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chiral cat yield, % ee, %
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RuCI[(R,R)-Tsdpen](p-cymene) 92 94
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D SNZENTE T, O—NF L— MEKIIN—ZAVER= LV T I VRN A2 AT 58K N—N
FL— FEAR) LRERIC 2— 7 m X — & KRR & LToKEBERLR TS Ot L 72 %, O—
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19 R T LT, RARCTFNEEE N EICH R Z W&, A Al tb=1000 @
FMETHH-TH 4 D TIRERUENTERET D, N—~T BERIR DL EN TR E 5 0%
REFL, RRAT 4 X0 HROENL ) & B GREA R THER. BIUOSICB W TEIEEE R L
mEEZBND,

@) oH OH o catalyst:

P
+ )\ catalyst N )J\ Vi N | By

2-propanol N/.K\l 0
rerflux, 4 min < Ir: )>

o] . O

[substrate] = 0.2 M >98% conv. {L.It
substrate/catalyst/KOH = 1000:1:5 \N._Bu

Scheme 1-9. B AN NRUFMNFZHTHA U U0 LEERIZ L D KEBE G

Xiao HiF, A D7 AL NMAIZ LY AT D C—N F b — b A 2 VIR Z Wz mah=R
IR KEBEELE TR Z B L QW D, 2RO OMATIE, X8R F) =F LT 2 U OHBIRS
W KFIRE Li-A I ORI 22 (Schemel-10) X MU U A2 HWHKRTDT Ford
EICBUS 2 (Schemel-11) (ZiEH STV D,

catalyst: N

talyst
catays -CeHa-p-OCHg

N .CgH4-p-OCH3

HCOOH/EtsN H

C5H1(JL\ CFCHOH .. ;§§g\
80 °C, 30 min Ir

S/C =4000 99% conv. N/ \CI

|
C6H4—p—OCH3

Scheme 1-10. C—N 5 L — h A X U$EKZ V-4 2 U DE T
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CN

catalyst:
0 catalyst OH N
CH; HCOONa CHs Ir\\\\\\
H,O/HCOH 7N
80°C, 1h 89% conv N ¢
S/C =2000 ' CeHs

Scheme 1-11. C—N F L — b A I V5K Z W=7 b DiETT

sp IRFBHNL 1T sp? IREENL - L0 & b TV ARERRLS . @ORBEESIfGTE D 2805,
&8 —sp® IRF & b OEERAEIE AL L U TR EE 76T B2 Hhvd, EBE, Gelman
51X Schemel-12 (277K 9 7¢ sp? IRBHBUL - & LTHO8HAZ G L, 7 b > OKFERBEVE T
FOSZ2@E LTWD A, FEE /i =100000 O5METH > TH BEFICISHAEITLTND Z &
oL Tns 2,

o o OH . catalyst:
catalyst
+ > +

©)J\CH3 )\ 2-propanol ©)\CH3 )J\

rerflux, 48 h

o/
[substrate] =1 M >95% yield (IPr)ZP\Ilr———P(’Pr)z
substrate/catalyst/KOH = 100000:1:5000 cl’|
Cl

Scheme 1-12. Gelman 52X % sp? IRFE A BN T & L THOEEREHW-7 b OKBEBEVRE T
B

R, Goldberg B3, A= 79> KA v FREEY DuA U 2 MEREEEE LI HER I
BB AR W R0 AT VI 2 DK RS & W LT D, T OMER T, Schemel-13
AT E ST, BE YU Lo BRI TSR LD MESEOLRATT TS, B Y Y
> EOBBRIEDTFPEAEOSRATIE L | MBEHFEA LT D BRICH Y, A vz b
BIRDSIR b 5\ ETRE N R LT,
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O 2 mM cat
)]\ + H2 2 CzH5OH
OC,Hs neat

S/C = 5000 120°C, 18 h

cat

TON 363 + 46 309 + 47 16+ 7
Scheme 1-13. EE VU AU DT AEKREMEELE U= X7 VDO KBS

URIORLTE L 912, Bt GEoE#RLE b OB IV UEALF0 o e GPED sp?
RFE—. HDHWIL sp3 AR — @M G Z b O T, mWEILENEZAT HMERN L, Zh
FERALFIZ R > T, @R LOEFHEENM EL, B R REEKROREMERM ET5720EE 2 60
60
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FA4E C—NFL—FEMFERTHEEDOEMERIEHE

AIEIE CTHl 7= &30 | F b— NN DB ICHE DEWE, SERO ST K & 2B 5.
2155, Fro, BN ROVIREBR T2 HOF L— N7 I VEROEEN FTRE CTh L, M
TR E AR A ORI R A BB TEX H EE 2 65,

—75 . BRGRERICET D8R — RE o fEEOMEITAHE BRIV TR b EE B
O—D2ThHD, TNETHEL D C—N FL— MEMROARNRAZLNTVDS 2B, TOHEL L
TiE, B eruftimnze, v o AXZ AL 2500 7 1 A 2 AL 26 2 WD FIERH LTS,

RTVT A, AL ED 10 FEEBABIMATIT, FRoFiEick-T, <D C—N FL—F
PERDBERINTND, —F, 8 k-9 IREBSRZFHLER L Lio—TH% v FA v FRIGERIC
BLTH, FT U RARXZ ML, 7 v X ZAbE -z C—N F L — RMERO GBI BEIZHE &
NTW5, BlxiL, Pfeffer 513 Scheme 1-14 (TR T LT L—r (V78U R) VT=ULHFA
~— BRI T D AR KERRIED b T o A A X ARG AT C—NF L— Mk EZ AT 5

WP LTV D 19, LAL, ZOERMIETAMKELZHEH L WD o mtEoME D 5,
7o ZOAKIRIEZ SR D BRICITME IR 2 W TIRFE — KBRS 20T 5720, 707
a0 hrEATDHCNFL— MER~OBEAPKRETH S,

R._/=— = |
INDaR @R
+ [(#P-arene)RuCl]l, ————» 2 RU + HgCl
[(7 ) 2l2 CH,Cl \ \C| gClp
Me2N | 2 " CHs CHs

Scheme 1-14. [ 7 U A A Z JALKISIZ L D C—N F L — FHADE L

—J7, RERFZAMRETIIANVR=ALT I FRAFDOY 7 v X Z LRI L > T, &R —
AWML C—N ¥ L — M E 525 Z & a@fE L Cnb, #BlZIE, /il Scheme 1-15 (2R
TR, ANVKR=ADT I VBN FE BT 54 Y U0 LEEHEA Cp*Ir[k*(N,N)-Tsdpen] 23 7 /b =2 — /L
N7 = )= VEHDFIET Ty 7 a A2 b L, &R —REMBENDAERT D Z L2 RNE LTS 27,
ZOIKRITEEIOT I RESE L ITRR Y 2— T u ) — L EKERE L2 b OKEBENE
TESMCR L TARIEETH D R CT—EAER LI A X TV A IV UEEIILRETH D, IHIT, =
D7 v AZAERINET v axy (7)) SEROAEMREZR T, FEHEITHEITL TND Z &R
L3N0 TWB,

CoHls-. \@/ ﬁ/
o |r—j@>~ H | ROH H [
6 5
oéo - (YN ) CH”SA
CgHs"' y s
H R = CF3CH; or Ar 6rs /\s 6 O// \\O
CeHs 07 (- CeHs

14




Scheme 1-15. 7 /vaxy (7 IV) $5RERBE L7z 7 a X Z LRGN

T, ANE=NNT I RENFE2HT 5 Cpra VU T LEEKRD 7 v 2 X2 WAVESIE, HEESIA
7T TSR THEE SN TWD 28, Scheme 1-16 12T X 912, fEEZHENIZEEDOATEIL
AU VT LA I REERICK L, BEFEBAEAIEDZ LT, B C—NF L— MNEREZ G
LTW3,

Ts Ts C6H5COOH/2(4 ’ %\
N 1 P
{@i—lr/---\-lr- + CgHsCOOH —= -{(I—”----”/ _L. i) Nair

(e} CeHs
Scheme 1-16. A VT U7 LA I REEKELZEFROINMNI LD V7 1 A% ALK

EEFRAMZERIC I DMELINT S, v 7 a X2 ALOSIZE D=7 % R v FRC—N *

— FMEROERBINTGTFIET D, Davies HIZ[Cp*IrCLL XL N, N— Y AFNRDNT I V%
el U U AFAE R CRLSED Z LIk, 3T I VBN F A AT H C—N F L— &A%
B LTz P, BERT b U U A DIRIDRITE B2 V2RI K> TRl s Tn g 20,
Scheme 1-17 IZ/R T K 91T, ¥ 7w XA ZALEUNTZ v U RESRDBN T AZHBOSIZ K VAT 57
& MERZRE L, FEROREFIRRE —KF-GUNICL b L HES LD,

) N/CH?’ NaOCOCHs, 2.5 equiv
[Cp |FC|2]2 + CH3
CH,Cl,

1:2 t,20h Cfiz CHy

H \@/ =Rk ’/, CH3COOH
e (CHg)oN” H\O(}/ e
(CHﬁ.fo\ @ =<

Scheme 1-17.  Davies HIZ K AHEEET NV U AFE FIZBITF D NN— T AF AR DVLT I D
v a A XAV R

15



—5. TaT v kT I EERTSH C—NF L— MERIT Peffer HIZL W #HESTH
%o Scheme 1-18 1T/ T L 9HIZ, TL—r (V7 rU R) VWF=UAXA~—8RicxL, 7& b
= h UL, NaOH BEOKPFAFIE F T, NPT I VEHAERESEL D F AU C—N F
L— MMULT =7 AEEANELND 3, X510, 20T =0 AEKRIT b O KEBER

TR “ﬁbfﬁ@%mj— EMHALNISN TS 3, Scheme 1-19 (279 XK D DIETCIL
SRR TEIRTH Y, HE =100, 30 43[R O SOGSAE T, (S)—1—7I,An/:c/;z/—,p

% 92%DILETH 2 | %@:f/%w&ﬁ'r 1% 88% ee IZEET D,

H
N NaOH, KPF —
[(°-CeHe)RUCIl, + QQ@ : — %
CH3CN N~ “NCCHj,

rt, 72 h \/K

c\\

4

1:2 CeHs
87% vyield
Scheme 1-18. B F A LM C—N F L — FMLT =7 ASEADERE
O cat OH —| PF
OH  KO'Bu, 0.2 equiv O N e
+ i /
©)‘\CH3 )\ 2-propanol Chy )k /
rt, 30 min L Ra

SIC =100 92% yield SN SNeeH,
[ketone] = 0.1 M in 2-propanol 88% ee (S)

CeHs5
Scheme 1-19. T FF L C—N FL— hLT =0 AEKIC L D47 b o OKEBENRE TG

Flo, BTFFNMEC—NFLU— T =0 AEROERR E RO TIET, A VP LABLUNRY
T AEEHERD T 7 a XA NALKEEIT O &, Scheme 120 127 X9, BE4TH5C—NFL— |
T 2 VA LR A DK FESSSICE DAL D C—N FL— b A 2 U8R E DIRAEMDELND

32

o

"] PFg PFe
N % i
[Cp*IrClyl, + QQ/@ NaOH, KPFg .

RN
CH5CN \ MNCCH; N~ “NCCH;
t, 72 h

1:2 C6H5 C6H5

43:57 (65% yield)
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Scheme 1-20. W FF P C—N XL — "l o U D0 LEEKRDOE L DI

e ERZBEMEEOAHIIFE T N v AZHW T v T 4 v 7 R_XU DAV I VOV B R
ZNVACRINZ LD C—NF L — b U DU LEHRDOGRIEZFAFE L, BilAE 570 K (73
V) SRS T I REER - B FU R (772 ) SERA~DOEHUZ S AE) LTV 5 33, Scheme 1-21 7R
TRV Z7ua A X bHWNET ' b= b U VAT, BT R Y U AFELE R, [Cp*IrCl)s 1%
LT 2YEDORV AT IVEERIESEDLZ LIZLY, HIETHC—NFL— b1 U0 A
EBRPNERILGOND, ZAUTEHE 1HRT I VENFE2FT 5 C—NFL— |k Cp*f U U LA %
HEEL 729D CoBITH D, £l ERBKEDHTIET, C—N XL — ML F2AT 5 Cprr Py
LEPEAB LT L= T =0 LR B ERATRE Ch S, BEE T MY U AZ W C—NF L — |
BEARDERCTIE, Scheme 1-20 (TR L7oA I RO ARMITBII STV, 12, Pfeffer %
FEfgd U o Aa VWD 28T, A I UBMEDAER A A, BRI C—N FL— 7 I RO
BRI LT 5D 34,

& NaOCOCH
[CpHIrCl, + NH, —— 3
CH,Cl, or CH3CN |r\\

o R /
t-60 °C, 20 h N N
1:2 H H
R = CGH5, CH3, H
71-95% yield
Scheme 1-21.  FiiETT b U LAZHWE LN OAT IVEOY 7 A2 U ERISIZE D C
—N F L — U DT LGEERDERE

XD, AHEIE, C—N FL— FMEEREZERT S22 1 2 X ALOKEREEEIZ DWW T HIRGE L T
W5 B, FF FEEET U U AZ AT, [Cp*IrCL ICx L, 2 MEDORU VAT 2 U ERIGE
WD e, RUDAT I UNERF T CHIERNL LSRRG 5N D, 7, [Cp*IrClL], & FEiET -
U hEDRIGTHOLND YT S FMEAR[Cp*I(OCOCH;), %6 (2% L, R VT 2 A EH &
¥5E, TS ML TFEAETDH C—NFL—MMERKE 525, ZNUOO/RENL, C—N F L —
NERD > 7 1 A 2 AL TlE Scheme 1-22 12777 K 912, [Cp*IrCL]x (2% L2 DT I U ENL T
DFCAZENL T B8R (path A) 7>, 7 v U REML & 78X ML OE#E (pathB) /& T, v
UNT XN HECERNL LT BT B X MR E 5 2 ZORETIRE — KEREATEMEIC R Y
C—NFL— MEEANER L TWD Z ENRBIND,
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NaOCOCH, O

[Cp*IrCly]o \ , r
o} OCCH3

path B
CgH5CHoNH, CgH5CHoNH,
path A

cl CH3COOH
\l;\s&
NaOCOCH3
/ \ /Ir\ —L' Ir/
N ClI N°  OCCH3 7N
Ha Ho S N T
HH

Scheme 1-22. C—N F L — FEKEZEKT D27 v 2 X ALOBOGSRER

C—N FL— AU DU LGERTIE, KIBBEISOEERE L ZEZAONDT X FEEEBIUE R
VR (Ty) 5B EEESNTWA 32, Scheme 123 I/R"T L9112, C—=NFL—rErnml K
A VT LEERICK L, 7 ma X2 ol SIRTHEELE LT KOBu ZEHSE5Z LT L
0. 16 BT T X REERICEEARIENEGD C—N F L— MET X R4 U U0 AEEERNERT 2,
EHIT, ZO7 X REERE 2— 7w ) — LRI 5284 T, C—N FL—MEE RY R (7
V) AV VY LEHRICER SN D, KRFEBEVRLRSCSOMBIEEREE B X DT I RESE,
ERU R (7)) $EAOmELZHECEX /-0, N—ALk=/—1, 2=V T z=LxF LY
TIUNHEFEEIND N—N F L— MEER P LIS TIEHD TORITH 5,

; \&& KOtBu ; N\ 2-propanol %&
Ir _—
R Ir R Y, ‘0 R /Ir\
R ’Tj R N H
H H H H H

chloride complex amido complex hydrido complex
Scheme 1-23. C—N XL — K~ U0 LR TOKZRBEN)SOIEMEFETH LT I MR X
Ok RU R (7)) $ERA~DOEHGR

C—N ¥ L — ML FORBIRF S 72 6T EFAIRIL, C—N BIUN-N FL— M7+
EHTANF A UM (BABR=L) AU D7 AEEROFRINGIL ALY R LD i) 58] 5 7 5
TW5 (Figure 1-5), 77205, C—N F L — FMERIIN—N F L — MEHA LD & IR = Vil 7
D CO {HAFHRENC & 2 W AMEEEHANCBRI S TR Y | B0 D VAR = VB ~O i ik 523
<, BRTULDAEFNICEETHD I ERDND,
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Figure 1-5. 71 F A UMl VAR = VEHRDFRINRIL AT SV DHEIZ X 548 EOEIREOR

it
~|BF, ~ |BF4
Ts
< (\ P
CH CgH / \ / /s \
CBH ° 5H \ C\\\ N C\\\
3HH CeHs HH 0] H H 0
R= p—CH3CGH4
ve=0 =2022cm™' < 2030 cm™! < 2052cm™ < 2056 cm™"
electron rich electron poor

ZOMERND N6 E T C—NFL— MEA Y DT AT I REEROMEIEMII NN F L— &KL
ERTEWZ ERWIFFSN D, FEEE, 7 I RERIZHEEAOEBIEE DKW T ' > (pKa = 26.5,
DMSO H1) & b IUS L, ANR=NIED a ffDOWLT 1 kAN, T =1 (7 V) &Ek%E
b2 %, ZORIGIE Scheme 124 12" K O IZHHHTH Y | IRT CHEPBIIEN D, FEEDO
N—NF L — MHATHLT I FEE—T 1 F=/ (T V) $HRMOFHEIIFAET 205, O
EHNL C—N FL— MEEOEE LY HELINSVWETSHY | N—N F L— MEHATIET I NE
BN AR > CT0ND, ZOZEnDBE, C—NFL—F7 2 FEEAIEIN-NFL— 7 3 Rh
WL BIEIEER SV ENEMIT LD,

|
CeHs N
AN
CHs /Ir—e CeHs /Ir—{] T /Ir—e
cHy CeHs ) Colls™ N
H H H

Keq = 26.3 L/mol Keq =2.5L/mol  Kgq =2.9x 1072 L/mol

Scheme 1-24. A VAT I RERE 7T & b o ORSIT X 5 ¥ MR O 2

C—NF L — ML A D o B EMEIC L D2FOEBEBOEFEED EHIZ18FE FE FU F(TIY)
PERICEBIT S RU REN.FOREMOM E2 7632 ENEfE S5, FEBRIZ, C—N F1L—
FEIRIT 2— 70X ) — L KEBRE L=y L OKREBERLE CRIGIZXT L TEWEEZ R,
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Bex7p7'm T I VBT A B OSERZ AL LCHW, 2—T e — ) IR, S
EEE =100, JEEIRIE 0.1 M O&MT, T b7 = ) L OKBERBERLE LG AT o TR A
Scheme 1-25 (27”3, EOFER, WFILDO C—N F L— MERD 1 FEHOMKGT -7 = =/Lx=x
— NV aE BIFRINER T 272, B RU R (7 I) 8K 3a3b 721 TA< . 7 X REAA 2220 X0, 7
2 U REER 1a-1f (2% L CHER A A 7R CTHONXITIERBRICHEIT L, AV VU A BY T AR
FONT =T 20T NOsERLIEEEZ R LTZ, £72, C—N % L— RMEROABIEIEIXEBEF O N—
N FL— MERED bEEWZ EXbhoTz, Ziud, C—N F L — MEEROE R FELF O REZ
PERN—NFL— MEERLY bENZ 2B LR REE X TV D

o OH
. OH Ir cat + 0
CHs )\ 2-propanol CHs )J\
rt, 1 h
S/C =100
a,c,e: R=CgHs
[ketone] = 0.1 M in 2-propanol b, d, f: R =CHjs

+ KOtBu, 12equiv  + KOtBu, 12equiv.  + KO’Bu, 1.2 equiv

1a: 94% yield 1c: 84% yield 1e: 86% yield
1b: 80% yield 1d: 88% yield 1f: 94% yield
I\I/Is
e ir—f) [N\I
R— "\ R /" AN
F N H g N N Cl
H H H H H
3a: 98% yield 2a: 96% yield ~ + KOBu, 1.2 equiv
3b: 88% yield 2b: 95% yield 2% yield

Scheme 1-25. C—N L — ’MEKRIZL 27 s 7 =/ v OKBBENALGE TS
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EoH ABIROBMEMEST

ERO X T, RUVULT I B EIRIC LT C—N F L— NN, AR EOE B
ZED, MEEMECH DT I REMROE MRS FU R (7 V) $SRkokigttom FicE 54
%o ZOMHEMN, C—N F L — MHAPKIZBERIE L L TEHWEEZ RS Z L LBEET L2 &0
B AW TIZ C—N F U — MEKOREAEFIR Lo, i e O 2 HIEL T b, £z,
HFTENEZR C—N ¥ U— MEEREZ G L, REMBSUS~D R Z X - 7,

AL 6 T & ERIEL L ORI DR ST\ 5,

W1 ETIIFM & UORIZED B E Rk~ 7,

92 B DKFRBEALEE & R OB GAEERIC X D8 2 87V 2 — L OBEERR YL E) T
1. C—N F L — MEKOKEBEREL E 2 BT Va3 —1D Tt IMISIC L > TEMMiT 2 L & %
(2, BERIC L D RN = 2 7 VAL & LA do 8 T Bh RO BE B 6 22 0 i~ oD ) % 5 72,

IR IEFEEC—N XL — N U P AHRIC L D7 b OARFECKNCB T =) T
ABMEOHIE ] T, HFHEE C—N ¥ L— RMEERZFHTICER L, 7 N OREKEBH IR
TESZ BT D AREBETEES L= v FABREERBE L2, SHIC, C—N F L— hMEKD
Rk & = FER OB SV TER LT,

AR (DT A MEC—NFL— b UV T A 0T AHROKFCAMBEAE ) ik, AR
RFASIE~DHHAZ BT Z L 2 HE LT, C—N F L — MEKRIZ L 20 FIRKFEOTEMAE
ICOWTIBR L7z, &bic, Gohmidzsd Lic, A 2 U@ eito= b Y VO KFLOE
~DOREMEZX ST,

WSsEITeT v T I C—NXL— b U VT LEEEAWD “B(LIREDOKBZBETRLE
JCEOG] Tk, C—N F L— MEROEVIKEBETEMAZTE LIS E LT, ZBBIRFEDOT v
a— VxR KRFERE T DB E BT LT,

55 6 T CIIAMIERUR A FE L7z,

WiEE [EFRT I VOV 7 a A X MUERISIZE DT C—N FL— h A U D7 LEERO Gk
TIE, 78 b AEOEWEEET L VO Y 7 v A Z AL LB FRART P A Z T YA 7LD
BRI DWW THFZE LT=,
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B8 #5

B AL BN T, R EE RS 2l T L a— U b AR T T LEALT v 7 T a
JD1OThDH, TOEBERELERIEO—F & LT, KSR CHDH U X—BIZ K D01k F
B 2T A2 W 7% ROF 2 T v a— L O E R SEIR M SN TWS, 2D
FIETEREFAENEL . EHNR L VUZEL TRV IEFEICAHRTHD |,

U 8—F OREEIE 1990 4E1C X SR EMRITIC K » TRIA S, RS R HEE S hTnb 2, Y

PNR—=BOFEMALF NI 'Y VB AF DU T ARTX IO 3 SOEIETHER SN TE Y | Scheme
2-1 [RTHEME T, WVIR VBT AT VDK GRS DS TH D T V3 —/L DT AT ALK
JREAREET D 3, AT ILEISTIEE T, 3 2OT7 2 JBOKERKEEZNMLTRY v EROE
RFa o VEORBIEREE 0. T I ALBIO D VR = VIR, T 5 (A-B), T O, BE
MNT AL S TR C BE T 5, Z0%IZ, FEO T Va3 — L HBHERD T 2 VERNIZ SR
B LHZ LT, TATURERT D,
—fRIZIE, VR—PBIZ L2 EESFOXT T ¢ —OiR#kIL. Kazlauskas DERNIHED Z & 238
BNTND Y, RERBHRIZEPEREL D VNS WEHREZ LOT LV a—VIRERNH D L &,
U =802 DETOZEBRICEREOKE S2H5bE D L HICHENIE D Z & TxF v F 4kl
DITOIL, RAKDAERM DS @R - E@EIRICE S5,

Asp Asp
Oko 0 Oko
© [ R1\ )J\ © [ R1\
: 0O R : O*ﬁ
oA -H-0O : Rz
H~ N: SN Ser05 H-N G @ N’H “Ser05
His?24 His?24
A B
L
Ry O Rz\
Asp'87 Asp'87

g PN
O @)
0’570 &er o0 Rivg L
H A H0 H Ay Moo
"N N1 Tgep105 — NN "Ser05
Hig224 R1OH OH His224
D Rs™ Ry c

Scheme 2-1. CALB D A7 LA i Ok
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LvL, ZOFETE, 78 IROT Va—O—FORPERWICKIGET D720, AT L
KOWEITRKRTH 50%ThH Y . RSO T NV a— VIEERKFIER L LTS, 22 TU 3—
BIZHAE LRWT L a— L% 7' {bIE 52T ENTENIE, 7TV a— L& EENICE TR o=
AT NNEBHS D Z LIRFREICIR D, 2O XS o FA~—DT v IR EMAEhET
Scheme 2-2 (2783 B FEFR A YE T 0% (Dynamic Kinetic Resolution; DKR) 73 Z 4L E TITHFE S 4L
TW5 3,

O
QH lipase ROJ\CH3 )OJ\
RIOR? fast /O\ CHy * ROR
R'"” "R?
metal cat
o)
OH lipase RO)J\CH3 j)\
RIVNRE o T - i CHs + ROH
R" "R?

Scheme 2-2. &JEAHEIC L 5D T AR EERIC L D= AT NS OESHBSRICE 25 2
T V3 — )L OB R T4 E] (DKR)

BRESEERICEDE 2 T Vva—10 T MRS EBERIZL D= AT UG EAE D
- B EERR L 740 E] (DKR) 1%, 1996 4EIZ#)$D T Williams 512 & 0 #ifs 41TV 5, Williams
BIXE 27 v a— DT & I{EEUSITH D72 IR RE R (Table2-1) 2% &I, BEEIF T
MR =2 T v FIAHIET DT IER1 — 7 == x 7 ) — )L OB EE R E (DKR)
ZRID T Lz,

Table 2-2 |Z/RT XL 91, T =0 AMillllds L O a o0 ABLOFIE T, SFEET AT LR
50%LL EOINRTHE LN TEY, DKR BNETLTWEZ ER¥b0nd, LavL, TV =7 Al
Al(OiPr); & W2 IRFIZIE, SOCOBIRSMEDRLETH Y | AR O F o FAIEIRM S 20% ee |2
Ll FEHoTND, 1Yy Al Rhao(OAc) 2 W 2358121, 98%ee & iV o) 0 F A @IRME %0
L7z, T8 I DIEEN+75 TlidZe <. 72 FERE OISR CTH 60% DRI E EF - T
W5,
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Table 2-1. Williams 5|2 X Y @& SN2 EB SRR L DHE 2 /7 va— o F & MBS

cat, acetophenone
o-phenanthroline, 0.06 equiv
OH  KOH, 0.2 equiv OH

CeHs)\ solvent, reflux CGH5}\

catalyst/acetophenone = 1:1

catalyst S/C time, h solvent® % yield % ee
[IrCl(coe)]> 33 24 CH:Cl, 70 8
Al(OiPr)s° 5 72 CeHiz 80 0
RuCly(PPhs); 33 48 CHCl, 71 51
[RhCl(cod)]> 33 72 CHCl, 69 39
Rh2(OAC)s 33 72 CHCl, 69 39

2 The reaction were conducted under reflux condition.
b In this case no potassium hydroxide or o-phenanthroline were added.

¢ catalyst/acetophenone = 1:0.35

Table 2-2. Williams & XV #5 SN 72EBRSRIEIRIC K D5 2 #7 v 2 — L O BEhEEHE iR LS

53|

catalyst, acetophenone, enzyme o
o-phenanthroline, 0.06 equiv )J\
}Oi j\ KOH, 0.2 equiv Q" CHs
+ = PN
CeHs Z0 CH3  solvent, reflux CeHs

catalyst/acetophenone = 1:1

catalyst S/C enzyme  time, h temp., °C % conv. % ee
[IrCl(coe)]>? 33 PSL¢ 96 60" 91 2
Al(OiPr)s? 5 PFL® 72 80f 86 20
[RhCl(cod)]> 33 PFLe 144 508 76 80
Rhz(OAc)s* 50 PFLe 72 20f 20 98

2 Base activated Amberlite was used in place to KOH.
No added KOH or o-phenanthroline.

¢ No added KOH.

4 Pseudomonas species Lipase.

¢ Pseudomonas fluorescenes Lipase.

fConducted in vinyl acetate/cyclohexane (2:1).

