632213 -1.001730
2.248719 -1.974569 -1.564925
3.384189 0.834722 0.852616
1.429433 0.641991 1.742101
4.274573 0.385133 -0.137698
4.525147 -0.990323 -1.775870
3.694334 1.625271 1.530691
5.659806 0.974012 -0.244230
6.108420 0.772065 -1.220402
5.644620 2.057215 -0.089109
6.321518 0.547697 0.519269
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TS3-Ts
C -2.803743 1.245235-0.171183
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-2.117390 -0.038821 -0.086107
-2.943683 -1.195628 0.091287
-4.313651 -1.110766 0.007040
-4.978763 0.126833 -0.191419
-4.231369 1.273469 -0.253542
-2.170579 2.491822 0.037220
-2.474467 -2.161756 0.227150
-4.900820 -2.021226 0.088446
-6.059887 0.161038 -0.266040
-4.717736 2.240811 -0.347054
-2.804326 3.378635 0.034721
-0.776448 -0.054993 -0.216190
-0.940616 2.679977 0.467589
0.177425 2.134613 0.157762
0.967720 2.082746 0.904910
0.444241 1.905269 -0.869146
0.096036 -1.436243 0.076885
-0.115400 -1.968735 1.442588
-0.048903 -2.388813 -1.047684
1.740840 -0.735943 0.007523
2.313893 -0.456235 -1.234717
2.410395 -0.438808 1.193720
3.570681 0.141707 -1.280143
1.782324 -0.703585 -2.147187
3.669792 0.157358 1.129674
1.946770 -0.669850 2.146249
4.266848 0.458382 -0.102598
4.020685 0.365500 -2.243242
4.195355 0.392759 2.050739
5.640301 1.079365 -0.166539
5.733635 1.753879 -1.022558
5.869179 1.640952 0.743141
6.408632 0.304725 -0.277191

-2.950337 1.236419 -0.066451
-2.197090 0.050025 0.011403
-2.885718 -1.167201 0.104160
-4.284558 -1.179935 0.018119
-5.021142 -0.007582 -0.148221
-4.337949 1.207099 -0.169391
-2.211494 2.474798 0.141457
-2.364169 -2.105319 0.233745
-4.795751 -2.135708 0.081541
-6.101981 -0.038338 -0.232393
-4.874849 2.149538 -0.237996
-2.789340 3.398566 0.230467
-0.780163 0.203108 -0.024786
-0.953205 2.537315 0.335155

355
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-0.172366 1.304538 0.080907
0.537532 1.230873 0.904644
0.419222 1.507532 -0.821671
0.149087 -1.269312 -0.009651
-0.096952 -1.984348 1.252432
-0.110809 -1.993922 -1.261765
1.809252 -0.658841 -0.028986
2.369863 -0.261905 -1.245432
2.492373 -0.516495 1.179611
3.644905 0.293642 -1.239570
1.818524 -0.389209 -2.170682
3.766047 0.042962 1.161481
2.028841 -0.832054 2.107429
4.358674 0.456623 -0.041368
4.094453 0.606727 -2.176951
4.308379 0.161976 2.094400
5.749487 1.036484 -0.053591
5.859340 1.791974 -0.836436
6.002532 1.491458 0.907386
6.487854 0.250381 -0.251759
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0.756444 -2.071631 0.089995
-0.944359 -0.713633 -0.261989
-0.535145 -1.691514 0.469050
1.288808 -1.121242 -0.888972
1.678491 -1.714836 -1.720191
0.059223 -0.289869 -1.309150
-0.302271 -0.542538 -2.311595
0.256724 0.784732 -1.285247
-2.272432-0.113997 -0.080844
-2.711795 0.898234 -0.949597
-3.126358 -0.538224 0.955505
-3.974251 1.471128 -0.789376
-2.070595 1.240070 -1.755453
-4.383294 0.035964 1.111478
-2.791408 -1.316939 1.632065
-4.813358 1.043312 0.239874
-4.299567 2.252005 -1.469955
-5.031133 -0.299944 1.915567
-5.794848 1.490256 0.365416
2.397842 -0.298307 -0.269032
2.358344 0.056809 1.084697
3.452181 0.160668 -1.066755
3.356378 0.866108 1.628958
1.550794 -0.311920 1.708542
4.449719 0.972311 -0.522996
3.493929 -0.118480 -2.116715
4.403417 1.327774 0.826856
3.318339 1.133957 2.680855
5.264734 1.319892 -1.151047



