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Abbreviations

Abs
abs

Ac

Ala

ag.

Ar

a. u.
Bn
BINAP

Boc
bpy

br
BRSM
BSA
Bu

CA
Calcd
CAN
CB
CBB
CMD
cod
conc.
Cp*
CSA
Cy
Cy3
d

D

d

A

absorbance

absorbance

acetyl

alanine

agqueous

aryl

arbitrary unit

benzyl
2,2"-Bis(diphenylphosphino)-1,1'-
binaphthyl
tertiary-butoxycarobonyl
2,2’-bipyridyl

broad

based on recovered starting material
bovine serum albumin

butyl

centi-

degrees celsius

bovine carbonic anhydrase Il
calculated

ammonium hexanitratocerate (1V)
cannabinoid receptor

coomassie brilliant blue
concerted metalation-deprotonation
1,5-cyclooctadiene

concentration
pentamethylcyclopentadienyl
(+)-10-camphorsulfonic acid
cyclohexyl

cyanine dye 3

doublet

debye

chemical shift in parts per million
heat, delta

Davephos 2-Dicyclohexylphosphino-2'-(N,N-

dimethylamino)biphenyl

dba
DBCO
DCE
DCM
DDQ
DFT
DHP
DIEA
DIH
DMA
DMAP
DMF
DMPU
DMSO
DNBS

dibenzylideneacetone
dibenzocyclooctyne
1,2-dichloroethane
dichloromethane
2,3-dichloro-5,6-dicyano-p-benzoquinone
density functional theory
dihydropyran
N,N-diisopropylethylamine
1,3-diiodo-5,5-dimethylhydantoin
N,N-dimethylacetamide
4-(dimethylamino)pyridine
N,N-dimethylformamide
N,N'-dimethylpropyleneurea
dimethyl sulfoxide
2,4-dinitrobenzenesulfonyl

DPEphos 2,2'-Bis(diphenylphosphino)diphenyl

dppBz
dppf
E

€
emis
eq.
Et
EWG
fac-
g

G
GC
GPC
Glu

Hal
HAT
HPLC

HRMS
Hz

Ether
1,2-Bis(diphenylphosphino)benzene
1,1'- bis(diphenylphosphanyl) ferrocene
electrophile
molar absorption coefficient
emission
equivalent
ethyl
electron withdrawing group
facial
gram(s)

Gibbs energy

gas chromatography

gel permeation chromatography
glutamic acid

hour(s)

halide

hydrogen atom transfer

high performance liquid
chromategramphy
high-resolution mass spectrometry
hertz



ICso
IPr

IR
J

iSO

half inhibiting concentration
1,3-bis(2,6-diisopropylphenyl)-
imidazolium Chloride

infrared

coupling constant

Johnphos 2-(di-tert-butylphosphino)biphenyl

NBS
NHC
NIS
NISac
NMO
NMP
NMR
Nu

OVA

liter(s), ligand

liquid chromatography
light emitting diode

lithium diisopropylamide
lysine

moles per liter, metal
meter(s), milli, multiplet
meta

micro, dipole moment
maximum
meta-chloroperbenzoic acid
methyl
2-(N-morpholino)ethanesulfonic acid
megahertz

minute(s)

mole(s)

mass spectrometry, molecular sieves
microwave

nano

normal
N-bromosuccinimide
N-heterocyclic carbene
N-iodosuccinimide
N-iodosaccharin
N-methylmorpholine N-oxide
N-methylpyrroridone
nuclear magnetic resonance
nucleophile

frequency

ovalbumin

para

Pent
Ph
phen
Pin
Piv
ppm

ppy
Pr

PTLC
Py
Pz

quant.

RET
r.t.

SeAr
SNATr
SEM

t

t-
TBAF
TBS
temp.

pentyl

phenyl

1,10-phenanthroline

pinacol

pivaloyl

parts per million
2-phenylpyridinato

propyl

preparative thin layer chromatography
pyridine

pyrazole

quartet

guantitative

functional group

wavelength

rearranged during transfection
room temperature

singlet

electrophilic aromatic substitution
nucleophilic aromatic substitution
2-(trimethylsilyl)ethoxymethyl group
triplet

tertiary

tetra-n-butylammonium fluoride
tert-buthyldimethylsilyl
temperature

TEMPO 2,2,6,6-tetramethylpiperidine 1-oxyl

Tf
TFA
TFAA
THF
THP
TLC
™
TMS
TMP
Ts
Tyr

trifluoromethanesulfonyl
trifluoroacetic acid
trifluoroacetic anhydride
tetrahydrofuran
tetrahydropyranyl

thin layer chromatography
transition metal
trimethylsilyl
2,2,6,6-tetramethylpiperidine
p-toluenesulfonyl

tyrosine



SAv
SNAT
SeAr
SEM
SET

< X =

streptavidin

nucleophilic aromatic substitution
electrophilic aromatic substitution
2-(trimethylsilyl)ethoxy methyl
single electron transfer

ultra violet

watt(s)

halide, leaving group

leaving group
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[Heterocyclic Chemistry (#585{L7) | ITEFRBRILAEMO A, Kk, B L OMREZ 65 &3 5%
MfE CTdh 5, EREFOREEIT, AT ORI H - 5 1818 45, Brugnatelli 737 = 4
FHBEL7-Z SICHmERT DY, TR, B2 ERREE M OHEE - Ak X OSHEFEIT DN
THEMEA R ANEAERON THEBRLFIIRE L TE 2, £ LT, &<I220 A EIX0EE, A
DFTRIONTALEWNEREIES & UTHEBPIZIEH SN D L1220 BRI FITE RN,
MBBRFE DR Z 72 LTV D, 2D Z e HERILTO I bR BRIIARITEOMMmD 15
LEZD,

12— 7 V' —/LiE, 1883 4EIZ Knorr 35 Y — L DA EZHE DL Tk, 5 HIZE S F T 130 4F
KV ORWELZ b ONT B RILAEH TH D, 1,2— TV —/id, BNICE R R L ERE
FZ—~TOHRTEEELD, AGRBRICE TS ZOREMRNNEETH D=0, Z OGN KR
WZHONDZLIEFWHTH D, ZORELEETARILTFE OB ZEZ ST, HFEBRLEME LT
DRGSO L, BREFIEDOBTEN I, 12— 7 YV — Vb5 O FBENZE T,

EHPHFBIZ B W I RRITAAET 2 EIEEME A2 TR L 32 Z LB Z o Tclod, RRITIZ
EAEFELZ W 12— 7 V= ADREREELHBICHWOND Z EFmTh o7z, LLaens, =
YEFRUTNATIARNY =N A= R == T LW o T H A8 A ST LR,
12— 7 —EHME L U B RIEMSOME D TRV AICBRB SN L O I o7, Tk, E5—
AT AR FRERICHRT 2R RAMERCL K OEMELZEH CTE 2R EOTLDTH DL, TDD,
SRR SEWR 12— 7 — NV EREHICHIR CE L, DI OFRILAEMORIHIZ 7R3 5 i
FFCE D0, 1EROEBIEILIE M FLE ANRE O &R O AFAE S MEICHELZ R L T,
S O REE 2 FEER B IEIRE LTEL, HLWAEKT 7 e —FnRdO o Tnd, 2, X
BT CTL2—7 Y — AR RISEEZTRT 2 E b HE SN TWVDHN, FMARELIZZ L, 20
HEREDFIHESND ZEBIEEAERD ST, ZOXIBREFOT, KL TIET Y —1LEROk
PEMZHAE L Lz 12— 7 Y — LV OFRAREORRE L. JUSEMES & L TCOFRIHERE L7z,

1—2 ZERELSNIBERRILEMDOE BN

Exto@y | ZEREMMEL SN EBRILEWIIAENE D 7 & L TR SN D08, Tl B R IR
SNCEREEN T OMREICHE TH 2 LRIRFIZ, HEBRARD ELRERIUKES S FLHL TS,
BRBRILOYM 2 A & LIOFHA LS Z RIS 2 1T, 1) e REMEEM OISR LR TH
. 2) EIRTEREHZHE TS 2 FEIAMAEREV, LTS, ZERMMLSNIEHRZRILE
W D& PRI 22 i~ 5

1—2—1 RFEHBR L O & BRI

AR Tld, HEOERIMEYZREE LT, ZNb 212 2 & THIERFKZEKT D
(Figure 1-1) , AEREZICIHWTIE, BT o 770y 7 ORENRES ThH Z L0, Shk/E il
EHTHENT 47Ty 7 @R TEETX D EEEOEmOTIEN RO LD,



Construction ?
of Heterocycle Core
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Figure 1-1. Construction of Heterocycle Core from Multicomponents

ARG HRIE DRFE L LT, ZEREREERAMETE L2082 T 6N I, Kumar b, 7 ==
e RrF LTI )ETEFLIVDHARVBIATFARNL=re 34l LT-0b, Zh
ET LA LDOBRILMINZE D AFY VU5 &L, St RYBRIRKISIZE Y | 2 BRUEERRILED
6 21TV, SHICZObEWELEPHIESE LT, fxORMEFTIHRLBHRERLITV, £
NENR DB Z SO 3BRIEEEY 8-11 ~&LE T\ % (Scheme 1-1) 4,

COZMe
*
NHOH CO,Me
1 2
R1
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o R%0,C R? N0 R
@ g 4 —
N~ —_— MeO,C R2
|
Meozc)\/COZMe MeOZC 5 cost
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Pericyclic
Rearrangement
CO,Me 2 2
o 2 R1B R
Y NaH P TFA [ SOMe
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A 3 R1=R2=H N H H C02Me
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10 1

Scheme 1-1. Synthesis of Structurally Diverse Heterocycles via Three Component Coupling

KRERRIEISIT, BONDILEMDOERD LI TH D120, BEEs A3 2 FllE & Of 2
LTWb, ZNEEHLEZ—FE LT, Miller 51X 350 7V 712k, HiH 3IEEEY Y Y
= LM 16 DARIZEZI LTS (Scheme 1-2) ¥, F72bh, 7 vrm U K12 L RigE7 V¥
13 WD v 7V U IROSICE D HERELTA /v 14 L LE=Db, b7V =0 A5 4E T TBIR
TIVUIB ERIGSEDLZET, 3RMEEY V=LA 16 AL TWD, 612, Foifbd
Mot BrEOFOOEIEIFNETR L, DOKICARERIEREZ L oMFE 16a 2 RHLTWD,
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N
2 mol% Pd(PPh;,),Cl, [MQ RZ R R2 R
0 4 mol% Cul 15 ® z
R1”\c| + =—R2 > R1J\ N\ ®N\|
NEts, CH,Cl,, rt g2 10 mol% AICl,, t [M m= ° 1 2 <__N
then HCI n
12 13 14 16a

R'=Ar

Water-Soluble (Amax, em = 498 nm)
R2 = Ar or Cyclopropyl

Luminophore
Scheme 1-2. Synthesis of Tricyclic Pyridinium Salt 16 via One-Pot, Three-Component Coupling

RIS FI T, BREMEERRILAY D 2 TR TARINTWAKE, & bR DFERMbETT
BRI DO SR E 72D, TR0 b, FIUEBICEZERRERELEEIE WSS, 3 2D
wfﬂzowf%liﬁﬁﬁﬂ%@&ﬁéoé%uﬁgﬁﬁkbf\éikLT@%%KEUV

R EOBEBHENEZELB I T EPRINLIN, FREE LTS 2 20D, Ao r
U Y UBRH ORI Z DT IATEICERL A EATE N, 20X 51T, REIKIZES < GRUETIX
R EOEBILOAMECHEED LI LITHIR S5,

1—2—2 BEEOEREIC L 5B R

AREMETIX, & D2 LOFEPIEE SN ERBRLAWITKR LT, &R R AN E R 6
HAb3 5 (Figure 1-2), AEERS CIx, HFLEIZEE SNLD b OO, BEHFE W-Z IZH Y3 5 FEt o
AFNIIRIIR S T D 2 LM% < MBI & R C & AU TR COBBARAIH A Al HE
2725, £, HOAKISIC L > TUISHRBERRAEZEATE 5, FTRTIE, FOLEH ORISR
st U CiEHLIL W-Z DN EEIDDOEFRIIICEA I TR Y, BT 2580 2N E2EHR LakiEd H
HINTWER, ZOREIETLOBERBILEMITIRTET 5, T7bh, AEKKIZE WO CITEFRR
LB % BHAERT 2 SUSRME L T2 D503, T OB OHS) EIIERBEMIEKTT 5,

? Direct ?
Functionalization
0--0 S ol
+
e z

Figure 1-2. Sequential Direct Functionalization

AT R E SN D ZERE L SN E~AT e FEFRILAEDOARICBNTHLAHATHD
O, —fil& LT, Gaunt H1EA > R— VORISR EZBRE LT L2 TT o 7 F AT NY > B27)
DA ZEER L TS (Schemel-3) ", T 726, AFES4—T7TaE A F—/L(17) % HFEHR
BEE LT, M523 B IZBRSE L 728ftiiiic X 5 30207 U — A bk 9L | Bi(OTH)s 2 filfit 9 & 425 24
DT VMEIZEY 19 ZKEGHR LT, HWT, AU D0 AlllEE AT 7 2R b Liz0b,
ARy TV TR ED TR 4—T = WV EEA LT, 55722012k L, N—7
xR AL E | ALDRFELZ BN ET AR v 7V T EATV, 1L E AT ERIE A S
ALT23 L L7, ZHICxH L, 6 WOEIREZe T aelbl . St k5 A v OB AR T
VIR MITITHI 2 T24 %4572, SHIC, 240 = b K27 ¥ REIEHB L0, &iRNE
SMETFTT Y FEOHIRIZE >THELDFTA FLrd, 5FH CHFFARIGIZEY 56i&27 2 /1L

4
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LT26 & L7, wZIC, 4 BBEOEREEREZRTCT 4 7T AT R v BRIDEGEZIEML
7o RERIEORME LT, BHINTEFEERDOIZEAENATES THDHZ L0, FEK 26 £TO
BLENT T AR =L TEMINTND Z &, FHREBAILNES THLZ ERET NS,

MeO,
Br ‘ Ar,I(BF,) 1) Ircat. (BPin),
3 s (A’ 4-Anisyl) Arcoc' Q Br, 2)Pdcat An  MeO
/ 6 O
2 H 17 5 mol% CuCl / 5 mol% B|(0Tf)3 Q C7 Borylation

; Arylation
17 C3-Arylation C2-Acylation
4;8- 63‘%; 19: 57% 20: 63%
g scale 33 g scale 4.7 gscale  OMe
ArCH,CH,Br .
K,CO; l N-Alkylation
O'Bu
1) NBS Q\No2 Q Br
2) NaOMe BPin o,
Cu cat.
- e S
C6 Bromination Pd cat. Q
; Etherification C4-Arylation
OMe 24:81%
1.5 g scale OMe 3. 93¢, © 21: 83%
1.5 g scale 2.0 g scale
1) Hy, Pd cat. [ 2) TMSN;
‘BuONO
180 °C
—_— —_—T
s —_—
C5-Amination 4 steps
OMe
OMe 25:95% OMe  26: 62% OH
1.3 g scale >1.0 g scale

Dictyodendrin B (27)

Scheme 1-3. Total Synthesis of Dictyodendrin B by Gaunt

PLERAR7Z18Y | ZERELEINT-EEZRILEY OGN & LT, RFEROBERER L L L
THFETAEDITH D, RETIEFOFFMIZOW AT 5,

1-3  (~Tnr) FEERLEMDENE

ATEI TR 7218 Y . BERMEZ b OERRLEW OFZREAIMICHT- > T, BEHOEREL
IANR GRS T D, ZOREKE LT (T n) HFEEILEMERET H L, HHEROEHR
FEEAEE LT TFORGAEICHWSNS (Scheme 1-4), T 72bb, (i) HART =42 LRE
TFH & DOFUR, (i) HEBEKREFERLUS (SeAr KO8, (i) BEBRSREAMEL WS 7 a2 v
VU I RISETH D, LT, (iv) EBREREMEE WD C-HME O EEEREALIEN KA
INTWVD, T, ZNENOERXD KIS OWTIRR S,



———— E (i) Aryl Anion

E R
e ®_E (ii) SgAr
X=H

R'-X R

— R' (iii) Cross-Coupling
cat. TM

X =Hal, M

R'-X R
— > R’ (iv) C-H Functionalization
cat. TM

X=H

Scheme 1-4. Functionalization of Aromatic Compounds

1—3—1 HINRT = LREFH ORI

(~7r) HEER EORRZIRT IS, BRAICABRDHIE L2 WVART =4 58 30 1%, R
IZE DT e hAbona 7 v — & RARHSSIC X > T EBIRICHR TE 5, ATEMERO &
REMEZFIA L, a2 RBTAIE RIS SE D 2 & THERICH L CEMEERERLNEA T
B2, RFETFERILEYOEMEE LR FIH S TWD (Scheme 1-5),

R-M R-H

Scheme 1-5. Functionalization of Arenes via Arylanion Species

LAY 72 FVE TIERIE R A2 W TS Z 3T 5 720, IRWVERBREFFAMENRI-E & 72> Tz,
Z OMEE RIS IEFETIE L VRS TRIGTE 2REOBRFE NS, RFIEOILE
FFPHIZBIEVCILR U7 19, KFEIZ LD ZEWA~T 0 FEFEFRIEW DA G % 779, Knochel 513
20U NI, BALCANT 4 = VEERTH A4 I 4 Y —)L 32 2R e LT, @SR
AIF YN TR LOPFHERETH E OIS EBRNITI Z LT, 4 IX Y —LDOKK
FEICEBRLZEANL TS (Scheme 1-6) W, F72bb, FFEHE 32 IZx LT, HHEE LT
TMPMQCI-LICIPZ A ST AN DRE LICHNVRT =L 2 RESEZ0L, 7Y —nANFA R
34 LDOWFEIZ a AT Y TR E D BT U — K 35 215 TV 5, fiel T, 2k LT turbo
Grignard X3 (PrMgCI-LIiCl) ®Z{El&E, ANLKRFY R—< R T LN L0 DILRT =
Fr 3@ EFHLI-OL, WEI/aAD TV U TRISERNTS AT UV —LiEE 538 L LT
W5, BIZ, TBAFIZ XL B2 U VEEDRRE & TMPMQCI-LICI Z Wi~ e ko Akic kv, AR
T=A 39 AL, TLTE RAIHNEESZ L TREMRA IZ =LA AR LTS,
6
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o, 5[/ \2 .Li Mgl 4 i 0
‘S’(N)\TBS TMPMgCI-LiCl 34 PrMgCI-LiCl N
5// \
[Mg] N)\TBS

N
] —_— O. /Z/_\ _— —_—
An éOzNMez 'S N)\TBS ZnCl O, /’;l
An ntl; g >~1Bs
22 N SO,NMe, Pd (PPh;), Ad N

$0,NMe, $0,NMe,
(An = 4-OMeCgH,)

33 35: 72% 36
,_@_m zZnCl,
Pd (PPh
37 (PPh3),
F3C, F4C F4C,
QO] o e Y
2) TMPMgCI
40
/ﬁ\(@ - B -~ B
oY Oy Sa
cl | OH cl $0,NMe, ¢l $0,NMe,
Me,NO,S
41: 92% 39: 80% 38: 80%

Scheme 1-6. Full Functionalization of Imidazole via Imidazolyl Magnesium Species

DX, INVKRT =F U ERE A E ORISITZESRA~T 0 B EFHRILEM OGN T
AR FETHD, LLRBNL, ~T o FHFRIEEMN O INVRT =4 AT 58, A ¥
IMEIZ X BBARS LIZ LIXME E 725, il LT, A% — L (42) DBHERIZ DWW Tk 5 (Scheme
1-7a), AF¥H YV — /LI "BuLi #EHS®E5 &, 2 CTORTm hABIZK Y, 2—FFH VU LY F
TANBPAECLB, ZOHNVRT =F ANIEORBRETH L= ) 7 — 44 L OFERREBICH 5 2,
728, Mongin X2 DIREWDO HNMR ZHIEL, =/ 77— 44 DR EFH L TWD ™D, Z iz
®t LT, Pirrung H1Z7 vl REERHSELEZA, =/ 7= OHRBT A7 Y RERER
LCT X — MR EGONT-Z EERE L TWD 159,

(a) Lithiation

N "BulLi N eC‘SD AcCl %‘[&D
THF Li—Q rt AcO
42 78°C 43 44 45: 75%
(b) Zincation
N TMPZnCI-LiCl N PhcCOCI Ph ';‘ \
A [ 2D o
THF, 0 °C cat. Pd(PPh,), o
42 46 47:73%

Scheme 1-7. Deprotonative Metalation of Oxazole (42)

BHER 2 it~ % Fyk & LT, Knochel & 3HihT X REHW D FiELA#HE LT\ 5 (Scheme 1-7b)
B, bbb, WHAMAICE% L7z TMPZnCLLICI 2R L THWS Z &gk, %0y —1
OBIBRDINHE S, F<REDT > 7V 7k Bl 2—T 2 AF Y —/1 47 OFRRICEE) L
TW5, ZOHITRLIZEY, ZNETHLRT =4 OFMNRRE L SN TET-~T a5 EKEL
EMTH, WU B DT A ELY YT N reRETH LT, REEROSREIHI LoD, K
BAFHE DRIENEBRTELLGENH D,
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1—3—2 FHEREFEHRRG

FEWSRE ERSE, FEREEMOEREIEE L TESDLLHWLN TN TETHY |
HEOETHERICE SO TERAERIOICERLZEATE % (Scheme 1-8), ALK E 1l
Ik LT, BEBECAYNRER B 2R 242 L THEITT 5, LERn-> T, REHEORWHEFERL
EMOERERICE L X, AKFEOHEHITZ UIEUIERE S 725, F72. Lewis fRlZ L 0 REAl %2
TEMEL T 2854, Lewis HEIEMEDEREELRS, Lewis F2IC L VR A HRER O E L R L 72 5,

Scheme 1-8. General Mechanism of SeAr Reaction

B, ARIETIHEE ERBTA ENISE LT, ATFFEOT L= A 4 48 BHRE L L
THELEDOD, %%?b‘% i@@@fz%@hﬁ ELTHu bRl L CTREERPIEOND, 2
[FEEDOIEADOKRE LT, nfgtheE%E Lewis i 75 R 7 U — /ALIERERE S TS 1),
—fFl& LT, Nevado, Echavarren X7 2/ 3L X1 7 =1 49 Ot Ka7 U —/ bz #s LT
V% (Scheme1-9) 8, 470t EBERAMMIZ LV REFICTEH LI N T VR TR L, 55
FBEREAL N RGBS 5 2 & CBRMEOFBIA L BNEL 5, Z0%, HFEKRIEORIE &t FA
PPN S, Yk FaX ) U B2 B3 G6N05, RISKIEOBREFERNG, B ke Y b—/l/ﬂi}iﬁl?
B AL LT, BF A UMESMAERERVEEE O EAURENR TS, A (D)t
TV 2 OREFHNEMEL 2R & Lo AR RS X, 2000 EARMIER L 0 SO 58 8 & 2% 7‘ T
ETII R A I T HEHER B AEROERICHN G TS 9, 7ed5, Scheme 1-9 H1 Tl
TV S VHRDSSREAEML, HERBRDPREINLE LTS L, BF A MO HEIK 51 %%Tﬁf‘%ﬁﬁ
ILEWPER SN TERY . Kia X TIEZ DIBEROIGE 5 E G REFEBRREOR & K5,

OMe OMe OMe

®
J| cat. [M] J |"[M] ~-M| N
N PhMe ®N M ® N
° OMe TS Ts OMeTs

OMe Ts T°C

OMe
49 51 52
cat. T (°C) Yield (%)
5 mol% PtCl, reflux 17

3 mol% [Au(PPh3)Me]

6 mol% HBF, rt "

Scheme 1-9. Hydroarylation of Propargylaniline 49

FEREF BSOS ZREEER R A OERIZB W T LA M ThH 5, Echavarren B, 57
FRCTNVFR=NVEERT DA R—A 5315 L, @il S22 & TI3mMEEHEEMmEL
TUW2% (Scheme 1-10) 29, Z ®EE, Johnphos Bl 1 & 9~ 2 & ()it 2 Hv 2 & 7-exo-dig BR1L 23
HEAT LT 54 M3 62 D% L, Hfba() A ikl & 9% & 8-endo-dig BR{b25HEAT L T 55 23 18R
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WZELNTWD, JRRIZEN TRV, IS X o TERAUAZE 23HIE S 1 25 RITBBRTZR N,

COZMe

5 mol% _DNBS o. o NO,
[JohnphosAu(MeCN)]SbFg N \{\S"
> A\
CO,Me DCM, rt, 82% H NO,
DNB
N-DNBS 54 s
N \ |
NN\ MeO.C  pDNBS
H N Bu
1 \\
53 5 mol% AuCl, W Bu—p
- (I,
DCM, rt, 75% tH
55 Johnphos

Scheme 1-10. Gold-Catalyzed Intramolecular Hydroarylation of Indole 53

1—3—3 BBERMEZRAWE /Xy YT

BERERAEER NS 7028 v 7Y T ROGE, A H OFEA ERIZ R D720y SO Tk
ThD, e LTI L IR T VT ARELL AL TND, 20104, AV =—F V ENRET
715 2 —IZRichard F. Heck, #iAE, MEHK D3 KIZ [HHEARICBIT 537 V7 AMillll s o0 2h
TV TR ORIHIERESEBRLIZE LT, /—YVUHLFEERE Lz, /T VU Al %
HWo 7 a2y 70 o 7 ROSOFIEL, PR EM T TR ERELZEATELIHRTH
Do FTARKISIE, BRREFEMENREL, DO TEORI RS TOEEICLHANDS ZENTE S
T2, RIERREIEMN, nd& s+ OGRe EIREWIGE THH IS,
RIVTLEERND 7 a A D T ) TS TR, SHERERENEATE 2, KGO
AEAITHE LTS (Schemel-11), T7ebb, G (B a7 e/ N7 o MMl i1
BRI L7=0b, AGBRIEL D F T2 A2k, < BTHIRBEAZR T, By 7Y o ZER
Boind, ABEBRIEOPLERLE LT, v/ Xx UL, Hifh, RUHE, AX, A HF2EkkA 72
FFENEHAIRETH D, AMSERIEZ T TIER, TAT o7 I U b RIGICHIATE, £72—
M bR B RS T ChNE ET D 2 & T, VR VOB AL ARETH 5,

R-M R-R' M = B(OR), : Suzuki-Miyaura coupling
> 3 SnR; : Migita-Kosugi-Stille coupling
ZnX : Negishi coupling
SiR, : Hiyama coupling
R' R'
= o ~ Mizoroki-Heck reaction
R
PdLn R— =R
RX — 3 __Pdin » R———R' Sonogashira coupling
X =Cl, Br Oxidative Cu cat.
1, OTf Addition
NHR'R R-NR'R" Buchwald-Hartwig amination
CO,R'M 0
— Carbonylative Coupling
R™ "R’

Scheme 1-11. Pd-Catalyzed Cross-Coupling Reactions
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a2y YN T RIS EERIEAT S 2 & T, BHEE R ﬁmé@@ﬂ%§<@%@m%
BIHTE D, LLans, 7uRxhy 7Y o FRIGEERT DO » Toe 7 U Solk
MALIEZ FEICEA L TR 207 570, ﬁﬁk%@%kk&mxﬁ/7j/yﬁm%&
WY Z LT, AEEBIRICEBOBERILZEATE L0, ZOGRIETIEITA 77 ) —HBEOBRIC
LRGN BT D5, £z, TR D A0ERRERIEEEEOBE NI UL LIZRETH 2,

THUTHK L, BEOIEM LR EZ ST Ty b7+ —LEHWTHERENICZ v A0 v 7Y I RN &
1T9 2 LT, MR G RNFREL 72 5,

BRI 7 v A0 7Y IO K D, BEEAT v BEREM O GG 2% 5, Staubitz
HlI, AXEHRUFED 2 > O&REFTHLF A7 = 56 1Tk LT, Emf4¢>SWeﬁnyy
TS EBAR =B > 7V RIS ERWT 3 lima YU ARy MITHlRET 2 FEZHE LT
%A, W= =Stille By 7Y 2 T ROMIHESAE T L gk — 5(%73/7J/§ VSR
. ﬁ%@ﬁk*@@é@ﬁfﬁ5®ﬂ*%ﬁf%é ARSI T, KB THW D RGBS
a2 % 2 & T RFRINMIC 3 Al OEFEIZARKEI LT\ % (Scheme1-12), LIALARR DL, 7T v
F7¢~$66®ﬁ%i§1&%ﬁb\#OK ETHRYFRWICEREZET D,

o
Br—@—NOZ Br\@/CHO
ON CHO
Me3s"\©/3"i" LA b S._gpin | — 2 5 N s Y
\_/ Pd cat. \ / Pd cat. S

toluene K;PO,

56 58 toluene/H,0 60
One-pot, 84%

Scheme 1-12. One-Pot, Sequential Cross-Coupling Using Thiophene Platform 56

ZOXEDIT, REH EOFREZREND & Uiz, /7T U A A IV 2 8550 H 5> DAL E R
W72 > 71 /75\55 TR 2R AFE OB A N TH D08, 0 FRITHEE D 872 DG L %

SRR 2 DD FIER T 5, BRI AF &2, 2 OTORERICERMSE T3 20L& E AT
LD EMGET Do TEMHALIEEANE B v 7Y U VRO E M IR T56 O TREEIEL 10 TH 5 (Figure 1-
3a), —Ji. HHMNLH 2 ODIEMHAVEZBEALTLT Ty F 74— LKL TH YT /7&55%17
b RTREEIE 81X 5, BT, YAy MITHEBEMICH v 7Y v TRISEIT 2 UT
FERUEREIT 5 BN 35 (Figure 1-3b), LA EDOEENS, 74 77 ) —HERICHT-> I T T v
N7 4 — DK D T VT INENRT e —F Th b,

(a) Parallel Approach

H— H

2’ H - Y 2’ Total

H—.—x —E> H—e — Y—e E» 10 Steps
o G 10Purifications
X, Y =Hal or M 5 H > Y >
(b) Platform Approach
0.0 o g
Total

8 St
H—{Heb—H —>—> Y—fHeb—x — © —G e
e One-Pot Coupling

F @ c =5 Purifications

Figure 1-3. Parallel Approach vs. Platform Approach
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277y b7+ —LORMIILIELEREETH Y, 2207 T v b7+ — ABRRERGEDR S
D RICHBEZFE L TV D,

1—3—4 C-H A EEEREEL
AIEI TR _7=@Y . HHMR 7 v 2 h v 7Y U RO TIED S0 UDIEMELEEZEA L TBL &
ERbole, KVETRTOARKAFRRICT 5FEE LT, EBSRAMEELHWS C-H G OEE:
BHREEALSUS DR ANTHFZE S VT D, ARROSZFIA T, EHEE VT & b E#L A
MATX 5% (Scheme 1-13),

R'-X

R-H » R-R'
C-H Functionalization

R'-X
R-X
Pref.umftio- X : Halogen Traditional
nalization BR,, etc. Coupling

Scheme 1-13. C-H Functionalization vs. Traditional Cross-Coupling

C-H FAEBEEREMLUGOF| AL & LT, Scheme 1-13 /BB B 722 K 912, iEMALEZ WIS
HOEREAZEBEEATE 5720, FEA2RICEN, KVEBRBOGRERD ZENBETHND,
T Bk T DY | RE-EBEAOIKIL C-H ES DU, H2WIIEN EHENICES D,
ZDT, MIEEAR CICL D CHFEGOUIW L & HICHERT 2 X 5 2T n FHERILEY OB
HIZHEDTH D,

HEFREEW D C-HFEG OB & LT < DO ROSHERED IR STV 5 (Scheme 1-14)
2, R EEE L U TRBKCHMEZ K9, SeAr #i# & Heck— like BEHE T, C-H 5 & Ul
AT R FE—E A A MERL & L. CMD (Concerted Metalation — Deprotonation) A4 Bl AHOAT IIEEAE
o e A X AHRE T, C-H #5G DUl & [RFE—BBAE G DI BRI Z 5, & OMEIC
& o TRUGHHEATT 2 2T B R E SIKF T 2720 PRANETH 5728, ®Fl< d &
T DI NEREBSER Tl SeAr #EHE° CMD i, o A A ¥ B AL L, KT
d &1 OB E RES SRR TR AT MBS 3 2 mICH 5,

11



SgAr m==
fo <M
\.--‘)H‘)
X
CMD [M]‘o
—— | O 3|
R
A
Oxidative - 1
Additon [ _
O 22| O
+[M] ' ]
o Bond r MFX ] R-X
Metathesis [
— --H —
Heck-lik H Y
eck-like H [M] 1 .
Mechanism H [MH] @—R
— ~R >

Scheme 1-14. Mechanism of C-H Activation

fil i) C-H f5 S EREE RIS, 1993 4, MHORTE M7=/ (6T VT 62 LD
v Fa7 ) — b aiER L7722 & (Scheme 1-15) ®Z HZI0 12, S HICE D F TR EOH
ERRENTE T,

2 mol%

RuH,(CO)(PPhj3);
0 + Zsi > 0
@ * Si(OEY); toluene, 135 °C
Si(OEt),

75%
61 62 63

Proposed Mechanism

C-H Bond Cleavage o
~o o / 5-Membered
tRu] - [Ru] Ruthenacycle
: i

64 65
Scheme 1-15. Ruthenium-Catalyzed C-H Activation of Acetophenone (61)

KBTI 7 b ORBIRFONT =0 AASOBNLH C-H KEETIRD N U H—L&7>TEY | B
TFHNLTETR S BERONVT TH A 7065 2T 52 LIk 7 b DAV ML TALEEIRAY
WG EITTLTWD, 207 brD X 5 2R mPEEREE ZBlm L & KON, BUfE F Clofkx 72
DOELAFED C-H A B RERLEISIC AW SN TS 2, B ORISR DOETECNT BRI E D
HIHEICAHZN CTH D3, OBICS LR D ERRELAHICFIA TE VWA, AHE R EoFEAMENK
15, —HT. (~7T 1) FEREEHO C-HEGEREIZE O TR, BmiEs v s
HE < HE SN TWD,

Fagnou HII_BU A BB E L7 C-H T U —UHbRISZ#RE L2 D, 3 72b b, filllt s U CHR
RT VYN BT & LT Davephos, k& LCREED U w A% AV, filBEEO Y Z Ul Z RN
L. DMA 1T 120 CIZMEG 25 Z & T, _UB(66)& 4— 70T ML (6NEDT v TV T
WZEE L7 (Scheme 1-16) . AL is L CMD ## TH#EATT 2 LB S TR, i7'e FiAbZHH 5
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WREELTENRT = "T =4 NEDThHoTEEINTWD, BB, EXNT— KT =403,
RS DO B VR & EREETT U T BOIREIC KD IR TERKR L TWD,

Pd(OAc); (3 mol%) Ccy
Davephos (3 mol%) Cy—p
PivOH (30 mol%) NMe,
e as -O-O | 3
66 67 DMA/obenzene 68
120 °C,12 h Davephos

81%

Scheme 1-16. C-H Arylation of Benzene via CMD Pathway

Fagnou (2 & » THE"E S 417z CMD #8122 T . Gorelsky 1d DFT FHELIC L 2 SUSHERE OFE/ 72
T2 LTS 0 12—7 = LHHIZOWTIEIN—AFALE T Y = LOAHREBENRENTEY
(Figure 1-4) . ZAUC LA, AT 5 C-H A UINNEREOTEM L = R VX —1X 57, 417,
SMDNAIIRTFT 22 & BEO CHREAOBEEDOHKIZE S ARWKISHERR LT 25 2 & AVRER
ENTWD, #EOLZ13—T V= THLTF T =N IF ) — L el d 5L, BTV —
NDOGAITIEHAL T RV X —DENPRKENZ ERXbND, £, F—0THNT 2 DDIEOEE &5
ELETY NI T TR IV E R TEDEDNNS N ERDNDE, TDZ LD,
FTT=NRAIF =NV EEETHLAEEV L, BT Y — L OERIRZ C-H A O E R
{LIXNEE R TH D Z ENEZ D,

Ve 20.7 29.6
N—N/ H H
N N
313 \213 23_-I \ 263 zs.ol— \.26.5
4 H S H H N H
28.5 '
H Me

Gibbs free energies of activation (AG,g4 , kcal'mol™)
of C-H bond cleavage via the CMD pathway.

Figure 1-4. Reactivies of C-H Bonds in Heteroaromatic Compounds

Figure 1-4 T/RSANTWHE Y | IEIR e ~T 0 HFHFFEILEW D5 C-H #EE 1L AW H e 5 RO
EET D, TOEWERTE L., ~T m FERIEAEWITK LT ERIEEZEANT S 2 L A< Bk
IONCESEIRA 7e C-H A EHEE R L 21T 2 U, B TR COEBKEAIHN e L 72 5,

P WA B, BERTF T Y —1(69) 2 HFIREE U, 3@kt O E IRV C-H 77 U — /b
IR LD T U — L 3BT T — L 75 DERRIZAP) L7z (Scheme 1-17) 29, Figure 1-4 T/RE 4L
TWHHEY . F7 V=D 4D C-H fiié % CMD #fEIC L - TIEM b5 Z LR TH 5,
PR B BB 2B LR 2% vy, Heck-like B O K> CTF 7/ —/L 4 LD C-H
T U=k & ZER L TV D,
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4
( 72 74 O
s)z —» : N R
Pd(OAc), Pd(OAc), PdCl,, bpy

N
/ \ ’ <° / \

Cul 1,10-phenanthroline s)\© Agco; O s

140 °C TEMPO 120 °C

69 71:72% 100 °C 73: 75% 75: 92%

Scheme 1-17. Sequential C-H Arylations of Unsubstituted Thiazole (69)

K. ZIROIE, N—AF A I — ) (76) & HIEFRE U, 3 EHON BRI/ C-H T U —
JALRGEZ D Ry MTTITW, 7 U — L 3 A I X —/L 79 DERRIZAKP) L7= (Scheme 1-18)
), RERMIETIIRHEEED L BOATEL O, BIENRFEENZ D, 2B, 20LL 462D T Y
— WAL D FER 72 SOCHEAE X AR T 2 23, A< [ Ul & I A HWTh, 2408 447
TIERR DR CRISHEIT LTV D Z & 2RI A5 RNHE ST 9,

MeO

3, B
N > > N
N's Pd(OAc), [Pd] [Pd] F.C \
Me P(2-furyl); 3 Me

Cs,CO0; Cs,CO;
76 K,COs, DMA 150 °C 150 °C
150 °C 79
[Pd]: [Pd(phen),](PFg), One-pot, 37% yield

Scheme 1-18. Sequential C-H Arylations of N-Methylimidzole (76)

PLERATZ@ 0 | 1,3—7 Y — VT, 872 C-H 7 U — HERRIC K o TRE R ONLE 3
RI7RMERNARETH D Z EDIRIILTWVDN, 12— T V= VIOV L Z D X 9 7 Gkl 7a
WV, ZHUTRTEROEY |, 12— T Y — L 1,3— T Y — AT C-H fEA OIFEME L B RS R < H
R ﬂoﬁ%pmmkﬁéMﬁm%f%é:&K@ﬁ#é&%i%héo

TIIHEBENE D FORIBICH Tz > T, ~T v HFHIFEEY O C-H # G EEEREEIIC X 2k
%@@m#ﬁ%@77m~?kbfféhfwém —filE LT, You 5% 2H-1 > &' —/L 80 I
KUAKRFZED T o TICE VA 72T )V —VEEEANL, BETA 77 Y —%2HE L7z (Scheme
Lm)moF%nk@%@% FEAM L, BRI Lo TIORRESHH SN D Z 2P 60T L

SIZEMAIRRE TG (725 nm) 2363 240063 82a # MM L7z, Ziuid, %t&ﬁ@?%
nmUETHIEFEL LTUIR DT TENNSWEETHD,

5 mol% Pd(PPhj3),
Cu(OAc),

R2 H -H,0
< N R Pyridine
N
80 81

1,4-dioxane, 120 °C

Y

82a
40 examples Aem =725 nm
30-98% yield in the solid state

Aem = 390-632 nm

Scheme 1-19. C-H Arylation of 2H-Indazole 80 and Discovery of Dye 82a
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DEFRIEF B GoloFisz b o~T v EFEFEILEMORITH L, BAEMIZIIEY T Y —n, A
IFT =, A F XYY =D 3 ODLEMN IR T D (Figure1-5), 723, €7 Y —/Lix
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DB & L BIT 1 A UKD LMD T 5, T NS OWELER T A — 5 — 3T % 12— 7
S DR M A B % - 1T 5 R AR T 5,

2
N-v'
3 U 25
4
1,2-azoles
N—NH N-S N-O
{(p (p (p
pyrazole isothiazole isoxazole
Bird Index 73 59 47
pK,H 2.3 -0.51 -2.3
Dipole b b
1.922 2.63 2.96
Moment (u, D)
0.479¢ 0.404°¢

n Bond Order
of N-Y Bonds

a Calculated in benzene solution. ? Calculations method; B3LYP/6-31G**.
¢ Calculations method; PPP-SCF-CI. ¢ Calculations method; HMO.

Figure 1-5. Physical Parameters of 1,2-Azoles

12— 7V — VD RBIRADVEEIZOWTHRD, 3L, 4L, S5ALD 3 80N 12— 7V —dk
BT DGR ERDD, WTNOEEZBNTH 3 AOMEEIIHMEICXBTE, HBEOEM % b
- (Figure 1-6) , SREZMEIZ ANENEDD 2 5 L0 HEWW =8, ﬁf‘%#*ﬁ%ﬁ?ﬁﬁm E/ XA ESIA
TEELTEZY, MM TRIAZ EIImTHD, — T, 3N E SALITREFHENEWT

(B ERRZEHSOSN L Z 5725, OGHEIX 3LV & 5D HREN, £23 8077 oo
FRPEREIX, SO b <, 300, 4MDIETIK T2 Z EMDFT A RICE > TURENTWVD 4,
¥, 3D 1,2— 7 Y —/LTA T, "Buli g E O A W2 3ol 7 e ARz Lo T
N—Y K& DREZ - THERT 2 Z ERmbNTVND
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(p —
4 E
83 84
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XN X/K)\Nu1 Nu2"\Z ~Nu'
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85 86 87
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Deprotonation at the C3 Position

& v
N-Y Deprotonation NLY Ring-Opening Y
X
(‘H(‘3/ S ~Rl ———— > @g/)\m —_— \\/\R1
© 2 2 2
Base R R R
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Figure 1-6. General Reactivies of 1,2-Azoles

FIRDWEY | 12— 7Y =L DOFEREZZLREDOBIIT S TN THL®, LrLaernb, fHE
KR L TEL OBEBEZEMTE, TNOOBEBREOZEMMEELZEECTCE LI &I, BF
RENA~T i FLOBREICHRT 2 RELRMEE A O LD, 12— 7 Y — /WEEREL &
LCTELSHAENTWS, EBICZE T Y — Lt A V%)Y —id, EfFah T b ERLAETe
BAEIED 9 B AL 50 fLLAINIC A D EHEREE CTH D (BT —)v 14400, A4 VAFH Y — 133
fr) 2, LLTIZ, EERICHEH STV D EIEG 2 & T EMITEWE O Fl %2 % (Figure 1-7),

SO,NH, N-O

/
Y
Me N-O 72 \N
/ P N
N—N H NH )
'/ P N- / \><Me F N
N Me
CO,H
Celecoxib (91) Rimonabant (92) Oxacillin (93) 94
COX-2 inhibitor CB1 receptor antibacterial CYP17 inihibitor
antagonist

Figure 1-7. Examples of 1,2-Azoles Based Bioactive Molecules

IO OEEMIT EMRBUCKE S FET BN 12— 7 Y — /VEKICEBE I - AWiEtE
DFTHDLN, AV AFH Y —VEBEPEERBUCTE T2 & B2 50 AWEES T bE S
NTW5, Sim 51, Z@EHA V45— 9578 RET ¥ —VB I AEFEEEZ O &2 R
MLTWD M, F£7295 & RET ¥ —BLD Ry XU ITICED, AV AXH Y — o 11O
FL RETXFT—FD 758 LR DY DU TOKERE DI R S 7~ (Figure1-8), AR
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X, A VATV =L 2 (O ) DUORIEFRTIT RS BEDKZHAICEGT2 L FRHILTHD
RTHURZRD, T3 VAT — AN OB —A > MCHKET D EHEN S LD,

hydrophobic

-0 pocket
/X\ N P
2N-01 Docking study NS
N I with RET kinase =\ H
NS N, ,)—N
— Ly
N, ,)—NH;
N\ =
p\ ol 90
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Figure 1-8. Docking Study of RET Kinase Inhibitor 95
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Scheme 1-20. Total Synthesis of (-)-Doxycycline by Myers
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12— 7 Y — VIR F R RAISE 27T 2 EBMonTHY , ©F Y — I THEE LT
FAINTWSD O, 2 Th, 7 U= HETEBRINZE T Y —/LIE KX 72 Stokes shifttz /<9, Bl
HRERWR N2 S L ERECH 5, (LA O & Stokes shift D% Figure 1-9 (2R3 4748),

8 -

OH  N_NH N-N N—-N
2 LoC oy
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OMe
105 106 107
Stokes shift (cm™) 16,000 12,300 15,800

Figure 1-9. Structure of Arylated Pyrazoles with Large Stokes Shift

Z DX 97 RE 7 Stokes shift Z/Rn T HB & LT, BHEIREEOE T Y —n A MEED DT
NE T T A BSOS TERE T 5 2 LR RESNTWD (Figure1-10) 49, Z D4y 1-i&
L, BN R ERER - ERMAICHR LT Y — MR OME ThH D L E X BD,
B, A MEETIIE T Y — VEBEOFHANTHME L, ¥ 77 A TIIE 7 Y — VBB
P E o TN 5, 2 b0 FEIICE D FIEREO YTV — A0 6% O R F—n
L LTSNS 72012, K& 72 Stokes Shift Z/rT- & E 2 5TV 5D,

Ar’

Ar!
N—N’
!
Ar4/q%\Ar2 Ar2 D
Ar? Ard
Kite Mechanism Butterfly Mechanism

Figure 1-10. Mechanism for Large Stokes Shift of Pyrazole Dye

L L2 n, WS DICERBEICL DI SN TELT, V7YV — L REAFRORTRKER
Stokes Shift O JEIRIEARIH S0 Tu7avy, &AL & Stokes Shift D BRI DWT, Miiller & Xk D@ Y
WE L TW5 (Figure1-11) 850, 472 H 1) BT V' — LB EOBE LTIEICHEFR1H D54,
Stokes Shift WK &< 7252 L, 2) BTV — /R LICEFEERITERN & 556, Stokes Shift 23K
XL B ED25THD, 2 21E, 35— 7 U —/LE TV — 1 108 @ Stokes Shift i% 8,400 cm™?
THDHN, TD 108 D AT U —/LIEHE A X472 109 @ Stokes Shift (X 15,200 cm™ [ZHE A LTV
o ZDOZEMDL, BRELTZIRFE EA~DT Y —/LELDE AN Stokes Shift DK A5 X Z LTV 5D

Y EENERRFNC Ko ThiEEN D &, EBE LR —0 &AL L THRHL, Eho=x
FNX =% LTHIT 5720, WINEERE LD AR RIFIRERMCC 7 v 45, Z0LED
JEhEE Yt & FE 0D R L ¥ —35 % Stokes shift & V> 9, Stokes shift 1386 .35 D i KIIIE % Amax, abse
%k%%?ﬂi%%lmax,emis L LT\ Yj{iﬁ&&ﬁof%ﬂjé;ﬂéo

1
Stokes shift (cm™) = 7 - — 7 ‘
max, abs max, emis
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LEZOND, £, ANOHER FOBEBIENRRLIVETHS 110 L A FFHETHSH 109 O
Stokes shift Z tb#g325 & . 109 D J523 2,700 cm? K&V, ZDOZ D, AN~DEFEER T EER
D A L. Stokes shift ORI HO/RNAE T LR RIBEI LTV D

) lMe
N—N N—N
5 DA’ Oy ¢
Cl 4 Cl
OMe CHO
108 109 110
Stokes Shift (Cm-1) 8,400 15,200 12,500

(i) Adjacent Aryl Rings (ii) Electron Donating Group
Figure 1-11. Structure-Stokes Shift Relationship

Ubo 2 mlzonT, 2k THIZR S KPR OMAIZ R ST, £7z, FExEa
K TRWEZD, 134— U7 V=TV —ART F T 7 V=L BT Y — L OFIRHEITHRE S
TRV, 1E EHREDBRICOWTOEZ RO 5 LT, ThLEEM Y TV — /L OERER
FHELRERL B,

ki@ y, 7Y = ERpEREICS T LWy FEEBNC LD EG LIk —D%<
D T2, KE 7 Stokes shift 2777, ZALEXFRAIIC, il S N/oA Y A F Y Y —/WTEBIZER
AR T Z NN TS, ZDOA VA XYV — VOIS, 1966 4, Singh & Ullman
(2R IO TS ST 3, A RBOS SO Z TIZF2 3 (Scheme 1-21).,

r;l—O hv ‘N o - N 0 > Decomposed
R\ NR! —= X — r3iK P
R R3 R! R R —>»  Products
R2 R2 R?