¢ Conducted in vinyl acetate/CH,Cl> (3:1).
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* D1, Bickvall’, Park® <ofthd 7 /L — 712 Lo T, Shvo $E{KCMDBEE T 5 /L7 = v AghA 93
B2 RT3 — L OBREERIIEERENCA R TH D Z LR LN o> T D, LR T, %
nH 0 ) HIRER B E 2 DEY EIF T, ZORERIC OV TR %, Scheme 2-3(a)lZR L7=f6iliX
TR 2 A S D0 T8 F 7 = ORI E S O SIRE N LETH S T,
Scheme 2-3(b)IZ/RTHI T, =i T, HLNITSUREST LTV D05, AIEERTERIA ) & Al S Ml
ERAESEDTDITHEOTRMBLIETH S *, ZOMDE 2 7 /L= — /L OB I E 5y
FOMWMER]Z Table 2-3 ICFE L DD, T OOEBRHERIEFZSEITIINTNL, 78 (RIS
RSS2 WK ORNMNLETH Y | WEORMMEH D,

(@)

OH OCOCH; Ru cat, CALB OCOCH, OH
}\ . /@/ acetophenone P . /@/
S/C =50 3 equiv 70°C, 87 h 92% yield
>99% ee (R)
CALB: Candida antarctica lipase B
Ru cat: O-K-0 ph

£ Ph Ph}
Ph Sk Ph
oc Ru-p-Ru-co

OC CcO
(b)
Ru cat:
OH Ru cat, KOC(CH3)3 OCOCH; o ! R R
B CALB, Na,CO3 : Rl%&
+ )J\ 5 + oc_
CeHs CH3 OCOCHj3 toluene CeHs CHs )J\ \leo R R
S/IC=20 1.5 equiv 25°C,3h 95% yield OC/ \
>99% ee (R) Ro C(;'HS

CALB: Candida antarctica lipase B
Scheme 2-3. Bickvall 512 & 0 &5 SN 725 258k 7 /b 22— )L OB EFR A G55
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catalyst 0]
OH 0 CALB i
CgHs ’ RO”™ "CHz toluene O Mo+ ROH
i acyl donor CGH5/\

entry catalyst S/C acyl donor temp, °C  additives time,h %yield % ee

170 A 50 PCPA 70 acetophenone, 87 92 >99
lequiv

28 B 20 PCPA 60 0, 1.5 mol%, 43 96 >99
NEt;, 1.0 equiv

3% C 33 TFEA 80 NEt3, 1.0 equiv 45 80 >99

4% C 33 PCPA 80 SN 45 80 >99

I I

, 30 mol %
acetophenone, 50
mol%

5% D 25 IPA 25 KOBu, 5 mol% 30 97 >99
NaxCOs3, 1.0 equiv

67k E 20 IPA 25 KOBu 5 mol% 3 98 >99
NaxCOs3 1.0 equiv

794 F 25 IPA 25 KOBu 5 mol% 24 94 >99
NaxCOs3 3.0 equiv

g8e G 25 IPA 25 Ag0 1.0 equiv 6 98 >99

9% H 20 IPA 25 K3PO4 1.0 equiv 10 97 >99
molecular sieves

10% 1 25 IPA 25 K3PO4 1.0 equiv 20 99 >99

113 J 25 IPA 25 K3POy4 1.0 equiv 20 99 >99

Entry 2 PCL (Pseudomanas cepacia lipase) as enzyme and CH,Cl, as solvent were used.

Entry 3 LPS-TN as enzyme and [BMIm]PFg as solvent were used.
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O-p-0 Ph N
pn<E< Ph Ph} Ph Ru
Ph PhsP ™/ \
oc RU\H/RU ole} cl
oc PhgP
A C
Ph > Ph Bn gn
Ph NH Ph Ph Bn Bn Ph'if:%;Fh
PR I Ph PR | Ph Br | Bn Ph e,
/RU /RU /RU 0OC”/ \
oC”/ N\ OC™/ g OC”/ N\ / g
oC ocC ocC PhsP
D E F G
Ph Bh Ph Ph Ph
Ph Ph OBn Ph OBz
Ru Ph | Ph Ph | Ph
oc” Ru Ru
/ OC” /Ny OC”/ N\
oC o oc ocC
H I J

Figure 2-1. Table 2-3 DA

C'\©\ o) o) )\ o)
o)J\cH3 CF3/\O)J\CH3 O)J\CH3

PCPA TFEA IPA

Figure 2-2. Table 2-3 O 7 3/ /LAl

Figure 2-1 [ZZ8 7oV T = U ABEIROMIC Ak % 70 BB BESENE 2 7 va—1rDF7 & Ik
fibf & U CRERET 2 10 FRIZ VT = U MELISMT & A U U0 LSRR, N U T AEEIRICEI L T,
Tt b & = AT ARG E B G DETE 2 T L a— L OBEE RSB RE Sh
TV N, LaLl, GRESEEAREMTTEI{LENZA L TNTH, BEREST VHEAIFIE T Tk
& B EEIRCIERE O RIE O ATREME D B D 72 BIEEE RN ENCE A T 2 IR 5720,
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—Ji. Ta—=) S b U OKRBBESONTA N IR T I VBN AT D SRR G & T
NTNa—D7E IMLEENEZRT Z ENHLILTND 123 21X, Sheldon o % Scheme 2-4 |
RT RN, THRINVIBN-ANK=ANDT I VBN T2 /T 57 L— 7 =0 LKL VT,
S)—1—Txz=xZ ) —NDT7EIMEKIEEIT>TND 12 ZORSTIE 70 °C &2 IS
HERMETIXH DA, 24 KR LAWNIC 7 & IS 5ERE L TV b,

cat:
Ts
cat I
OH  KOH OH [N\R/
a
CGH5)\ 2-propanol CeHs}\ N~ \CI
sic=100 (0°C.24h 0% ee H H
cat/KOH = 1:2

Scheme 2-4. Sheldon HIZ X VG SNTZFE 2 /T NV a—LD T IEKG

F7o. MERZAMZEE T W2/ 7 = U LIS X 2002 2 7 v a— D7k R
(LEOSC BN 7% L— b T I UENLFDOERED T 5 120¢. Scheme 2-5 X° Scheme 2-6 (2779 &
DN, wREEEA, BT, M) SR CARETEMEARE 2 A pl S B 5 o Rl o i Tl 72/
RAT 4 VEMLA- & Cp*vT =0 AEEIRZ LA G D T2 AlR 23 30 °C OIRFIZ2 54 T HIEMHEZ R
L. 1IN 78 SRR 5ERET 5 Z EBRME ST 5,

OH  cat OH ligand:

PN /TN SN
CoHs toluene CoHs (CHa)N~  NHp  (CeHshP”  NH,
s/Ic=100 30°C 1a 1b
0.1-05M

. * . t /7 N\ /7 N\
cat: Cp RuCI(Cod)/Ilgand/KO Bu (C6H5)2P NH(CH3) (C6H5)2P N(CH3)2
Cp*RuCl(cod) /ligand/KOBu = 1:1:1 1e 1d
ligand t@ h  ligand t@¢ h
1a 22 1d -
b o le. 13 (CeHs)P NH; (CeHs)P - NH
1c 24 1f 12 1e 1f

Scheme 2-5. 7 X VEMNLART X VAR AT 4 UENLF A AW 2T v 3 — 1D T & B
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OH cat OH
X ligand:
CeHs~ >  toluene CeHs
siIc=100 30°C,24h N /TN
0.63 M TsHN NH, HO NH,
1a 1b
cat: [RuCly(hmb)],/ligand/KOBu
Ru/ligand/KOBu = 1:1:2 E— o
HO NH, CeHsS NH,
ligand % ligand % 1c: E=CO 1e
Igan b ee Igan o ee 1d E = SO2
1a 76 1e 91
/TN /TN
1b 14 1f 7 HS NH HS N(CH3),
1c 58 19 >99 1f 19
1d 86

Scheme2-6. 7 X J FA— VBN 72 ED XL RIEANL & FHWTZE 28k 7 v a2 — D T & IO

5|z, Pfeffer 1% Scheme 2-7 [Z/R T N— A F AR DT I UonbifEiInNs C—NFL—Fk
NT = LEERER WD) — 1 —7 ==L ) — DT % LGz HE LD Be, ZDK
I T, IR THSROCIENET L, 1 ETIRE T IRESMIELNL TV,

cat cat:
OH  KOH OH | PFe
C6H5/J\\ 2-propanol C6H5/§\\ =
N

1.0M 40°C, 1h 2% ee N/ NCCH,

SIC =25 H CHs
cat/KOH =4/5

Scheme 2-7. C—N XL — fLT =0 ASEKICK2H 2T Vv a—1o 7 (b

T IV FEAT HEBRSRBIERIC L D8 2 BT v a— 0T & I{ERUG I Scheme 2-8 (TR
SNDHAN=ZALZE>THEITTDEEZOND, T, 16 EF7 I REEERF I LT L a—L
EWAKFERATHZ LT, F hUBAEL, 18 B RU RT I UEEA~ LB SN D, Z Ok
T, FH2HBT V= VOSAREEDE N KDL D, TX I 07T I V2o U REEER
X, 7aX I A L CEmEIREEZ RS e, 207D, B RU K (7 V) $ERICK
HABILTELAT Na— LTI BIRKE RS,
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R'IJ*\RZ R1 R2
L\ v L\ &
M M
N o N H
H OH 0 H H
L=N,P,S,C, ... B8
M = Ir, Rh, Ru R1™+"R? R!” "R?

Scheme2-8. 7 3. /7 3 FOMAELERIIIESSE2H{/RT LVa—1LDT v (G

T 22/ 7 X RO EZERD FTRE 7R W23 RE AR A2 V72 T & KOG I, Scheme 2-9 127”73 &K
DN SERTEIRAY = 2 7 VAL AT RE 72 S8 & A7 S W72 88 2 k77 /L = — L O B A B R A Y 7 o0
WCHISHENTWD 128 Scheme 2-4 T/RLTZE/ ALKV T I UnbLBEINHLT =T A
PERD VDN TSN, WBE D7 b > OKRFBENE TG EM S DL XY &iio 70°C T
RS ThodL, 48 Kt DX T /L= 27 )L DOINERIT 76%12 & EF - T\ 5,

cat cat:

cl Novozym 435 9 cl Ts
OH o 15 moi% TEMPO L N
}\ + JIg O~ "CHz+ N
CeHs 07 “CHj toluene B OH Ru
SIC = 20 3 equiv 70°C,48h CeHs H,N\H Cl
76% yield

Scheme 2-9. Sheldon 5 (2 X V) #E X725 2 k7 Vv 2 — )L OB R EE G Y20

Pfeffer HILWHZEHEREIZ L D— a7 L a—LD Tk MUK E T AT WAL LIS OB G
ERLIA B - B BRI B 2 A LT D B, Scheme 2-10 (2R X 92, A F A M
C—NFL—hrAUTTLEERIZT, p— T La— DI IMRISICHENITHY, 1—7 ==L
X )=V EEEETLHHEG 0D bEWEELZ T, 51T, Scheme 2-11 (TR F L 92, BM
e R yxiRF v —1E (HheCC153S W249F) % W T, f— a7 L a— /L b FEEMER
TARF T R~OEAHE R EI N HmE STV D,
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cat PF6

CeHs CeH5

toluene
0.67 M rt X = H: 3% ee (17 h) HNCH NCCH3
S/IC =20 0 3
X =Cl: 4% ee (0.5 h)
cat/KOBu = 1:1.1

Scheme 2-10. Pfeffer HIZ LV HE SN C—NFL— A U LBERIC I AE 2 /T Va—L

D7 LS
(1) cat/KOBu = 1:1.1 (S/C = 20) cat: _j PFg
OH toluene, rt, 6h o %%}&
CoH A c6H5/<‘\I Ir
65 (2) 50 mM HEPES buffer N/ \NCCH
HheC C153S W249F 90% conv H CH, 3
BSA, DMSO, rt, 16 h 98% ee

Scheme 2-11.  Pfeffer HIC KV HESNTZC—NFL— AV PTAERICE D p— a0 T L a—
LI B ERTEME 7R TR % o R~ B EE TR i 6 5200

IO X ITEBERIERIC X DTS 2 TN IO T LG E BRI LD AT
MV S A LB D T R L 25 2 T L 3 — L OB R EERE A B 3 5% < A b
NTWDHD, BESHROTEMEAMEN 2 &M, RS, MR 72 = 2T ERERLETH
5L EDEL ORERDH Y | B, FHSEM T CEWEE AR TEAMBSR OB ICIEE ST
WR N, HEEMESRRITAERR T 2 = AT L D GOl R DOIEMERS KON IR T S5 E R & 72 b
BFo0, 1FEAEDT & I IEMREZ R T CAER I TCDITHEEN VAL > T D,

Bl ECTRLEEIIC, RUVUATIVHEKD C—N FL— U TP T ABIOR VT AR
IZ. 72 REEREE RU R (T XV) AR OMAEERKSEERE) 1L LT, T/va—L—7 kv
MOKFEBESISICE LT, BUVEEEZRTZ EN 0o Tnd, £, 2D DKERZEIED
TEHERCTH LAY U7 LEEROHEEES FRETH 5,

ZOXH MY RARE 2, RETIES FEOETICE LT, MUWKEBEEEE G257
XFINRC—NFL— U DT LBINr VT LHEAEZ WV, HEEE 2/ T Vva—1rDTk
AEREA ZFHE L7z, S BHIS, 78 I(UBUS E MK ERESE (U 8—8) 12X D= v FARRE
T AT MUBUG % LA ot T B B R A Y20 B 2 it L7z,
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B28i C—NFL—F7S FBAZAVE-EEERE2H7LI—LOSEIEER
s

B1ETHRAZEBY, C—NFL— MHAIN-N FL— M MEHAL D b7 b OKEBEALE
TG OfE & U CTEWIEME 2R T 2 EBH SR> T D, 20D C—N F L — hMEROE K
FBEENCEBL, Cp* 7 I RV P ULaBLIOr Yy A KEHNT, R)—1—7 ==/l X
J =N DT S E R T,

THERINIRC—NFL—FT7 I AU DT LGEER 2a B KV 2b 13, BRICERIEDRHEL SN TN D
7o, ZDOFEICTENVERL « BEEAZATV, BSOS Wz,

FHALEM THH T I Fr YU LK 2¢ 1X, AV U0 LKL FRRICE R Z RS T, RIBAT
OO T I 7m ) Favy AER e ok LT, b A F L omsip, L LT KOMBu %
FIRTERHIEZE ZA, WROBNA L ahh, 16 BT X REERICEEI 2B WEEa~ L
BN EAL LTz, ROSREW 2T T CHalEl L7e#, P F Lo — 7 WEE S E, ARIC LY
WEBRE Lz, TO%, WEZBIE T TR ET D L, REOEKRBEL NN, BBROKITH LT
REETHY . HREmEREC LRI TE R Tz, D0, UTFORIGETIRZ 0%k RE
TIReYyLpHAL LTHER LT,

T IV 20D AFIEHRIEEETSHC—NFL— 7 2 Fa v L484A(M=Rh, R=CH;)
B LT HRBRD HIETHRZRATZN, 5K 2¢ LV b X HITEEHADOLEMIME L | L Tz
BLOVZTF L =T VM OBAEDO B T, SEROENEL L, 7 I REfKR L B 58D H
KEB/DHZENTE ol

Scheme 2-12 (\Z/RT X 9727 ¥ T /078 C—N FL— h7 2 R¥EREZ AWC, WE =100,
MLz FERE 0.5M, 30°C DM TR)—1—7 ==V & ) —)L(>99% ee) & N Z )i % 18
L7z, ¥ T H T L58E LEEERRIK a~ N7 771280, RISHERESHT L, 7/va—u
DHFAPE DR A 2~ T2, E DFER % Figure 2-3 [Z-7,

OH  cat OH
CGHS/\ toluene CGH5
>99% ee  30°C.2h  2a;58% ee (2h)
S/C =100 3% ee (25 h)
2b;47% ee (2h
10/2 ee§14 21) 2a,M—Ir,R_(;6H5
2c; 2%ee(2h) 2b; M =1Ir, R = CH,4

2c; M = Rh, R = CgHs

Scheme 2-12. 7 ¥ 7 /L7 C—N ¥ L — h7 I FEEREZAEE TR —1— T ==L % ) —LD
7t IbRUS
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Figure 2-3. (R)—1—7 ==/L =% J—)L DT IALEUNT BT 2 MBS  Heig

72 KA U DT AR OMBLENME 2 BT 5 72010, RUSHEER] 2 B O & bl U 72
R, VAFVERELZ SO 20 DT T & IBUSEH S EIT L, 47% ee £ TR T L72DITHf
L, V7 z=)LEHIEE DK 2a TiX 58%ee 10 & EE o7z, $5K2b OIS TIE, 14 B2
1% ee ([ZBZE LT,

—H. T RaY LR 2e 0T IMEERIZT I FA U U atkiR2al L 02b L0 &<,
FOGHR 2 BERILANIZ 1 — 7 == v & ) — )b D T & LSO TERE LTz,

Z OFEBFERITENIABRR C—NF L— b7 2 REEANERZ O WS TH > TH
MR 2T N = L RN T L TE D L AR LTS, FEE AW E LT
TP OEEZ AT DI F A MEC—NFL— 7 2 RuR I $RIC L B FI0NHE SH TS 13,
Scheme 2-10 IZ/R L7220k 7 S VKD D F A LMEC—NFL— b A U V7 LeEA LK 20 D F
Y LSS OB R A e+ 5 & 8K 2b D3 X 0 IRIEREE o W IR iR IC BTl
RPITIENRFERE L TEY . miEHETHL L2 5,
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E3H C—NXL—Fra)OOLERKEETELRY /—EFZRAVSBIMNEERMNLSE
PR K EAAEEFHETRATILER

A CIE, C-NFL— T I RS U VT ABIOT I Ra v v AfER, FHSEMAICBNT,
T/ T RHEERIZESSE 2 7 va— o7 Iuiit s U CiEEE2 R 25
M LTz, £ ZTWIZ, BRMBE (C—N L —h7 2 FEHAIC L2 2 /T va— 10Tk
SAERUE) EEEEG (V=PRI L 2= AT AEHNE) ZlAEbE, T8Ik 1—7 ==
NxZ ) — ) OBRBREGREE T A ENC K 2 FHERET AT VDB AR T, T AT LV OHERE)
Kom EEXLD BT, 78 I KRS (U N—E8) &7 v AbLRIOREEST L a—
IVDPRFEIZON T e R E A RRE LT,

Z® X 97 Chemoenzymatic 72filifliATlZ, Farm, v a~FxH . 47 %78 OIEMmME
WL CROGEAT ) 2N, £lo, ~a bl UAREE, =—7 VER ETHL#EHEETH 5, DMF
RV VU EOMMEREET S ROSFITIME STV A, L LEEERICIR b EH F 0 —
) CIE 720 4, SERRMEIRBE O o CRuBRI R &« 7o VB 2R 2 Z E R CE | TENRISRIC S
THEBZOLND MV U B RS TIPSR & U TERIR LT,

B2HmTNa—nDOT AT L TILH STV 5D Candida antarctica lipase B (CALB)Z 7 7 U /L
FEECEEL L2k (Novozyme 435) FVN, T & IAbAidiiE 2 kbl L 7245 B % Scheme 2-13 (2
R, R E LT C—N FL— F7 X RESARE CALB OMAKDOEDOLEMET, HHE flllit=
30, [EE{LEESHE (CALB) Z3E 1mmol H7-V Tmg A, ML UEEEH, 1 -7 == x X ) —
NVEBER T = =v (T VLA OREEZZNEI02M & LT, 30°C 2BV T, 6 RIS &1T
STz, ISR DO A A v~ 7T 7 ENFEEED T LR Lc@mdiikikrs a~ 7771285
OIWTRERIN G . KT DT AT L DILR L o) o F RN 2 i~ T,

ZORER, WFNROT I FEHEYL . 99% ee LA EDIFIEERRSMAEIRNE T, RIEDOT 25 U b/E
B % 50%LL EOUHETE 2 7, Rifi T, SEREMESR 2 7 v a2 —1 0 F & I{LEET) D IR DERIC
ROEVIEMEZ R LIET I Fr Yy AR 2¢ WD & = 27 U LIROILERIE 81% T o 7273,
AFNILEFTDHT I KA U DT LG5 20 OIS EWIEE (88%) THIAERM TH H(R)—
FEli— 1 — 7 2= V= F N AT Va2 72, 72, 72 REERORBRAETHL 7 1 ) R 1b &
1.2 B & D KOBu Zfitfit & L THWHEIZIE, = AT UBIRDIERIT 70% TH D . 5K 2b LY
B AR PEDME T L7z, ZAUTERZ M FITEHET I FESERZ W 2 AR OEAMEE R LT
W5,
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cat (0]

OH 0 CALB, 7.0 mg I
At S O~ "CHz + CgHsOH
CgHs CgHs0” "CHz  toluene, :
1.0 equiv 30°C,6h C6H5/R\
SIC =30 -~ eq
[alcohol] = 0.2 M
cat
CoHs N/Ir}[@}‘ CH3 Ir*j@}* CeHs Rh1>~ CHs N/ \ ! N
H
CeHs i CeHs CHs
2a 1b
+ KOC(CHj3)3 1.2 equiv
% yield 81 88 81 70
% ee >99 >99 >99 >99

Scheme 2-13. C—N L — 7 I R$HRIC XL 28 2 7 /L o — )L OBhEE B3R 065245 E)

WOIEED RS T I RA U U LEEER 2b & filiih e LTAFTE HH 4 O 27 VAIK
O3 IRIESR 2 AT, [EE(LBER ORET 21T o 7o, HRHEOHREH Y @ﬁ%ﬁ@?ﬁ‘i(wg)!iﬁfié
D, BONEIR —EEOMHFEZ DT T2 70, ZORIER, entry 1 ITRT X 912, BERTEMEDR b W
acrylic resin (Z48FF U 72 Candida antarctica HR OBt (CALB) 23 b = WER CTHEBM % 52 72,
Z DM OBEHEEZ AWTIGEICE, ART 2T AT VO F U FABRIEIXIZTRETH DL DD,
FERIEPE(U/IZE» T, = AT VDAL FEMET L7, LT ORETTld, acrylic resin (ZHEF L 72
Candida antarctica HR DR ZIEHT-0 7 mg HOTRILZIT O 25, VDR O &8 EE

N TF B CRIGE FERE ST LD+ EZ 2 bhvd, £/, BB LBV | RESITES
ISR Z R L, ~A T =AW TH D SIKOT AT VT HPLC o THill 92 Z & A T&E 2
N,
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Table 2-4. [EE(LEEE OFEEE & KO MET

cat 2b O
OH O enzyme, 7mg IS
)\ + L O "CHz + CgHsOH
C6H5 C6H50 CH3 toluene, /:\
1.0 equiv 30°C,6h CeHs™
S/C =30
[alcohol] = 0.2 M
entry  lipase support Ulg yield® (%) ee? (%)
1 Candida antarctica lipase B acrylic resin 11200 82 >99, R
2 Amano lipase PS-D1 diatomite 848 39 >99, R
3 Amano lipase PS-C1 ceramic 1387 46 >99, R
4 Lipase from Pseudomonas cepacia Sol-Gel-AK 47.4 2 >99, R
5 Candida antarctica lipase B Sol-Gel-AK 2.2 <1 —_—

a) Determined by GC analysis.
b) Determined by HPLC.

WIT, T bRIOTEEZ 2 2 THiEr L=, Scheme?2-14 12T L9510, 1— TV ==)L=H ) —)L
ETUALAIE D AT VAT FEARRNC AW R TH D . 7 VLGRS O LB 23
PR ET AN D D720, TN EROBIIIEFICEZE TH 5,

OH O

0
)\ + Py O)J\CH;;
CgHs RO~ “CHj o )\
6r'15

Scheme2-14. 1— 7 ==L X ) —)L & T I IUALH & D= 2T )VASHA e

+ ROH

552 8TV 3 — L QBRI EERRA G E T, BERE D mWVE UL A § O X7 /L=, Scheme
2-15 (2" & D 7R IR Wi 72 = A T VARG ST 9D = ) — )V AT OVERD BT T Lou Ak
HARE LTHHNTWD, BIEICEEST D7 VLG E UCHEE Y = = VHH, & & L CHERRA
VRN VROFER T R B =L E T VWAL UTTRGET LT, BEER A Y e R i b7
oL HEEET R B =0 B IR = T LN FE R IIZ RIIAE T D
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Scheme 2-15.