5.180882 1.955179 1.252508

intl-oxime

(6] 0.804652 0.295801 0.426862
N 1.700858 -0.777485 0.257984
C 2.901240-0.317814 0.187585
Zn -1.459399 0.065496 1.019237
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-1.967596 -1.367838 -0.387037
-1.592817 -2.379492 -0.215046
-1.760046 -1.109399 -1.428249
-1.497320 1.503071 2.483185
-0.663436 1.369307 3.184941
-2.423887 1.492992 3.069644
-1.392933 2.501054 2.041572
4.212901 -1.705109 -0.429937
2.974709 1.190265 0.274517
3.239388 1.611347 -0.702023
3.713362 1.534714 1.001037
1.539791 1.542076 0.695128
1.482052 1.714114 1.774469
4.055955 -1.202771 -0.014552
5.339980 -0.655805 -0.172044
3.899328 -2.601736 -0.055668
6.443261 -1.487641 -0.368890
5.482876 0.419524 -0.144851
5.002354 -3.426327 -0.250524
2.910397 -3.029851 0.068225
6.278779 -2.872943 -0.407924
7.429936 -1.051118 -0.490139
4.869559 -4.503642 -0.279071
7.137814 -3.519822 -0.558540
0.878703 2.669186 -0.053114
0.481389 2.495679 -1.385812
0.673135 3.903655 0.571228
-0.114573 3.546566 -2.083215
0.626999 1.532153 -1.864798
0.084638 4.958822 -0.130000
0.966879 4.037066 1.608788
-0.311912 4.781606 -1.457296
-0.426212 3.402232 -3.113509
-0.071832 5.913409 0.363495
-0.776755 5.598958 -2.000592

TS1-oxime

O

1.108340 -0.898614 -0.920119

glOZ
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0.698036 0.380180 -0.527374
1.638203 1.243661 -0.701277
-1.476665 -1.746999 -0.993926
-1.385899 0.114029 -0.076290
-1.613479 1.062123 -0.556139
-1.153499 0.244239 0.977507
-1.502905 -3.586460 -1.893138
-1.186814 -3.516726 -2.940606
-2.505520 -4.028482 -1.873823
-0.821648 -4.277828 -1.383277
-4.102339 0.017891 0.708347
2.872361 0.609231 -1.303921
3.786732 0.905175 -0.786383
2.961914 0.901054 -2.355969
2.554280 -0.888874 -1.130203
2.732041 -1.453681 -2.047686
1.501892 2.665765 -0.375649
2.459016 3.574554 -0.860308
0.438950 3.146310 0.412677
2.345250 4.935385 -0.579307
3.289178 3.223460 -1.464163
0.332548 4.505308 0.691891
-0.291106 2.454413 0.814556
1.282307 5.404514 0.195125
3.087992 5.627129 -0.964184
-0.489607 4.863795 1.303363
1.196209 6.463927 0.416514
3.262869 -1.534370 0.042849
2.667923 -1.606227 1.307275
4.561334 -2.027938 -0.136313
3.367873 -2.161128 2.381126
1.657586 -1.237192 1.447867
5.260385 -2.580182 0.937822
5.025444 -1.981482 -1.118498
4.664691 -2.647234 2.200417
2.897492 -2.214663 3.358607
6.265359 -2.963469 0.787542
5.206196 -3.080481 3.036104

int2-oxime

(6] 1.228226 -1.380573 -0.601104
N 0.780686 -0.105687 -0.208984
C 1.535407 0.852071 -0.673713
Zn -1.960229 -1.119719 -0.856767
C -0.491788 -0.162715 0.417389
H -0.832959 0.844317 0.634114
H -0.424298 -0.769625 1.322550
C -2.311301 -2.263061 -2.528323
H -1.386788 -2.465646 -3.082591
H -3.008987 -1.761698 -3.209548
H -2.752752 -3.227723 -2.250632

356

i

-4.258877-0.211681 0.811749
2.571522 0.263906 -1.592305
3.543197 0.746482 -1.483301
2.246898 0.360929 -2.635602
2.576142 -1.202977 -1.123971
2.650879 -1.898202 -1.962111
1.396355 2.271554 -0.360336
1.764680 3.212333 -1.340198
0.976554 2.724304 0.905505
1.678480 4.576435 -1.070921
2.105110 2.876277 -2.314371
0.906140 4.088678 1.170361
0.735424 2.011622 1.686000
1.247155 5.017925 0.182380
1.951864 5.293543 -1.838313
0.590712 4.427362 2.152048
1.185251 6.081127 0.392509
3.623477 -1.504688 -0.069885
3.296151 -1.637550 1.282353
4.960603 -1.623669 -0.471522
4.298797 -1.877852 2.225665
2.261028 -1.566223 1.597818
5.960089 -1.863849 0.470951
5.219351 -1.529689 -1.523426
5.630894 -1.989628 1.824030
4.035307 -1.979757 3.274238
6.993161 -1.956970 0.149523
6.408218 -2.178365 2.558364
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int3-oxime