111 112 114

S

Scheme 1-21. Mechanism of Isoxazole Photolysis

AHREI BT, RBRSET A VAR Yy — L M ITETT7 V== L 112 ([ Bk
T 5, ZO=kLrOAERIE, Gudmundsdottir HIZ X VB S TWD ¥, = F L2 112 1%, B
RIWKFEDOH S, SHICEMLL Ca— T/ WNR= LAY 113 & 725, EH#IE R BSKFELSL
DOGE. = L AT AT VY A IZEMET D, 20T V) AR, ZHVER) BEERTRE 70
AbHLHM Y, KBFHTTCIOLRDRMIEZEI LS D, HENRESINLTWDLERMR Y E LTI
FXH =116 LN TS, ZDOAFH Y —L 116 (X, 72V 114 3 3 BEROBEZIZ LD
=MV VLA F L 15 E2xolcDb, ARKICHEITT 222XV BELND, 2B, =LV
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U LA A 115 OARKIT Fausto HIZ K D BIAIS N TWD S, LA, T Au7 Yl v 11413
WEERFE REHER DO ARSI TLE D b, ZO0MISOREIRNETH D, —fFle L
T, Singh & Ullman (%, 35— Y7 = =/bA VA XV — (AN (254 nm) &5 &
AW —L 118 M3 50%LL FOUE TH LN D L [FIRHC, fEERFETEODMIPEIAET D Z & &2H
HLTWD (Schemel-22a) 9, F7-, JHHRH T TAXY Y — L 119N A VA FH Y —/L 120 ~D
ML B ME SN TWDER, ZOGEABREIZESMDZ < KL TW5 (Scheme 1-22 b) %9,

(a) Isoxazole to Oxazole

hv (254 nm)
N-O
Ph &> Ph T.‘,o> Ph/AlPh Decomposed Products
117 118
< 50% yield

(b) Oxazole to Isoxazole

Me
_X hv (Hg lamp) l;l-O + [ Decomposed Products
é
Ph/k Ph—\Z~Me
0,
119 120 + | 2% of Recovered S. M.
14% yield

Scheme 1-22. Photodecomposition of Isoxazole and Oxazole

ZDXEHT, AVFFH Y =V ONGRRIC KV GRS YER RN R T 223, SRS Ol A A
HThDHIZH, 2O OREKRISHLFFELZ AHEAEICHIE L7230 Lav/ev, Opatz 51 YV
FX Y — IV ORBENC I VAT T2T T DU AT D IRFEREH O IG5 LT D
(Scheme 1-23) %9, §72bhH, KK FTA VA Y — L UT A TZT VU 123 D C=N
HREGICHT D, A /=M 128 OB SN IVART =74 124 OIS 2 #E LT
Do ABIGTIEZEDE, FABRMKISIZEY 2 BBIEOHFRIAK 126 NEK LT-DL, 7 /7 OBk -1
BT 0 b OHIICE D A R4 Y= 122 BAERKT D, B, ARISTIE, EE 121 oA 2
VEMIZ A== b 7 2= VEDO X ) REBEF ARG EREZBEAL TBILERD D,

N-O Ar N Cy CsOH.-H,0 ocyj//"‘
ph/% * e —_— )]\/N AT
Ph CN MeCN P
17 121 hv (300 nm) h
Ar = 4-NO,CgH, 122: 65%
Proposed Mechanism
hv o)
M7 — (/N Nc\/lfe
>—> Ph —> Ar
Base Ar N Ph
N
121 \g‘ 126
cN®
124
Cy B
=N
e \r N, M
122 <— \e—Ar - Ar
.0 ph < Ph
Co 127

Scheme 1-23. Nucleophilic Addition of Iminonitrile 121 to the Azirine 123
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Opatz HiFFE 7=, 2V MUMELFETIZHB T D, 13—V HNVR=UULEMOT VY o ~DFIIK
JEHHE L TWb (Scheme 1-24) 0, AREUSTiX, MISHRFTELZa U0 b/ T — | 131 23,
TV MIZEZ L7272 ) 132 D C=N ZHR A I8 L TOREMMT 2 6D LIBESN TS, Z
OGO DL, 7 h BBl i< 3 BEROBBRICE D, FIA 135 2ME L, RKEBICHEREL
FHMEOAFIZ LD Er—/L 130 BE6NTWD, s, 22790 MR LT Lewis M7 5]

BIAEL TWD EBEMRIEEWNERT 2 Z & b e THRESNTVD

0
o 10 mol% Co(O'Pr), Ph Et
J&L + — 5 ph_ I\
Ph—\Z"~Ph Et Et DCM N Et
117 129 hv (300 nm) o

130: 93%

,r°<<1

H H
| Et N C)
O NY Et
[CO] 131 Q_ Ny =0 o
o] Nj —>» pH —> PH I k_\(-oe —> pH — —2>. 130
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Scheme 1-24. Nucleophilic Additon of 1,3-Dicarbonyl Compound 129 to the Azirine

F 7, Pavlik HIE A X ) —VEREERCTA VA% —)L 11 ORGEEf L= A, TV U~
114 D C=N "BEFEBITA X /=ML TT U V136 B35 o722 & 283+ LT\ 5 (Scheme
L%)w B, AVEXHY = IMLOEBIL RPN MY T AFa AFVEOEE DI, FAING

HEITPHER SN TEY . 22 OFDOIERIL 2T% L IRINETH 5,

R! R2 R3 yield (%)

HOMe
N-O hv (254 nm) N © HOMe Ph H CF; 27
R3 // R1 > R3 4 —_—
MeOH, 20 min R! Ph Me H 0
R? 27% R?
111 114 136 Ph H H 0

Scheme 1-25. Nucleophilic Additon of Methanol to the Azirine

PLEIZHR AR 72 VY A H W — LD HRISICBW T, Wb 7 YU o C=N —HEfEA I 5
KRN 7o TS, TIATIU v OREIIMMOFETIIRHETH L Z b, 1Y
FF Y — )V DI & A NIFI T E AT RA BSOS DBRIC D72 23 5 L IfF T & 575, BlEk
BECITIEMEA T L AEBMOA X ) — VSO RIGEITT 27 2 i Lo 13720,

ARETHRAIZIEY | ZiEH 12— 7 Y — /VTEREGLOA T ERICRI S dv, oS T T
WIS E 2R THARMEEMRETH D, TDT, 12— 7 — VOFRFBEROFIH 2 5 TR
A RRIEZ R CE R, FTRARIEAHORIHIC 7R’ D LM s D, KRELIFETIX, BifE
TS =B IOA, VEFY Y =L OB RIEICHONTIRR D,
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ZEHBE T Y —VOGRGIEDE LTEEICRD 2 503 HmESH TN D, T72bb, Obonl
BB -T2 T7 T A NEERE L, B —VBRAET LT, QYT Y — LI KT
LB TV T D2OThD, LT, ZNENUIOWTHMAR RS,
OH LN UOEMREEZ LT T7 T 7 A0 MR L, R EEET 2 75

ASECET ARG EMPRTFEL LT, 13—V IAR= ke e KTV L DB{E—fik
HARIERET HND, ZORS, 2 5D HIVKR=)VEDRERMIZ, BBEH D WIISREE DZEN
RVEE | AN B B R OIRE MY & 72 5, Haroutounian 1%, 1,3— /LR = L& 137 &
BRIV 138 LDOISICE T, 4 EHRE TV —)1 139 & ZDONLE MR 140 23, 1:1 D TE
952 L AWRE LTS (Scheme 1-26) 99, Z o & 5 RV BRI IS B Y T ) — LA
oA E LTASGE#HSN TV D,

MeO

- sz @ @

—N N—|

137

Scheme 1-26. Condensation of 1,3-Dicarbonyl Compound with Hydrazine

B 13—V HNR=ALE D 2 DD I VIR =)V BT B IS AR ZEDS B VI TALE R
A U720y (Scheme 1-27), Makriyannis 5%, 3 fZIC= F¥ T WA=V EE HD 4 EIRE T YV —)L
143 DEFREHRE L TWD Y, REKTIE, = FX T BNV R=NVEDOETRIIZIFIZELD, DA
IWAR=ZNVEDRFEDMMMGT LD bETFAEER->TEBY, B N7 142 ORBEBENLEZERNIC
EATT D720, DB E—ORMELE LTELND, Lee HIL 143 ZHAE LT, 5|12 8 T2

DEREREMAEITO) 2L TT V—VAERYE T —)L 144 ZHEK LT 9, 728, Bixd 4507
—NWVHETER SN T —VOEREITZD 1 FIOHTHD, LoLann, REkit, BHRER
BHSOPRFEIMRE 2 I LV Z O TREEELTEBY, kxR0 7 U — VA b OREGREE
ORI ITE S 72\,

Cl

Cl cl

o o Li® HaN—NH cl 8 steps S :
o 142 I
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Scheme 1-27. Synthesis of Tetraaryl Pyrazole 144 by Lee

13—V HNR=ULBEMOEMRE LT, =) oA /oo —REFI D VR = UALEY
ZAWESRELREIN T\, E<IIIA 7 ITARE S Thy ., ARRELVT v 7Ty
Thbd, Yazici HIZ,. A /145 RIVL U6 A RSESHETE RIY 14T ¢ LT-0b, 3wk

23



%=

EHAOVTT AT VBN EZFEM L L CBILS TS Z L T ANMICI VREE LS LERE TV —/L 148
DERRIEE T LT- (Scheme1-28) %), ZOTFEATIIE KTV & —EHAEL TWA 2, ER, ZIK
DONWTNEIREIZHWTHERILKSDET L, 7Y —ARNELND, BB, &Sz 4 @y
T =L 3L E SR — DT U — Vi E b o7, Al BEROAERIZREE 22 5720,

CF, /©/CF3 CF,
0o I;
Q NI—H NaHCO, Q
O AN *  NH,—NH — O N - r}l—N
C = U g -

1
145 146 147 148

Scheme 1-28. Synthesis of Pyrazole Using Ynone 145

13— BT L TAF b LIIT AT v & DRI S BT Y — LB OEIZAZ T
H5 (Figure 1-12), 13— ML LClx, TV AX L = hUAA I, TIAFLAI0D3
FERFIH SN TWD, I, FERFRRT AT o HDHNNIT X o HWTEERIZIE, 13—V R =
MEEW & e KT V0 OBRIE—IUKNES BOGZ & 2 Ak & Rk, ER i@ IR0 & 7
HZENMETH D,

[3+2] cycloaddition

y-x° Y-X
/ /1
ez ) ,— ZY)\RZ
7 R
Tk

S)

Z-Y-X component

\ ee e \ @ .. di K
OC-N=N @ <> @/c—N:N iazoalkanes
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—N—| —C=N-| nitrilimines
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Figure 1-12. Synthesis of Pyrazole via 1,3-Dipolar Cycloaddition

DT TAT 149 R LTS BHEFEF RICE#RLEZ -0 e T Y — L 151 AT D 8
(Scheme 1-29) . Z AT AZEHEMEZ#E Z 37~ 012 30L& B ALDOBEHILD X BN TX 28, fit- T,
Z 2 TUHIED 2 SOIEMER Z FIH L2512 20Tk~ %,

R3 N—N tautomerization N—N

N --- h - - \
OGN-N ® e T R Rsiﬁ)\Rz

R? R1

149 150 151 152

Scheme 1-29. The Use of Diazoalkane for Pyrazole Synthesis
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= hUA I VERHWEFE LT, Hamme O SEMIGRFHT= R YA 2 164 ZRAESH, o
— 777 VAT AT RAS) EMIGSHSD 2 & TAEBRE T ) — /L1567 A LT\ 5D 9,
ZOBR, R 156 O RFFFAMRBEE S L THEET 22 LT, BTV U 166 BE T Y —/LICAE
$a X CW 5 (Scheme1-30), HR/L I VILIZ X - T, T2 165 D 2 DD [R#E EO KIS e
HEWR D DH720, EALEEIR AR ATRE & oo T D,

@ @ Br
NI NEt3 INI 155
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Scheme 1-30. Synthesis of Fully Substituted Pyrazole via Nitrileimine 155

TYIAF oA IVERETDTFEE LTy R v EHWEAREIC W THRRD, T7hbb, &
R/ 2159 L7 L% 160 2B & LT, [B+2BRALMIIEG & fe < ZFe b3 DRt & 11 5 18R
AN X > TE T Y — L Z2 A/ T& 5 (Scheme1-31), ZDFEY R/ Uid, T AF oA I U5
itk & B3 2 ENTE D,

%@R R R2 o /Ro R

Y=N—N" N—N' cycloaddition NI— N -co, N=N
X»\R1 - @dlﬁ/\m + |‘| . A N RZJ/\/)\N
0® R® RS R?
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azomethine imine sydnone

Scheme 1-31. Pyrazole Synthesis Using Sydnone 159

Harrity 51X, > K/ 163 7 /vF=dhuw U BEFa— L= A7)V 164 % i S, 4 (LI R
UNVHEFTDHET V) —/L 165 Z @M ESEINAICA R LT\ 5 (Scheme 1-32), S B2, DAY
FERHND ET ARy 7V TRIGZEY ARLIZT V=V HEZHEAL, 7Y —/L4E

Hat" 7 —)L 167 B L T 5 %)
Br o] Ph
Ph < > N—-N

Ph Ph N—-N /
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- — 2
®F_Jpp, + g /kﬁkﬁ
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1 164 1
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Scheme 1-32. Synthesis of Tetraaryl Pyrazole XX Using Sydnone 162

Hamme II &<° Harrity & OARIETIX, TNEiLe K7V 1538 KX R/ > 163 & FHFilZ i
VN D, ZHICK L, FEIMEAMOERE2 D VR v TR X 0 RN A Rkik
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TIFH 2Lk, 2HSERT U — L 3BHRET Y — LB LTS D, KFETIE., ALK
ST N OSSR EZ D LT, 1,35—3 EHA 172 & 1,34—3 BEHA 173 25 WV bIT 5 2
LINA[RETCH S (Scheme 1-33) .
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168 169 > 3 l}l—N
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171 173

Scheme 1-33. One-Pot, Three Component Coupling

B, B ED/ ML, ARSZANWTT Y =L 4 @Y T —LOEKRERATND
(Scheme 1-34), 70t B RIV 174 L 3BEHA LK = /LT L2 175 & OBRAGATINE & %
BIU7ZM, Hie 4 [EHK 176 15 DN o 722 L 2 HE L T 5D %),
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Scheme 1-34. Previous Attempt to Synthesize Tetraaryl Pyrazole

LEDi#Yy, o UoEREL S o728 RMbaMEZER L T T Yy — A2 G LIc s i38%
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McLaughlin &%, B35 Y — kit 2IEMLEOBA L v 7 ) v VG AR KT = LT3 &
a7 ) — v OAEKREHRE L TWD (Scheme1-35) 9, 372 h, THP AT I EE+R#E L
7= 17T ZHFEWE E LT, "Buli Z HWEBLT B N AL &R T SEA E ORUG, BA LAY
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Scheme 1-35. Synthesis of Triaryl Pyrazole by McLaughlin

Sames Hi%., SEM A CTIR#ESINT-E TV — L 184 25 FHEFRET T v b7 4 —L b LIZ 4 BT
=V DA EHRE LTS (Scheme1-36) 0, bbb, A RFEEHND & LA —"=H
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fE GRS 52 & CSEM BEZBREL . HECHT U — LIS X > T Y UL EAL T4 E
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Scheme 1-36. Synthesis of Tetrasubstituted Pyrazole by Sames
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Tbb, IV —Anh 3 TRET3I—I—RFET Y — (192 ZRE L, Ziucxtd 2 hEFRREE
BSOS ESAR =P v 7V RIS Y, 13— YT V=T — 1196 & Lz, B, F
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Scheme 1-37. Previous Attempt to Synthesis Triaryl Pyrazole 196 from 3-lodopyrazole
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Scheme 1-38. Synthesis of Fully Substituted Pyrazole via Deprotonative Metalation

1—3—4 TR Y | C-HFEADIEMLIZE W T, RE—EBHAOEKL, C-HEEADUIK O

. BHDHNE C-HAEGOUIN &[RRI Z 5720, Bl e b AIC k> THRER LT WEEY G,
_m%mﬂLOOEEﬁm@ﬂ ETHD, T, MBELUEZFHOWIUIR T2 ICEN - AL & 7
5, BTV =)L 3D C-HEEERELISDMERIL., FHHITL > THRE SN2V T =7 il
A W= VR = AR 7D, Langer HIZ K> TSN 4—=Fa BT/ —L 206 DT U —
JALKES ™), Yu BIZ X > THE ST U — b EE ™D 3 Bl ZivTuvsd  (Scheme 1-39).,
RBHIVR=ZIACEIGRIZBW TR, BTV =L 2 fiOEEN LT =0 AHRICRN T 52 L T
SN 7R B REIAL A FIBE L 72 > TN B,

Murai et al.
Me 4 mol% Ru,(CO) Me
N—=N . mol% Ru, 12t N-N
Bu Bu
) _ > I
3 + A— -
v CO, toluene W
199 203 160 °C, 57% O 204
Langer et al.
! Br 5 mol% PdCIz(.PPh3)2 Me
N—N Cul (4 equiv.) N-N
3 / P . © 30 mol% PivOH . ,‘; A / _
K,CO3, 22/:;, 120 °C = NO,
o 207 NO,
Yu et al.
Ph

10 mol% Pd(OAc),
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Scheme 1-39. C-H Activation at the C3 Position of Pyrazoles
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Scheme 1-40. Condensation of 1,3-Dicarbonyl Compound and Hydroxylamine
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Scheme 1-41. Cycloisomerization of O-Methyl Oxime 214
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Scheme 1-42. 1,3-Dipolar Cycloaddition of Nitrile Oxide
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Scheme 1-43. 1,3-Dipolar Reaction Using Ethyl Propiolate
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Scheme 1-44. 1,3-Dipolar Reaction Using 2-lodoethynylbenzene
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Scheme 1-45. 1,3-Dipolar Cycloaddition Using Copper Acetylide
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Scheme 1-46. Ring-Opening by Metalation at the C5 Position
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Scheme 1-47. Br/Metal Exchange by Nakanishi and Coworkers
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Scheme 1-48. Borylation via 4-1soxazolyl Lithium
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Scheme 1-49. Comparison of Nucleophilicity of Isoxazole and Pyrazole
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Scheme 1-50. Reactivity of Isoxazole in SeAr Reaction
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Scheme 1-51. Pd-Catalyzed Cross-Coupling Reaction of 5-lodoisoxazole 251
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Scheme 1-52. Suzuki-Miyaura Cross-Coupling Reaction at the C3 Position of Isoxazole
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Scheme 1-53. C-H Functionalization at the C5 Position of Isoxazoles
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Figure 1-13. Synthetic Approaches toward Fused Isoxazoles
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Scheme 1-54. Cycloaddition of 4-Nitroisoxazole 266 and Diene 267
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Scheme 1-55. Sequential Coupling Using 3-lodopyrazole as a Platform

FIWIET Y —NET Ty N7 —LET D 4EBRET ) —)LOARIER% & HGRERHN ) TiX
55 2 B CHENL LTS REDSGE S 2 L2 BT, ﬂ%ﬁ@t7/~»QM)ﬂﬁ64@M®EE
7 U —ALRISIZ L D 4 BHAY T YV — VO ERIEDHENL A B L7= (Scheme1-56), £7-. ZiLE
TICHERETIE S SN TV W 3, 4 BHAE T —)LIZHOWT, AR L7V v FL ORI « 38 A~
MUVRIE 21TV, K& 72 Stokes Shift 23 7V — LEaFROXFHEH Z 525 Z L2 B LT,

OMe OMe
o (e (3
2 1

N—NH 78 N—N 77 N-N
4 —_ >
25 _ Z
4 Cu cat Pd cat.
CF;
191 271 272

OMe

@@@

—N
Y O O O
Pd cat. CF,4 Pd cat. Me CF,
273
F3

Scheme 1-56. Synthesis of Tetraaryl Pyrazole via C-H/N-H Direct Arylations
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Scheme 1-57. Generation of 4-1soxazolyl Anion Species
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BLO284 DERE G LTz,
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— \
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Scheme 1-58. Intramolecular SeAr type Reaction at the C5 Position of Isoxazoles

FHoE A FXY Y — LN EFRIA LI 5— e Faxov A IXY Y vOiakEZ 78
T XJALA~DRER] T, A VA F Y — VO RSCH T R A E A T 55 2 2 B iR
L. AN RS & A RS # v X7 T~ Ak ~DFI A Z /T L= (Figure 1-14), 372
B REFIGIE FCTA VA X — VTR & BRE U SREEFIC X 2 Yo i O 2 it LT,
Fio, REAIE LTH RNV BEEMET 27 I 7 BERAWDSZ LT, R LIEKRIGE X VN
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Figure 1-14. Utilization of Isoxazole Photolysis for Organic Reactions and Protein Labeling
F7E iiam) TlE, AimCA i L TnD,

I TAHEIEIRET T 3T 20 MMl 2 W % 2 U b —F )L DOmFRAL Csp3-H 7 /v 47 = WAL
ORI TiX, BEEERE AT EmEENET va—L e L, kb d5 (3—KAF
V) U NT—T 286 HEEE E LTHW, va X EoREBAIZBT 57 v = BRGSO BR%E
ZHH5 L7z (Scheme 1-59), § 72 b, ALK T C/RT U0 Atz Huy, 1 E-BE) & f<
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F T, PRI E T D T N = MBS bR L7z,
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Scheme 1-59. Visible Light-Induced Remote Csp3-H Alkenylation via Radical Relay
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i Tk _7= Y . BEOT7T V) — VAT 5T Y —/LF KX 72 Stokes shift 23720, 3kt
MEE LTORABHIRE SN D, L LRRL, 20 A0 =X L0 L BEEEOBIRIC SV T
FUZZ L, ZRBIZ oW TOREZRD 5 7o OIZIE Sk el 2 b RO BN KD Hivd
M, GERDOBRRIEIH FBIER R O ATA B M FIB A L TR Y . X0 kM7 Ak
HHNTND, £, BARD 4507 V—VEEETHET Y — A2 A0 LI T Lee bO#HA
DYDRTH Y | EDERIET L BRSO SREREAIICE S R0 b D Th o7, & 2 TRETIL,
TN OREE RIS FRARIEORR L BfET 2L & L, kY BRICIE, 3— 39— Ry
TS NENTEET T v b 75— BICRE L, AR v 7Y 2 710 KD BHEORFEICIY
WA, FURHIERAMKIE, 3—3— FET Y —VOARREB LV, AU 2 2 B0 v 7 )
JRIBICED 13— Y7 V=BT Y =V OERELRSL LIS, $i< 51T CH 7Y —MER
JEICB VTR R+ Th o2 LB LTV 5 2, £ 2 ORE T, @iz ERIRA 7 5 fric
T DTV —AHEOEAL, < 4RTO CH T U —MERIRICE 57 ) — L 4 BIRE S Y — L0
BRE B LIz, Flo, ZRRBEO YT Y — Va2 AT, 3o UREREND E LT
— VDA O E B O G T LT,

2—2 HEEHE

FFamCik_ 7= L 912, 7T v M7+ — A EOBRICRORISHEDZEZ KB L, @A EEIRIC %
BR7REHIL 2 B E AT 5 5T 7 —F L, ~T v B EEIEEMOERBRIMICAED TH 5,
F7o, C-H GG OIEMALZ R D EHENT U —/AbISE WD 2 & T, IHMHLE OB ARG8T
D720, JFRICEN, 7T v T — A0S EREANRERIEL 8D, BTV =D 4
DOER RIIARE N R 2 DO Z B LTV AN, 3BT A7 1 h Az L » T, BRBIZE
F—ZBRMEEORAZMESTHERTOIZENALNTEY, 3 MOEREET VU —/Ubid#kikn) e iidE
ToH D (Scheme 2-1),

R : ~ , : O R
N—-N- deprotonation NEN-R  ring-opening N
aY/] ! N
H%m E— e%m — N AR!
R2 RZ R2
1 2 3

Scheme 2-1. Ring-Opening by Deprotonation at the C3 Position
KoT, 3N~DT V=NV EOBEANEHEIZTH, 3—FI—RETY—BE 7Ty F 7 +—

LELTREL, LZEHFE, WITIN, FED 25T 50M., A(IDNETT V—/L A E AT D FEOH
SNABETZ & & L7 (Scheme 2-2),
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H

couplin , arylation —
’/p\g NN /—\ry 2N
P - G

H
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iv) C-H direct

X arylation

Scheme 2-2. Synthetic Plan towards Tetraaryl Pyrazoles

>~z
>\

(3]

DA TEBILAZEATHEBEIZOWNWT, BLFICRRS, 9 1 ER EICERLE L2
WIGE, BT Y — T AEERMICLY | 3L SALOXGNEINEEE 72 %83, @8N ILA

PR DOREIZA U722y (Scheme 2-3),

H  tautomerization

Rz—u -~ A~R2
6 7
R! R1
N-N N—N
RZU ¢ (A~r?
8 9

Scheme 2-3. Tautomerization of Pyrazoles

Fio, ER EICEHBEEZ L RWES, BOEBGRMBISICE W TRIKIS 251 & 232
EbRESNT, o TEPER LICERELZEATL L L L, ok, 3—3—FE T Y —Lid
ZOHERMETHD 5—a—F TV =L EVEICHD EBZEZ N, FUERET V=T
A REDONEEEZFITT 5 L TIED M I VRIEOLPHFLND &5 272 (Figure 2-1),

STBFILE/ ML, 3—F— RFET Y — LD LA~DT V— /L EEOHE AL (Table 2-1), 4fifih
A W=7 U — ARG TIE 5 11 O TAE BEARDBAETH 2 8 (entryl) . B8 X OUFEFMKR

B EHLE TIERRERIETHMMIG LD Z L (entry2) Z#EL TS 2,

Table 2-1. N-Arylation of 3-lodopyrazole (4)

Ar Ar\

N—N'H conditions N—N’ N—=N
! —_— ! + \
4 10 1
desired undesired

entry conditions result
1 PhB(OH),, Cu(OAc),, Py. 68%

MS4A, CH,Cl,, r.t. 10:11=5:1
2 4-FCGH,CN, K,CO, 93%

DMA, 100 °C 11 was not observed.
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Figure 2-1. Regioselectivity in the SyAr Reaction

CoIaURFEFEFALIEZEE CH 7V — ka2 Ei L7286, R ~— (kRN aESns20H
(Scheme 2-4), S X3 I VELEEEHND ETH 7R U IRIGEITHY Z &L Lz, ¥%
% 2 ML, FFim CikX7= CMD ¥ IZ 31T 5 BOSMED FEFI NZiEV, 500, ANLDNEIZ T V — Vi %

BATHI L L LT

N—N 12 N-N NN

i : ! —_— > polymerization
|M\H 'WH —

C-H direct arylation
12 12

Scheme 2-4. Polymerization of 3-lodopyrazole 12

2—3 3—3F—FREIFJ—NVDEK

BRI DOIE VBB 7Ty P74 —LE LTRELILI—I—FET Y — @)zl
TowY & L7 (Scheme2-5), HEME THLHLE T Y — /MK L NN=TAF L ANLT 7 EA )V
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ZHWTANLVKRLT R R ARETHZ LT, 3—a3— KT Y — L& 3 TR, RINRTT%ICTH
o 2B, SEFICHBANZHEY 3—F—FE TV — VI ZOEERMEKTHS, 5—a— KT —1
(16) & R AEIZ & D

1) "BuLi then |,

CISO,NMe, THF
SO:NMe; .78 °C tort H H
N—NH NaH, THF N—Nl or.t. N N—
> > -
7 rt. s 2) TFA (A~ AL
99% i
14 15 0°Ctor.t. 16 4

2 steps 78%

Scheme 2-5. Preparation of 3-lodopyrazole (4)

2—4 FHEBEREBBRIGIZE D LNBRA~OT Y —NLVEOHEA
2—3 T L/Z3—3—RE T Y — (@)D 1L ZERITK L, BEEREEBRS)SC L DT U —
NVEEDE AN Z R (Scheme2-6), 72 b, DMA R, HIEE UCmEED U v L& v, 3—
S— KNI — @) T b7 V=N e ERIGS T, TOREE, 7/ 7=V EEBLU= b
Tz VR DT L EIRRICT I ER BIOEATE, 5—3— RET Y — 5SS HEITL
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TH U ANERMERORIAENG SN, 17a BEX R 17Tb 1T L5 b E— O EREARE LTH

iz 9,
. ) S0
r;l—N —> N—N N—N
k/\ MK) K,CO;, DMA VK)
16 100 °C 17
N—N
17a 17b
91% 95%

Scheme 2-6. SvAr Reaction of 3-lodopyrazole (4)

2—5 3fLIUREREHNPV ELERGVYLEEZRANDI N Y VTS

2—4 T2 1Ta 2 EH L LT, 33 UREZ BN &L LIt R—EP v 7Y 7 BO& & Bt
L7zb, d72bbh, REFIE L TA4— MY 7adu AF LR e Uk, il & L C Pdy(dba)s, BT &
LT PBus*HBFs, k& LTHREET MU 7 A% W, THROKIEGEEEH O, IR T 2 R s S
T2l 2 A, UK 87% THST 5 2 [EH#AK 19a 235F H L7 (Scheme 2-8) , DX ICAS 2 6 - THE
WA E RS Lz, T ORE., Ar? <E LCEAEEMED A FX 7 2= LA 19b, P
BORDLVIZTFA 72 UBRE2H D19, EEBAAT O HFEFROE ) U UEE2 B 19d, SIKEED K
%wZ—FJw%%%Ol%#\%h%ﬂﬁﬁﬁﬂ¢_ THESN7= (19b: 77%, 19¢: 93%, 19d: 81%,
19e: 99%), 723 3— B U VIVEOEBEADOERT, S E DK TITEMED BHMIEOND DA TH
ST, Fu HLOWE NE2SHZ, fillft & LT Pdy(dba)s, B T-& LT PCys-HBF,, & LTV >
) oLz, 14— VA% COKIBEEEF, 100 °CT 18 RS S ¥ 25 2 & T, RAF7RIL
KCTHIW 19d 2157, F/=. IUERKLE LTI ZHWTH Y 7Y U I RIGEER LT- & 2 A,
ERANC T v 7Y TR 19f RS T,

bEF BRI, 17Ta 2B L L, ZO 30 a vEELBHID L LEBARA—THI Y Y T
s Zer L. 2 EH#A 19a é’mﬂl#—f"ﬁk LTW% (Scheme2-7) 2,

o ~
3 mol% Pd,(dba); /i
¥
I/k) 5 mol% PtBu3 HBF4 /@/k)
Na,CO;, THF/H,0  '3€

17a 19a
r.t., 87%

Scheme 2-7. Suzuki-Miyaura Cross-Coupling of 17a
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N-N > N—-N
,/SQ) 3 mol% Pd,(dba); &
17 5 mol% PBu;- HBF, @ 19
Na,CO;, THF/H,0
r.t.

CN CN CN
N—-N N—-N N—N
19a 19b 19¢
87% 77% 93%
;CN CN NO,
r/:—N Me N_Nf N—-N
B (s /Q/U
N= FsC
19d 19%e 19f
81% * 99% quant.

*Reaction conditions: 10 mol% Pd,(dba);, 24 mol% PCy;-HBF,, K;PO,4, 1,4-dioxane/H,0 100 °C, 18 h.
Scheme 2-8. Synthesis of 1,3-Diaryl Pyrazoles 19

LIEXY 3o a vz EH N LT D8RRI 7V 72X miRICTL3—=VT Y
—VE T =V BT D FIEEMESL LT,

2—2 TR 7=@ Y | 303 vEREBEHNY & LTo/XT U7 MMl 2 ZBHEOSI K> THER
RERENEATE D LIS NT, £ TET, BMRT V7 o OB AL ET L7z (Scheme 2-9),
17a #JEH & L. Scheme2-8 TR L7254 F, E= AR u g ) a—L o 25 1(20) % VWi 7 o

ANy T TR EE R LT Z A, B =L T Y —/L 21 BIEK 6T% TH LT,

N-N 3 mol% Pd,(dba); N—-N

L 5mol% PBus-HBF, N\ A J
Na,CO;, THF/H,0
rt.,2h
67%

Scheme 2-9. Synthesis of 3-Vinylpyrazole 21

- &|Z Buchwald-Hartwig 7 2 /LG ZRET LT-, T72bb, 17a 7 =0 V2B L L, fildit
& LCHER X T U A BN & LT Xantphos, 3L LTt—7 FxvF U v AZHW, 14—
AP 100 CTRIGS®HTZEZ A, 7 I 2MBIK 22 28I 3% TR LTz, S blic—mbikE
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FHRA T TCODNR = AL IS bRE Lz, 730 LTERY D fillfE s UCHERR/RT 27 A
B, & LT hRY 7= LR AT 4 %V DMF F—f (bR EFEFHS T T, 50 CITmE L7z & =
AL RIST DA ERFY I K 23 BNIER 82% T H 7= (Scheme 2-10),

- CN
aniline
10 mol% Pd(OAc), Q
12 mol% Xantphos @\ NN
> I
CN NaO'Bu ﬂ&/)
1,4-dioxane, 100 °C 22
93%
N—N — CN
'/
'M piperidine
17a 5 mol% Pd(OAc),
10 mol% PPh, O NeN
N

Y

/
NEt;, CO N

DMF, 50 °C o

Scheme 2-10. Amination and Carbonylation of 3-lodopyrazole 17a.

PLEDORERNG 33 vHEE RNV E LI ax v 7Y U ITRINC LY | ZEkciEEL 0
ARHRETH D Z LB LT,

2—6 SALC-HTV—Kic& B 135- vV T Y — LT —LDERR

AERLV— MIBITABEIREE STz, 5 ALIZHIT 5 EALEERIIZL C-H 7 U — /bR
EREt LTz, 7 =D 5ALZEIT D CH T U —HELRISIZW L O SN Tnban 9, 1,3—
T V=T = AN EEICHO BB o T, £ 2T BRI E RO G 2 BB,
FIGS&tEZe ettt o2& e Lz, $72bb, 13—V 7V —L BT —L 19a ZHE L L, filfits L
THEE NN VU A R E LCTRED Y U A, GO SAEREZRINL, BUAL 0w, 19a 12kt
T5H4—7 8T ML RA)DYEIZONTHRE L7z (Table 2-2),
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H2E

FPENLT- & LC cataCXiumA, 3§ E L TDMA, 4— 7 2E Mz % 15 BEAW LA E
i Uiz, S OAITHARY O 'H NMR fEFTIZ L0, B 25a &, @RIKISLT40ib 7 U —ik
INT226 3, L1 DHTAERLIEZ EZBRILT (entry2) & 72E. ANLDOHBT U —A b3 ni-{k
BMOERITRRD Bivie o T,

Table 2-2. C-H Arylation at the C5 Position of 19a

Q ) a2l al
N-| 24 (X equiv.) N—N N-N
U > U + 1
W 10 mol% Pd(OAc), O Z O
F5C 15 mol% ligand F3C Me  FsC Me
30 mol% PivOH O
K,CO; solvent
120 °C, time
19a (1.0 equiv.) 25a 26
. . yield of recovered
entry ligand X solvent time 25a:26 2 25a (%) substrate (%)
1 PCy;HBF, 1.2 1,4-dioxane 24 h 30:1 50 33
2 cataCXiumA 1.5 DMA 36h 1:1
3 P'Bu3-HBF4 1.5 DMA 42 h 7:5
4 PCy;-HBF, 1.5 DMA 42 h 6:1
5 cataCXiumA 1.2 DMA 42 h 3:1
6 PCy;HBF, 1.2 DMA 72 h 19:1 33 37
aDetermined by "H NMR.
E 2 CHO A B E LR TSV THRET L7z, PBUsHBFy & AV 2556, ZERkEEI 75 &

20 Zbom ENR SN DHRTH-T- (entry 3), — 5T PCys*HBF, %:ﬁﬁb\f:zﬁa . ARk 611
ERMERm BN RSN (entry 4), F72, entry2 22H 4— 7 0E ML OMELR 12 AT L
LA, ERkktiE 31 icm EL7E (entry5), Lo T, BfLF-& LT PCys HBF 2V, 4—7 2 E |
N 12 BEMWT, DMAREP COGZ R L7z & 2 A, Aptix 191 FTm bl +5

CHTBMFZEEE/ MK, 19a 2B L LT CH TV — UbRISERE LT~ ZOHE, Hir3 @S
V' —)L 25a EIEFENC T ) — A b STz 26 OAERR AR L, ARiX 331 TholmtHmE L TWD
(Scheme 2-11) 2, 7. HHI¥ 25a & 26 DSEEN AT THo7-728, EfERIRIIEH I T

WRino Tz,
CN CN

e f
f 24 (1 .5 equiv.) f N-N

-N

N—-N )
/@A)\ 10 mol% Pd(OAc) m O 2 O
e sty M
F3C 15 mol% cataCXium A F3C Me FiC e

0,
19a (1.0 equiv.) 30 mol% PivOH

K,CO; DMA
140 °C, 16 h Me
252:26=3.3:1 25a: <56% 26

Scheme 2-11. Previous Report on C5-H Arylation of 19a
52



- =

PROBRIRMENFEIHL L=2N, AR OBBEINRIL 33% L IR b D Th o772, IRICEAEBEE LT 14—
XYW E A YWD 50%Zm EL, FoERMED 301 L bicm L (entryl), 72
B, T OFRIZ 33% Dk 19a Z B L 7=,

PLEDFERNG, 7V =T A R 12 ¥Eb L, fillits UTHR ST P A, B & LT
PCys*HBF,, MiJk & L CTIREED U 7 A& W, il ED © VB Z2ainL | 14— A F 3 H 120 C
[CTHEVE % 2 & C, BRI & SN QO LB B R YE O KRiE 22 m) B igssh Lz,

O, REME L - CHEE AR Z AT L7z (Scheme2-12), FJ°, 2 @k 19a 2 E & L
T, BTHEMECE TR IMELZE T HRUP OB, AL MICEBRELZ AT 5 S REEDO KX
R P U, NP VBREBRORRD T TA LU, GREBATOEERTHLIEY DUVEBED
BMAEFRI L&A, TRENEREFRIERIZTENE T 50 v 7V v 7R 57z (25b: 57%,
25¢: 58%, 25d: 75%, 25e: 66%, 25f: 77%) , 723 &° U ¥ B DB A DERIZ Hilig ST 27 I, PCys* HBF,
ENVBRO B RESFMEERREE T DL, ROSTERETIERIE 15% SRINRICEE 72, Zhid
VDB T VT LIENLTLEI ZENERTH D & B X HilE/ T 27 A 20mol%, PCys-
HBF, % 30 mol%, E/NLfiE% 60 mol%A =& = A, IR 7T7%I2m L LT, »&iz, FE% 19f
EL.4—TeEXRY = NINEDT TV T ERRTIE A, IR TI% T v 7V 7K 25¢g
DEONT, F3MIT =V EERFTH 100 2 /EE L, 4— T u e R E8H/FMBT N EDT v
Vo7 wRPTle TA I 2% TLEIe v 7Y 7K 25h WE bz, £7-2— MU VEEFT
H 1% HIE L L, [ARICA—T e LZREEMRTNEDT v T ) o T hERAATLE Z A, W 72% T
Hi9® 251 &bz, —MIc, 71 b OBEEMET 25 & C-H fEaTE (LB OIE M (b
NX—[IEKRKT D, ZoZEnd, EFHEHEOT =V VEEFT D 19a 0, AL MLA FIVED
SMARPEFED 2O, BT — VB E 3NN E VR EPE L TV RWNEZ X B D 19 (X, EK
FIMEREZ AT 5 190 X° 19f L0 RUGMERNER T T 560 L& L Tz, L LA HINGERIZEASE
RENRONNST-Z b, 13— 7T U —L 53— 19 ® 547 C-H 7 U — ALK IO
T, BE—REOEWISFREZ R T Z N TELEZEZXTND,
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N—N > N-N
{ A~n 10 mol% Pd(OAc), Y
@ 5 15 mol% PCy,- HBF,
19 30 mol% PivOH, K,CO5 25
1,4-dioxane, 120 °C

25d
57% 58% 75%

CN CN NO,
N-N N—Nj N—Nj

O & O & \\N

F3C FsC g F3C CN
25e¢ 25f 25¢g
66% 77%? 71%P
CN CN

O
WO OO

25h 25i
62%° 72%P

@ Reaction conditions: 20 mol% Pd(OAc),, 30 mol% PCy;-HBF,4, and 60 mol% PivOH.
b The ratio of substrate 6 to ArBr was 1.5 : 1. The yield was calculated based on the Ar-Br.

Scheme 2-12. Synthesis of 1,3,5-Triaryl Pyrazoles via C5-H Arylation

PLE, 13- 7 V=BT Y — D5 & @ EERICERET U — b3 5502 /AHL., £
BE7R 3 BHAE T Y — L DA RRIZRT) L=,

2—7 ALCHTYV—ICEBT I TV —NAET S —ADERK

AREFEICEN, 1,35— R U T U — AL E T — LD AT 5 CH T U — b a st Lz, 2—
51ZBWTC, 13—V 7 V=T =D 50 C-H TV — LD GG % Bt L7-BE, Table 2-2
D entry 2 D5 W TZERICIXE RIS ET L TAML S 7 U — b S Aba 26 AR LT,
KEMEBEIC, WH%AZ 25a & L, filfii e UTHIR ST U0 A BUALF & LT cataCXiumA, Mk &
LCREED U U L%, & e Va2 L, DMA H 140 CIChiE L, 4—7 rE=|Fn
R rQRNEDH v T T EARIT- (Scheme2-13), T DOFER, INF 58%ICCTHE T 5 4 B
7Y —L ba G bivic, ZOBROFEE 25a DER(LFRIT 63% Th o7 Z &b, 13 A LRIERKY
HELDZ LR, B 4EHY T Y —/L 5a ODERITHEEI LT,
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CN CN

Q 10 mol% Pd(OAc), Q

N—N 15 mol% cataCxium A N—N

/ 30 mol% PivOH
O - Y
FiC ! Me K,CO;, DMA F3;C
140 °C, 20 h
58%

NO

25a (1.0 equiv.) 27 (1.5 equiv.) 5a

Scheme 2-13. C-H Arylation of Triaryl Pyrazole 25a.

HREGS X SRS L v S o 4 BHY T YV — L 5a OREEEZA S L, 4 >D7 U —L Ak
MENENELOMNBIEASNTWD Z L 2R LT (Figure2-2), £72, &7 UV — A HEITHWO
SREED - O T — VRIS L TR U EiEL & 5 2 R bio Tz,

CN

Ba
G

N1 N2

e

z ==z
o \_=z
N

5a
bonds  bond lengths (A) atoms bond angles (°) Pz-Ar —mEA
N(1)-N(2) 1.361(2) N(1)-N@2)-C(1)  112.52) .
N(2)-C(1) 1.374(3) N(@2)-C(1)-C(2)  106.0(2) PZ_OCN 36.7
C(1)-C(2) 1.385(3) C(1)-C(2)-C(3)  105.4(2) .
Cc(2)-C(3) 1.424(3) C(2)-C(3)-N(1)  111.0(2) Pz_@‘“"e 47.2
C(3)-N(1) 1.338(3) C(3)-N(1)-N(2)  105.1(2)
Pz—©—N02 63.3°
Pz—©—0F3 22.1°

Figure 2-2. X-ray Crystal Structure of 5a

EE DT DIZ, v A 7 g ik S ERmET AN O RO b, WEHE 7Y —/L (14) OREEN
F A—4—=9% 717 (Figure 2-3),
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N1 N2

N—NH
c2
bonds bond lengths (A) atoms bond angles (°)
N(1)-N(2) 1.35 N(1)-N(2)-C(1) 113.1
N(2)-C(1) 1.36 N(2)-C(1)-C(2) 106.4
C(1)-C(2) 1.37 C(1)-C(2)-C(3) 104.5
C(2)-C(3) 1.42 C(2)-C(3)-N(1) 111.9
C(3)-N(1) 1.33 C(3)-N(1)-N(2) 104.1

Figure 2-3. Structural Parameter of Unsubstituted Pyrazole

Sa & 14 OREENRT A—F —% i35 L IFER—DEE £ > TRV, BREOHEAIZLDIE S
V= VBN OREG RO EA~DOREIIR b NRhoT,

O, AEME b - CHEE A 2 Mar L= (Scheme2-14), £9°, 3 EH#{A 259 2 HE & L
T, EAHEESEFRIEZETINCEVR, XUBUVREBHRORRL T 7 XLV UER, %
FANTEEFRCHHLEY VVROBAZMMNLI-EZA, TNENEERIRICCTHIET DA
v 7V U TEDBE BT (5b: 55%, Sc: 57%, 5d: 84%, 5e: 64%, 5: 59%), TF L2 VA F NP
BIXOF 72 Lo 0B ADEE, JFEF 259 # R LM LFEEEZER LIZINEREZHEH LA, 20
A 62%, 75% & X & D ba DEMOLGE L L CURIERTH Y | BISIGOEITHARE S, Zh
T TIEASINTET U — VBRI 2 BRI EZ BT 572D IGEREL, Zhb0RUE
VERETHT VLIS EIT L2720 EB X TWD, OXICHEED 3 BT Y — & LT,
TNV ERETH25h E2— RULEERETLH B #H\WT4—T =g Br oy
Vo7 aildle, TORER, Bter v 7Y 7K 59, 3L NBh NEIEI51%, 39% DI TH 5
Nz, SXOFRERNG, 4A—7aE= b X B L THE 25 2/hEREfAWs Z T, EF
IRWBIRIS 2 VI % &8 2 TRES LIZ2s, IR B Lo T,
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N N—N’
& > &
@ H“ 20 mol% Pd(OAc), @ @
30 mol% cataCXium A @
60 mol% PivOH

K,CO3, DMA, 120 °C
25 5

NO, NO, NO,

o

L L
Qe Y Ok

55% (BRSM 62%) 57% 84%
NO, NO,
N—N N—Nj
® av ® av
FsC CN Fc . CN
|
l ¢!
5e 5f
64% (BRSM 75%) 59% (BRSM 90%)
CN CN
N—N Me —N
/) /)
® o [ 0
MeO
O OEt O OEt
NO, NO,
59 5h
51%2 39%2

2 The ratio of substrate 25 to ArBr was 1.5 : 1. The yield was calculated based on the Ar-Br.

Scheme 2-14. Synthesis of Tetraaryl Pyrazoles 5

ZORKEROEY BEZ T, 1,35- 8V T V=BT LD 1AL L 5ALOFFEFERILE\ DR
EODIIE T Y — VBRI L TR INTHEL L B2 b5, — T 3MOFHFRITIE TV
— L EIRIERFHICH Y, R LTWD, LoT, 7TV — Vi EO@EEILN 4 (LD C-HFEE DK
JEMEIC B JIETHBLIMA RO REINWI LR PHRIND, ZD7H, 25h Z#HE L LI2GE1E, 3
PACE TGO A MY T 2= VEERT D70 4 17 e hOFBEEMET L, [NERMETF L
B2, 12261 2HE L LIca, 4 MIATFAVEOSKEED - OIZ MO HFHFEROE T
V= VERIZK L TR UENT WA TS, 2- N U VIITE AL E LTI X, 467 h o Ofg
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PEEEAME T L, IEMET L7z E R e, ZOBREREET 57201, DFT FHREIC K 285 7O
AT 21T > 7= (Figure 2-4), 723, ARFHHEIZIT Spartan 08 Version 1.1.1 & A\, JLESIEE LT
B3LYP, JLERIE L LT 6-31G** & v /o, ZDRER. ELHY | 25a & 25h DGHIIE T Y — /LB
&3O B UBRITIFIER — Pl EITFEL, £72. 251 O5EX. AV ML A F VIO SRR E
D=, BTV —NLEBESMORNCBURITRA N EEZ &S (Tl 22.1°) Z ERRINT,
PLEDEBZENG  AARLD C-H T U —AbSIE, SALOZ & U CHREIC L Rk FTH 2 &
DRI ST,

¢ .
25a 25h 25i
Pz-Ar —EA Pz-Ar —mEA Pz-Ar —HEA
Pz—@—CN 39.6° Pz—@—CN 36.6° Pz—@—CN 36.7°
Pz—@—Me 47.9° Pz—@—coza 49.2° Pz—@—COZEt 47.2°
Me,
PZ—O—CFs 44° Pz—@—om 18° Pz—@ 221°

Figure 2-4. DFT Calculation of 1,3,5-Triayl Pyrazoles

LLEDORERIN D, 462D C-H 7V —AERUSIC & > TR 4 SO7 ) — VIR TEBB S LY T
V= NVOERIEZMNL L, Bia 7 A BMIAEZ G TEH 2 2O NI LT,

2—8 E&®

ARETIE, 4007 V—/VIETEBR SN 4 BHRYE T — VORI ERIEORREEZHIEL, 77
v N7 —LDOFRFBIOFARLL | @A v 7 ) T OBRBHIOWTIRR 2, T7hbh, 77 v
N7+ —ALELT3—-3a—FRETY—L@AE&FL, 7Y —NEZHEWEE LT3 TR, BRIk
TT% CRB L7, 3—a— RETZY—1LDT T v N7+ — LI LEEBREEES, 8K — 5
J VT Fe 210 C-H T U —UALKIRIZ L > T, 87225 4 2O7 U —/VEE & (LB BRI
MALDT, 4B T — Va2 G LT, ML LI FECED, 2R 4BRE T Y —URE
RCE DI EEFEFEL O,
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CN
N—-N
R

N-NH 5 N—-N
7l U
0, 2 3
4 3 steps 77% 3-iodopyrazole (4) 91% 17a
+ 1 example
CN CN
- N—N - N—N
Pd,(dba),, P'Bu;-HBF, ngegﬁ)zi l:%si/s;(HI?h O O
87% FsC Csony e FsC Me
19b 25a
+ 6 examples + 8 examples

L

N—N
U

- ¥4
Pd(OAc),, cataCXium A O
PivOH, DMA F3C
58%
NO,

5
+7 exaamples B RXREERN

Scheme 2-15. Synthesis of Tetraaryl Pyrazoles Using 3-lodopyrazole (4) as a Platform
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Experimental

1. General techniques

NMR spectra were recorded on either a JEOL Model EX-270 (270 MHz for H, 67.8 MHz for *C) or a JEOL
Model ECP-400 (400 MHz for *H, 100 MHz for *C) or a Bruker biospin AVANCE 1I (400 MHz for H, 100
MHz for °C) or a Bruker biospin AVANCE Il (500 MHz for *H, 125 MHz for 3C) 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, 77.0 ppm for **C) or CD-Cl; (5.30 ppm for H) or
DMSO-dg (2.5 ppm for *H, 39.5 ppm for *C) or CD3sOD (3.31 ppm for *H, 49.5 ppm for *C). Multiplicities are
reported using the following abbreviations: s; singlet, d; doublet, dd; doublet of doublets, t; triplet, g; quartet,
m; multiplet, br; broad, J; coupling constants in Hertz.

IR spectra were recorded on a Perkin-Elmer Spectrum One FT-IR spectrometer or a JASCO FT/IR-4100. Only
the strongest and/or structurally important peaks are reported as IR data given in cm™,

ESI-TOF Mass spectra were measured using a Waters LCT Premier™ XE or Bruker micrOTOF Il. HRMS (ESI-
TOF) was calibrated as Leu-enkephalin or sodium formate. EI and FAB Mass spectra were measured using a
JEOL JMS-700 Mstation. HRMS (ElI, 70 eV) was calibrated as perfluorokerosene.

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 a p-anisaldehyde solution or a KMnO, solution.
All the C-H direct arylation reactions were carried out under an atmosphere of inert gas using a personal
synthesizer, Chemi Station® PPS-CTRL1 which was purchased from Tokyo Rikakikai (EYELA) co. Itd., Japan,
and the seald tubes (EYELA, ¢ = 16 or 24 mm) for Chemi Station.
Gel permeation chromatography (GPC) for purification was performed on Japan Analytical Industry Model LC-
9210 NEXT (recycling preparative HPLC) on a Japan Analytical Industry Model RI-700NEXT refractive
index detector and a Japan Analytical Industry Model UV 254 11 NEXT ultra violet detector with a
polystyrene gel column (JAIGEL-1H, 20 mm x 600 mm), using chloroform as solvent (3.0 mL/min).
Preparative HPLC was carried on a Waters 515 HPLC Pump using a Senshu Pak PEGASIL Silica 60-5 (20 x
250 mm) with a SHISEIDO SI-2/3002 and Shodex RI-71, hexane : ethyl acetate =90 : 10, flow rate; 3.0 mL/min.
Column chromatography was performed on Silica Gel 60 N, purchased from Kanto Chemical Co.

THF and CH:Cl, were dried by a Glass Contour. 1,4-dioxane was dried by distillation from sodium
benzophenone ketyl.
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2. Preparation of 3-iodopyrazole

N,N-Dimethyl-1H-pyrazole-1-sulfonamide (15)

To a stirred sodium hydride (1.46 g, 63% in mineral oil, 38.2 mmol, 1.3 equiv.) under an argon atmosphere,
washed twice with dry hexane, a solution of pyrazole (14) (2.00 g, 29.4 mmol, 1.0 equiv.) in THF (60 mL) was
added at 0 °C. After being stirred at room temperature for 30 min, dimethylsulfamoyl chloride (3.8 mL, 35.3
mmol, 1.2 equiv.) in THF (30 mL) was added at 0 °C. After being stirred at room temperature for 30 min, the
reaction mixture was poured into saturated ag. NH4Cl. The agueous layer was extracted with two portions of
ethyl acetate. The combined extract was washed with brine, dried over Na.SO. and concentrated in vacuo. The
residue was purified by column chromatography on silica gel with hexane : ethyl acetate = 80 : 20 to give N,N-
dimethyl-1H-pyrazole-1-sulfonamide (15) (5.11 g, 29.2 mmol, 99%) as a colorless oil.