1—7z=) & ) —)Lbx ) — )L 2T )L DOIER W= 2T )L ASHAR

TR I LCTA Y P AT S REEAK 2b 2 N

. Rl =30,
HE 0.2 M, 30 °C D&M T T, BIREEHIEEE

frxzm ER
ForE| AT o TohE % Scheme 2-16 (2787,
OH

cat 2b O
CALB, 7.0 mg L
c }\ + acyl donor = O CHz + ROH
6H5 . oluene -
1.0 equiv 30°C, 6 h CGHS/R\
SIC = 30
[alcohol] = 0.2 M
Cl OCOCH
QB i Q...
Id
acyldonor 0~ “CHs 0~ “CHs OCOCH;
% yield 89 82 68
% ee >99 >99 >99
N
8, AR 2
d P I
acyLaonol - ™"~ >cH, 0" “CH;  CuHsO” ~O” “CH,
% yield 52 50 25
% ee >99 >99 >99
Scheme 2-16. 7 > /UALAI D Bt

FREINRETH D Z LnbhroT,

Bl 7 =)V, it 2-7 n o 7 2= 12—V T8 v _UB 2T VbR E L THN
T B iE, TR e = AT VIR ZE VI 89%. 82%. 68%INZR THF B AL, BRI EEFR L

Wife 2— 2V DL ZHWE5A100E, BIE T2 AT VORI 52% ThHh o7, ZD L&, 4
B DY ERE 1 99% ee LA EOEIRMET RIADZ AT LN ELNTZDICK L, REJGD T /L 22—
=

JNIIFITRBIZSIKTHoT-, ZDOZ LiE, Hifg2— BV O HDHWFEIET D 22— Fefd v
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VOURT I REERICE D 78 IO EEL, V=B LML TWanZ &2/ RLTWnD,

FElg A Y 7 _X= a7 UEElE L THWEZSGA TR, BRI E T 20 FAEME= X 7 L OULERX
50%2 & EFE ol Bl Y T X= a7 UbHlE L TRHWEEER TIEs b —= ) — LV AEE
A E VRIS & LT | b UDERRT D, AR LIET & AT AT VWS IZ BB
52 &L AN FIEE ATV E B 25 2 ERMIFEES LD, EBEIZ, Bickvall H23HA
U7 iR Tl BEfR A Y e =z 7 bRl e L THWERET, AR E T 5065 E T 2
TNV BIFRINERTH 2 TWD 7, L L, ARAMER T, AR OULED 50%E WO R Th -
7o SONEIEDITA 7 v~ 7T ZIZRD0WRERN G, BRVERYOF 7 V227 v EFEEO 1
— T =)V X ) —)VDOMIZ, TR N7 = UNREEN T, Scheme 2-17 1273 X 91T, Afih
WRATIIC—NFL— AU DT LEEROEVKEBERIICLY, BIET L7 & b dVKRZE
RELTHE, |- T==Vx ¥ ) —LalkERIL, TR M7=/ a2 52D 7 0t 2A05E
L7ZAE R, BUSIEERME O e ol b B2 Hivd,

cat O

CALB I O

OH )J\O
cng)i\ " O/M\CH3

OH (@] cat (@) OH
+ +
NP G Y PN Py
Scheme 2-17. i1 YV 7 aX=La2T7 2 ULAIE LTHWEGED T2 F7 = /2 UV EKRT 518

2

FEAT b = E DT AT AL, £ LD 7T o7 v H— Bt L, BT /L
BH 25, TATIIT R B3 ERD . C—N FL— b7 2 FEERIC X D KRFEBERSICITE S
L7pWeh, 1= T 2= ) — VOBKRBILIZ L DT N7 = ) COARZ K TE 5 &
FFESid, L, EBRIZIE, BRE T HAEET AT VOIEIT 25% & 720 . 7 2 bl D
PRI L > THEBRIC L2 AT ALREIIS B HEI N D 2 & R S L7z,

UL EOWBHFER NG, C—N FL— 7T I KA U U0 AEERE VD ARABER Tl iR ” = =
WIRNT VLI LCIRBEYITH D Z b otz, LIED 2 k7 L 2 — )L OB EE R A6
SYEITIZ, Tk B E LTV PANLIC A FABEILZ AT Cp* 7 I RA U 2 LK 2b,
T AT VARG 2 et T A5 & L C acrylic resin (ZFHEF U 7= Candida antarctica lipase B (CALB),
TYMEFIE UCHIBR Y = =V & WD S A Rl S & L CRigT LTz,
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Iz, _fmifﬁ&’f/ﬁﬁlﬁtt 30 DS D S HIEBESAARELD B ORI Z X - 7o, R
ZIM &L, Bl 2 80 U725 8 % Table 2-5 127597, W/ fllftb =50 1B W T HULE
W%Tk%ﬁﬁiXTW#%%ﬂ FOGK ]2 12 RERIZIEIX T & B it b =100 THICHEIT
98%I|ZE LTz, LU, entries3,4 DX 52, WHE Mt 2 150, 200 & EH-S 5o T, &
B DURITAR T UToe RS TAERT 2065 EET 2T VO 2 o FAEPEIL T~ T 99%
ee UL L &AERF LTz,

Table 2-5. ERESMAIIS 1T D AELEPER) oA

o o cat 2b j?\
H CALB, 7.0 mg
)\ + )J\ 0" CH3z + CgHsOH
CeHs CeHsO” 'CH;  toluene /\
1.0 equiv 30°C CeHs™ R
[alcohol] =1 M

entry S/C time, h yield (%) ee (%)

1 50 6 87 >99, R

2 100 12 98 >99, R

3 150 12 77 >99, R

4 200 12 61 >99, R

52 T v 3 — L ORI T B OB ENEHE A LT 57201, 1-7 U —
TR ) VB AT AR A TR 2 T L T — L A N T L B A SR B A S 7
Z DRER % Scheme 2-18 (/T , FE L% 50 & 25T 100 DEEAETT 2 KA U V0 Lk
2b & CALB DA Z VN, foF 2 #7 L a— L OB E A E 2 Lo o
FEEREZ 1M, RISIRE 30 °C OFRMETITo72, WThO T2 IR 2HET Vv a— i Hnizigs
WCHIEMRRECRISEIT LB E T2 = AT NS LN, T X TOZ AT VAERKYIZ HPLC
SIFTZ X0 | M ARELE & SRR IRPEZRE Lz, BONTABITT X TRIETH Y, 99%ee
Pl Eoyes %Ffﬁ%nfwé & A fERd Lz,

HEER LI BeGPE LB REMMED EBL L OEHIL A EA L EEE2 AV TH BAFIZRSIE
%HL/7:%WﬁL Cl=° OCH; B#iliA &0 1— 7 = =)L # ) — )LFHEKITE OILER TR s
TORAEECZ ATV E S 272, LovL, A ¥ UEEZ S ORE TIE 18 BEfi] &V 9 BV UG
ML ThH o Tz, EFEGEERLOENIL, SE S ME~OKFELEZREST 20D, 2D
WS Tdh D KEZRDEL 72D T-0, 78 MEUGOEENELS hol-tBEZ TS

1= A= 1—T b= LR POERAT Va—Lt, BEFICRIGHETL, et 5
H%@%iﬁ@:z%wﬁﬁ%mtoit 1—Q—F7F )=k )= 1—(1—F 7 F )T H

J = BUS S 2 BN TR, REICEOST 5. B ITEMEME o 7o 7o | FERE
Z05SMIZHiD D & &%@Wﬁft%ﬁﬁix?Wﬁﬁ%ﬂto%%iLﬁ@%#?%%UV?
LI KD T ABRS TSI T LTS, iR & OB AR TIIEEICH L T2 YE
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OFEE 7 = = VR PEEE 57 3

WEOFRETHL1I-(1—F7F )X ) — LD b, BEHRIC
BT AT ACOSIEIT LIC WEEE THhoTm ¢ EX b5,

JE® Scheme 2-16 T/RLTZ K D12, 7Tt GARE LTHER 2— U V2 WL ZITiE Tk
SALBOS A E S =03, 7 a— L

TH )=V EREOERNMG LN,

v UNHEAEALTH N E

TL. 1—7 ==L
oH o cat 2b 0]
CALB, 7.0 mg
Ao, * PS 0" “CHs + CgHsOH
R'” "R? CeHs0” "CH3  toluene, 30 °C G
. 30°C, 12 h R!” "R?
S/C =100 1 equiv >09% ee
[alcohol] = 1.0 M
o o o o
O
92% 89%32 89%32P 92%
o o
O

93%?2 81%2

81%°
as/C=50 b18h ¢ [alcohol] = 0.5 M acyl donor 2equiv
Scheme 2-18. TFHSFETICE
— /LD EH)HE

J%7 X FEER L CALB OEEMBERTO T ¥ IKRDH 28k 7 L=
FREERmAIETForEl (HRENR)
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A HEMERICEITAC—NFL— 7 S FEAROER

AT £ CTOH 2 7V 2 — )L OB ERRADC T EI T, 7 2 b & L THERR Y = = /L3 i
BIchoted, ZoOGE, ZAT MR OMIZ, BBEEHRORIARS & LT7 = 7 — ik
C5, Bt LTHWA T 2 REERIZIT VU ATy REEEE LTEIK 20, BB 7 =/
— WV ERONT AR D D, £ 2T, AEITIE, 7=/ —FEFICBIT D7 2 FEsRo 8%
A BIREETRADEE A ENC RE T RE Y 5T LT,

F£9°, Scheme 2-19 \ZRT7 I KA U DT LR ENTFERED T = /) — V& DRISEHAART,
\Y7uaAZ o U7 oo VEBRKE S OT I RA U VU LK 2a 1IZXIL, 1| YEDOT =/
—/VEMZ, RERZE THNMR A7 hVZRIE L7 f55 % Figure 2-4 1279, =i (Figure 2-4 |
) TIE, W IRy SV h B, T = ) = EIRINT DRETE AT, AT FVERELE
BL TV, MIEREZERTSEDL L, 25D 7 F M3 20, 2 FEOSERDIREW D A
X7 MTHDLZ L, ZEO—FHFIFFEEOT I FERD AT Mve—8T 25 Z Librole, Filk
WZAERLTALFREOT L 7' a b ACRBE SN D v 703 5.0 ppm & 6.0 ppm T2 1 7' b
BT H SN D, 7o /) — A EDKINICEVELE72 2 XY (7 IYV) 8K
4a ThHEBZBND, —50°C TlE, 7 REERE 7= /%Y (T IV) $5KD Cp*EfL 1D A
FNIIIFBTE LT 7T IVNZEINZEI1.93 ppm & 1.35 ppm ([ZEM S a7z, HIEREIZ L - T,
AERREERN RN L2 2 D, 2R S ORI BN ET D 2 AR S b,

Keq %§i
CeH + CefsOH CeH / '\
615 CD,Cl, 6C5 OCHs

2a 4a
Scheme 2-19. 7 X RNk 2a &7 =/ — /LD
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10 °C 'A ﬂ
s M _LA,_._ l_/"‘\m
i:
~10°C \ d
i |
N ‘J"!\Jl Moo /.\ A,il ‘ua
-30°C %
n
R | __U‘Jﬁl’a_.ku._ﬁ_l_n__._ . _ JJ‘-,‘J. ]
_50°C 1
n
| _ ﬂ'JI‘N"\A_J‘ Jl JHJ‘_ N _‘ ‘J‘-_m ,,.
80 70 60 50 20 10

Figure2-4. 7 3 RF¥ffk2a & 7 = 7 — LV ORISICEIT HIREFZE NMR 227 kL

Flo, VAFNUVEHREZEOT I RA U DU LR 2D &7 =/ — VOIS THRROBS D8]
HENTZ, MEDRIZONT—50°C 15 10°CIZBITHT I RkE 72 /%Y (7IV) Gk
D Cp*DAFNVIEIIRBIND VT T NAVOREZHN O ZNENOREZRE L, —30 °C 12T 5
SEBES E BN FRT A= —HEHH Lz, 7 RgERE 7 = ) — VO KJRIZ X % van’t Hoff 7' 1
v N % Figure 2-5 (Zx L, AN RT A —H— L =30 °C |28 5 P EH % Table 2-6 |2/ 3, =
DFERMPE, T LRI OEN T A TFIVEBRELZGT LT I AU DU LR 20 OFNT7 = )/
XY (TIV) SEEREAER LT W ERHIL N E o7,

TDOEINCT = ) = NAFET T, R CTH DT 2 REN L, 7= /%Y (TIV) 6
EPRERT 200, WFITEHEICH Y, BREAIHT 2 71 BTV a— L oBrEERIILT
TENZBWTY, Cp*7 X FA U TV LAEEHRILT & Il L THEETE 2 B2 b d,
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Figure 2-5. 7 = / —/L & Ofi% 7”57 van’t Hoff 7' > |k

Table2-6. 7 X Feffk&E 7= /%Y (7 V) $EMEMIOFHOBS ) F/R7 A — X —

N/Ir%!}- CHs N/Ir
| CH3
H

CeHs
CeHs i
2a 2b
Keq at -30 °C, L/mol 1.48x103 8.41x103
AH®, kJ/mol —28.6 —41.4
AS°, J/K mol -56.5 -96.4
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RIZ, Scheme2-20 (2”9 K912, Z7ual Ravyhdkilclcxf L, Yr7um Ao KL
LT L1 Y&ED KOBu Mz, FHTT I REERZRAEIEE, 22 98D 7 =/ — L EFAE
HlobZ A 7= /%Y (T IV) BV AR 4e-PhOH 3 F D72, 2 OSEKIZ, —20°C 128
LT F N —T VIERD O OFRERICE VR TH Y | 2 ONEIT 28% Th > 72, Hifh
b X BERT OFRER NS, 7= /%Y (7 I2) v ¥y LK 4c- PhOH I3 Figure 2-6 12779 K
N, T = ) FYFNLFICE DI F DT = ) —ABKREREEEZI L THIML TV D Z &b
STy ZOMBRIZTEESTOFRER L b —H L TWE, -, HEL7-7= /%Y (TIV) rYY
LEHEK 4¢-PhOH @ 'THNMR A7 ML TiE, A U U0 LEEROGE L1382 . 7 I RifkE 7
=/ FY (7 V) $EROVEEOSITBIHI ST, 7=/ FVEMRICHRRT 5 1 O 7o
FMBLI S A7z,

KOBu
h%& 1.1 equiv l%&
Q R

CeH AN * CeHsOH o g CeH PALN
6'15 . 2%12 6'15
C6H5 H/N\H Cl 2.2 equiv r,2.5h N QC6H5

CeHs . /™
“®H H  foceHs
28% vyield (recrystallized)
Scheme 2-20. 7 = / %V (7 V) 17 L§EK 4+ PhOH DAL

Figure2-6. 7= /XY (7 3V) v LA 4c-PhOH @ ORTEP
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Figure 2-6 |ZHARL L7z T v a—)b, 7= /) —Llg ERT IV ax VENLT- & KRFRES Z I L6

& & LT, Figure 2-7 (/-3 4123

P-CH306H4O\H P(CHa3)3

p-CH306H4b—F\’|h—P(CH3)3

P(CH3)3
H\ l%&
Ir
(CeHs)3P OCyHs
H.
OCgHs5
Figure 2-7.

T /)XY (TIV) vYY LK 4c- PhOH |
PRIRZHBETAHMWT, 7l Feyy A6 K 12k LT, L LTKOBu I,
vriaa xRy, VrF L —T )R

Tz )=V EDINEITU,

INFETICTHESN TS, 15

P(CHz)3
CGH56——Y——CH3

P(CH3)3
M = Ni, Pd

CeHs0,
H

OCgH,CF3
“OCgH4CF3

Sy FRITCARFE B &2 AT D8RO H

TEILT, 7=/ =S 0KERE L TN
1 ¥&ED
BVRBED & FfE i & sl A T2 23,

RV AET = A ] OSRISEEREET. b T 0T =) —ADKERE LT =/

XV (7)) vy A8A 4. PhOH MBS E L CHESME L72, LcL. USRS

WO EEAL A F

L>HOHNMR A7 MV TR T = /XY (T IV) 88Ky 7 Froirniibh, o 7+

IR SN oTz, ZDZ EMG, By AEEEDEAIC
V) BRI

NREL Tz %Y (T

ZIE, TR RBERE T = ) — DA
MR- THEY ., HiiE 7 ~ = VIFE FIZB T 2 B E R

FRFNORISEETIE, BAETDLI 7=/ —VORETT I Fr Py LA5EIK 2¢ OREITELET

TLHEEZADLND,

T x ) —RT I REERIC K B T IMIEHEIC

VAV ey S PRGN

30 °C.

6 IZRT &9

FIFTHBERDHMT, R)—1—7 ===

148 (B L C100 248) O7 = ) — L ERMUTESMCHET I Rik
I XD 7 IMbnE il T-, Table 2-7 |27 XK 912,

RV VSR R i EE =100,

| O IEEMET,. el A K 2c 137 = /) —AFE F TR, 20T I{bEEN TS
IZiEkbn TN sE DD, AkD T I{kiEMEE K& < FlEl-72 (entries 1, 2),

—75 . entries 3-

W, T RA U VT LR 2a BE O 2b DA, 7= /) — /W FE T THSLIZ1I—7

=V ) =D ME T Lie, 2 HiCRLIZEDIZT I FA U P LEEK 2a,2b DT

T LG 2a<2b TH D23, KiEFIO 7 =/ — VIR CIE 7 & J{iGPEiT 2a>2b (2
T 2T U =B E A 2 BREE R ES

Wils L7,
SENDSAET, KIEOBETRBIIBNT T = ) —L

73 2a,2b DT & LML L CTOMEEICEEZ KIE L TV D07,
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Table 2-7. 7 =/ —/VIHE NIZBIT2H 27 v a—10 7 & IR

OH (gt OH
CGHs/\ toluene CGHS}\
S/C =100 30°C. 1h
[alcohol] =0.5 M
entry  cat phenol, mol % ee (%)
1 2¢ 0 3,R
2 2¢ 100 63, R
3 2a 0 84, R
4 2a 100 3,R
5 2b 0 66, R
6 2b 100 29, R

FE =50, EERE 1 M, MLm= EEH 30 °C O TERT VIR ORR (L %
B L7 #5 R % Figure 2-8 (29, BIHEERIEFAEIORISEET, V—BIZL D= ATV
BEOSRAT 2 FEHRIC L5 78 IBBUS £ 0 b+l i, MR ik 2 7 & I{EEUSD
NFIXT AT VO L LTINS EWIff s, FEBE, U7 == VBl EEHTH7 I FA
U2 Ll 2a &Y A FVERILE G OEK 2b O TIE, SUSEIRATE 2 ISR T DUCRICH
BRENRD IV, TAT IMEEIGIE T & IS DR HEE KT 5 DI+ 53 728N e B2 6
b, 7x ) —NWRENGE L RDIZONWVTRIGHEEIZE(LDR A b, 78 KIE®HICRT 27 =
—IVORENTRR ENT b DO RRSGMETIERISFERIC L 53— B L TR 2b D773 2a 1V
LR AT bR E 525 2 L BRbhoT,
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Figure 2-8. BRI FRAEFENII T % = AT )L DULERDRERFAAL

INLDOERMEREFLDDE, TIRAU P ULER, vV Akl bIC, 7= /) — AP E
TlZBNWT 7= /%Y (TIV) $#EKEOV#ENRGD 2 Enbhrotz, T b LTRbE
VEMEZ R T I R0 ARIET = ) —WFE TICBIT 27 =/ XY (7 V) Sk L OFfl
MR E AR TWD 72D, EAABR DR TIET & Ibfllit s L ToiERKE KT
T2,

— AV ULEERTIEZT = /%Y (7 IV) SRITHBECE T, TIRA U P U LKL D
MR G E TR T HIZE EFED | 7= ) = AFE FIZBWTH 78 Il & U COMREZ - FF
T 5, ZOFER, REBSRDOEMETIEIARRDO 7 ILEAIZEA TS AT VEREEZETHT
RA U DT LK 2b Db mWTZ AT AR Z R L, U R—8 & OEAMERIZIS T @AM
INENZ E RN T,
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RO FLH

RETIE, BWKBZBENEEEZATHC—NFL— MY IR,V PTLABIOTY I Ny v L
BEIR 2 IR 2 T L A — D T i E L THW, UAN—BIC X 5 = 2T U bs &
AT 28k T v a— L QBRI BN Lz,

T XTI C—N FL— 7 I RESRZfAEE U<, B8 fillittb=100, hro R
JE0.5M, 30°C DEMT T, R)—1— 7 ==/Vxk ) —LDT ¥ HLRISEIT> 2R, W ho
PER LI FMEDIR T A2 7o b Lic, HTH, 7 Rr YT ABEEK 2¢ 238D TRVWEM:
BT ENboTz,

WIZ, ZDT & MURUSZ BRI L D AREIRI— 2 7 /LG LA E, B2 k7 v a—
VOB TR e Bl 2 A TGS, 7T bRl E U CHEfE 7 — =L, B¥5E & LT acrylic resin
\ZHHEFE L7 Candida antarctica lipase B(CALB), T J{bfiilit & L CAFLBEBRILEZFGTHT7 I KA
U r LR 20 VD & BB =100 OSMET, iE 98%INER, 99% ee THEIHIEMET
AT NESDZ LIRS Lz, 2l T v a— 0T (bl L TR bIFEREOEN-TZT IR
12 LEER 2¢ DT AT NVERNERIL, A TFOVEBEEAGT D7 I FA U DU LK 2b ITHARR
RMEFT D2 ENTho7eDB, WTHOT I REEERE AW SAIC AR T 2 =2 7 /VIT5ERE/
EHEOAERME 525 Z L Nbhotz,

T Il L CTHWTWA T R RESRITHER L L CHIERT 2720, AESR CRIAET 25 7
x ) =KD RGE LT, TORER A VU7 AGEERTIET I REfRE 7= 7 %V (T IV)
PEIR & OYHBHE G M A B2 5 —FH, v VU LA TIZZOREIT 7 = 7 F Y (7 I 2) SEHRMANTK
L RATRY, 7= /FY (TIV) $8KE LTHEET 2N TEX L2 RWELE, 20
7O, C—N FL— 7 I Ru oy A5KRITH 2 77 Va2 —1 078 IO L TRy EMEE
AT ED BT, EEOBEAMBSRIZE TS 2 7V 2 — L OB BRI F o ENC X 5
T AT IALBEME T 52 Edbhnolz, —Ji. C—NFL— 7 I KA U TV T LKL =/
—IAFEFIZBW T T ' IMUIEEEHERF L, DA TFNVERLEZETH7 I KA U P T L8R 2b O
BEAMEARESMBRICB O TRbEWNZ ERbho T,

BN AREEFI C—N F L— b7 X RFESARIE, B2 M7 va— Lo T I{ufilit L LT, BE, 7
NALEIE OFTERFRETH Y . T8 RO T /L 32— L& HFIEMET 2T )L~ & 2519 2 B H EEh
W B2 ORI T, @7 VU EAIOER % 1 &2 2, @=IRAEOIRFI72 5o TEER
THIENTET,
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B8 #5

F1ETHRRZE I, TNECTREFKEMAESETIL, TR IARE MYy I 700
IR RAENMUIZEVELBNS C—N FL— U T T LR, N—AVKR=LTT I HKRD
N—N % b — FER & i L Tl TERVWKEBEITEEZ AT 52 L2 lNWE LTS, ZORR
EESEZ, B2ETIE, KEBEEHOEWV C—N FL— bMEAEZ T2 il LCRIAL, U
NR=BIZ K DT AT WAURIE & OB GRS TE 2 #7702 — L OB R L FRA 7/
AL,

—H. FL—=F T IVERICF TV T —HBAT LI LICL - T, = F U FAERBI R ARFK
FRERE TN LB T D RN S D, HFHENET 2 VENL T2 AT DR ARIC K D A A b
LCUBIZIE, 7 B DOARFIRICEOGIT K DFEME 2 7V 3 — VOB E AL TN D, FFIC
F1ETHRRELIIC, B, iR, FKOIZEAXF TN AVK=A YT I VBN 52 FT5H7 L
—NT =T MEAOBRETRE L LCCEE O T e T 4 v T2 /T R REERE AR L 51
ZERE RN 2 R H U 7= R KRB SOE TR RICHE STV D, F L— 7 I VB OREEE
OB D—> L LT, Pfeffer HITHFHE N C—N F L — MLT =7 AEARDOARRIZKI LTV D
L B R 7 U == T OfEE, Figure 3-1 IR T X5t m U P UVREFHLFIER 2 KT I v
D7 a AL IACBISIZ L > TR LN D 8RN 2-7a /X ) — VKRR ETLHTE RN 7= 0D
RHEARFBBEHAR TSI B W TR b AW T o F AR 2 R 2 A STV 5,

\—| PFe

Figure 3-1. Pfeffer HIC XV A&z n ) VUVBRBEZELNRAEE2HRT I o nbiFEsns C
—N ¥ L— M7 =7 LK

EBiT, Pfeffer Hi1X. R)—1—(1—FT 7 FNTF AT IUnbiFEIND (f—_Pr) LT
=0 AEERE W T AEEMRICHEYS T 58 RY R (7 I2) $5ROMHEEZH LM LTS 14
Scheme 3-1 127”73 & 512, SRR OFIRERTHL DT A LM C—NFL— FRUEBU LT =T
LEERICKT LT, 2= 7 o8 — L KOBu ZEASETHONLE RUK (FIY) vT=v
LEERIZ. RIKD C—N F L — ML I2xF LT w%*ﬁA$®®j¢m%ﬁ£ﬁézﬁ%@V
TAT VA —DIRAEMTH Y, THNMR A7 MHIEDRER, £OUT AT LA~ —iEf=$
M%def%okoik\:@tFJF(7:/)NT:?A%WLﬂLTM?%ﬁE@TtF7
=) UERISSEDE BT I FALT U LGRS ()~ 1 — T == ¥ ) — AR ER LT, £
DIFEHEIL 64% ee THY ., b R RAROV T AT LA~—lLERIUTH-TZZ B, B R
U BT =0 LEAD RO OSLAREE D, il & L CORFFHEREICEZEICKB ST
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D EREINTVD,

KOtBu

OO _\ PFg 2-propanol
\J
Ru
R /

CH;" N "NCCHj
H H

de = 94% de = 64% H

Scheme 3-1. Pfeffer 512 L AW FEMFT 7 F L oF LT I VKO C—NF L — hLT =7 LS K
BT FU K (TIV) ROV T AT VABRLE |- T ==X ) — VO F o F A%
R it

—J7 . ETEA CH AT AL MEC—NFL— R T IV AT ABRICKI LT, BV 7o
AL YR KOBu #EH ST 1 b At ZITo 7o/ R, fmE G o 2bamix. &
2QETT X TVl CHEESN TV D BT I FEHATIEZe < Figure 3-2 IR”T L9 7 I N
BN 388G LT T =T DR TH o 72, 2D X 512, Pfeffer HIZ X W RETIN TE 72365
EHR C—NFL— ML FZ2HONT =L BY A AU DT LEHRIZEE L T, AbIEE M
EEZOLND 16 BFHEET 2 FESMAD NMR A7 MV ECTEBIENHIEH D b0, ZhE
TEZOHRE, FEREITITE > TV,

CH3" °N_  'N_ _CHs

* ’,
’/g ‘

Figure 3-2. Pfeffer 512X 57 I NENLF232848 L7 LT =0 AGHIK

TITARETIE, B2 FCBWTHOWARBBRELZ R LI C-N X L— ML T2 b0 U ¥
TLAERIZIERE L, C—NFL— MR ECXFT VT 4 —Z2 B AL TAFMBLE L TEHLE Y &
EZTe FTNT I URE LT, RNUUNMMLITHODMEARET 2 L ONFAEER OV T 2 U E
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W, ZDY 7 a A ZNVACRORIZ Ko TOEFAEME C—N F L— MEBEZHE L, £OBOHERLIIZ
£V, 16 EF7 I FEAEOEMP LOHBEZR ATz, 6120 BT I FEIRE T I PG &
PEIROREIE & SUGTEIZ DWW TIAN, 7/ M7 =/ o OKRBEBENVARFE TN I 1T 21 iE — 15
FBZM BT Uiz, £, BT I FEKRORFFHERS 2 LR 072553 25 BRI T,
NV I PTIVDE TN T vk Z A AT C—N F L— MELIZ K0 2UE S TR
72 TRESEIR DB AL & R 2 R LT,
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F2H NUDIIGICFEFRDZ L OAEFURIDILTIVEDS 70A2)UIER
I

AR D IALICARF DA AT DHFENE C—N F L— ML & LT, Figure 3-3 (TR EHE
PERCUNT IVEESY—Fy e LT, BT Sa BE OS2’ 13, AFRESREHEEET I 7
=N BFHEE LTz, BALF Sb B LD 5c iZoWTIE, T2 7T s b aHREeE L
TR INMPIEEZEANLTZA I DT T AT UAERIGE TN LD . Ak za iR,

NH, NH, NH; NH,
©)*VOTBDMS ©)*VOTIPS ©)\’<
5a 5a° 5b S¢

Figure 3-3. XU VWL HOMERF 2 & DN FTEME C—N F L — M1

HFEE C—N & L— MEAL T 5a (3, BEH 2 120€EV Y, Scheme 3-2 12T K912, SKD2—7 =
ATV )=k U KR (— T F A AFA ) VR ET L LI Lo TR LT,
RO FIET, U A V7 a ey UVHTHRGE L7830 C—N & L — NEL T 52’ 3SR 6%
TELNT,

0.2 equiv. DMAP
NH 2 equiv. N(CyHs)3 NH,

~_OH 4 Rel ~_OR
©/\/ oo ©/\/

R = TBDMS : 52% vyield
R =TIPS : 6% yield

Scheme 3-2. JFAEM: C—N ¥ L— FNEI T Sa BLR52° DAL

HFIEME C—N F L— ML 5b 1%, Gutman 512X Y Scheme 3-3 (IR T AMIENHRE I LT
W53, 9. TeFI AR el E LT, BFEER RED 1T = F LTI L
DOPAMEENZ LY A I ANTEB LT, KFBILAR TR M) TV AICK AU T AT LA BRI RE T
I LD T NABENEBR LI T IV a2V T AT UA~—IRAEME LTIHEDZ ENT
&l ZOT IVIREWETEATE L OB ETERHE, =% ) — Va2V THMGESICIVERL, o7
AT LA~ —%5E LTz, T, BEEEIFAE PIZR W CEMRICHEE L2 )T U0 Atz v 5
RFAIRIZ L0 T A EZ Bl S E, BE 325 RIKORFAEET I 5b BF o,
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CeHs E NH;
/k CeHs CeHs : -
H2N CH3 H2 :
O CF3COOH N° "CHs NaBH,  HN" "CHs3 pg/C NHy
R' "R? toluene R'” "R? toluene R' 7+ R? CH30H, H,O R!7+"R? E 10% vyield
CH3;COOH E >98% ee

Scheme 3-3. JEFTENE C—N % L— AT 5b DERL

[FAEIZ, Scheme 3-3 IR T HETRIED | — 7 ==L F AT I 2N, 22—V AF LT o
FT7x ) b, BTS¢ DEREARTTRER, 97% ee DILFHPEET SIKOT I U ANRIRNAVIZAF
BTz, ¥ 7 v AL JACSOGCMIE R T I 2 65715 C—N & L— MEZ- O f s SEAEL & 2
D702, BT 5S¢ (2B LTI, Scheme 3-4 [Z/Rd X 912, MARENELLE)—1—7
T2 VEFAT I U EFTUMBEE LTER L. R BROYEFHEET I (R)—5¢ ALz, B
NEF(R)—5¢ DMERINTARBLE L, BRIRT V7 1 2 X ERIGE LSO < R I X 57 2 VAl
MFOT 7 M ACSOSZR TR BT I REMRO BLES S X AR EREHT OFE R0 HIRE LTz,

C6H5 CGH5 CGH5
H2N CH3 Hj Ho NHZ
©)\,< CF3COOH ©)\K NaBH, W Pd/C ©/\,<
toluene toluene CH30H, H,O

CH3COOH

Scheme 3-4. JEFIEME C—N & L— AL T(R)—5¢ DAL

TNEDOAR LRGN R DY w 7 T I D a AR B L0 . EEEME C—N
XL — MEKROAREZRARTZ, T, BRICRESNTWAETHFINVRC—NFL— AU DT LeE
KOG E FREDFIE AT, T8 X b A U DT DEHAZRET 540 b X X UALKE & e L
77