(6] 0.914677 -1.416423 0.195606
N 0.439985 -0.215000 0.744836
C 0.671304 0.813911 -0.019853
Zn -2.094133 -1.653271 1.195168
-0.406813 -0.449695 1.859101
-0.768476 0.501777 2.238446
0.146484 -1.003242 2.619943
-3.253989 -3.296536 1.609130
-3.015718 -3.721438 2.591903
-3.099022 -4.081196 0.858957
-4.319653 -3.038046 1.604907
-2.612595-0.110972 -1.327532
1.283021 0.353213 -1.311347
2.093378 1.004078 -1.642083
0.504484 0.323987 -2.082202
1.768722 -1.059280 -0.931306
1.535028 -1.788240 -1.709173
0.389686 2.205011 0.327230
-0.002356 3.086342 -0.695975
0.570175 2.697782 1.632589
-0.240924 4.428478 -0.409773
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-0.142923 2.713401 -1.704651
0.340587 4.043357 1.908027
0.914873 2.035983 2.419818
-0.072010 4.909835 0.891207
-0.557956 5.098114 -1.202950
0.491376 4.417566 2.915703
-0.253889 5.957329 1.110966
3.233252 -1.122085 -0.551479
3.654595 -1.046701 0.779764
4.187472 -1.213510 -1.572968
5.017904 -1.055053 1.084863
2.921172 -0.995245 1.577437
5.548519 -1.220199 -1.267059
3.864417 -1.280417 -2.609082
5.967087 -1.139481 0.064234
5.336655 -0.998136 2.121496
6.280359 -1.294647 -2.065915
7.026236 -1.147954 0.303640

TS2-oxime

(6] 0.277343 -1.440017 0.288154
N 0.243145 0.087005 0.934365
C 0.735724 0.868778 0.015843
Zn -1.994690 -1.559583 0.835431
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-0.560796 0.143030 1.992276

-1.214121 1.005211 2.053673

-0.261599 -0.402481 2.880819
-2.714397 -3.335614 1.564019
-2.065983 -3.723433 2.357888
-2.762568 -4.085187 0.765779
-3.721805 -3.208135 1.975309

-2.960232 0.443396 -0.953087

0.924332 0.163521 -1.294266
1.784683 0.535525 -1.851116
0.020936 0.283404 -1.901728
1.085833 -1.323632 -0.869099
0.650330 -1.966587 -1.641006
1.112127 2.260300 0.268851
1.366645 3.101780 -0.831994
1.242384 2.784794 1.570895
1.737483 4.430092 -0.634954
1.258042 2.725384 -1.842898
1.631863 4.106161 1.758943
1.047675 2.154599 2.431012
1.875370 4.936213 0.658872
1.918390 5.068124 -1.494206
1.740418 4.493343 2.767217
2.166494 5.970900 0.811281
2.531776 -1.708287 -0.608174
3.036706 -1.808066 0.691602
3.387170 -1.929618 -1.695420
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4.383543 -2.116007 0.901760
2.371615 -1.652707 1.534133
4.731524 -2.238316 -1.486252
2.998809 -1.861388 -2.709075
5.234239 -2.329615 -0.184704
4.766549 -2.190147 1.915575
5.384766 -2.410722 -2.336722
6.280469 -2.570182 -0.020234

int4-oxime

(6] -0.336013 0.939659 -0.503077
N 0.105193 -1.891670 -0.404136
C 1.008949 -1.370785 0.326422
Zn -2.166795 1.501828 -0.653525
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-0.942399 -2.160374 -1.039184
-1.469643 -3.095252 -0.862226
-1.275316 -1.498913 -1.836842
-3.559646 2.881793 -1.220897
-3.091402 3.795996 -1.604305
-4.193041 3.155682 -0.369157
-4.212594 2.481043 -2.005042
3.575213 -1.037153 0.514307
0.527043 -0.383201 1.345775
1.183823 -0.345515 2.215354
-0.477995 -0.668972 1.662866
0.393038 1.049505 0.656861
-0.106144 1.650232 1.441472
2.426704 -1.672700 0.065338
3.436978 -1.150609 0.891231
2.786160 -2.470865 -1.038875
4.776096 -1.409705 0.609232
3.190099 -0.522386 1.736320
4.123661 -2.727238 -1.314801
2.014600 -2.880745 -1.682392
5.122959 -2.194970 -0.491758
5.547296 -0.991543 1.247722
4.390065 -3.338344 -2.171133
6.167864 -2.392735 -0.710505
1.774344 1.660815 0.434270
2.339760 1.684095 -0.843868
2.513028 2.165463 1.512536
3.628941 2.184060 -1.040566
1.752705 1.300684 -1.671402
3.802637 2.664602 1.320885
2.077649 2.160800 2.510066
4.366746 2.671127 0.041270
4.059277 2.191250 -2.038451
4.364807 3.051907 2.166219
5.369838 3.059422 -0.110740
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TS3-oxime

(0] 0.681773 1.417217 0.386523
N -0.646739 -0.853284 1.288336
C -1.266719 -0.901797 0.172974
Zn 2.604343 1.385873 0.110594