'H NMR (400 MHz, CDCl3) 6 7.99 (d, J = 2.4 Hz, 1H, a), 7.75 (d, J = 1.4 Hz, 1H, b), 6.40 (dd, J = 2.4, 1.4 Hz,
1H, c), 2.94 (s, 6H, d); *C NMR (100 MHz, CDCls) 6 143.3, 131.5, 106.8, 38.2; FT-IR (neat) 2935, 1519, 1419,
1388, 1286, 1176, 1161, 1060, 1032, 973, 728 cm’; HRMS (ESI-TOF): [M+H]* calcd. for CsH1oN30:S,
176.0494: found 176.0502.

3-lodo-1H-pyrazole (4)

To a stirred solution of N,N-dimethyl-1H-pyrazole-1-sulfonamide (15) (8.00 g, 45.7 mmol, 1.0 equiv.) in THF
(90 mL), 1.63 M solution of "BuL.i in hexane (36.4 mL, 59.4 mmol, 1.3 equiv.) was added at -78 °C under an
argon atmosphere. After being stirred at the same temperature for 30 min, iodine (13.9 g, 54.8 mmol, 1.2 equiv.)
was added to the reaction mixture at -78 °C. After being stirred at room temperature for 30 min without being
exposed to the light, the reaction mixture was poured into 10% ag. Na,S;0s. The aqueous layer was extracted
with two portions of ethyl acetate. The combined extract was washed with brine, dried over Na,SO4 and
concentrated in vacuo. The residue was used for the next reaction without further purification.

The residue was dissolved in TFA (10 mL) at 0 °C. After being stirred at the same temperature for 2 h, the
reaction mixture was concentrated in vacuo. The residue was poured into ethyl acetate, washed with saturated
aq. NaHCOs, washed with brine, dried over Na,SO, and concentrated in vacuo. The residue was purified by
column chromatography on silica gel with hexane : ethyl acetate = 70 : 30 to give 3-iodo-1H-pyrazole (4) (6.92
g, 35.7 mmol, 2 steps 78%) as a white solid.

Mp 70-72 °C; *H NMR (400 MHz, CDCls) § 7.44 (d, J = 2.4 Hz, 1H, a), 6.51 (d, J = 2.4 Hz, 1H, b); 3C NMR
(100 MHz, CDCls) & 131.3, 113.8; FT-IR (neat) 3141, 3025, 2895, 1382, 1329, 1047, 951, 823, 770, 759 cm;
HRMS (ESI-TOF): [M+H]* calcd. for CsHaN2l, 194.9419: found 194.9424.

N—-N

A

b

3. General procedure for SNAr reaction
To a stirred solution of 3-iodo-1H-pyrazole (4) (1.0 equiv.) and arylfluoride (1.2 equiv.) in DMA (2.0 mL/mmol
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based on 4), potassium carbonate (1.5 equiv.) was added at room temperature under an argon atmosphere. After
being stirred at 100 °C for 6 h without being exposed to the light, the reaction mixture was poured into 1 M ag.
HCI. The aqueous layer was extracted with two portions of ethyl acetate. The combined extract was washed
with saturated aq. NaHCOs, washed with brine, dried over Na;SO4 and concentrated in vacuo. The residue was
purified by column chromatography on silica gel with hexane : ethyl acetate = 80 : 20 to give a desired product.

4-(3-lodo-1H-pyrazol-1-yl)benzonitrile (17a)

According to the general procedure, 17a was obtained as a white solid in 91% yield. Mp 158-160 °C. *H NMR
(400 MHz, CDCls)  7.81-7.79 (m, 3H, a, d), 7.76-7.73 (m, 2H, c), 6.68 (d, J = 2.4 Hz, 1H, b); 3C NMR (100
MHz, CDCls) 6 142.0, 133.7, 128.6, 118.8, 118.1, 118.0, 110.2, 99.2; FT-IR (neat) 2228, 1606, 1514, 1493,
1346, 1072, 1035, 947, 842, 760 cm?; HRMS (ESI-TOF): [M+H]" calcd. for CioH7N3l, 295.9685: found
295.9677.

3-lodo-1-(4-nitrophenyl)-1H-pyrazole (17b)

According to the general procedure, 17a was obtained as a yellow solid in 95% yield. Mp 106-108 °C. 'H NMR
(400 MHz, CDCls) & 8.34 (d, J = 9.2 Hz, 2H, d), 7.87-7.84 (m, 3H, a, ¢), 6.71 (d, J = 2.4 Hz, 1H, b); 3C NMR
(100 MHz, CDCls) 8 145.8, 143.4, 128.8, 125.4, 118.5, 118.3, 99.7; FT-IR (neat) 1596, 1510, 1327, 1112, 1067,
1033, 946, 854, 749 cm™*; HRMS (ESI-TOF): [M+H]" calcd. for CoHsN3O2I, 315.9583: found 315.9587.

d ;Noz
c
N—-N
(A

4. Cross-coupling reactions of 3-iodopyrazoles

General procedure for Suzuki-Miyaura coupling

To a stirred solution of Pd2(dba)3 (0.030 equiv.), P'Bus- HBF, (0.050 equiv.) and Na,CO3 (3.0 equiv.) in a
mixture of THF (1.0 mL/mmol based on 17) and H,O (1.0 mL/mmol based on 5), 3-iodo-1-aryl-1H-pyrazole
(17) (1.0 equiv.) and boronic acid or pinacol ester (1.5 equiv.) was added at room temperature under an argon
atmosphere. After being stirred at the same temperature for 2 h without being exposed to the light, 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 column chromatography on silica gel with hexane : ethyl acetate = 85 : 15, and further purified by
recrystallization or GPC to afford a desired product.
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4-[3-{4-(Trifluoromethyl)phenyl}-1H-pyrazol-1-yl]benzonitrile (19a)

4-(Trifluoromethyl)phenylboronic acid was used for the cross-coupling. Recrystallization from toluene afforded
19a as a white solid in 87% yield. Mp 157-159 °C. *H NMR (270 MHz, CDCls) & 8.06 (d, J = 2.6 Hz, 1H, a),
8.02 (d, J =8.2 Hz, 2H, d), 7.93 (d, J = 8.6 Hz, 2H, ¢), 7.78 (d, J = 8.6 Hz, 2H, f), 7.70 (d, J = 8.2 Hz, 2H, c),
6.90 (d, J = 2.6 Hz, 1H, b); **C NMR (100 MHz, CDCls) § 152.6, 142.7, 135.7, 133.7, 130.3 (q, Jc-r = 32.7 Hz),
128.3,126.1, 125.7 (q, Jc-r= 3.8 Hz), 124.1 (q, Jcr = 271.6 Hz), 118.8, 118.3, 109.8, 106.8; FT-IR (neat) 2233,
1607, 1519, 1323, 1113, 1066, 838, 764 cm™; HRMS (ESI-TOF): [M+H]* calcd. for Ci7H11NsFs, 314.0905:
found 314.0895.

4-{3-(4-Methoxyphenyl)-1H-pyrazol-1-yl}benzonitrile (19b)

4-Methoxyphenylboronic acid was used for the cross-coupling. Purification by GPC afforded 19b as a white
solid in 77% yield. Mp 149-150 °C. *H NMR (270 MHz, CDCls) & 8.00 (d, J = 2.3 Hz, 1H, a), 7.90 (d, J = 8.6
Hz, 2H, d), 7.84 (d, J = 8.9 Hz, 2H, e), 7.75 (d, J = 8.6 Hz, 2H, c), 6.98 (d, J = 8.9 Hz, 2H, f), 6.78 (d, J = 2.3
Hz, 1H, b), 3.87 (s, 3H, g); *C NMR (100 MHz, CDCls) 5 160.0, 154.0, 142.9, 133.5, 127.9, 127.2, 125.0,
118.5,118.4,114.1, 108.9, 106.1, 55.3; FT-IR (neat) 2229, 1606, 1520, 1452, 1396, 1249, 1175, 1040, 953, 838
cm; HRMS (ESI-TOF): [M+H]* calcd. for C17H14N30, 276.1137: found 276.1143.

4-{3-(5-Methylthiophen-2-yl)-1H-pyrazol-1-yl}benzonitrile (19c¢)

5-Methylthiophene-2-boronic acid pinacol ester was used for the cross-coupling. Purification by GPC afforded
19c as a white solid in 93% yield. Mp 127-129 °C. *H NMR (270 MHz, CDCls) § 7.96 (d, J = 2.6 Hz, 1H, a),
7.86 (d, J =8.6 Hz, 2H, d), 7.74 (d, J = 8.6 Hz, 2H, ¢), 7.22 (d, J = 3.6 Hz, 1H, ¢), 6.74 (d, J = 2.6 Hz, 1H, f),
6.69 (d, J = 2.6 Hz, 1H, b), 2.53 (s, 3H, g); **C NMR (100 MHz, CDCls) & 149.6, 142.6, 140.5, 133.5, 133.0,
127.8, 125.8, 125.0, 118.5, 109.1, 106.2, 15.4; FT-IR (neat) 3152, 2231, 1606, 1530, 1378, 1265, 1180, 1042,
943, 841 cm™; HRMS (ESI-TOF): [M+H]* calcd. for C1sH12N3S, 266.0752: found 266.0707.
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4-{3-(2-Tolyl)-1H-pyrazol-1-yl}benzonitrile (19¢)

2-Tolylboronic acid was used for the cross-coupling. Purification: by GPC afforded 19e as a colorless oil in
99% yield. 'H NMR (270 MHz, CDCls) & 8.02 (d, J = 2.6 Hz, 1H, a), 7.88 (d, J = 8.9 Hz, 2H, d), 7.73 (d, J =
8.9 Hz, 2H, ¢), 7.62 (m, 1H, €), 7.29 (m, 3H, f-h), 6.70 (d, J = 2.6 Hz, 1H, b), 2.56 (s, 3H, i); *C NMR (67.8
MHz, CDCl3) 6 154.7, 142.9, 136.3, 133.6, 132.0, 131.1, 129.2, 128.3, 127.0, 125.9, 118.5, 118.5, 109.4, 109.2,
21.4; FT-IR (neat) 3061, 2227, 1608, 1531, 1458, 1391, 1356, 1281, 1179, 1041, 954, 840, 753 cm*; HRMS
(ESI-TOF): [M+H]* calcd. for C17H14N3, 260.1188: found 260.1189.

1-(4-Nitrophenyl)-3-{4-(trifluoromethyl)phenyl}-1H-pyrazole (19f)

4-(Trifluoromethyl)phenylboronic acid was used for the cross-coupling. Purification by column
chromatography afforded 19f as a yellow solid in quantitative yield. Mp 115-116 °C. *H NMR (400 MHz,
CDCls) 6 8.31 (d, J=9.2 Hz, 2H, d), 8.05 (d, J = 2.9 Hz, 1H, a), 8.00 (d, J = 8.2 Hz, 2H, e), 7.91 (d, J = 9.2 Hz,
2H, ¢), 7.68 (d, J = 8.2 Hz, 2H, f), 6.87 (d, J = 2.9 Hz, 1H, b); *C NMR (100 MHz, CDCls) § 152.8, 145.4,
144.0, 135.6, 130.3 (9, Jc-r = 32.7 Hz), 128.5, 126.1, 125.4 (q, Jce= 3.8 Hz), 125.3, 124.1 (q, Jcr = 271.7 H2),
118.3, 107.0; FT-IR (neat) 1598, 1516, 1420, 1338, 1324, 1270, 1164, 1112, 1065, 941, 852 cm™; HRMS (ESI-

TOF): [M+H]* calcd. for C16H10N302F3, 334.0803: found 334.0806.
d NO,

4-(3-Vinyl-1H-pyrazol-1-yl)benzonitrile (21)

Vinylboronic acid pinacol ester was used for the cross-coupling. Purification by GPC afforded 21 as a white
solid in 67% yield. Mp 121-125 °C. *H NMR (270 MHz, CDCls) § 7.92 (d, J = 2.3 Hz, 1H, a), 7.82 (d, J = 8.6
Hz, 2H, d), 7.73 (d, J = 8.6 Hz, 2H, c), 6.75 (dd, J = 11.2, 17.4 Hz, 1H, €), 6.65 (d, J = 2.6 Hz, 1H, b), 5.86 (d,
J=17.4 Hz, 1H, g), 5.45 (d, J = 11.2 Hz, 1H, f); 3C NMR (67.8 MHz, CDCls) 5 153.7, 142.8, 136.0, 128.5,
127.7, 118.6, 118.4, 117.5, 109.3, 106.1; FT-IR (neat) 2226, 1608, 1523, 1391, 1261, 1183, 1049, 945, 837 cm
1 HRMS (ESI-TOF): [M+H]* calcd. for C12H10N3, 196.0875: found 196.0874.
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4-{3-(Pyridin-3-yl)-1H-pyrazol-1-yl}benzonitrile (19d)

To a sealed tube containing a magnetic stirring bar, Pdz(dba)s (14.6 mg, 0.0169 mmol, 0.10 equiv.), PCyz*HBF4
(14.1 mg, 0.0407 mmol, 0.24 equiv.), KsPO4 (57.6 mg, 0.288 mmol, 1.70 equiv.), 4-(3-iodo-1H-pyrazol-1-
yl)benzonitrile (17a) (50.0 mg, 0.169 mmol, 1.0 equiv.) and pyridine 3-pyridylboronic acid (23.5 mg, 0.203
mmol, 1.2 equiv.), 1,4-dioxane (0.43 mL) and H-O (0.21 mL) were added at room temperature under an argon
atmosphere. The reaction mixture in the sealed vessel was stirred at 100 °C for 18 h. After cooling the reaction
mixture to room temperature, the 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 MgSQO4and concentrated in
vacuo. The residue was purified by column chromatography on silica gel with toluene : ethyl acetate = 50 : 50
to afford 4-{3-(pyridin-3-yl)-1H-pyrazol-1-yl}benzonitrile (19d) (33.7 mg, 0.137 mmol, 81%) as a white solid.
Mp 167-169 °C; 'H NMR (400 MHz, CDCls) 6 9.13 (s, 1H, h), 8.62 (d, J = 3.3 Hz, 1H, g), 8.21 (d, J = 7.7 Hz,
1H,e),8.07 (d, J=2.4 Hz. 1H, a), 7.92 (d, J = 8.7 Hz, 2H, d), 7.77 (d, J = 8.7 Hz, 2H, ¢), 7.37 (m, 1H, f), 6.89
(d, J = 2.4 Hz, 1H, b); 3C NMR (100 MHz, CDCl3) § 151.2, 149.5, 147.3, 142.6, 133.6, 133.1, 128.3, 123.6,
118.8, 118.3, 109.7, 106.5; FT-IR (neat) 2227, 1608, 1531, 1515, 1422, 1366, 1280, 1183, 1038, 956, 836, 753
cmt; HRMS (ESI-TOF): [M+H]" calcd. for C1sH10Ns4, 247.0984: found 247.0977.
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Buchwald-Hartwig amination
4-{3-(Phenylamino)-1H-pyrazol-1-yl}benzonitrile (22)
To a sealed tube containing a magnetic stirring bar, Pd(OAc)2 (3.8 mg, 0.0169 mmol, 0.10 equiv.), Xantphos
(11.8 mg, 0.0203 mmol, 0.12 equiv.), NaO'Bu (24.4 mg, 0.254 mmol, 1.5 equiv.), 4-(3-iodo-1H-pyrazol-1-
yl)benzonitrile (17a) (50.0 mg, 0.169 mmol, 1.0 equiv.), aniline (23.2 pL, 0.254 mmol, 1.5 equiv.) and 1,4-
dioxane (1.0 mL) were added at room temperature under an argon atmosphere. The reaction mixture in the
sealed vessel was stirred at 100 °C for 12 h. After cooling the reaction mixture to room temperature, the mixture
was diluted into ethyl acetate, passed through a pad of Celite®, concentrated in vacuo. The residue was purified
by column chromatography on silica gel with hexane : ethyl acetate = 67 : 33 to afford 4-{3-(phenylamino)-1H-
pyrazol-1-yl}benzonitrile (22) (41.2 mg, 0.158 mmol, 93%) as a white solid. Mp 213-216 °C; 'H NMR (400
MHz, CDCl3) 6 7.87 (d,J =2.9 Hz, 1H, a), 7.76 (d, J = 8.7 Hz, 2H, d), 7.71 (d, J = 8.7 Hz, 2H, ¢), 7.33 (m, 4H,
e, f, h,i),6.96 (m, 1H, g), 6.22 (d, J = 2.9 Hz, 1H, b), 6.21 (s, 1H, j); **C NMR (100 MHz, DMSO-ds) § 153.8,
142.7,142.2,133.8, 128.8, 128.6, 119.2, 118.9, 116.7, 115.7, 105.9, 99.4; FT-IR (neat) 3356, 2226, 1604, 1554,
1499, 1358, 1176, 933, 835 cm:: HRMS (ESI-TOF); [M+H]* calcd. for C15H13Na, 261.1140: found 261.1144.

4 CN

YA
h@\e N—N
i ,NM"‘

H b
J

66



Palladium-catalyzed carbonylative amidation
4-{3-(Piperidine-1-carbonyl)-1H-pyrazol-1-yl}benzonitrile (23)

To a stirred solution of Pd(OACc)2 (1.10 mg, 0.00508 mmol, 0.050 equiv.), PPh; (2.70 mg, 0.0102 mmol, 0.10
equiv.) in DMF (1.0 mL), 4-(3-iodo-1H-pyrazol-1-yl)benzonitrile (17a) (30.0 mg, 0.102 mmol, 1.0 equiv.) and
NEt; (56.7 uL, 0.407 mmol, 4.0 equiv.), piperidine (31.4 pL, 0.305 mmol, 3.0 equiv.) was added at room
temperature under CO atmosphere (balloon). After being stirred at 50 °C for 4 h, the reaction mixture was
concentrated in vacuo. The residue was purified by column chromatography on silica gel with toluene : ethyl
acetate = 67 : 33, and further purified by GPC to afford 4-{3-(piperidine-1-carbonyl)-1H-pyrazol-1-
yl}benzonitrile (23) (23.4 mg, 0.0835 mmol, 82%) as a white solid. Mp 160-162 °C; *H NMR (400 MHz,
CDCls) 6 8.00 (d,J=2.5Hz, 1H, a), 7.77 (d, J = 8.7 Hz, 2H, ¢), 7.45 (d, J = 8.7 Hz, 2H, d), 6.88 (d, J = 2.5 Hz.
1H, b), 3.87 (t, J=4.9 Hz, 2H, e or i), 3.75 (t, J = 4.9 Hz, 2H, e or i), 1.75-1.66 (m, f-h); *C NMR (100 MHz,
CDCl3) 5 161.9, 149.9, 142.6, 133.7,127.3, 119.2,118.2, 111.1, 110.1, 48.2, 43.7, 26.7, 25.7, 24.6; FT-IR (neat)
3115, 2938, 2857, 2228, 1608, 1528, 1510, 1483, 1365, 1269, 1199, 1135, 948, 842 cm*; HRMS (ESI-TOF):
[M+H]* calcd. for C16H16N40O, 281.1402: found 281.1403.
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5. C-H direct arylation at C5-position of 19b

CN Br—@—Me CN CN
o & &
N

N—N X equiv. N—N ,;l_
| > / +
WH Pd(OAC), (10 mol%) _ . O y O
F1C H ligand (15 mol%) 3¢ H Me Fs Me
19b PivOH (30 mol%) O

1.0 equiv. K,CO; solvent
120 °C, time Me
25a (desired) 26 (double arylated product)
entry ligand X solvent time 253:26  yield of 25a
1 PCy;-HBF, 1.2 1.4-dioxane 24h 30:1 50%
2 cataCXium A 1.5 DMA 36 h 1:1 10%

To a sealed tube containing a magnetic stirring bar, Pd(OAc). (0.10 equiv.), PCyz- HBF4 (0.15 equiv.), Ko:CO3
(30 equiv.), 4-[3-{4-(trifluoromethyl)phenyl}-1H-pyrazol-1-yl]benzonitrile (19b) (1.0 equiv.), aryl bromide (X
equiv.) and PivOH (0.30 equiv.) in solvent (1.0 mL/50 mg based on 6b) were added at room temperature under
an argon atmosphere. The reaction mixture in the sealed vessel was stirred at 120 °C. After cooling the reaction
mixture to room temperature, the 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 MgSO4and concentrated in
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vacuo. The residue was purified by column chromatography on silica gel, and further purified by
recrystallization or GPC to afford 1,3,5-triaryl pyrazole 25a. The ratio of 25a and double arylated product 26
was determined by *H NMR analysis.

4-[5-(4-Tolyl)-3-{4-(trifluoromethyl)phenyl}-1H-pyrazol-1-yl]benzonitrile (25a)

Purification: column chromatography (hexane : ethyl acetate = 90 : 10) and recrystallization from
hexane/CHCl,; white solid; yield 50% (BRSM 75%); Mp 170-172 °C.

'H NMR (270 MHz, CDCl3) 6 8.01 (d, J = 8.2 Hz, 2H, b), 7.70 (d, J = 8.2 Hz, 2H, c), 7.64 (d, J = 8.6 Hz, 2H,
d), 7.51 (d, J = 8.6 Hz, 2H, €), 7.19 (m, 4H, f, g), 6.85 (s, 1H, a), 2.40 (s, 3H, h); *C NMR (100 MHz, CDCls)
0 151.5,145.2,143.2, 139.3, 135.9, 132.8, 130.1 (q, Jc-r = 32.0 Hz), 129.6, 128.6, 126.8, 126.0, 125.7 (9, Jc-r
= 3.8 Hz), 124.9, 124.2 (q, Jcr = 272.4 Hz), 118.2, 110.6, 106.7, 21.3; FT-IR (neat) 2230, 1621, 1607, 1511,
1444, 1355, 1325, 1165, 1125, 1074, 971, 845 cm?; HRMS (ESI-TOF): [M+H]" calcd. for Cz4H17N3Fs,

404.1375: found 404.1375.
CN
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4-[4,5-Di-4-tolyl-3-{4-(trifluoromethyl)phenyl}-1H-pyrazol-1-yl]benzonitrile (26)

Purification: column chromatography (hexane : ethyl acetate = 90 : 10) and GPC; white amorphous solid.

'H NMR (400 MHz, CDCl3) 6 7.64 (d, J = 8.2 Hz, 2H, b), 7.59 (d, J = 8.7 Hz, 2H, ¢), 7.53 (d, J = 8.2 Hz, 2H,
a), 7.45 (d, J=8.7 Hz, 2H, d), 7.06 (m, 4H, e or for g or h), 6.98 (m, 4H, e or for g or h), 2.33 (s, 3H, i or j),
2.32(s, 3H, i orj); 3C NMR (100 MHz, CDCls) & 149.9, 143.2, 141.9, 138.9, 136.9, 136.3, 132.7, 130.3, 130.0,
129.7 (q, Jc-r = 32.8 Hz), 129.4, 129.2, 128.9, 128.3, 126.3, 125.1 (q, Jcr = 3.1 HZz), 124.8, 124.2 (q, Jcr =
272.4 Hz), 122.3,118.2, 110.3, 21.3, 21.2; FT-IR (neat) 3023, 2230, 1621, 1606, 1511, 1444, 1416, 1324, 12186,
1127, 1071, 969, 850 cm™t; HRMS (ESI-TOF): [M+H]* calcd. for Ca1H2sN3Fs, 494.1844: found 494.1842.

6. General procedure for synthesis of 1,3,5-triaryl pyrazoles

To a sealed tube containing a magnetic stirring bar, Pd(OAc). (0.10 equiv.), PCyz- HBF4 (0.15 equiv.), Ko:CO3
(3.0 equiv.), 1,3-diaryl pyrazole 19 (1.0 equiv.), aryl bromide (1.2 equiv.) and PivOH (0.30 equiv.) in 1,4-dioxane
(1.0 mL/50 mg based on 19) were added at room temperature under an argon atmosphere. The reaction mixture
in the sealed vessel was stirred at 120 °C for 24 h.
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Work-up procedure A: After cooling the reaction mixture to room temperature, the 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 MgSOasand concentrated in vacuo. The residue was purified by column chromatography
on silica gel, and further purified by recrystallization or GPC to afford 1,3,5-triaryl pyrazoles 25.

Work-up procedure B: After cooling the reaction mixture to room temperature, the mixture was passed through
a pad of activated alumina and concentrated in vacuo. The residue was purified by column chromatography on
silica gel, and further purified by recrystallization or GPC to afford 1,3,5-triaryl pyrazoles 25.
4-[5-(2,3-Dihydrobenzo[b][1,4]dioxin-6-yl)-3-{4-(trifluoromethyl)phenyl}-1H-pyrazol-1-yl]benzonitrile
(25b)

Work—up procedure A; purification by column chromatography (hexane : ethyl acetate = 70 : 30) and GPC
afforded 25b as a white amorphous solid in 57%. *H NMR (270 MHz, CDCls) 6 8.00 (d, J = 8.2 Hz, 2H, b),
7.67 (m, 4H, c, d), 7.53 (d, J = 8.6 Hz, 2H, ¢), 6.86 (d, J = 8.2 Hz, 2H, g), 6.82 (d, J = 2.0 Hz, h), 6.80 (s, 1H,
a), 6.71 (dd, J = 8.2, 2.0 Hz, 1H, f), 4.29 (brs, 4H, i, j) ; *C NMR (100 MHz, CDClg) & 151.5, 144.7, 144.5,
143.8, 143.2, 135.9, 132.9, 130.2 (q, Jcr = 32.7 Hz), 126.0, 125.7 (q, Jcr = 3.9 Hz), 124.8, 124.2 (q, Jcr =
272.1 Hz), 122.8, 122.1, 118.2, 117.8, 117.7, 110.7, 106.7, 64.4, 64.3; FT-IR (neat) 2882, 2230, 1620, 1607,
1511, 1497, 1447, 1354, 1325, 1288, 1125, 1073, 957, 845 cm™; HRMS (ESI-TOF): [M+H]* calcd. for
CasH17N3F30,, 448.1273: found 448.1284.
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Methyl 4-[1-(4-cyanophenyl)-3-{4-(trifluoromethyl)phenyl}-1H-pyrazol-5-yl]benzoate (25c)

Work—up procedure A; purification by column chromatography (hexane : ethyl acetate = 85 : 15) and GPC
afforded 25c as a white solid in 58% yield. Mp 188-189 °C. 'H NMR (270 MHz, CDCls) 6 8.07 (d, J = 8.2 Hz,
2H, b), 8.02 (d, J=8.2 Hz, 2H, g or f), 7.70 (d, J = 8.2 Hz, 2H, g or f), 7.65 (d, J = 8.6 Hz, 2H, d), 7.48 (d, J =
8.6 Hz, 2H, core), 7.37 (d, J =8.2 Hz, 2H, c or e), 6.95 (s, 1H, a), 3.95 (s, 3H, h); *C NMR (100 MHz, CDCls)
3 166.2, 151.8, 143.9, 142.8, 135.6, 133.9, 133.0, 130.7, 130.4 (q, Jcr = 32.7 Hz), 130.1, 128.7, 126.0, 125.7
(9, Jc-r = 3.8 Hz), 125.0, 124.1 (q, Jc-r = 272.5 Hz), 118.0, 111.2, 107.4, 52.3; FT-IR (neat) 2954, 2231, 1725,
1606, 1512, 1439, 1354, 1325, 1281, 1166, 1074, 971, 847 cm?; HRMS (ESI-TOF): [M+H]* calcd. for

C2sH17N3F302, 448.1273: found 448.1288.
c CN
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4-[5-(2-Tolyl)-3-{4-(trifluoromethyl)phenyl}-1H-pyrazol-1-yl]benzonitrile (25d)

Work—up procedure A; purification by column chromatography (hexane : ethyl acetate = 90 : 10) and GPC
afforded 25d as a white amorphous solid in 75 % yield. *H NMR (270 MHz, CDCls) & 8.04 (d, J = 8.2 Hz, 2H,
b), 7.70 (d, J = 8.2 Hz, 2H, ¢), 7.56 (d, J = 8.6 Hz, 2H, d), 7.45 (d, J = 8.6 Hz, 2H, ), 7.37 (m, 1H, f), 7.29 (m,
3H, g-i), 6.80 (s, 1H, a), 2.03 (s, 3H, j); *C NMR (100 MHz, CDCl3) 6 151.3, 144.4, 143.3, 136.9, 135.9, 132.9,
130.8, 130.2, 130.2 (g, Jcr = 32.0 Hz), 129.9, 129.8, 126.4, 126.0, 125.7 (q, Jcr = 3.8 HZ), 124.1 (q, Jcr =
271.7 Hz), 123.0, 118.2, 110.2, 107.6, 19.8; FT-IR (neat) 3064, 2230, 1607, 1512, 1440, 1355, 1325, 1166, 1124,
1074, 969, 844 cm™; HRMS (ESI-TOF): [M+Na]* calcd. for C24H16N3sFsNa, 426.1194: found 426.1157.
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4-[5-(Naphthalen-2-yl)-3-{4-(trifluoromethyl)phenyl}-1H-pyrazol-1-yl]benzonitrile (25¢)

Work—up procedure A; purification by column chromatography (hexane : ethyl acetate = 90 : 10) and GPC
afforded 25e as a white solid in 66% yield. Mp 172-173 °C. *H NMR (270 MHz, CDCls) & 8.05 (d, J = 8.2 Hz,
2H, b), 7.85 (m, 4H, ¢, d), 7.72 (d, J = 8.2 Hz, 2H, e), 7.53 (m, 6H, f-k), 7.24 (s, 1H, I), 6.97 (s, 1H, a); *C NMR
(100 MHz, CDCls) 6 151.7, 145.1, 143.2, 135.8, 133.1, 133.1, 132.9, 130.2 (q, Jcr = 31.9 Hz), 128.7, 128.2,
128.2,127.8,127.2,127.0, 127.0, 126.0, 125.8, 125.7 (9, Jcr = 3.8 Hz), 124.8, 124.2 (q, Jcr = 272.4 Hz), 118.1,
110.7, 107.3; FT-IR (neat) 3059, 2230, 1606, 1511, 1446, 1354, 1324, 1123, 1074, 957, 848 cm™; HRMS (ESI-
TOF): [M+H]* calcd. for C27H17NsF3, 440.1375: found 440.1393.

4-[5-(Pyridin-3-yl)-3-{4-(trifluoromethyl)phenyl}-1H-pyrazol-1-yl]benzonitrile (25f)

0.20 equiv. of Pd(OAC),, 0.30 equiv. of PCys+ HBF4, and 0.60 equiv. of PivOH was used for the coupling reaction.
Work-up procedure A; purification by column chromatography (toluene : ethyl acetate = 60 : 40) and GPC
afforded 25f as a white amorphous solid in 77% yield. *H NMR (400 MHz, CDCl3) 5 8.68 (brs, 1H, i), 8.65 (brs,
1H, h), 8.03 (d, J = 8.7 Hz, 2H, b), 7.72 (d, J = 8.7 Hz, 2H, ¢), 7.69 (d, J = 8.7 Hz, 2H, d), 7.56 (d, J = 7.7 Hz,
1H, f), 7.50 (d, J = 8.7 Hz, 2H, e€), 7.35 (brm, 1H, g), 6.97 (s, 1H, a); *C NMR (100 MHz, CDCl3)  151.9,
150.2, 149.2, 142.6, 141.6, 135.8, 135.4, 133.2, 130.4 (9, Jc.r = 32.8 Hz), 126.0, 125.8 (q, Jcr = 3.8 Hz), 125.0,
124.1 (q, Jc-e = 272.5 Hz), 123.5, 123.5, 117.9, 111.4, 107.5; FT-IR (neat) 3054, 2231, 1621, 1607, 1512, 1445,
1356, 1326, 1166, 1124, 1075, 970, 848 cm™; HRMS (ESI-TOF): [M+H]" calcd. for C2H1N4F3, 391.1171:
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found 391.1180.
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4-[1-(4-Nitrophenyl)-3-{4-(trifluoromethyl)phenyl}-1H-pyrazol-5-yl]benzonitrile (25¢)

Work-up procedure B; substrate 19f : aryl bromide = 1.5 equiv.: 1.0 equiv.; Purification by column
chromatography (hexane : ethyl acetate = 90 : 10) afforded 25g as a yellow amorphous in 71% yield. Mp 212-
214 °C.'H NMR (400 MHz, CDCls) & 8.26 (d, J = 8.2 Hz, 2H, c), 8.03 (d, J = 8.2 Hz, 2H, b), 7.72 (d, J = 8.7
Hz, 2H, ), 7.71 (d, J = 8.2 Hz, 2H, g), 7.54 (d, J = 8.7 Hz, 2H, e), 7.44 (d, J = 8.2 Hz, 2H, d), 6.99 (s, 1H, a);
13C NMR (100 MHz, CDCls) § 152.1, 146.5, 144.1, 143.1, 135.2, 134.0, 132.7, 130.6 (q, Jcr = 32.7 Hz), 129.3,
126.1, 125.8 (9, Jo.r = 3.1 Hz), 124.9, 124.7, 124.0 (q, J.r = 272.4 Hz), 117.9, 113.0, 108.0; FT-IR (neat) 2230,
1596, 1523, 1500, 1443, 1342, 1327, 1165, 1112, 1074, 961, 853 cm™*; HRMS (ESI-TOF): [M+H]* calcd. for
Ca3H13N4F30,, 435.1069: found 435.1066.
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Ethyl 4-{1-(4-cyanophenyl)-3-(4-methoxyphenyl)-1H-pyrazol-5-yl}benzoate (25h)

Work—up procedure B; substrate 19b : aryl bromide = 1.5 equiv.: 1.0 equiv.; Purification by column
chromatography (hexane : ethyl acetate = 90 : 10) and recrystallization from hexane/CH,Cl, afforded 25 h as a
white solid in 62% yield. Mp 177-179 °C. 'H NMR (400 MHz, CDCls) § 8.03 (d, J = 8.3 Hz, 2H, g), 7.82 (d, J
=8.7 Hz, 2H, b), 7.58 (d, J = 8.6 Hz, 2H, f), 7.43 (d, J = 8.6 Hz, 2H, b), 7.33 (d, J = 8.3 Hz, 2H, d), 6.96 (d, J
=8.7 Hz, 2H, e), 6.80 (s, 1H, a), 4.39 (q, J = 7.2 Hz, 2H, h), 3.82 (s, 3H, j), 1.40 (t, J = 7.2 Hz, 3H, k); 3C NMR
(100 MHz, CDCl3) 8 165.6, 159.9, 152.9, 143.4, 143.0, 134.1, 132.8, 130.6, 129.8, 128.5, 127.0, 124.7, 124.6,
118.0,114.0,110.4,106.8,61.1, 55.1, 14.1; FT-IR (neat) 2228, 1715, 1606, 1508, 1497, 1274, 1249, 1172, 1104,
1024, 969 cm; HRMS (ESI-TOF): [M+Na]" calcd. for Co6H21N3O3, 446.1475: found 446.1474.
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Ethyl 4-{1-(4-cyanophenyl)-3-(2-tolyl)-1H-pyrazol-5-yl}benzoate (25i)
Work-up procedure B; substrate 19e : aryl bromide = 1.5 equiv.: 1.0 equiv.; Purification by column
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chromatography (hexane : ethyl acetate = 90 : 10) and GPC afforded 25i as a white solid in 72% yield. Mp 153-
154 °C. *H NMR (400 MHz, CDCls) 6 8.07 (d, J = 8.4 Hz, 2H, i), 7.67-7.65 (m, 1H, g), 7.64 (d, J = 8.7 Hz, 2H,
c), 7.48 (d, J = 8.7 Hz, 2H, b), 7.39 (d, J = 8.4 Hz, 2H, h), 7.31-7.27 (m, 3H, d-f), 6.77 (s, 1H, a), 441 (q, J =
7.1 Hz, 2H, j), 2.60 (s, 3H, I), 1.41 (t, J = 7.1 Hz, 3H, k); °C NMR (100 MHz, CDCls) § 165.7, 153.7, 143.0,
1425, 136.1, 134.1, 132.8, 131.7, 131.0, 130.6, 129.9, 129.1, 128.6, 128.3, 125.9, 124.7, 118.0, 110.5, 110.1,
61.2, 21.3, 14.2; FT-IR (neat) 2980, 2228, 1715, 1605, 1508, 1354, 1274, 1103, 1021, 970, 844 cm™*; HRMS
(ESI-TOF): [M+Na]"* calcd. for C2sH21N30-, 430.1526: found 430.1521.

c CN

7. General procedure for synthesis of 1,3,4,5-tetraaryl pyrazoles

To a sealed tube containing a magnetic stirring bar, Pd(OACc), (0.20 equiv.), cataCXium A (6.67 mg, 0.0186
mmol, 0.30 equiv.), K.COs3 (3.0 equiv.), 1,3,5-triaryl pyrazole 25 (1.0 equiv.) and aryl bromide (X equiv.) and
PivOH (0.60 equiv.) in DMA (1.0 mL/50 mg based on 25) were added at room temperature under an argon
atmosphere. The reaction mixture in the sealed vessel was stirred at 120 °C for 24 h.

Work-up procedure A: After cooling the reaction mixture to room temperature, the 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 MgSOasand concentrated in vacuo. The residue was purified by column chromatography
on silica gel, and further purified by GPC to afford 1,3,4,5-tetraaryl pyrazoles 5.

Work-up procedure B: After cooling the reaction mixture to room temperature, the mixture was passed through
a pad of activated alumina and concentrated in vacuo. The residue was purified by column chromatography on
silica gel, and further purified by GPC to afford 1,3,4,5-tetraaryl pyrazoles 5.

4-[4-(4-Nitrophenyl)-5-(4-tolyl)-3-{4-(trifluoromethyl)phenyl}-1H-pyrazol-1-yl]benzonitrile (5a)

0.10 equiv. of Pd(OAC)2, 0.15 equiv. of PCys- HBF4 and 0.30 equiv. of PivOH was used for the coupling reaction.
Work-up procedure A; X = 1.50; Purification by column chromatography (toluene 100%) afforded 5a as a
yellow solid in 58% yield. Mp 199-201 °C. 'H NMR (400 MHz, CDCls) & 8.10 (d, J = 8.7 Hz, 2H, h), 7.63 (d,
J=8.7Hz, 2H, b), 7.59-7.55 (m, 4H, g, a), 7.45 (d, J = 8.7 Hz, 2H, d), 7.21 (d, J =8.7 Hz, 2H, ¢), 7.13 (d, J =
7.7 Hz, 2H, €), 6.95 (d, J = 7.7 Hz, 2H, f), 2.37 (s, 3H, i); ®°C NMR (100 MHz, CDCls) § 149.9, 146.8, 142.7,
142.6, 139.8, 139.3, 135.5, 132.9, 131.1, 130.4 (q, Jc-r = 32.7 HZz), 129.9, 129.9, 128.6, 125.5 (g, Jc.r = 3.8 HZ),
125.3,124.9, 123.9 (q, Jc-r = 264.1 Hz), 123.7, 120.0, 118.0, 111.0, 21.4; FT-IR (neat) 2925, 2230, 1601, 1516,
1441, 1344, 1325, 1167, 1126, 1071, 1018, 970, 852 cm™*; HRMS (ESI-TOF): [M+H]* calcd. for CsoH19N4O2Fs,
525.1538: found 525.1540.
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4-[4-(2,3-Dihydrobenzo[b][1,4]dioxin-6-yl)-1-(4-nitrophenyl)-3-{4-(trifluoromethyl)phenyl}-1H-pyrazol-
5-yl]benzonitrile (5b)

Work-up procedure B; X = 0.667; Purification by column chromatography (hexane : ethyl acetate = 80 : 20)
and GPC afforded 5b as a yellow solid in 55% yield (BRSM 62%). Mp 181-183°C. *H NMR (400 MHz, CDCls)
58.23(d,J=8.2Hz, 2H, b), 7.66 (d, J = 8.2 Hz, 2H, a), 7.59 (d, J = 8.2 Hz, 2H, f), 7.57 (d, J = 8.2 Hz, 2H, e),
7.47 (d, J =9.2 Hz, 2H, d), 7.22 (d, J = 9.2 Hz, 2H, ¢), 6.79 (d, J = 8.2 Hz, 1H, i), 6.58 (d, J = 1.9 Hz, 1H, g),
6.55 (dd, J = 8.2, 1.9 Hz, 1H, h), 4.25 (m, 4H, j, k); *C NMR (100 MHz, CDCls) 5 150.5, 146.3, 144.0, 143.7,
143.5, 140.0, 135.5, 133.8, 132.5, 130.8, 130.2 (q, Jc-r = 32.0 Hz), 128.2, 125.4 (q, Jcr = 3.8 Hz), 124.8, 124.7,
124.1 (q, Jer = 271.7 Hz), 124.0, 123.6, 123.1, 119.0, 118.0, 117.7, 112.9, 64.3, 64.3; FT-IR (neat) 2934, 2231,
1596, 1519, 1493, 1344, 1325, 1283, 1166, 1125, 1070, 854 cm™*; HRMS (ESI-TOF): [M+H]" calcd. for
Cs1H19N304F3, 569.1437: found 569.1434.

Ethyl  4-[5-(4-cyanophenyl)-1-(4-nitrophenyl)-3-{4-(trifluoromethyl)phenyl}-1H-pyrazol-4-yl]benzoate
(5¢)

Work-up procedure B; X = 1.50; Purification by column chromatography (hexane : ethyl acetate = 80 : 20) and
GPC afforded 5c as a yellow amorphous solid in 57% yield. *H NMR (400 MHz, CDCls) 6 8.25 (d, J = 8.7 Hz,
2H, b), 7.98 (d, J = 8.7 Hz, 2H, h), 7.60 (d, J = 8.2 Hz, 2H, a), 7.58 (m, 4H, e, ), 7.48 (d, J = 8.7 Hz, 2H, d),
7.20 (d, J =8.7 Hz, 2H, ¢), 7.14 (d, J = 8.2 Hz, 2H, @), 4.39 (q, J = 7.3 Hz, 2H, i), 1.40 (t, J = 7.3 Hz, 3H, ));
13C NMR (100 MHz, CDCls) § 166.0, 150.4, 146.5, 143.8, 140.1, 135.8, 135.1, 133.3, 132.7, 130.8, 130.8 (q,
Jer = 32.0 Hz), 130.3, 130.1, 130.0, 128.4, 125.5 (q, Jcr = 3.8 Hz), 125.0, 124.7, 124.0 (q, Jcr = 272.5 Hz),
122.5,117.7,113.3, 61.2, 14.3; FT-IR (neat) 2985, 2232, 1716, 1596, 1526, 1501, 1444, 1325, 1273, 1168, 1110,
1019, 970, 855 cm*; HRMS (ESI-TOF): [M+H]" calcd. for C32H21N4O4F3, 583.1593: found 583.1591.
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4-[1-(4-Nitrophenyl)-4-(4-tolyl)-3-{4-(trifluoromethyl)phenyl}-1H-pyrazol-5-yl]benzonitrile (5d)
Work-up procedure B; X = 0.667; Purification by column chromatography (hexane : ethyl acetate = 95 : 5) and
GPC afforded 5d as a yellow solid in 84% yield. Mp 198-200 °C. *H NMR (400 MHz, CDCl3) § 8.23 (d, J =
9.2 Hz, 2H, b), 7.63 (d, J = 8.2 Hz, 2H, f), 7.58 (d, J = 8.2 Hz, 2H, d), 7.56 (d, J = 8.2 Hz, 2H, €), 7.48 (d, J =
9.2 Hz, 2H, a), 7.21 (d, J = 8.2 Hz, 2H, ¢), 7.15 (d, J = 8.2 Hz, 2H, h), 6.95 (g, J = 8.2 Hz, 2H, g), 2.36 (s, 3H,
i); C NMR (100 MHz, CDCls)  150.5, 146.3, 144.0, 139.8, 137.8, 135.6, 133.9, 132.5, 130.8, 130.2, 130.2
(9, Jcr =32.7 Hz), 129.6, 128.3, 127.9, 125.3 (q, Jc.r = 3.8 Hz), 124.8, 124.7, 124.1 (q, Jcr = 272.4 Hz), 123.6,
122.7,117.9,112.9, 21.3; FT-IR (neat) 2925, 2231, 1596, 1524, 1501, 1442, 1344, 1325, 1167, 1126, 1071, 969,
856 cm™; HRMS (ESI-TOF): [M+H]" calcd. for C3H19N4O,F3, 525.1538: found 525.1542.

4-[4-(Naphthalen-2-yl)-1-(4-nitrophenyl)-3-{4-(trifluoromethyl)phenyl}-1H-pyrazol-5-yl]benzonitrile
(Se)

Work-up procedure B; X = 1.50; Purification by column chromatography (hexane : ethyl acetate = 80 : 20) and
GPC afforded 5e as a yellow solid in 64% yield 64%. Mp 176-177 °C. *H NMR (400 MHz, CDCls) & 8.25 (d,
J=8.7Hz,2H,b), 7.85(d, J=8.2Hz, 1H,horkorl),7.79 (d, J=8.7 Hz, 1H, hor k or ), 7.67 (d, J = 8.7 Hz,
1H,horkorl), 7.64 (d, J =8.2 Hz, 1H, g or m), 7.53-7.46 (m, 9H, a, d, e, f. i. j), 7.23 (d, J = 8.2 Hz, 2H, ¢),
7.17 (dd, J = 8.2, 2.0 Hz, 1H, g or m); ¥C NMR (100 MHz, CDCls) & 150.5, 146.4, 144.0, 140.1, 135.4, 133.7,
133.2, 132.6, 132.6, 130.8, 130.1 (q, Jcr = 32.0 Hz), 129.5, 128.6, 128.5, 128.3, 127.9, 127.7, 126.6, 126.6,
125.3(q, Jcr = 3.1 Hz), 124.9, 124.7, 124.3, 124.0 (9, Jcr = 272.4 Hz), 123.4, 117.8, 112.9; FT-IR (neat) 3058,
2231, 1596, 1525, 1501, 1442, 1325, 1167, 1125, 1071, 1018, 971, 856 cm™; HRMS (ESI-TOF): [M+H]* calcd.
for CssH19N4O-F3, 561.1538: found 561.1544.
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4-[1-(4-Nitropheny)-4-(pyridin-3-y1)-3-{4-(trifluoromethyl)phenyl}-1H-pyrazol-5-yl]benzonitrile (5f)
Work-up procedure B; X = 1.50; Purification by column chromatography (toluene : ethyl acetate = 70 : 30) and
GPC afforded 5f as a yellow amorphous solid in 59% yield 59%. *H NMR (400 MHz, CD,Cl,) & 8.52 (d, J =
3.3 Hz, 1H, i), 8.32 (s, 1H, j), 8.20 (d, J = 9.2 Hz, 2H, b), 7.59 (m, 6H, a,d or e, f), 7.47 (d, J = 9.2 Hz, 2H, e or
d), 7.41 (m, 1H, h), 7.24 (d, J = 4.9 Hz, 1H, g), 7.22 (d, J = 8.7 Hz, 2H, ¢); *C NMR (100 MHz, CDCls) 5 150.7,
149.0, 146.6, 143.6, 140.5, 137.7, 134.9, 133.1, 132.8, 131.1, 130.8, 130.3 (q, Jcr = 32.8 Hz), 128.4, 125.9,
125.6 (q, Jc-r = 3.8 Hz), 124.9, 124.7, 123.9 (q, Jc-r = 272.5 Hz), 123.7, 119.6, 117.6, 113.5; FT-IR (neat) 3055,
2232, 1596, 1525, 1501, 1410, 1345, 1325, 1267, 1168, 1126, 1072, 1018, 970, 856 cm™; HRMS (ESI-TOF):
[M+H]* calcd. for CasH1sNs02F3, 512.1334: found 512.1331.

Ethyl 4-{1-(4-cyanophenyl)-3-(4-methoxyphenyl)-4-(4-nitrophenyl)-1H-pyrazol-5-yl}benzoate (59)
Work-up procedure B; X = 0.667; Purification by column chromatography (hexane : ethyl acetate = 88 : 12)
and GPC afforded 5g as a yellow amorphous solid in 51% yield. *H NMR (400 MHz, CDCl3) & 8.08 (d, J = 8.8
Hz, 2H, h), 8.00 (d, J = 8.4 Hz, 2H, f), 7.61 (d, J = 8.7 Hz, 2H, b), 7.42 (d, J = 8.7 Hz, 2H, g), 7.36 (d, J = 8.8
Hz, 2H, e), 7.20 (d, J = 8.8 Hz, 2H, a), 7.16 (d, J = 8.4 Hz, 2H, ¢), 6.87 (d, J =8.8 Hz, 2H, d), 4.39 (9, J=7.1
Hz, 2H, i), 3.82 (s, 3H, k), 1.39 (t, J = 7.1 Hz, 3H, j); *C NMR (100 MHz, CDCls) § 165.6, 160.1, 151.6, 146.8,
142.6, 140.9, 139.4, 133.2, 133.0, 131.4, 131.1, 130.2, 130.1, 129.7, 124.9, 123.9, 123.7, 120.2, 118.0, 114.1,
111.1, 61.4, 55.3, 14.3; FT-IR (neat) 2837, 2229, 1716, 1600, 1514, 1488, 1345, 1274, 1251, 1107, 968, 865 cm
1 HRMS (ESI-TOF): [M+Na]* calcd. for C3,H24N4Os, 567.1639: found 567.1639.
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Ethyl 4-{1-(4-cyanophenyl)-4-(4-nitrophenyl)-3-(2-tolyl)-1H-pyrazol-5-yl}benzoate (5h)

Work-up procedure B; X = 0.667; Purification by column chromatography (hexane : ethyl acetate = 88 : 12)
and GPC afforded 5h as a yellow amorphous solid in 39% yield.

'H NMR (400 MHz, CDCls) 6 8.04 (d, J = 8.4 Hz, 2H, j), 7.96 (d, J = 9.3 Hz, 2H, h), 7.61 (d, J = 8.7 Hz, 2H,
b), 7.41 (d, J =8.8 Hz, 2H, i), 7.27 (m, 6H, a or g, c-f), 7.00 (d, J = 8.8 Hz, 2H, a or g), 4.41 (9, J = 7.2 Hz, 2H,
k), 2.10 (s, 3H, m), 1.43 (t, J = 7.2 Hz, 3H, I); **C NMR (100 MHz, CDCls) 5 165.6, 152.7, 146.5, 142.6, 140.0,
139.0, 137.0, 133.3, 133.0, 131.6, 131.2, 130.6, 130.6, 130.4, 130.3, 130.0, 129.1, 126.0, 125.1, 123.6, 121.3,
117.9, 111.2, 61.5, 20.1, 14.3; FT-IR (neat) 2981, 2230, 1717, 1599, 1515, 1345, 1274, 1168, 1107, 969, 853
cmt; HRMS (ESI-TOF): [M+Na]" calcd. for Cs,H24N404, 551.1690: found 551.1687.