Scheme 3-5 [Z/R T L 912, Cp*A U VU AEER[Cp*IrCL]x (2% L, 1.1 ¥ EDOFEET N U 7 AFE
T BBV OAT R UEFERE T b= h U VRBET . 60 °C D&M TTRIG STz, Ok
B HEME C—N % L — MEIAL - 5a, 52°, SbICBAL CiL, BEME T2 HFAEEC—NFL— |
7al R (TIV) AV PTLEERMGONZ, My /AT H o EiZyruan A2y /~F
P D OFAEBIC L DRBRHOFSE, Wb Bk S LT, ZEI 54, 37, T5%DIETH
b,
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NH, NaOCOCH; jk§g\
: 1.1 equi &
1/2 [Cp*IrClyl,  + OR ikt N
CH3CN RO ,N\/ \CI
60 °C, 20 h H H

5a (R = TBDMS
a ) 6a (R = TBDMS): 54% (recrystallized)

5a' (R = TIPS
a ) 6a' (R = TIPS): 37% (recrystallized)
NH, NaOCOCH3;
- 1.1 equi
112 [Cp*IrClyl, + Squiv
CH3CN
60 °C, 22 h
5b 6b: 75% (recrystallized)

Scheme 3-5. WFHIEMHC—NFL—hr7 ol R (7FIY) KDL

o7 vl RESEK 6a. 62’ LN 6b DEZ v aAR/L AFIZEIT D 'THNMR A7 R VRIED
FER AV DT LIERN LT I 7 m b AT RET OB O T I 7 m oL ik LIRS
Azl s, C—N FL— 7Y REHATIX, WIhb 7 I UENL O EBRX L — Miid
IZEoT, PTAT VA M w77 Iv7n F UM ST s,

F72. C—N F L — ML ORI DORF IR LT, A U U0 A EOFX L REL & 73 52
RHTT AT VA= FET D, $5K 6a B LN 6a’® '"HNMR A7 ML ESRIRTHET D &
QRO T AT UA~—IZHRT D 7 T ARHRICBH SN, ZoDTT AT LA ~—lk
%, Cp*EfiF DA FNIKITIFBEND V7T NADENLZENETN 13:1 BLO10:1 LR LT,

BERR)—6b D= FIZH T 5D TH NMR A7 RV [ERRIC, 2O 7 FARER ST D
WD, VT AT VA —HREHORIL L 725 Cp* B DA F T a ko7 )ik 7 BEREED
AFUVUBHICHRT D2 7PNV E B D120, ZOEEMICRD D2 & NREETE - 7=, HEEHE
WO —7 OSRERE D EICERERATLE A, vA T —RUT AT VA ~—1F 4% LT T
HoT,

K 6a, 62’ L N6b ICBI L CIE, RIBF TR T AT LA~—ITIRBEND 2D Y 7))L
WG vy =B Sz, v 7T ADOTBIREE ST b T EIREE A2 IR T DRSS
Nhholz, Zhborz7al R (7)) R TIE, EZraf/vaf, EiR TICEIT 5 NMR A
AR7 MVATEDIRY TIEPT AT LA~ —BOMBEEBIZH KT 2 2 7 P A REITBI S
R oTe, BAZ ) —=AHFTHELLEZA, BB T TIEIZre—RNLE 1@ EOY 7 FrE LT
BRISNT-, T7bb, BIEHTOTT 2T LA~ —MOiER0) 7 BB GEIET 5 2 & 3b
MbH,7ul) R(TIV)EKROTT AT UA~—hidv 7 v 2 X AT BRI A ETIE7e <.
AT AT VA~ —BOREMII X I TWD EE X B,

66



— 5 BTS¢ D7 1 A X IALSUSIESEIT R LT FEE T R U w7 A% W D S Tl T3,
HIUE T FEEC—NXL— o7 n U REEREHEL 2 N TERhole, £D7w, Pleffer ©
IZE o THE SNTARE P 22FIC LT, 7 a ) NENLF2MFEEEL 72 74 SR 2 5
D7 A Z LR I T, Scheme 3-6 (27T L 912, [Cp*IrCLL I LT, 7T =KV /L
WRIE . EHIEMERNLF(R)—5¢ % 2 &, ~FHF T4 ul i) v Lk 448 KBREh Y
U L% 2HEMEZ, 60 °C DFRMETRILEIToTo, EDH%R, 7 vrnm A X UEEIC X D ERE &
vrun ARy )/ VxF T —T VIRARENC L 5 RIS E VRIS & BRY LT A RIEE
AT A M C—N F L— FEIK 6¢ 73 FRfEERIUHE 29% CTHfaflidh & L TR LI,

PR
X

NH, KPFg, 2 equiv/Ir

1/2 [Cp*IrCl,],  + ~ KOH, 1 equiv/Ir )
[::j/A\Fi CH3CN :ﬁﬁn N{ \NCCH3
1 equiv/Ir 60 °C, 40 h H H
Sc 6¢c: 29% (recrystallized)

major : minor =4 : 1
Scheme 3-6. B(\.1-(R)—5¢ D7 1 A ZNACRIGIZ XD FHE WS F4 M C—N & L— R
6¢ DA IS

T F AN C—N F L — FMEK 6c DEZ 1 1R/ ABEKIZ OV T, THNMR A7 R L OIRFEA]
IEHIE 24T - 7255 % Figure 3-4 (239, FIROKMETORE T, HFEFEHEC—NFL— o0
U FEROLG GBI SN 7TV L3RR 0 | WKy 7 F G bz, (Figure 3-4 @
D 2T, =20 CCICHEREA TT DL, 7 FTANRL 720, 7a V) REROEGA & [Fkk
2D T AT LA~ —DIREMTH D Z EbhoT-, (Figure3-4 ® L) ooy 7T A
T LA —D X, Cp*BfiL - EDO A TFNVEER C—N ¥ b— NER LD tert— 7 T VIO D
BEZ 41O THLZ Enbhoie, TNOLORENS, Eiko vl K (7 I) sERkL 3R
720 IFANEC—N F L — MEK 6¢ XA IZIV T Scheme 3-7 IZRT K 972 2 FFHDO YT
AT VA~ —RIOMABEEBRNGEND Z ENRBINT, WTFFMEC—NFL— MU T T LG
BT, T =NV AVENFRESIHHEL, @B EDY DX T U T 0 — Kb Bl A
7216 B FEEETRREEZR T, 72 r=NIADPHEEMNTDHIZEIZLST, A VP TLAFLO
NEARBLE 2SR R T D LB X BN D,
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-20°C
CH;CN

2.40 ppm

2.29 ppm
n

CH;CN

2.38 ppm

1.73 ppm

Cp®

.#JOppm

C(CH;);
l|120ppm

=, 097 ppm

C(CH;)s

1.20 ppm

2.6 2.5 2.4 2.3 2.2

1.2 1.1 1.0 0.9 0.8 0.7

Figure 3-4. 7754 1M C—N & L — MER 6¢ DR FZ 'TH NMR A2 kL

i 'NCCH,
NH,

/V

Ty

Scheme 3-7. B F A4 1 C—N F L — MEK 6c DOENA)ZEE)

| PFe

“§#§?’ | PFs
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BIM XFEMEC—NFL—FFPIFAIOVLBKDODEREEZDHER

Bl ETHRARTZL SIS, R/ NHENAGT D8RO T Vv a— /i b U OKFBBOGIC
B 5-9 HAMETEMRIL, 7 X FEERB X RU R (7 IV) $EkTHD, 22T, RE<TIL, fih
BIEHERECTH DT I KA U U7 AEEROARRZ B & LT, B2 {i T L7 E M C—N F L
—hov ) FRBEXOITFAANAY DU LERICH T D IRNBR LA RT, 70T 4 v 7T I VR
ALFITHK LT KOBu ZiR$ 2 &, 7 m b oAb LTT X REFRIZAEH T E 5 2 L ITRITHIZEIC
BWTEEIZH LTSN TN D 4

Scheme 3-8 IZ/R 9K 912, 7 ) FifA6a B L6’ ICkf LT, Y7 un A X U iEd, ke
LT KOBu =R FTIEASE72, iR T, RISEEROAITA L o DA bR~ L HRNITE
b U7z, BUGSH . WIRE T F T S8, Yo=F Lz —7 W L5 ATV, Z0%, —20°C
THEBZITO &, 7 K 7a BLO 722 2T 2% L 21% IR CTHEES 5 Z L3 T
=7,

I

X

Ir, + KOC(CH3)3

RO_ .\, 7/ N\ \ /
SUON Tl 1-2 equiv CH2C|2 %
H H rt, overnight

6a (R = TBDMS)
6a' (R = TIPS) 7a (R = TBDMS): 12%
7a' (R = TIPS): 21%

+ KCI + CH3)3COH

I

Scheme 3-8. 7 1V REEfK6a B LN 62’ 57 I FESEA 7a B LN Ta’ ~ DL H

TIRAV T LR TaB LN 7220 TH NMR A7 ~LIZEWT, 2.89 ppm 35 KX TV 2.77 ppm

I7IRT e hDRBREN D VI FABRBRIS, BEICHRESNTWD T ¥ T L EE C—N
FL— 72 RAU DT LROEAIL, 800 L UN847Tppm &7 2 FA U V7 LK 7a 5 L O
Ta’ DA A AR EBICBII S Tn D 4

Figure 3-5 127 X FEEK 7> D BLER X BREERATIC L 0 15 54072 ORTEP MAR~d, 7 X REAL
T2 204 Y Uy ARZZE L TEY, % 1 i Figure 3-2 Tl _727 I RT =0 AEKITHALL
L7ZHBET X FERRD 2 BIRICHYS T 5 Z L b o T,

7 X REER T2 OF LT I —N—Ir—N ® 4 BREEEZ A L TVDHD, RPEATCEEICR > T
W5, Il —N1—Ir2 & 'l —N2—Ir2 D =S D = AR #41324.936°TH YV . —HD Cp*lhr +I%
Z O 4 BERICK LR CANSALE LT cis BLEIC /2> TV D, £72, i—N—Ir—N O 4 BEEKIC

TEERENCRT LT Gt E b oG L 2> T D, Ir—Ir BOHEET 3.30795) A TH V., &8
—&RBICESIIRVEEZEZ NS,
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72 REER TR I—NfEAEOREZIX2.127A THY . 2 ETICHEEN TS C—NFL—F
HEET I R4 U UL (1.9032)A) 4 XD B ONCEWETH 5,

Figure 3-5. 7 3 NEH{K 72’ ORTEP

X EMENTIC 1 0 B B AN 7o 7o HEE A B S50 ITHNMR A2 MUCBIF 37 2 K7 a kv of
#27 ROBNIOWTHRIATE 2, T4bL, W7 I KA U D0 MEETIET I NERET
78 sp? Ik SO LT FIHESEICAT LTV A OISR LT, 7 X FERA U 20 DK Ta 35 L0070
T X REHA Y 3 sp BRE R IHETH 5,

WI#EL, 7 3 FEREOITE FABA Y 20 DT EOEOPHE~LPETF ST, A VP75
EHEMEOE EEGEA BTN D, ZORE, T I R7 1 A IHNMR A7 b LGRS
Sl SN D, —H. 7 X RAUE AR Ta B L OV T 05101, 7 X RER EOINLE T
ST L D IRBREE AT L. A U D A—BHEES T EEAMEEZ BTN, Z0-). H
NMR A7 hVTIHE, 7 X REE RS IRIXBIN R fafn e BiAE 7 X RESIRIZ A, Eiddh skl
IR FURBHISR TV ERAT L2 ENTE D,

WIZ, Scheme 3-9 IZ/RT XL HIZ, Z7ulU R (7FIV) AVTVULEK6b BLOATF A MET R
VAU T LK 6 DT X RESRA~DOEHLE I T, (RWEDENLF-RIBEAR D DAk L 72 85(K 6b
BEOeclZx LT, ¥Yr7mu A7 g, AL L TKOBu IR TENSELE I A, WK
DENA L DENLRWVERE A LIECONIE L LT, KINEEYHN D AR L 0 EEBRE Liztk,
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=20 °CIZHAN LI V= TF N —T VIR D, I 88%35 LN 55% (FfimiE) DU T
(R)—7 2 REEARTD BL O Te 2R EGO5EME L CHEET D Z &N TE R, 2 H0ERMIT H,
BC{'H} NMR A7 hb BLOGELSHIC LV EE LT,

+ KOC(CH3)3 ——
1.2 equiv CHyCl,

rt, 11 h
7b: 88% yield
e
D
/Ir‘\ + KOC(CH3); —— Ir + KCl + (CH3)3COH
:j” N 'NCCHj 16equiv  CHuCl
H H rt, 17 h

6¢c 7c: 55% vyield (recrystallized)
Scheme 3-9. 7 X A U T T AGHA Tb I LT Te DERK

Forona A2 07T I REER T 53500 7¢ ® 'THNMR 227 bV TliE, 72 R e R oAd)R
BEND 7 FMITNEI 821 ppm & 8.36 ppm ([ZBHI S NT-, TS DT 7 b IdHE AL
HID 6b (3.46 ppm & 4.99 ppm) >4 F A HEEEAR 6¢ (3.90 ppm & 4.36 ppm)D T I 71 kL D1k
FUT7 MEHE L TREEBESG Y7 FLTWD, ZOREE S 7 MISHAS BN RfafnZe 7 I K
PEIR A~ AR L, ZEHRIF T sp AHE D S spIRAILE~E B L L2 Ltk a2 b0 TH D,

R)—7 X FEEIR 7¢ 1B U CITELRE B X BB IE AT IC & D& E Ik LTz, £ @ ORTEP
% Figure 3-6 |Z/R" 7, FE2ETHWTE LT XTI T I AU VT LSRR EFEREC, 72 FESE
Te ITHEBEAETH D . AV 0 LAHFLE Y PR EEEOSER TH S Z LB Dh o7, BlET I el
K7e D Ir—NEEOEIIT1.902(4) A THY, 7THFTNLRC—NFL— Lol K1Y TT L
K (2.119A &£ 2137 A) ITHAFEFIZEVVETH D 4, £z, Z OREMEEMATIZ X > T, Flack /3
T A =L —% b LA ORISR E RS (R)TH D Z ENEAT BTz, 7 2 REEAK T (120
TH P 7 X RS S RENT<° TH NMR A7 MLOFERN S, BEOR) —7T 2 FA VP74
IR TH D Z Enbhr o TN D,
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TG 5
i \;‘ " 7\1 ks
\ ‘-Eil\d\w—’f; ‘(ll
i Wi
k“{ ,‘_
 —— y i
) 1.]\ ]

Figure 3-6. 7 X F#i{A(R)—7¢c @ ORTEP

T UBEARE SR L L, T IR e R ALTARICFETH DI L b b, 44E
TR Ta B XTI L BT I FA Y VU LA T B LT Te A C—NF L— MR FIC K- T
FROIZELNDZEND, C—N FL— MK EOXRV UL OBEBEOENPEETHY, 7
SRR T BINTe LT XTI NRT 2 RA ) V7 LA TIE, SR DT L@ HIL O SOFE I
FoT, ZEICE DT I FEUE SRR DAERZIH L TWD EBERX bILD,
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BAEH XKPEFEEC—NFL—FUPOLBERKICEST FEOKREBRHETFE
TR

F1ETERN LI, o7 4y T IUVENFE2 b0 8RB L9 IRESAIL, 2— 7w )
—NEKRFRET D0 b ORBBEUARFEICSOCOAEE L UTHlRET 5 Z ERHE ST
%o TIZ T, BIEIECICAR LI EFHEERC— NI L— A VU AERZHNT, T N7 =
J v OKRFEBEE TSI ATV, ROSER T o F A IR & g L 7z,

Scheme 3-10 {2/~ 9 K 912, 55 3 HiE TITHBE L7265 Em T X RA U U0 A85(K 7a, Tb, Tc &
FAWT, BE Al =200, 2—7 a7 — i TR T = COPIIREZ 0.1 M IZERIE L,
30 °C DTG EIT- T2 ZORIGD 1 —7 2 =/L B ) —)LOILR E = F o F AR DL
K221t % Figure 3-7 & Figure 3-8 IZENEIRT, T HDOT I REFKRITWT N bR A RN
ZSSAHETT L, my1—7i:wi&/~w%ﬁ%%’$ﬁbtoH@m}7:ﬁfiﬁ’ Hit
7 X REER T, Te IZENIIEEE R L, 30 43 LA &ﬁﬁ#*ﬁbfnto_n XL, T

REERG KA U ¥ LR Ta OIEMEIZRORE D, & 61T ZERE KA Y U0 AR Ta2 13K
FRBEEEZ RS T, Eﬂ@?ﬁb7x//ﬂEWéhko

%72, Figure 3-8 (kT X 912, EFEHDOES)—1— 7 ==X ) — )LDt o FF~—ifh %I
FOSHEORE & & HIIK T Lz, Zhud, Bl 11— 7 o=z ) —Lin 7T 2 REBERIC
K ERRILZZ T, BEETTHRE T, WOt rFA~v—% 5250 EEx N5, T/
—/V—7r b RO KFEBE UG BT D ABTEE R B M ERFEET L a— D T LR R
SHEATT D707 X REERTe1Z7 X REERTD LV L EVWKEBEREZAL TWDH EEXLND,

o OH cat 't 0
+ +
©)J\CH3 )\ 2-propanol ©)S\CH3 )J\
30 °C
0.1 M
S/C =200

TBDMSO

Ta 7b Tc
Scheme 3-10. YAEMEC—N FL— 7 X KA Y DU LEERICEL D 2—T 0/ — L& KFERE
TH578 N7z DKBREENV A E TN DR AL,
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100 Ll‘l s o e , .
)
80
© 60 |
> ®7a
=S 40 + A Th
m7c
20
0 r 1 ]
0 10 20 30

time (h)
Figure 3-7. 7 & N7 =/ » O/KRFEBEVRLR STSONT BT D IR ORI

100 +
® 7a
80 | ATb
mic
> 60 2 o
< e ¢
40 =, °
™
20 | 4
A
0 ] 1
0 10 20 30

time (h)
Figure3-8. 7t N7 =/ OKFBEVALESCHONTI T 2 =) o F A 3R ORRRF 2L
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T N7 = o OREBERNE RIS OCEREITE RU R (7 X 2) 85K L BEET I REEIRH]
DKFRZIZ L > TETT D2 END> TV D, BENHIIZEIRIZR T I NG A U U0 LS
T7a b AP CHET I RESRICHRBEL ., e 2 R L7 E 2 6D, Figure3-2 TRL7ZT I R

NG T = DEEROHAL TIE IAIRIE T THNMR A7 MU L BEE T 2 RESIRDOIEAE
R LTV D S DD, fidbEEOIRR T b L, £ O/KFEBEMBE R LR S T,

% ZC. Scheme 3-11 |2/ L 912, HEEL7Z 2O T I NG AV U U LK Ta B IO
Ta DY IR ENNT T 0 A4 —N"—Eg AT, B H ITHNMR A7 hLZ LY
BOSZ 8B U725, 100°CIZMEAL TH, 7 RA U VU A85K Ta B LN T2l kT 5 v 7
VIR E D DA T, 2872 LT IERIIRZe SIS R T 28772 o 7 W iF Bl S g s o Tz,
2— 7R =g E OO R Z T2 5810 b R ORER I - 72,

ZOZENDL KEBENEMEZ RIS RNT I NG SR T 1T A SE R ICRBE C & W,
FRlOREZ D 7Ta LIRELTHHETY I Ra=y NREBBRBI LR ol B2 bivd, KHE
%@ B AT HMDT I FERE R EZ SR TERDP ST EMNG, BHE Ta & A7 LT IERTR

NEEG “SE IR A AR S, FERIICHESHAR DA EAGEAT 21T E L eh o7z, LnL,
BT 2 RESAZ L U T 2 NG SRR K EBENE 2 RERVWERET S L, 2hbo
FBRFERAZMIATE D,

OTBDMS OTIPS OTBDI\/IS

H H H
/N\ 0. I/N 2. ,/N
\

/
/

r Ir

N/ 7/&2’ \N toluene-dg \N
4 H <: E:—’ <: E:—/

TBDMSO TIPSO TIPSO
7a 7a’

I&\(
ng(

not observed

Scheme 3-11. 7 I RA U YT ALK Ta XN 722D 7 v 24— —55

WIT, e b AKREBBENEEO S WVEBR)—T I FESA 7c 1B LT, 7R b7 =/ v OKERET
EICSOS TR 5 I b o S R DB TR T,

EP EBE 0.5 M, 2— 708 — L 30 °C, | B O USGMET, LB/ Mgt % 200
25 2000 £ TELESETT & M7 =/ OKRFEBERAFIEICSGEAT > Tof F % Table 3-1 (2R
T E M TR E . AR ONERITIE TS 2600, 2F o FARREER EL ()
— =T z= VX ) —APERK T0%ee THOLNTZ, 2O &b, REZMZ S LIk
THLMNIT NV a—LD T UERISEMFITE S Z L ibhoT,
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Table 3-1. 7 h7 =/ VEE0S MIZBITA7 I AV P ULk Tcickb 22— o) —1
BKRFIRET DT R 7=/ v OKREBINVUAFTIREITCUSDOFE /il bt o 52288

cat:
Q . OH cat7c OH N 9]
©)J\CH3 )\ 2-propanol ©)S\CH3 )J\
30°C,1h
0.1M
entry S/C % yield % ee
1 200 99 51
2 500 >99 57
3 1000 83 69
4 2000 41 70

I, FEE e =1000, 2— 7 = 8 —Lfi] 30 °C, 1 R OSUGSMAET, BREIRE A 0.1 M
DH 1M E TELEET & & OFERIERE Table 3-2 (2”7, 0.5M OIERED L &2, FKkbEWw
WRT1—T 2=V X ) —=ANELNTHEDD, =) o FABIRVEIL 57% ee TH o 72, REIRE
D 01M D& ZITIFEMY DOHFHEDN 69% ee THLHDIZH LT IOM ETERSED L 23%ee
FTIERTFL, BEREREWVWEE 11— T 2= 12X ) — VDT IMUISIZ K D) T A &RME
DIETFE2b7-5T 2 Enbhrolz, ZhiE, 2—F /8 — &2 KER L+ 5 KEBIHAFET
FSZB W T A LD TH D,

Table 3-2. 73X KA VT TULEHEA T IZLD 2—T 0N ) —VE2kFERETILTE N 7=/ DK
FREHARFIETTSONNIB T D ERE OFE (FE /il t =1000)

cat:
Q OH cat7c OH 0]
+ +
O A e A oy
30°C,1h
S/C =1000
entry conc., M % yield % ee
1 0.1 83 69
2 0.5 95 57
3 1.0 80 27

LIEDFERING | AEEC—NFL— b7 I FA U P07 LR Z WK BEBEVRLE TSR T
(T e B R EIRE ARSI A D & AR O EME D R YD Z e Abino T,
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ZOMREEEZ, WO TC—NFL—ET7 I RA YU DT LEHK Ta, Tb, Te DT F o F AR
el 2 72l FEE AR =1000, FEIREE 0.1 M, 2— 7 moN ) —Li 30 °C O UGS
T, T N7z U OKRFEBENVARFIEICIISZAT > T2 it % Table 3-3 127”79, Figure 3-5 T/R L
TR L RIRRIS, 7 X REEG KA U U0 ASEIK Ta IZHRBEEER) — T I KA U U0 A85K T 5
L Te DT PERLNNZT & b7 =/ OKRFBEALRSTRIS P ET LZs, WTFhoT7 I FA Y
U LEERTH U FARIRIEIT 60 205 70% ee FREE TH o7z, TNHDOHFTIE, $5K Te 23
HEWVEFME (69% ee) TEO)—1—7 ==X /) =&z, I52, 85K 7cix, —30 °C
OIRIBSE T HABEEEZ A L, =) F AR 81% ee IZIE L T2,

Table 3-3. £V /il =1000. JEEEFE 0.1 MICBIT A FHEEC—NFL— T I RA Y
U ABERIC L D 22— a N = VEKFBIRET DT T = o OKBBENVAFIE TG
0 OH

N OH cat N (o)
©)J\CH3 )\ 2-propanol ©)S\CH3 )J\
30°C

0.1 M

S/C = 1000
entry cat time, h % yield % ee
1 7a 27.5 79 61
2 7b 1 88 63
3 7a 1 83 69
42 Te 4 78 81

a) This reaction was executed at —30 °C.
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Ol RFFEMEEFUEF (FIV) AUOVLEBERDERE EDIKERE

AIENE T2, HEFEEC—NF L— ML T2 H D07 X REFROERK - BEEZ1TV, TN 60T
Nl = /®7J<?%1%bﬁ”aiﬁ)im B D AEMER L O o F AR Al L2 & 2 A,
T X REEE A ) VU AR T LIS TR, BT YR ab%zmzo ZZTT xR T VbR LA
U X 5&_\ TIRAVTPTAGERE 2—T v /N — L EDRIGIT VERURN (V) 40T
U LR DA R A R IR T,

BSHE R OBEZE % Scheme 3-12 1R T IV KFEBBREA G T2 HEET I RA U U0 L5 T,
TelZ 2—=7m /") = VinbERNIKFEZHE L, s 58 FU K (7I) 5K 8b, 8¢ &5
ZToe =770 7 X RAGE MEEIR Ta 12, |IR T, 2— 708 — VTR L CTHRUGET, 73
REEAREIN STz,

OTBDMS
H
ﬂ Ir/N\ + OH i
no reaction
AN
N 7?{ )\ 2-propanol
H rt, 13 h

OH
+ Ir +
s
)\ 2-propanol N, “L‘H )J\
rt, 10 h H H
8b
not isolated

TH NMR (CD,Cly, rt)
-13.01, -12.92 ppm (each s, Ir-H) 1:2

Ir + oH Ir‘\\\\\ + Q
X /7
)\ 2-propanol >\ N H )J\

t, 11 h H H
8c: 30% vyield (recrystallized)

"H NMR (THF-dg, rt)
-13.84, -13.14 ppm (each s, 1H; Ir-H) 24:1

Scheme 3-12. 7 X FA UYL AR Ta, T BL W Te & 2— 7 0% ) — LD X D 96FE
PEC—NFL—hrb UK (7)) ROERKDOAL
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HY7uu A2 C—NFL—hrral R U7 L8EK6b & 1 25D KOBu 726Xt d
DR)—7 I FEER T 2 R CAER S %, WRIED 2— 7 a/N ) — 2N L2 R, THNMR
AT MUZBWTE RU R (7 ) 85K 8b 2MER U722 & 2R Uiz, A4 8b 1% 2 FE¥E D
VT AT A= LTS, B RV RENLFD T 27 F 073 —13.03 ppm & —12.96 ppm (T 1:2
DORESHTH bz, L, A7 =17 v 7 L TRIGHE, 2— 7 a3 ) — L aE& iRt & 5E
THELTE LN AR O BRI L, el LR ERALE B R F(TIY)
PEIR 8b IIE LML, BT 2 Z &N TE R o7,

—J, T2 REEAR Te 1ot L, THF-ds ., BXZ 50 YED 2— 718 — /L% —30 °C OKIES:
HECRINEE D & 2 RFHZIC 15%Dis(b= T KU R (7 X 2) 85K 8¢ WA L7 Z & 4 'THNMR
AR MK > THERB L=, Dt KU REEKO 7 F V1% —13.97 ppm (& —FEEH O B & 4,
H—DUTATLAv—L LTAELTWDZ R o7, —30°C IZRD 12 FFE#%IZ 'TH NMR A
7 MVERET S & BBERIL31%ICm EL, B RY REERAER DO T 27 U ASRIRMEIRIZX
TFEEEZRIRRE 2 MR L CUie,

R)—7 X REEIK Te & 2— 7 m/" ) — LHICESE L, IR N CRME L7ot2, W2 L TR ET
HELERUR (7Y) $EK 8 MG RE LTHLNT, 8if—20°C TYV=F/LT—TF )L
DO FREEET D & 30% DR CTHEBERTRETH V| EAIREETIZ—20 °C, 7L 2 RS T CTHRAF
THZENTEE, BFRZOE RU R (R)—7 V) 5K 8cid, HfE M X SE&EMTic L > TF
7T =2 TiEbdrbo0, AEEY 3HET /M rAgE L ENEMTON, 1V TY
DL ORI SIABLEIL S EIRE LT, 2Ok KU K (72 2) 85K 8¢ Ofsh% THF-ds (ICIAfE L |
FIRTFTHNMR A7 MERIET S & U7 ViRERICIE, 2FEEO YT AT LA~—N)
24:1 D TBIIENTZ, ZOWKAERT T 13 BEFHET L L. S22 U EAtER, o7
AT LA —IE1.5:1 TR F L,

—HORRIT, 8¢ 1L —30°C FTTORMRMMKETITH—DOIT AT LAY —L LTHELNLD
HLOD, WRTERSEM CIEeR EONRELEN T 5 Z L 2R L TWD, Eloe KU K (7
V) BEIRIZBT 2= X VAEBURIZOWTIE, gz - ZEFEEOHFLS 8 Rauchfuss® b & il
LTCWED, ZOMBIIARHTHD,

FAFIZBON T, 72 RR Te ZH W2 2— 703 ) — L EKFRET DT N7 =/ v DKHE
BENRLE ST ROG Tl BUGTRE % 30°C 205 —30°CIZ FIF D L EKT A0 —1— 7 == 1T X ) —
NDIEEERE ) L35 2 & 2k _7z, —30°CIZHBWTT X RESIR Te 26 U7 A7 LA RIRIIC
B RY REEK 8¢ BMEHNDT-0IT, BB EONLIKELE 4 & B I E C & 2 RIRSEME T, Al
JEDTF U FARRERE L LT E 2 BN 5,

R)—7IFRAYV T LEERTe E(Re,Sr)— & FU R (7)) AU 2T LK 8¢ D ORTEP X%
bEIZ, TN = COKREBIAFETCSINCBIT DT o F AR DOFEELD A T = X 1
EREHET D Z LN TE D, T2 5 Figure 3-9@)IIR"T L 912, (R)—7 2 KR 7e & 2—Fm R
— VORJGETIE, C—N F L— R ED Bu I X0 SEARBITIRAS > 721 & 13076 2— 7 1
N —=)uide KU RETa F o2t L NEREBIREAZZEH LT (Re,S—t R R(TIV)
PR 8¢ 2525, HNT 39ONTTRTEIIC, ERUER (TFIV) 84K 8 1 IT7 7=/ D
Reffllnrbe RU REMET L L (—1—T==Vx & ) —LINERT 5,
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e
s S B N

Figure3-9. 7 I FA U YT LHA (R)—7¢) LB RV K (7 22) SE(K ((Re,Sw)—8¢) © ORTEP
XN DWW TRE ST KRR Ot

(@ 7IFAUVT LR T & 2— 70 —ADIGIZE DS —E FU R (7 I2) #K8c D
A Rt R

B)Re,S)—E RU R (7 I) $8k8c L7 7=/ D Re I TORIHICT L HES)—1—7 = =
VT ) — VD RGEER

—J5. A VYU L EOSARERERY D Ry KOS T AT LA~—ICBLT, 7T b7 =/ VIE
(RSB K FEM G- OBEL THEE S DR % Figure 3-10 (279, Bikd 5k 52, B KU K (73
2) BRI D DKFBRBENEFE T, Cp*lici+ ED A F L7 0 b o LB DO ER & ORIC@E < C-H
J  FEEAER OB LERTHY |, Su KO T AT LA~— L3820 T2 F 7=/ o Si
MBS ZENBESNRIED 1 — T 2= X ) — Ve bz 5 tE2060%,

ZDOEOIT, B RU RFEEEICREWTHLEE DM AR E D RR D2 VT AT VA~ —TlL, 7
b B OISR WEES 2, T D7), SIS RPIZRB W THEXN AR E DR 5 RU R
(7 22) BEERNFEET D &, BURAERDOTF o FABRMEAK T SELERICARVED LEX
BAL, EVSLATRAIRE R b OARF M AZ BT S ETE RU R (7 2 0) $ERDOARRT 2 BEONR
B2 EHT 5 2 L3 CEETH D,

a) b)
.