T DT ETo@Dno@rocoocooo@@mozorooocoaozromn o o@D Eoao@mDTmOo

0.308541 -0.523598 2.036028
1.194820 -1.158979 2.097860
0.212193 0.340138 2.690226
4.266846 2.545564 0.374460
4.5800064 2.535739 1.425439
4.070997 3.587178 0.093091
5.106475 2.182297 -0.228421
3.085875 -1.639197 -0.359991
-0.600646 -0.188821 -0.970229
-1.224413 -0.242156 -1.860973
0.336467 -0.719069 -1.173382
-0.228779 1.313384 -0.651157
0.179221 1.689187 -1.607630
-2.547931 -1.616504 0.079325
-3.469432 -1.306832 -0.935478
-2.873108 -2.597434 1.035964
-4.695854 -1.966566 -0.987382
-3.251316 -0.529836 -1.658525
-4.091889 -3.262465 0.969205
-2.159711 -2.842335 1.816674
-5.006207 -2.947313 -0.042622
-5.408446 -1.713854 -1.765752
-4.330902 -4.026379 1.702045
-5.958500 -3.466280 -0.092632
-1.523098 2.079472 -0.373655
-1.835893 2.510038 0.918199
-2.442109 2.312010 -1.407290
-3.051688 3.149410 1.178532
-1.108448 2.348241 1.706264
-3.656724 2.949189 -1.151306
-2.202921 1.996493 -2.421053
-3.967333 3.367081 0.146869
-3.282467 3.479785 2.187749
-4.357649 3.123541 -1.962974
-4.912015 3.863862 0.348534

10a

-0.861741 0.860216 -0.065872
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-0.411606 1.268482 -1.194700
0.879755 1.905628 -1.269934
1.541164 1.222688 -1.827701
0.780064 2.828457 -1.850605
1.486966 2.292982 -0.042267
-0.089940 1.022464 1.235362
-0.478398 1.893689 1.774884
-0.234451 0.159085 1.889702
1.393859 1.249832 0.944472
1.878098 1.670427 1.831416
-2.191039 0.186534 -0.031805
-2.875973 -0.021555 1.176080
-2.788463 -0.249907 -1.227661
-4.124977 -0.645452 1.188113
-2.447931 0.313673 2.114687
-4.029466 -0.878945 -1.214108
-2.258222-0.089535 -2.159737
-4.704217 -1.079026 -0.004773
-4.643145-0.791813 2.131068
-4.472599 -1.217190 -2.146193
-5.672698 -1.570158 0.005438
2.182925 0.017887 0.509809
3.551429 0.184755 0.247349
1.615800 -1.248606 0.331567
4.336084 -0.887220 -0.172144
3.994465 1.169459 0.367631
2.400672 -2.327212 -0.087925
0.558244 -1.410370 0.511579
3.760889 -2.150948 -0.339863
5.394209 -0.739549 -0.367621
1.943534 -3.303406 -0.220311
4.369596 -2.989358 -0.665215

11a
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1.221636 2.373884 -0.284166
1.792235 1.374522 -1.292551
1.660498 3.373658 -0.290962
0.130542 2.430156 -0.239306
2.634638 1.718758 -1.892513
1.068903 0.859432 -1.927156
1.756140 1.570720 0.818726
2.283047 0.574226 -0.116027
1.463830 -0.943972 0.155890
1.839405 -1.752153 -1.012452
1.839595 -1.342930 1.515241
-0.284840 -0.611913 0.110975
-0.899200 -0.040776 1.230918
-0.998246 -0.856129 -1.065516
-2.248933 0.288058 1.158776
-0.327785 0.139440 2.133204
-2.350418 -0.524428 -1.112956
-0.502249 -1.306731 -1.917799

C
H
H
C
H
H
H

-2.993907 0.052738 -0.008568
-2.734846 0.733335 2.021991
-2.913670-0.716214 -2.021337
-4.463493 0.386226 -0.058026
-4.806924 0.535034 -1.084965
-5.055343 -0.429896 0.373409
-4.686484 1.288812 0.517938

four TS1
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1.450086 1.771454 0.948717
1.021264 0.531773 1.737878
0.926058 2.699980 1.177749
2.526708 1.931402 0.862980
0.168670 0.659874 2.405340
1.807066 -0.041492 2.230118
0.914203 1.164121 -0.281117
0.558012 -0.049534 0.430632
1.504944 -1.410139-0.215138
1.315925 -2.452413 0.797292
1.020246 -1.556766 -1.587518
3.184949 -0.845452 -0.220792
3.618735-0.015825 -1.261670
4.020037 -1.179319 0.850238
4.914810 0.486263 -1.215029
2.953930 0.226106 -2.082064
5.315024 -0.667665 0.871269
3.663983 -1.834123 1.637756
5.779713 0.171849 -0.152987
5.263432 1.132738 -2.014893
5.974272 -0.924311 1.695040
7.190350 0.702615 -0.135122
7.588440 0.750738 0.881678
7.849948 0.048261 -0.717764
7.245755 1.700162 -0.579841
-1.921715 1.690848 -0.067878
-1.593948 -0.335521 0.191399
-1.605047 -0.872843 1.136945
-1.407141 -1.005352 -0.644725
-2.144911 3.712085 -0.180696
-2.956440 4.058585 0.469550
-2.381396 4.022446 -1.205185
-1.228222 4.232817 0.121145
-4.325724 -0.902538 -0.055438