8. Crystal data and structure refinement details for 5a.
Table 1. Crystal data and structure refinement.

Identification code 5a

Chemical formula Ca3.50H23F3sN4O2

Formula weight 570.56 g/mol

Temperature 93(2) K

Wavelength 0.71075 A

Crystal size 0.046 x 0.076 x 0.088 mm

Crystal system triclinic

Space group P-1

Unit cell dimensions a=105768(8) A  o=95.000(2)°

b=11.1183(10) A P =109.9670(19)°
c=12.9373(10) A y=97.176(2)°
Volume 1404.9(2) A3
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z

Density (calculated)
Absorption coefficient
F(000)

Theta range for data collection

Index ranges

Reflections collected
Independent reflections
Max. and min. transmission
Refinement method
Refinement program
Function minimized

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices

Weighting scheme

Largest diff. peak and hole

%2

2

1.349 g/cm®

0.099 mm*

590

3.01to0 27.47°

-13<=h<=13, -14<=k<=14, -16<=I<=16
13613

6382 [R(int) = 0.0467]

0.9950 and 0.9910

Full-matrix least-squares on F?
SHELXL-2014/6 (Sheldrick, 2014)
2 w(Fo? - F?)?

6382 /26 /420

1.045

4082 data; I>2o(I) R1 =0.0555, wR2 = 0.1333
all data R1=0.0944, wR2 = 0.1585

w=1/[c¥(Fo?)+(0.0712P)?+0.3237P]
where P=(Fo2+2F:%)/3
0.374 and -0.269 eA

Table 2. Atomic coordinates and equivalent isotropic atomic displacement parameters (A?) for 5a.

U(eq) is defined as one third of the trace of the orthogonalized Uj; tensor.

x/a y/b zlc U(eq)
c1 0.54963(19) 0.95694(18) 0.22310(16) 0.0243(4)
C2 0.6471(2) 0.03283(18) 0.19905(16) 0.0242(4)

Cc3 0.6459(2)  0.15294(19) 0.24665(15) 0.0245(4)
C4 0.40351(19) 0.99866(18) 0.33738(16) 0.0244(4)

C5 0.3130(2) 0.07641(19) 0.34564(16) 0.0265(4)
C6 0.2235(2) 0.0451(2) 0.40003(16) 0.0285(4)
c7 0.2253(2)  0.93597(19) 0.44581(16) 0.0274(4)
c8 0.3181(2) 0.85931(19) 0.43885(16) 0.0280(4)
Cc9 0.4086(2) 0.89158(19) 0.38593(16) 0.0265(4)
Ccl11 0.1297(2) 0.9001(2) 0.50019(17) 0.0298(5)
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C12
C13
Cl4
C15
C16
C17
C18
C19
C20
c21
C22
C23
C24
C25
C26
ca27
C28
C29
C30
N1
N2
N3
N4
o1
02
C31A
F1A
F2A
F3A
C31B
F1C
F2C

x/a y/b

zlc U(eq)

0.5032(2) 0.82425(18) 0.19011(16) 0.0268(4)

0.3648(2) 0.7753(2)
0.3236(3) 0.6506(2)
0.4175(3) 0.5708(2)
0.5552(3) 0.6205(2)

0.14223(17) 0.0319(5)
0.11065(19) 0.0393(6)
0.1243(2)  0.0413(6)
0.1707(2)  0.0407(6)

0.5990(2) 0.74491(19) 0.20428(18) 0.0309(5)

0.3728(4) 0.4346(2)

0.0926(3)  0.0631(9)

0.72803(19) 0.98672(18) 0.13456(16) 0.0241(4)
0.6601(2) 0.92763(18) 0.02589(16) 0.0252(4)
0.7312(2) 0.87506(18) 0.96639(16) 0.0249(4)
0.8700(2) 0.88001(18) 0.01800(16) 0.0256(4)

0.9409(2) 0.9389(2)

0.12543(17) 0.0293(5)

0.8689(2) 0.99371(19) 0.18242(17) 0.0282(4)
0.7310(2)  0.27006(18) 0.25021(16) 0.0256(4)

0.7959(2) 0.2854(2)
0.8792(2) 0.3941(2)
0.8980(2) 0.4897(2)
0.8337(3) 0.4765(2)
0.7505(2) 0.3675(2)

0.17393(18) 0.0323(5)
0.1802(2)  0.0357(5)
0.2630(2)  0.0357(5)
0.3395(2)  0.0415(6)
0.33273(19) 0.0346(5)

0.55337(17) 0.15155(15) 0.29602(13) 0.0255(4)
0.49644(17) 0.03175(15) 0.28201(13) 0.0243(4)
0.94385(18) 0.81709(16) 0.95794(14) 0.0292(4)
0.0545(2) 0.87016(18) 0.54272(16) 0.0372(5)
0.88231(16) 0.77348(15) 0.86036(12) 0.0370(4)
0.06406(16) 0.81111(17) 0.00822(14) 0.0434(4)

0.9900(6) 0.6078(4)
0.0566(4)  0.6058(2)
0.0889(2) 0.6358(2)
0.9233(6) 0.7016(5)
0.975(3)  0.608(3)

0.9551(16) 0.6341(9)
0.1057(10) 0.6196(9)

0.2761(6)  0.0381(10)
0.2058(3)  0.0753(14)
0.3780(3)  0.0657(10)
0.2642(5)  0.0825(17)
0.237(2)  0.068(9)
0.1426(9)  0.090(4)

0.3020(14) 0.083(4)
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F3C

C101
C102
C103
C104
C105
C106
C107
C201
C202
C203
C204
C205
C206
Cc207

x/a
0.944(2)
0.6020(8)
0.5209(9)
0.3853(9)
0.3309(8)
0.4121(9)
0.5476(9)
0.7536(13)
0.5387(9)
0.4879(10)
0.3551(11)
0.2729(9)
0.3237(10)
0.4566(10)
0.6871(14)

y/b
0.7066(15)
0.5382(7)
0.5731(7)
0.5176(8)
0.4271(8)
0.3921(6)
0.4476(7)
0.6008(17)
0.5149(8)
0.4293(7)
0.3667(8)
0.3897(9)
0.4753(10)
0.5379(9)
0.5784(15)

Table 3. Bond lengths (A) for 5a.

C1-N2
C1-C12
C2-C19
C3-C25
C4-C9
C5-C6
C6-C7
C7-C8
C8-C9
C9-H9
C12-C13
C13-C14
C14-C15
C15-C16
Cl6-C17

1.374(2)
1.472(3)
1.488(3)
1.475(3)
1.392(3)
1.389(3)
1.396(3)
1.398(3)
1.385(3)
0.95

1.394(3)
1.381(3)
1.390(4)
1.389(4)
1.384(3)

C1-C2
C2-C3
C3-N1
C4-C5
C4-N2
C5-H5
C6-H6
C7-Cl11
C8-H8
C11-N4
Cl12-C17
C13-H13
Cl4-H14
C15-C18
C16-H16

zlc
0.2902(12)
0.5356(5)
0.4372(6)
0.3865(5)
0.4343(6)
0.5327(6)
0.5833(5)
0.5920(13)
0.5161(6)
0.5704(5)
0.5211(7)
0.4177(7)
0.3635(6)
0.4127(7)
0.5746(13)

1.385(3)
1.424(3)
1.338(2)
1.391(3)
1.432(2)
0.95
0.95
1.453(3)
0.95
1.145(3)
1.401(3)
0.95
0.95
1.506(3)
0.95

U(eq)

0.054(4)
0.038(2)
0.050(7)
0.044(2)
0.056(6)
0.039(2)
0.036(4)
0.086(6)
0.031(3)
0.029(6)
0.043(3)
0.039(4)
0.042(3)
0.049(7)
0.050(7)
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C17-H17
C18-H18B
C19-C24
C20-C21
C21-C22
C22-C23
C23-C24
C24-H24
C25-C30
C26-H26
C27-H27
C28-C31A
C29-C30
C30-H30
N3-O1
C31A-F3A
C31A-F2A
C31B-F2C
C101-C102
C101-C107
C102-H102
C103-H103
C104-H104
C105-H105
C107-H10A
C107-H10C
C201-C206
C202-C203
C203-C204
C204-C205
C205-C206
C206-H206
C207-H20B

0.95
0.98
1.394(3)
1.388(3)
1.381(3)
1.389(3)
1.384(3)
0.95
1.396(3)
0.95
0.95
1.493(4)
1.383(3)
0.95
1.227(2)
1.321(7)
1.354(7)
1.34(3)
1.39
1.556(9)
0.95
0.95
0.95
0.95
0.98
0.98
1.39
1.39
1.39
1.39
1.39
0.95
0.98

C18-H18A
C18-H18C
C19-C20
C20-H20
C21-H21
C22-N3
C23-H23
C25-C26
C26-C27
C27-C28
C28-C29
C28-C31B
C29-H29
N1-N2
N3-02
C31A-F1A
C31B-F1C
C31B-F3C
C101-C106
C102-C103
C103-C104
C104-C105
C105-C106
C106-H106
C107-H10B
C201-C202
C201-C207
C202-H202
C203-H203
C204-H204
C205-H205
C207-H20A
C207-H20C

0.98
0.98
1.398(3)
0.95
0.95
1.470(2)
0.95
1.392(3)
1.383(3)
1.386(3)
1.387(3)
1.58(3)
0.95
1.361(2)
1.228(2)
1.328(6)
1.23(2)
1.37(3)
1.39
1.39
1.39
1.39
1.39
0.95
0.98
1.39
1.534(10)
0.95
0.95
0.95
0.95
0.98
0.98
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Table 4. Bond angles (°) for 5a.

N2-C1-C2
C2-C1-C12
C1-C2-C19
N1-C3-C2
C2-C3-C25
C5-C4-N2
C6-C5-C4
C4-C5-H5
C5-C6-H6
C6-C7-C8
C8-C7-Cl11
C9-C8-H8
C8-C9-C4
C4-C9-H9
C13-C12-C17
C17-C12-C1
C14-C13-H13
C13-C14-C15
C15-C14-H14
C16-C15-C18
C17-C16-C15
C15-C16-H16
C16-C17-H17

C15-C18-H18A
H18A-C18-H18B
H18A-C18-H18C

C24-C19-C20
C20-C19-C2

C21-C20-H20
C22-C21-C20
C20-C21-H21

106.00(17) N2-C1-C12
129.15(18) C1-C2-C3
122.82(18) C3-C2-C19
111.01(17) N1-C3-C25
129.75(17) C5-C4-C9
119.49(18) C9-C4-N2
119.68(19) C6-C5-H5
120.2 C5-C6-C7
120.2 C7-C6-H6
120.43(18) C6-C7-C11
119.24(19) C9-C8-C7

120.1
119.51(19)
120.2
118.79(19)
119.87(18)
119.8
121.5(2)
119.3
120.5(3)
121.7(2)
119.1
120.1
109.5
109.5
109.5
119.20(18)
119.17(17)
119.6
118.40(18)
120.8

C7-C8-H8
C8-C9-H9
N4-C11-C7
C13-C12-C1
C14-C13-C12
C12-C13-H13
C13-C14-H14
C16-C15-C14
C14-C15-C18
C17-Cl6-H16
C16-C17-C12
C12-C17-H17

C15-C18-H18B
C15-C18-H18C
H18B-C18-H18C

C24-C19-C2

C21-C20-C19
C19-C20-H20
C22-C21-H21
C21-C22-C23

124.78(16)
105.41(17)
131.76(18)
119.21(17)
120.89(18)
119.57(17)
120.2
119.57(19)
120.2
120.32(19)
119.9(2)
120.1
120.2
179.1(2)
121.32(19)
120.3(2)
119.8
119.3
117.9(2)
121.6(2)
119.1
119.8(2)
120.1
109.5
109.5
109.5
121.49(18)
120.71(18)
119.6
120.8

122.37(18)
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C21-C22-N3
C24-C23-C22
C22-C23-H23
C23-C24-H24
C26-C25-C30
C30-C25-C3
C27-C26-H26
C26-C27-C28
C28-C27-H27
C27-C28-C31A
C27-C28-C31B
C30-C29-C28
C28-C29-H29
C29-C30-H30
C3-N1-N2
N1-N2-C4
01-N3-02
02-N3-C22
F3A-C31A-F2A
F3A-C31A-C28
F2A-C31A-C28
F1C-C31B-F3C
F1C-C31B-C28
F3C-C31B-C28
C102-C101-C107
C101-C102-C103
C103-C102-H102
C104-C103-H103
C103-C104-C105
C105-C104-H104
C106-C105-H105
C105-C106-C101
C101-C106-H106

118.50(17) C23-C22-N3
118.41(19) C24-C23-H23
120.8 C23-C24-C19
119.6 C19-C24-H24
118.54(19) C26-C25-C3
120.13(18) C27-C26-C25
119.5 C25-C26-H26
119.74(19) C26-C27-H27
120.1 C27-C28-C29
122.2(3) C29-C28-C31A
108.5(10) C29-C28-C31B
119.7(2)  C30-C29-H29
120.1 C29-C30-C25
119.6 C25-C30-H30

105.11(15) N1-N2-C1
118.32(15) C1-N2-C4
123.52(17) O1-N3-C22
118.14(17) F3A-C31A-F1A

105.2(4)
112.1(4)
112.9(4)
104.(2)
124.(2)
106.(2)
119.8(8)
120.0
120.0
120.0
120.0
120.0
120.0
120.0
120.0

F1A-C31A-F2A
F1A-C31A-C28
F1C-C31B-F2C
F2C-C31B-F3C
F2C-C31B-C28
C102-C101-C106
C106-C101-C107
C101-C102-H102
C104-C103-C102
C102-C103-H103
C103-C104-H104
C106-C105-C104
C104-C105-H105
C105-C106-H106
C101-C107-H10A

119.11(18)
120.8
120.83(19)
119.6
121.31(18)
120.94(19)
119.5
120.1
120.2(2)
117.5(3)
130.3(11)
120.1
120.8(2)
119.6
112.47(15)
128.87(16)
118.35(17)
109.1(5)
104.8(4)
112.4(3)
115.(3)
97.6(19)
106.5(18)
120.0
120.2(8)
120.0
120.0
120.0
120.0
120.0
120.0
120.0
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C101-C107-H10B
C101-C107-H10C
H10B-C107-H10C
C202-C201-C207
C203-C202-C201
C201-C202-H202
C204-C203-H203
C203-C204-C205
C205-C204-H204
C204-C205-H205
C205-C206-C201
C201-C206-H206
C201-C207-H20B
C201-C207-H20C
H20B-C207-H20C

Table 5. Torsion angles (°) for 5a.

N2-C1-C2-C3
N2-C1-C2-C19
C1-C2-C3-N1
C1-C2-C3-C25
C9-C4-C5-C6
C4-C5-C6-C7
C5-C6-C7-C11
C11-C7-C8-C9
C5-C4-C9-C8
N2-C1-C12-C13
N2-C1-C12-C17
C17-C12-C13-C14
C12-C13-C14-C15
C13-C14-C15-C18
C18-C15-C16-C17
C13-C12-C17-C16

109.5 H10A-C107-H10B 109.5

109.5 H10A-C107-H10C 109.5

109.5 C202-C201-C206  120.0

117.0(8)  C206-C201-C207 123.0(8)

120.0 C203-C202-H202  120.0

120.0 C204-C203-C202  120.0

120.0 C202-C203-H203  120.0

120.0 C203-C204-H204  120.0

120.0 C204-C205-C206  120.0

120.0 C206-C205-H205  120.0

120.0 C205-C206-H206  120.0

120.0 C201-C207-H20A 109.5

109.5 H20A-C207-H20B 109.5

109.5 H20A-C207-H20C 109.5

109.5
-0.1(2) C12-C1-C2-C3 177.05(19)
-179.39(17)  C12-C1-C2-C19 -2.2(3)
-0.4(2) C19-C2-C3-N1 178.7(2)
178.0(2) C19-C2-C3-C25 -2.9(4)
-2.0(3) N2-C4-C5-C6 -179.50(17)
0.03) C5-C6-C7-C8 1.1(3)
-178.21(18)  C6-C7-C8-C9 -0.2(3)
179.11(18) C7-C8-C9-C4 -1.8(3)
2.9(3) N2-C4-C9-C8 -179.61(17)
46.7(3) C2-C1-C12-C13 -130.1(2)
-134.9(2) C2-C1-C12-C17 48.4(3)
0.7(3) C1-C12-C13-C14 179.20(18)
-0.6(3) C13-C14-C15-C16 -0.2(3)
178.5(2) C14-C15-C16-C17 1.1(3)
-177.7(2) C15-C16-C17-C12 -1.0(3)
0.1(3) C1-C12-C17-C16 -178.41(19)
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C1-C2-C19-C24
C1-C2-C19-C20
C24-C19-C20-C21
C19-C20-C21-C22
C20-C21-C22-N3
N3-C22-C23-C24
C20-C19-C24-C23
N1-C3-C25-C26
N1-C3-C25-C30
C30-C25-C26-C27
C25-C26-C27-C28
C26-C27-C28-C31A
C27-C28-C29-C30
C31B-C28-C29-C30
C26-C25-C30-C29
C2-C3-N1-N2
C3-N1-N2-C1
C2-C1-N2-N1
C2-C1-N2-C4
C5-C4-N2-N1
C5-C4-N2-C1
C21-C22-N3-01
C21-C22-N3-02
C27-C28-C31A-F3A
C27-C28-C31A-F1A
C27-C28-C31A-F2A
C27-C28-C31B-F1C
C27-C28-C31B-F2C
C27-C28-C31B-F3C
C106-C101-C102-C103
C101-C102-C103-C104
C103-C104-C105-C106
C102-C101-C106-C105

-115.4(2)
60.3(3)
0.8(3)
1.5(3)
175.84(17)
-177.57(18)
-2.6(3)
-159.5(2)
22.1(3)
0.7(3)
-0.3(4)
178.1(3)
-0.1(4)
167.3(14)
-0.7(3)
0.8(2)
-0.9(2)
0.7(2)
-172.39(18)
38.1(3)
-149.2(2)
7.4(3)
-172.67(19)
118.7(5)
-4.6(7)
-122.8(4)
36.(3)
-100.3(16)
156.3(14)

0

0
0
0

C3-C2-C19-C24
C3-C2-C19-C20
C2-C19-C20-C21
C20-C21-C22-C23
C21-C22-C23-C24
C22-C23-C24-C19
C2-C19-C24-C23
C2-C3-C25-C26
C2-C3-C25-C30
C3-C25-C26-C27
C26-C27-C28-C29
C26-C27-C28-C31B
C31A-C28-C29-C30
C28-C29-C30-C25
C3-C25-C30-C29
C25-C3-N1-N2
C3-N1-N2-C4
C12-C1-N2-N1
C12-C1-N2-C4
C9-C4-N2-N1
C9-C4-N2-C1
C23-C22-N3-01
C23-C22-N3-02
C29-C28-C31A-F3A
C29-C28-C31A-F1A
C29-C28-C31A-F2A
C29-C28-C31B-F1C
C29-C28-C31B-F2C
C29-C28-C31B-F3C
C107-C101-C102-C103
C102-C103-C104-C105
C104-C105-C106-C101

C107-C101-C106-C105
84

65.6(3)
-118.8(2)
-174.93(18)
-2.1(3)
0.4(3)
2.0(3)
173.03(19)
22.2(3)
-156.2(2)
-177.8(2)
0.0(4)
-169.9(12)
-178.2(3)
0.4(4)
177.8(2)
-177.76(17)
172.94(17)
-176.68(18)
10.3(3)
-139.43(19)
33.3(3)
-174.56(19)
5.4(3)
-63.2(7)
173.5(4)
55.3(5)
-132.(2)
91.(2)
-12.(2)
-179.9(9)

0

0

179.9(9)



C206-C201-C202-C203
C201-C202-C203-C204
C203-C204-C205-C206
C202-C201-C206-C205

Table 6. Anisotropic atomic displacement parameters (A?) for 5a.

o O O o

C207-C201-C202-C203 -178.8(10)
C202-C203-C204-C205 0
C204-C205-C206-C201 0
C207-C201-C206-C205 178.7(11)

The anisotropic atomic displacement factor exponent takes the form: -2n’[ h?a” Uy + ... + 2h ka" b”

Uiz ]

Cl
C2
C3
C4
C5
C6
Cc7
C8
C9
Cl1
C12
C13
Cl4
C15
C16
C17
C18
C19
C20
C21
C22
C23
C24
C25

Un Uz Uss Uzs Uss
0.0219(9) 0.0236(10) 0.0258(9) 0.0025(8) 0.0066(8)
0.0234(10) 0.0239(11) 0.0243(9) 0.0021(8) 0.0076(8)
0.0243(10) 0.0270(11) 0.0213(9) 0.0027(8) 0.0075(8)
0.0211(9) 0.0256(11) 0.0248(9) -0.0001(8) 0.0082(8)
0.0279(10) 0.0243(11) 0.0273(10) 0.0029(8) 0.0098(9)
0.0271(10) 0.0317(12) 0.0275(10) 0.0005(8) 0.0112(9)
0.0263(10) 0.0289(11) 0.0252(9) -0.0002(8) 0.0097(9)
0.0309(11) 0.0241(11) 0.0274(10) 0.0015(8) 0.0097(9)
0.0254(10) 0.0251(11) 0.0267(9) -0.0003(8) 0.0083(8)
0.0304(11) 0.0309(12) 0.0276(10) 0.0019(9) 0.0111(9)
0.0293(11) 0.0242(11) 0.0272(10) 0.0006(8) 0.0128(9)
0.0308(11) 0.0315(12) 0.0295(10) -0.0015(9) 0.0095(9)
0.0404(13) 0.0359(13) 0.0369(12) -0.0072(10) 0.0168(11)
0.0582(16) 0.0265(12) 0.0437(13) -0.0048(10) 0.0305(13)
0.0543(15) 0.0271(12) 0.0506(14) 0.0062(10) 0.0301(13)
0.0332(11) 0.0234(11) 0.0400(11) 0.0048(9) 0.0181(10)
0.089(2) 0.0301(15) 0.077(2) -0.0101(13) 0.0502(19)
0.0240(10) 0.0209(10) 0.0281(10) 0.0042(8) 0.0105(8)
0.0226(10) 0.0226(10) 0.0291(10) 0.0033(8) 0.0073(8)
0.0283(10) 0.0195(10) 0.0263(9) 0.0025(8) 0.0092(9)
0.0282(10) 0.0223(10) 0.0306(10) 0.0043(8) 0.0155(9)
0.0217(10) 0.0340(12) 0.0320(10) 0.0044(9) 0.0098(9)
0.0253(10) 0.0291(11) 0.0279(10) 0.0008(8) 0.0088(9)
0.0229(10) 0.0224(10) 0.0302(10) 0.0047(8)  0.0079(9)
85

Uz
0.0037(8)
0.0038(8)
0.0034(8)
0.0003(8)
0.0045(8)
0.0060(9)
-0.0003(8)
0.0015(9)
0.0021(8)
0.0030(9)
0.0001(8)
-0.0008(9)
-0.0108(10)
-0.0049(11)
0.0094(11)
0.0036(9)
-0.0128(14)
0.0024(8)
0.0039(8)
0.0033(8)
0.0055(8)
0.0036(9)
0.0000(8)
0.0032(8)



C26
ca27
C28
C29
C30
N1
N2
N3
N4
01
02

C31A 0.038(2)

F1A
F2A
F3A
Fi1C
F2C
F3C

Un U2 Usz U2z
0.0387(12) 0.0252(11) 0.0349(11) 0.0007(9)

Uiz
0.0174(10)

0.0380(12) 0.0308(12) 0.0468(13) 0.0071(10) 0.0263(11)
0.0338(12) 0.0242(11) 0.0517(13) 0.0039(10) 0.0199(11)
0.0492(15) 0.0251(12) 0.0493(14) -0.0062(10) 0.0226(12)

0.0428(13) 0.0268(12) 0.0387(12) 0.0012(9)
0.0265(9) 0.0215(9) 0.0280(8) 0.0034(7)
0.0255(8) 0.0211(9) 0.0266(8) 0.0032(7)
0.0286(9) 0.0287(10) 0.0321(9) 0.0040(7)
0.0390(11) 0.0396(12) 0.0391(10) 0.0074(9)
0.0379(9) 0.0394(10) 0.0344(8) -0.0045(7)
0.0299(9) 0.0610(12) 0.0415(9) 0.0038(8)
0.0222(19) 0.059(3)

0.097(3)  0.0485(15) 0.098(3)

0.0222(11)
0.0096(7)
0.0097(7)
0.0129(8)
0.0210(9)
0.0158(7)
0.0130(8)

-0.0029(19) 0.029(2)
-0.0137(15) 0.078(3)

0.0568(15) 0.0444(14) 0.0776(19) -0.0023(12) 0.0137(13)

0.056(2)
0.125(8)
0.054(5)
0.075(8)

0.034(2)
0.060(5)
0.068(6)
0.031(6)

0.164(5)
0.074(6)
0.123(9)
0.059(5)

0.043(3)
0.028(4)
0.010(6)
-0.025(4)

0.040(3)
0.032(6)
0.030(6)
0.046(5)

86

Us
0.0027(9)
0.0036(10)
0.0013(9)
-0.0034(10)
0.0017(10)
0.0021(7)
0.0038(7)
0.0053(7)
0.0066(9)
0.0068(7)
0.0171(8)
-0.0054(13)
-0.0302(15)
-0.0218(11)
0.0120(17)
-0.027(5)
0.000(4)
-0.016(5)



9. NMR Spectra

4-[4-(4-Nitrophenyl)-5-(4-tolyl)-3-{4-(trifluoromethyl)phenyl}-1H-pyrazol-1-yl]benzonitrile (5a)
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4-[4-(2,3-Dihydrobenzo[b][1,4]dioxin-6-yl)-1-(4-nitrophenyl)-3-{4-(trifluoromethyl)phenyl}-1H-pyrazol-

5-yl]benzonitrile (5b)
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Ethyl  4-[5-(4-cyanophenyl)-1-(4-nitrophenyl)-3-{4-(trifluoromethyl)phenyl}-1H-pyrazol-4-yl]benzoate
(5¢)
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4-[1-(4-Nitrophenyl)-4-(4-tolyl)-3-{4-(trifluoromethyl)phenyl}-1H-pyrazol-5-yl]benzonitrile (5d)
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4-[4-(Naphthalen-2-yl)-1-(4-nitrophenyl)-3-{4-(trifluoromethyl)phenyl}-1H-pyrazol-5-yl]benzonitrile
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4-[1-(4-Nitropheny)-4-(pyridin-3-yI)-3-{4-(trifluoromethyl)phenyl}-1H-pyrazol-5-yl]benzonitrile (5f)
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Ethyl 4-{1-(4-cyanophenyl)-3-(4-methoxyphenyl)-4-(4-nitrophenyl)-1H-pyrazol-5-yl}benzoate (59)
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Ethyl 4-{1-(4-cyanophenyl)-4-(4-nitrophenyl)-3-(2-tolyl)-1H-pyrazol-5-yl}benzoate (5h)
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NHTEOHBTH S, F2EIZBWT, 3—3F— NIV — L& Ty b7 —AE L, 2K
FTHEGNRA TV TRISICE VT NI T V=T — IV ERKT 5 FIEZRB LN, £
DERIEITIFZN OO EE IR L T\, £, 3 (LT 257 V=V EOBADE#EHND & L
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i) Cu cat.
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iv) Pd cat. i) Pd cat. N—|

SR e Ige

iii) Pd cat.

Figure 3-1. Synthetic Plan towards Tetraaryl Pyrazoles Using Pyrazole (1) as a Platform
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Figure 3-2. Enhancement of C-H Acidity by the Coordination to Lewis Acid
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method A method B
1 mol% Cu(OAc),-H 10 mol% Cul
CSZCO3 CSzCOs
DMF, 110 °C, 24 h DMF, MW 180 °C, 30 min

|
S L5

N—N N—N N—N
4a 4b 4c 4d
A) 89% A) 95% A) quant. A) 37% A) 15%
B) 95% B) quant.

Scheme 3-1. N-Arylation of Pyrazole (1)
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Lang & O#HEESHC, filif & LT Cu(OAC)-H0, ML L CRiEt Y v A% M, DMF H
110 CTIEL, B9V =) eKa kT V=N e Db v 7V v T aiRkHTz, LT, Kbz
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ANHERITE EF o7z (4d: 37%) . ZORKIE, 7T U —ABRZETH Y, method A D L
I IR R OGN T TR A2 IO L= Tl b & 2z, 2T, FERE TG % 5ah &
HH720, You bOWEEZREC, il LT Cul, HikE: L CxfEtr v A2 HW, DMFH, <
A 7 v RE T 180 ‘CI2 T 30 s Sz & 2 A MR 95%I2 ) | L 72, LU R AZ:{4 % method
BLitd, 24—V 77 == /LEOBEADEIL, method A TIZEEOARMMBBIM S, Lir de
DR 15% & 72 o7z, ZhUE, BTV —1LD 2 [ OERNEMIEE UL THEIET S22 2T, v h
MOHHEFR b EREEEEE LTEW=720ThH D EE 2= (Scheme 3-2), T7abb, £THie
e WAERLIZOE, ZHMBREIKGERLZ LCTBAERLZEHERI L2, 277 U —/1 5 &
FIEAWIE, B7 Y —(D)—de DRUSIFNEE S D — 7T, BERV de—T7 ORISOEEITLE D
SN, INRE R ESELND EE X, £ 2T, method BIZTE T Y —/LiZxt L5 HEDT
AT V= 5 ZHWTHICEERM LI L ZA, EEMICEMET 20 v 7Y 71K 4e BEHR
77

I — — N- — N—N
7 Cu cat. k) slower v U
1 faster de 6 7

Scheme 3-2. Pyrazloe-Directed Overreaction

PLE, @iz W8T ) — () D N—7T U — LS & /e L7z fE g, 5 fifEO 1 Bz
FNENEINRTHT-, method A I TIRINRICE F 256 . method B DMEZE W5 Z & TRIE

dlang HITEERZ~T 0 EFHFELEMD N—7T UV — ALK G2 #iE LT\ 5  (Scheme 3-3) 2,

O &
N—N N-N

3 - )
1 mol% Cu(OAc),H,0
1 Cs,CO;

DMF, 110 °C, 24 h
99%

Scheme 3-3. N-Arylation of Pyrazole by Lang et al.

"You b b FETo, BERANT R HFEBLEHDO N—7 U —/ERIGZ#E L TWw% (Scheme 3-4) 2

. D &

N—N' - N-N
U - U
Me/k)\Me 20 mol% Cul Me/K/)\Me

CSZC03
DMF, 120 °C, 40 h
63%
Scheme 3-4. N-Arylation of Pyrazole by You et al.
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TR OB LT,

3—4 CHT7YV—MUiZ&B 15—V TV —NET S —/LVDERK

3B TER LI 1-—T V=TV — 4 ZHEE LT, 5A&ERZ CH T U — b RS %
Bt Lz, ZOBE, 3B I AN LIST D2 ENBEEINDN, 2—6 81T, 1,3—Y7 U —LE
TV =T D C-HT U — BEUSIZB W T AN DO BT U — VDN E A S I BIAEIZAE T,
40LE SALEBITT U — N IEPNEANSNTALEWDBHE—DRIERY & L TAE U LR, Z ok
RITBEOHREBEY | SAOSUSEN 4 MLOKIEEL D bEWZ E2/RLTEY, BHWET 5 15—
TV ET Y =T HIRE T U — A b 2 B T E AUE, EALEERA R T Y — VS A
EEAMN TEDEER T, £, BATET Y —Lik%d, MAORBErFRIMEEEETE4—=tr>
=L L THETHZ &L LT,

EP. H 2 EIIBWTHBE L& E b & ITHEf L7z (Scheme 3-5), J725H, 4ciZxf LT 1.2
YEDO 4—7uE=baXUB U (8)%, fillltl U CHIR NT7 U A, BML & LT PCys-HBF,,
FEELTRBH Y 7 22RO, &0 SUVEBEEZRML, 14— VA4 F %41 120 CTRIG S ® 2,
ZORER. TLC fENTIZ L 0 BEDRIE DERPHER SN, ZHUTBRNC SN ET L2720
ThbHEEBEZTWD, FHWTENA % cataCXiumMA IZEHE L TN EFHEm L& Z A, Eie 15—
TYU =BT Y= 0aNEIN THELN, FT-2D0LE AL TV —bani{ba® 10 D
AR 2Y tH NMR AT I CEII S v, 9a & 10 DAERKRIIZ 7:1 Th o7z, ZORRM:IL, Sames & DO#H
HIZEBET DL THLEB XTI, *B, ZHUE, ARISSA% method C & FET

Q-6 i TR, 13— TV — T — LD SLEET U — At E <7 (Scheme 3-6)
CN
CN CN
3 O 8 &
N—N
N-N

> N—-N + Nl
! D 10 mol% Pd(OAc), O Z O
. M
- 15 mol% PCys HBF, o O Me F3C | e

L

30 mol% PivOH
K,CO; 1,4 -dioxane

.120 °C, 24 ho Me
yield of a: 50% a b
a:b=30:1

Scheme 3-6. C-H Arylation of 1,3-Diarylpyrazole

dSames Hlx, BTV —/bc D SNEET U — LIS EBWT, EERM A &, 4462037 U —1k
SNT-RVERY e L AR LEEZ L EZRE LTS (Scheme 3-7), F7-. FO&kIXd e f=
10:25:75 TH-7=9,

Br: SEM SEM SEM
N_N/SEM _Q N—N N-N N-N
. U i + i
¢ "0 Y X0
10 mol% Pd(OAc),
¢ 15 mol% cataCXium A
30 mol% PivOH O
K,CO,, DMA
d e f
10 25 7.5

140°C, 12 h
80% . :
Scheme 3-7. C-H Arylation Reported by Sames
99



(s A o0

N—N N—
/ l
U\H 10 mol% Pd(OAc), %Q\ O
15 mol% cataCXium A NO,
4c 30 mol% PivOH O
K,CO;, 1,4-dioxane
120 °C, 24 h
yield of 9a: 36% (BRSM 53%) NO,
9a:10=7:1* 9a 10

* determined by '"H NMR.

Scheme 3-5. C-H Arylation of 4c at the C5 Position

DENZ, IR EEZHPYE LT Greaney b O Y% SE ZRIGZRET L7 (Table 3-1), £,
filgt & LC Pd(dppf)Cla:CH.Clyy BEfZ & LChY 7 == Wik A7 ¢ >, B L UCRBEERAZ W,
AKH 60 CTRIGSHEIZEZ A, PN 28% T 9a NG bitlc, £l2Z D& & D 9a & 10 DRI 1:1
Tholz, OXN, WA KITE F=F UL 91 OIRAEIEE L7-E 2 A, IR0 L (Y
#35%), MOEMEDLK 21 cmbELE (entry2), 22 TT7E =M ALVOEEGEZESCLIZE D
A, ALK L7z (entry 3, 4), &Ko THRIBEREEZK/T £ F= MU /L 91 OEGHEHL L, v
THINL & fiit L7z, PCysHBF4, P'Bus-HBF,, cataCXiumA ZHW =54, 9a L0 b F 2V 3 &
K 10 D78 < ARk L7z (entry 5-7), —J7C Johnphos # iV % & 9a & 10 OAERkIIE 3.5:1 &
720 IR 46%I21H) B L7= (entry 8), 7235, entry 3-7 Tl LA D 'H NMR fi#br O R 5
AR H D VITRIRMER R+ TH D Z 0N o722, BIITZEBEEL 7o 72, 2LV,
entry 8 D52 W TCIHE A AR5 & & Uiz, DI, it U CHERR X7 U v A, BN
F& L CPCys*HBFs, MLl LTRIES Y U LMW, EEOE B ZTRINL, 14— 4%
120 CIT TG S % 5% method C, il & L T Pd(dppf) - CH:Cl,, Fifiz ¥ & L T Johnphos,
ML UCmRERERZ VY, KT =k U b 9:1 OIRAGIEBEF 60 C TG X1 5454 % method D
LR,
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Table 3-1. C-H Direct Arylation at the C5 postion of 4c

Me
Me

Me
Q I—@—NOZ N— N
/
N 1 ’ 7 O

2
(A 10 mol% Pd(dppf)Cl,- CHZCIZ
20 mol% ligand, Ag,CO;
4c solvent, 60 °C, 24 h

9a
entr solvent ligand ratio® isolated
y 9 4c (%) 9a (%) 10 (%) yield of (9a)
16 H,O0 PPh; 26 37 37 28 %
2 H,0 / MeCN (9:1) PPh; 44 40 17 35 %
3 H,0 / MeCN (8:2) PPh; 58 32 10
4 H,0 / MeCN (7:3) PPh; 79 17 4
5 H,O0 /MeCN (9:1) PCy;-HBF, 62 17 22
6 H,O / MeCN (9:1)  P'Bu;-HBF, 71 12 17
7 H,0 / MeCN (9:1) cataCXium A 50 18 32
8 H,0 / MeCN (9:1) Johnphos 41 46 13 46%

@ Determined by "H NMR. © Reaction was carried out at 90 °C.

OE, A LT 2 DORIGSAE (method C 35 XUV D) O HYE i H#PH 2 5825 = & & L7= (Scheme
36), £ 17V —NVEOEFERNDISHBICE ZETREBELHET 2720, ERylHELL
B GRS -5 4 FEFED 2 %Tﬁ&ﬁi 9b-e DEFR AT LT, T ORI, RIS
FXoTIMT V= EOBEBRIENNRICB LTI HENRRL 2 Enghotz, T7bb, Kk
& LC method C 2 V72354, 9b-e @%%EHX@ IZRE TR b2 > 7-—J5 T, method D
ERAWEEA, INAICE I EMEEZE9 5 od & 9e 1%, B RIIMEREH TS 9b & 9c Lk L
THEEIGEME T Lz, Z4UX, methodC & D THWA I ARF T T — b7 =4 OEWIZIERT
HbDEEZT, T2, methodC TIEE T — h7 =473, method D TILIREEA A D37
0 i ALEH DB, REEA A NIENRT— R T =4 L0 b C-H A ORI D IEMEDMEe,
> T method D DFEMATIE, A PXF T 7 2= VEOHRIZED db D SO T 1 b OERMERE MK
KTpo TRV, KA AL TR HFRIEHEN TETICNENME T LEZbD L E X, Lo T,

Fagnou (IR EB LD C-H 7 U — LIS D C-H #E G EIN O BERFEIZ DT, DFT 3RS X 2T
DFER, ENT— T =F 20Tt REBA T2 2 W6 10 SIEHE L= 10 F—fED
INEWZ L EHE L CWD  (Figure 3-3) 9,

R ,0’(
m_? W (I) R AE? (kcalmol™)
@ + O—Pd—PH; — 3 @---Pd—PH3 By 24.9
OH 26.2

Figure 3-3. The Effect of Carboxylate Anion on the C-H Cleavage Step
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method C D 5 BMENTZFKIETHDH EE X, IHIT FHFH OMFT 2 HED T,

"

5 N—N
—_— / P
method C or D
9
method C (X = Br) method D (X =1)
10 mol% Pd(OAc), 10 mol% Pd(dppf)Cl,-DCM
15 mol% cataCXium A 20 mol% Johnphos
30 mol% PivOH Ag,CO3
K,CO3, 1,4-dioxane H,O/CH3CN (9:1)
120°C,24 h 60°C,24 h
OMe
N—N N—N N—-N N—N
(s 7 %\ 7
CF; Me CF;
9d
C) 56% (BRSM 80%) C) 52% (BRSM 71%) C) 52% (BRSM 83%) C) 51% (BRSM 73%)
D) 49% D) 50% (BRSM 83%) D) 28% (BRSM 51%) D) 26% (BRSM 87%)
OMe OMe OMe
N—N N—N N—N N—N
I & & %@\
(0] CN
9g 9i
C) 55% C) 72% o/ qw%mmmw% C) 54%
OMe OEt OEt
N—N N—-N N—-N N—-N

©
=
©
©
3

C) 59% C) 45% (BRSM 93%) C) 58% C, D) trace

Scheme 3-6. Synthesis of 1,5-Diaryl Pyrazoles

ZOREFR, AP FICE LG EE AT D of & 99 NENEHILER 55%, 72% TR L=, £7-.
B REIMEREZ AT 5 oh-j #ENEILHREDIHETHE (9h: 50%, 9i: 54%, 9j: 59%), ~7 1 i1
EEeE ) ULHES, RUBVREBKORLRDLZ TV A L URBEATE R (9k:45%,91:58%), L
MLRNG, FAT7 2 VBROBADOERITIZE A ERISHEITE T, LC-MS fi#tr ) IR =D B9
IMm DERDBHERINDLDHTH T,

PLEXY ., 5A0EIRA7Ze C-H 7 U — AR D S & L method C 35 & O method D @ 2 S:ftF %
AU, BE EOE#IEN G726 20w HEH 2B 5 I LT,
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3—5 C-H7Y—UELic&D 145— R 7 V=T Y —VDERL

3—4 T/ 9ax EHE LT, 40D C-HT U —HEBURIC L S 145— R T U — T Y —)L
DAERERF LTz, ZOB, 7Y =L 3B THORIGAEITT 5 Z e shz, £3 2—
7BV THl, 135— MU T Y=L ETY =D AL C-H T Y —/bD&EEEATHZ L L
L7z, 3725, method C DFEMFD L & A DMA ICZEE L CRISZ i L7zfESR, BréE T

B 13a DMK 39% T H 7= (Scheme 3-7),
Me

Me
O e
N—N
N—|
NO,

10 mol% Pd(OAc),

4
H NO, 15 mol% cataCXium A O
30 mol% PivOH
K,CO5, DMA
120 °C, 20 h CF3
9a 39 % 13a

Scheme 3-7. C-H Arylation of 9a via Method C

T2 Z OB, BONIHARD O GPCIZ X DR L TH NMR il OfE R, 14627 Y ~/I/%J:“C“77
U— LR HEIT L7 14a b L < 1% 14b DARKN R < R S 4u7- (Scheme 3-8), 7235, AKIGNCH
LMY T7N0FaRFT = = )VEEOBEAGCEITRE L TWRWA BT — Lnfdm b & L“C’r” =
L7228k, BanERLEErEEEREmWEB X T2,

F3

e

O;‘°

H Me
3
C-H direct arylation
N—-N N—-N
V\Q (/\Q
NO,

Scheme 3-8. Pyrazole-Directed C-H Arylation

Z
-4

or

éi

Daugulis 5%, 7Y — A aflidmiks LTHY, 1MMEZORCB U BB S CH 7Y —ul
BOGZ 35 LT\ b  (Scheme 3-9) 9,

@@ MO0

N—-N
/
3 mol% Pd(OAc), k/)
AgOAc, AcOH
130 °C,120 h

61 %
Scheme 3-9. Pyrazole as a Directing Group
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ZFIT, BTV L0 bEEEENEL . MOoRERRM A EZHVIIE N T R RUC L - T
BT VIR TG VT AN DL T D EE X, 2T W LOWMEEREIC, filliil L
THEE /ST Vo A, BAL & LTCTLI0- 7 =) hr Uy, ML LTREEY Y A% MV, DMA
H160 CTHIGSH- & 2 A, K B2% TLEr 13a NG 5172 (Table3-2,entryl), DO E &, 147
NP VR ETORISITBII S ishotz, ZO5M &b LICHIERIRE 2t L7 R, ik
ELTYVEEAY U LERW, GREEZ 120 CL LzE A, IEIT60%IZH EL (entryd), =
xS E Lz (entry 4), DIRE, ARRIGSAE% method E & FE9,

Table 3-2. C-H Direct Arylation at the C4 position of 9a

Me

Me
Br—@—CFs
N b
N 12
, ar
Z NO,

4 NO Pd(OAc), (10 mol%)
H 2 1,10-phenanthroline (30 mol%) O
%a base, DMA, T °C, 24 h 13a

entry base T (°C) yield (%)

1 Cs,CO; 140 52
2 Cs,CO; 160 54
3 Cs,CO; 120 44
4 K;PO, 120 60
5 K,CO4 120 trace

WCARRSSGM 2 6 - CHVE P 2 M5 L7 (Scheme 3-11), £9°3—4 LAk, FE D Art
:rootU Ar? EOBEHIENFINCB JIETREBEZHRDL 720, E LGSR &Rk g M2 /LA

Yu b7 =t bl U ERNAETHRTITLERIIBNT, FTUAIRIZL ST, NT Y
TAZ oL LT E Y DUBNRT U ANLREELCT < b LIREZE LTS (Figure3-4) 1, =2
T, BUDU L bEEEORWE T Y — T, L 0MEE LT Wb DL E X T,

N
=z
|| trans effect I %
No _N& N ’

, N
C “pd’ C = 1,10-phenanthroline
N~ “OAc ~ SN” ToAc N

Figure 3-4. Trans Effect by 1,10-Phenanthroline

"Yu HIEA HF VR E T — LD 3L C-H 7 U — b & e L7- (Scheme 3-10) 8, 72
B. KEMEZHANT-ET Y — )L AGLD C-H T U — AL S DL 720,

O e
0 - Y0
10 mol% Pd(OAc),

30 mol% 1,10-phenanthroline 0
Cs,CO;,, toluene
160 °C,4d
75 %

Scheme 3-10. C-H Direct Arylation at the C3 Position of Pyrazole
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BIE

be7-F 818 Y 3 BEHIA 13b-i DA E T LTz, ZORE, INRITHK BT D OITEE D Al
BLEOA? EOEHILTIT /S, AT L AR LOBEBILTHLZ L LT, T70bb Al EIZ
BAIEED A XU EE L OGAE. B REMERETHD N 7 vdu A FAVEEFFOGAITHEA
THPEEIME T L, 728 21X 13h & 131 Z i35 & HEEICEIZZ £ 18%, 49% ThH V| 30%
UbEOENR SN, ZOfEFRIT, ARG THE & 72> T D ONEILIIMOERECcH 5 =
LHETBLTND EBZTWVDHD, BUSHEIZBIT 2 EBRAGEILIZ 2 W 7o OHERI DI 2 H 72, #ie
WCTHEAZ O & LT, x0T V—EOBEAZKRF Lz, 4—ATFAXEBOEADEE, 9h i
LTI T7T V=% 12 BERA WL ZA AMOHR LR LT I HWENZT UV — /(b3S 4 &
BURS BE9W 13] & [RRREEARR L7 2 & 2 HAERD O 'H NMR EATIC L VBRI L 72, ZivE Tok
FHERN G AMITELRE L T3NSI XIZT U — b SNz TIER < ETA L AT Y —ik
K 13] @ LRI LTT U — VN EA SN EE X, WHEOBEZ I UT U —/Ixi LT 2 fF&
ELTRISZEF M LTz, ZOREE, RIS ENH S 4, 55% DINERT 13 e Lz, S HIZ, 2
ERBRZ2 B COMFHI LY, ZATAERFTHRCEBEVROE Y P UVBRE B 3 BRI i
RAF72NERTHE LN (13k: 56%, 131: 76%), B KoL THL T / KE b OB UES,
PERIFORIE T L2 EATE 72 (13m:55%), 2B, B EERAFFRCTHDH, FTA 7oV, B
FOZF Lo OV HE L ORU B UBROSGE IR TRWINER & 2o 7=, ZiuE, Biko A |
WCE TGS E S OHAIC, RINE L R EGET 5, B, 472220 TIE3—4 D
BFHZBWTHOIEOKRT AR ONT-Z &b, T4 7 = VERAKICHKRT 2MORR S5 Z &
HBEZ LN, FHEMIIRATH D,
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P - P
10 mol% Pd(OAc),

H 30 mol% 1,10-Phenanthroline
K;PO,, DMA @
120 °C, 24 h

9 13

OMe OMe OMe OMe F
N—-N N T;I—N N—-N N—N

10% (BRSM 29%)

131*
76%

13c

34% (BRSM 44%)

13h
18% (BRSM 99%)

OMe

13m
36% (BRSM 55%)

CF; Me
13i 13j*
49% (BRSM 71%) 55%
OMe OMe

Me I\/O

13n 130
14% (BRSM 29%) 7% (BRSM 27%)

Scheme 3-11. Synthesis of 1,4,5-Triaryl Pyrazoles

*The ratio of substrate
9toAr-lwas 2:1.

UbXo, 15—7 V=TS =D AT ) —AbDFEZ R L. & 0B & %

ST LT,

Tz, BED AL AP EOBHILIICEC ST EREL G0N ERbhoT,

2—7D135— h VT V=BT = NDANT UV —IUULINZBWTE TV — LB & R LT
WT U — VDR EIT/NINWEEZ T2, AEOMALINEEETAILDEZEZ TN,

3—6 3O CHTIV—NMUIZLBT FIFT V—NET S —NVDER
ARGEHE TR X 912, 145- U TV —A TV —L 13 O 2 (fiEHZ L2 LRI ESED 2 &
T3fD7a b OBMEL LA S, CH 7V —/UbLRIERFREE 725 LB 2, &R OTINZE
Rt L7z (Scheme 3-12), T 7¢bb, HE18a Lt 4—7 a7 =Y — (18 DH v 7V L TIZON
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BIE

T, method C D&% S LICE&BE CIEEOENENEZRFITHZ L &L, ZOE, ©7 Y —
2NLENLT B L CTE 5, MMio&EEE LT~y 8, a0 b, =v /0, 8, #Hgho
~ar AR, BEORY Zovda A 2 A)VR RGO 16 FEEE 9L . S LT DMA. DMF,
DMPU, DMSO O 4 fi¥f% 2N ZHiIR L, 16x4=64 1B O&MEMmaT Lz, 7B, &BEEE RN
9, DMA FCTRIGSHE D &, 8%DINEET 4 EHLUA 2a 35 BT, 6418 Y ORRFTORER, D5
HIZEBENTH B OLERIVEM &R IS, b LIERIEREEITLZ2WNDNDO E L 5T
Holz, ZOZENDL, WINLTEEBEITR LB ITHEL T RW SR L, Lok
FHEWIE LT,

Me Me
Br OMe
N—N N
U P / P
O NO 10 mol% Pd(OAc)z O O NO
2 15 mol% cataCXium MeO 2
O PivOH, K,CO; O
additive, solvent
140 °C, 24 h

additive : MnCl,, MnBr,, FeCl,, FeBr,, Fe(OTf),, CoCl,, CoBrz, Col,
NiCl,, NiBr,, Nil,, Ni(OTf),, CuCl,, CuBry, Cu(OTf),, ZnCl,

solvent : DMA, DMF, DMPU, DMSO

Scheme 3-12. C-H Arylation of 13a Based on Method C

ZZT. YU DLDOWEESHZIT, L LTHER AT VU A B+ LTLI0-T7=F v br
v, AL L ORBEEY U AR AV, ML rF 160 CT4 AN S E2E 2 A, BT T T
U —/L BT YV —)L 2a MR 63% T H A7~ (Scheme 3-13), 723 4 EHAKR 2a DA 2 BLfS il X B
HEEMT LV RE L, BAOMBEIZET Y —VENEAINTNWD Z &R LTz, 2d, 2—7 T
BT 4EHE T Y — L T 5 & AR EM. 2mMAICKEREWVITA LR,
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Me Me
& O s
—N 16 o NN _
7 O 20 mol% Pd(OAc), O 2 O ‘
NO, 60 mol% 1,10-phenanthroline MeO NO,
O Cs,CO0g3, toluene O
160 °C,4d
63% CF,
12a 2a
bonds bond lengths (A) atoms bond angles (°) Pz-Ar —EA
N(1)-N(2) 1.366(3) N(1)-N@2)-C(1)  111.9(3) .
N(2)-C(1) 1.367(4) N(2)-C(1)-C(2)  106.8(2) Pz Me 36.3
c(1)-C(2) 1.388(4) C(1)-C(2)-C(3)  104.7(2) .
c(2)-C(3) 1.420(3) C(2-C3)-N(1)  111.5(2) Pz NO,  45.0
C(3)-N(1) 1.335(4) C(3)-N(1)-N(2)  105.1(4)

Pz

CF, 56.0 °

slelels

Pz OMe 23.4-

Scheme 3-13. Synthesis and X-ray Crystal Structure of 2a

A% b - CEE &P 2 et L7- (Scheme3-14), ¥ E TLREE. BEEOT7 U —/L i
LOEBLNS JIETTHELTRDL 70, BTG oIV & BRI HADETZE 16 Y O
4 BHAR 2b-q AR LTz, £ OREFR, At EICE LG, AP B LI O AR RICE R EH
T5% k X, RN E L R DN BITZ (2h: 62%, 2i: 68%), F7-. 2b & 2f, 2h OILRE bl L
T35 A . ENEI 2T%, 35%, 62% &, EE-REIMED R Y 74 a 2 F VIR 2 12230 TUEEN
miu‘_o —J7. At BITEFRGIMEEEZ %A1, L TIRIER L 2 Em Bl s, e

ZAX 21 & 2 DINHKRE T 5 &, T 68%, 51%E Art BIZE R IMEHREE & - 72 5V TR
BPKT Lz, 207V —nVE EOBEBBREN G T-LTHEEL LTO@EYBLE L, £7 Al LoiE
N EFREIMETHLHE. At LT 0 ko OERMEEREE472DI2, Scheme 3-8 Tib 7= Ar!
ECOBET VAR LT LT oo, IWRIK T2V LB 272, EBIC, HAEKRD
? LC-MS Rt OfE R, BRI LY, S 61 Ar4—0/\ %ﬁﬁi@k%u\{b/\%@iﬁkmﬁ; STz,

AP B X OAR EOBHIENETRGIEETHLGE, 7Y =N 3071 b ORRMEE NI LT
720, WENRAELZEE X, HEDOHL D 3 O@A/t/fmit T = VBRIZK L TR LT,

BNMAREREIRSTNDEEXLNDN, N TH Alt—Ar EOBEBIEIIASIEDPERIZ K E <
ﬂ”ﬁﬂ%é EBRGIoT, EDZ Enn, EIEET 4 %#ﬁﬁsw%%hé EHIFFTE D 13e AEE
E LTS OICHRE A A RE L, ZORE., At RICEFIEGHEEZHT5 2r X0 2s, Bk
SIMEIEZAT 5 2t & 2u BB TE 7= (2r: 88%, 2s: 83%, 2t: 57%, 2u: 42%), F£7-~T TERODEAL
REtL, BV ONVEEET S 4 EHK2v &2 82% L SR TR, 47 = VEBRBEASNT 2w i

21% LRI R 72 N A5 BT,
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()

N—N N—N
3 y > I
H g 20 mol% Pd(OAc), @ @
60 mol% 1,10-phenanthroline
Cs,CO;, toluene
160 °C,4d

=+ - 2 .