CH/= interaction o}

Figure 3-10. (Rc,Ry)—8c 2L D7 b7 =/ o ~DKFEMG OHEE HFE
@R)—ERYK (TIV) K8 7 N7/ D SifHDKGmEE
(b) 7 FEEETe L(R)—1— 7 ==L % ) — )LD ETE
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Figure 3-9(b)¥ X UF Figure 3-10 TiXW b, & RU K (7 XY) 6K E FEFEHE I VR = tE
W& oM< C-H n HHEMEMN, B FU FBEIOEEOBLN 2R ET 5 HERKFITR> TN D,
2D XD Zefliit L E ORI OMAAETIL, BRREZLET 2R 1HY . 7 ax T Lo
ICEBICBRT 5 2 Lid, N BT =0 ABERICKT SRR FRIBIEIC Lo TH BN E R
TWH 0, O—NFL— i F2H 2O KUK (T7IV) VWT=ULHEKERV AT LT E RO
FOGTIE AN AT VT v KB Sithid DL Re I DEGET 2356 OEBIRENFHE I TS
Figure 3-11 [Z/R T X D12, SinbHAET 25 810IE, N8 /@au%i@ﬂ@‘%ﬁ%&«/x%»
T RO7 == VIO n B RPITHE LTALE CHAEERT 2E MBS ERE & 725, 2L,
Re [/ BT A2, XUXT AT E RO T = = VIR B U ENL A5 SBR[\ X (2
ML TWD, ZORER, TEHEILT R —13 Si i HEELT 55708 Re I HHALT D856 K0
t, 8.6 kJ/mol 1K\,

@H CH/r interaction @H

Ru Ru,
: o] H m
HN e N R
H- H-
Ph "0 Ph O
Ph Si Ph Re

Figure 3-11. XU B )LT =7 AERICEIT BB E

S BT Figure 3-12 2R T X 912, Cp*BAfL 2OV TH, ED A TFNIEDOKFIR T & EEDOHEH
B E OO C-H/ n fHAEERIZOW Tilgim STV 5 b, Cp*Rh[(R,R)-Tscydn]$H A I1Z X 2 /K FEBE)
FETTSTIE, E RU R (T Y) $ENT7® b7 = o Simc#T+ 554812 C-H/ o fH
HAERD#EO AL, 16.3 kl/mol ZE(L ZiL 5, Lild Figure 3-9(b)#s & U Figure 3-10 DHEE A 71 =
ALE, TNDDOFATHIZER R Z S LIZER L T D,

Hﬁi/o I

TS-Si TS-Re
Figure 3-12.  Cp*Rh §5{KI23517 5 C-H = FHAAEH
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FOH REFELGARUCYYHOOCTIODFTNIOHO*FILIEEFATSC—N
FL— M YOO LBEROZZERIL EFH KRB RS~ DEA

AIEINCRB W T, SREE AR DL T I VO Y 7 8 XA 2 LIS K> TARREN D HEED C
—NFL— AU AEHRIL, T —— N RO KEBEILE TSNS O TEWEEZ
AT ZEEHLMNI LT, C—N F L — MO T I > a O EHILS AR IC K X < E%
FIFL, HTH, NEEW Bu EE2HO7 I KAV TPULEEK Te ZHWDE, TR Z7 =/ 0D
REKRFEBEALE LS —30°C THHEET L. 2O F U F AL 81% ee lZiE L7, L L,
Z ORMEEHEFEO B KU REER 8¢ IZHRSM TIXIRET CUT AT LA~ —DRAW L L THE
T 578, ERPLONREEOHEIIR 5 THY, =F v FARIREICUBEORN S D L&
RT2e & 2T AELOSHTINT LY &R R 22 RT3 FTRE 7R 88K & L C B IR~ L WF9E %
JBBRT 5 Z L 25 LTz,

PTAE, BAERCALF-1 X THEBNE 2 05E U7c ZAEBEIRDN . BUEZBEIR & 135872 5 SO 2 7= 31
W HINTND 102, ZOER & LT, AWISEFRIET BRI LOMEERIZ X 5 EFIRE
DEALITIN A, AR ATREZRZRABINLA-IC L 0 R RIS 2 b 72 O TREMES, BEOMISA &
225 RJENENZNBIDORE 2 S BRIBRNE Z DTN D, MIESOSIZ B W TEEERIIC &
O BUSHES =F~ o F 8RN ) L3 2 Jed ) &2 LU IR T,

Messetle 5137 VF L U4 — /DT Ru7/afx iy UULEIRZ LD A e 7 & 2 — /L& Ofil
fit & LT, Scheme 3-15 (TR 00 MEARNENTHD Z L 2HRELTND 2, ZORISTIEA
IEV YN A IVEN TR B ORI R Y T AL D b, TN E T = = L U RRIBIC K o THEM
L7eZBm Uy MEEN LD SiEEE R T 2L 2 RWE LTV D, FIC, “ESEEOhTH AL b
i GRS S AT BRI IE AR LT 0 L 2 DORBF T A BCALE 2 8528 & 0 HIES
WML RDZEERAOEMILTND, ZORUGIE Scheme 3-16 1R SUSHEME THITT 5 LHEE S
TWo, ZEHOE Fayiafx i HbolR, RE LA ZEM L TORWERIE 23, SRR
PRI ATEIAL L T D L B2 TS,
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=" 30H co 1 atm (j/y\p
OH CoD5Cly
25 °C

et Ay, \N,\> Ay

\ N

.
,/<\ J N-Rh(COD) Q - lear
@ Rh(COD)
/Rh(COD) / Rh (COD)

] N-Rh(COD) _N
\\< ) N Q
W
/
12 min, 99% conv 35 h, 99% conv 143 h, 60% conv

Scheme 3-15 Messerle HIZ KD 0 VU A EZ W=7 % U4 —LDOT e Kue7/afx il
i

Scheme 3-16. 7 /L% U4 — DT Fa 7L a3 VKGO s iE



ZRRGEAL I E AR T 2 A L T2 2 AT ER S RAEOF H 5 5T\ 5, Toste 5 Scheme
317 R T X DS, A FIVW - 7 v UL L 27 VOB GRS BN L D ¥ T
J0ATFNTRATIVERERE L TWD 18, UG AN UENLTF 2 b O RO S AT
VN, A BEEEHA L D bmWIEREL R LTV D,

OPiv ) Fi)h
ca
OH ®)
NaBARF
& Ph .
CHQC|2 OPiv
rt, 16 h
cat

Ph.  Ph

r I\?_iN Ar
TN

At auct A

A

R =4-CF3CgHy4 Ar = 2,5-dimethylphenyl
85% ee 7% ee

Scheme 3-17. Toste ©H 12 L5 7 a0 )L X5 )VFA O B B 3R Y674 E)

F7-. Sarkar HIL 20D MY TV =V TEM LIS B OF TN 7 v A Z AT LY
p-7 =L r—UA VU AGERE AL T\ D, ZOESHEEICH Y T 2 HESHAIC A, T8
BEIRD TN 2-7 X)) — )V EKBIRET DT b7 = /) v OKEBENRE T B T il
IEMEZ R 2 & 2B 52 LTV % (Scheme 3-18) 14,

0] cat OH
OH KOH, 20 mol% O
CH; * CH; *
3 )\ 2-propanol 3 )J\
100 °C, 6 h

[ketone] = 0.1 M
Ir:ketone = 1:200

cat

66% yield 86% vyield 86% yield
Scheme 3-18. Sarkar HIZ L5 b 7V —VENL 2 AT 85K EZ W 2— 7 0 ) ) — L& kKER L
TAHTE® N7 =) DOKREBENE LG
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ZOX oIz, HEOWEHALRARFIE UCIER L2 ZEEELNT 712 K 0 ZEER L S 7853,
ﬁjy%»@ﬁ&%%i@%@ME%ﬁﬁE%@Rﬁ%%t%ﬁWﬁgwo%:?K%T@\%i
IEME7e C—N F L— MEERIZBAL T, C—N ¥ L — ML+ OB ZFE LT £ S REE~D
JEREY 7 T = CORFKEBEALR SNSRI A o F RO N A I L
Too BRI ZBEBEIR B0 2 DDBOGYT A MBI D BOSME, =7 FARRMENEAMIZ 2 5 K 912,
[fl—5r 7 B2 2 DO DT I UENL AT HRFMED B VEEIRICEREZ Y T, 2oL H 72
BESEIRROSSHE, FIEME RN D) v 7 T I VR =y FE L T2 7Ty 7 1 A Z L1k
(FTNTT7arz2nfl) 5281285 T, BEICHETEZLIEEZT,

ZOFRMNEMTETRE L=y FOREL LT .GRIFMEE OF T A TT I AMLEMRZET b
%o CySBRENL I LCA VP LT T 7 Ay MaERMET 5 &, &R Lo 2 25FT oA E
DE—0D C xIFMEZ HERF U 72 8RB SRR L, FREDR AN T AT LA~ — D%
R TELZLDRRIAEND, @R ED Y DX F S L 72 (R, SR D AR AFNZ e
X, RHEKEBERICOED=F o F AR L2 72613 Th b, £ G MG
=y NEWBRER LT D e R RESMAD, R UEo#E2 b OHEE Y RRO T 27 L
F~—tb (R/Sibb) % M U TR RE & (SeS)EZ LT 5 &, ZDOHITAFE (RS> S,
HRZPER L0 b @ R L HE A R TE D0 Rettb & 5,

FTIZT, G DU w7 OT X UL A FEARE R & LT, Figure 3-13 1SR RS AR A &
LoV T FNEET, 22-EA (TIJATFN) -1L,I-EFTH L2 9a LERTUUREESML
7223— VT 2=V ENRT UL 9b ARREF LTS, TN EN ARG FRIBMA L LTH T AT 7 m A
& AV % fat LTz,

Y

Figure 3-13. XDV T X UENL A O ETETe G kIFRE C—N & L— MR O RITERIA

22-EA (T AF)N) -1,I’-EF 7 X L 9a kD “EEKRTIL, Cp*Ir 7T 7 A MZ L
HNEI@EINCL-TH, BR LONVRREDORR LT AT VA~ —DERLPREINDS Z L%
R L7z, B 20% Figure 3-14 (R T X 912, BT 7 FEKZEL "B C—NFL—hb R Rk
RTIE, 3FEHOT T AT LAY—RNREINDI DD, —HD Cp*lr 77 7 A 2 F BRI )
SEWEHELE LTERT L. b9 T OMKREICKELZKIEFTLEZOND, T2RDL, 2
T D& R _ EOHFLMERE NI SIKTH D521, Cp* B 0 AEWVIZA Y VT AL ER S
A THENV TN U, AN L E RS L 72D, — 7. 2 7 I OB R O SLRELE 23 ¥ 72 541
LI RIKTH DAL, Cp*lr 7T 7 AV FINEWIHET LG & 20 . A EEbd 5 &
Ezobhb,
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BN

Figure 3-14. 9a kD “KESEA L L THRESN D VT AT LA ~— (MM2 #FRIC X 5 i b
&)

—J7, 23—V 7 ==V ERT U 9b HERDEHATIL, ©XT P U BRORFFRIEE O %2 eI
S, @R LONAKEENREICEE S, ZEEAO®R EoXT U T 0 — 2l T & % EetE
DBd D,

IO OBRIERNLFRREF OIS A & & ICe B, B FN R A SRR A AR L . A
UYVULETERINDGE R R (T IV) EROTT AT LA~ —tEfi~, ZEHEERICBIT S
R EOXT VT ¢ —HlH, REMBFEREICKITTEEBIZOWTHLNNIL LY EE X T,

ZHVE TEANL T 9a DAL E LT, Scheme 3-19 35 X UF Scheme 3-20 (2757 2 B E ST
%o Shi HICLAARIETIE, 2,2-BE2 (FREAFIL) -1,-EF T Z L AK LT, T NiEE
WAL BICKZEERITCL, BIE TS 22-B2 (TI 2 AFNL) -I,I-EFT7XZ Lo 2R EL
BRLTWS S, 72, BRI, L,-EF 7 X L2 2Dl VR iR E LT A= &0 BRtE
b~ BB, 7ToE=T ZEHESETHET I R~EEBLT-h, AT VIEITICL 5 T22-E R
(T2 AFN) -L,I-EF T H L DEEEIT> TIN5 1S,

OO Br NaN; OO N3 Pd/H, OO NH,
Br acetone-H,O N3 EtOH HoN
reflux, 6h

98% yield 90% yield
Scheme 3-19. Shi HI2L% 2,2-E 2 (7 AFN) -1, -EF 7 X L ARk
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99 L awes (2
NH
coH  1)SOCh cont, THF 2
HO,C 2) NH; aq HoNOC 2) HCI/MeOH H,oN
e Nange .0

91% yield 75% yield

Scheme 3-20. EfHIZ L5 2,2-L A (72 AF)) -1,I'-EF 7 X L o ARkiE

Scheme 3-19 35 &L O Scheme 3-20 ([Z/R T ERIEDHIEFE TH D 22-EA (T rEATF L) -1,1’-
EFT7RZL TR - F TR L U20-DHIVAR U BT, HERAR T T2 LR E L
THROAFES R 1,I-8-2-F77 h—/L (BINOL) 22O/ T 72Dl = TRZET 5,
% 2T Scheme 321 [Z7R” " K 912, REFE—IKFR AT & EFRERELOBANZLFRFIAT O Z L 057]
BEZR S 7 AL E VAERT D LI-EF 7 X L2 2-U R = h Y LR L, SR bA

O ) . O
oo ® Ce
e g e
" 00 C
3

e )

HO, H,NOC HoN g ‘
CO,H O CONH, O NH
O O 2

BINOL 725 DO#FEAZ G872 22-E A2 (T ) AF)) -1,I>-EFT7 XL 9a DERL

27,
TfO
] OTf
NC

CN

[
_——

2 steps

Scheme 3-21.
5
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FRBE AT Ao T JAbOE e LT, ilIZIHME T EIREO & 7 AR T bR
(D7 EOBEBAE T T A E OB IFIENA LTS, —JF, 10 EAeRZ V2 fillstry o
T AL E LT, @ADL, U kT U — gkt L, BiE/ T T A (PA(OAc)) fF1E R, i@
BEOTT AEH Y TAEDRKINC L DN Y = MY VAR EHRE L TS Y, ZORKIGTIEY T v
bW A A 2 3D /3 F 27 TR < BAL L | AlENEDS PR E S5 MED & 5 23, £ Ofi TIL,
Pdy(dba);- CHCI; & DPPF (1,1’-bis(diphenylphosphino)ferrocene) Fi+ DA ClfiliEM: 2 1f] | &
HAHZLENTEDHZEEZHALNIL TS e Anderson Hld, 7 FF7F A (MU 7 2= /LiRA T
4 V) T UT LR (PA[P(CeHs)sla) (Il & U< 3 o bsiI)<e 2 vLHEEAAN Z TN 25 &
e 2 K EC& 5 Z & 2B M2 L7 (Scheme 3-22) 20, F7=, MEBIOWINNRIL T
CULERIU 10 BEBTHLI=y FASERICEAL THELNTEY, =y TV, K27 ¢ ik
ERD 3 JERAMBEN > T JMEISICAZ TH D Z ENRALIZL Y BnEshTing 2

Pd(PPhs),, 5 mol%

Cul, 10 mol%
+ NaCN
2 equiv CH3CN, reflux, 1 h
oTf CN

90% vyield
Scheme 3-22. = VALHAI(DZ W LT/ XT 20 MEIZ X 2058/ v 7 Ao 7 7 LG

SR 2 ARG L L CTH WD 3T U0 A O SO X, Scheme 3-23 [Z/R”T XK 512,
PA(P(CeHs)3)s 72 B4 U DBNEAEAFN /N T 20 LEHIR[ANCKT S D w7 kT U — L OER LI N
WZEDT V=R T D00 LEHRBIOAR S 3 TALEA(D) [E] D v T MEH[Cl 2R TIER SN DT
U—/ (7 =F) $ERD]OETCHIBEEC L 0 Rk S5, SR D v 7 = R[C1ZMTE S
D LIZL T D T AA A > DRRFEDMET SETNT U0 LD S35 2 i3 %
TR, NIV LGEERAD N T U A A B AR ERE L TV D,

CN
Rd(PPh3)s.n
Ar ArCN
KCN MX,, [D] r
[E]
+n PPhs
Pd(PPh3)sy ————> Pd(PPhs),
[A] -Nn PPh3
KX M(CN), e
_ [C] X
o RA(PPhs)s.
X =1, Br, OTf Ar

[B]
Scheme 3-23. = VALSRAZ TSI LT NT U0 AMREZ K5 5 /TR A0 7 A O > T AL D
FEE S35 SO
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AEEETEAEE LTHRELE LI-EF 72 L 022-U0biR= kU L2 7 2 {pic
FOELOSIFZNE TIZ 2 HIHE SN TOENNTR LRI 28 22 C, &R - @i
R L,I-EF 72 L 022- U VAR= M) V&5 5728®, BINOL H2RDOY Y 7T — [ Ofififi
B2 7 JAEBOR DRSS 2 1iFt L7z, (Table 3-4)

F9°, EiRdD Anderson HDE /7 JALDSAFIZHE L T, PA[P(CeHs)s]s & = 7LD 2 JL A Ml
LD, YT UAEB Y T L ETT IIRE LY T USRS R, entry 1 ITRT X DI, BE
/b E=10 1232 E L, PA(PPPha)4 2%} LT 2 ¥ &ED I Ufbiiz iz, 7 =KV VERSEHET
IZBWTITo 7228, ISBRLE 48 BERIZICB W T H EEHC TS ST, SOSITHET L2Rd-
oo =, entry 2 IR T L DI, SONAEEZ VA XY L LCRBRORIGEITT2 & 2 A, AW
ELTHMETZ L-EF 7 X L 22U bR = b U b a BSHEBERE 10% TR Oz, L L,
FIFFIZE /= UL b HILE 10% TRIZE LTz,

ZIT, BADICE D= VSRR T ¢ S H RO 3 SR E AW, YT 2 ERR AR
7= (entries 3-8), FE =10 & LT, RIS Z 24 FFf#E], BRI FICBWT, iR
JSTRIE, BONL T AR LTz, entry 3 1R X 910, flEATERAL LT, 13-E 2 (¥ 7 x=/LiR %
74 /) ZFmas3 (DPPP) MBI L7-Y 7 mu =7 ek (NiCl(dppp) &MV, 51014
D DPPP Fifii %M %, 20 mol%DHEFIE T, 7 kB VU AL ORIGET & =KV /LiE
WA N CRATAER, 7 MEBOEHET L, REFRINERT LIS 7 X L2 2- Y1V =
FUvanEoiniz, Lo, entry 2 E[RERIC L,-EF 7 X L 22U =FY/ba LIZE
FEOET /= U VAERD b bEIZE LT, entry4 DX D2, BfiF% 12-BEA (VT 2= LKA
4 /) =% (DPPE) IZEX CRIFMH T TRIGEITI &, LI-EF 7 X L 22-P I ViR=1F
a DPERME T LIS OO, DT NRBLE = MU JVERY b X0 HEEMICE L, BT
ISR DFRVE B2 52 5 Z L 3o T, IRIZ, entry 4 & AR D S TRUSR I 2 28 2 T&E
TIREREZRI LS Uiz, ZO/EE, IE7 0 N oERE S LT 14-U4F % (entry 5) W5
EROENRE L HEESNTZ—FH, NN-CAFLRALLT IR (entry 6) ZUHEL 325 & iz
ZLLMEL, WK% THMET S 1,I-EF 7 XL 22V hHAR= U balnE®/=hrJ L
A b ZRIET D Z LR EbNT, ZORISOEFRMICBNT, 1,I-EF T X L2200
A= R UL a ONFEMEZJE LTFER, =) F A4~ —imF=IFkR O BINOL ¥ h U 77—k
LRIBRIZ99% ee LETH D Z &N, FTNAN T LEMEE L-ERKEs a~ M 7T 7502k
R C& 7=, F7=. DPPP <° DPPF BNz 1% FV 72354 (entries 7,8) <° PACla(dppe)di{A % fib it mij 5%
e LTHWES (entry9) (ICIX 1L,I-EF 7 X Lr22-P R = KU/ aDILRIIET L,
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Table 3-4. fffgs 7 JALRISICE D L,I-EF 7 Z L2 2-O LR = MU LOERRICBIT 55

it
OO cat, 10 mol% OO OO
ligand, 10 mol%
TfO . KCN Zn, 30 mol% NC . TfO
Oy e e CT QO
a b
% yield?

entry cat ligand solvent a b

1° Pd(PPhs)4 - CH3;CN - -

2b Pd(PPhs)4 - dioxane 10 10

3 NiClx(dppp) dppp CH:;CN 20 21

4 NiClx(dppe) dppe CH:;CN 19 17

5 NiClx(dppe) dppe dioxane 2 -

6 NiClx(dppe) dppe DMF 87 -

7 NiClx(dppp) dppp DMF 57 5

8 NiClx(dppf) dppf DMF 17 -

9 PdClx(dppp) dppe DMF 59 -
a) Isolated yield.

b) KCN, 2.2 equiv; 48 h; Cul, 20 mol% instead of Zn.