four intl

C
C

1.391948 1.820257 0.368440
0.976395 0.836460 1.465867
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0.798995 2.732971 0.304759
2.460894 2.020115 0.283331
0.100365 1.106340 2.052557
1.761750 0.427492 2.098910
0.956333 0.854920 -0.657087
0.577719 -0.108973 0.357055
1.841313 -1.595582 0.152582
1.746680 -2.262430 1.452974
1.391869 -2.219171 -1.090786
3.406305 -0.807321 -0.052055
3.767239 -0.334423 -1.320125
4.227772 -0.633583 1.067841
4.984351 0.321457 -1.456741
3.110072 -0.480825 -2.168823
5.441699 0.025907 0.900972
3.929217 -1.020259 2.035850
5.837774 0.511748 -0.355373
5.280282 0.692502 -2.433162
6.093213 0.161791 1.758470
7.167604 1.196528 -0.532546
7.535372 1.611131 0.409281
7.915011 0.480131 -0.894360
7.105089 2.001384 -1.270260
-2.1812751.110790 0.068132
-0.802332 -0.540770 0.271415
-1.007124 -1.088190 1.195830
-0.894274 -1.206227 -0.589564
-2.262852 3.162176 0.196171
-3.289593 3.514129 0.348535
-1.881690 3.633927 -0.718127
-1.657932 3.532444 1.034096

-4.584923 -0.556370 -0.215018

r

1.484313 1.705975 0.818224
1.121796 0.597755 1.806458
0.999080 2.664517 1.016391
2.560200 1.844212 0.672879
0.350096 0.843640 2.534785
1.937866 0.066643 2.296815
0.875224 1.032004 -0.304951
0.506207 -0.244029 0.711154
1.633861 -1.579251 -0.035321
1.670800 -2.577648 1.032994
1.017388 -1.847237 -1.331692
3.212657 -0.804902 -0.206686
3.483701 -0.035951 -1.344051
4.151546 -0.972699 0.817164
4.722881 0.585465 -1.439375
2.736105 0.077892 -2.118900
5.384539 -0.338813 0.696012

=
=
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3.925734 -1.596187 1.674732
5.685351 0.454237 -0.422344
4.949478 1.184949 -2.315736
6.124619 -0.464637 1.480185
7.005231 1.174005 -0.519660
7.322435 1.289578 -1.559353
6.918763 2.179289 -0.089524
7.789931 0.648033 0.030242
-2.097014 1.127776 0.053152
-0.807566 -0.619205 0.806070
-1.182479 -0.618215 1.826646
-1.097620 -1.445762 0.165794
-1.737006 3.146230 0.080242
-2.621791 3.731303 -0.192277
-0.931973 3.373005 -0.627483
-1.413818 3.468023 1.077606

-4.450819 -0.496470 -0.256668

0.909762 2.171996 -0.838614
1.827749 1.044373 -1.382567
1.197630 3.149007 -1.242317
-0.145623 1.987381 -1.057355
2.738875 1.447659 -1.830788
1.345379 0.397586 -2.115524
1.072212 2.147867 0.589523
2.218308 0.285144 -0.171329
1.328978 -1.144848 0.118387
1.598914 -2.006883 -1.039141
1.696957 -1.563091 1.477937
-0.410352 -0.734419 0.100574
-0.998370 -0.200000 1.250559
-1.136755 -0.880737 -1.082551
-2.331761 0.191351 1.204631
-0.422064 -0.099122 2.162792
-2.471852 -0.480665 -1.108871
-0.666198 -1.310446 -1.959498
-3.087468 0.061927 0.027602
-2.795783 0.606191 2.094700
-3.042909 -0.593634 -2.025633
-4.538784 0.470777 0.003169
-5.166112 -0.313546 0.443295
-4.704255 1.382259 0.585011
-4.890793 0.642033 -1.017284
2.176932 1.302806 0.881877
3.124723 1.857053 0.834900
2.056059 0.861538 1.871408

four TST1’
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0.835552 0.567509 -2.078570
1.4862521.739082 -1.341265
-0.093803 0.803875 -2.599065
1.476892 -0.087922 -2.665650
1.120775 2.739406 -1.567089
2.578239 1.712762 -1.343105
0.524111 -0.063631 -0.773492
0.865477 1.196642 -0.088091
1.883634 0.826162 1.285496
2.255035 2.158508 1.767408
1.076532 -0.100469 2.079555
3.311564 -0.009234 0.647877
3.220758 -1.369201 0.329097
4.481990 0.721898 0.420995
4.332455 -1.998389 -0.222014
2.304472 -1.916528 0.516393
5.582377 0.068079 -0.127506
4.527063 1.773473 0.681292
5.525992 -1.294876 -0.456458
4.275855 -3.053525 -0.472436
6.498351 0.624580 -0.301805
6.732291 -2.000388 -1.021681
7.400537 -1.303433 -1.534131
7.305668 -2.476191 -0.216990
6.442040 -2.786795 -1.723936
-2.274003 1.348646 -0.417253
-1.322587 -0.497115 -0.436679
-1.052659 -0.989569 0.495410
-1.353964 -1.212017 -1.258539
-3.125234 3.208441 -0.450870
-3.787677 3.320548 -1.317183
-2.373545 4.005020 -0.496059
-3.726398 3.365711 0.452253
-4.089286 -1.459320 0.183992