—N N-N A
Y oy Y
MeO OMe FsC O OMe MeO

OMe OMe CF3 CF3
2b 2c 2d 2e
27% (BRSM 33%) 41% (BRSM 56%) 21% (BRSM 27%) 36% (BRSM 53%)
OMe OMe OMe OMe

OMe OMe CF3 CF;
2f 29 2h 2i
35% (BRSM 61%) 27% (BRSM 38%) 62% (BRSM 77%) 68% (BRSM 84%)
F F F F

_ _ o
1

OMe OMe CF;
2j 2k 2m
22% (BRSM 32%) 35% (BRSM 51%) 19% (BRSM 30%) 28% (BRSM 38%)
F F F F

OMe OMe CF; CF;
2n 20 2p 2q
18% (BRSM 25%) 30% (BRSM 40%) 35% (BRSM 43%) 51% (BRSM 63%)
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Pk, 3@ — D30TV —IUUbISIC L > T2 EOT N7V — LT —)L2 %
BT D &L BT (IXEE 21-88%) . ANt D FEE 1w &GP 2 B & Mz Lz,

3—7 3EMIB LA BHE T Y —/LOBRETE

SRETIC, 145— FUTU—LET Y=, BEGTF FI7 U= ET Y — L ORI L O%
SEAEPE R X L7 2 L IE AR, F DT AR LTAL A O — T ST L WL ES KOV RS
FVRIEZAT - 72 (Figure 3-5, 3-7~3-13, Table 3-3), 7z, D02, HilkiO# G5 Alexa
Fluor® 405'> 7 — & 104, Fidfi L 7= (Table 3-3).
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Figure 3-5

" Alexa Fluor® 405 | X FRLICHEIE A R L7l | Lo 25 E Loz Th D (Figure 3-6),

® O
+ 3 NH(Et),
Alexa Flour® 405
Figure 3-6. Structure of Alexa Fluor® 405
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Table 3-3. Photophysical Properties of Tri/Tetraaryl Pyrazoles and Alexa Fluor® 405

= Jmaxabs (NM) ¢ (Lmol*cm?) Amax.emis (NM) Stokes shift (cm™?)
2a 267 22,700 - -
2C 236 15,900 410 17,900
2f 243 23,200 428 17,900
2h 251 21,100 436 16,900
2i 253 15,400 435 16,500
2p 256 22,500 429 15,700
2q 252 21,800 395 14,300
2r 247 25,500 439 17,700
2s 270 11,100 436 14,100
2t 263 24,300 436 15,200
2v 247 23,000 438 17,700
13a 262 23,100 - -
13d 237 24,100 432 19,000
13e 273 20,900 436 13,700
13f 235 23,200 389 16,800
13g 272 18,600 387 11,000
13i 249 17,300 390 14,600
13j 254 20,600 - -
13k 277 30,000 - -
131 253 18,900 - -
Alexa Fluor®
405 400 35,000 424 1,420

W OLEW Y 235-277 nm & A R I B R R 2 60728, ZHUE T TIZdl~72 &L 91
BALET YV —AEELET Y —NREPPUNTHRENRAZERTHL Z LICERTHEE X,
T2FIART MVREDRER, = heika2 A3 5A% (2a,13a,13j-131) ZFRV T, 387-439nm &
FHEREAO AL TRAFE R AR Lz, i, = hr3EtiEe LTixe o< 2 &0
HINTEY W, SEHIE LA BIZ L A ERE RS o Tclosd, P CIMEZFEH L T
WV, FE T ERKRIE E & RFEEE NS, Stokes shift ZHHH L7z 2 A, WTholbaE®mb
11,000 cm* L EDO R EpMEA R L, & <I1213d 13 19,000 cm? & REREA R L7Z, T30 6 DIEIL,
Alexa Fulor® 405 @ Stokes shift (1,420 cm™) & i L TR TR E VY,

Z T, #%1E L Stokes shift ODBIRIZHOWTE LT 5, Fam Ci~72i@ Y | Miller 5% 1) ©7 Y —
VB E OB LIALEBICEFERN D 5854 . Stokesshift N RE 252 &, 2) 5 — /LB BIZE
TEBRETRND D86, Stokes shift NRKE <70 b Z L4HE L TWD 2, SFEFHE L 72L&
IZBWTIE, BT Y — VR EOETOHFRITEEE LIALEICRES L TEBY . BlHlS7z Stokes
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shift DEITHEAL TS 11,000 cm?t & K&V, T ETHRE SN2, HEERR LB RFE EICAE
95 357 U —/LET Y —/LD Stokes shift [ZH12 10,000 cm LA FTH D, T EDLLENG
FEROBLEFIREBICL ST, HEEDBHET D Z & T Stokes shift K& <725 Z & LN
Rott, ThUT, BEREIZBWTEZ V— LBRIZKH L TR U TERE SN E UBRN, Hit
WRBICBWTE T Y — VR EIRIER— i RIS ET 2 L 0 ICESER 2 23720 L& TnD
(Figure 3-14), EE OB FERDHERE L7200 FIZBW T, SEERRIEIC £ 0 FEERE CER A 234
Ui F0—EERELZA LD, HONICZORUNDNHE SN T LY ZER —BERE~Z
ITTHZEDRMLNTND B, KR TR LT, FERPEE LY Y —LIiZBWTRE 22
Stokes shift 23122 SAV72 D & AR FEIZ KT D B O 22 TS IR RE THEH S D BRIC, R
ERTIRNF—ZRI DO THDLEEZ L, Fio, BN ATRT I0FEDOT Y — /L 4T —
2D H B, 6508 16,000 cmt LV K& 72 Stokes shift 28 L7z, #EENELLZE T Y —L0if
LR D Stokes shift (% 15,800 cm! ThHh o722 &b, 4 5O7T U —/L A2 BT Y — Vg BICESRE
S5 & T, Stokesshift NS HIZHERT 5 Z EBREBINTZ, £/, 16,000 cm™ LL @ Stokes shift
AR L2 TOAEWIE, LML ETIT ML 42 FFX T T 2=V ERERLTEY, 72T 17,900
em? L EOfEAE R LTz 2¢, 2f, 13d (ZW T 1AL E AL HIZ 4- 2 FFv 7 =V iE o, =
NECTILMNERECETEERSEFREZ LOE T V— VORNFFEITHE SN TW o723, K
MEFRERLY, ZOAMEIZ4-A X7 == VEEAE AT 5 Z & T Stokes shift MK T 25 Z L3R
eI, ARSIz, ZOEBE LT, BRIV ET Y AR ERUE UVERMAEEE I
FETHEE, EBIEERA NS 7= VENE LA & U THEE L. 0 FINEMBEINT
X "C Stokes shift OHI R A5 & Z LIAEEMENEZ 2 b5 03, HERI O Z H720,

Figure 3-14. High Stokes Shift Caused by Structural Relaxation

O, HERRE RHOt B ERE A /R LT 2t & 13d IOV Tl E IR E KD 72, ek, v
I anFY PREPTONRT 2 —T7 2 = VOWNEFIEEN 082 THLHZ &b ¥, Zha ks
LCRDTz, ZORER, 13d 13 0.68, 2t (X 0.64 & BAFARE L& FICROELE O Z Enbhoie,
ZD2{EEMZONT, AT VX ER LTz (Figure 3-15), A7 MAINLH S0 X 912,
WD E— 7 LRIEOE— T T EAERERD I ENRL, LEER->THARINZR Z X720,

VEE AL IR & B2 RENL DT T 50113, bR W CE 55 5 E %
KENLA~EFLEE) (O FNEMBE) L, EhioBekea £ Lo, KREREE & B BEkie Tidsy
FOBEBFIRENRKRE S ER D720, JELOEE T OBRENEZ 5, Z OEBHREORRE T
Sy DFNEE = R L X =0 HE S D 72, Stokes shift DB KIZOR3 D Z ERHMBLN TS ¥,
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2 ODANRYT "MVKOHEIZ LV . EHEDNGRL LT 2t & 13d 1. Stokes shift NFEF I KX W29
HOWIRAZR Z 92 L e, Ya—7H@#EL LT AlexaFluor®405 LV B FE2H4 2 &
EZzobN5,

3—8 F&¥

ARETIE, MERE T —NVE2T Ty 74 —LE L TEREL, ZIUIKT 5 4 B0 EBE
T U= LRI L DT I T7 U =T — LOARIEDOR¥EEZ BIE L That 2172, T 0Ok
B ATFEBG R OREZRNT, DT 4 TRICTA4ERYE T —LE2EKT 52 ENAEEL
V. SRS/ 23D 4 BAY T — B AR LT (Scheme 3-15), 7=, SRS AR 6 PH &
MET L, FEFICTHREO L OEHIES, AT L7 Y — /MK EOBEBIEDINERIC I TR
WCHET R Z 572,

FH2.3ETOMPMED, TV— I AEBRYE T —VDOERDTZDDFHEE STy 7 —2Lb L
LT, 3—3—RETFY— L EEBEWLE T — LD 2 ORFIHARETHH AR L, HE2ED3
—I—REIY =2 HWGEIE, 3vFEE 1 OBEATLINERH D OO, SR TE
FRCE DAL, GURLRHEHNY L LTEHRRERELZEATE I RIFER DD, —F, H 3 =
DOIEFEHE T — L2 HWTZGEIT, DT 4 B CERREREOMENATRETH 5, o, H
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WDHT Ty h 74— M E o TEMRTE 5 2 @l L3 EWARDEWREOMEN R 5720, 18
MR ERIETHD VA D,

AR LTZ 1453 BHAE T Y —)L & 4\ E T Y — /L O—HITON T, WL « FH AT L
L VHEREZFHE L7z, WTho{bEWE ., ZORWMBES ThRrololodh, MEICHIFED
PN e ST T & o T, ARPEIC L D KE 7 Stokes shift #7387 ) — L ORREHEER &
LT, 1) 7Y — LB EOBHE L IRE LICHRRZER T2 L, BLO2)LEHE LICETE
B EERAEEANTDHZ D2 AR L7z (Figure 3-17), X512, BTV — LR 0H#F L L TRAD
Stokes shift (19,000 cm?) & RAFARHEEE IR (¢=0.68) b {bEW 13d 2 A L7z, F7o4E
ERENEG IR AT IVEA L, O KE 7 Stokes shift (15,200cm?) & BAFRd b BEFINER (o=
064) b oA 2t HEH L7z, T bDHAIT, 7Y — Lzl 3 23 BRI K
ELHFEGTDHLDOLEEZTND, £, KEZBEL T, T OEBEERMUIC L 2HE&EA A, #
HOFZORIHIZB W CTHENRT 7o —FThd I L 2FEFE LT 81,

R SRR S, W Q e S

N—NH N—N h
e AN ol - - B
Cu(OAc),- H,0 Pd(OAc), CoF Pd(OAc), CFs
4 95% 4b cataCXium A, PivOH 3 1,10-phenanthroline O
+ 4 examples 52% 9d 43%

+ 12 examples 13e
CF; + 14 examples

| _@_Me QOMe QOMe QOMe

1 N—-N N—N

4 i/

o O | B3 oG

1,10- phenanthrollne 3 CF, EtO,C CF,
J ® ®
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Scheme 3-15. Summary
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Figure 3-17. Pyrazole Dyes Exerting Large Stokes Shift
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Experimental sections

1. General procedure for Cu-catalyzed N-arylation of pyrazole (1)
Method A

To a stirred solution of pyrazole (1) (1.0 equiv.) and aryl iodide (1.2 equiv.) in DMF (2.0 mL/mmol based on
pyrazole (1)), cesium carbonate (2.0 equiv.), Cu(OAc)2-H20 (0.030 equiv.) were added at room temperature
under an argon atmosphere. After being stirred at 110 °C for 24 h, the reaction mixture was poured into saturated
aq. NH4Cl. The aqueous layer was extracted with two portions of 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 with hexane : ethyl acetate = 90 : 10 to give 1-aryl pyrazole 4.
Method B

To a stirred solution of pyrazole (1) (1.0 equiv.) and aryl iodide (5.0 equiv.) in DMF (3.0 mL/mmol based on
pyrazole (1)), cesium carbonate (1.0 equiv.) and Cul (0.10 equiv.) were added at room temperature under an
argon atmosphere. After being stirred at 180 °C for 30 min under irradiation of microwave (300 W), the reaction
mixture was poured into saturated ag. NH4Cl. 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
purified by column chromatography on silica gel with hexane : ethyl acetate = 90 : 10 to give 1-aryl pyrazole 4.
1-(4-Fluorophenyl)-1H-pyrazole (4a)
According to the method A, 4a was obtained as a colorless oil in 89% yield. *H NMR (400 MHz, CDCls) § 7.86
(d, J=25Hz, 1H, a), 7.71 (d, J = 1.5 Hz, 1H, c), 7.65 (dd, J = 2.4, 6.7 Hz, 2H, d), 7.15 (dd, J = 2.4, 8.7 Hz,
2H, e), 6.46 (dd, J=1.5, 2.5 Hz, 1H, b); *C NMR (100 MHz, CDCls) 5 160.8 (d, Jcr = 245.8 Hz), 140.8, 136.3,
126.5, 120.6 (d, Jcr = 8.3 Hz), 115.9 (d, Jcr = 22.9 Hz), 107.4; FT-IR (neat) 3123, 1524, 1395, 1228, 1030,
938, 836, 750 cm™; HRMS (ESI-TOF): [M+H]* calcd. for CsHgN2F, 163.0672: found 163.0697.

18
N-N

b
1-(4-Methoxyphenyl)-1H-pyrazole (4b)
According to the method A, 4b was obtained as a colorless oil in 95% yield. *H NMR (400 MHz,
CDCl3) 6 7.82 (d, J=2.4 Hz, 1H, a), 7.69 (d, J = 1.4 Hz, 1H, ¢), 7.59 (d, J = 9.2 Hz, 2H, d), 6.97 (d, J
= 9.2 Hz, 2H, e), 6.43 (dd, J = 1.5, 2.4 Hz, 1H, b), 3.89 (s, 3H, f); 3C NMR (100 MHz, CDCls3) §
157.8,140.2,133.7,126.4,120.4,114.1, 106.8, 55.1; FT-IR (neat) 2937, 2837, 1521, 1465, 1397, 1172,
1040, 939, 831, 751 cm™; HRMS (ESI-TOF): [M+H]" calcd. for C10H11N3, 175.0871: found 175.0877.

f
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1-(4-Tolyl)-1H-pyrazole (4c)

According to the method A, 4c was obtained as a colorless oil in 99% yield. *H NMR (400 MHz, CDCls), &
7.89 (d, J = 2.4 Hz, 1H, a), 7.67 (d, J = 1.4 Hz, 1H, c), 7.52 (d, J = 8.7 Hz, 2H, d), 7.17 (d, J = 8.7 Hz, 2H, e),
6.37 (dd, J = 1.4, 2.4 Hz, 1H, b), 2.31 (s, 3H, f); 3C NMR (100 MHz, CDCls) & 140.5, 137.8, 135.9, 128.7,
126.4, 118.8, 107.1, 20.6; FT-IR (neat) 2922, 1528, 1395, 1332, 1047, 937, 816, 749 cm™!; HRMS (ESI-TOF):
[M+H]* calcd. for C10H11N2, 159.0922: found 159.0878.

1-(4-Ethoxyphenyl)-1H-pyrazole (4d)

According to the general procedure, 4c was obtained as a white solid in 37% yield (method A) or 95% yield
(method B). Mp 76-78 °C. 'H NMR (400 MHz, CDCl3) & 7.82 (d, J = 2.4 Hz, 1H, a), 7.69 (d, J = 1.4 Hz, 1H,
c), 7.57 (d, J = 8.7 Hz, 2H, d), 6.96 (d, J = 8.7 Hz, 2H, €), 6.43 (dd, J = 1.4, 2.4 Hz, 1H, b), 4.06 (g, J = 6.8 Hz,
2H, f), 1.43 (t, J = 6.8 Hz, 3H, g); *C NMR (100 MHz, CDCls) & 157.6, 140.5, 133.9, 126.7, 120.9, 115.1,
107.1, 63.8, 14.8; FT-IR (neat) 3107, 2977, 1529, 1397, 1254, 1123, 1034, 838, 810, 756 cm™; HRMS (ESI-
TOF): [M+H]* calcd. for C11H13N20, 189.1028: found 189.1019.

9
e OJ
f

N—N
c Ua

b

1-(2,4-Dichlorophenyl)-1H-pyrazole (4e)
According to the general procedure, 4c was obtained as a colorless oil in 15% yield (method A) or 89% yield
(method B). *H NMR (400 MHz, CDCl,) 5 7.85 (d, J = 2.4 Hz, 1H, a), 7.72 (d, J = 1.9 Hz, 1H, c), 7.53-7.50
(m, 2H, e, f), 7.32 (dd, J = 2.4, 8.6 Hz, 1H, d), 6.46 (dd, J = 1.9, 2.4 Hz, 1H, b); 3C NMR (100 MHz, CD,Cl,)
5141.0, 136.7,133.9, 131.1, 130.2, 128.6, 128.3, 127.8, 106.8; FT-IR (neat) 3098, 1487, 1396, 1017, 807, 752,
618, 542 cm™; HRMS (ESI-TOF): [M+H]* calcd. for CsH7N,Cl,, 212.9986: found 212.9986.

4 LCl

Cl f

N—N e

b

2. General procedure for C-H direct arylation at the C5 position of 1-aryl pyrazoles 4
Method C-1

To a sealed tube containing a magnetic stirring bar, Pd(OAc), (0.10 equiv.), cataCXium A (0.15 equiv.),
K2COs (3.0 equiv.), 1-aryl pyazole 4 (1.0 equiv.), aryl bromide (1.5 equiv.) and PivOH (0.30 equiv.) in 1,4-
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dioxane (1.0 mL/50 mg based on 4) were added at room temperature under an argon atmosphere. The reaction
mixture in the sealed vessel was stirred at 120 °C for 24 h. After cooling the reaction mixture to room
temperature, the mixture was passed through a pad of Celite®, and the filtrate was evaporated and the residue
was purified by column chromatography on silica gel and GPC to afford 1,5-diaryl pyazole 9.

Method C-2

To a sealed tube containing a magnetic stirring bar, Pd(OAc), (0.10 equiv.), cataCXium A (0.15 equiv.),
K>COs (3.0 equiv.), 1-aryl pyazole 4 (1.0 equiv.), aryl bromide (1.5 equiv.) and PivOH (0.30 equiv.) in 1,4-
dioxane (1.0 mL/50 mg based on 4) were added at room temperature under an an argon atmosphere. The reaction
mixture in the sealed vessel was stirred at 120 °C for 24 h. After cooling the reaction mixture to room
temperature, the mixture was poured into water, then the aqueous layer was extracted with two portions of ethyl
acetate. The combined extract was washed with brine, dried over MgSO4and concentrated in vacuo. The residue
was purified by column chromatography on silica gel and GPC to afford 1,5-diaryl pyazole 9.

Method D

To a sealed tube containing a magnetic stirring bar, Pd(dppf)2Cl. (0.10 equiv.), Johnphos (0.20 equiv.),
Ag2CO3 (1.5 equiv.), 1-aryl pyazole 4 (1.0 equiv.), aryl iodide (1.5 equiv.) and MeCN (1.8 mL/50 mg based on
4), H20 (0.20 mL/50 mg based on 4) were added at room temperature under an argon atmosphere. The reaction
mixture in the sealed vessel was stirred at 60 °C for 24 h.

After cooling the reaction mixture to room temperature, the mixture was poured into water, then the aqueous

layer was extracted with five portions of ethyl acetate. The combined extract was washed with brine, dried over
MgSQ,and concentrated in vacuo. The residue was purified by column chromatography on silica gel and GPC
to afford 1,5-diaryl pyazole 9.
5-(4-Nitrophenyl)-1-(4-tolyl)-1H-pyrazole (9a)
According to the method C-2, purification by column chromatography (hexane : ethyl acetate = 85 : 15) afforded
9a as a yellow solid in 36% yield (BRSM 53%). By applying method D, 9a was obtained in 46 % yield (BRSM
69%). Mp 121-122 °C. 'H NMR (400 MHz, CDCls) & 8.14 (d, J = 8.3 Hz, 2H, f), 7.74 (d, J = 1.9 Hz, 1H, b),
7.38 (d, J=8.3 Hz, 2H, e), 7.19-7.14 (m, 4H, ¢, d), 6.62 (d, J = 1.9 Hz, 1H, a), 2.38 (s, 3H, g); *C NMR (100
MHz, CDCls) 6 147.1, 140.5, 140.4, 138.2, 137.1, 136.8, 129.8, 129.2, 125.1, 123.7, 108.7, 21.0; FT-IR (neat)
2923, 1601, 1519, 1340, 854, 822, 753 cm!; HRMS (ESI-TOF): [M+H]" calcd. for C16H14N302, 280.1086:
found 280.1081.

a NO,

1-(4-Fluorophenyl)-5-{4-(trifluoromethyl)phenyl}-1H-pyrazole (9b)
According to the method C-2, purification by column chromatography (hexane : ethyl acetate = 90 : 10) afforded
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9b as a colorless oil in 56% yield (BRSM 80%). By applying method D, 9b was obtained in 49% yield. *H
NMR (400 MHz, CDCls) & 7.73 (d, J = 2.0 Hz, 1H, b), 7.57 (d, J = 8.2 Hz, 2H, f), 7.33 (d, J = 8.2 Hz, 2H, e),
7.29-7.24 (m, 2H, c), 7.09-7.04 (m, 2H, d), 6.57 (d, J = 2.0 Hz, 1H, a); *C NMR (100 MHz, CDCls): 5 161.8
(d, Jc.r = 248.1 Hz), 141.5, 140.5, 135.9 (d, Jc.r = 3.1 Hz), 133.8, 130.3 (q, Jcr = 32.7 Hz), 128.9, 127.0 (d, Jc-
r=8.4 Hz), 125.5 (q, Jcr = 3.1 Hz), 123.8 (9, Jc-r = 271.7 Hz), 116.1 (d, Jc-r = 22.8 Hz), 108.4; FT-IR (neat)
1621, 1515, 1413, 1326, 1221, 1169, 1127, 1065, 841 cm™*; HRMS (ESI-TOF): [M+H]" calcd. for C16H10N2Os,
307.0858: found 307.0869.

a CF;

1-(4-Fluorophenyl)-5-(4-methoxyphenyl)-1H-pyrazole (9¢)

According to the method C-2, purification by column chromatography (hexane : ethyl acetate = 90 : 10) afforded
9c¢ as a colorless oil in 52% yield (BRSM 71%). By applying method D, 9¢ was obtained in 50% yield (BRSM
83%). *H NMR (400 MHz, CD.Cly): § 7.63 (d, J = 1.9 Hz, 1H, b), 7.25 (dd, J = 4.8, 8.7 Hz, 2H, c¢), 7.12 (d, J
=8.7 Hz, 2H, e), 7.02 (dd, J = 8.7, 8.7 Hz, 2H, d), 6.82 (d, J = 8.7 Hz, 2H, f), 6.43 (d, J = 1.9 Hz, 1H, a), 3.77
(s, 3H, g); *C NMR (100 MHz, CDCls): 8 161.6 (d, Jc.r = 247.3 Hz), 159.6, 142.9, 140.3, 136.4 (d, Jcr = 2.2
Hz), 130.3, 126.9 (d, Jcr = 8.4 Hz), 122.8, 115.8 (d, Jcr = 22.8 Hz), 114.0 107.3, 55.3; FT-IR (neat) 2838, 1614,
1514, 1455, 1219, 1179, 1032, 837 cm*; HRMS (ESI-TOF): [M+H]* calcd. for CisH13N2OF, 269.1090: found
269.1075.

1-(4-Methoxyphenyl)-5-{4-(trifluoromethyl)phenyl}-1H-pyrazole (9d)

According to the method C-2, purification by column chromatography (hexane : ethyl acetate = 80 : 20) afforded
9d as a colorless oil in 52% yield (BRSM 83%). By applying method D, 9c was obtained in 28% yield (BRSM
51%). 'H NMR (270 MHz, CDCl3) 6 7.72 (d, J = 1.6 Hz, 1H, b), 7.55 (d, J = 8.2 Hz, 2H, f), 7.34 (d, J = 8.2 Hz,
2H, €), 7.20 (d, J = 8.9 Hz, 2H, ¢), 6.88 (d, J = 8.9 Hz, 2H, d), 6.56 (d, J = 1.6 Hz, 1H, a), 3.83 (s, 3H, g); 3C
NMR (100 MHz, CDCl3) 6 159.1, 141.4, 140.1, 134.1, 133.0, 130.0 (d, Jcr = 31.9 Hz), 128.8, 126.7, 125.3 (d,
Jer=3.9Hz),123.9 (d, Jcr =272.4 Hz), 114.3, 107.9, 55.5; FT-IR (neat): 1620, 1517, 1326, 1251, 1168, 1126,
1065, 835 cm*; HRMS (ESI-TOF): [M+H]" calcd. for C17H14N,OF3, 319.1058: found 319.1040.
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1,5-Bis(4-methoxyphenyl)-1H-pyrazole ()

According to the method C-2, purification by column chromatography (hexane : ethyl acetate = 80 : 20) afforded
9e as a white solid in 51% yield (BRSM 73%). By applying method D, 9c was obtained in 26% yield (BRSM
87%). Mp 97-99 °C. *H NMR (270 MHz, CDCls) § 7.66 (d, J = 2.0 Hz, 1H, b), 7.21 (d, J = 8.7 Hz, 2H, c or e),
7.14(d,J=8.7Hz,2H,core), 6.84 (d,J=8.7Hz,2H,d or f),6.81 (d, J =8.7 Hz, 2H,d or f), 6.42 (d, J = 2.0
Hz, 1H, a), 3.78 (s, 3H, g or h), 3.77 (s, 3H, g or h); *C NMR (100 MHz, CDCls) § 159.3, 158.6, 142.6, 139.7,
133.4, 129.8, 126.5, 122.9, 113.9, 113.8, 106.6, 55.3, 55.1; FT-IR (neat) 2837, 1613, 1516, 1497, 1298, 1250,
1180, 1030, 834 cm™; HRMS (ESI-TOF): [M+H]* calcd. for C17H17N202, 281.1290: found 281.1288.
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1-(4-Methoxyphenyl)-5-(4-tolyl)-1H-pyrazole (9f)

According to the method C-1, purification by column chromatography (hexane : ethyl acetate = 95 : 5) afforded
9f as a colorless oil in 55% yield. *H NMR (400 MHz, CDClz): § 7.66 (d, J = 2.0 Hz, 1H, b), 7.21 (d, J = 8.7
Hz, 2H, e), 7.12-7.07 (m, 4H, c, ), 6.84 (d, J = 8.7 Hz, 2H, d), 6.44 (d, J = 2.0 Hz, 1H, a), 3.78 (s, 3H, @), 2.32
(s, 3H, h); C NMR (100 MHz, CDCls): 6 158.7, 142.9, 139.8, 137.9, 133.5, 129.0, 128.5, 127.7, 126.5, 113.9,
107.0, 55.3, 21.1; FT-IR (neat): 2934, 2838, 1611, 1514, 1453, 1387, 1249, 1170, 1030, 834 cm™*; HRMS (ESI-
TOF): [M+H]* calcd. for C17H17N20, 265.1341: found 265.1341.

g9
d OMe

o

a Me
5-(2,3-Dihydrobenzo[b][1,4]dioxin-6-yl)-1-(4-methoxyphenyl)-1H-pyrazole (99)

According to the method C-1, purification by column chromatography (hexane : ethyl acetate = 70 : 30) afforded
9g as a white amorphous solid in 72% yield. *H NMR (400 MHz, CDCls): 6 7.64 (d, J = 2.0 Hz, 1H, b), 7.22
(d, J=9.1Hz, 2H, c), 6.85 (d, J = 9.1 Hz, 2H, d), 6.78 (d, J = 2.0 Hz, 1H, g), 6.75 (d, J = 8.0 Hz, 1H, f), 6.64
(dd, J=2.0, 8.0 Hz, 1H, e), 6.40 (d, J = 2.0 Hz, 1H, a), 4.24-4.21 (m, 4H, i, j), 3.80 (s, 3H, h); *C NMR (100
MHz, CDCls): 6 158.7, 145.5, 143.3, 142.4, 139.7, 133.4, 126.5, 123.9, 122.0, 117.6, 117.2, 114.0, 106.9, 64.3,

64.2, 55.4; FT-IR (neat): 2935, 2839, 1584, 1517, 1387, 1244, 1182, 1121, 927, 892 cm™*; HRMS (ESI-TOF):
[M+H]* calcd. for C18H17N203, 309.1239: found 309.1277.
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1-(4-Methoxyphenyl)-5-(4-nitrophenyl)-1H-pyrazole (9h)

According to the method C-1, purification by column chromatography (hexane : ethyl acetate = 85 : 15) afforded
9h as a yellow solid in 72% yield. Mp 136-137 °C. *H NMR (400 MHz, CDCls) & 8.15 (d, J = 8.7 Hz, 2H, f),
7.74 (d, J =19 Hz, 1H, b), 7.38 (d, J = 9.1 Hz, 2H, ¢e), 7.20 (d, J = 9.1 Hz, 2H, c), 6.89 (d, J = 8.7 Hz, 2H, d),
6.62 (d, J = 1.9 Hz, 1H, a), 3.83 (s, 3H, g); *C NMR (100 MHz, CDCls) § 159.3, 147.1, 140.5, 140.2, 136.8,
132.7, 129.1, 126.7, 123.7, 114.4, 108.4, 55.5; FT-IR (neat) 2840, 1601, 1517, 1342, 1251, 854 cm’*; HRMS
(ESI-TOF): [M+H]* calcd. for C16H14N303,296.1035: found 296.1020.
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4-{1-(4-Methoxyphenyl)-1H-pyrazol-5-yl}benzonitrile (9i)

According to the method C-1, purification by column chromatography (hexane : ethyl acetate = 80 : 20) afforded
9i as a white amorphous solid in 54% yield. *H NMR (400 MHz, CDCls): 8 7.71 (d, J = 2.0 Hz, 1H, b), 7.57 (d,
J=8.2Hz, 2H,f), 7.32 (d, J = 8.2 Hz, 2H, e), 7.18 (d, J = 9.2 Hz, 2H, c), 6.88 (d, J = 9.2 Hz, 2H, d), 6.57 (d, J
=2.0 Hz, 1H, a), 3.82 (s, 3H, g); *C NMR (100 MHz, CDCl5): § 159.2, 140.8, 140.1, 134.9, 132.7, 132.1, 129.0,
126.6, 118.3, 114.3, 111.5, 108.1, 55.4; FT-IR (neat): 2936, 2229, 1610, 1516, 1301, 1250, 1028, 962, 926, 837
cmt; HRMS (ESI-TOF): [M+H]* calcd. for C17H13N30, 276.1137: found 276.1134.
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Ethyl 4-{1-(4-methoxyphenyl)-1H-pyrazol-5-yl}benzoate (9j)

According to the method C-1, purification by column chromatography (hexane : ethyl acetate = 90 : 10) afforded
9j as a colorless oil in 59% yield. *H NMR (400 MHz, CDCls): 6 7.96 (d, J =8.7 Hz, 2H, f), 7.70 (d, J = 1.9 Hz,
1H, b), 7.29 (d, J = 8.7 Hz, 2H, e), 7.20 (d, J = 8.7 Hz, 2H, c), 6.86 (d, J = 8.7 Hz, 2H, d), 6.56 (d, J = 1.9 Hz,
1H, a), 4.36 (q, J = 7.3 Hz, 2H, h), 3.80 (s, 3H, g), 1.38 (t, J = 7.3 Hz, 3H, i); *C NMR (100 MHz, CDCls): &
166.0, 159.0, 141.8, 140.0, 134.8, 133.0, 129.8, 129.5, 128.4, 126.6, 114.1, 107.8, 61.0, 55.4, 14.2; FT-IR (neat):
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2981, 2839, 1716, 1612, 1516, 1276, 1103, 1023, 962, 835 cm™; HRMS (ESI-TOF): [M+H]* calcd. for
C1oH18N203, 323.1396: found 323.1386.

3-{1-(4-Methoxyphenyl)-1H-pyrazol-5-yl}pyridine (9Kk)

According to the method C-1, purification by column chromatography (toluene : ethyl acetate = 60 : 40) afforded
9k as a colorless oil in 45% yield (BRSM 93%). *H NMR (400 MHz, CDCls):  8.65 (brs, 1H, h), 8.63 (brs, 1H,
9), 7.73(d, J =19 Hz, 1H, b), 7.48 (d, J = 7.7 Hz, 1H, ), 7.25 (brs, 1H, f), 7.20 (d, J = 8.7 Hz, 2H, ¢), 6.87 (d,
J =8.7 Hz, 2H, d), 6.57 (d, J = 1.9 Hz, 1H, a), 3.81 (s, 3H, i); *C NMR (100 MHz, CDCls): & 159.1, 149.0,
148.8, 140.1, 139.6, 135.6, 132.7, 127.1, 126.7, 123.4, 114.3, 107.7, 55.4; FT-IR (neat): 2936, 1569, 1516, 1444,
1412, 1251, 1027, 962, 926, 836 cm™; HRMS (ESI-TOF): [M+H]* calcd. for CisH13N30, 252.1137: found

252.1138.
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5-(9,9-Dimethyl-9H-fluoren-2-yl)-1-(4-ethoxyphenyl)-1H-pyrazole (91)

According to the method C-1 (2d : ArBr = 1.2 : 1.0), purification by column chromatography (hexane : ethyl
acetate = 85 : 15) afforded 9l as a colorless oil in 58% yield (BRSM 93%). *H NMR (400 MHz, CDCls): § 7.71
(d, J=1.9 Hz, 1H, b), 7.70-7.68 (m, 1H, i or j), 7.65-7.63 (m, 1H, i or j), 7.42-.7.39 (m, 1H, h), 7.34-7.30 (m,
2H,eorkorlorm), 7.27-7.25 (m, 1H, e or k or I or m), 7.23 (d, J = 8.7 Hz, 2H, ¢), 7.18 (m, 1H, e or k or | or
m), 6.84 (d, J = 8.7 Hz, 2H, d), 6.56 (d, J = 1.9 Hz, 1H, a), 4.00 (g, J = 7.3 Hz, 2H, f), 1.38 (t, J = 7.3 Hz, 3H,
g), 1.35 (s, 6H, n); *C NMR (100 MHz, CDCls): 5 158.0, 153.6, 153.4, 143.1, 139.8, 138.9, 138.3, 133.2, 129.1,
1275, 127.5, 126.9, 126.5, 123.0, 122.5, 120.0, 119.8, 114.4, 106.8, 63.5, 46.5, 26.7, 14.5; FT-IR (neat) 2961,
1610, 1516, 1478, 1443, 1393, 1299, 1247, 1050, 925, 837, 739 cm™; HRMS (ESI-TOF): [M+H]* calcd. for
C26H24N20, 381.1967: found 381.1973.

¢« o/"®
f

4,5-Bis(4-nitrophenyl)-1-(4-tolyl)-1H-pyrazole (10)

According to the method C-1, purification by column chromatography (hexane : ethyl acetate = 90 : 10) afforded
9l as a yellow solid. Mp 240-242 °C. *H NMR (400 MHz, CDCls): § 8.17 (d, J = 8.8 Hz, 2H, e or g), 8.15 (d, J
=8.8Hz, 2H,eorg), 7.98 (s, 1H, a), 7.31 (d, J=8.8 Hz, 2H,d or f), 7.31 (d, J = 8.8 Hz, 2H, d or f), 7.15 (d, J
=8.2Hz, 2H, b), 7.08 (d, J = 8.2 Hz, 2H, c¢), 2.37 (s, 3H, h); *C NMR (125 MHz, CDCls): 5 147.9, 146.5, 139.8,
139.0, 138.6,137.8,136.4,136.0,131.2,129.8, 128.4,125.2, 124.2, 124.1,121.3, 21.1; FT-IR (neat) 2919, 1654,
1597, 1516, 1457, 1342, 1108, 954, 854, 756 cm™*; HRMS (FAB): [M+H]" calcd. for Cz,H17N4F4, 401.1250:
found 401.1244.

3. General procedure for C-H direct arylation at the C4 position of 1,5-diaryl pyrazoles 9

To asealed tube containing a magnetic stirring bar, Pd(OAc)2(0.10 equiv.), 1,10-phenanthroline (0.30 equiv.),
K3PO, (3.0 equiv.), 1,5-diaryl pyazole 9 (1.0 equiv.), aryl halide (X equiv.) and DMA (1.0 mL/50 mg based on
9) were added at room temperature under an argon atmosphere. The reaction mixture in the sealed vessel was
stirred at 120 °C for 24 h.

Work-up procedure A: After cooling the reaction mixture to room temperature, the 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 MgSOsand concentrated in vacuo. The residue was purified by column chromatography
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on silica gel, and further purified by GPC to afford 1,4,5-triaryl pyrazole 13.

Work-up procedure B: 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 column chromatography on
silica gel, and further purified by GPC to afford 1,4,5-triaryl pyrazole 13.

5-(4-Nitrophenyl)-1-(4-tolyl)-4-{4-(trifluoromethyl)phenyl}-1H-pyrazole (13a)

Following work-up procedure A (X = 1.20), purification by column chromatography (hexane : ethyl acetate =
80 : 20) afforded 13a as a white solid in 60% yield. Mp 160-162 °C. *H NMR (400 MHz, CDCls): § 8.15 (d, J
=9.2Hz,2H,¢e),7.92 (s, 1H, a), 7.54 (d, J = 8.7 Hz, 2H, g), 7.31-7.26 (m, 4H, d, f), 7.15 (d, J = 8.2 Hz, 2H, b),
7.09 (d, J = 8.2 Hz, 2H, c), 2.36 (s, 3H, h); 3C NMR (100 MHz, CDCls): 6 147.7, 139.9, 138.4, 137.3, 136.7,
136.4, 135.8, 131.2, 129.8, 129.0 (q, Jc-r = 32.8 Hz), 128.3, 125.7 (q, Jc-r = 32.8 Hz), 125.2, 124.0 (q, Jc-r =
272.4 Hz), 124.0, 122.1, 21.1; FT-IR (neat) 1619, 1518, 1344, 1325, 1165, 1121, 1073, 956, 843 cm!; HRMS
(ESI-TOF): [M+H]* calcd. for Ca3H16N3O2F3, 424.1273: found 424.1278.

1,4,5-Tris(4-methoxyphenyl)-1H-pyrazole (13b)

Following work-up procedure A (X = 1.20), purification by column chromatography (hexane : ethyl acetate =
80 : 20) afforded 13b as a white solid in 10% yield (BRSM 29%). *H NMR (270 MHz, CDCls): & 7.81 (s, 1H,
a), 7.19-7.12 (m, 4H, bord or ), 7.04 (d, J = 8.6 Hz, 2H, b or d or f), 6.84-6.78 (m, 6H, c, e, g), 3.80 (s, 3H, h
oriorj),3.79 (s, 3H, horiorj),3.78 (s, 3H, h ori orj), ; *C NMR (100 MHz, CDCls): § 159.3, 158.3, 158.0,
138.9, 138.4, 133.2, 131.5, 128.8, 126.3, 125.4, 122.4, 121.3, 113.8, 113.7, 113.7, 55.1, 54.9, 54.9.

1,4,5-Tris(4-methoxyphenyl)-1H-pyrazole (13c)

Following work-up procedure A (X = 1.20), purification by column chromatography (hexane : ethyl acetate =
80 : 20) afforded 13c as a white solid in 34% yield (BRSM 44%). 'H NMR (400 MHz, CDCls): & 7.90 (s, 1H,
a), 7.49 (d, J =8.3 Hz, 2H, g), 7.32 (d, J = 8.3 Hz, 2H, f), 7.16 (d, J = 8.8 Hz, 2H, b or d), 7.05 (d, J = 9.2 Hz,
2H, b or d), 6.85-6.80 (m, 4H, c, €), 3.81 (s, 3H, h or i), 3.79 (s, 3H, h or i); *C NMR (100 MHz, CDCls): &
159.8, 158.7, 139.7, 139.1, 136.7, 133.0, 131.6, 128.0 (9, Jc-r = 32.0 Hz), 127.7, 126.5, 125.3 (9, Jcr = 3.8 Hz),
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124.2 (q, Je-r = 271.7 Hz), 121.8, 120.3, 114.2, 113.9, 55.3, 55.1; FT-IR (neat) 1617, 1515, 1459, 1325, 1298,
1252, 1167, 1119, 1074, 956, 835 cm; HRMS (ESI-TOF): [M+H]* calcd. for Cz3sH13N2F7, 451.1045: found
451.1063.
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1,4-Bis(4-methoxyphenyl)-5-{4-(trifluoromethyl)phenyl}-1H-pyrazole (13d)

Following work-up procedure A (X = 1.20), purification by column chromatography (hexane : ethyl acetate =
80 : 20) afforded 13d as a white solid in 21% yield (BRSM 29%). Mp 165-166 °C; *H NMR (270 MHz, CDCls):
5 7.83 (s, 1H, a), 7.51 (d, J=7.9 Hz, 2H, e), 7.24 (d, J = 7.9 Hz, 2H, d), 7.13 (d, J = 8.9 Hz, 2H, b or f), 7.10
(d,J=8.9Hz, 2H, borf),6.83(d, J=89Hz, 2H, c or g), 6.82 (d, J =8.9 Hz, 2H, c or g), 3.81 (s, 3H, h or i),
3.80 (s, 3H, h or i); *C NMR (100 MHz, CDCls): § 158.8, 158.4, 139.4, 137.1, 134.0, 132.8, 130.7, 130.0 (q,
Jor = 32.8 Hz), 129.2, 126.6, 125.3 (q, Jcr = 3.8 HZ), 124.7, 123.8 (q, Jc-r = 272.4 HZz), 122.4, 114.5, 114.0,
55.2, 55.0; FT-IR (neat) 1615, 1516, 1502, 1325, 1248, 1166, 1125, 955, 830 cm™*; HRMS (ESI-TOF): [M+H]*
calcd. for Co4sH19N20,F3, 425.1477: found 425.1460.
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1-(4-Methoxyphenyl)-4,5-bis{4-(trifluoromethyl)phenyl}-1H-pyrazole (13¢)

Following work-up procedure A (X = 1.20), purification by column chromatography (hexane : ethyl acetate =
80 : 20) afforded 13e as a white solid in 43% yield (BRSM 47%). Mp 145-146 °C; *H NMR (270 MHz, CDCls):
8791 (s,1H, a), 7.56 (d, J=7.6 Hz,2H,eorg), 7.53 (d, J=7.6 Hz, 2H, e org), 7.28 (d, J = 7.6 Hz, 2H, d or
f), 7.23 (d, J=7.6 Hz, 2H, d or f), 7.14 (d, J = 8.9 Hz, 2H, b), 6.84 (d, J = 8.9 Hz, 2H, c), 3.81 (s, 3H, h); *C
NMR (100 MHz, CDCls): 6 159.1, 139.5, 138.3, 136.2, 133.5, 132.5, 130.7 (q, Jc-r = 32.7 Hz), 130.7, 128.7 (q,
Jer=32.7Hz),128.1, 126.7, 125.7 (q, Jc-r = 3.8 Hz), 125.6 (q, Jc-r = 3.8 Hz), 124.2 (q, Jcr = 272.5 Hz), 123.8
(9, Jcr = 272.5 Hz), 121.4, 114.2, 55.4; FT-IR (neat) 1737, 1620, 1516, 1326, 1252, 1168, 1122, 957, 842 cmr
1 HRMS (ESI-TOF): [M+H]* calcd. for C2sH16N2OFs, 463.1245: found 463.1241.

128



- =

b

N—N d
/

e
DAY
] CF,
g

CF;

1-(4-Fluorophenyl)-4,5-bis(4-methoxyphenyl)-1H-pyrazole (13f)

Following work-up procedure A (X = 1.20), purification by column chromatography (hexane : ethyl acetate =
80 : 20) afforded 13f as a white solid in 35% yield (BRSM 82%). Mp 133-135 °C; ‘H NMR (400 MHz, CDCls):
57.83 (s, 1H, a), 7.21 (dd, J = 4.9, 9.2 Hz, 2H, b), 7.14 (d, J = 8.7 Hz, 2H, d or f), 7.04 (d, J = 8.7 Hz, 2H, d or
f), 6.98 (dd J =8.7, 9.2 Hz, 2H, ¢), 6.82 (d, J = 8.7 Hz, 2H, e or g), 6.81 (d, J = 8.7 Hz, 2H, e or g), 3.80 (s, 3H,
h or i), 3.79 (s, 3H, h or i); *C NMR (100 MHz, CDCls): & 161.4 (d, Jcr = 247.3 Hz), 159.6, 158.3, 139.5,
138.7, 136.3 (d, Jc.r = 2.3 Hz), 131.7, 129.0, 126.8 (d, Jc.r = 8.4 Hz), 125.3, 122.2, 121.9, 115.6 (d, Jcr = 22.9
Hz), 114.2, 113.9, 55.2, 55.2; FT-IR (neat) 2837, 1614, 1524, 1513, 1501, 1456, 1249, 1033, 835 cm™; HRMS
(ESI-TOF): [M+H]* calcd. for Ca3H1gN20,F, 375.1509: found 375.1558.
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1-(4-Fluorophenyl)-5-(4-methoxyphenyl)-4-{4-(trifluoromethyl)phenyl}-1H-pyrazole (13g)

Following work-up procedure A (X = 1.20), purification by column chromatography (hexane : ethyl acetate =
80 : 20) afforded 13g as a white solid in 53% yield (BRSM 99%). Mp 141-142 °C; *H NMR (400 MHz, CDCls):
d7.91 (s, 1H, a), 7.50 (d, J = 8.2 Hz, 2H, g), 7.32 (d, J = 8.2 Hz, 2H, f), 7.23 (m, 2H, b), 7.04 (d, J = 8.7 Hz,
2H, d), 7.00 (m, 2H, c), 6.80 (d, J = 8.7 Hz, 2H, e), 3.82 (s, 3H, h); *°C NMR (100 MHz, CDCls): & 161.5 (d,
Jcr = 247.3 Hz), 160.0, 139.8, 139.5, 136.6, 136.0 (d, Jcr = 2.3 Hz), 131.6, 128.3 (q, Jc-r = 31.9 Hz), 127.8,
126.9 (d, Jcr = 8.3 Hz), 125.4 (q, Jcr = 3.8 H2), 124.2 (q, Jc-r = 271.7 HZz), 121.5, 120.8, 115.7 (d, Jcr = 22.9
Hz), 114.4, 55.2; FT-IR (neat) 1617, 1513, 1326, 1252, 955, 838 cm*; HRMS (ESI-TOF): [M+H]* calcd. for
Ca3H16N,0F4, 413.1277: found 413.1283.
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1-(4-Fluorophenyl)-4-(4-methoxyphenyl)-5-{4-(trifluoromethyl)phenyl}-1H-pyrazole (13h)

Following work-up procedure A (X = 1.20), purification by column chromatography (hexane : ethyl acetate =
80 : 20) afforded 13h as a white solid in 18% yield (BRSM 99%). *H NMR (400 MHz, CDCls): § 7.85 (s, 1H,
a), 7.54 (d,J=8.2 Hz, 2H, e), 7.24 (d, J = 8.2 Hz, 2H, d), 7.21-7.18 (m, 2H, b), 7.09 (d, J = 8.7 Hz, 2H, f), 7.04-
7.00 (m, 2H, c), 6.83 (d, J = 8.7 Hz, g), 3.80 (s, 3H, h); *C NMR (100 MHz, CDCls): § 161.6 (d, Jcr = 248.9
Hz), 158.7, 140.0, 137.3, 135.9 (d, Jcr = 3.0 Hz), 133.8, 130.7, 130.5 (q, Jcr = 32.7 Hz), 129.3, 127.0 (d, Jc-r
= 8.4 Hz), 125.6 (q, Jcr = 3.8 Hz), 124.4, 123.8 (q, Jcr = 272.4 Hz), 123.0, 115.9 (d, Jcr = 22.9 Hz), 114.2,
55.2; FT-IR (neat) 1527, 1513, 1328, 1249, 1163, 1127, 1072, 953, 844 cm™.