[PPhZ <:Pph2 G PPh2
‘@ ~
PPh, PPh, — ~PPhy

dppe dppp dppf

IO, BoNY=RINEBETLL, V7 IU~DOEBERF Lz, = M VEOETIZED
T I U OEMIET, I ERRE OSBRI DRI LU & BRI A Ve il
KFACSIES B ST WA, 1,0-EF 7 X L 22N R= F Y LDZFETIC L H2.2-E %
(77 AFN) -LI-EF T L 9aDE R ERFIE720, Putala? 513, [ CALEWOIETIE
ZWLSONOFIEIC L o TRAETW DD, EFITEHEREEWE 720, BRET DU T IV HIE
B Lo ooz EHEL TV 5,

ZIT, TR T NAFIET, KFIUFRUREI IV U AL DEE R = NIV E kT I o~
DU T 25 Yu* 5O E (Scheme 3-24) Z&E(Z, 1,1-8F 7 X L2220V AR=FKJ )L
DI IO & IR T2,
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CN Raney-Ni
@ . KB H4 g NH2
4 equiv EtOH
50 °C, 45 min 82% yield

Scheme 3-24. Yu Bl XKD T Rx—=v /Uil a W= KB TED Y U L EKBIRET DT
FEE= MU VIS kT 2 o ~DiE Tk

Z OFE R Table 3-512~7%, £9°, 1,I-EF 7 X L22-UHNR= ) ML T FU R
FELTKEARTENY UL %4 E, TR—=y TATRIYEN, =% ) —/LH, 50°CTO
PO 22005 AT o 72 R, 2,2-E 2 (727 AT ) -L,I-EF 7 X L addMEEIIIZ36% IR T
SNTZHL DD, £ T I UALEWDRI%EIAELTZ (entry 1) . 2T, U7 I VBRSNS
KT D BUSEREOBRT 21T o 70, entry 217 T X 912, B KU NREDOEE Y RITIC L7oRE R,
A ERITT3%ICm B L7272y, BRE 32597 I AbEWad@IRMEIFE T L, IERIT26% THh -7,
WIZ, entry 3T L9, WA T x—=vrLodbilEtizt 2 A, MIGEEE, U7 2
CYOBEPUEL HITm L, IER6T% TYT I UNELITZ, entry 4R T L DI, FISRMET, RIX
IEDEEE R SE 5 B TR Z6M M £ TR LTHIRICRE B (LITR LN o T,
ZIZT, entry SIORT LI, TR—=v FVOBMEZLI-EFT 7 X L2220 )VR=F L
WKL TAY BT Lo & ZABRURNTSER L, BE 32507 2 AL Wans HEFIES3% TR L
iz, entry 6I1277 3 L5112, LL-BF 77X L 22-UNAR= MY VI LTHWSDE R RS
DEZAYEIIHO LTH, +oe@ M ECTRISHETT 5 2 EBRbh o,

Table 3-5. T X% —= v 7 VEZ W2 KFUARDED ) LB KFBRETHLI-EFT7 XL
2,2 HIVIR = R U ILVOE TSI D St

NG OO Raney-Ni HN OO NC OO

oAl TN ¢ s AN ¢ o A
50 °C
a b
% yield

entry  dinitrile/KBH4/Raney-Ni time,h % conv a b

1 1:4:1 20 46 36 9

2 1:8:1 3 73 26 9

3 1:8:2 3 85 67 6

4 1:8:2 6 83 55 4

5 1:8:4 3 >99 837 <1

6 1:4:4 3 >99 75 1

a) Isolated yield
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Wi, AR LT FAEEYT R0 22-EA2 (T AFN) -LI-EF 77X Ly 9az 0T, A
VIO LGERIZE DX TN 7 a A2 ALK SR Tz, 7' b=~ U AEBH | [Cp*IrClo)s 12 %)
LTI HEBOY T I 22 4EOFHET N U LZEML, 80°C, 15 RO T CTRIGSH
7o IR BRIINRAEW Y 7 aa A 2 RS, A X0 RIS 282 500 Bru 72
ROIMNBIRINLO 2 HFTDOFHFER C—HEEOUW 2o T, v 7/rAZ kL= nl K (7
V) AU T T LA 10a BEEKEK E L TIE 69% T L7 (Scheme 3-25),

s
HoN OO NaOCOCH;

2.2 equiv
_—

80°C,15h
i

[Cp*IrCl),  +

69% yield
Scheme 3-25. 2,2°-t' 2 (7 I/ AF/) -1,I'-BF T XL 9a D7 1 X E ALK

ZDHNMR A7 MLV TlX, 72 LU EOT 0 bR EFEREERIC 5 FESH S, Cp*
DAFIVIRIZIRBE SN D V7 F b 1.73ppm (Z—HEfR & L TRl S 7z (Figure 3-15), LML &4
DT FNOIHFZ, ~A T —I b FRROFAE L R 5 B — 27 BB, FRZ Cp*D A F 7'
b > OFEIRIZIE 1.69ppm & 1.71ppm (Z[RFRE OFRE O— S 2 KN, X7 vy 7 a2 H 0
fbE&N-27v U K (7IV) ERTIZE T 7 F VEROEMERFITMZ, 20504 )7 A Eof
DEREFEE AT D728, Figure 3-16 [ZR-T 3O VT AT LA~ — (KRN FET D AREMENR B 5,
2 OO BT LOSARLEF U TH D 2 FEHOSEROWT N (A 721X B) 732 DD Cp* i
M7 LM E 5 2. &RBE Y OMKISLIRELE N2 D G ER KONV T AT LA~ —D
b5 C 23, FES 72 2 T Cp*llRBEN D 7 TV X DRIERM EE X b,
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CroHe Cs(cHiir ®
|
¢ |
|
|
[
| o o *
| J! 11 lll‘l. :l ¢
* e I
gl (W e ,,_,,w\..._..u. L, \.(\_,J\,II‘- \J \_
I T T -1
8.0 7.5 7.0 ppm 1.751.70 ppm
Figure 3-15. %7 1) FA U 27 K§(K 10a O 'THNMR A~22 kb

Figure 3-16. KA U ¥ A55K 10a DHES NS 3FHHEHO DT AT LA ~—(k

FEWNT, T UBERER T e b oAb L, AETEPERRICAE Y 5 7 X REEIRA~ & AT 2 HAY T,
vruna A2 ot T a ) REER10a & A ) U L4720 2 Y& GERICRH LT 4 5E
? KOBu TUEEL 7= & Z A, IWKIIB AN HIRWVIREA~EEHIZZ(L LT (Scheme 3-26), HJ
ETDHTET I RERNa N ER L Sid, HY 7 va A X UHIZEBITS 'THNMR A7 R L
Ko THEMNT N RO fER E < . BT 2 2 L1TTE 2D o7, Figure 3-17 [ZR”$
oIz, FEHEEDT I REEERTIE, A VP TLAEDLYVDOUT AT LAY —RREINT72H, 7
o U REER 10a TITEEBH SN2 Cp*O A FARICRBEND 7 F AL, 72 REACIE—&
DO—EHUMR LTz, £, HFEBREBICBWTHERRIC SFEEOT U —17' 1 s UnNHRICS D
DI, EHIET IR b ATRB IS V7TV 820 ppm IZEHI SN, ZONH 712 oo
Bl 7 ME, 2k TR - HEECRTh LB T 2 RESRE AR OBEm THh o, &R—%EH
MRS EBAEMEEORTCNWDEZ EEZTRBL TS,
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H
KOC(CHs) AN

33
2 equiv O Ir‘o
CHCl, O—Ir\ O
L

Scheme 3-26. A VLT I NEEA 11a DERL

Cs(CHy)sir ¢

I CioHs
i
I
1 @
| [ )
® il | .I.i.
! N-H | b i
I R " !H;|I ""i il:l
A AN A R A WS G
o T T T T
8.5 8.0 75 7.0 ppm

2.0 1.9 ppm

Figure 3-17. 7 I FA U YU A85K 11a © 'THNMR A7 kL

SHIIC, 7 FEAMManb e RY K (72 ) 85K 12a ~DZEH S %17 > 72 (Scheme 3-27),
72 REEA la 2T, 2— 708 — L C 2 BRI L, WA RBIE TR EL, ~3H
PeieZAT - 7215, EHLAF L B S, THNMR A7 MVIEETT->7-, B KU K (73
V) ERITIRIE SN D U, B KU REEIKIZ-12.81 ppm, —12.86 ppm, —12.88 ppm, —12.90 ppm
W AFEER SN, ZHIFEA Y VUL EOSNRELEN R D 3FEEDOY T AT LA~ —ITFHY
L., FEEITAK 2:5:4 D TH -T2 (Figure 3-18), £7o. Cp*Bfii+DAF NAFEIZBE L THIAEL &
N3 FEHO > 7R RBEOBE L CEII S Nz, TNHORENL, 2O T 2 NEkK 11a
X9 5, 2= a/X ) — )LD OKRFEBEIOWFETIX, 5 BEBRT VA U XY A 7 iCxkd 5 misk
RBFFTHBE CE Aaho Tt B2 bND,
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i
N\
|O OH
Ir
_0 * )\
O_“. 2-propanol
N excess It,2h
N
O

Scheme 3-27 “HiA U AT I FEEfA1ladt U R (7 IY) 85K 12a ~DZEH

[ ]
C5(CHy)slr | Ir—H
: f
I [
1 | |
[
® [
° .l |’l. , ! |
|| AWAVE
If. I | . Illf ,L‘ :.' '"Ir ["
EI I i ! Y 1
o ™/ \
M| rapr el L
ARIRY P AL p ™,
,: IIJI : I '
Py -12.8 -12.9 ppm
. . —
195 1.90 1.85 ppm ® 0 :9=2:5:14

Figure 3-18. Kt RU F (7)) K 12a ® 'THNMR Z~<7 kL

WIZ, 23—V T 2= BT DU 9 DX TV 7 v A B ARG & D TSE RGBT L T
et Uiz, £9°. BEROHFEICHE, Scheme 3-28 IR THRIET23— V7 ==L ERT U 9b &
ALz, ZF Lo PT I L, 2HBEDORU AT AT RE, A X ) — LBFHAIE TG S
B, VA I % BA%INGERTHE L7212, #ER L F 2 3K TiCL(OPr): & AV & e ER (L
J5% P T AT VARIRIZATVD, A E T2 23—V 7 ==L BTV 9b & 38%DIETED =
EWTE, TOH%, HHEWD 7 L5 HE LT @ERE 7 v~ N7 7 4 —ICX > TRRKB &
VESSHEDTF T A~—%05E - pE LT,
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Zn powder, 5.0 equiv @
CHO TiCly(O'Pr),, 2.2 equiv
HoN NHz + ©/
MeOH

CHZCla, 1t HN  NH
reflux _/
84% yield 38% yield
©?2 @ Resolution by HPLC Q_@ Q_p
+
HN NH HN NH HN NH
__/ _/ __/
(S,S) (RR)
99% ee 99% ee

Scheme 3-28. 23— 7 == )LEXT T 9h DERL

[CPp*IrCL 1T L, ZEE/LDRR)—23— V7 ==L ERT P 9b & 1.1 SEOFEET R U 7 A
EMZTRAME, Yrun XX R, 40 °C OFMETHRELIZEZ A, BHINE T4 71y
71 2 EACIERET L, A U 20 LR 10b A E AR E LT I8%IIETH LN, ZD

T m U R (T Y) R 10b IE, BN U7 ER A A SO U T I ARG AR 10a L 1T
D, B—DOTUTAT L A~—& LTHBEET 5 Z &3 T& 72, (Scheme 3-29)

<::> NaOCOCH;

1.1 equiv

[Cp*IrCI2]2 +
NH CH2C|2 Ir NH HN—|I"

40°C, 24 h |
(RR)

78% yield

Scheme 3-29. 23— 7 == LERF I 9y D7 v A X IAGKG

PG K 0 5 O 72 850K 10b OGS A X BREEMEITIC K 0 o8 Lo R, 1808 L7z i
EEEMNTS 2 ENTEZ, 55172 ORTEP X% Figure 3-19 12~d, — K7 n U K (7FIy) 4
K 10b 13, ZRIGENE CTH D BT VU ORNEBRNLER I ELZ L > T D, BT LN H
MU TAVHIIALEL, Zo0T7 Iy 7a by, 7al REAF237 2 v L FmICim LT D
ZENbholz, ZOK10b O Ir—N, Ir—C, Ir—Cl DG E%E, BE#HO C—N & L — Mfr 1
EHLOHEZ v Y KA U VT AEROMEMEET — & 4 LR L7223, KRERZERITRAWZ S
Mole, “HEMIIC L2 EARERBBOMAEERIL <, B LITHENE & % & Bbh
5o
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Figure 3-19. 23—V 7 == /VEXRTI U UHRO 7 0 ) R4 U 27 LEEAK 10b @ ORTEP

AR s BEEICERI L2 7 v U RESEK 10b O 7 1 b AL 2 A L7202, ZOY 7 ra A
BRI HRT L, AV P A4 720 1.4 8580 KOBu 2 /EA S L 2 A, IWROGNEEANL T
S REBARICHEF A 2RI VR L L2, THNMR A7 hJLIZEWT Cp*d A FILERIZIRIE S
LY TFART Y REERIZHEAAEEIGIC 7 N L. 1.67ppm 225 1.93ppm (22 L L=, BT Y
VB ETH b 3FEST BN, IO S LS UTZ, 73 RESK 11b 1T B
ETHY, VTN —T WL DHMHEREICLD | ARV ERE, 47%XE CTHEEL 7=, (Scheme

3-30)
KOC(CH3)3
1.4 equiv
=Ir—NH HN—Ir'"
@ ér \ / Ir @ CH,Cl, % \
cl Cl rt, overnight

47% yield

Scheme 3-30. 23— 7 2= )LEXT I UHKDO KT I FA U T LK 11b DA

(RR) KB LON (S,S) KOBNLFRHIBEAED G XIS T 2 BEEDT I A U o A EkES
BLTed, T N7z /) v ORFERFEBIHE LSO LER D Z () RIZH—T 572012, LT
1%, (SS) KD 23— 7 2= L ERT DU DFERE V.,
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(2, SR & BSEIR D X 0 B R IR ZAT O 7o IT, 23-V 7 = = ERT U UL
AT LHEESEROARERRT-, Y7 un XX H [Cp*IrCLIZX L, 4%E /YT 5(S.S)
—23— V7 = VEXRT U9 A INZ, BEEET MU U AFEE T, 40 °CC0RERIFEIR LT, Z DR
B USIREHOHNMRARY ML FElZERR LT RO, BELSEAR, BA71-RiBE
%ﬁ%h%n@nns@ﬂAﬁﬁihfwézkﬁbﬂoto:h%@%%@\VUﬁEww?A
ra~v hN7T77 4 — BRI FIRE TH Y . BRIOEEZ 1 U FESR10b°2360% DI TS
%%ﬁ:@mmm}m) ﬁ%@mw%é?&mux&yfﬁﬁb 'THNMRAZ Lz lE L
ToRER, Cp*D A FVIEITIRIE SN D > 7T 0 031.66 ppm & 1.69 ppmiZ2 A8 M v, Z O IR )
SR TLONKREEORRD T AT LA~—088 : ROEGTEENTWVD Z ERbhoT,
ZDOMDFEEFREIRD S 7 F b, UL DT 2d b b,

@ NaOCOCH;

[Cp*IrCly], + S
/ 40 °C, 20 h

(S,S)
41 60% y|eld

Scheme 3-31. 23—V 7 = VERTUUVHFKROHEE v U K (T IV) AU P T LEEK10OE
%

I HIZ, Scheme 3-32 (2R T L DI, ZOHEZ v Y REEEI1DIZH LY 7 mr A% B0y
T 1.3 ¥&ED KOBu ZHWTIEHSETZ &L 24, WIRITBENLIRWEA~LEBIZE L, Xt
JST 5T X REER DU 45% T b7z, 71 ) RESIR 100> CIX AR Sz Cp*d A T
NVIEIZIRIB SN D THNMR A7 ML D Y 7 FuiE, 7 2 REEE 11b’ TlE— Ao —Eff & L TUUR
L. 1.90 ppm (&M 7z,

KOC(CH3);
1.3 equiv

NH HN—Ir= NH  N-—Ir
\ / : CH2C|2 \ / y
Cl rt, 2h

45% vield

Scheme 3-32. 23— 7 = VERT U UHKOBEET X KA U U0 ALK 11D D AKX

WIZ, 23-V7 = =)V BT VUL A T 5 BESEA 11b°3 L OV EEE K 11b 122V T, K
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FHGIRE 72D e R REHEA~DZE L2 T-, Scheme 3-33 33 L TN Scheme 3-34 [Z/R T KL 9 1Z

7 X FEER NP B LT 1Ib 123 L, 220 °C DB TEREEED 2— 7 v /X ) — /L& iz 2 REFEBOS S
HleLZA, WThOSEKRLAIST 28 R FEHA 1205 L0 12b #5272, BEEE RU REHAK
12b’/X '"HNMR A7 hUZEBW T, -13.5ppm £-13.7 ppm (2 & R U RENLIZIRE S 4D FiSE
DT F %ém\%mm@SSAST%otoit\Cﬁ%_%Eéhévﬁfw%Hbm
THY, ZNONERFPLONAKEREO R DT AT L A~—DEEEZRLTWD, —FH, ¥
t KU FE5A 12b°13-14.8 ppm (& KU RENLTFIC m@éh&lﬁﬁmojﬁﬁ#ﬁ@éhlﬁﬁ 2
T AT VA —%E 2 TWDZ EREMT BN,

\ OH @
NH  N-—Ir + NH HN Ir= NH HN—Ir
_/ y )\ 2-propano| ] |
-20°C, 2 h H

85:15
57% yield

Scheme 3-33. 23—V 7 2= /L ERTF IO UHROEEE RU R (T7IV) 4 U0 L8HK 120004

D9
i;kfﬂ ; OH K;kfﬁ\
SN N= (i ir—NH - HN—Ir—
2-propanol | /O
-20°C, 2 h H i

75% yield
Scheme 3-34. 23—V 7 x=VERT P UHKOZEE KUK (TIV) 4V YU L88K12b DA
Ji%
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TSR 12b L HB e RU RESE 120713 BT 5 EE AR L TV DI H b b1 B ITIEe
B LONARBLE OFEWVICERNT 52 VT AT bA~—RNEaEh5, ZOMPEITILLTO X 9 IR T
x5,

Figure 3-19 C/R L7 7 1 U RA U 7 LAEEK 10b O XA S EREAT OFE R BT 5 & |
“He FU REEAR 12b O b ZELRBYERIL, 2 007 == VBT B Y T AALINE ST D K9
WCERSINIA ABFEOERT D VBRI L, A VTP T LB N TALINET D, 200D
HULE B O AR E S & I R OfiEZ oL P ID (Figure 3-220 A), ZAUTK LT,
T X RESRA~OKFEBE) (VAN BAXTHA VORGP GERZD L5 L, BITRT &
N, A VDT LBRNARZIRA G ST ERT D UVBROT X2 % MLINLE T D RNLE 72 s H 5
MNid, ZDOAY VWA@j{ZIKEE%iST%éo ZONREFEE R ST E £, 2 DD Cp*hcfis1[H
DRI ZRBETNTHT-0120%, 2 0D ==V EE2 Tl U TAALCEE LoD, BT U8
DAL TF A== /75:72\9*” IERTIUX IS IZE X0, FRIAMIOATF L U REE TIC
T TR O DB C 2 WD & Cp*Bifi R DOSARLE X R SB SN D b OD,
T AF LV URBELE DR ENECD Z WD, £, ARIOENRT DU BHE 2L BT
%%hé%@%ﬁ%Dfm\7I:w%%®i¢ﬁ%ﬁk%<ﬁéo_wioﬁimﬁ%iAmu
FHR O L7z ZRoeHEEE T L (Figure 3-20) OB B8O Z N TE L, DEOFER, 4V
U LDNARELEN & HIZR ThH D e FU REEK 120 DB ROICHE LN D EB R BLD,

—7J7, Figure 3221 lZ" 9 K 912, B NV REER 120" THHLAEED R KOLEITITA 2
BEDOERT D UBOT T b TINLICA U7 APNET HLEREEE &2 D% L, M¢

TEHA VTR T F Y MUHET D (F) R iﬁbb L7220, LanL, EESEIK 12b &
Frpn | HESATITESE WD 59— Cp*lr HA %y f@ﬁﬁ E EA7V/ﬁL®7
= = VO —FHIISARRFE BT 5 K 912 H EEIEI%T% H7DIT, ZEEERTRO T K D 7ok

ﬁ%%&ﬁé:k&<\e®;5Ks%f%tm7y/%@7z@mﬁmkﬁ%bf4)vﬁA#
TH NY TAANNET HRERFERMEARE 225 Z ENRTE D, LIER->T B KU RSk 12
DESERMED “HESER 12b LTI T LA b D LB TE 5,
ZDXEIIT, 23—V T 2=V ERT VU EREE T HERICBWT, A FO&R T OO b
LAERAHNE R BREE 2 LoV U —ELIC L o T M OB LONIRLRIC L 2D 2
EEERMICEMTOIBRMEONE LD LB OND, Thbb, ZEERMLBESREEEDOX T
VT 4 —HlECAENTHD 2 EEHEIR L TWAHIE VW2 D,
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RSK (7 x7)

D RS
Figure 3-20. 23— 7 ==L EXRTUUHERO EE RY RA U U0 LK 12b OHEE S D4
& (MM2 I X 2 i b igE) d L0 FmX
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RIK

SR (1 A7)

Sk (7 x7)

Figure 3-21. 23— V7 = =/LERT VUHROHEZE FU RA U 20 LG 120 OHEE S 51
& (MM2IZ & DA bAfi) I & O
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RIZT 2 RESIR 1a, 11b, U’ Z Al & UTHW, 2— 7 m s — v BB/ A ) 20 L =200,
—30°C, 3R DORHTT ' b7 = /) VOARFKBZBENE TS E1T>7- (Scheme 3-35), % Ok
R ERUK(TIV) AU D0 AGEERANE BB UTZBBICEROL BB S h D B 7 F g
WEHATDHT I REER a5 X OEEMEER Uy ORFFEEITFERETHY . ERPOE)—1—7
T =)V H )= L DIEEERE X 67% ee. 54% ee lCE EE 0T, ITNHICHSR, H—RY T AT L
F=—Db RU KR (TIV) #RE2522% T I FA U V7L 11b OiFEHITRbE L. ()
=T xz=VxZ ) —VEBI%NNETHE X, = F T A FEIRMEIL 86% ee ITE LT,

AREEF 1 Hi T~ 7= K 512, Pleffer Hi%, FLIDO C—N ¥ L — Mifii %2 bOHEE FU R (7
V) T =T AEEHRIZ L D ARFKRFZBENRISCAOSIZEW T, FOERE DY ONKEE OEWIZ
ERT DERDOTT AT LA~ — eS| MRS D —fk7 /v 3 — VAR O = F 2 T AR & A
BN HHZ L EEML TS 4 C—N FL— U TULMEERTH-TH, BHiEe N FEE
K 12071388 H 0 ONAFLE OFEWVIC L D T AT LA~ —BFEL TNDHIs, =) F 4
MR T Lz B2 06N 5, 70, HEEHA U TIX, JERN.OT 0T 4 v 7 7 2 EAER, 7
IUBRMLF DT\ b R A L S D KBERRENSUS A LE U ARBEEMEDS R & RTH L2 "TREME
NdH b,

—J5. % 4 i Table 3-3 IZBWTHELT I FEHA Te ITEE B = 1000 D& TH>TH —
30 °C DFMETT | b7 = 7 U OBILSIEDHCNITHEIT L, ZEERBL LT I REEA 11b LY
HLEWEEZ A L TWD, BT I FEHMA 7c & ZES5A 11b & OIEMEDFET, W# DOSLIRA 727
SEEDBENNIRRNT L EEZOND, &JF/NH HALO HE%h I 35S < AKEB BB OTEMIL,
BB IOT I ERE Y ONIKRRE B2 RELSZTH T LD, §5A 11b Tk, ZEERMO
WREST I VERERT AR NLVEBRINTND 2O, KIS ~OEEOT 71 —F MRS 7w
REMENB Z D,

(0] OH
OH cat 0]
+ - +
©)‘\CH3 2-propanol ©)S\CH3 )J\
-30°C,3h

[ketone] = 0.1 M
Ir:ketone = 1: 200

% vyield 46 81 29
% ee 67 86 54

Scheme 3-35. YEEM C—N XL — 7 2 R4 U P T A85K 11a, 11b, UIDIZ LD 2— T2 /3)
—VEKFBFRETAHTE N7 = v OKREBER AR RIS
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A GRS 5 & & BT, C—N F L— ML 1O OAEME 2 BT /R8T,

EFTHFAEEC—NFL— 7l RAUTPTLERB L ODF A RIS L, Wik LT
KOBu Z1EM T2 Z L1k, BEET I RERSH 5037 I REE SR~ L, 7 VR
PAD a N OBEBBRIEONSEHEDENZL T, INOLOHEREIEV ST L ENRARETHH Z &
Wohol-, BT I AU TP T LKL, 78 b7 =/ v OKRBBEALE SCSIZB W TEWE
PEA R LT, 7 X REEIK Te 2ttt & U CHWSGEITIE Al =1000 D54 TH->TH,
—30 °C DIRIRSA T TSI SUSELT L, e KT 81% ee DT F A BPET 2 kT /L1 —
NEWNRLL 52T, —H, 73 FEE ESEROMBIEMEIT T I FEHAL Y 40, 2T
FAZ IR “RSEIRIC L T, 2= a8 ) — NS DKREZENES TlEWnWZ LIRS 5 &
Bz bbb,

WETEMEZRBEE T 2 FEHA Tb BN e 13, 2— 7 0% — B W TRRSM T THeMNIC
FISL, ERU R (7Iy) $RcEfsnz, e RU R (7 2Y) A TIIARE DL OM LK
FLEICHE S T AT LA~ —D0NFET L0, Re,Sn)—t KU KR (7)) 85K 8¢ 214 &
LCHEETD Z SIoksh Lz, 72 REA 7e ERe,Sw)—E RU K (72 2) 85K 8¢ D BELAE S X i
WEIERRHT OFER DD L &7 b v OIKBBEVRE SN 31T 2SRRI DR BT DB TH D5 b
> DOHENEIRPEIZ- DT, Figure 3-22 O X 9 7o /K52 OMFRIT I 1T 2 fidfit & FE OB 2§ & 123
AT 52 EnTET,

/ Jm / | /

Figure 3-22. 7 X KA U YU LK (R)—7¢) & RU K (7 IY) $5K (R)—8c) @ ORTEP X
DN THE ST KFRZ Ol
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DI, BEEMLICE > T, B C—NXL— b U P T LEROGHKEITV, =) v F 45
PFHED EIZOWTRA T, ARG RIS | BERNL R D —2 & LT 22-E 2 (77X /
AFI) -1,1-8F 72 L% BINOL 6 3 TRETHERT 2 Z 12 L7z (Scheme 3-36), HfH
KTHLY= NV UMV ANV R VBV T AT B RAOEBS P LNTEY, GbFICHE
BN,

L A ) W L0
SN OO GON ™

Scheme 3-36. BINOL 26D v 7 UKL ERRAH LT 22-BRX (7 I/ AF)) -1,1’-vF 7%
LY 9a DA RRIE

22-BA (T AFN) -L,LI-EFT7H LTz, RUDPALT R UERKRESFHRIC - OH D
23— V7 2 =)V BTG DU ELGENLFRIBA L LTHE T AT a A X O ULKSEITV, BRYE
TOHFHR _EEED /v K (TIV) AV VU AEKREAER LT, BESSHA LRI D0
THEEATH, 7Y R (TV) BBENLT R REEAERTE RU R (T Y) $ER~DZLHN
FRETCTH o7, FFIZ 23—V 7 2=V ERT UV UHKROEKRTIIA VU A EOXT VT 4 —0
FICHEISN, B RU R (7IY) AN E—OY 7 AT LA~—l e LTELN, HEE -
ERTEIZRH) LTz,

S DT, $RIA1Ib TiX, 7& b7 =/ COKFBEALR SCAISIZIB N TT I FERA Te OERME
%Z EAl% 86%ee i LTz, —FH T, 2,2-E A2 (T X/ AF)) -1,I-F 7 X L HKOHK 11a
TiE, e FU K (7 IY) 86RO T AT LAY —OFIN A5 TH D . AEERISIZ I8 1T 5 384R
HEHLFRECTH 7o, ZNHOMEIE, B RU R (T IV) $MROERIZEBNTYT AT L AR
PEZ SVVIKHECHRBLT 5 2 LAY, MR R AR TS IZB T D @) o F AR A BT 5 E
FERERTHDH EERLTND,

— 5T, 23—V 7 2= ERT VUHROBHATIT, SR T < BESERO G RIC
BRI L, WE OREIEZ I Lz, TORER, BZEOr RU R (7 V) 8EKIET. ZEEEROSE
IR BRTLONAKEREDOR D VT AT LA —DRAME L TELN, £2. Tk
N7 =/ ORI EBEIAR TN W TH 55N D 1-7 ==L ¥ ) — /L ORTFHE T
HRETH-oT2, 23—V 7 ==V ERT VU RO TSR T, Figure 3-23 IR T X 912, RE
BROERTVra=y M LT, Th b TANICER L7 ==V 2N L T2o04 U Py
DDA ZTHA T NETER L Tz, ZORZERGFIZELEIZ KV | )8 Lo SEAREE DS 73 ]
ICHEE S, S T OSERILIC L b= v F @R om L2 ER LB LD,
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Figure 3-23. 23—V 7 == /L ERT VUKD K7 a ) RA U DU LK 10b O/ R
ORTEP
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B8 #5

B 1 ETHERZZLIIC, C—NFL— M UTPTABIRR VY LRI 16 7 I REsK L
18 BT RU K (7)) $SARMOMAEEBRIZIE S Tva—i—47 kB OKEBE G Ofil
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2L D0 T IRKFOTEMACRE I 2 AT D 0LERH 5,

EREET I MR L DKESFOTEMHELEUSIE, Fryzuk HIZ &5 THID TG S a7z 180,
Scheme 4-1 [Z/R T X D12, 72 RENL 7% b D InIIDEEIAD b L= 3 g, |IE T, 1 KJEDK
REPILT DI LT, PN FIRAKREPTREERAL, B FU R (7 IV) ik~ LA I
Do ZOXIRUSTA VP T LEEEIZIT T, rY T AR T =0 AER 4 THHRE ST

Mezsr//\\Pth |Wezsr//\\Pth
\ | CH, \|n
N—IF—I +Hy ————— H=N—Ir—CHj
/ | toluene, rt )
Mezsh\\//Pth Mezsh\\//Pth

Scheme 4-1. Fryzuk (2 £ ¥ #tE 7o KK F OIEMAL

Fryzuk Oz 521, %< D@8,/ NH S0 2 49 2 85K TKFZE DT OIEM LA R S, &8
E BN T AN B3 D AR~ OIS & LT KBILBUSR G S TE 72 2 Bl xiE, Morris HixY
RAT 4=V T IV EbOVT =y AIDEEERE WD 7 b DARFEISIZEE L T,
Scheme 4-2 |Z/RT L 9 Zefiilfith o 7 L EFREZ L T D 32, FilikE 252700 K (7 V) K
2P DB L0 | ZEORUNIEE A b OELAA RN T I RESERICKT L CKFE S AL,
KB DAY ERREZ T DL, trans— 8 KU REEIR A L, 2y b EPofg
KRBT D, ZOREY A 7 L OKRFEDOIEEALDBFETIX, KBS FIFVT =0 L85 L 5T
EHEMICTEME L &N D & 2 B, Scheme 52 D TS IR X 972 4 BEREBRELZRA LTV
EHERIS N TV D, TOBROBGLFENZRMIECL Y, TS OBBETT LV a—ARNEE5952 LT
KRBT OREERADMEE SN D Z & bl ST D e
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Scheme 4-2. Morris (2 L U #AE S 7= KB DOIEMEAL

i TP KA v FELT = 7 BRI LT b RSB A 2 7 R 3 i 2 5 PR
REIZBWTHIE S, Cp*v T =V LT T A Mab O I HJkT IV —H3 k7 IvyFL—1h
(N=N F L — h) $EERSE 1 HDIVITFE2HJT IV —F3IH/AAT7 o FL—h P-NFL—
R) SEARMBBIR SN TS 4, FlziE, N—N F L— FMEK (Cp*Ru(ll)(diamine)$E &) 1347 ko 4
RTAT IV DRFLEEZ A L, PN F L — MERIIZARF S R I N4 NO—T X
— ke T AT R OKFEIRITHEN TH D,