four intl’
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0.835552 0.567509 -2.078570
1.486252 1.739082 -1.341265
-0.093803 0.803875 -2.599065
1.476892 -0.087922 -2.665650
1.120775 2.739406 -1.567089
2.578239 1.712762 -1.343105
0.524111 -0.063631 -0.773492
0.865477 1.196642 -0.088091
1.883634 0.826162 1.285496
2.255035 2.158508 1.767408
1.076532 -0.100469 2.079555
3.311564 -0.009234 0.647877
3.220758 -1.369201 0.329097
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4.481990 0.721898 0.420995
4.332455 -1.998389 -0.222014
2.304472 -1.916528 0.516393
5.582377 0.068079 -0.127506
4.527063 1.773473 0.681292
5.525992 -1.294876 -0.456458
4.275855 -3.053525 -0.472436
6.498351 0.624580 -0.301805
6.732291 -2.000388 -1.021681
7.400537 -1.303433 -1.534131
7.305668 -2.476191 -0.216990
6.442040 -2.786795 -1.723936
-2.274003 1.348646 -0.417253
-1.322587 -0.497115 -0.436679
-1.052659 -0.989569 0.495410
-1.353964 -1.212017 -1.258539
-3.125234 3.208441 -0.450870
-3.787677 3.320548 -1.317183
-2.373545 4.005020 -0.496059
-3.726398 3.365711 0.452253
-4.089286 -1.459320 0.183992

-1.109505 2.186801 -0.647228
-2.084507 1.035214 1.167652
-1.206452 2.960108 -1.411371
-0.049109 1.994136 -0.446171
-3.002881 0.901746 1.739134
-1.235238 0.735191 1.788921
-1.746994 1.008080 -1.190468
-2.176695 0.200191 -0.072776
-1.225109 -1.252539 -0.056880
-1.579143 -1.895423 1.217061
-1.493032-1.916170 -1.335721
0.487119 -0.765960 -0.016949
1.123426 -0.417238 -1.212874
1.141117 -0.656360 1.213061
2.430953 0.055013 -1.163961
0.597741 -0.513251 -2.155259
2.452002 -0.184846 1.238488
0.635178 -0.949245 2.126032
3.113585 0.180858 0.057347
2.932573 0.330251 -2.087132
2.968764 -0.100513 2.189892
4.540474 0.667183 0.089888
4.722036 1.420578 -0.681800
4.795849 1.096567 1.062106
5.232159 -0.163127 -0.096336
-1.892689 2.457028 0.629859
-1.354674 3.091598 1.336668
-2.8558122.917209 0.396153



five TS1

T T OoOD @D T O @D OO o0o00000»nwzZzomm T T OO0

N
=)

"D DT O IO

(o<

1.596147 1.991856 0.491996
0.858239 0.304400 1.977158
1.391500 2.965083 0.044431
2.661520 1.753884 0.413446
0.034151 -0.002466 2.619891
1.769291 -0.204800 2.299163
0.820110 1.038265 -0.284130
0.516007 -0.077546 0.566752
1.403502 -1.492913 -0.060928
1.276063 -2.481738 1.013606
0.837159 -1.721500 -1.390103
3.086323 -0.960514 -0.220211
3.469191 -0.268885 -1.375138
3.979598 -1.185706 0.831871
4.771996 0.209150 -1.463262
2.758824 -0.112080 -2.177925
5.279958 -0.699654 0.718442
3.665895 -1.743094 1.707460
5.694353 0.004189 -0.422885
5.081333 0.748430 -2.353628
5.984074 -0.872379 1.526776
7.111797 0.500503 -0.551220
7.157260 1.432686 -1.121150
7.569774 0.666132 0.427329
7.725232 -0.237262 -1.082426
1.059507 1.820474 1.905519
1.754005 2.174070 2.669272
0.106525 2.343964 2.017804
-1.898385 1.652559 -0.205663
-1.625492 -0.345244 0.246036
-1.712093 -0.818254 1.221124
-1.417387 -1.075400 -0.531619
-1.953394 3.666311 -0.530026
-2.829868 4.127097 -0.060220
-1.990346 3.892618 -1.601979
-1.060177 4.151545 -0.117808
-4.362302 -0.929030 -0.133719