1-(4-Fluorophenyl)-4,5-bis{4-(trifluoromethyl)phenyl}-1H-pyrazole (13i)

Following work-up procedure A (X = 1.20), purification by column chromatography (hexane : ethyl acetate =
80 : 20) afforded 13i as a white solid in 49% yield (BRSM 71%). Mp 146-147 °C; *H NMR (270 MHz, CDCls):
5793 (s, 1H, a), 7.58 (d,J=8.2 Hz, 2H, g ore), 7.54 (d, J = 8.2 Hz, 2H, g or e), 7.29-7.17 (m, 6H, b ,d ,f), 7.03
(dd, J = 8.2, 8.9 Hz, 2H, c); **C NMR (100 MHz, CDCls): 8 161.8 (d, Jcr = 258.1 Hz), 139.9, 138.3, 135.9,
135.5 (d, Jcr = 3.1 HZz), 133.2, 131.0 (q, Jcr = 32.7 Hz), 130.7, 128.9 (q, Jc-r = 32.7 Hz), 128.1, 127.1 (d, Jcr
= 8.3 Hz), 125.9 (q, Jc.r = 3.7 Hz), 125.6 (q, Jcr = 3.8 Hz), 124.1 (q, Jcr = 271.7 Hz), 124.0 (q, Jcr = 272.4
Hz), 121.8, 116.0 (d, Jcr = 23.6 Hz); FT-IR (neat) 1619, 1514, 1327, 1226, 1168, 1125, 1074, 1127, 955, 842
cm; HRMS (ESI-TOF): [M+H]" calcd. for C2sHi3N2F7, 451.1045: found 451.1063.
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1-(4-Methoxyphenyl)-5-(4-nitrophenyl)-4-(4-tolyl)-1H-pyrazole (13j)

Following work-up procedure A (X = 0.50), purification by column chromatography (hexane : ethyl acetate =
80 : 20) afforded 13j as a white solid in 55% yield. Mp 170-172 °C; *H NMR (400 MHz, CDCls): § 8.10 (d, J
=9.2Hz, 2H,e), 7.85 (s, 1H, a), 7.28 (d, J = 9.2 Hz, 2H, d), 7.13 (d, J = 8.2 Hz, 2H, f), 7.10 (d, J = 8.7 Hz, 2H,
b), 7.06 (d, J = 8.2 Hz, 2H, g), 6.84 (d, J = 8.7 Hz, 2H, c), 3.80 (s, 3H, h), 2.34 (s, 3H, i); *C NMR (100 MHz,
CDCl3): 6 159.1,147.3,139.8, 137.0, 136.8, 136.7, 132.6, 131.2, 129.4, 129.1, 128.2, 126.8, 126.8, 123.3, 114.3,
55.5, 21.1; FT-IR (neat) 2935, 1602, 1516, 1342, 1301, 956, 855 cm™; HRMS (ESI-TOF): [M+H]" calcd. for
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C23H19N303, 386.1505: found 386.1481.

Ethyl 4-{1-(4-methoxyphenyl)-5-(4-nitrophenyl)-1H-pyrazol-4-yl}benzoate (13Kk)

Following work-up procedure B (X = 0.50), purification by column chromatography (hexane : ethyl acetate =
80 : 20) afforded 13k as a yellow solid in 55% yield. Mp 177-178 °C; *H NMR (400 MHz, CDCls): 6 8.13 (d, J
=8.7Hz, 2H,¢), 7.96 (d, J =8.3 Hz, 2H, g), 7.92 (s, 1H, a), 7.30 (d, J = 8.7 Hz, 2H, d), 7.23 (d, J = 8.3 Hz, 2H,
f), 7.14 (d, J=9.2 Hz, 2H, b), 6.85 (d, J = 9.2 Hz, 2H, c), 4.36 (q, J = 7.3 Hz, 2H, i), 3.81 (s, 3H, h), 1.38 (t, J
=7.3 Hz, 3H, j); **C NMR (100 MHz, CDCls): 8 166.1, 159.2, 147.5, 139.7, 137.3, 136.7, 136.4, 132.2, 131.2,
129.9, 128.9, 127.8, 126.8, 123.8, 122.3, 114.2, 60.9, 55.4, 14.2; FT-IR (neat) 2961, 1712, 1611, 1516, 1345,
1279, 1109, 855 cm'!; HRMS (ESI-TOF): [M+H]* calcd. for C2sH21N3Os, 444.1559: found 444.1579.

h
c OMe

bC
NN d
YO

‘ NO,
9

fo) 0/\j

3-{1-(4-Methoxyphenyl)-5-(4-nitrophenyl)-1H-pyrazol-4-yl}pyridine (13I)

Following work-up procedure B (X = 0.50), purification by column chromatography (toluene : ethyl acetate =
95 : 5) afforded 13l as a yellow solid in 76% yield. *H NMR (400 MHz, CDCls): § 8.51 (brs, 2H, f, 1), 8.14 (d,
J=8.7Hz 2H,e), 7.92 (s, 1H, a), 7.49-7.46 (m, 1H. g), 7.30-7.22 (m, 3H, d, h), 7.15 (d, J = 8.7 Hz, 2H, b),
6.86 (d, J = 8.7 Hz, 2H, c), 3.81 (s, 3H, j); *C NMR (100 MHz, CDCls): § 159.3, 147.9, 147.6, 139.5, 137.5,
136.1,135.3,132.1, 131.1, 129.2, 126.7, 124.0, 123.8, 119.6, 114.5, 114.3, 55.4; FT-IR (neat) 2935, 1603, 1517,
1344, 1252, 1182, 956, 855, 836 cm*; HRMS (ESI-TOF): [M+H]" calcd. for C,1H16N4O3, 373.1301: found
373.1322.
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4-{1-(4-Methoxyphenyl)-5-(4-nitrophenyl)-1H-pyrazol-4-yl}benzonitrile (13m)

Following work-up procedure B (X = 1.20), purification by column chromatography (hexane : ethyl acetate =
80 : 20) afforded 13m as a yellow solid in 36% yield (BRSM 55%). *H NMR (400 MHz, CDCls): & 8.16 (d, J
=8.7Hz,2H,¢),8.14 (s, 1H, a), 7.57 (d, J = 8.7 Hz, 2H, g), 7.32-7.25 (m, 4H, d, f), 7.13 (d, J = 9.2 Hz, 2H, b),
6.85 (d, J = 9.2 Hz, 2H, c), 3.81 (s, 3H, h); 3C NMR (100 MHz, CDCls): 6 159.4, 147.8, 139.6, 137.6, 137.0,
136.1, 132.5, 132.0, 131.2, 128.4, 126.8, 124.0, 121.4, 118.6, 114.3, 110.5, 55.5.
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1-(4-Methoxyphenyl)-4-(5-methylthiophen-2-yl)-5-(4-nitrophenyl)-1H-pyrazole (13n)

Following work-up procedure B (X = 1.20), purification by column chromatography (hexane : ethyl acetate =
90 : 10) afforded 13n as a yellow solid in 14% yield (BRSM 29%). *H NMR (400 MHz, CDCl3): 6 8.16 (d, J =
8.7 Hz, 2H, e), 8.14 (s, 1H, a), 7.40 (d, J = 8.7 Hz, 2H, d), 7.19 (d, J =9.2 Hz, 2H, b), 6.82 (d, J = 9.2 Hz, 2H,
¢), 6.65-6.60 (m, 2H, f, g), 3.81 (s, 3H, h), 2.42 (s, 3H, i); *C NMR (100 MHz, CDCls): § 159.1, 147.7, 139.5,
139.4, 136.6, 136.5, 132.4, 131.5, 131.1, 126.6, 125.5, 124.9, 123.7, 117.4, 114.2, 55.5, 15.7.
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4-(1-(4-Methoxyphenyl)-5-(4-nitrophenyl)-1H-pyrazol-4-yl)benzonitrile (130)

Following work-up procedure B (X = 1.20), purification by column chromatography (hexane : ethyl acetate =
80 : 20) afforded 130 as a yellow solid in 7% yield. *H NMR (400 MHz, CDCls): 6 8.11 (d, J = 8.7 Hz, 2H, e),
7.81 (s, 1H, a), 7.29 (d, J = 8.7 Hz, 2H, d), 7.12 (d, J = 9.2 Hz, 2H, b), 6.84 (d, J = 9.2 Hz, 2H, ¢), 6.77 (d, J =
4.2 Hz, 1H, g), 6.70 (d, J = 0.9 Hz, 1H, h), 6.61 (dd, J = 4.2, 0.9 Hz, 1H, ), 4.27-4.23 (m, 4H, i, j) ,3.81 (s, 3H,
K).
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4. General procedure for C-H direct arylation at the C3 position of 1,4,5-triaryl pyrazoles 13

To asealed tube containing a magnetic stirring bar, Pd(OAc)2 (0.20 equiv.), 1,10-phenanthroline (0.60 equiv.),
Cs2CO5 (3.0 equiv.), 1,4 5-triaryl pyazole 13 (1.0 equiv.), aryl halide (X equiv.) and toluene (1.0 mL/50 mg
based on 13) were added at room temperature under an argon atmosphere. The reaction mixture in the sealed
vessel was stirred at 120 °C for 24 h. After cooling the reaction mixture to room temperature, the mixture
was passed through a pad of Celite®, and the filtrate was evaporated and the residue was purified by
column chromatography on silica gel and/or GPC and/or HPLC to afford 1,3,4,5-tetraaryl pyazole 2.

3-(4-Methoxyphenyl)-5-(4-nitrophenyl)-1-(4-tolyl)-4-{4-(trifluoromethyl)phenyl}-1H-pyrazole (2a)
Following the general procedure (X = 1.5), purification by GPC and HPLC afforded 2a as a yellow solid in 63%
yield. Mp 97-98 °C.'H NMR (400 MHz, CDClz): 5 8.08 (d, J = 9.2 Hz, 2H, d), 7.50 (d, J = 8.2 Hz, 2H, f), 7.37
(d, J=9.2 Hz, 2H, ¢), 7.20-7.15 (m, 8H, a, b, e, g), 6.84 (d, J = 8.7 Hz, 2H, h), 3.81 (s, 3H, i), 2.37 (s, 3H, ));
13C NMR (100 MHz, CDCls): § 159.6, 150.3, 147.4, 139.0, 138.2, 136.7, 136.5, 136.3, 131.1, 130.8, 129.8,
129.6, 129.2 (q, Jcr = 32.0 Hz), 125.5 (9, Jcr = 3.8 Hz), 125.3, 124.6, 124.1 (q, Jc-r = 272.5 Hz), 123.7, 119.6,
113.9, 55.2, 21.1; FT-IR (neat) 2339, 1612, 1517, 1438, 1346, 1325, 1250, 1126, 1072, 854 cm™*; HRMS (ESI-
TOF): [M+H]* calcd. for CsoH22N303F3, 530.1692: found 530.1670.
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1,3,4,5-Tetrakis(4-methoxyphenyl)-1H-pyrazole (2b)

Following the general procedure (X = 1.5), purification by GPC and HPLC afforded 2b as a white solid in 27%
(BRSM 33%) yield. *H NMR (400 MHz, CDCl3): & 7.45 (d, J=8.7 Hz, 2H, a or c or e or g), 7.25 (m, 2H, a or
coreorg),7.02(d,J=9.2Hz,2H,aorcoreorqg), 6.96 (d,J =8.7 Hz, 2H, a or c or e or g), 6.84-6.70 (m, 8H,
b,d, f, h),3.80(s,3H,iorjorkorl),3.79 (s,3H,iorjorkorl),3.78 (s,3H,iorjorkorl), 3.76 (s, 3H, i or j
or kor I); BC NMR (100 MHz, CDCls): & 159.1, 159.1, 158.5, 158.2, 149.5, 141.0, 133.5, 131.8, 131.6, 129.5,
126.7,126.1, 125.8, 122.6, 119.2, 113.9, 113.7, 113.7, 113.6, 55.4, 55.2, 55.1, 55.1.
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1,4,5-Tris(4-methoxyphenyl)-3-{4-(trifluoromethyl)phenyl}-1H-pyrazole (2c)
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Following the general procedure (X = 1.5), purification by GPC and HPLC afforded 2c as a white amorphous
solid in 41% (BRSM 56%) yield. *H NMR (400 MHz, CDCls):  7.65 (d, J = 8.2 Hz, 2H, h), 7.52 (d, J = 8.2
Hz, 2H, g), 7.24 (d, J=9.2 Hz, 2H,aorcore), 7.02 (d, J =8.7 Hz, 2H, aorcore), 6.96 (d, J = 8.7 Hz, 2H, a
orcore), 6.84(d,J=9.2Hz,2H,bordorf),6.79 (d,J=8.7Hz,2H,bord or f), 6.73 (d,J=8.7 Hz, 2H, b or
dorf),3.81(s,3H,iorjork),3.80(s,3H,iorjork),3.76 (s, 3H, i or j or k); 3C NMR (100 MHz, CD.Cly): &
159.9, 159.3, 159.2, 148.2, 142.1, 137.9, 133.7, 132.2,132.1, 129.3 (q, J = 32.3 Hz), 128.5, 127.0, 125.7, 125.4
(@, Jcr = 3.8 Hz), 124.9 (q, Jc-r = 271.6 Hz), 122.5, 120.6, 114.3, 114.2, 114.1, 55.9, 55.5, 55.5; FT-IR (neat)
2937, 1618, 1515, 1325, 1250, 1173, 1123, 1108, 1033, 834 cm?; HRMS (ESI-TOF): [M+H]* calcd. for
Cs1H25N203F3, 531.1896: found 531.1891.
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1,3,5-Tris(4-methoxyphenyl)-4-{4-(trifluoromethyl)phenyl}-1H-pyrazole (2d)

Following the general procedure (X = 1.5), purification by GPC and HPLC afforded 2d as a white amorphous
solid in 21% (BRSM 27%)) yield. *H NMR (400 MHz, CDCls): 6 7.44 (d, J =8.2 Hz, 2H, f), 7.39 (d, J = 8.7 Hz,
2H, g), 7.22 (d, J=9.2 Hz, 2H, aor c), 7.18 (d, J = 8.2 Hz, 2H, ¢), 6.96 (d, J = 8.7 Hz, 2H, a or c), 6.86-6.81
(m,4H,bordorh),6.75(d, J=9.2 Hz, 2H, b or d or h), 3.81 (s, 3H, i or j or k), 3.80 (s, 3H, i or j or k), 3.78
(s, 3H, i or j or k).
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1,5-Bis(4-methoxyphenyl)-3,4-bis{4-(trifluoromethyl)phenyl}-1H-pyrazole (2¢)

Following the general procedure (X = 1.5), purification by GPC and HPLC afforded 2e as a white solid in 36%
(BRSM 53%) yield. *H NMR (400 MHz, CDCls): § 7.59 (d, J = 8.2 Hz, 2H, h), 7.55 (d, J = 8.2 Hz, 2H, g), 7.49
(d,J=7.7Hz, 2H, ), 7.24 (d, J =8.7 Hz, 2H, a or ¢), 7.19 (d, J = 8.2 Hz, 2H, ¢), 6.94 (d, J = 8.7 Hz, 2H, a or
c), 6.85 (d, J=8.7 Hz, 2H, b or d), 6.75 (d, J = 8.7 Hz, 2H, b or d), 3.81 (s, 3H, i or ), 3.78 (s, 3H, i or j); 13C
NMR (100 MHz, CDCls): 6 159.7, 158.9, 148.3, 142.0, 136.9, 136.6, 132.8, 131.6, 130.8, 129.3 (¢, Jc-r = 32.0
Hz), 128.9 (q, Jc.r = 32.7 HZz), 126.7, 128.5, 125.3, 125.3, 124.2 (¢, Jcr = 271.7 Hz), 124.2 (q, Jc-r = 271.7 H2),
121.4,118.9, 114.1, 114.0, 55.5, 55.2; FT-IR (neat) 1615, 1514, 1455, 1325, 1249, 1175, 971, 834 cm™,
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1,3,4-Tris(4-methoxyphenyl)-5-{4-(trifluoromethyl)phenyl}-1H-pyrazole (2f)

Following the general procedure (X = 1.5), purification by GPC and HPLC afforded 2f as a white solid in 35%
(BRSM 61%) yield. Mp 148-150 °C*H NMR (400 MHz, CDCls): § 7.45-7.43 (m, 4H, d, g), 7.22-7.19 (m, 2H,
c), 7.14(d, J=7.7 Hz, 2H, a or ), 7.02-6.99 (m, 2H, a or ¢), 6.86-6.78 (m, 6H, b, f, h), 3.81 (s, 3H, i or j or k),
3.80 (s, 3H, i or j or k), 3.80 (s, 3H, i or j or k); *C NMR (100 MHz, CDCl3): § 159.2, 158.9, 158.6, 149.8,
139.6, 134.0, 132.9, 131.7, 130.6, 129.7 (q, J = 32.8 Hz), 129.5, 126.8, 125.6, 125.1, 125.1 (q, Jcr = 3.1 H2),
123.9 (9, Jcr = 272.5 Hz), 120.1, 114.1, 113.9, 113.7, 55.5, 55.2, 55.1; FT-IR (neat) 2936, 1613, 1515, 1455,
1325, 1248, 1174, 1126, 1033, 971, 835 cm™; HRMS (ESI-TOF): [M+H]" calcd. for Cs1H2sN,O3F3, 531.1896:
found 531.1870.

1,4-Bis(4-methoxyphenyl)-3,5-bis{4-(trifluoromethyl)phenyl}-1H-pyrazole (29)

Following the general procedure (X = 1.5), purification by GPC and HPLC afforded 2g as a white solid in 27%
(BRSM 38%) yield. *H NMR (400 MHz, CDCls): 6 7.64 (d, J = 7.7 Hz, 2H, h), 7.53 (d, J = 8.2 Hz, 2H, g), 7.45
(d,J=7.7Hz, 2H, d), 7.22 (d, J =8.7 Hz, 2H, aore), 7.14 (d, J =8.2 Hz, 2H, ¢), 7.01 (d, J = 8.7 Hz, 2H, a or
e), 6.86 (d, J=8.7 Hz, 2H, b or f), 6.81 (d, J = 8.7 Hz, 2H, b or ), 3.82 (s, 3H, i or j), 3.81 (s, 3H, i or j); 3C
NMR (100 MHz, CDCls): 6 159.1, 158.9, 148.5, 140.1, 136.6, 133.5, 132.7, 131.7, 130.6, 130.0 (q, Jc-r = 32.8
Hz), 129.5 (q, Jcr = 31.9 Hz), 128.3, 126.8, 125.2, 125.2, 124.4, 124.3 (q, Jc-r = 271.7 Hz), 123.9 (q, Jcr =
271.7 Hz), 120.9, 114.3, 114.2, 55.5, 55.2.
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1,3-Bis(4-methoxyphenyl)-4,5-bis{4-(trifluoromethyl)phenyl}-1H-pyrazole (2h)

Following the general procedure (X = 1.5), purification by GPC and HPLC afforded 2h as a white solid in 62%
(BRSM 77%) yield. Mp 147-148 °C; *H NMR (400 MHz, CDCls): § 7.48 (brd, J = 8.2 Hz, 4H, d, f), 7.37 (d, J
=9.2 Hz, 2H, g), 7.21-7.13 (m, 6H, a, c, €), 6.86-6.84 (m, 4H, b, h), 3.82 (s, 3H, i or j), 3.81 (s, 3H, i or j); 3C
NMR (100 MHz, CDCls): 8 159.5, 159.1, 150.0, 140.0, 136.8, 133.4, 132.5, 130.8, 130.6, 130.3 (q, J = 32.8
Hz), 129.7, 128.9 (q, J = 32.8 Hz), 126.9, 125.4, 125.4, 124.9, 124.2 (q, J = 272.5 Hz), 123.8 (g, J = 272.5 Hz),
119.0, 114.2, 113.9, 55.5, 55.2; FT-IR (neat) 2937,1616, 1515, 1456, 1326, 1251, 1170, 1125, 1074, 1020, 972,
835 cm™; HRMS (ESI-TOF): [M+H]" calcd. for C31H22N20,Fs, 569.1664: found 569.1666.
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1-(4-Methoxyphenyl)-3,4,5-tris{4-(trifluoromethyl)phenyl}-1H-pyrazole (2i)

Following the general procedure (X = 1.5), purification by GPC and HPLC afforded 2i as a white amorphous
solid in 62% (BRSM 77%) yield. *H NMR (400 MHz, CDCls): § 7.60-7.48 (m, 8H, d, f, g, h), 7.22-7.13 (m,
6H, a, c, €), 6.88-6.86 (m, 2H, b), 3.82 (s, 3H, i); *C NMR (100 MHz, CDClz): 5 159.3, 148.7, 140.5, 136.2,
136.0, 132.9, 132.3, 130.7, 130.6, 130.5 (q, J = 32.8 Hz), 129.9 (q, J = 32.7 Hz), 129.4 (q, J = 32.7 Hz), 128.5,
126.8, 125.6 (q, J = 3.8 Hz), 125.5(q, J = 3.0 Hz), 125.4 (q, J = 3.0 Hz), 124.1 (q, J = 272.5 Hz), 124.1 (9, J =
272.1 Hz), 123.7 (g, J = 272.5 Hz), 119.7, 114.3, 55.5; FT-IR (neat) 2938,1621, 1516, 1325, 1253, 1169, 1126,
1108, 1068, 1019, 848 cm*; HRMS (ESI-TOF): [M+H]* calcd. for Cs;H19sN,OF, 607.1432: found 607.1454.
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1-(4-Fluorophenyl)-3,4,5-tris(4-methoxyphenyl)-1H-pyrazole (2j)

Following the general procedure (X = 1.5), purification by GPC and HPLC afforded 2j as a white solid in 22%
(BRSM 32%) yield. *H NMR (400 MHz, CDCls): & 7.45 (d, J = 8.7 Hz, 2H, @), 7.31-7.27 (m, 2H, a), 7.03-6.94
(m, 6H, b, c, e), 6.84-6.72 (m, 6H, b, d, h), 3.80 (s, 3H, i orj or k), 3.78 (s, 3H, i or j or k), 3.77 (s, 3H, i or j or
k); 3C NMR (100 MHz, CDCls): 8 161.4 (d, Jc-r = 247.3 Hz), 159.3, 159.2, 158.3, 150.0, 141.1, 136.4 (d, Jc-r
= 1.1 Hz), 131.7, 131.6, 129.5, 127.0 (d, Jc-r = 8.4 Hz), 125.8, 125.6, 122.3, 119.7, 115.6 (d, Jc-r = 22.8 Hz),
113.8, 113.7, 113.7, 55.2, 55.1, 55.1.
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1-(4-Fluorophenyl)-4,5-bis(4-methoxyphenyl)-3-{4-(trifluoromethyl)phenyl}-1H-pyrazole (2k)

Following the general procedure (X = 1.5), purification by GPC and HPLC afforded 2k as a white solid in 35%
(BRSM 61%) yield. *H NMR (400 MHz, CDCls): § 7.64 (d, J = 8.2 Hz, 2H, h), 7.53 (d, J = 8.2 Hz, 2H, g),
7.32-7.28 (m, 2H, a), 7.04-7.00 (m, 4H, b, cor e), 6.96 (d, J =8.7 Hz, 2H, cor e), 6.80 (d, J =8.7 Hz, 2H, d or
f),6.75(d, J=8.7 Hz, 2H, d or f), 3.80 (s, 3H, i or j), 3.77 (s, 3H, i or j); *°C NMR (100 MHz, CDCls): 5 161.5
(d, Jcr = 248.1 Hz), 159.5, 158.6, 148.7, 141.6, 136.9, 136.1 (d, Jcr = 3.1 Hz), 131.7, 131.6, 129.4 (q, Jcr =
32.7Hz),129.0, 128.3, 127.0 (d, Jc.r = 8.3 Hz), 125.1 (9, Jc.r = 3.8 Hz), 124.3 (q, Jc.r = 271.7 Hz), 121.8, 120.4,
115.7 (d, Jc-r = 22.8 Hz), 113.9, 113.9, 55.1, 55.1.
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1-(4-Fluorophenyl)-3,5-bis(4-methoxyphenyl)-4-{4-(trifluoromethyl)phenyl}-1H-pyrazole (2I)

Following the general procedure (X = 1.5), purification by GPC and HPLC afforded 2l as a white solid in 19%
(BRSM 30%) yield. *H NMR (400 MHz, CDCl3):  7.46 (d, J = 8.2 Hz, 2H, f), 7.38 (d, J = 9.2 Hz, 2H, g), 7.31-
7.27 (m, 2H, a), 7.18 (d, J = 8.2 Hz, 2H, ¢), 7.03-6.98 (m, 2H, b), 6.94 (d, J = 8.7 Hz, 2H, ¢), 6.84 (d, J = 8.7
Hz, 2H, d), 6.77 (d, J = 9.2 Hz, 2H, h), 3.80 (s, 3H, i orj), 3.77 (s, 3H, i or j).
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1-(4-Fluorophenyl)-4,5-bis(4-methoxyphenyl)-3-{4-(trifluoromethyl)phenyl}-1H-pyrazole (2m)
Following the general procedure (X = 1.5), purification by GPC and HPLC afforded 2m as a white solid in
28% (BRSM 38%) yield. *H NMR (400 MHz, CDCls): 6 7.60-7.55 (m, 4H, g, h), 7.49 (d, J = 7.7 Hz, 2H, f),
7.32-7.27 (m, 2H, a), 7.19 (d, J = 7.7 Hz, 2H, e), 7.06-7.00 (m, 2H, b), 6.94 (d, J = 8.7 Hz, 2H, ¢), 6.78 (d, J =
8.7 Hz, 2H, d), 3.79 (s, 3H, i); *C NMR (100 MHz, CDCls): 5 161.7 (d, Jc-r = 248.1 Hz), 159.9, 148.8, 142.1,
136.6, 136.3, 135.8, 131.6, 130.7, 129.9 (q, Jc-r = 32.7 Hz), 129.0 (q, Jc.r = 32.7 Hz), 128.5, 127.0 (d, Jc-r =
9.2 Hz), 125.4, 125.4, 124.2 (q, Jc-r = 274.2 Hz), 124.2 (q, Jcr = 274.2 HZ), 121.1, 119.3, 115.8 (d, Jc.r = 22.8
Hz), 114.2, 55.2.
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1-(4-Fluorophenyl)-3,4-bis(4-methoxyphenyl)-5-({4-(trifluoromethyl)phenyl}-1H-pyrazole (2n)
Following the general procedure (X = 1.5), purification by GPC and HPLC afforded 2n as a white solid in
18% (BRSM 25%) yield. *H NMR (400 MHz, CDCls): § 7.60-7.55 (m, 4H, a, d), 7.30-7.25 (m, 2H, b), 7.15
(d, J=7.7 Hz, 2H, c), 7.05-6.98 (m, 4H, e, g), 6.84-6.78 (m, 4H, f, h), 3.80 (s, 6H, i, j); *°C NMR (100 MHz,
CDCls): 8 161.6 (d, Jcr = 248.1 Hz), 159.4, 158.7, 150.3, 139.7, 135.9 (d, Jc-r = 2.2 Hz), 133.7, 131.7, 130.6,
130.1 (9, Jc.r = 32.7 Hz), 129.4, 127.1 (d, Jc-r = 8.3 Hz), 123.3, 125.3 (q, Jcr = 3.8 Hz), 124.8, 123.9 (q, Jcr
= 276.3 Hz), 120.7, 115.9 (d, Jcr = 22.8 Hz), 114.0, 113.7, 55.2, 55.1.
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1-(4-Fluorophenyl)-4-(4-methoxyphenyl)-3,5-bis{4-(trifluoromethyl)phenyl}-1H-pyrazole (20)
Following the general procedure (X = 1.5), purification by GPC and HPLC afforded 20 as a white solid in
30% (BRSM 40%) yield. *H NMR (400 MHz, CDCls): § 7.64 (d, J = 8.3 Hz, 2H, h), 7.54 (d, J = 8.3 Hz, 2H,
g), 7.48 (d, J = 8.2 Hz, 2H, d), 7.31-7.26 (m, 2H, a), 7.16 (d, J = 8.2 Hz, 2H, c¢), 7.08-7.03 (m, 2H, b), 7.00 (d,
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J=8.7Hz, 2H, e), 6.82 (d, J = 8.7 Hz, 2H, ), 3.81 (5, 3H, i): *C NMR (100 MHz, CDCls): 5 161.9 (d, Je.r =
248.8 Hz), 159.0, 149.0, 140.2, 136.4, 135.7 (d, Jcr = 2.3 Hz), 133.3, 131.6, 130.6, 130.3 (q, Jcr = 33.5 Hz),
129.7 (q, Jcr = 32.7 Hz), 128.3, 127.1 (d, Jcr = 9.1 Hz), 125.4 (q, Jcr = 3.0 Hz), 125.2 (q, Jcr = 2.8 Hz),
124.1,124.2 (q, Jor = 271.6 Hz), 123.8 (q, Jor = 2717 Hz), 121.4, 116.1 (d, Jos = 22.8 Hz), 114.2, 55.2,

b F
a

g N—
N c 4

h
e’
F,C
3 e CF3
2;
OMe
i

1-(4-Fluorophenyl)-3-(4-methoxyphenyl)-4,5-bis{4-(trifluoromethyl)phenyl}-1H-pyrazole (2p)

Following the general procedure (X = 1.5), purification by GPC and HPLC afforded 2p as a white amorphous
in 35% (BRSM 43%) yield. *H NMR (400 MHz, CDCls): 6 7.50 (d, J=8.2 Hz, 2H, d or f), 7.49 (d, J = 8.2
Hz, 2H, d or f), 7.37 (d, J = 8.7 Hz, 2H, @), 7.28-7.24 (m, 2H, a), 7.18 (d, J =8.2 Hz, 2H, core), 7.14 (d, J =
8.2 Hz, 2H, c or e), 7.04 (m, 2H, b), 6.85 (d, J = 8.7 Hz, 2H, h), 3.81 (s, 3H, i); *C NMR (100 MHz, CDCls):
5 161.8 (d, Jc.r = 248.1 Hz), 159.7, 150.5, 140.0, 136.5, 135.5 (d, Jcr = 1.5 Hz), 133.1, 130.8, 130.6, 130.3 (q,
J=32.7Hz),129.7,129.1 (q, J = 32.7 Hz), 127.2 (d, Jc-r = 8.4 Hz), 125.6 (q, Jcr = 3.0 Hz), 125.4 (9, J = 3.1
Hz), 124.6, 124.1 (Q, Jc.r = 272.1 Hz), 123.7 (q, Jcr = 272.5 Hz), 119.5, 116.0 (d, Jc-r = 23.6 Hz), 113.9, 55.2;
FT-IR (neat) 2934,1618, 1512, 1439, 1326, 1251, 1171, 1126, 1074, 972, 838 cm™; HRMS (ESI-TOF):
[M+H]* calcd. for C31H25N205F3, 531.1896: found 531.1892.
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1-(4-Fluorophenyl)-3,4,5-tris{4-(trifluoromethyl)phenyl}-1H-pyrazole (2q)

Following the general procedure (X = 1.5), purification by GPC and HPLC afforded 2q as a white amorphous
in 51% (BRSM 63%) yield. Mp 133-134 °C. *H NMR (400 MHz, CDCls): 8 7.57 (brs, 4H, g, h), 7.54-7.51 (m,
4H, d, f), 7.30-7.27 (m, 2H, c or e), 7.20-7.14 (m, 4H, c or e, a), 7.09-7.04 (m, 2H, b); *C NMR (100 MHz,
CDCls): 6 162.0 (d, Jc.r = 249.7 Hz), 149.1, 140.5, 135.9, 135.8, 135.3 (d, Jc-r = 3.0 Hz), 132.7, 131.2 (q, Jcr
=32.7 Hz), 130.7, 130.6, 130.1 (q, Jc-r = 32.7 Hz), 129.6 (q, J = 33.5 Hz), 128.5, 127.5 (d, Jc.r = 8.4 Hz), 125.7
(9, Je-r = 3.1 Hz), 125.7 (q, Jcr = 3.1 Hz), 125.4 (q, J = 3.8 Hz), 124.1 (q, Jc-r = 272.1 Hz), 124.0 (q, Jcr =
271.7 Hz), 123.7 (9, J = 272.4 Hz), 120.1, 116.2 (d, Jcr = 22.8 Hz); FT-IR (neat) 1619, 1497, 1326, 1168, 1126,
1069, 958, 844 cm*; HRMS (ESI-TOF): [M+H]" calcd. for C3oH1sN2F10, 595.1232: found 595.1227.
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1-(4-Methoxyphenyl)-3-(4-tolyl)-4,5-bis{4-(trifluoromethyl)phenyl}-1H-pyrazole (2r)

Following the general procedure (X = 0.67), purification by GPC and HPLC afforded 2r as a white solid in 88%
yield. Mp 181-182 °C;*H NMR (400 MHz, CDCls): & 7.48 (brd, J = 8.2 Hz, 4H, b, f), 7.33 (d, J = 8.3 Hz, 2H,
g), 7.22-7.10 (m, 8H, a, ¢, ¢, h), 6.85 (d, J = 9.2 Hz, 2H, b), 3.81 (s, 3H, i), 2.35 (s, 3H, j); *C NMR (100 MHz,
CDCls): 6 159.1, 150.3, 140.0, 137.8, 136.8, 133.4, 132.5, 130.8, 130.6, 130.3 (q, Jcr = 32.7 Hz), 129.5, 129.1,
128.9 (9, Jcr = 32.0 Hz), 128.3, 126.9, 125.4 (q, Jcr = 3.9 Hz), 125.3 (q, Jcr = 3.8 Hz), 124.2 (q, Jc-r = 271.7
Hz), 123.8 (q, Jc.r =272.5 Hz), 119.2, 114.2,55.5, 21.2; FT-IR (neat) 1621, 1515, 1326, 1253, 1168, 1126, 1075,
1020, 972, 835 cm™; HRMS (ESI-TOF): [M+H]" calcd. for C31H2.N,OF¢, 553.1715: found 553.1669.
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3-(2,3-Dihydrobenzo[b][1,4]dioxin-6-yI)-1-(4-methoxyphenyl)-4,5-bis{4-(trifluoromethyl)phenyl}-1H-
pyrazole (25)

Following the general procedure (X = 0.50), purification by GPC and HPLC afforded 2s as a white amorphous
solid in 83% yield. *H NMR (400 MHz, CDCls): 6 7.50-7.46 (m, 4H, d, f), 7.20-7.12 (m, 6H, a, ¢, €), 7.04 (d, J
=2.4Hz, 1H, i), 6.87-6.82 (m, 3H, b, h), 6.77 (d, J = 8.2 Hz, 1H, ), 4.27-4.21 (m, 4H, k, 1), 3.80 (s, 3H, j); 3C
NMR (100 MHz, CDCls): 8 159.1, 149.8, 143.7, 143.5, 139.9, 136.7, 133.4, 132.5, 130.8, 130.6, 130.3 (q, Jc-r
=32.7 Hz), 128.9 (q, Jcr = 32.8 Hz), 126.8, 125.8, 125.4 (¢, Jc-r = 3.9 Hz), 125.3 (q, Jcr = 3.8 HZz), 124.2 (q,
Jer=272.5Hz),123.8 (q, Jcr = 272.4 HZ), 121.8, 119.1, 117.4, 117.2, 114, 64.4, 64.3, 55.5; FT-IR (neat) 2937,
1619, 1514, 1467, 1326, 1253, 1168, 1074, 849 cm™; HRMS (ESI-TOF): [M+H]" calcd. for Cs,H22N2O3Fs,
597.1613: found 597.1619.

Ethyl 4-[1-(4-methoxyphenyl)-4,5-bis{4-(trifluoromethyl)phenyl}-1H-pyrazol-3-yl]benzoate (2t)
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Following the general procedure (X = 1.50), purification by GPC afforded 2t as a white solid in 57% yield. Mp
165-166 °C.*H NMR (400 MHz, CDCls): 6 7.98 (d, J = 8.3 Hz, 2H, h), 7.54-7.48 (m, 6H, d, f, g), 7.24-7.13 (m,
6H, c, e, a), 6.87 (d, J =9.2 Hz, 2H, b), 4.37 (q, J = 7.2 Hz, 2H, }), 3.82 (s, 3H, i), 1.39 (t, J = 7.2 Hz, 3H, k);
13C NMR (100 MHz, CDCls): 8 166.4, 159.3, 149.1, 140.4, 136.8, 136.3, 133.0, 132.3, 130.8, 130.6, 130.2 (q,
Jcr =32.7 Hz), 129.9, 129.7, 129.3 (q, Jc-r = 32.0 Hz), 128.2, 126.8, 125.6, 125.5, 124.1 (q, Jc.r = 279.3 Hz),
123.7 (q, Jcr = 272.4 Hz), 119.8, 114.3, 61.0, 55.5, 14.3; FT-IR (neat) 2984, 1716, 1614, 1515, 1326, 1273,
1252, 1170, 1075, 1020, 973, 855 cm}; HRMS (ESI-TOF): [M+H]* calcd. for Ca3H24N2OsFs, 611.1769: found
611.1765.

4-[1-(4-Methoxyphenyl)-4,5-bis{4-(trifluoromethyl)phenyl}-1H-pyrazol-3-yl]benzonitrile (2u)

Following the general procedure (X = 0.50), purification by GPC and HPLC afforded 2u as a white solid in
42% yield. *H NMR (400 MHz, CDCls): § 7.58 (brs, 4H, g, h), 7.54 (d, J = 8.2 Hz, 2H, d or f), 7.49 (d, J = 8.2
Hz, 2H, d or f), 7.22-7.18 (m, 4H, a, cor e), 7.14 (d, J = 8.2 Hz, 2H, c or ), 6.88 (m, 2H, b), 3.82 (s, 3H, i);
13C NMR (100 MHz, CDCls): 6 159.4, 148.0, 140.7, 137.1, 136.0, 132.7, 132.3, 132.1, 130.7, 130.6, 130.3 (q,
Jc-r =33.5Hz), 129.5 (q, Jc-r = 32.7 Hz), 128.7, 126.7, 125.7 (q, Jcr = 3.1 Hz), 125.5 (q, Jcr = 2.3 Hz), 123.7
(9, Jcr = 263.2 HZ), 123.7 (q, Jcr = 272.5 Hz), 119.8, 118.7, 114.3, 111.5, 55.5; FT-IR (neat) 2229, 1611,
1515, 1406, 1327, 1252, 1169, 1127, 1075, 973, 846 cm™,
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3-[1-(4-Methoxyphenyl)-4,5-bis{4-(trifluoromethyl)phenyl}-1H-pyrazol-3-yl]pyridine (2v)

Following the general procedure (X = 0.50), purification by column chromatography (toluene : ethyl acetate =
95 : 5) and GPC afforded 2v as a yellow solid in 82% yield. Mp 168-170 °C; *H NMR (400 MHz, CD,Cl,): &
8.67 (s, 1H, g), 8.51 (s, 1H, j), 7.75 (d, J =8.2 Hz, 1H, h), 7.52 (d, J = 8.2 Hz, 2H, d or f), 7.49 (d, J = 8.3 Hz,
2H,dorf), 7.27-7.16 (m, 7H, a, ¢, ¢, i), 6.86 (d, J = 8.7 Hz, 2H, b), 3.79 (s, 3H, k); *C NMR (100 MHz, CDCls):
6 159.3, 149.2, 149.0, 147.1, 140.4, 136.0, 135.6, 132.9, 132.2, 130.7, 130.6, 130.6 (q, Jc-r = 31.2 Hz), 129.5
(9, Jcr = 33.5 Hz), 128.6, 126.8, 125.7 (q, Jc-r = 3.0 Hz), 125.5 (q, Jc-r = 3.0 HZz), 124.0 (9, Jc-r = 273.2 Hz),
123.7 (q, Jc-r = 271.7 Hz), 123.3, 119.7, 114.3, 55.5; FT-IR (neat) 1620, 1517, 1404, 1326, 1252, 1168, 1125,
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1068, 973, 836 cm™!; HRMS (ESI-TOF): [M+H]* calcd. for C29H1sN3OFs, 540.1511: found 540.1512.

tert-Butyl 5-[1-(4-Methoxyphenyl)-4,5-bis{4-(trifluoromethyl)phenyl}-1H-pyrazol-3-yl)thiophene-2-
carboxylate (2w)

Following the general procedure (X = 0.50), purification GPC afforded 2w as a white solid in 21% yield. *H
NMR (400 MHz, CDCls): 6 7.59 (d, J=8.2 Hz, 2H, d or f), 7.53 (d, J = 3.9 Hz, 1H, h), 7.47 (d, J = 8.2 Hz, 2H,
dorf),7.33(d,J=8.2Hz,2H,core), 7.21 (d, J =9.2 Hz, 2H, a), 7.12 (d, J =8.2 Hz, 2H, c or e), 6.86 (d, J =
9.2 Hz, 2H, b), 6.80 (d, J = 3.9 Hz, 1H, @), 3.82 (s, 3H, i), 1.55 (s, 9H, j).

5. Photophysical evaluation of tri/tetra-aryl pyrazoles
Measurement of UV-vis spectra

UV-vis absorption measurement was performed with a JASCO V-730 spectrometer, in degassed spectral
grade solvents (MeCN). All of the concentration ¢ is 10 mol/L.

Measurement of fluorescence emission spectra

Fluorescence emission measurement was performed with a Hitachi High-Tech Science Corporation F-7000
spectrofluoro-photometer, in degassed spectral grade solvents. All of the concentration ¢ is 10° mol/L.
Excitation light is 254 nm.
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6. Crystal data and structure refinement details for 2a.

Table 1. Crystal data and structure refinement details for 2a.

Identification code 2a

Empirical formula Cs0 Hz22 F3 N3 O3

Formula weight 529.50

Temperature 93(2) K

Wavelength 1.54186 A

Crystal system Triclinic

Space group P-1

Unit cell dimensions a=8.35178(15) A a = 98.9165(10)°.
b =12.5122(2) A S = 94.6962(10)°.
c=12.8114(2) A y = 98.7581(10)°.

Volume 1299.53(4) A3

Z 2

Density (calculated) 1.353 Mg/m3

Absorption coefficient 0.867 mm-1

F(000) 548

Crystal size 0.191 x 0.076 x 0.068 mm3

Theta range for data collection 3.513 t0 68.217°.

Index ranges -9<=h<=10, -14<=k<=14, -15<=I<=15

Reflections collected 14045

Independent reflections 4653 [R(int) = 0.0685]

Completeness to theta = 67.686° 98.3 %

Absorption correction Semi-empirical from equivalents

Refinement method Full-matrix least-squares on F2

Data / restraints / parameters 4653/0/ 354

Goodness-of-fit on F2 0.932

Final R indices [I>2sigma(l)] R: =0.0615, wR> = 0.1539

R indices (all data) R: =0.0966, wR, = 0.1810

Extinction coefficient n/a

Largest diff. peak and hole 0.317 and -0.279 e.A-3
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Table 2. Atomic coordinates ( x 104) and equivalent isotropic displacement parameters (A2x 103)
for 2a. U(eq) is defined as one third of the trace of the orthogonalized Ul tensor.

X y z U(eq)
C(1) 3136(3) 1259(2) 5893(2) 32(1)
C(2) 2424(3) 1306(2) 4887(2) 32(1)
C(3) 2046(3) 196(2) 4369(2) 34(1)
C(4) 3931(3) 2160(2) 6756(2) 34(1)
C(5) 5426(3) 2098(2) 7298(2) 37(2)
C(6) 6188(4) 2952(3) 8080(2) 40(1)
C(7) 5451(3) 3858(2) 8324(2) 36(1)
C(8) 3975(4) 3953(2) 7793(2) 40(1)
C(9) 3208(4) 3091(2) 7024(2) 37(2)
C(10) 2082(3) 2302(2) 4478(2) 32(1)
C(11) 3282(4) 3204(2) 4475(2) 37(2)
C(12) 2905(4) 4137(2) 4112(2) 40(1)
C(13) 1297(4) 4168(2) 3747(2) 39(1)
C(14) 98(4) 3274(3) 3736(2) 44(1)
C(15) 478(4) 2343(2) 4108(2) 39(1)
C(16) 882(4) 5167(3) 3364(3) 50(1)
C(17) 1396(3) -272(2) 3253(2) 35(1)
C(18) 1595(3) 327(2) 2432(2) 39(1)
C(19) 1111(4) -160(2) 1386(2) 41(1)
C(20) 427(4) -1262(3) 1135(2) 39(1)
C(21) 203(3) -1875(3) 1939(2) 39(1)
C(22) 686(3) -1379(2) 2994(2) 36(1)
C(23) -663(4) -2805(3) -226(3) 58(1)
C(24) 3436(3) -348(2) 6842(2) 35(1)
C(25) 4141(4) -1282(2) 6711(2) 41(1)
C(26) 4385(4) -1821(3) 7560(2) 41(2)
C(27) 3939(4) -1434(3) 8555(2) 43(1)
C(28) 3216(4) -496(3) 8661(2) 45(1)
C(29) 2945(4) 40(3) 7818(2) 40(1)
C(30) 4210(4) -2018(3) 9488(2) 55(1)
F(1) 1886(3) 6095(2) 3812(2) 67(1)
F(2) -633(3) 5335(2) 3548(2) 72(1)
F(3) 927(2) 5110(2) 2309(2) 63(1)
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N(1)
N(2)
N(3)
O@)
0(2)
0@)

2466(3)
3120(3)
6292(3)
7464(3)
5779(3)

18(3)

-486(2)

174(2)
4771(2)
4621(2)
5651(2)

-1669(2)

5008(2)
5943(2)
9130(2)
9705(2)
9204(2)

74(2)

36(1)
34(1)
42(1)
50(1)
52(1)
50(1)

145



Table 3.  Bond lengths [A] and angles [°] for 2a.
C(1)-N(2) 1.367(3)
C(1)-C(2) 1.388(4)
C(1)-C(4) 1.483(4)
C(2)-C(3) 1.420(4)
C(2)-C(10) 1.482(4)
C(3)-N(1) 1.335(3)
C(3)-C(17) 1.482(4)
C(4)-C(5) 1.396(4)
C(4)-C(9) 1.402(4)
C(5)-C(6) 1.382(4)
C(5)-H(5) 0.9500
C(6)-C(7) 1.377(4)
C(6)-H(6) 0.9500
C(7)-C(8) 1.389(4)
C(7)-N(3) 1.462(3)
C(8)-C(9) 1.379(4)
C(8)-H(8) 0.9500
C(9)-H(9) 0.9500
C(10)-C(11) 1.392(4)
C(10)-C(15) 1.395(4)
C(11)-C(12) 1.390(4)
C(11)-H(11) 0.9500
C(12)-C(13) 1.394(4)
C(12)-H(12) 0.9500
C(13)-C(14) 1.380(4)
C(13)-C(16) 1.489(4)
C(14)-C(15) 1.394(4)
C(14)-H(14) 0.9500
C(15)-H(15) 0.9500
C(16)-F(1) 1.341(4)
C(16)-F(3) 1.347(4)
C(16)-F(2) 1.347(4)
C(17)-C(18) 1.389(4)
C(17)-C(22) 1.398(4)
C(18)-C(19) 1.383(4)
C(18)-H(18) 0.9500
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C(19)-C(20)
C(19)-H(19)
C(20)-0(3)
C(20)-C(21)
C(21)-C(22)
C(21)-H(21)
C(22)-H(22)
C(23)-0(3)
C(23)-H(23A)
C(23)-H(23B)
C(23)-H(23C)
C(24)-C(25)
C(24)-C(29)
C(24)-N(2)
C(25)-C(26)
C(25)-H(25)
C(26)-C(27)
C(26)-H(26)
C(27)-C(28)
C(27)-C(30)
C(28)-C(29)
C(28)-H(28)
C(29)-H(29)
C(30)-H(30A)
C(30)-H(30B)
C(30)-H(30C)
N(L)-N(2)
N(3)-0(1)
N(3)-0(2)

N(2)-C(1)-C(2)
N(2)-C(1)-C(4)
C(2)-C(1)-C(4)
C(1)-C(2)-C3)
C(1)-C(2)-C(10)
C(3)-C(2)-C(10)
N(1)-C(3)-C(2)
N(1)-C(3)-C(17)

1.387(4)
0.9500
1.370(3)
1.386(4)
1.396(4)
0.9500
0.9500
1.429(4)
0.9800
0.9800
0.9800
1.381(4)
1.387(4)
1.434(4)
1.383(4)
0.9500
1.392(4)
0.9500
1.393(4)
1.514(4)
1.379(4)
0.9500
0.9500
0.9800
0.9800
0.9800
1.366(3)
1.231(3)
1.234(3)

106.8(2)
123.2(2)
129.8(3)
104.7(3)
126.8(2)
128.4(3)
111.5(2)
118.3(3)
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C(2)-C(3)-C(17)
C(5)-C(4)-C(9)
C(5)-C(4)-C(1)
C(9)-C(4)-C(1)
C(6)-C(5)-C(4)
C(6)-C(5)-H()
C(4)-C(3)-HB)
C(7)-C(6)-C(5)
C(7)-C(6)-H(6)
C(5)-C(6)-H(6)
C(6)-C(7)-C(8)
C(6)-C(7)-N(3)
C(8)-C(7)-N(3)
C(9)-C(8)-C(7)
C(9)-C(8)-H(8)
C(7)-C(8)-H(8)
C(8)-C(9)-C(4)
C(8)-C(9)-H(9)
C(4)-C(9)-H(9)
C(11)-C(10)-C(15)
C(11)-C(10)-C(2)
C(15)-C(10)-C(2)
C(12)-C(11)-C(10)
C(12)-C(11)-H(11)
C(10)-C(11)-H(11)
C(11)-C(12)-C(13)
C(11)-C(12)-H(12)
C(13)-C(12)-H(12)
C(14)-C(13)-C(12)
C(14)-C(13)-C(16)
C(12)-C(13)-C(16)
C(13)-C(14)-C(15)
C(13)-C(14)-H(14)
C(15)-C(14)-H(14)
C(14)-C(15)-C(10)
C(14)-C(15)-H(15)
C(10)-C(15)-H(15)
F(1)-C(16)-F(3)

130.1(3)
119.2(2)
120.3(3)
120.5(2)
120.2(3)
119.9
119.9
119.2(3)
120.4
120.4
122.1(3)
118.8(3)
119.1(3)
118.4(3)
120.8
120.8
120.8(3)
119.6
119.6
118.9(3)
122.8(3)
118.2(2)
121.1(3)
119.5
119.5
119.4(3)
120.3
120.3
120.0(3)
120.3(3)
119.7(3)
120.4(3)
119.8
119.8
120.1(3)
120.0
120.0
105.5(3)
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F(1)-C(16)-F(2)
F(3)-C(16)-F(2)
F(1)-C(16)-C(13)
F(3)-C(16)-C(13)
F(2)-C(16)-C(13)
C(18)-C(17)-C(22)
C(18)-C(17)-C(3)
C(22)-C(17)-C(3)
C(19)-C(18)-C(17)
C(19)-C(18)-H(18)
C(17)-C(18)-H(18)
C(18)-C(19)-C(20)
C(18)-C(19)-H(19)
C(20)-C(19)-H(19)
0(3)-C(20)-C(21)
0(3)-C(20)-C(19)
C(21)-C(20)-C(19)
C(20)-C(21)-C(22)
C(20)-C(21)-H(21)
C(22)-C(21)-H(21)
C(21)-C(22)-C(17)
C(21)-C(22)-H(22)
C(17)-C(22)-H(22)
0(3)-C(23)-H(23A)
0(3)-C(23)-H(23B)

H(23A)-C(23)-H(23B)

0(3)-C(23)-H(23C)

H(23A)-C(23)-H(23C)
H(23B)-C(23)-H(23C)

C(25)-C(24)-C(29)
C(25)-C(24)-N(2)

C(29)-C(24)-N(2)

C(24)-C(25)-C(26)
C(24)-C(25)-H(25)
C(26)-C(25)-H(25)
C(25)-C(26)-C(27)
C(25)-C(26)-H(26)
C(27)-C(26)-H(26)

106.1(3)
105.6(3)
113.9(3)
112.6(3)
112.4(3)
118.2(3)
122.1(3)
119.4(3)
120.9(3)
119.6
119.6
120.6(3)
119.7
119.7
124.4(3)
115.9(3)
119.7(3)
119.5(3)
120.2
120.2
121.1(3)
119.4
119.4
109.5
109.5
109.5
109.5
109.5
109.5
120.1(3)
119.4(3)
120.4(3)
119.9(3)
120.0
120.0
121.1(3)
119.4
119.4
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C(26)-C(27)-C(28)
C(26)-C(27)-C(30)
C(28)-C(27)-C(30)
C(29)-C(28)-C(27)
C(29)-C(28)-H(28)
C(27)-C(28)-H(28)
C(28)-C(29)-C(24)
C(28)-C(29)-H(29)
C(24)-C(29)-H(29)
C(27)-C(30)-H(30A)
C(27)-C(30)-H(30B)
H(30A)-C(30)-H(30B)
C(27)-C(30)-H(30C)
H(30A)-C(30)-H(30C)
H(30B)-C(30)-H(30C)
C(3)-N(1)-N(2)
N(L)-N(2)-C(1)
N(1)-N(2)-C(24)
C(1)-N(2)-C(24)
0(1)-N(3)-0(2)
0(1)-N(3)-C(7)
0(2)-N(3)-C(7)
C(20)-0(3)-C(23)

117.8(3)
121.3(3)
120.9(3)
121.7(3)
119.1
119.1
119.3(3)
1203
1203
109.5
109.5
109.5
109.5
109.5
109.5
105.1(2)
111.9(2)
117.4(2)
129.9(2)
123.4(2)
118.5(3)
118.0(2)
118.0(3)

Symmetry transformations used to generate equivalent atoms:
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Table 4.  Anisotropic displacement parameters (A2x 10%) for 2a.  The anisotropic
displacement factor exponent takes the form: -202[ hza*?2U'+... +2hka*b*U?]