Cp*Ru(ID)Cl(diamine) i {4 2 filt i & 9~ 5 /K FAUSOR Tl HHEMESME T2 W TAERT 57 I NS
KIZ L B KRELSFORYERZLBRENT L a— LOGFEF REESNS Z ERELDICEATH
%o EOHEE R IX, Scheme 4-3 IZ/RT X D12, ETT7 I REEERBR T va— iz 7a by
a2, Thaxy RedT7T =4 b oh FA VMR NEL S, i\ T, BT 4 Mos R
LT LT, KRBT HEL L CTor FIRAKERSEIR DR L 72121T, Tv a3 o ROVKE — KB
B ORLERZUCE ST 2 N BBREBIREAZ B LT, S chie RU K (T IY) $iF
WAERT 5, 3
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Scheme 4-3. Cp*Ru(I)Cl(diamine)$& 4512 & 2% /K3 50 - DIGHAL O RETE Sk

T, FRDABIR Lo AKEBERE MBS L THON TS N—AVER= VYT 2 VRN %
BT L= T = AERICH LTCH, 16 BFT7 2 REMRIC MY Zbda 2 2 v ALk U7
EOBMAEM ST T a— VEERCRIGEIT 9 2 LT X0 | B2 KE OGS LT
T5 6, ZDOKFALEIERIE, Scheme 4-4 (Z77T K 5 72 CHEI T 5,

FRPESIETIZT 2 RN F28 7 1 b oAb &S, 7 a— L oliKERSICE D R R (T IV)
PERDERNIEIND, L, 71 MABRINIC KO I F A AR R CAR L, S
PEFE & U CHERET D, T A U MESEIRICKE S BN L, I F A M2 —H 850 ERT 5, £
D, 7 FPRARFBIIENLAT LV FMEEDm B L, BT 2 b ALRIGRE T, B U R (72
V) SERDAERT D, B KUK (7 20) $ERIIKREBEILE TR L FRRIC S N ERUS L, 7
I REERE T U RAERRT DM, T X RESIRITIECNT T e AL STl T A BRI T
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Scheme 4-4. FEMESSH: TICBIT B 0 F A L ME5RIZ L 5 KEOIEHAV SOS

F 72, Xiao HCRERFMAIIEED AFFIX, FHRO N—AVKR= LV T IV EN %2 F9 5 N—N
FL—hr Yy ABLOS U Dy AEEENA L ORFASE E L THREAERT 2 L2 RN L
TW5 7, T D OMBER TIIEE ORI, MEEIEOR EICHFET 2 2 ERbhroTnD, fil
BEATEKA T D7 v Y REERIT, SRIEIC X - TEANLARBFN 72 0 F 4 USSR A L. el L
Scheme 4-3 X> Scheme 4-4 DIGHE L [RERIZ, KFESTFEIEELT D, o, A AL LTERT
DA I VBT HZ EICE D A IORBEESA EL, B RY RETE2Z04 <72z
Do A 2 v ORI KEALGIZES LT, Scheme 4-5 [Z7R7 X 9 Zpfihiti - 4 7 VBN RE SN TV 5,

TP, 16 BT I T A USSR A LK U COKEDNENL L, HEICE D7 2 b AboFEE, 188
FTERYU RN (TIV) $5KBDBAERT D, DOWT, WETHDHA I VDR A A Il L TAED
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TR DR U W U2 ERA A S A R TENL U CUEREINT A R =T AT A VR L
fil BSOS LTS 5,

114



N’
H
2 R1/¥R2 + base-H*
A H
Ts b R'"" "R?
(;[N\ +%
Ir,
4 \ H H R3
N
Ag. T R3 + base
9 N R'I/ijZ
base R1JJ\R2 H
N (;L Cc
base-H
B

Scheme 4-5. N— ANV = )V T I VB F A BT DO T A UMEN-—NF L— REKICL D14 I D
K FAL D B FAE

UED X512, @B/ NH I E2HT5eEEAOZ <X, 7 X RN I X 2 EH#N72KES
T ORI H FA SR E AL S5 2 LIS X D AKREO RSN ATRETH 0 | AR HEL
OIS ENTWAD, 22T, AETIL, 7 REEEROEmONEREME L B R Y RESAROIR RIZME
EHFHE T 5 C—N ¥ L— FMEEREZHAWT, 5 FRAKFEOEMELIZE S U K (T IY) $6ED
Rk & 2 ORI O REME A BT LT, 8 1 BT/ L 512, C—NFL— b7 I FESARIZEE
WCARRIE SN L CWB T2, T, C—NFL—r U VLB rY A2 K (72
V) SEIRESREDOKINZ LV T A SR O AR B AT, RIZ, T2 REERB L O T4
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B2 HFAUMEC—NFL—rAVDOL - OV LERDOEREETOHEER

fEESFEEED AHIL, N—AVB=/MbINTeT I VBN T2 b O F A MEN—N FL—
M UTTLGEER N ZF AT IUFEFTKREERIGEL, E RU R (T IV) $EEREAERT S
Z LB ERINTHEND TN D T,

% Z T, Scheme 4-6 (2~ T L 9IZ, ZIVTIVEBIRMNIFATIVHEOC-NFL— K7
2 RA VYU LABIOr YT AR (1a, 1by le, 1d) ICH LT, =T, YZ7upx &7
T h= UL OIRGEET, S (AgSbFe) ZEH S HT-& 2 A, XST 20 F A o MEHRD B AT
RNRTELNT, Y7 Xy /T —T VRETRED DR mIC & 0 BBt L= T4
ESER (13a, 13b, 13c. 13d) 1E. 'H NMR B LT BC NMR A~X7 kb IR A7 hb Hif
fn X B IEARAT, TR OITIC Lo TRE L7,

§| SbFg”

+ AgSbF
M g 6 M\

i R
i 1-15equiy  CH2ClZCHsCN /SN Been,

/ /
H H rt, 1-2 h H H

13a: M = Ir, R = CgHs, 47% yield
13b: M = Ir, R = CH3, 67% vyield
13¢: M = Rh, R = CgHs, 72% yield
13d: M = Rh, R = CH3, 77% vyield
Scheme 4-6. W F AL C—NFL—hA U TP ULBLIO YU LA (132, 13b, 13¢, 13d) D
A%

CNODOHBEL 72 F A M C—N FL— FMERICE L LRI (1) 20 285K A,
oYy LRI A) NELNTCTo0, Bk X SEERIT 21T o7, W TFAUHEC—NFL— |
BEIRD 1 F A 53D ORTEP M % Figure 4-1 (2R3, I F A M C—N F L— MEROMEIL, T
DAEBIZK LT Cp*, C—N FL— NEK, 78 =NV APEN LTZEAT\EAEEETH Y |
AF A MEN—N F L— MR P OB 72 18 B E5ATH D, o, AR M
Aff % Table 4-1 [IZE LTz, BT L E C—N F L— ML & OFEE R EMIT. BF A M
C—N F L— MR L BN TMZR 7 1 ) REEERE ORIIE L A EIENI R o7, AU T T A
RO A, GRPLE T ' b= MU VOERBOEREIX, 1T A M C—N ¥ L— FMEED M
Tscydn FCAL 72 AT 585K (3.079Q2)A) LV LT TE»-72 ™,
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13a

13¢

Figure 4-1.

Table 4-1.

13b

13d

HFF M C—N F L— FEARD ORTEP

HFF M C—NF L — MEKOKEEEDE D

complex

M-C [A]

M-N[A] M-NCCH; [A]

N-M-C [°]

13a?

2.068
13b 2.056(5)
13c 2.048(5)
13d 2.045(5)

2.059
2.046(4)
2.081(4)
2.067(5)

2.135
2.132(4)
2.118(4)
2.126(4)

77.97
78.27(19)
78.15(15)
78.51(15)

2mean value
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UbEDXoic, BonizhF Ao C—N xL— MERIT, BEAREE TIXBWIC 2 E TR TN
7218 % %fﬂﬁif&péﬂ B 3E TR LIEAT A UMEA U DT LK 6¢ & RIRRICEAIRH ClIEhnyz
#aomLic, Bz, WFA M C—NF L— MR 13b O 'THNMR A2 ML ZER T, HY 7
oA S YRR CRIET S L BN DT 2 afICEBR LI 2 oD AFAERLT 27 a b
D3 1.46 ppm & 4.20 ppm ([ZZNVENVEMMICIEIA 72> 7 v & LTl &Sz, 7 b= KV LE
NAIIRE S D — RO > 7 F % 2.42 ppm [ZBIH ST,

—7J5, Figure 4-2 \Z/r T X512, RIUY T IVOIRERZ TH NMR A7 L& HIE L7k 3R,
—30 °C TIET I afiOT T AT VA My 7R AFNALRRITIFRIN D> 7 F /L8 1.16 ppm &
1.64 ppm (2 3H 73 OB S 7z, 2D Z &iE, KR TFTTIENMR DX A LA — /L TA Y DT A
Elﬂmx@ﬂzt:@a%@ﬁm%f#oébéﬁé%brﬁfnz%hﬂ\é EERBELTND, IREE R~ IZ T
Wo TR, oD v 77T 15°C TMET A5 Z Enbholz, RUUALIIY 7 = = /LiEil
FErEHL o4 ) U AR 13a o0 VT AR 13¢ BLON13d AT, IREAZ NMR % JIE T
5L, [AREOZEENN L5007, Scheme 4-7 12" T XD, BFAMEC—NFL— AU T T LK
VD0 ABERIL, WIET TIFERALL TWAD T b= F U ARNESITHEEEL . T OFRAOERET
& )& EONRELE N R DB ENC L > T, OT AT LA FE v 7 e Xy DN D E RIS
filicBillENs b O LEEIND, 2O 0D, BARICEFREEAR TH > THIEIRIRETIX
KB DENL - AL EZ T DA N R D ERNEE IR TE D LI TE 5,

25°C

10°C

-15°C

-30°C

8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0

Figure 4-2. CD,CLIABEFICHIT B F A4 M C—NF L— R 13b DIRE A THNMR AL
%
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% | sbFe % | sbFe

|r':, \\‘Ir

\''NCCHj CH3CN')

CLp™ == "W 1)
CHj

CHj CFac,
Scheme 4-7. 7 FF M C—N % L— &K 13b OB 2EE)

Z OBEFENCBT BRI NT XA —F —F RO D T-DIZ, IRE AL NMR A7k VRIE %
T2 TeRERAIZ OV T, Table4-2 IZF LTz, +RR2MRIRICE W TRERTO Y 7T )L DILFEL 7 MO
FEAVE X ORI Te IR T, AR Te iR D E A n/V2 X Ave LTIl L., Eyring
ORZHEM T 25 Z LT, Scheme 4-7 (R TEZEF OTEMEALE =X LF —AGOHE M 21T - 72,
JINT IVHRODF A AMEC—NFL—MER1Bb B LT 1B3dOHA N FALT I HROH
FAUMEC—N FL— MR 13a BL O 13¢ LV IEFE(EABR= R LX¥—AGHT/NEL, T =
FUNVENLFIIBEG ITRRE LT W e B DD, TLOEBOEWVICKDAGOETIZEAERD
iR oT,

Table 4-2. BT A4 PEC—NF L— FEKRDOIEE A NMR A~ RVHIET — %

BEIR Av (Hz) Tce (K) AG! (kJ/mol)

13a 22.6 283 59.8
13b 1953.1 288 50.3
13c 37.9 283 58.6
13d 1388.5 288 51.1
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EIFH C—NIFL—IEEKICEKBIKFESFOEME

IR, AR NH S 2T 585K X D AR K FLEOS OJEERE T HKF 11 B
D R REEEREROER 2R LTz, KEDGTOTEHEILOFEFIRELI DT T22oH0, 73 Rk
KD JE,/NH H0LIC K 2 ERE 72K B DO REERE L | I TF AT I U 8HRICEANL L T2 K5
TOMTa b AbZRESEe R K (7 IV) $EROERPALNTWD, Zhbi, 4B Lok
BOEACZ A 5 KB OBALRIS I Z f T, BARIEOSEIK Th > TheE —KEE 2T
HZLEMARETH D, TZ T, AEITIEC—NFL— b7 2 REAL D F AT 2 88K %
TKFHE L DR E AT,

%9, Scheme 4-8 (T 7T L HIZ, HETHFEEH, C—NFL— 7 I NA U DT LK 2a 2=
LT T 2000, KEHAZNTY T LTtk TDOEEKRFEFMK T T, 'HNMR A7 hLD
HEZAT T2, TOHREITITIT L A ERIEHEITET, EfEOE FU K (7 I 2) SERPSBIHIS
NHDOHTHoT,

+
/Ir H2

™
CeH 2 H 7N
6C5H 1 atm THF-dg CGC5H N H
675 H rt, 20 min 675 Y
2a 3a, trace

Scheme 4-8. 7 3 F$5{K 2a 12 & B /KEDOTEFEMEAL IS DR A
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7 X REEREKFE L OBEBENRKISICE D KUK (7 IV) $8AOAERIZNECH o727
WRIZ A F A SRR & KGR & DRUSZ T LTz, B THF EEf, =i, KEFRHAK T TAOFA

PEC—NF L— F &K 132 ® 'THNMR A7 hAERIELIZE Z A, T FHEA T ERBED
TITF DD B, WRBERNSERORIST o FU R (7)) SR8 S e Tz,
ZOREMZH LT, 1 YEO NV ZF AT I EMRATZEZA, —13.14 ppm (T 7 Ly b
VIR e oGBS, OV FME, 16 ETT I REEK2a L 2—Ta X —u
EDFINMZE>TALDE RUR (7 IV) 85K 3a DAY ML e—ELTEY, IFF M
EREREIZE RU R (7 IY) $HRICEESND Z L3> 72 (Scheme 4-9), —FH ., IF A
VHECNFL— AU DT LEERE tert—7 XAV U ATUEET S L, XIS THT7IRAY
VU LERE G2 D LD TIVENL T ER T T N AL LR WREDOE A O MY =F L
T UL, BT A UNE C—N - L— RERICENL L2 AKE D 2Bl e hfbL, B RY
K (7TIY) $5hE 5252 EBbhotz, ZOmMAES L2, WRHID BT T4 A Z v
2 bR K BSOS DOFES 24T 2 72,

CeH + N(CoH5)3 + H» E—— CeH + HN(C,H5)3SbFg
6C5H N\ NCCH3 1.0equiv.  1atm THF-dg 6C5H
8% H rt, 20 min 675 H

quant
Scheme 4-9. RV ZTFNT I UAFE FICBITF DI F AP C—N FL— FMEK 13a 12 L 5 KFED
TEMEAL G DFA
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B4 HDFAUMC—NFL— A O LEAKEDKRIEETRES

AIEICRBNT, BFAMEC—NFL— A U DT LB IO V7 LGRS, HEMSMET, K
FERIGL, ERUR (7FIY) $MRICESND Z EDbhoTc, £Z T, C—N F L — MER
DIKBALfE & U CHERET D Z L 2R T 72O T DET VG E LT Scheme 4-10 12779 K 9 (2
N—(l— 723 F VT NN DNNT X O KBS R T

B =100, /K3 30 RJE, 2— F o8 —uh | il LT 3 8D AgSbEs & MS 4A
ﬁET\ 30 °C, 2 BRI OSIEICHE— L COKFILIKIG HAT o o Fe, 7 INT I VRO F 4 M
AV YT LEER13b it L THWD & RIS T2F 2/ T I THD N—(1—7:::/u:n7/wv)
RUVLVT I UBPER 97% TROLNTL, BT AT DT AR 13d W TZSAITIRIGE 29%
THY., AV TTLEEK13b L0 bMEEDORNRMEN o7z, Fo, FEROSKMAET El# ZXVBHES
ATEN—NF L — A U0 LR Ie(N-N) TIUS Z AT o T2 G S IR 14%I128 EF D . C—N *
L— b U U7 LR R BSOS 2R3 2 L b o 710

INHDOFERENS, C—N FL— FEENR N—N F L— FSA L [FRED A I = X LT, KELETE
PAE L, AR KFILISICRIATE S Z &, C—N XL — ML FEWE R RETLHE ST
LT ZENRINT,

cat
AgSbFg
N/\C6H5 . Hy MS 4A HN/\C6H5
CeHs 30atm  2Propanol o
30°C, 2 h

[imine]=0.5M
imine:cat:AgSbFg=100:1:3

"] sbFg "] sbFg BEES
I
Ir\ r\
\
CHg— N
H

cat

|
CHSH N MNecH, SN “NCCH; ~ NCCH;,
3H H H H H
13b 13d Ir(N-N)
yield 97% 29% 14%
Scheme 4-10. 7 F A4 L MEEAEZ AW N—Q—7 =32 F VT )R VLT 2 v O K #EL

B
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E58 HFAEC—NFL—FODHLERZRAWVSZ M) IILOKFLERS

NRUDANT I VB ERERET D C—N FL— NI F%2 b o8A T, &RICHEERE L
T RFETFO o BFHGIEC L0 PR LOBFRENRFED L, t R K (Fy) kot
KU REE T ORI 45 2 & NS S NG, 22T, 2 E CHREETH - 7= 858 e HE
\CRET AR S A~D BB & LT, A S U ICHAT LV ECAEEE = R Y LSO KBS
IZERE YT,

= FUNVEORETIZE DT I A%, LiAlH 2 EoeEe B U RIS X o b Emmpu s
R Pd. Ni. Co 72 & OB — it & F = K EAVE S L < A BTN 9,

— 7. B A O = b U L OBTERISIE, A S 2 ORTTRIG & Holl LRI B
TVDHOD, Mo, WO, Rell, Fel2, Rul, Col, RS, Ir', Nil7, Pd'® 72 L4 7R 4 ReH
(Rt & LA STV 5, £< OBAIE. = kU ADIERWKISHERT I L ARMIC X 5 il
Bl % SR % 7o 1T B U RE A B E AL E TH 1) | EIRA O RIS TS 1T S w21 °h
VH2MT IVREIMT IVDERT 2HENH D, LLTIC, IBFZREMETHE 1k I 2R
9722 1 U LD RFRALEIZ RS L T A 2 77

Beller 5%, HFEAF/E T, [Ru(cod)(methylallyl 85 (RIZ% L CHRRA T 4 VON—~T YA 7V >
7 AN LA & LT TR 2 IR = b U L OKE LRSS 2 BFE LT % e,
Scheme 4-11 (2R K D ICVRAT o VEULF 2 AW TZGE BT BRI S WIRE R BETH - 72
M. Scheme 4-12 IZR”T X H ICEFHEHEOENN—~T OV AL 7 ) v 7 AN EENIFE LT
JIV B BER Pe TIE 40 °C ISR 5 2 E B ITRETH B

[Ru(cod)(methylallyl),]

DPPF, KOtBu
CgHsCN + H» ] CgHsCHoNH,
50 bar toluene, 120 °C, 10 min 99% yield

TOF 4752 h™"

CsH5CN/Ru/DPPF/KOtBu = 800:1:1:160

Scheme 4-11. VKA 7 4 VBN 2 HONT =7 AEERIZ L X0 = N U LR KB
I

[Ru(cod)(methylallyl),] ligand:

BF,
SIMesBF,4, KO'Bu I\, 4
CeHsCN +  Hy CgH5CH,NH, NN
35 bar toluene, 40 °C, 6 h 98% yield
CgH5CN/Ru/ligand/KOtBu = 200:1:1:20 SIMesBF,
Scheme 4-12. N—~7 BELR I AN UEN 1% SO/ T =0 AEERIZ K 50> = b U Lo fililie

o) S AN
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AIEICIL, B F AP C—N FL— FMEERIZE D1 IV OKRFLIERAIRETH o722 L b
AEITIE, LVEEETCEO= N VEOKFELERA T, ZORISTIE, XY= N VvEIEE &
LTHWE L EZ, ATFA oM Ty LEEIRE SRR 72 DS, B2 K7 I AERYThH
HYURCULVT I UNBRIZELND Z 2 RWE LT,

ZLDIZ, —HEOITF AL C—NFL— U T TLABIOE T AGERO S MO FEA 2
THHMT, RV =h Y La2eT LE L U, THF I, B8l =100 O5&EC, filjt
WXL TS HED R ZF AT I ZIRIML, 7K 10 XUE, MS4A fF7E . 60 °C T 21 FfEf, 7K
FALRISEAT - T ik 5% Table 4-3 IZF & DT,

entry 1 (TR K 912, BB 20 WG TIIBOS A EITE T, JROBHESE 23 B S 4v72—J7 | entry

2T LD ITABEIZ 3 LT 1 M ED AgSbFe & V5 & 31%DIEE TR DA T I U R ELIL
7co FT72. entry 2 & entry 3 OFFRDLE G D C—N F L — MO DALY AT
JVEBIL AT H8EK13d LD V7 = = VEWILE o r U T A 13¢ O J5 A3 @ Ol BT %
R, 65%DINRTI R UNANT I 2L, entry 4,5 127 T X 512, THF IEEORDH D IZ A
B =R 2—=T X ) =i EOT v a— UHEEREE A - A & ARETEE IR T L2, & B entry

6 (R T X OIS, MV A A AV & I ERENE & A IR RSB HETT Lo T
entry 7 Clif, L LT RV =F A7 I OOV IZ, KOBu 2RI L7223, WIS S
ST, TOEMTIEL, KOBu OFEEIRMIC L0 A F A C—N F L— MEAD T I U BILF D3
7'a h&5F, JEl Scheme 5-7 TR L7z & 9 IZEEAY IR IK B OTEMALD N EEZ2 T I REFRD A
U, BUSDEIT LR o7& B 2 b, —H, entry 8 IR T X DT, A U U7 AE5K 13b 13K
TEETH Y | R %%%ﬁkLT%MLT%&Ei@ﬁL&ﬂwtmmmg_rﬁij . % J8/NH
HL 2 F7 72 72 W [Cp*RhCly )y TIEMARBEEE 23 RIE IR N L, C—N % L — MENZF DRMPES T &
Nic. E£72, entry 10 1ZRT K DT w0 Al A 6 T RIE O 2 2 FWC b SOGIHETT L7 h»
ST, entry 11 IZRTEDIZ, v ¥y AR U CTERE O ES 4 YISO L & 21T, filll
RN EH L, A THDL N DL T I RN 1% TE LT,
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Table 4-3. 1Y = | UL OMBEAK LIS O S

cat
AgSbFg
N(CzHs)3

MS 4A CGHS/\H/\C6H5

CgHsCN + Hy
10 atm solvent
60 °C, 21h

[CeHsCN] = 0.1 M
CGH5CN/Cat/N(C2H5)3 =100:1:5

entry cat AgSbFg, mol% solvent % yield®
1 13d 0 THF 0
2 13d 1 THF 31
3 13¢ 1 THF 65
4 13¢ 1 CH;0H 44
5 13¢ 1 (CH;3),CHOH 30
6 13¢ 1 Toluene 0
7 13c?® 0 THF 0
8 13b 1 THF 0
9 [Cp*RhCl1]2 3 THF 9
10 — 4 THF 0
11 13¢ 4 THF 81

a) Yields were determined by '"H NMR using triphenylmethane as an internal standard.

b) One equivalent of ter-BuOK was added to 17b as base instead of N(C2Hs)s.

Z DG TIX, AgSbFes 23/LA Al LTHEREL . N Y = MU L EFAEER LT, £OKE
HEEDTNDLEZEZBND, KRIZ, AgSOF b DV A AfREIRE LT, ZDfEF % Table 4-4
R, it b UCEEIR 13d 2 v, EERE 0.1 M, XY = b U VR ESIngl s U =T
I=100:1:2:5 OEAHTHMAZ, THF . EL ¥ 25— — 7 X 4AfE(EF. KFEE 10 atm,
60 °C, 21 R DG CRIGEIT o T2, EDRER. AgSbFs & AgOTf T#E L724A (entry 1,2) I
W, ZVENERZ LT =4 &2 L ORIE DR EWIEREZ R LT, £7-. SREDANA DA A
FeZ Bfibit & U C b ROSITETIT Lo T,
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Table 4-4. <Y = h UL OMBERIAKSRACIIG OBINT % v A ABED F AR
cat13d

additive

N(C2Hs)3

MS 4A C6H5/\N/\C6H5

THF H

60 °C, 12 h

C6H5CN + H2
10 atm

[CeHsCN] = 0.1 M
CgHsCN/cat/additive/N(CoHs)3 = 100:1:2:5

entry additive % yield
1 AgSbFs 50

2 AgOTf 16

3 Cu(OT1), 0

4 B(CsHs)s 0

5 In(OTf)3 0

6 Zn(OTf), 0

7 Y(OTH)s 0

U bD X5, ABERITIATFALPE C—N FL— hr o v AR EFIEOMAEDEIZLY
RV = N NVEBRAZE 2T I BT 5 2 LN TE D,

—RIZIEBESEIERIC L D= N U NV OKRF(LEIGNIE, Scheme 4-13 (27”73 K 5 2R OGRS THETT
T5, TT. = bV A~OKBMINMZEY, A IVBEL, ELICINNETLINTHIHET IV
G2 5, —Ji. ZBREEOBETOMPEAECLE 1HRT I8 1 BRI ZZT oA I Bl MI
e L, 7y E=7 030l 252 LT, N—E#A IV OERDHET D, 204 I UkELE

D E, F2MT I VCEBRIND, S OICFRRORISEDETT &, B3/RTIVEHEZD,
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H, NH H, NH»
R=N—-—> || ——
R R
primary amine

NH,
>
NH; -NH; Ho
R)\H/\R‘— RTSNTR R/\H/\R
secondary amine
l\llH
|
NH,
R)\N/\R — " RNTR
I\R I\R

tertiary amine

Scheme 4-13. BB EJEERIC L D = bV L DIKELD SRR

Scheme 4-13 [ Z/R T SUSHREE CTH 2 kT I U BERT D EARET D & AR TIrIsRiE (AgSbFe)
WCEV =RV VO—RIBETLERD THDLA I EXUUNNT I O A S DMERE S L7 "TREME
MWD, IBIT, F2RT IVEHEZDBECEIET LT =T % MS 4A T DR, B8R
BINCH 2T R oMbt EZ NS, N— XU P UFoR_UVLT 2 OERIT ARG T
HHOT, T, FRFOT VBT REEZEOIUL, N—XU PV T UR_RUULT I OERBH
ADOAL, 1 RT I (RUAT V) PERNICHE LN D TIERWNEE R, £ T,
MS 4A ZIRIEFIC, BT =7 2 RPNz TG 2R T,

Table 4-5 2R F LI, BT AHEC—N F L— MERZMMEE L -T2 = b U L/filil/eRE
(AgSbFs) /FUZF /LT I=100:1:1:5 DHICHEL, TELFaT——T R 4A 2272
WSETHVE IR 0.1 M., /KEEE 10 atm, 60 °C., 21 B OGS EIT > 72,
entry 12 [IZRTEIICELF 2T =2 —TRA4ABLOT VE=T ZIRMLRWEA, DEOXV
DT I UNEBMENT-, 72, Table4-3 OFERLITRAQRY, FLF 2T —I—T R 4A DFEL
RPNEURUUNANT I OERITE E LT, entry 3,4 TiX, TUE=T DAY ) — VIR % OSTE
BEE UTHWIERER, WTFHOSHRIZBE L CH RGBT b D Z &3 bro Tz, FRZEEE 13d T
IXRIBIZSOSHEDME T L, 1 & A ERIEBHEIT LiehoTo, ZNHOREENDL, RTOT Vv E=T
BELZ FF5 L, BP0 A~DKZEORNLE 7 =T ORI ES L, MEEMENKE KT L
LEZLND, ZOXIIC, BLFaT—U—T A 4A BN VGFMERT T =T HREEAIC
MMZTGETIE, NPT I OAERITBI SN D03, BEO L& TERITMA D Z LI TE R
Mmool
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Table 4-5. &5 1 #&7 I LV IBIRAY 72K FLI G D7

cat
AgSbFg
N(CoHs)3 N N SN N
CgHsCN + Hy H N~ ~CgHs * CgH N~ ~CgHs +CgH NH
10 at methanol 6'15 | er'l5 6"15 6''15 6'15 2
atmm
60 °C, 21 h H
a b c

[CeHsCN] = 0.1 M
CsHsCN/cat/AgSbFg/N(CoHs); = 100:1:1:5

entry  catalyst NH;3;, M a, % yield b, % yield ¢, % yield

1 13c 0 74 11 6
2 13d 0 34 17 3
3 13c 2.0 4 31 7
4 13d 2.0 0 6 0

PLEZRT X912, 85K 13c 1% L, AgSbFe Z#ifsiN9 5 &, LLEHIEf 725404 (60 °C) T, =
U NWVEOKFAEEINIZ LD, 2T IV ERINMICERTE D Z 3 bhoTz,