five intl

C
C
H

1.629604 1.876761 -0.362856
0.824911 0.803691 1.585832
1.415213 2.605455 -1.145181
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2.708299 1.707915 -0.292846
-0.027021 0.698193 2.254285
1.729386 0.459087 2.085753
0.972931 0.649066 -0.788590
0.570911 -0.075568 0.378587
1.808202 -1.636884 0.398672
1.740426 -2.101683 1.788178
1.315200 -2.439557 -0.720061
3.386963 -0.938648 0.031913
3.734566 -0.723295 -1.306718
4.214504 -0.538475 1.087809
4.941572 -0.090957 -1.581715
3.071685 -1.039410 -2.103115
5.416885 0.091785 0.783684
3.929422 -0.731725 2.115807
5.796438 0.328979 -0.547890
5.225701 0.083041 -2.614932
6.071696 0.403729 1.591503
7.111705 0.992489 -0.862256
7.077904 1.512868 -1.822827
7.394018 1.707624 -0.085000
7.908578 0.241344 -0.922077
0.993814 2.195495 0.981954
1.627942 2.827855 1.605016
0.023259 2.674301 0.845223
-2.244618 1.065636 0.005872
-0.807140 -0.525202 0.210082
-1.049256 -1.131834 1.086604
-0.841527 -1.146095 -0.686746
-2.503228 3.104868 0.147936
-2.326745 3.457052 1.172253
-3.525950 3.388873 -0.126219
-1.819018 3.652684 -0.512392

-4.619899 -0.659405 0.281000

1.408183 1.932401 0.598516
1.029245 0.171624 2.179814
1.059442 2.905011 0.232018
2.504699 1.885013 0.517372
0.462857 -0.231120 3.017448
2.064792 -0.160531 2.258542
0.794661 0.933236 -0.187734
0.454207 -0.390230 0.915094
1.556933 -1.667889 0.053627
1.717774 -2.679567 1.099317
0.850483 -1.952545 -1.192149
3.099779 -0.857389 -0.250935
3.262737 -0.109453 -1.423029
4.129439 -1.004276 0.682854
4.485075 0.509117 -1.645796
2.443600 -0.007350 -2.123183
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5.345569 -0.369957 0.436272
3.987898 -1.611766 1.569514
5.541524 0.393806 -0.722728
4.626831 1.094727 -2.549181
6.152992 -0.475300 1.154040
6.861929 1.065047 -0.997866
7.397376 0.538868 -1.796818
6.715799 2.096407 -1.333576
7.502755 1.074292 -0.113180
0.956340 1.690280 2.041899
1.600208 2.182685 2.774121
-0.072280 2.029653 2.191658
-2.019470 1.081322 -0.053876
-0.876861 -0.705337 0.876858
-1.363628 -0.739012 1.845708
-1.153812 -1.456068 0.144856
-1.823998 3.118246 -0.269818
-1.378701 3.569629 0.624176
-2.792330 3.598665 -0.446117
-1.169309 3.336450 -1.121345
-4.405897 -0.529542 -0.363871
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-0.775128 2.382967 0.047248
-1.973593 0.646232 1.417249
-0.639834 3.452108 -0.143942
0.202530 1.956814 0.310436
-2.871974 0.448051 2.008375
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5. NMR spectra

3-Phenyl-5-(triisopropylsilyl)isoxazole (4p)

'"H NMR (500 MHz, CDCl;)
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8-(4-Chlorophenyl)-2-phenyl-4-(trimethylsilyl)-3-vinyl-2,6-dihydro-1H-[1,2]azaborinino[6,5-¢] [1,3]oxazine (2)
'"H NMR (500 MHz, CDCls)
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"B NMR (160 MHz, CDCl;)
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4,6-Diphenyl-2H-1,3-0xazine (5a)
'"H NMR (400 MHz, CDCl;)
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6-Phenyl-4-(p-tolyl)-2H-1,3-oxazine (5b)

'"H NMR (500 MHz, CDCl;)
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4-(4-Chlorophenyl)-6-phenyl-2H-1,3-oxazine (5c¢)
'"H NMR (400 MHz, CDCls)
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4-(3,4-Dichlorophenyl)-6-phenyl-2 H-1,3-o0xazine (5d)

'"H NMR (500 MHz, CDCls)
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6-Phenyl-4-(o-tolyl)-2H-1,3-0xazine (5e)
'"H NMR (400 MHz, CDCl;)
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4-(tert-Butyl)-6-phenyl-2 H-1,3-oxazine (5f)
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'"H NMR (500 MHz, CDCls)
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-0oxazine

4-Cyclohexyl-6-phenyl-2H-1,3
'"H NMR (500 MHz, CDCls)
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Ethyl 6-phenyl-2H-1,3-0xazine-4-carboxylate (Sh)