Ull U22 U33 U23 U13 U12
c(1) 34(2) 23(2) 37(2) 4(1) 2(1) 3(1)
C(2) 35(2) 26(2) 34(2) 3(1) 0(1) 3(1)
c(3) 35(2) 31(2) 33(2) 2(1) 1(1) 2(1)
C(4) 38(2) 29(2) 32(2) 1(1) 0(1) 4(1)
C(5) 38(2) 30(2) 40(2) 2(1) -3(1) 6(1)
C(6) 36(2) 40(2) 40(2) 3(1) -1(1) 3(1)
c(7) 38(2) 31(2) 34(2) -4(1) 0(1) 0(1)
c(8)  46(2) 32(2) 42(2) 2(1) 0(1) 7(1)
C(9) 38(2) 33(2) 37(2) 1(1) -1(1) 4(1)
C(10)  36(2) 26(2) 31(2) 2(1) 1(1) 2(1)
c(1l)  41(2) 30(2) 38(2) 2(1) 0(1) 4(1)
C(12)  50(2) 29(2) 39(2) 6(1) 3(1) 3(1)
C(13)  49(2) 31(2) 37(2) 7(1) 3(1) 9(2)
C(14)  42(2) 44(2) 44(2) 6(2) 1(1) 8(2)
C(15)  43(2) 30(2) 41(2) 5(1) -3(1) 3(1)
C(16)  62(2) 46(2) 46(2) 12(2) 9(2) 17(2)
C(17)  36(2) 30(2) 35(2) -2(1) -1(1) 2(1)
c(18)  42(2) 32(2) 38(2) 1(1) 0(1) -1(1)
C(19)  48(2) 36(2) 36(2) 2(1) 2(1) 0(2)
C(20)  42(2) 38(2) 33(2) -4(1) -2(1) 3(1)
C(21)  35(2) 32(2) 45(2) -4(2) -1(1) 0(1)
C(22)  37(2) 34(2) 35(2) 2(1) 2(1) 2(1)
C(23)  70(2) 44(2) 46(2) -12(2) -14(2) -6(2)
C(24)  37(2) 29(2) 35(2) 2(1) 7(1) 2(1)
C(25)  46(2) 35(2) 38(2) 1(2) -2(1) 6(2)
C(26)  45(2) 34(2) 46(2) 7(2) 0(2) 9(1)
C(7)  47(2) 35(2) 43(2) 5(2) -1(1) 2(2)
C(28)  58(2) 38(2) 38(2) 3(2) 5(2) 8(2)
C(29)  47(2) 35(2) 38(2) 5(2) 3(1) 12(2)
C(30)  72(2) 50(2) 46(2) 14(2) 0(2) 16(2)
F(1) 92(2) 35(1) 70(1) 8(1) -1(1) 7(1)
F(2) 74(2) 64(1) 96(2) 36(1) 25(1) 36(1)
F(3) 89(2) 56(1) 49(1) 20(1) 4(1) 18(1)
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N(1)
N(2)
N(3)
O@)
0(2)
0@)

40(1)
38(1)
46(2)
48(1)
56(1)
64(2)

31(1)
29(1)
34(2)
49(2)
34(1)
42(1)

33(1)
33(1)
40(2)
45(1)
61(2)
35(1)

-1(2)

0(1)

-2(1)
-3(1)
-7(1)
-5(1)

-4(1)
-2(1)
-2(1)
-9(1)
-3(1)
-3(1)

2(1)
3(1)
1(1)
3(1)
6(1)

-2(1)
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Table 5. Hydrogen coordinates ( x 104) and isotropic displacement parameters (A2x 10 3)

for 2a.
X y z U(eq)

H(5) 5919 1466 7128 44
H(6) 7210 2915 8445 48
H(8) 3505 4596 7956 49
H(9) 2177 3129 6671 45
H(11) 4378 3182 4724 45
H(12) 3735 4747 4113 48
H(14) -992 3293 3474 52
H(15) -357 1735 4108 47
H(18) 2070 1082 2591 47
H(19) 1248 263 835 50
H(21) -276 -2629 1775 47
H(22) 530 -1800 3545 43
H(23A) 112 -3251 20 87
H(23B) -890 -2986 -1001 87
H(23C) -1679 -2958 97 87
H(25) 4457 -1555 6038 49
H(26) 4866 -2465 7463 50
H(28) 2902 -219 9333 54
H(29) 2427 668 7904 48
H(30A) 5368 -2068 9611 83
H(30B) 3564 -2757 9334 83
H(30C) 3874 -1605 10124 83
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Table 6. Torsion angles [°] for 2a.

N(2)-C(1)-C(2)-C(3)
C(4)-C(1)-C(2)-C(3)
N(2)-C(1)-C(2)-C(10)
C(4)-C(1)-C(2)-C(10)
C(1)-C(2)-C(3)-N(2)
C(10)-C(2)-C(3)-N(1)
C(1)-C(2)-C(3)-C(17)
C(10)-C(2)-C(3)-C(17)
N(2)-C(1)-C(4)-C(5)
C(2)-C(1)-C(4)-C(5)
N(2)-C(1)-C(4)-C(9)
C(2)-C(1)-C(4)-C(9)
C(9)-C(4)-C(5)-C(6)
C(1)-C(4)-C(5)-C(6)
C(4)-C(5)-C(6)-C(7)
C(5)-C(6)-C(7)-C(8)
C(5)-C(6)-C(7)-N@3)
C(6)-C(7)-C(8)-C(9)
N(3)-C(7)-C(8)-C(9)
C(7)-C(8)-C(9)-C(4)
C(5)-C(4)-C(9)-C(8)
C(1)-C(4)-C(9)-C(8)
C(1)-C(2)-C(10)-C(11)
C(3)-C(2)-C(10)-C(11)
C(1)-C(2)-C(10)-C(15)
C(3)-C(2)-C(10)-C(15)
C(15)-C(10)-C(11)-C(12)
C(2)-C(10)-C(11)-C(12)
C(10)-C(11)-C(12)-C(13)
C(11)-C(12)-C(13)-C(14)
C(11)-C(12)-C(13)-C(16)
C(12)-C(13)-C(14)-C(15)
C(16)-C(13)-C(14)-C(15)
C(13)-C(14)-C(15)-C(10)
C(11)-C(10)-C(15)-C(14)
C(2)-C(10)-C(15)-C(14)
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-1.4(3)
173.1(3)
176.3(3)
-9.2(5)
0.93)

-176.7(3)
-174.3(3)

8.1(5)
39.9(4)

-133.8(3)
-141.3(3)

45.0(4)
-0.7(5)
178.1(3)
0.6(4)
-1.3(5)

-178.2(2)

2.2(5)
179.1(3)
-2.4(4)
1.7(5)

-177.1(3)

56.0(4)

-126.8(3)
-122.3(3)

54.9(4)
0.1(4)

-178.1(3)

0.0(4)
-0.7(4)
179.6(3)
1.2(5)

-179.1(3)

-1.0(4)
0.4(4)
178.7(3)



C(14)-C(13)-C(16)-F(1)
C(12)-C(13)-C(16)-F(1)
C(14)-C(13)-C(16)-F(3)
C(12)-C(13)-C(16)-F(3)
C(14)-C(13)-C(16)-F(2)
C(12)-C(13)-C(16)-F(2)
N(1)-C(3)-C(17)-C(18)
C(2)-C(3)-C(17)-C(18)
N(1)-C(3)-C(17)-C(22)
C(2)-C(3)-C(17)-C(22)
C(22)-C(17)-C(18)-C(19)
C(3)-C(17)-C(18)-C(19)
C(17)-C(18)-C(19)-C(20)
C(18)-C(19)-C(20)-0(3)
C(18)-C(19)-C(20)-C(21)
0(3)-C(20)-C(21)-C(22)
C(19)-C(20)-C(21)-C(22)
C(20)-C(21)-C(22)-C(17)
C(18)-C(17)-C(22)-C(21)
C(3)-C(17)-C(22)-C(21)
C(29)-C(24)-C(25)-C(26)
N(2)-C(24)-C(25)-C(26)
C(24)-C(25)-C(26)-C(27)
C(25)-C(26)-C(27)-C(28)
C(25)-C(26)-C(27)-C(30)
C(26)-C(27)-C(28)-C(29)
C(30)-C(27)-C(28)-C(29)
C(27)-C(28)-C(29)-C(24)
C(25)-C(24)-C(29)-C(28)
N(2)-C(24)-C(29)-C(28)
C(2)-C(3)-N(1)-N(2)
C(17)-C(3)-N(1)-N(2)
C(3)-N(1)-N(2)-C(1)
C(3)-N(1)-N(2)-C(24)
C(2)-C(1)-N(2)-N(1)
C(4)-C(1)-N(2)-N(1)
C(2)-C(1)-N(2)-C(24)
C(4)-C(1)-N(2)-C(24)
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152.7(3)
-27.6(4)
-87.3(4)
92.4(4)
31.9(4)

-148.4(3)
-150.9(3)

24.1(5)
23.3(4)

-161.8(3)

-0.3(4)
173.9(3)
-0.5(5)

-178.9(3)

1.1(5)
179.2(2)
-0.7(5)
-0.1(4)
0.6(4)

-173.8(3)

-1.2(4)

-177.1(2)

-0.3(4)
0.9(4)

-179.7(3)

0.0(4)

-179.4(3)

-1.5(5)
2.1(4)
177.9(3)
-0.1(3)
175.7(2)
-0.8(3)
169.9(2)
1.4(3)

-173.5(2)
-167.9(3)

17.2(4)



C(25)-C(24)-N(2)-N(1)
C(29)-C(24)-N(2)-N(1)
C(25)-C(24)-N(2)-C(1)
C(29)-C(24)-N(2)-C(1)
C(6)-C(7)-N(3)-O(1)
C(8)-C(7)-N(3)-O(1)
C(6)-C(7)-N(3)-0(2)
C(8)-C(7)-N(3)-0(2)
C(21)-C(20)-0(3)-C(23)
C(19)-C(20)-0(3)-C(23)

43.4(4)

-132.4(3)
-147.8(3)

36.4(4)
-13.8(4)
169.3(3)
166.8(3)
-10.2(4)
-1.0(4)
178.9(3)

Symmetry transformations used to generate equivalent atoms:
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7. NMR Spectra
3-(4-Methoxyphenyl)-5-(4-nitrophenyl)-1-(4-tolyl)-4-{4-(trifluoromethyl)phenyl}-1H-
pyrazole (2a)
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BIE

1,3,4,5-Tetrakis(4-methoxyphenyl)-1H-pyrazole (2b)
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BIE

1,4,5-Tris(4-methoxyphenyl)-3-{4-(trifluoromethyl)phenyl}-1H-pyrazole (2c)
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1,3,5-Tris(4-methoxyphenyl)-4-{4-(trifluoromethyl)phenyl}-1H-pyrazole (2d)

(Millions)
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1,5-Bis(4-methoxyphenyl)-3,4-bis{4-(trifluoromethyl)phenyl}-1H-pyrazole (2¢)
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1,3,4-Tris(4-methoxyphenyl)-5-{4-(trifluoromethyl)phenyl}-1H-pyrazole (2f)
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1,4-Bis(4-methoxyphenyl)-3,5-bis{4-(trifluoromethyl)phenyl}-1H-pyrazole (29)
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1,3-Bis(4-methoxyphenyl)-4,5-bis{4-(trifluoromethyl)phenyl}-1H-pyrazole (2h)
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1-(4-Methoxyphenyl)-3,4,5-tris{4-(trifluoromethyl)phenyl}-1H-pyrazole (2i)
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1-(4-Fluorophenyl)-3,4,5-tris(4-methoxyphenyl)-1H-pyrazole (2j)
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1-(4-Fluorophenyl)-4,5-bis(4-methoxyphenyl)-3-{4-(trifluoromethyl)phenyl}-1H-pyrazole (2k)
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1-(4-Fluorophenyl)-3,5-bis(4-methoxyphenyl)-4-{4-(trifluoromethyl)phenyl}-1H-pyrazole (2I)
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1-(4-Fluorophenyl)-4-(4-methoxyphenyl)-3,5-bis{4-(trifluoromethyl)phenyl}-1H-pyrazole (20)

(Millions)
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1-(4-Fluorophenyl)-3-(4-methoxyphenyl)-4,5-bis{4-(trifluoromethyl)phenyl}-1H-pyrazole (2p)

F

&

N—N

oy G
s MeO CFs

CF;

300

20
29459

100

10.0 9.0 8.0 1‘0 6.0 5.0 4.0 3.0 2.0 L0
LGN | | !

X : parts per Million : 1H

|

L

(Millions)

0040.20.30.‘0-50.60.7010.91.01.112131.41.'5l.bl.'ll.ll.DLlll[LZlJulli
it . ) i . 1 \ et Vescb il |

n

_g\ A
??_g. .
7
>-

T ie00 1800 'ﬁrﬂfifﬁr T1s00 1 0.0 1100 1000 900 8§00 700 600 500 400 :-n"n 200 100 €
g3 3 B833amgegae: > 33
33§ § E3IadeRRanes AEE E i

X : parts per Million : 13C

172



1-(4-Fluorophenyl)-3,4,5-tris{4-(trifluoromethyl)phenyl}-1H-pyrazole (2q)
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1-(4-Methoxyphenyl)-3-(4-tolyl)-4,5-bis{4-(trifluoromethyl)phenyl}-1H-pyrazole (2r)
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3-(2,3-Dihydrobenzo[b][1,4]dioxin-6-yI)-1-(4-methoxyphenyl)-4,5-bis{4-(trifluoromethyl)phenyl}-1H-
pyrazole (25)
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Ethyl 4-[1-(4-methoxyphenyl)-4,5-bis{4- (trifluoromethyl)phenyl}-1H-pyrazol-3-yl]benzoate (2t)
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4-[1-(4-Methoxyphenyl)-4,5-bis{4-(trifluoromethyl)phenyl}-1H-pyrazol-3-yl]benzonitrile (2u)
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3-[1-(4-Methoxyphenyl)-4,5-bis{4-(trifluoromethyl)phenyl}-1H-pyrazol-3-yl]pyridine (2v)
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tert-butyl 5-[1-(4-Methoxyphenyl)-4,5-bis{4-(trifluoromethyl)phenyl}-1H-pyrazol-3-yl)thiophene-2-
carboxylate (2w)
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Figure 4-2. General Reactivity of 1soxazole
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IEEFECTH D NO N, MO TEVIRE M2 L2 THDLEEZTZ, 2. ZOBAMKT D MY
TNFBaFHRIC LY A VAV — A0 T a b AL EN T, REMEZ LS 2 ERNBRAE SIS,
MU Z A A aFEEO pKa 28 0.3, A VA FH Y — L DILBEFED pKa3-2.3 Th D=, A VA X4
—A0)T T r Ak END T & HEBREFERRISHEIT LB 2 T2, 20 = ke fbbU&
DEMEZFHEHIC, 1) RETFHEORERV A7 T ALRIEOFIA, 2) @miESGEORHICEY, 3 U5
CRISZERETT 22 & & Lz,

FBED 3 U FE—BRRESIEORFT T, i< KETFH & OIS TERELER L BHIL AT AT 5
R, A T U LRELLEGE~ 727 AREEHNVTHRFT A2 E L, HELITZ 4T RE
AVFXYY =V EE L L TRE—BRAHSIE TR T ROGSERfR) % OFERI T S

bScheme 4-3 1R L=k 91, 3 AL EFIE 5 ML A FAKE AT 254, 4 (CIck LT3 vHE A BN
RCHEATELZ EBNHESNLTND T,

N-O N-O

/ [ ] /
Rzﬁ/)\R“ RZ’S)\R“
H

entry R' R2 reagent yield

1 Me H NIS, TFA 80%
2 Me Me |I,, AgOAc 98%

Scheme 4-3. lodination at the C4 Position of Mono/Di-Substituted Isoxazoles

184



H4E

ENTWRW, 4—A VTRV VAT =F L OFBUCEIT 54 VA F YV — L Ok & LT
1) AESREFAENELE LT3 E, A VYA Y — A0 3MNERIESMNOT e b 2Rt d
HREE, 2) EUTmA—A VY FXRH Y VAT oA RN E LTI b &, REIGOA VA FH Y —
D 3MLETIS LD T 1 b it T 28K, 3) ASEREEL T 4—A VAT I LT
=AU A VTR L DOBRFIREIET AR OD 3 5% E 27~ (Schemed-4), 1 > H D#f%
ik, WU AR A BIR L CRlECTE 5527, 2 20H L 3 2HORKIX, wEicA V4
XYY NNT = F  OFEFI N 2N DIERI O A H 20, WS RSO EEE LR T =
FUFEN A LIORIE TR Z 0152720, BRI & W\ o T SRS St 2 1 L CREEEE T X 7o
EEZT,

Pathways for Decomposition of Isoxazole Ring

1) Deprotonation by Organometallic Reagent

RM R-H
N-O

U P /O
Deprotonatlon

| at C3 or C5 position
12

2) Deprotonation by in-situ Generated Isoxazolyl Anion
M

N-O R-M N-0 12 e NV
{% _ (% j‘» \\\% or k?.éo

I M N-O | |

12 13 14

O
H 10

3) Nucleophilic Attack by Carboanion Species

T Nu_ M
Nu N o) u N/ \O
_—
& L
Nu =R-Mor 15
1
12 16

Scheme 4-4. Possible Pathways for Decomposition of Isoxazole Ring

4—3 P7a b AICED 55— VAR INT =FOFE

WFZeEt O TR Lz, BEEHLA VA 55 —(10)D SALICEBIT D7 1 b oAbz e L7- (Table
4-1), Thbb, A VFFH Y —(10)D THF FEEICH L CHlREZEH S TR 5— A VA XYY
VNLVT =4 1T #R-ESEZ06, RKETAIZMATINERMIEL L9 AT, entryl TIE7 L
XNV TFTLZE, entry 2 TEUVTF VLTI RERELELTHWEEZ A, 4 XV — VBN
iR LT, 723, HaEE A VA XV — Q0% L TN A T BRI EPER SN, RETA
I 7oz,
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entry 3-5 TlX, Knochel 5 D& ZSEIZ, v~ 7 %2 7 AT I K& LT TMPMCI-LICIP<>(TMP),Mg-
2LICIYO Hign7 X R & L T(TMP)2Zn-2MgCl-2LICIWE W =25 [RERIC A Y A Y — LV ER I3 0 iR
L. REFANCED5—A Y AFH Y VAT =F OFIIETE e o7z,

Table 4-1. Deprotonation at the C5 Position of Isoxazole (10)

base

&‘/B\SH (X equiv.) &‘/B\[M] electrophile U\E
THF, T°C
10 17
entry base X electrophile T results
1 NBuLi 1.1 - -78 decomposed
2 LDA 1.1 - -78 decomposed
3 TMPMgCI-LiCl 11 CH;C¢H,CHO -20 decomposed
4 (TMP),Mg-2LiClI 1.1 CH3CzH,CHO -40 decomposed T™P : #\/er
5 (TMP),Zn-2MgCI-2LiCl 1.1 D,0 0 decomposed -

ULXD, VFULLY bERREEDOREREBEIV A Z =T AL LThH, 5—A VA%
T UNT =F 1T TR TE R o Tclod, UL EORFHIW & LT,

4—4 FBHEFEREFEBRCIZE D 400 3 v Rk

DX THFFERTEIQ TR T Y | 4L T D a7y — B RaT T~ 91 VA
XY —L(10)D 4 7T T FLGERE L7z (Table 4-2), I UFHFELHIE LT N—I—KA7 A
TR (NIS), 1,3— Y3 —R—55—YAF L& hA > (DIH), N—3—F¥% v H U (NISac) D
3OoxAW, Flix OFRMEREEF CTRET LTz, 7286, 3 VR OEREIZA VA XY — L 1Y &I
LT, HARRER I URFFHET 1.2 Y&EE Lz, TORE., A3 vRAICED 59,
70 CULF TS EHE D & 30%LL FORINRTLTe 3 v HRLIK 12 B3 E 507 (entry 1-6), ZHH D
R BBIZ LY 3 R A ZEM L S EE, e S ARRINTE TS 6D 2 Lo
oo —H T A TFXFH Y —NVOREHEODIRINORINERICE EEoTz, 22T, XVEESHETT
(XEALER M BT D IR L, v A 7 o RN FCRISEE TS E Lie, 4 Y AFT Y —1
(10)D i RIF 95 CTHh DI, B LIKnAaGmE HWT~ A 7 v 2 RS L7z, entry 7 (277718
V. FUHRMEAIE LTNIS, BEE LT TFA ZHW, v 7 m ST 120 CTRIG S E72/ER,
W T0% CTLEie 4— 3 — R I AFH Y — L)1 G 6N, iz entry 7 ODFRETT T LA —)v

CUFULT I RaefnTii7e bAbT 5L, FRROAFH DT Y —/L 19 [FHELTLE I 28,
Knochel & 23B%8 L7352 H 5 & BABR DM S AU, SALICEBIENEATE 5 Z LA MEINT
V% (Scheme 4-5) 9,

(TMP),Zn-2MgCl-2LiCl

/z—g\s then PhSSO,Ph /z—l\«)\
PhNg” ~H ™R 25 PP o’ SPh
19 75% 20

Scheme 4-5. Deprotonation at the C5 Position of 1,3,4-Oxadiazole 19
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TOERERATE A, —FEITR29D4—T— RA I AFH Y — B WEELEKFIELHZ &7
< (K 69%) 155472 (entry 8),

Table 4-2. lodination at the C4 Position of Isoxazole (10)

N—O reagent N—O
/ P » P
solvent
temp. |
10 12
(o]
entry reagent solvent temp. (°C)  vyield (%)?
N—I
1 NIS TFA 50 to 70 9
(o]
2 NIS TfOH 50 13
NIS
3 DIH TFA 50 29
4 DIH TFOH 50 2 M ¥
N—I N—1
5 NiSac TFA 50 trace I’N\\(
6 NISac TfOH 50 3 o) (o]
7 NIS TFA MW 120 70 DIH NiISac
8t NIS TFA MW 120 69

3Isolated yield. °Gram scale: ca. 2 g of product was obtained.
MW = Microwave

P bEofati v, avF sl LTNIS, e LTTRFA 2V, ~A 7 a4 T 120 CThn
G5 LT, RIS, A YTFH Y —AD 4 AT UHENTDE LK L, £72. KAFE
£7 7 LA —AERICB A FRE ThH o7, I U FRMBIED 2 E TOREPERITHOT ) 11%) T
BboloZ &b, KIERINESREL EH LT,

4—5 A—I—FA I XIS —LDOBEREELH

4— T — KA IV F XYV — VOB N ATRE L oo o720 W T I WHEE BH0 & L 4fi~D
EHILE AR Lz, BROME@Y | 4— 3 — KA Y AFH ) — LB L OZ OFERITE AR T
THROD TREETHD Z ENTFHREND, 2 Tk THEBRINEM RSS2 W07 VY
MM LB 7 v A v T LIRS E . WNT@E U E SRS SSERET S L L L,

4—5—1 RIVYLEERNE 70X v 7Y VTR

SUREEZEN E L7 v Ry TV RIS ERGT Ls, £ T U0 AR A VTS
RK—8EH 7V T ui7->7= (Scheme 4-6), 2 EIZBITHET V) — /L 3D UHFRE EHMNY
ET DA 7Y T ERROSRME T CRIGEFEmLIZE Z A, IE 73%TET U —/LiK
21 RSNz, HHE 12 13 3 (M EEHATH 5720, AR T CELICHET AN H -7
N, THFOKD 2 ¥R (SBIESOF/E T TlE. THF LKIZZERITEME T 2% L0 D) &H
WHZET, A VAFH Y —ABROBBEMIGISNZbDEEZTND, £, 7==ATEF L
YERAWEWEED v 7Y I RISTE, EEOBAEE 1LY EERE/NRIZIA S Z 8T, Bl v
TV TR 22 R 64% THIT, Fio. —BRLIRBEFRHAK N TNT U U MMl A VD LR =L
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(LS BRET LT3, B 23 135 o -, 2, Seilkod THFROK 2 FER 5540 & %A .
DMF & R ZF AT IRV F LT IV HENERITEMLTEBY &6 Ly,
A A= 3T e I ALSNTHER L2720 &2 T b,

N-O
(HO)ZB—Q—CF3 )
z

L
v

6 mol% Pdy(dba);
12 mol% Bu;PHBF,
Na2C03, THFIH20

40°C,2h CF;
73% 21
N-O —- N-0
) =—Ph )
S) Y o
i 2 mol% PdCl,(PPh), I
4 mol% Cul
12 NEt; (1.1 equiv.) Ph
THF, rt, 1 h 92

64%

5 mol% Pd(OAc),

10 mol% PPh; N-O
MeOH or NHEt, &
//// -
NEts, CO 07 X
DMF, 50 °C 23

X = OMe or NEt,

Scheme 4-6. Palladium-Catalyzed Cross-Coupling Reactions

Ubomatd v, \EZERLZE LTS, WURRMETTEA YAV Y — VSRS EL 2
<, IR AN TV U TRICHTA D Z L ZWH BT LT,

4—5—2 AUR—ERRBIZ L DA IV AXT I AT =4 OFFH
4—F—RAVFXP Y —NAEHEEL L, 3 vHE B WSISIC LD 4—A VY AXHF VUL
ToAvOFRE | HRETRIE OIS ERT Lz, Thbb B O THF BRICAH S ERIE
MMz, aUFE-CBLZBREISICEY A=A VY AIH Y VLT =F v 24 M LI0bH, Zihvd
WALIRTE & DRI & D VR Uk 25 OA k&R A7= (Table 4-3), entry 1 TIXREE —78 °C &
L. 7V FIAKT, 4—3— A Y AFH Y —1(12)0 THF EiRICx L, AigemRiEs LT
"BuLi 2 F L7 & ZA A VATV — VRN SR L EHERIBEW A G 272, Frim Tk ~~72@ v |
Schmalz 51 4—7wmEA VY FAFH Y — L EIEI NI A Y 7 a EVOEAEMIZKR LT "BuLi #/lx
D& TA VAR — O RE M Lz 2, ZhUusxt L, entry 1 TORFHI LY, RE AN
A7 L2 WE T "BuLi & OIS X WALEMR T 5 2 E BB E oz, DEIZ, KV
BRI VWD Z L & Loentry2, 3 TIZAREA BRI L L T turbo Grignard 7&K ('PrMgCI - LiCl)
Bafnie, 2oL & HEO THF SR OREPHERE LA T HEERRNFTHL Z L2/ L,
Thbb, entry 2IZBWT, HEEREZILOM ELILE A, A VIV — VPO L., HH
IIREWME G 27, ZTHUCXL, entry 3ICTHREREEZ0AMELTEEZ A, A VAFH Y —)LER
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DG RIESEARITINH S au, Hi < ZELRFE L ORINIC K> THRO I VAR 8 25 ERICHE B
72o entry 2 OEFRESM T CTHMNETT LD, 'PrMgCl- LiCl i FREOFEEMDFIK Tl &
EZ. entryd TIHRELZ —20 CL L, entry3 LREEROBEICTRHRFTLICE 2 A, TRICKL TER
BN IVR R 25 NMEHT-, LEX Y, Z0a UF—~ 7327 ARSI E ORI AF
THZEBHLNERST,

Table 4-3. Preparation of 4-Isoxazolyl Anion 24

'}"0 reagent '}"0 Co, l}l—o
S | Qe
i THF, temp. M] the; H* CO,H
12 24 25
X (M) in THF
entry reagent X (M) temp. (°C) yield?
1 "BuLi 0.3 -78 b
2 PrMgCI-LiClI 1.0 -78 b
3 iPrMgCI-LiCI 0.1 -78 quant.
4 PrMgCI-LiCl 0.1 -20 quant.

dIsolated yield. °Complex mixture was obtained.

AREOSNFEE ORRFEIHRAFT HBHIZOWT, L O IZ#E 2 T\5 (Scheme4-7), FE 12 ©
HEIZ PIMgCI-LICI Zi FLTWL &, 72 BIca vFE -~ V2o T AN EE 53, misEL
HFCIFECTET V=<7 R L 26 LRGSO 4—3— KA VA X3V —/(12) & B L
THMERIREME G2 %, 725, ZHOAERDOWRITIFF IR | 2D ORIEILTE TV,
— 5 ARREOEEIIS TG OHENELS 720 . FRORIFIGHNEE DF1Z, 4—F— KAV F
XV —ADIETRTCA—A I AF VPV VA~ TR T A 26 ~EBHI, DOBETEERT Y
— = T XU AR EICE BRIFNTE X o=, FE KREFAIE OIS FFICHEI T LS D
LEZTND,

N-Q iprmgciLict | )7 co, N-Q
g — K% —_— V7
Very Fast then H*
i ery Fas [Mg] CO,H
12 26 25
N-O

» __ Complex Mixture

12 Fast in 1.0 M solution
Slower in 0.1 M solution

Scheme 4-7. The Reason for Decomposition during 1/Mg Exchange

B, AFEERND LT A YA VAT =4 ORFBEAREL 22 DO TRV e
Ex,.3—T7x=)L 5—I— A VFXH Y —LQRNEFEL L, ARORGEETTav#E—~7
AT AR AT (Scheme 4-8), ZOFE, KRETFHIE LT p— MAT AT REHWZ, Kt
BOMAR O H NMR it Lic & 2 A, BHERIEAWOERPBII ST, Lo T, AFEL
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HAWTS, 5— A VAFH VLT =F 2 28 DSREZS Z LIZREETH D Z L3501,

Me
OHC—®—Me
N-O 'PngCI LiCl N-O N-O
/ / ——— /
Y Y
AN T e THF, -78 °C /K)\[Mg] oCtort. "
27 29 OH

Scheme 4-8. lodine-Magnesium Exchange at the C5 Position

VL EDBEHER LV . RS T C turbo Grignard i34 VW2, I UFE—~ IR T ALK X
HA4—A I FFH VLT =4 26 ORI LTz, IBEFAENICL D A VAT — LERD 53R
ZREIL7BNE 2 E iz, BREWEE Z TV D,

4—6 4—AIFXHVINAT=F L ERVHIBERRA VA FH Y —VDERK

ATEI CRELUZR I LTz 4— A VAV U AT =4 2 HW, AV AFHV —)L 4 fi~DEHIL
WAVEOMNL 7 HIE L, T RE — REMBA ORI DOV THF L7z (Table 4-4), entry 1-5 Tix
IR =B ~DIINBOS 2 5t Lz, ZOfER, 747 8 FRB IO b r~d 12— (IEOED
HATL, X532 7/0a—L 30 B LN 3L ZZZHUUH 80% (entry1) & 55% (entry2) T3/,
FRHEKY)R° DMF ZsRE & L THWIGA X, AIN—BBESOSAEITL, = AT L 32 B LT
AT E RIBVBENENENRICTHEONL, £/, RETHEL A VYT = AT L
HTE, ST DT IR 34 DR 64% T SN2, DFIZ, CuCN-2LIiCl Z it E V5, fRFE—
REFECTERLEZRF LTe, T7hbb, SR~ IRV U LAREBEOO L fillit & OHIERIK 2N
Zy FNTRETHEL TRy Aol Relzxizd A, T VML EIT LT, h o 35
MU 52% (entry6) TR Oz, FRROFELH W, REFHZT I LTI RELEZA T
YA At —)L 36 DR 84% THH ALz (entry7), LIrL72R2NG, = /7 2 ~@ Michael {41
FOSITEI TR, BEOM 37 135 oo 72 (entry8), feWCIRFED v 7 ) » F S Z Mt Lz,
bbb, AUVR -~V IRV TLARLBODOL, A UTA VAT VLT =F Nk L TEHEEDOHE
fEHERZMA TR T AR Z AL LTZD G S B Il & LT Pdy(dba)s, Bz - & L C P'Bus- HBF,,
RETAIL LT 4— 39— FLEFMB— TNV EZIMATAER, ©7 U —/ 1K 38 DULE 61% CTH S iz

(entry9), L L7 n, ZuaXMBeF a2 REFHE LT V3% D10 R = AbK S & 7l
72 & 2 A BHERIBEMBIER S v, BRI DO = 27 )L 39 [ TEMRE LG S 7 h- 7= (entry 10),
2—7nn ) Vv 40 ZREFAIL LTHY, HEBREZERLIS bIRET LI, SRR o A5
Bood, &< BmIEE L Z2h->7 (entry 11),
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Table 4-4. Scope and Limitation (C-C Bond Formation)

N-O

H4E

N-O  ‘PrMgCI-LiCI ) electrophiles N-0
/ y —_—_— ¥ —_— yZ
THF 0°Ctort
I 78 °c, 30 min Mgl R
12 26
entry electrophile product yield (%) | entry electrophiles product yield (%)
N-O N-O
0, U -
1 \ Me 4 80 — &
72 B— 84
HO =
30 Me 36
N-O N-O
d U
(o} ¥ ¥
2 " JLM 55 82 (i[\ 0
€ e Me Me 0
OH
31 3 O
9 N-Q
S U
3 Boc,0 5: 88 Y
P ~o'Bu 9b I—@—COzEt 61
32
NQ CO,Et
4 DMF 2 83 38
So N-Q
33 o) y
b
N-O 10 I>—0Et ﬁ/f trace
P c 0% “OEt
5 PhNCO 64 39
(0] NHPh
34 Cl r;l—o
¥
r/«—o 114 @\l 0
0, ¥ 4 Z >N
6* 52
C|>_Ph Z N
(o) Ph
35 40

@ CuCN-2LiCl (0.2 equiv.) was added.
b ZnCl, (1.1 equiv.) and 3 mol% Pd,(dba);, 6 mol% P'Bu;-HBF, were added.

OEI, RE—~T OFAREEDOEREZ MG LT- (Table 4-5), entry 1 Ti3Ab2 i s & ORI E

AL LTO— b AF T 2E2HWEREFHT I L WERLIZEZA 4—T I

A VA X — L @BUDIE 64% TE LI, Flo, AV T 2= UEHITHDL 7 ==V FF ALK
2 S—7 == /VaREFHE LTHNWEEZA, BeF AT —T )L 42 BRAFRIE (82%) THDL
i (entry2), SHIC, FARL72A VAV VI~ TR 526 & L0 ZERAHA BRI~
i~ RV IEB X OR Y = /WbSZfat L7z (entry 3-5), £ DFER, xfInd oA v g

AT VA3, R Ul 44, B OARX(LEY 45 BEINERTE BT,
PLEOKEFIORELY AV FXV VAT =F i34 72 RE
AU, 4 ~DOBEBILE N TEA S LTz,
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Table 4-5. Carbon-Hetero Atom Bond Formation

N-O ‘PrMgCI-LiCl F/l-o electrophiles N-O
(J — Z —
THF
I .78°C, 30 min [Me] R
12 26
entry electrophile product yield (%) entry electrophile product yield (%)
N-O
. U
N-O 3 BPin(O'Pr) k% 90
qa NOTs // 64 BPin
43
NH,
41 N-Q
4 B(OMe); £ quant.
N B(OH),
2 PhSO,SPh H/) 82 44
SPh N-O
42 5 Sn"Bu,ClI {% quant.
Sn"Bu;
45

2 CuCN-2LiCl (1.1 equiv.) was added.

BT, 4=t Faxi A VA4S Y —L@46) D& Z HiE L, 4 ICEALIZEREDI LD
e L= (Table4-6), Z#LE TIZA VY AF YV — /L 4NLIZE Fud s G OFERO AR
X, 4— b R XA VFFH T — L @6)DEHA 1 FIHE SN TWEDLTHY | M oFDERIT
ZTREEL W, FZ2T4—t Rax A VA4SV — L (46) DR ERIEDBIFR 2 L T
K OEERA VA — VAN ~D R U REANEEZRET DL &L Lz,

44—t RaxiA I AFV Y —/uiL 1981 £, FRELICk-oTe )/ SR OEE L v HEES .,
G ERL L ORE A7 &7 9, Scheme 4-9 [T RT3 Y . FE SIIARLEYE 7 T, BICE
260 TR LT ZOMELIE, 4— b FaXx o VA9 — B3NS S -T2 v,

O o N-O N—
H(OEt); —_— —_—
50%
quant.
2 steps 0~ "OEt from orthoester 0~ "OEt 0~ "OH

PCl5 MeMgBr N"Q  H,0, H,80, N-Q
% —_— V4

quant S/f 75% CH,Cl,, reflux
cl 70% OH
OH 46

Scheme 4-9. Reported Synthesis of 4-Hydroxyisoxazole
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Table 4-6. Synthesis of 4-hydroxyisoxazole (46)

N-O . N-O
I conditions /i
%) _ Y
R OH
31, 33,43 46
entry S. M. R conditions results

1) mCPBA, CH,CI
1 33 ’ 2%12
No 2) K,CO,, MeOH decomposed

2 CH,CI, decomposed

reflux, 1.5 h
31

OH H,0,, BF;-OEt,

3 CH,Cl, N. D.
rt,1h
""""""""""""" mCPBA
4 H,O/EtOH (1:2) decomposed
oy rt,1h
B NaCIlo
N atlo; decomposed
5 43 j_ﬁ H,0,rt, 2h P
HzOz, NaOH
6 THF/H,0 (10:1) 71%
r.t., 30 min

ETT AT N33 EIEE L, Baeyer-Villiger B2{b & fe < MK gz faat L7z (entry 1), 372
H, 7Tk R33 & mCPBA Z b3, fFoniibias A% 7 —NEElEd, REEDY 7 L% H
W TR RS Uz, ZORER A VATV — VBB L, BHIY 46 135 D720 o7z,
AR O Y A Y A XV — VIR T CIIARLETH DL, Lt L 9 22ied TR /o i
FEMRETICBWTHBET 2 Z ERHLMNERoTz, DX, Tl O ORE & RIS, F 3 /T
Jba—)L 31 EIEEICHWTRLRIS E B Lz, entry 2 [ZBEMOSEIMETH D23, FEfe TR
B, R TITEER b AKSE & RS L THBEOARBBR S 72, 35°CITMBAT L LA Y ATy
—VERMNBR LT Z LD, ARUGSITRE RIRERE AT 5 2 LA RBE N7, 72 Lewis i# T
&% BFs*OEL # o & A, TLC EHTIZI W CRER O AN BI S =3, BEiEE o
moT= (entry 3), HEMI L T2 A 47 & Z D RS %2 Scheme 4-10 (2779,

31 47
Scheme 4-10. Plausible Intermediate 47

O, AR U AT VA3 EFE & U THRGET LT, BB{bAlE LT mCPBA (entry4) oHfiifi=aRE
FRU DL (entry5) WL Z A A VA Y — VERNBHA LT, LM L7RG, THFUKDR
AU, L UTKERE T N Y v A B(kAlE U CHEBLKFEEZ AW 2 A, BT TTA
RMNCRIEAHET L. 4— E RO F i q VA TS — L (46) R ITE 71% T3 = LA TE 7= (entry6).
RN T TOA Y F XY — VB OBADNIRER S L7220y, THROKO ZFR &2 W5 2 & T,
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BHZLAH LoD, BHINE LRI b D L& X TS, Scheme 4-6 Tk~ 785K —"EH 7 » 7V
YICBWTH, ERBEETCTHIUR, BEMESET LA YA - ABROBENIZ SN
L2 EAHLTEY, ARIOHERIZIZOHA L —HTL2HDOTH D,

PLEOBFHZE Y, Ra e AT /0 43 6 4—b Fa kA VAR5 —/L(46)~D LMk %
WSt Uiz, EIARARIETIE, A VA5 = (10) 5 3 TR, #UE 46%ICT4—E RaF o
VARV ARG TE BEANED D TR A RIEICHIR L IR b L& Z LR TET,
Fo, HB6ETIRADIMY | RAFEEHND 2 L TA VoA — A0 3713 5 i Bk %
HOLAETH, T 24— FrX oA Y AXH Y —LOGENAREL Ro T,

ZZETORMTIL, 35— EEHA VAFHY LA REL LT 4—A VAFHF Y IALT =F
ERAWDLKIEERE L CE -, —H T 3MERIESMONT I —FICELRLZ b O5E5Tho T
by A=A VAXYY VT =4 OFRBICHS LB IR < 34— TEHA VAT R
45— "BHA VA XYY — L OMEEIRIIERITA S TERY, 22T, B LZFER, o 3
(LE 71T 5 LI b OIS bl CE 2 0MaT 5 Z L & Lz (Tabled-7), £+ 5H0C7
T VAR LOBES, ST D A— AV FIH VAT =L O m— T =AT7 AT R
~O 12— (IS EREZ: <HEAT Ly ST 5 AR 49 2300 63% T DV (entry 1), T ok
RLY | SMOBCERIERHDHE T, 41 YAXV Y VAT =4 2 MR WM TE 52
Lotz SAMOBEBRIENAF AL THHRE 50 # AV TH, FERIC T 7R~ RSHRUED
HITL, AL EW L 26 CE 7z (entry2), 7o, KRETFHZ “WbikFE L THRIERL
POSHEIT Ly VIR 8 52 AURE 93% TR bV (entry3). #EV Ty 3(LICT U —/biba b o0k
B 53 #AVTRFI L (entry4-7), ZHETERBROFEEZANWTA—A Y AXF S I NLT =4
L0, RKEFHIE LTp— FMTATE REMAT-E A, YUiefHhNk 54 23K 69% T
Bohlz, ZOMENDL, 3MORTERENHLBATH, 4—A VY AXHF VY ALT =F v &M
BTBTE D 2 L RDD -T2, BATRRAEHRLICOWTHRHFEZED-E 2 A, 7oL F A
(entry5) <o U LEE (entry 6) DM ANTEETH 7= (55: 92%, 56: 59%), 7235, R U IMLRIED
ICRITHRREE L 72 oY, ZORICIET e MAUETHD 3—T U —Ad VA X — A BNELFI
AL & HNMREFTIC X VB L T D, R7o, IRERY —tert— 7 F L& RE 1AL LTx
ATV BT DA S RATZN, BEPITITE A LB LN -T2, ZHUL, 30T U — Aok
IENLARFEEIZ LD . E@EW tert— 7 XTI VR = VEROBEANKNEEL p o220 L BTV D,
OEIT, ML SMDFHITT U — NIk b ORI 57 20T, TATE Koo 12— NG R
L7z (entry 8),
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Table 4-7. Synthesis of Multisubstituted Isoxazoles Using 4-1soxazolyl Anion

N-O iPrmgcCl-LiCl '/4-0 electrophiles N-O
R1 / Vi RZ —_— R1 T R2 —_— R1/§)\R2
THF
3
.78 °C, 30 min (Mgl R
entry substrate electrophile product yield (%)
r/«—o
f;l—O 5 MeO X 2 O
Z o)
1 m \©/\ MeO 63
. o
48 49

N-O

/
2 Sn"BusCl S/)\Me 89
N-O

52 CO,H
N-O
N-O o| I/
2 ®
4 w K@\ Cl 69
Cl Me HO O
53 54 Me
N-O
/
5 PhSO,SPh % 92
ci SPh
55
rll-o
6 BPin(O'Pr) % 59
ci BPin
56
rll—o
7 Boc,0 m trace
ci CO,'Bu
57
fo) N-O
N-O /
2 ' Y O
8 O O Cl 81
cl , Me HO O
58 59 Me

¥, 35— @A VAFY Y — VIR X OFEPES RN, TRETICH 4—A VA F
Y UNT =F il LS TR S TWD, L LB, RISRN ZOOEBILIZ LY 57
KRN SN D72, RETFANC L DHHRITAS TIIRVS, ZHUCH L, I UE -SRI L

®0rozco H1E 35—V 7 2= K60 2B L Lz, BRE -V TF UL LESDSIKRUAT VT E R
EDFINZERBNT, 7'a hAuik 62 REAERME LTHE LN L@ L7z (Scheme 4-11) 9,

"BuLi N-O
N-Q THF, -75 °C 4 N
/i y = y/ U >
Paav * 9
Br then PhCHO HO H
-75°C to r.t.
60 61: 15% 62: 73%

Scheme 4-11. Previous Report on the Generation of 4-1soxazolyl Lithium
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DELDA—A IV FXRH VS VAT TR T LDT VT E RO 12— NS Tl LIk 59 23
EIR TR BT, S IR L7z 0rozeo H OHEIZBWTHE SN A VY AXFH VU LT F 0 A,
2 DOT V= VENORERIKREE 220 CRE®ERERDNAEBY | TLT b R~Of R T
TR L LT 0nTnd, —F, entry 8 THlSN A A4 VY AXFH YV VAL~ T XD AF, A
IFAFHF VY F U AR THEENMERW 2D, T b7 & RAOMIEISNEIT L2 0
EEZTND,

U bofitkl v, BEicl 53, e Ay —AnBgE LCHEHATRETHD 2 &
R L, BERIEONEREORBREZTOILELHDL OO, MHaFRERERRA Y A XY —1
DIEE SRR Z KIBIZIAT A Z ENRTEL LD LB X TN,

72k, Table4-7, entry 6 TE/-AR B VAT AT )L 56 1L, SR —EHT v 7V FRISICHWD Z
EHA[EETH -7 (Scheme 4-12), T 72 b, H2ESH TR MHEESHEIC, 3—F— UV
e Dh TV RIS EFER LTZE A, 34— T V= A A XYV —)L 63 BULR 60% TH
SV 4/

10 mol% Pd(dba)s NQ
h/l-O N 24 mol% PCy;-HBF, Z
Cl ; — K3P04 z
BPin 1,4-dioxane/H,0 <N
56 100°C, 18 h 63: 60%

Scheme 4-12. Suzuki-Miyaura Coupling using Boronate 56

BT, INFETER LT 34— “EA VATV Y — N EZRREE L. 5D C-HT U — %k
FfL7z (Table 4-8), FFim Cik 7=V . ZIVETA YV AFH Y — /L OE L RIS DOV T EEESRE
INRIENL T o772, BRI EBRLEEANCL D 3 @A VA — L OERITRE D 720>
720 WE O OTHEV, il & LT Pd(OAC),, Efiz1-& LT dppBz, %k & LT AgF # V>, DMA
B 100 °C L, a k7 V=D v 7Y TR AT, EORER, 4 LOEEELN 7
2= VF AR TH LGS, SR T3 B VA — L ed BN Goni, EHRERNI-—EY Y
NETH LG, ZETEEMICRLRD 3207 ) —VEE o7 U —)L 3 &1 VA X —/1 65
NESNT-, YDk, BHETOF AT —F L) Db no7- Lewis HEM: DB REEN
fikiftss & 72 69, SR THMBE DI Z SRR, L LR s, BE#EOe Raf v
Ea b OEE A BIET Y — Uik 66 131G 6T, BME OSSR Sz (entry 3),

DIk o TG SN, A VAT — L5470 C-H 7 U — b )E % TRl Rr7 (Scheme

4—13) 19,
N-O '_Q_M" N-O
r . &
5 mol% Pd(OAc), M
10 mol% dppBz e Ph,P PPh,

AgF, DMA 84% dppBz
100 °C, 24 h

Scheme 4-13. Palladium Catalyzed C-H Direct Arylation of Isoxazole at the C5 Position
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Table 4-8. C-H Arylation at the C5 Position of 3,4-Disubstituted Isoxazoles

5 mol% Pd(OAc),

) 10 mol% dppBz ’;“o
O = g
AgF, DMA
cl R g Cl R

100 °C, 24 h

entry substrate R Ar product yield (%)

1 55 SPh Me 64 89

CO,Et 65 99

9 90

Me 66 0

U LOBEIORE R, 4—A Y FX VYV VAT =F 0 2 HND Ai~DBEHEHEA L | §i< 5ALTD
C-H7 U=l kv, BIRMEHIEEANIZ L D 3@EHA VA XY — IV ERICHKRT) Uiz, 3 &
VA XYY — LA D A F— L ZERT (Scheme 4-14) , ARG AR Tl TR 7o BRI M C @k
ANTELTD, ZiEWA VAT Y — LV ERICB T A2 N7 FETHLEBZL TN,

CHO -
& N-O ' Me N-Q
— /]
—> ClI i Z >
53 cl SPh a cl SPh Me
cl PhSO,SPh
iPrMgCI-LiCI l 55: 92% 64: 89%
THF, -78 °C )
NQ | (Pro)BPin N—Q —/ b O P O
cl cl . z
[Mg] BPin ,_@_COZB g

56: 59% a 65
2 steps 55%

4-Isoxazolyl Anion
a) 10 mol% Pd(OAc),, 20 mol% dppBz, AgF, DMA, 100 °C, 20 h.
b) 10 mol% Pd,(dba);, 24 mol% PCy;-HBF,, K;PO,, 1,4-dioxane/H,0, 100 °C, 18 h.
Scheme 4-14. Step-by-Step Multifunctionalization of Isoxazoles
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4—7 F£L¥

ARETIT 12— 7Y —VHHE LT, VAFH Y —LCESE YT, 2 E TRIDFIOENA Y 4%
Y UNLT =F Ol e e WL EHREEANEORY 2 Bfe Lz, £, 7w koAl
£ 5—AVFXV Y INT =4 OB Z R L2, WEMESRM T A YAV — BRI
g Llc, DENZA—I—RAVYAIH Y =N E2HEL LT, SUVE—@BRZHIILD 4—A V4XY
S UNT = A OFFEAE T LTz, TOREER, ARG T T PrMgCl-LiCl Z/FHS¢5 24T, A
VEXY Y = ABRORAEEZRCIHEH L, TEOWLVRT =4 2Rl T 5L 2R LA, 1§
PEFR & Ff 2 ORE A& OO EBRE LToRER . SRR EHIE 28 A TE 2 (Scheme 4-15) 7, Z
AVE TIT 3 LEHAR 5 (LEHRICONT S, ST 2 4—A VA VAT =F 2 LT
AR NI o Tz, 2 CAE AR A BRE L, 2 BHRASC 3 BRIKSHKICBW O ATIENEA T
EHZELEPLNT LI, ULOBFNC LY . BEROERIE TIXIAFRNEE 25RO HE 23 7 6e
Tpol=Z LD KFENEBA Y FXH Y — LERICBIT AN SG T T u—FTh b o
LERLT, SBIC AR LTALEM D I R 5B MEET L. 4— b Rrfki oA VA —/L (46)
DNRIIE R EIERT D E & BITA~DE Fu X BB AELRRE L, £72. 5 TOC—H7T
U —AbKIG EfRAE RS 2 & T, BRMEBRISEANIZ L D 3 @i, V4 XY — L OF U]
O TR LT,
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(Y ()
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Trisubstituted Isoxazole

Scheme 4-15. Synthesis of Functionalized Isoxazoles Using 4-1soxazolyl Anion

199



H4E

References

1) (a) De Munnno, A.; Bertini, V.; Lucchesini, F. J. Chem. Soc. Perkin Trans. 2, 1977, 1121. (b) Na, J.; Houk,
K. N.; Hilvert, D. J. Am. Chem. Soc. 1996, 118, 6462.

2) Shen, K, Fu, Y. Li, J. -N.; Liu, L.; Guo, Q. -X. Tetrahedron, 2007, 63, 1568.

3) (a) Schollkopf, I.; Hoppe, 1. Angew. Chem., Int. Ed. Engl. 1975, 14, 765. (b) Nunnno, L. D.; Scilimati, A.;
Vitale, P. Tetrahedron 2005, 61, 2623. (c) Nunnno, L. D.; Vitale, P.; Scilimati, A.; Laura, S.; Capitelli, F.
Tetrahedron 2007, 63, 12388.

4) Kusumi, T.; Chang, C; Wheeler, M.; Kubo, I.; Nakanishi, K. Tetrahedron. Lett. 1981, 22, 3451.

5) Cui, J.J.;; Funk, L. A.; Jia, L.; Kung, P. P.; Meng, J. J.; Nambu, M. D.; Pairish, M. A.; Shen, H.; Tran-Dube
M. B. (Pfizer Inc.), WO 2006021886, 2005.

6) Katritzky, A. R.; Scriven, E. F. V.; Majumder, S.; Akhmedova, R. G.; Akhmedov, N. G.; Vakulenko, A. V.
ARKIVOC, 2005, 3, 179.

7) (a) Jui, N. T.; Lee, E. C. Y.; MacMillan, D. W. C. J. Am. Chem. Soc. 2010, 132, 10015. (b) Iglesias, M.;
Schuster, O.; Albrecht, M. Tetrahedron Lett. 2010, 51, 5423.

8) (a) Oliver, J. E.; Waters, R. M.; Lushy, W. R. J. Org. Chem. 1989, 54, 4970. (b) Baum, J. S.; Condon, M.
E.; Shook, D. A. J. Org. Chem. 1987, 52, 2983.

9) Krasovskiy, A.; Krasovskaya, V.; Knochel, P. Angew. Chem. Int. Ed. 2006, 45, 2958.

10) Closoki, G. C.; Rohbogner, C. J.; Knochel, P. Angew. Chem. Int. Ed. 2007, 46, 7681.
11) Wunderlich, S. W.; Knochel, P. Angew. Chem. Int. Ed. 2007, 46, 7685.

12) Velcicky, J.; Soicke, A.; Steiner, R.; Schmalz, H. G. J. Am. Chem. Soc. 2011, 133, 6948.
13) Krasovskiy, A.; Knochel, P. Angew. Chem. Int. Ed. 2004, 43, 3333.

14) Dagkapan, T.; Koca, S. Appl. Organomet. Chem. 2010, 24, 12.

15) Alberola, A.; Serrao, A. P.; Rodriguez, M. T. R.; Orozco, C. Heterocycles 1989, 29, 667.
16) Shigenobu, M.; Takenaka, K.; Sasai, H. Angew. Chem. Int. Ed, 2015, 54, 9572.

17) Morita, T.; Fuse, S.; Nakamura, H. Angew. Chem. Int. Ed. 2016, 55, 13580.

200



Experimental section
1. General procedures for preparation of 4-iodoisoxazoles

To astirred solution of isoxazoles (1.0 equiv.) in TFA (1.0 mL), N-iodosuccinimide (2.0-3.0 equiv.) was added
under an argon atmosphere. After being stirred at 50 to 70 °C for 1 h, saturated aq. NaHCO3; was added. The
mixture was poured into diethyl ether, the aqueous layer was extracted with two portions of Et,O. The combined
extract was washed with 10% aq. Na,S:0Os and brine, dried over MgSO4 and concentrated in vacuo. The residue
was purified by column chromatography on silica gel with hexane : ethyl acetate = 90 : 10 to afford the desired
4-iodoisoxazoles.

3-(4-Chlorophenyl)-4-iodoisoxazole (53)

Reaction temperature: 70 °C; white solid (Mp 100-101 °C); 76% yield (218.4 mg); *H NMR (500 MHz, CDCls)
5 8.48 (s, 1H, ¢), 7.78 (d, J = 7.8 Hz, 2H, a), 7.48 (d, J = 7.8 Hz, 2H, b); 3C NMR (125 MHz, CDCls) § 162.8,
161.2, 136.5, 129.9, 129.0, 126.3, 57.7% FT-IR (neat) 1601, 1504, 1442, 1404, 1365,1352, 1130, 1101, 978,
887 cmt; HRMS (EI, 70 eV): [M]* calcd. for CoHsCIINO, 304.9104: found 304.9099.

Cl

3-(4-Chlorophenyl)-4-iodo-5-phenylisoxazole (58)
Reaction temperature: 50 °C; white solid (Mp 162-164 °C); yield quant. (148.2 mg); spectral properties

identical with to those previously reported.?
-0

Nesae

2. lodination of isoxazole (10)
4-lodoisoxazole (12)

A mixture of isoxazole (10) (100 mg, 1.45 mmol, 1.0 equiv.), N-iodosuccinimide (423 mg, 1.88 mmol, 1.3
equiv.) were dissolved in TFA (0.56 mL) in a sealed vial at room temperature under an argon atmosphere and
stirred at 120 °C for 15 min under irradiation of microwave (300 W).

After cooling the reaction mixture to 0 °C, saturated ag. NaHCO3; was added. The mixture was poured into
diethyl ether, the aqueous layer was extracted with two portions of Et,O. The combined extract was washed
with 10% ag. NazS,0sand brine, dried over MgSQO, and concentrated in vacuo. The residue was passed through
a pad of silica gel and activated alumina to give 4-iodoisoxazole (12) (198 mg, 1.01 mmol, 70%) as a white
solid.

Mp 61-63 °C; *H NMR (400 MHz, CDCls) § 8.44 (s, 1H, a), 8.29 (s, 1H, b); *C NMR (125 MHz, CDCls3) §
160.6, 154.0, 55.2°% FT-IR (neat) 3376, 1654, 1457, 1089 cm™; HRMS (EI, 70 eV): [M]" calcd. for CsH,NOlI,
194.9181: found 194.9184.
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3. Palladium-catalyzed cross-coupling reactions of 4-iodoisoxazole (12)
4-{4-(Trifluoromethyl)phenyl}isoxazole (21)

To a stirred solution of Pdz(dba)s (11.7 mg, 0.0128 mmol, 0.050 equiv.), P'Bus- HBF4 (3.9 mg, 0.0256 mmol,
0.10 equiv.) and Na2COs (81.5 mg, 0.769 mmol, 3.0 equiv.) in a mixture of THF (1.0 mL) and H,O (1.0 mL),
4-iodoisoxazole (12) (50.0 mg, 0.256 mmol, 1.0 equiv.) and {4-(trifluoromethyl)phenyl}boronic acid (58.4 mg,
0.308 mmol, 1.2 equiv.) was added at room temperature under an argon atmosphere. After being stirred at the
same temperature for 1 h, the mixture was diluted into ethyl acetate, passed through a pad of activated alumina,
concentrated in vacuo. The residue was purified by column chromatography on silica gel with toluene to give
4-{4-(trifluoromethyl)phenyl}isoxazole (21) (48.2 mg, 0.226 mmol, 88%) as a white solid.

Mp 71-73 °C; *H NMR (400 MHz, CDCls) & 8.76 (s, 1H, a), 8.60 (s, 1H, b), 7.69 (d, J = 8.0 Hz, 2H, c), 7.60
(d, J = 8.0 Hz, 2H, d); °C NMR (125 MHz, CDCls) § 154.2, 147.7, 132.1, 130.1 (q, Jc-r = 32.6 Hz), 126.6,
126.2 (q, Jc-r = 3.6 Hz), 123.9 (g, Jcr = 270.43 Hz), 120.3; FT-IR (neat) 1624, 1424, 1328, 1273, 1169, 1114,
1076, 1057, 1023, 952 cm™; HRMS (EI, 70 eV): [M]" calcd. for C10HsFsNO, 213.0401: found 213.0400.
N-0
a // b

4-(Phenylethynyl)isoxazole (22)

To astirred solution of PdCI2(PPhs), (3.6 mg, 0.00513 mmol, 0.020 equiv.), Cul (2.0 mg, 0.00103 mmol, 0.040

equiv.) and NEt; (39.3uL, 0.282 mmol, 1.1 equiv.) in a mixture of THF (1.0 mL), phenylacetylene (33.8 pL,
0.308 mmol, 1.2 equiv.) and 4-iodoisoxazole (12) (50.0 mg, 0.256 mmol, 1.0 equiv.) were added at room
temperature under an argon atmosphere. After being stirred at the same temperature for 1 h, the mixture was
diluted into ethyl acetate, passed through a pad of activated alumina, concentrated in vacuo. The residue was
purified by column chromatography on silica gel with hexane : toluene = 95 : 5 to give 4-
(phenylethynyl)isoxazole (22) (28.1 mg, 0.166 mmol, 64%) as a yellow solid.
Mp 48-49 °C; *H NMR (400 MHz, CDCl3)  8.63 (s, 1H, a), 8.39 (s, 1H, b), 7.50 (m, 2H, ¢), 7.36 (m, 3H, d, ¢);
13C NMR (125 MHz, CDCls) § 159.2, 150.7, 131.5, 128.9, 128.5, 122.2, 103.2, 92.9, 75.7; FT-IR (neat) 3111,
2920, 1657, 1492, 1437, 1342, 1119, 1000 cm'; HRMS (EI, 70 eV): [M]* calcd. for C1;H/NO, 169.0528: found
169.0532.

N-O
a//b
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4. Reactions of isoxazolyl anion with electrophiles
Isoxazole-4-carboxylic acid (25)

To a stirred solution of 4-iodoisoxazole (12) (50.0 mg, 0.256 mmol, 1.0 equiv.) in THF (2.6 mL), 0.63 M
solution of 'PrMgCI-LiCl in THF (448 uL, 0.282 mmol, 1.1 equiv.) was added dropwise at -78 °C under an
argon atmosphere. After being stirred at the same temperature for 30 min, the vessel was filled with CO- gas
that was collected in a balloon by sublimation of dry ice. After being stirred at room temperature for 15 min,
the reaction mixture was acidified with 1 M aq. HCI. The aqueous layer was extracted with two portions of
chloroform. The combined extract was washed with brine, dried over MgSO. and concentrated in vacuo to give
isoxazole-4-carboxylic acid (25) (31.9 mg, 0.282 mmol, quant.) as a white solid.

Mp 83-86 °C; 'H NMR (400 MHz, CDCls) § 9.05 (s, 1H, a), 8.65 (s, 1H, b); 3C NMR (100 MHz, CDCls;) &
165.9, 162.8, 148.9, 114.1; FT-IR (neat) 3101, 1675, 1598, 1467, 1436, 1287, 1220, 1143, 1127, 991, 910 cm*;
HRMS (El, 70 eV): [M]* calcd. for C4H3NO3, 113.0113: found 113.0120.

N-0

a y b
07 OH
Isoxazol-4-yl(p-tolyl)methanole (30)

To astirred solution of 4-iodoisoxazole (12) (50 mg, 0.256 mmol, 1.0 equiv.) in THF (2.6 mL), 0.79 M solution
of 'PrMgClI-LiCl in THF (357 pL, 0.282 mmol, 1.1 equiv.) was added dropwise at -78 °C under an argon
atmosphere. After being stirred at the same temperature for 30 min, 4-methylbenzaldehyde (33.3 pL, 0.282
mmol, 1.1 equiv.) was added. After being stirred at room temperature for 20 min, the reaction mixture was
poured into saturated aq. NH4Cl. The aqueous layer was extracted with two portions of diethyl ether. The
combined extract was washed with brine, dried over MgSO,4 and concentrated in vacuo. The residue was purified
by column chromatography on silica gel with hexane : ethyl acetate = 70 : 30 to give isoxazol-4-yl(p-
tolyl)methanole (30) (39.0 mg, 0.206 mmol, 80%) as a colorless oil.

'H NMR (400 MHz, CDCls) § 8.23 (s, 1H, a), 8.14 (s, 1H, b), 7.25 (d, J = 7.6 Hz, 2H, d or e), 7.18 (d, J = 7.6
Hz, 2H, d or e), 5.75 (s, 1H, c), 2.36 (s, 3H, f); *C NMR (100 MHz, CDCls) § 154.9, 148.7, 139.2, 138.4, 129.5,
126.3, 123.9, 67.5, 21.1; FT-IR (neat) 3388, 3123, 2921, 1605, 1512, 1440, 1172, 1109, 1038, 996 cm™*; HRMS
(El, 70 eV): [M]* calcd. for C11H11NO,, 189.0790: found 189.0798.

N-O

U Jb

d
HO ¢ €

a
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2-(Isoxazol-4-yl)propan-2-ol (31)

To astirred solution of 4-iodoisoxazole (12) (436 mg, 2.24 mmol, 1.0 equiv.) in THF (22 mL), 0.58 M solution
of 'PrMgCl-LiCl in THF (4.24 mL, 2.46 mmol, 1.1 equiv.) was added dropwise at -78 °C under an argon
atmosphere. After being stirred at the same temperature for 30 min, acetone (181 L, 2.46 mmol, 1.1 equiv.)
was added. After being stirred at room temperature for 20 min, the reaction mixture was poured into saturated
aq. NH4Cl. The aqueous layer was extracted with two portions of diethyl ether. The combined extract was
washed with brine, dried over MgSO, and concentrated in vacuo. The residue was purified by column
chromatography on silica gel with hexane : ethyl acetate = 60 : 40 to give 2-(isoxazol-4-yl)propan-2-ol (31)
(155.0 mg, 1.22 mmol, 55%) as a colorless oil.

'H NMR (500 MHz, CDCls) & 8.28 (s, 1H, a), 8.23 (s, 1H, b), 1.54 (s, 6H, c); *C NMR (125 MHz, CDCls) &
152.9, 150.70 129.1, 66.9, 31.2; FT-IR (neat) 3389, 3123, 2978, 2931, 1600, 1434, 1381, 1205, 1169, 1102, 992

cmt; HRMS (El, 70 eV): [M]* calcd. for CsHgNO2, 127.0633: found 127.0630.
N-O
a / b

[+

OH
tert-Butyl isoxazole-4-carboxylate (32)

To astirred solution of 4-iodoisoxazole (12) (50 mg, 0.256 mmol, 1.0 equiv.) in THF (2.6 mL), 0.91 M solution
of 'PrMgCl-LiCl in THF (310 pL, 0.282 mmol, 1.1 equiv.) was added dropwise at -78 °C under an argon
atmosphere. After being stirred at the same temperature for 30 min, di-tert-butyl dicarbonate (67.2 mg, 0.308
mmol, 1.2 equiv.) was added. After being stirred at room 0 °C for 1 h, the reaction mixture was acidified with
ag. NH4CI. The aqueous layer was extracted with two portions of diethyl ether. The combined extract was
washed with brine, dried over MgSO, and concentrated in vacuo. The residue was purified by column
chromatography on silica gel with hexane : ethyl acetate = 85 : 15 to give tert-butyl isoxazole-4-carboxylate
(32) (38.3 mg, 0.226 mmol, 88%) as a colorless oil..

'H NMR (500 MHz, CDCls) & 8.84 (s, 1H, a), 8.52 (s, 1H, b), 1.56 (s, 9H, c); *C NMR (125 MHz, CDCls) &
161.1, 159.8, 149.0, 116.4, 82.4, 28.2; FT-IR (neat) 3120, 2982, 1720, 1598, 1450, 1396, 1368, 1213, 1124,
1071, 998 cm; HRMS (El, 70 eV): [M]* calcd. for CsH1:NO3, 169.0739: found 169.0741.

N-O

a y b
A<
Isoxazole-4-carbaldehyde (33)

To a stirred solution of 4-iodoisoxazole (12) (600 mg, 3.08 mmol, 1.0 equiv.) in THF (31.0 mL), 0.95 M
solution of 'PrMgClI-LiCl in THF (3.56 mL, 3.38 mmol, 1.1 equiv.) was added dropwise at -78 °C under an
argon atmosphere. After being stirred at the same temperature for 30 min, DMF (262 pL, 3.38 mmol, 1.1 equiv.)
was added. After being stirred at room temperature for 1 h, the reaction mixture was acidified with 1 M ag. HCI.
The aqueous layer was extracted with two portions of diethyl ether. The combined extract was washed with
brine, dried over MgSQO, and concentrated in vacuo. The residue was purified by column chromatography on
silica gel with hexane : ethyl acetate = 70 : 30 to give isoxazole-4-carbaldehyde (33) (247.3 mg, 2.55 mmol,
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83%) as a colorless oil.

'H NMR (400 MHz, CDCls) 6 10.0 (s, 1H, ¢), 9.04 (s, 1H, a), 8.67 (s, 1H, b); *C NMR (125 MHz, CDCls) &
181.8, 163.1, 146.7, 123.1; FT-IR (neat) 3118, 1732, 1695, 1584, 1436, 1287, 1207, 1127 cm’*; HRMS (EI, 70
eV): [M]* calcd. for CsH3sNO,, 97.0164: found 97.0164.

N-O

a (ﬁ b
¢ o
N-Phenylisoxazole-4-carboxamide (34)

To a stirred solution of 4-iodoisoxazole (12) (50 mg, 0.256 mmol, 1.0 equiv.) in THF (2.60 mL), 0.91 M

solution of 'PrMgCl-LiCl in THF (310 L, 0.282 mmol, 1.1 equiv.) was added dropwise at -78 °C under an
argon atmosphere. After being stirred at the same temperature for 30 min, phenyl isocyanate (33.3uL, 0.308
mmol, 1.2 equiv.) was added. After being stirred at room 0 °C for 1 h, the reaction mixture was acidified with
ag. NH4CI. The aqueous layer was extracted with two portions of diethyl ether. The combined extract was
washed with brine, dried over MgSO, and concentrated in vacuo. The residue was purified by column
chromatography on silica gel with hexane : ethyl acetate = 50 : 50 to give N-phenylisoxazole-4-carboxamide
(34) (30.8 mg, 0.163 mmol, 64%) as a white solid.
Mp 138-140°C; *H NMR (500 MHz, CDs0D)  9.29 (s, 1H, a), 8.86 (s, 1H, b), 7.64 (d, J = 7.5 Hz, 2H, c), 7.35
(dd, J=7.5, 7.5 Hz, 2H, d), 7.15 (dd, J = 7.5, 7.5 Hz, 1H, e); ®*C NMR (125 MHz, CD;0D) & 161.4, 160.4,
149.4, 139.3, 129.9, 125.8, 122.0, 119.5; FT-IR (neat) 3349, 3117, 1656, 1592, 1536, 1497, 1446, 1441, 1322,
1121 cm; HRMS (El, 70 eV): [M]* calcd. for C10HsN2O,, 188.0586: found 188.0580.

N-Q
pae)
0N d
H c
Isoxazol-4-yl(phenyl)methanone (35)

To astirred solution of 4-iodoisoxazole (12) (50 mg, 0.256 mmol, 1.0 equiv.) in THF (2.6 mL), 0.79 M solution

of 'PrMgCl-LiCl in THF (357 pL, 0.282 mmol, 1.1 equiv.) was added dropwise at -78 °C under an argon
atmosphere. After being stirred at the same temperature for 30 min, 1.0 M solution of CuCN-2LiCl in THF
(51.3 pL, 0.0512 mmol, 0.20 equiv.) and benzoyl chloride (35.7 pL, 0.308 mmol, 1.2 equiv.) was added at -
78 °C. After being stirred at 0 °C for 30 min, the reaction mixture was poured into saturated aq. NH4Cl. The
aqueous layer was extracted with two portions of diethyl ether. The combined extract was washed with brine,
dried over MgSO. and concentrated in vacuo. The residue was purified by column chromatography on silica
gel with hexane : ethyl acetate = 90 : 10 to give isoxazol-4-yl(phenyl)methanone (35) (21.4 mg, 0.124 mmol,
52%) as a colorless oil.
'H NMR (400 MHz, CDCls) § 8.92 (s, 1H, a), 8.74 (s, 1H, b), 7.86 (d, J = 7.2 Hz, 2H, ¢), 7.65 (dd, J = 7.2, 7.2
Hz, 1H, €), 7.54 (dd, J = 7.2, 7.2 Hz, 2H, d); **C NMR (100 MHz, CDCls) § 186.4, 161.2, 149.3, 137.9, 133.4,
129.0, 128.7, 121.2; FT-IR (neat) 3113, 1642, 1598, 1576, 1456, 1375, 1286, 1132, 1076 cm™*; HRMS (EI, 70
eV): [M]* calcd. for C10H/NO>, 173.0477 found 173.0472.
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4-Allylisoxazole (36)

To astirred solution of 4-iodoisoxazole (12) (50 mg, 0.256 mmol, 1.0 equiv.) in THF (2.6 mL), 0.79 M solution

of 'PrMgCl-LiCl in THF (357 pL, 0.282 mmol, 1.1 equiv.) was added dropwise at -78 °C under an argon
atmosphere. After being stirred at the same temperature for 30 min, 1.0 M solution of CuCN-2LiCl in THF
(51.3 L, 0.0512 mmol, 0.20 equiv.) and allyl bromide (28.8uL, 0.333 mmol, 1.3 equiv.) was added at -78 °C.
After being stirred at 0 °C for 30 min, the reaction mixture was poured into saturated aq. NH4Cl. The aqueous
layer was extracted with two portions of diethyl ether. The combined extract was washed with brine, dried over
MgSQ, and concentrated in vacuo. The residue was purified by column chromatography on silica gel with
hexane : ethyl acetate = 90 : 10 to give 4-allylisoxazole (36) (23.5 mg, 0.215 mmol, 84%) as a white amorphous
solid.
'H NMR (400 MHz, CDCls) 6 8.23 (s, 1H, a), 8.15(s, 1H, b), 5.96-5.86 (m, 1H, d), 5.13-5.09 (m, 2 H, ¢, f), 3.23
(d, J=6.4 Hz, 2H, ¢); 3C NMR (125 MHz, CDCl3) § 154.7, 150.5, 134.9, 117.2, 116.8, 26.4; FT-IR (neat) 3366,
2923, 2853, 1727, 1642, 1462, 1260, 1106, 1025 cm™; HRMS (EI, 70 eV): [M]* calcd. for CsH;NO, 109.0528:
found 109.0524.

Ethyl 4-(isoxazol-4-yl)benzoate (38)

To astirred solution of 4-iodoisoxazole (12) (50 mg, 0.256 mmol, 1.0 equiv.) in THF (2.6 mL), 0.79 M solution
of 'PrMgCl-LiCl in THF (357 pL, 0.282 mmol, 1.1 equiv.) was added dropwise at -78 °C under an argon
atmosphere. After being stirred at the same temperature for 30 min, 1.0 M solution of ZnCl; in THF (282 pL,
0.282 mmol, 1.1 equiv.) was added at -78 °C. After being stirred at 0 °C for 10 min, Pdz(dba)s (7.0 mg, 0.00764
mmol, 0.030 equiv.), P'Bus-HBF4 (4.4 mg, 0.0152 mmol, 0.060 equiv.), and ethyl 4-iodobenzoate (47.5 L,
0.282 mmol, 1.1 equiv.) were added to the reaction mixture. After being stirred at room temperature for 14 h,
the mixture was diluted into ethyl acetate, passed through a pad of activated alumina, concentrated in vacuo.
The residue was purified by column chromatography on silica gel with hexane : ethyl acetate = 90 : 10 to give
ethyl 4-(isoxazol-4-yl)benzoate (38) (34.0 mg, 0.157 mmol, 61%) as a white solid.

Mp 114- 116°C; *H NMR (400 MHz, CDCls) & 8.76 (s, 1H, a), 8.60 (s, 1H, b), 8.08 (d, J = 8.8 Hz, 2H, d), 7.54
(d, J=8.8 Hz, 2H, ¢), 4.39 (q, J = 7.2 Hz, 2H, €), 1.40 (t, J = 7.2 Hz, 3H, f); 3C NMR (100 MHz, CDCl3) §
165.9, 154.1, 147.7, 132.8, 130.4, 130.0, 126.1, 120.6, 61.1, 14.3; FT-IR (neat) 3103, 1699, 1619, 1443, 1365,
1283, 1187, 1123, 1106, 1027 cm™*; HRMS (EI, 70 eV): [M]" calcd. for C1,H11NOs, 217.0739: found 217.0739.
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Isoxazol-4-amine (41)

To a stirred solution of 4-iodoisoxazole (12) (20.0 mg, 0.103 mmol, 1.0 equiv.) in THF (1.1 mL), 0.91 M
solution of 'PrMgCl- LiCl in THF (0.124 mL, 0.113 mmol, 1.1 equiv.) was added dropwise at -78 °C under an
argon atmosphere. After being stirred at the same temperature for 30 min, 1.0 M solution of CUCN-2LiCl in
THF (113 pL, 0.113 mmol, 1.1 equiv.). After being stirred at 0 °C for 10 min, propan-2-one O-tosyl oxime
(28.0 mg, 0.127 mmol, 1.2 equiv.) was added. After being stirred at room temperature for 1 h, the reaction
mixture was acidified with 12 M ag. HCI. The reaction mixture was poured into water, aqueous layer was
washed with two portions of diethyl ether, made basic with ag. NaOH, and extracted with three portions of 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 with hexane : ethyl acetate = 20 : 80 to give isoxazole-4-
amine (41) (5.5 mg, 0.166 mmol, 64%) as a yellow oil.

'H NMR (500 MHz, CDCls) & 8.05 (s, 1H, a), 8.04 (s, 1H, b), 3.07 (brs, 2H, ¢); **C NMR (125 MHz, CDCl5) &
145.6, 142.9, 126.7; FT-IR (neat) 3337, 1635, 1437, 1417, 1271, 1092, 1006 cm™*; HRMS (El, 70 eV): [M]*
calcd. for CsHsN-0O, 84.0324: found 84.0329.
N-O
a (% b
NH,
4-(Phenylthio)isoxazole (42)

To astirred solution of 4-iodoisoxazole (12) (50 mg, 0.256 mmol, 1.0 equiv.) in THF (2.6 mL), 0.91 M solution
of 'PrMgCI-LiCl in THF (310 pL, 0.282 mmol, 1.1 equiv.) was added dropwise at -78 °C under an argon
atmosphere. After being stirred at the same temperature for 30 min, S-phenyl benzenesulfonothioate (77.0 mg,
0.308 mmol, 1.2 equiv.) was added. After being stirred at room temperature for 30 min, the reaction mixture
was acidified with ag. NH4Cl. The aqueous layer was extracted with two portions of diethyl ether. The
combined extract was washed with brine, dried over MgSO,4 and concentrated in vacuo. The residue was purified
by column chromatography on silica gel with hexane : ethyl acetate = 80 : 20 to give 4-(phenylthio)isoxazole
(42) (37.6 mg, 0.212 mmol, 82%) as a colorless oil..

'H NMR (400 MHz, CDCls) 6 8.56 (s, 1H, a), 8.27 (s, 1H, b), 7.29-7.19 (m, 5H, c, d, €); *C NMR (100 MHz,
CDCls) 6 160.1, 152.8, 135.2, 129.3, 128.0, 126.7, 109.3; FT-IR (neat) 3109, 3076, 1584, 1555, 1478, 1440,
1431, 1313, 1227, 1116, 975 cm’; HRMS (EI, 70 eV): [M]" calcd. for CoH7NOS, 177.0248: found 177.0249.



4-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)isoxazole (43)

To astirred solution of 4-iodoisoxazole (12) (200 mg, 1.03 mmol, 1.0 equiv.) in THF (11 mL), 0.79 M solution
of 'PrMgCl-LiCl in THF (1.43 mL, 1.13 mmol, 1.1 equiv.) was added dropwise at -78 °C under an argon
atmosphere. After being stirred at the same temperature for 30 min, 2-isopropoxy-4,4,5,5-tetramethyl-1,3,2-
dioxaborane (220 pL, 1.33 mmol, 1.3 equiv.) was added. After being stirred at 0 °C for 4.5 h, the reaction
mixture was acidified with 1 M ag. HCI. The aqueous layer was extracted with two portions of dichloromethane.
The combined extract was washed with brine, dried over MgSO, and concentrated in vacuo to give 4-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)isoxazole (43) (180.6 mg, 0.926 mmol, 90%) as a white solid.

Mp 128-131°C; *H NMR (400 MHz, CDCls) 6 8.67 (s, 1H, a), 8.40 (s, 1H, b), 1.31 (s, 12H, c); °C NMR (125
MHz, CDCls) & 164.7, 152.3, 84.1, 24.7; FT-IR (neat) 3469, 3102, 1594, 1447, 1385, 1377, 1336, 1112, 1143,
985 cm; HRMS (El, 70 eV): [M]* calcd. for CoH14BNO3, 195.1067: found 195.1067.

Isoxazol-4-ylboronic acid (44)

To astirred solution of 4-iodoisoxazole (12) (200 mg, 1.03 mmol, 1.0 equiv.) in THF (11 mL), 0.79 M solution
of 'PrMgCl-LiCl in THF (1.43 mL, 1.13 mmol, 1.1 equiv.) was added dropwise at -78 °C under an argon
atmosphere. After being stirred at the same temperature for 30 min, B(OMe); (220 pL, 1.33 mmol, 1.3 equiv.)
was added. After being stirred at 0 °C for 4.5 h, the reaction mixture was acidified with 1 M ag. HCI. The
aqueous layer was extracted with two portions of dichloromethane. The combined extract was washed with
brine, dried over MgSQO4 and concentrated in vacuo to give isoxazol-4-ylboronic acid (44) (180.6 mg, 0.926
mmol, quant.) as a white solid.

Mp >230 °C; *H NMR (500 MHz, CDs0D) & 8.93 (s, 1H, a), 8.50 (s, 1H, b); *C NMR (125 MHz, CD;0D) §
165.4, 153.9; FT-IR (neat) 3378, 3131, 1582, 1447, 1357, 1308, 1219, 1118,
973 cm; HRMS (El, 70 eV): [M]" calcd. for C3HsBNO3, 113.0284: found 113.0286.
N-O
a %/) b

=N
HO” “OH

4-(Tributylstannyl)isoxazole (45)

To astirred solution of 4-iodoisoxazole (12) (50 mg, 0.256 mmol, 1.0 equiv.) in THF (2.6 mL), 0.91 M solution
of 'PrMgCI-LiCl in THF (310 pL, 0.282 mmol, 1.1 equiv.) was added dropwise at -78 °C under an argon
atmosphere. After being stirred at the same temperature for 30 min Sn"BusCl (83.5 pL, 0.308 mmol, 1.2 equiv.)
was added. After being stirred at room temperature for 30 min, the reaction mixture was acidified with ag.
NH.CI. The aqueous layer was extracted with two portions of diethyl ether. The combined extract was washed
with brine, dried over MgSO, and concentrated in vacuo to give 4-(tributylstannyl)isoxazole (45) (103 mg,
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0.287 mmol, quant.) as a colorless oil..

'H NMR (400 MHz, CDCls) 6 8.18 (s, 1H, a), 8.15 (s, 1H, b), 1.52 (m, 6H, c), 1.32 (m, 6H, d), 1.06 (m, 6H, €),
0.88 (m, 9H, f); 3C NMR (125 MHz, CDCls) § 161.5, 153.7, 106.9, 28.9, 27.1, 13.6, 10.0; FT-IR (neat) 2956,
2925, 2871, 2853, 1539, 1463, 1412, 1125, 1083 cm™*; HRMS (EI, 70 eV): [M]* calcd. for CisH2sNOSN,
359.1271: found 359.1273.

(3-Methoxyphenyl)(5-phenylisoxazol-4-yl)methanol (49)

To a stirred solution of 4-iodo-5-phenylisoxazole (48)? (47.5 mg, 0.175 mmol, 1.0 equiv.) in THF (1.8 mL),

0.78 M solution of 'PrMgCl- LiCl in THF (292 pL, 0.228 mmol, 1.3 equiv.) was added dropwise at -78 °C under
an argon atmosphere. After being stirred at the same temperature for 30 min, 3-methoxybenzaldehyde (41 L,
0.350 mmol, 2.0 equiv.) was added. After being stirred at room temperature for 20 min, the reaction mixture
was poured into saturated ag. NH4CI. The aqueous layer was extracted with two portions of diethyl ether. The
combined extract was washed with brine, dried over MgSO,4 and concentrated in vacuo. The residue was purified
by column chromatography on silica gel with hexane : ethyl acetate = 85 : 15 and GPC to give (3-
methoxyphenyl)(5-phenylisoxazol-4-yl)methanol (49) (31.1 mg, 0.111 mmol, 63%) as a colorless oil.
'H NMR (500 MHz, CDCls) 5 8.16 (s, 1H, a), 7.77-7.76 (m, 2H, h), 7.51-7.48 (m, 3H, i, j), 7.30 (t, J = 7.3 Hz,
1H, f), 6.98 (m, 2H,d or e or g), 6.86 (d, J = 8.3 Hz, 1H, d or e or g), 5.97 (s, 1H, b), 3.79 (s, 3H, ¢), 2.53 (d, J
= 2.6 Hz, 1H, k); ®°C NMR (125 MHz, CDCls) § 165.6, 160.0, 151.0, 143.4, 130.3, 130.0, 129.0, 127.5,
127.3,118.4,117.6, 113.6, 111.8, 67.0, 55.3.

5-Methyl-4-(tributylstannyl)isoxazole (51)

To a stirred solution of 4-iodo-5-methylisoxazole (50)3 (177.1 mg, 0.847 mmol, 1.0 equiv.) in THF (8.5 mL),
0.78 M solution of 'PrMgCl- LiCl in THF (1.20 mL, 0.932 mmol, 1.1 equiv.) was added dropwise at -78 °C
under an argon atmosphere. After being stirred at the same temperature for 30 min Sn"BusCl (253 uL, 0.932
mmol, 1.1 equiv.) was added. After being stirred at 0 °C for 1 h, the reaction mixture was acidified with aq.
NH.CI. The aqueous layer was extracted with two portions of diethyl ether. The combined extract was washed
with brine, dried over MgSQO, and concentrated in vacuo. The residue was purified by column chromatography
on silica gel with hexane : ethyl acetate = 95 : 5 to give 5-methyl-4-(tributylstannyl)isoxazole (51) (281.8 mg,
0.757 mmol, 89%) as a colorless oil..
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'H NMR (500 MHz, CDCls)  7.94 (s, 1H, a), 2.39 (s, 3H, b), 1.50-1.44 (m, 6H, c), 1.31-1.26 (m, 6H, d),
1.05-1.01 (m, 6H, €), 0.85 (t, J = 7.2 Hz, 9H, f); 3C NMR (125 MHz, CDCl3) § 172.9, 155.4, 104.1, 29.0,

27.2,13.6,13.3, 9.6.

N-O
Z ~Me
NS~

5-Methylisoxazole-4-carboxylic acid (52)

To a stirred solution of 4-iodo-5-methylisoxazole (50) (82.0 mg, 0.392 mmol, 1.0 equiv.) in THF (4.6 mL),
0.62 M solution of 'PrMgCl- LiCl in THF (759 pL, 0.471 mmol, 1.2 equiv.) was added dropwise at -78 °C under
an argon atmosphere. After being stirred at the same temperature for 30 min, the vessel was filled with CO- gas
that was collected in a balloon by sublimation of dry ice. After being stirred at room temperature for 15 min,
the reaction mixture was acidified with 1 M aq. HCI. The aqueous layer was extracted with two portions of
chloroform. The combined extract was washed with brine, dried over MgSO. and concentrated in vacuo to give
5-methylisoxazole-4-carboxylic acid (52) (46.2 mg, 0.363 mmol, 93%) as a white solid.

'H NMR (400 MHz, CDCls3) § 10.5 (brs, 1H, ¢), 8.53 (s, 1H, a), 2.74 (s, 3H, b); *C NMR (125 MHz, CDCl5)
0 175.7,167.2,150.4,109.0, 12.7.
3
a NZ ~Me

CO,H
[

{3-(4-Chlorophenyl)isoxazol-4-yl}(p-tolyl)methanol (54)

To a stirred solution of 3-(4-chlorophenyl)-4-iodoisoxazole (53) (30.0 mg, 0.0982 mmol, 1.0 equiv.) in THF
(1.0 mL), 0.81 M solution of 'PrMgClI- LiCl in THF (242 pL, 0.196 mmol, 2.0 equiv.) was added dropwise at -
78 °C under an argon atmosphere. After being stirred at the same temperature for 30 min, 4-methylbenzaldehyde
(24 pL, 0.206 mmol, 2.1 equiv.) was added. After being stirred at 0 °C for 30 min, the reaction mixture was
poured into saturated aq. NH4Cl. The aqueous layer was extracted with two portions of ethyl acetate. The
combined extract was washed with brine, dried over MgSO,4 and concentrated in vacuo. The residue was purified
by column chromatography on silica gel with hexane : ethyl acetate = 80 : 20 and GPC to give {3-(4-
chlorophenyl)isoxazol-4-yl}(p-tolyl)methanoll (54) (20.4 mg, 0.0681 mmol, 69%) as a colorless oil.

'H NMR (500 MHz, CDCl3) 6 8.19 (d, J = 0.7 Hz, 1H, a), 7.64 (d, J = 8.6 Hz, 2H, d), 7.38 (d, J = 8.6 Hz, 2H,
e), 7.23 (d, J =8.1 Hz, 2H, for g), 7.16 (d, J = 8.1 Hz, 2H, f or g), 5.76 (s, 1H, b), 2.54 (s, 1H, h), 2.35 (s, 3H,
¢); ®°C NMR (125 MHz, CDCls) & 159.8, 158.2, 138.7, 138.4, 135.9, 129.9, 129.5, 128.9, 127.1, 126.3, 122.4,
67.3, 21.1.

3-(4-Chlorophenyl)-4-(phenylthio)isoxazole (55)
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To a stirred solution of 3-(4-chlorophenyl)-4-iodoisoxazole (53) (35.0 mg, 0.115 mmol, 1.0 equiv.) in THF

(1.20 mL), 0.78 M solution of 'PrMgCI - LiCl in THF (323 pL, 0.252 mmol, 2.2 equiv.) was added dropwise at
-78 °C under an argon atmosphere. After being stirred at the same temperature for 30 min, S-phenyl
benzenesulfonothioate (63.1 mg, 0.252 mmol, 2.2 equiv.) was added. After being stirred at room temperature
for 30 min, the reaction mixture was acidified with aq. NH4Cl. The aqueous layer was extracted with two
portions of diethyl ether. The combined extract was washed with brine, dried over MgSO. and concentrated in
vacuo. The residue was purified by column chromatography on silica gel with hexane : ethyl acetate =94 : 6 to
give 3-(4-chlorophenyl)-4-(phenylthio)isoxazole (55) (30.2 mg, 0.105 mmol, 92%) as a colorless oil.
'H NMR (500 MHz, CDCls) 6 8.63 (s, 1H, a), 7.83 (d, J = 8.0 Hz, 2H, b), 7.37 (d, J = 8.0 Hz, 2H, ¢), 7.24-7.12
(m, 5H, d-f); 3C NMR (125 MHz, CDCl3) § 163.9, 161.2, 136.4, 135.3,129.4, 129.3, 128.9, 127.3, 126.6, 126.1,
108.0 ; FT-IR (neat) 1601, 1577, 1540, 1504, 1478, 1439, 1407, 1360, 1155, 1121, 1001, 876 cm™; HRMS (El,
70 eV): [M]* calcd. for C1sH10CINOS, 287.0172: found 287.0176.

3-(4-Chlorophenyl)-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)isoxazole (56)

To a stirred solution of 3-(4-chlorophenyl)-4-iodoisoxazole (53) (316.8 mg, 1.04 mmol, 1.0 equiv.) in THF (11
mL), 0.81 M solution of 'PrMgCI - LiCl in THF (1.54 mL, 1.24 mmol, 1.2 equiv.) was added dropwise at -78 °C
under an argon atmosphere. After being stirred at the same temperature for 30 min, 2-isopropoxy-4,4,5,5-
tetramethyl-1,3,2-dioxaborane (632 uL, 3.11 mmol, 3.0 equiv.) was added. After being stirred at 0 °C to room
temperature for 1 h, the reaction mixture was diluted with ethyl acetate, then acidified with 1 M ag. HCI. The
aqueous layer was extracted with two portions of 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 with toluene : ethyl acetate = 90 : 10 to give 3-(4-chlorophenyl)-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-
2-yl)isoxazole (56) (185.9 mg, 0. 608 mmol, 59%) as a white solid.

Mp 147-149 °C; *H NMR (400 MHz, CDCl3) 6 8.71 (s, 1H, a), 7.92 (d, J = 8.0 Hz, 2H, b), 7.41 (d, J = 8.0 Hz,
2H, ¢), 1.32 (s, 12 H, d); °C NMR (100 MHz, CDCls) § 167.6, 163.5, 135.7, 130.2, 128.5, 127.9, 84.2, 24.7;
FT-IR (neat) 3096, 2974, 1600, 1583, 1560, 1450, 1410, 1374, 1360, 1322, 1118, 1089, 971, 875 cm?; HRMS

(El, 70 eV): [M]* calcd. for C1sH17BCINO3, 305.0990: found 305.0996.

b N-O
c U
/ a

Cl

{3-(4-Chlorophenyl)-5-phenylisoxazol-4-yl} (p-tolyl)methanol (59)

To a stirred solution of 3-(4-chlorophenyl)-4-iodo-5-phenylisoxazole (58) (22.0 mg, 0.0577 mmol, 1.0 equiv.)
in THF (0.60 mL), 0.81 M solution of 'PrMgCI-LiCl in THF (138 pL, 0.112 mmol, 1.9 equiv.) was added
dropwise at -78 °C under an argon atmosphere. After being stirred at the same temperature for 30 min, 4-
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methylbenzaldehyde (20.3 uL, 0.282 mmol, 2.0 equiv.) was added. After being stirred at room temperature for
1 h, the reaction mixture was poured into saturated aq. NH4CIl. The aqueous layer was extracted with two
portions of 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 with hexane : ethyl acetate = 70 : 30
to give {3-(4-chlorophenyl)-5-phenylisoxazol-4-yI} (p-tolyl)methanol (59) (17.7 mg, 0.0471 mmol, 81%) as a
white solid.

Mp 147-149°C;*H NMR (400 MHz, CDCl3)  7.69 (m, 2H, c), 7.47-7.44 (m, 5H, a, d, e), 7.28 (d, J = 8.0 Hz,
2H, b), 7.18 (d, J=7.6 Hz, 2H, g), 7.08 (d, J = 7.6 Hz, 2H, h), 6.09 (s, 1H, f), 2.39 (brs, 1H, j), 2.31 (s, 3H, i);
13C NMR (125 MHz, CDCl3) § 168.3, 162.4, 138.3, 137.5, 135.7, 130.4, 130.3, 129.2, 128.8, 128.6, 128.1,127.7,
127.4,126.0, 115.7, 66.8, 21.0; FT-IR (neat) 3387, 2924, 1710, 1602, 1569, 1511, 1496, 1424, 1262, 1092, 1016,
950, 835 cm™; HRMS (El, 70 eV): [M]" calcd. for C23H1sCINO2, 375.1026: found 375.1019.

5. Synthesis of 4-Hydroxyisoxazole (46)
Isoxazol-4-ol (46)

To a stirred solution of 4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)isoxazole (43) (21.5 mg, 0.11 mmol,
1.0 equiv.) in THF (3.0 mL), 1 M ag. NaOH (330 L, 3.0 equiv.) and 30% H,0; (111 pL, 10 equiv.) were added
at 0 °C. After being stirred at room temperature for 30 min, the reaction mixture was acidified with 1 M ag.
HCI. The mixture was poured into diethyl ether, the aqueous layer was extracted with two portions of diethyl
ether. The combined extract was washed with brine, dried over MgSO. and concentrated in vacuo. The residue
was purified by PTLC with hexane : ethyl acetate = 50 : 50 to give isoxazol-4-ol (46) (6.7 mg, 0.0788 mmol,
71%) as a white solid.

Mp 61-63 °C; 'H NMR (400 MHz, CDCls) & 8.20 (s, 1H, a), 8.20 (s, 1H, b), 6.27 (brs, 1H, c); **C NMR (125
MHz, CDCls) § 144.3, 142.4, 103.3; FT-IR (neat) 3245, 1625, 1422, 1310, 1098, 1011 cm*; HRMS (El, 70 eV):
[M]* calcd. for CsH3NO-, 85.0164: found 85.0162.

a %/) b
OH .
6. Suzuki-Miyaura Coupling Using Boronate 56
3-(4-Chlorophenyl)-4-(pyridin-3-yl) isoxazole (63)

To a sealed tube containing a magnetic stirring bar, Pd.(dba); (17.9 mg, 0.0195 mmol, 0.10 equiv.), PCys;-
HBF4 (17.2 mg, 0.0468 mmol, 0.24 equiv.), KsPO4 (70.4 mg, 0.332 mmol, 1.7 equiv.), 3-iodopyridine (40.0 mg,
0.195 mmol, 1.0 equiv.) and 3-(4-chlorophenyl)-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)isoxazole (56)
(71.5 mg, 0.234 mmol, 1.2 equiv.), 1,4-dioxane (0.533 mL) and H,O (0.267 mL) were added at room
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temperature under an argon atmosphere. The reaction mixture in the sealed vessel was stirred at 100 °C for 18
h. After cooling the reaction mixture to room temperature, the 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
MgSQ, and concentrated in vacuo. The residue was purified by column chromatography on silica gel with
hexane : ethyl acetate = 70 : 30 to afford 3-(4-chlorophenyl)-4-(pyridin-3-yl) isoxazole (63) (30.1 mg, 0.117
mmol, 60%) as a white solid.

Mp 135-137 °C;*H NMR (400 MHz, CDCls) 8 8.62 (d, J = 2.0 Hz, 1H, €), 8.60 (s, 1H, d), 8.57 (s, 1H, a), 7.53-
7.51 (m, 1H, @), 7.41 (d, J = 8.3 Hz, 2H, b), 7.37 (d, J = 8.3 Hz, 2H, c), 7.31-7.29 (m, 1H, f); 3C NMR (125
MHz, CDCl3) 6 159.3, 156.9, 149.5, 149.3, 136.2, 136.0, 129.9, 129.2, 126.4, 124.9, 123.6, 116.9; FT-IR (neat)
3101, 2919, 1599, 1583, 1559, 1473, 1450, 1418, 1369, 1119, 1092, 971, 890 cm™; HRMS (EI, 70 eV): [M]*

calcd. for C14HsCIN,0O, 256.0403: found 256.0399.

b N-O
c /
/ a

Cl
Q/Id
QN
e

7. General Procedure for C-H direct arylation at C5 position of 3,4-disubstituted isoxazoles

To a mixture of Pd(OAC), (0.10 equiv.), 1,2-bis(diphenylphosphino)benzene (0.20 equiv.), AgF (2.0 equiv.),
aryliodide (2.0 equiv.) in a sealed vial, a solution of 3,4-disubstituted isoxazoles (1.0 equiv.) in DMA (0.800
mL) was added at room temperature under argon atmosphere. The reaction mixture in the sealed vessel was
stirred at 100 °C for 12 to 24 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 column chromatography on
silica gel or PTLC, and further purified by GPC to afford trisubstituted isoxazoles.

3-(4-Chlorophenyl)-4-(phenylthio)-5-(p-tolyl)isoxazole (64)

Purified by PTLC (hexane : ethyl acetate = 97 : 3); yield 89% (10.8 mg); white solid (Mp 107-108 °C); 'H
NMR (400 MHz, CDCls) 4 8.02 (d, J = 8.8 Hz, 2H, a), 7.76 (d, J = 8.8 Hz, 2H, b), 7.37 (d, J = 8.4 Hz, 2H, ¢),
7.28-7.21 (m, 4H, d, for g or h), 7.21-7.08 (m, 3H, f or g or h), 2.40 (s, 3H, €); *C NMR (125 MHz, CDCl3) &
172.9, 164.0, 141.6, 136.2, 136.0, 129.7, 129.6, 129.4, 128.8, 127.3, 126.7, 126.0, 125.9, 124.0, 101.0, 21.6;
FT-IR (neat) 3059, 2922, 1601, 1581, 1553, 1496, 1478, 1440, 1411, 1371, 1090, 1017, 935, 832 cm?; HRMS
(El, 70 eV): [M]"* calcd. for C22H16CINOS, 377.0641: found 377.0640.

a N-O c
b 7l d
e
Cl s Me
3,

[¢]

Ethyl 4-{3-(4-chlorophenyl)-4-(pyridin-3-yl)isoxazol-5-yl}benzoate (65)
Purified by column chromatography on silica gel (hexane : ethyl acetate = 60 : 40); yield 99% (25.1 mg);
white solid (Mp 139-140 °C); *H NMR (500 MHz, CDCls) § 8.69 (d, J = 4.0 Hz, 1H, d), 8.52 (s, 1H, c), 8.03
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(d, J=8.5Hz, 2H, aor g), 7.59-7.55 (m, 3H, b, f), 7.38-7.32 (m, 5H, a or g, h, e), 4.38 (q, J = 7.0 Hz, 2H, i),
1.38(t, J=7.0 Hz, 3H, j); *C NMR (125 MHz, CDCl3) § 165.7, 165.6, 161.5, 150.8, 149.9, 137.3, 136.2, 131.9,
130.8, 130.1, 129.7, 129.1, 126.8, 126.6, 126.2, 123.9, 112.9, 61.3, 14.3; FT-IR (neat) 1625, 1613, 1509, 1459,
1402, 1332, 1305, 1256, 1159, 1119, 1065, 844 cm™; HRMS (