'"H NMR (500 MHz, CDCls)
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4-Phenyl-6-(p-tolyl)-2H-1,3-oxazine (5i)
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6-(4-Methoxyphenyl)-4-phenyl-2H-1,3-oxazine (5j)
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6-(4-Fluorophenyl)-4-phenyl-2H-1,3-oxazine (5k)
'"H NMR (500 MHz, CDCl;)
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4-Phenyl-6-(o-tolyl)-2H-1,3-oxazine (51)

'"H NMR (500 MHz, CDCl;)
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6-(tert-Butyl)-4-phenyl-2H-1,3-0xazine (5m)
'"H NMR (500 MHz, CDCls)
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Ethyl 4-phenyl-2H-1,3-0xazine-6-carboxylate (5n)
'"H NMR (500 MHz, CDCl;)
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4-Phenyl-6-(trimethylsilyl)-2H-1,3-oxazine (50)
'"H NMR (400 MHz, CDCl;)
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4-Phenyl-6-(triisopropylsilyl)-2 H-1,3-oxazine (5p)

'"H NMR (500 MHz, CDCls)
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5-Bromo-4,6-diphenyl-2 H-1,3-0xazine (5q)
'"H NMR (500 MHz, CDCl;)
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Ethyl 4-(4-chlorophenyl)-6-phenyl-2H-1,3-oxazine-5-carboxylate (5r)

1
H NMR (400 MHz, CDCls)
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4-Phenyl-2H-benzo|e][1,3]oxazine (5s)

'"H NMR (500 MHz, CDCl;)
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Ethyl 2H-benzo|e][1,3]oxazine-4-carboxylate (5t)
'"H NMR (400 MHz, CDCls)
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(2H-benzo[e][1,3]oxazin-4-yl)methanesulfonamide (5u)

'"H NMR (500 MHz, CD;CN)
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2H-benzo|e][1,3]oxazine (5v)

4-(4-(4-phenoxyphenyl)-1H-1,2,3-triazol-1-yl)

'"H NMR (500 MHz, CDCls)
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13C NMR (125 MHz, CDCl;)

¥5°05 ——

06°9L
oa.th
‘:u.t.\

867 28T ——

68°G9T ——

ppm

40 30 20 10

50

70

0 100 % 80
387

110

120

T T T T T
180 170 160 150 140 130

190

200




HE-
&’

ine (7b)

imi

4,6-Diphenyl-1-tosyl-1,2-dihydropyr

'"H NMR (500 MHz, CDCls)
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1-Methoxy-1,2-dihydroquinazoline (7¢)

'"H NMR (500 MHz, CDCl;)
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1-(Benzyloxy)-1,2-dihydroquinazoline (7d)

'"H NMR (500 MHz, CDCls)
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Quinazolin-1(2H)-yl 2,4,6-trimethylbenzoate (7e)
'"H NMR (500 MHz, CDCls)
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4,6-Diphenyl-5,6-dihydro-2H-1,3
'"H NMR (400 MHz, CDCls)
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6-Phenyl-4-(o-tolyl)-5,6-dihydro-2H-1,3-oxazine (10b)

'"H NMR (400 MHz, CDCls)

4

42
8vL”
eGL”
6GL"

NN N NNN

N O i i e e S o e o e e S T T R To TR To I To TR T B AR

=" N\ \e=—=" ~y

Ph

JL [T A

£
a
o
- ™
Fo
L'e
86°L
F o
=
00°L
-
'L
00°L
o
F~
896
=
—
— o M
)
«
N
=
. =
u
o
—
-’
&
.z
o
o
-

GZ°07 ——

68 LE ——

LOTEL ~—t
787 9L
mﬂ.EW
LprLL

TL T8 ——

687671
S.mﬂ/
667977 —=
€1°82T —5=
wr.mﬁ“
0z 1€1

TZTeET

6T 0FT 0
T TR —"

207997 ——

el N

ppm

40 30 20 10

50

190 180 170 160 150 140 130 120 110 100 90 80 70

200

393



(10¢)

-0xazine

6-Phenyl-4-(p-tolyl)-5,6-dihydro-2H-1,3

'"H NMR (400 MHz, CDCl;)
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3-Tosyloxazolidine (12a)
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3-((4-Chlorophenyl)sulfonyl)oxazolidine (12d)

'H NMR (500 MH
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3-((4-Methoxyphenyl)sulfonyl)oxazolidine (12¢)

'"H NMR (500 MHz, CDCls)
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2-((4-Methylphenyl)sulfonamido)ethyl formate (14)

'"H NMR (500 MHz, CDCls)
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3-tosyl-1,3-oxazinane (15)

'"H NMR (400 MHz, CDCl;)
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Scheme 6-1. Synthesis of Tri-substituted Isoxazoles by Suzuki-Miyaura Coupling Reaction
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Scheme 6-2. Propargyl Aza-Claisen Rearrangement of 4-Propargylaminoisoxazoles
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Scheme 6-3. Synthesis of Isoxazoloazaborine via Propargyl Aza-Claisen Rearrangement
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Scheme 6-4. Ring Expansion of Heterocycles through Methlene Insertion Using a Zinc Carbenoid
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