WIZ, = N UV OKFEACIS O HE 6 &6 2 it L7z fE R4 Table 4-6 1Z~7, AEIZK -
TR OIS OIER 2 VB L LS, W TN OEE 8 2 #7 3  BIREICEUG
T U, 20k 7 2 OAMIT THEB X BCNMR A7 RV B EGHHEIC L D ERL TV 5D,
entries -5 IZ/ " T H I, A Ky, Zrn, Jadn, TEX—/LOWTNOERED ST,
BB R DT, FRZ, 7 Ar 25T 2 LB IT AN MLEANTREONTHOHE S RIS
DT LT, entry 6 (SR L722— 37 /F 7 X L0, entries 7, 8 IZHIT 720 Vv T = Rov
gua~nth oA = IO XS RENE= R U L THHRREDOIERTE 2 &7 I AN
o7, entries 9-11 IR T L D12, B THNOMEEKISEZHBE LT, 72a= )/, JiL¥no
=R, 2=V T ) T 2= AT b= MU ADRIGEEI TS T2, Wb & oS 3 E 789,
JERRDIENY S A7z,
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Table 4-6. = [ U /L DO/KFEALIG O R w &P (FHBEIN )

cat13c
AgSbFg
N(C2Hs)3
RCN . MS 4A R/\H/\R
10 atm THF
60 °C,45h
[RCN1=0.2M
RCN/cat/AgSbFg/N(CoH5)3 = 100:1:4:5
Entry Substrate Product % yield®

CN
CH50 H
CH0 OCHs

» oy
F

’ X

CN

-y
X

PG

SR RG®

SRA®

no reaction

129

32

N

4



10
NG "CN

CN
(L a

11

no reaction

no reaction

a) Isolated yield.
b) S/C = 50.
¢) 69 h.
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Scheme 4-5 |27~ L7 1 F A AMEBEIR LSRG L DA X v OKRFALUL & [RIERIZ . ARAREER Crah
FAUMERERS e Y Fe oo Adifiikad 52 $URIC X 2 EEOEME (b EZ ST T, = MU Lok
FCEOEDHEATT D L EZ BbND, HEE SN DUGHAMEZ Scheme 4-14 (RS, £, B F A%
AR A LT L TOKFES BRI L, S8R B SR L. 2R OHEIZ L o TRNIKFENL T
2 hemBEEL. B RU R (7 22) 85K CBAERKT 5, 0%, SUEICKViEELESZ=1]D
NWEERE RY FENFAICEVECKSEZ T, A IV EE1IRT IVPAERT L, ZobE, #

HiZ X EH SN —RETCERI DA I DB, B 1URT I NS X DREKEEZT D, ~2
TITFT—NERTN-@EHA IV E 24T, HiW CORFIESUGEERNZHEIT L, 525k 7 I o
AT D, B2MT IVDIBICA IV EELTERT DA I =7 AIF, Z@#RIKTHD
EINZAEEWD C—N F L— NMEROSISHAE I, 5 3T I v ~ORIENEE R o7 b5

265,
Ag.t ~ é
N H
I
-
E

NH3
/ \ H
R” " NH, > o ‘H H
Ag-fH B
Bl l%& // base
R + Rh

D RCN--Ag ,N\/ “H base-H*
H H
c
Scheme 4-14. $UEFIET TONFF LM C—NFL— ha 7 AHRIZ L D= U VEDKFEL

DHETE S 4% BUGTERE
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O FLo

KETIX, 70T 4 v 7 R_U PN T 2 UHED C—N F L— MMEADKFELRE ) ORI
FNH, A VYT AR Y Y LAERLBELE T D C—N X L— N F A4 PSSR Z SRR - HLEE
L. E1 6 O L IR OB 2 52N Lz,

KFBOFEMACHEDORE N 2D BT, C—NFL— h AU D7 LKL kT L DL ERD
RIS EAT- T ZA BTN T X KA U D7 AEREKRFT AT E AL ERILE LN T
Donote, —=FH, BFAMC—NFL— U TTLEEHRIL, N ZFAT I e EOHIEAT
T, HleBOBCEOEE DT, WEFCKRELERAT L LR THY ., 7L
— NV EIKRFBIRE T HRBBIETSISOIEERE S F—0e KU K (7 0) $EENERT L Z &0
Dol

ZI T, N ALKV TT IVENF2ET 5 N-N FL— b VU LK TEERH D,
A 2 OB KR FESISICR LT, BT AU C—N FL— h A U U A5 KRZ A L7k R,
RGN i AR M2 7R LTz,

EHIZ, C—N F L — MERORWVEITLREN ZIENTHINT, A I bErshic<n=h
UNDKBICIGHR AT, BFA M C—N FL— b a0 LA E A L LTHYL, Ry =
MU NVDOKRFEEITHoTE Z A, Bl LTS 7t a 7 o FE U075 H
NCTHHZEERWE Lz, ZORIGTIE, vV ALK EBREONTNLHMAEATHY , REOR
DI D A A VTS S THET Lo 7o, Z OKRESIE TR, tho5EFRE X OE
Witk= R~V VBN BE 2T I UPMBRELTAER L, EleT7 X — Lk EFOBERETFEMEN DD Z
Embhmoi,
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AKX T &R LT 0T 4 v 77 I VERALT OB ZRVERIC K D KEB BN ATEE 72 i Ftkee
DT TH, MO TEmWNT'E b rZFREL & FY FSREMEZTRT C—N & L— MERICEAZ Y
T BT RARF RS 2 WITETTABER OS2 A9 L LIEWIERR 2 £ L o7z, B, (1) X
JEHER B T U 7 o — DB SERNMEERIE 20 S Lz, C—N F L— MR OIS
Eff 2 5ol &+ 285 FRFSE & . (2) T a— L& kFER & T 5 KEBESOIEHRS C—N
F L— bR DIRFACSUE A~ ] 2 [ % 75 - fkBEBI FE (2 IR0 A T2,

1 T Tl REREA Y OE TSI BT 5 4B —NH B2 A 5 2SR fil it

WOWTHERR LT, BRa ¥ L— b T I UL F 2 AT o —T7 %0 R A v FRIGEROME & LT,
Lo R RH) EZOEFBIMET D70 b HYEMHGET 27 I (B RYK) 6
R L KRB GIRZ TGS DENLAREFN /2 7 X RESIR & OO B AN ATRETH D 2 &
WE TSR T L a— A bOlik#E () 4871 & AKFE (E) BN DWW THIE &
TR ORESRN, %EET I RIS Z LT, BERE L U 7 SRR L S RFIEIH 7R K SR RS B
Bt AJREIC LTV D

R LT,

Flo, BVETREN AT DEBSBEIEAMEERICOVWT, ZNETONIESEZ X &, A4
HOX =Gy N ThDH C—N F L— FMERGRICBEE Lz, RE—BBMEAEROEF & C—N
X L— MEROAEAL 58281 D TR OW TR LTz, 2D LT, 7 U — VBN 1D
GRBICKTT 2E 0 o fEEMEN, T X REEED T Ly ATy REREMEOm Fa2 b7 532 & 2
Z. 732 (BRI R) $MRICHIG SIS @V OKFRBEIRE 0R I ) 216 3 2 AlBEBA %S 2 A
WD HE Lz,

92 W UKEBIEM A RT C—N ¥ L — b 9 RGBSR L R OEGMBRIC L D8 2 BTV
a— )L OBREE R 0E]) TR, KEBESUSOTEMER CH S C—N F L— ML+ &2 H T
57 X RESRIC L DWEEME 2 T a3 — L DT G E S IS, T AT LESE (2T
7—8) O LT, HEE O RWEIEE R B~ OIS A ERET LT,

F9. RGO KFBERE ) 25T 5 FiE L LT, BHEHFE 2 BT v a— 10T &
{LHEE % Lb#E U7=, Scheme 6-1 1283 X512, THF T C—NFL— 7 I REIK 2a, 2b, 2¢ %
il & LTV, MV BRI B W TR) —1— 7 == v & ) — )L DN ORI L A TR
NFER, WTNOE L EWT B MR NIE AT D Z L binol, KT, 7 Fr YT LK
2¢ ITFE R =100, 30 °C, FEEIEME 0.5 M O T 2 BEREILINICROS 52/ L, &
I RkEH 2T,
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?H cat, 1 mol% OH
CsHs/\ toluene C6H5
>99% ee 30°C.2h  2a; 47% ee (2 h)
1% ee (14 h)
2b; 58% ee (2 h)
3% ee (25 h) 2§M:4nR:C§%
2c; 2%ee(2h) 2b;M =1Ir, R = CH3
2¢c;M = Rh, R = CgHs

Scheme 6-1. C—N ¥ L — F7 I REERICK B HFEET Vva—LrD 7 b

wIZ, 20T Mtz V=B X D= U FARR T 2T UG EAA DY, 6
28T 3 — L OBHEE I EI AR T AER, TV ERE UCHERE Y = =L, B L
L T acrylic resin (Z#0£F L 72 Candida antarctica lipase B (CALB), 7 & J{ufilift & L C A F L E SR
oA YT LR 2D ZHWDHAEDENRBRIFRERE 5252 L2 RWE LT, SHITK
ISR A REA LTS R, Scheme 6-2 1T K 512, E =100 D& TH-TH T IR
D 1-7 = =)V H ) — LN EE 98%INER, 99% ee THFHIEET AT VAL Z LTI LT,
F2MT N a— DT bt L U TR OIEEDE N -727 2 Fr YT A88K 2¢ D= 27 L 4E
BOhERIE, 7 VT I UHROT I RA U DU LA 2b ITHARRRIE T T 52, WTAo T IR
PEIR L N IRIER e = 2TV E B2 D Z E R o T,

cat 2b (0]
OH © CALB, 7.0 mg Py
At J O” "CHs + CgHsOH
C6H5 CGH5O CH3 toluene =
30°C, 12 h CeHs™ o>
’ R
S/C =100 o
[alcohol] =1 M 98% yield
>99% ee

Scheme 6-2. 5 2§ 7 /L 2 — L O BN FE R YL 40 E)

AR THWDOEIR Y == A BAELD 7 = ) — VN T 2 RERICRIETHEZR =, 72
RAYV DT LEERITZTZ = )=V ERIEL, 7= /%Y (TIV) fgﬁik@I@T/ﬁ WMa 52 %50\
L, TIRRYULHEEKE 7 2 ) — VOIS TIEZEDEHERRELS 7=/ F Y (T IV) SEEM
W R->THBY ., XIS T DK 4c-PhOH & B9 25 Z L 28 TX 72 (Scheme 6-3), 2D 7 =/ —/UZ
KBTI REHRDKISEDE NS, 72 R Pw AR 2¢ 135 2 #k7 /L2 — U iZxt3 5 @0
ZE b1 E b2 b0 b 6T, BIRHE R FAENCHEH T 5 & = 27 AR IT0R0K
TT2, =, TIRAY DT LEEHETIE, 7=/ — A FETFICBWTHE 2 /T NV a—LDTE
LM & U COMREIZRE S, T IMLEEANCEATEAFLVERLEZGT LTI FA Y VU A
BEIR 2b 3 b E OISR E A R LT B 2 B D,

159



+ CgHs0H .
R " 6715 R "\
g N N "OCgHs
H

H H
2a: R = CgHs 4a: R = CgHs
2b: R = CHs 4b: R = CHs
9 X
+ 06H5OH Rh
CGH5 C6H5 N/ \OC6H5
H CgHs /-
6 5 6 H H
4c

Scheme 6-3. C—N L — 7 3 R$EAL 7 =/ — LD

528k TV 3 — )V OEREEGREOGF ENC A R AE SRR L, R A, B, T2k
ROILFRARETH Y . (1) S|IERAAFEOWRMAREMET, (2) EEITH L TT b RIOE &%
1 BRI B, (3) BEZBRML 2 THOIRL A/ AT ADELND KT, BEA
@ Chemoenzymatic 728 A RT3 D EBAMEDRH D,

BI3EIEEEEC—NFL— N U P AEHRIC L A7 F ORFECHKNCB TS5 T
ABPWEDOHIE ] T, HFEERRUAT I VB E LD C—N X L— FMERIZOWT, il
EHEFETH L7 I MR E RU R (7 V) SER~OFE L HER T 2TV, 2 b Ofililiine
PS5 & & B IEERORE ISV OKEBENERRIC T 5 MR BT 2 BR &2 1T -
77

FT ROV HFDEREF E B ONERER R UAT I VEEAR L, TOY 7 A X)L
EEUOSIZE T, R C—NFL—r7r U R (T7IV) AV PULEKRB IO FA T
VPSR A AR LTz,

WIZ, THHOHEEMR C—N FL— 7 I Uk RIcxi L, HEE L LT KOBu #EHT5Z
CIZX HET R AU DT LRSS DVNET 2 REAME KA U D0 LR~ L A H LT, Figure
6-1 IR T LT, 7T I UVENL ORI OEBRIEO NS E I OEWVIC L T, BT I NS
RET I REEG SRS BIRIC AR TE 2 Z ERbnoiz,
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;g(

7a: R =TBDMS 7b 7c
7a" R=TIPS

Figure 6-1. FHEFIEMEC—N F L — 7 I NEEA

BT X NSRS T X REE SR OIGEIIRE S B2 | 2— 7 a8 ) — L EKERET
L7 N7 x ) U ORFREBEIELETCSINCBN T, BT I R4 U U0 AERD @ EEZ R
L77. K. 72 RebiR 7e bt L U CTHWEZEE1Z1E, Scheme 6-4 1273 X 9o, &g
E=1000 DEETH->TH, —30 °C DRSNS T THLPIISUEAET L, &K T 81% ee DT
FUFABPNET |- T 2= X ) =V ERNERLI L 527, —H, 7 NG BB Ta Ofil
ﬁ%@ﬁ%&?iF%%ﬂnc;D%%ofwkom%%@ﬁmwﬁm%%@tFUF(?iw
PEIR L BT X NSRBI OKFIRZIZ Lo THETT 2 2 L B0 o TWDA, 7 I REEE 86K
7a bRPCHET I RESMRICHREEL ., AlHREZ R LI B2 DD,

(0] OH
OH cat7c o)
+ +
©)J\CH3 )\ 2-propanol ©)S\CH3 )J\
-30°C,4h

0.1 M 78% yield :ﬁ‘
S/C = 1000 81% ee

cat:

Scheme 6-4. 7 X FEE(ETe ZHW2—T ) — LV EZKBRETHTE N T2 /) VOREKSE
BaEhE oG

EBIZ, TIRA UV LEEHENS 18 B TE RU K (TIV) AU Ty LEKRDOEGHE AR
TR BUAET S REER T, Tc i, 2— e — AP BWTGESHICRG L, s 5 e FU R
(7 XY) 86K %Z 5 27 (Scheme 6-5), —MIET /krHi&Eoe RU K (7IY) AU YT LEE
KBTI, RTLOMINIARBLE N B2 D VT AT LA~ —RFET 523, THF-ds 7, —30°C (Z
BUIATIRAY DT LK Te LH50 Y BD 2— 718 ) —LORIGETIE, ERU R (7 I)
PER 8¢ WHL—DTT AT LA~—L L TALT, IHIT, 8c ITFEMLHBENAEETH Y | Bk
X BAEIERNTIC K o T FAEBM ORI TF % (Re,Sy) EIRE LTz, $EEOMEEZ L LI, 7R N
x /) v OKRFEBEIELETCSRNNC BT D L ERPFEN BT BB CTH 5 7 b OmRFEIZ DN
C. Figure 6-2 (TRl & FE ORI\ 2 & & AR L7z,
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OH . (@]
)\ 2-propanol N )J\
rt, 10 h HH
7b 8b
not isolated

"H NMR (CD,Cl,, rt)
-13.01, -12.92 ppm (each s, Ir-H) 1:2

.%} .o | iﬁ -
2-propanol >\ N H
rt, 11 h H H
Tc 8c: 30% vyield (recrystallized)
"H NMR (THF-ds, rt)
-13.84, -13.14 ppm (each s, 1H; Ir-H) 24:1
Scheme 6-5. 7 X RAUTTLERTD BN Te & 2—F /) ) — VORI

pE=s S/
N 1 N I

Figure 6-2. 7 I FA U YU AREKRTe L& KU K (73 V) $51K 8¢ D ORTEP XIS\ THE S
T KFERZ O

SIHIZ, ERYUR (TIV) AV VU LEROBRBFLOXFZ VT 4 —Z2 LD ®EICHEIL, R
FAKRFBBER TGO TF o F AR A ) LS D720, RFEEES DY v 7P T I DH
TN a AR AbEGEE T HEEERLICE T, ZBEC—NXL— U DT LREGRL
7o, WEARF 2 O T 7 FNEREAT DT I EFIMERFE L ORUULNT I AR
HEELTEDR 23—V 7 2=V BTV 9b B ZEERINLF-ATBRIA L LT L7,
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TEY MU VY LEERERBT D INODORFENEY T I ALEMO X TV a X Z L
BOSZEATO, B E T 2887 “EED 7 v ) R (7 I0) A U Y7 L85K 10a, 10b 2 A RK L7-,
INHDTEEHRICENTS, 7r U K (7 XY) #651K10a,10b0 7257 I RESK 11a, 11b Z#8 T &
KUK (7)) 851K 12a, 12b ~DOZEHN FIEE T > 72 (Scheme 6-6 ()35 L)), 2,2 — A (7
RAFN) LU= FT7ELHROE RU K (7 IV) 88K 12a TiE, 4 Y YU A EOVER
BLE OEVICENT 28O T T AT LA ~—14 U, BEROSICBIT B 3ERR IR S FRE TH
o, =, 23—V T 2= VERT VU UVHROEATIZ, A VPV LEDOXRT VT 4 —FEEI
5 Z ERARETHY ., E R R (T IV) Kb BRHE—DVT AT LA~—pih e LT
Boh-, 7 RE 11b TIET & 7 =/ COKEBIANE TSI W THE T I RS Tc
DR Z LIRS 86% ee ZZiEM LT, THHDORIRIT, B RU K (72 2) $HADAERKIZIHN T,
4 8 L OREST STARELE O HIEHAS | AR AR F R STCROSIZ IR D@ T o F AR A FEBLT 5
BELRBERTHDLZ L ZEMFTTND

H2N g‘ NaOCOCH;
Q™

9a

[Cp*IrCl,], +

KO’Bu IF_I)}‘ 7
CHZCIZ —{Gj—lr 2-propanol Ir

/\
H

10b

KOBu S %
Ir NH HN Ir— | —Ir. Ir NH HN Ir—
NaOCOCH3 CH2C|2 2 -propanol
[Cp*IrClp], + Q_\

H
o Q_\ KO'Bu q_\ Q—\
NaOCOCHj, NH HN—Ir= CH,Clp NH N-Ir 2-propanol NH HN—Ir—
NI (AN N
cl M

10b’ 11b’ 12b": 85:15

(b)

Scheme 6-6. 22-EA (7 I/ AF)) -1,I-EF 7 XL 09aBLN23—Y 7 2= /LERT U
9b D7 v A X UIZ X D HFEE C—N F L— MMEERD SR
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EBHIT, 23—V T == BT Vyﬂa%mj%f‘ o EESER & R CBOAL TR B HELSE
RH AR L 8 OB SAREIRMEIC R T % FJf\to ZORER, BEOE RY K (7 IV)
PR 201X T AT LAY —DIREWE LTHELGIL T X FEE I ZHNTT 2 7= ) Ofil
IR F R BBENVILE TN EIT>Th, BT D 1 -7 ==& ) — L ONFHIEE TP RIS
LEFEoT, 23—V T 2=V ERT VUKD AT, REROERT U=y MOk
LT MY TAANUCE R L7277 ==V Z I LT 2 DOA UV AHFLNRAX T A 7 LVEE
R LI R E R & 72 DT, Al EOSLIRELE N SEREICHIE TE . mn o o F AR IR 2
Liz&EBxo6h5,

AR [ DFFMHC—NFL—M UV T A1 /'7-Z>~§ﬁﬁ§@7k7ﬁﬂﬁﬁﬂiﬁiu% Bl CiX, ImT
A 7 I PN T I UKD C—N F L— MERIC X D0 FIRKSR OGS YIRTEE S 237l L, K
FALSIE~DEH A X > 7=,

C—NFL— AU T LEERE KT EDILFERVBRICEIT T2 E 2 A, BT I
AU T LGER2a LAKFETATNZE AL ERISELBRNZ L3 nro7 (Scheme 6-7), — ., 71
UK (TIY) K 1a CEMEORISIC IV ER LTI FA M C—N F L— MR 13a 1L, Y
TFNT IR EOEEAAE T, P OEROBICEDEZ LTI, FHE T CRKHE L RN ERRA
THIENARETHY B FU KT 2 2) 85K 3a RCTART 5 2 & A0y > 7= (Scheme 6-8) ,

/Ir

+ H —
CeHs 1 atm THF-dg CeHs N/ \
CeHs H rt, 20 min CeHs
2a 3a, trace

Scheme 6-7. 7 X F$5{K 2a 12 & A /KEDOTFEMEAL G DR A

AgSbFg —\ SbFe H2 1 atm
S\ CHiCN N(CaHs)s N
| _— |

r r
CgH VRN CgH CgH /N
ool N al PeoH N NCCH3 ol N H
S5 H H % H H *OH H
2a 13a 3a
Scheme 6-8. HF A LM C—NFL— rER13a 2B L7 FU R (73 V) 88K 3a ~DEH
i

HFF M C—NFL— K 13a2H FU K (7)) 88K 3a ~OLEBNARETH - T-7
W, N—ANVFR= NI T I RN 52 HT 5NN FL— ~ U7 ASEKRIC X AR K ELK
G CIREOHHA I 2B L LTHY, BEuitEa i LR, C—NXL—h AU U0 L
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RO D3 @ O ENE 2 7R LT,

IHIZ, C—N F b— MEROEWIREITTRE N ZIENTT2OIC, A I I bR EZITIC<n=
~ U VR O KBS ik I T, Z OfE R, BT A v 20 AGEK 13¢,13d 126 LT, /v
A AL LTCOMBE T L LT~ 74 a7 o FE o Bila 0+ sL, Y=k
U VDRSBTS D B IRAN 72 S CHEAT 32 Z L 2 RWE Lz, ZORIG T, v ¥ 7 AGEIK,
RENNTNHEMETH D, T, B 2H/T7 IV E2EBIRMICE X2, SRIEOMRDY IO A A
Z WA S SO THETT L 72 v 72, Scheme 6-9 (- THEIR= F U L& &8, Fix 7 iEIC
% L CAKRFEILIGENTRE TH 72, £l2, TRZ =R CICHT D ERETRENH 0 | B
VT ) EROBEBETLTEDZ E NI,

cat/AgSbFg cat: | SbFg
N(C,Hs)s/MS4A
RCN + H2 ( 2 5)3 R/\N/\R
THF |
60 oC, 45 h C6H5 /N
[RCN] = 0.2 M C&gﬁwﬂ NCCH3

RCN:cat:AgSbFg:N(CoHs)3 = 100:1:4:5

CN CN CN CN
CH30 Cl F F
872 32 502 722

% yield
CN CN N CN
N, LT o U
3
OfNe
% yield 672 74 492: 592:

ag/c=50 Ps/IC=50
Scheme 6-9. 7 FA Moo v AgkA 13¢ 12X D= F U LD KEBSER

BSE IC—NFL— AU U0 AERE VD ZBLRFEOKEBEHILE LR Tk, 7V
a—)LEIKEIRE LT TR bSR3 X OYREE/KFRIE O KEB AR ST R OB 21T - 7=,
TEEIRFE TSR D 2— T a N — v A KFER LT D KFEBEE TSI LT, C—N F
L— b A U D0 DR 2R 2 L 2 RS L, RS, 2— 7 a8 — L KD 1:1 O
IRAVAEH, L UK VU L% v, LT I RA U U LEERD I E 10000 (Z5%E
L. 1RJED “FLIREFHSK T, 80°C, 5 HEMOLMTHRET D L. FWEY U U ARHECICE
AR L. AREEEIERES 600 28 % 7o, F7o. TEMBIRSEZ VW e < THIRBEKEE O FEE NG5
NI Z &b AR CIX IR E S EHENICE T SN O TR < BEEOKER T T
FEAVIR B DB AU DIRBBKFA A U DMEEICRILEZ T TNWDH Z 2L LT,
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BT, HlIA A ERPRKRE WD F AU &2 L ORI L, KFEFRB L ORETH D 2—
TaR ) —VOEREEEOT I EA, MR E N LS HDICEHETHDL ZERbh ol &
DFER. Scheme 6-10 |37 K 512, ML AL =50000 D&M T, REBKFE DU LAEHEILLE
LTHW, 2—=7 13— L L KD % 4:1, 80°C, SKMODORIGGED L ZIZ, TI KAV YT A
BEIR 2a ORI RITHR K L7 | fEEIERE 3200 TEXEEY Y v ARELNTZ, C—NFL—hA
U AEERIC LY | IRERKFEA A2 OKFEBERLE TSI TRREI LT,

cat:
OH cat O
CsHCO; + HCOOCs + H,0 +
)\ 2-propanol/H,0 )J\ R /Ir—e
R\
H

o 3
CsHCOs/cat = 50000 80°C,5h TON 3.2x10
[MHCO3] in HLO=1.0M
2-propanol:H,0 = 4:1

Scheme 6-10. C—N FL— 7 I RA U D7 L4EK 2a 12 L 5 FREE /K O3 TS

PLEMR AR XS5 12, R CTIEmWAKEBEEEZ AT HC—NFL—R MU T A BYUTA
SRR DBR%E & Oy TR SOSA~DIGFIZOW TR L, —#OD C—N F L — hMEAR, & RV RETHE
D %5840 LT S RE A & L TAEZDICTH D Z L 2P 60T Lz, R ORER, B /eigEc
fRBERDOBIFICRN T 5 & & b, RES RGOS & R D HBERMAE/{GDL LN TE T,

EHlC, i BT =0 VO 7 a X ZGIC L A8 C—N FL— MEKROAR Tk
LVBMEEOmWT T 4 v 7T I VENLFE DD C—N FL— MEROAKE B E LT, K
EE 1 RT I VDY 7 v A 2R S E R T,

FITFATIV, T2 AT =) VOV v A X ARG TR, BEET X VO NH EBALO
RMEEE RN RN, N—HEGOUWREEL, BME T2 C—HEGOUMIZE D7 A
JALBUSIFHEIT L v o T, 2O X D12, BEFO Y7 v A X MERISOFiEIL, BT =1 VH¥K
D C—N FL— MEHROARIZIIRME THDH Z ENbholz,

—J7. 2,6— Y AF AT =V 0E, Scheme 6-11 ITRT LIS, TEE b U7 LRI L - T
AFNVIELD 2 DD sp? [RFE —KFREGOIEMEALEZZ T, THAX T A X o 4#iEE b OFH
AV LK 18a 2 5272, F£7-. Scheme 6-12 IR T LHIC, T=A R LTZT AKX T A
Zuat AR L OMIR 18I LT, 2— 7 u ) — L EKBRETDHTE N7 = ) L OKFER
EHRLE TS~ 2R T MEAGHERLE ThoTz, ZOT P AKX T A Xk il
72 34 BAEEATH DD, NPV v T I UHEKD C—N FL— FMEA L D & KEBEEREN
K< e o e LRSI 72,
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NH, H
cH 2% _H _2CH,COOH /Z?/\L l/%&
2 Cp*I(OCOCHS,), + ~"'3 S = -“OCOCHje
toluene reflux HN™ > CH4COOH
CH,

18a: 54% vyield
Scheme 6-11. U7X b A U VT LKL 26— AF LT =V DG

oat T B(CoHo
S a0 X
(j)kcHg,+ A Zpropanol CH3 * I
reflux, 16 h HNT )
0.1 M 85% conv
182"

Scheme 6-12. 7HAZ T A2t 8K 18212 L 5T N7 = /7 v OKEBENVALE TN
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B8 #5

AFRICH 1 E TR LT, RUVUAT I VEO Y 7 v 22 ALRIRIC K D B s b 7ae T
47T X HEHDC—NF L— MERIT BBIZEZEN S LTCRBRF OV o G542 X0 |
EERPLOBEFEENED LN TND, FIZIE, N-ALKR=LIT I UMbiEESN5 N—N F
L— MR T D & BT e F oAb SRR T I REHADEEMENHE L Tnbs 2 &
DEATFRRIZB N ORI TV D, EBE, 7 I FEERIC L 57 v a— L olikEE) (e bz
BHE) 1T, E RU K (7 Iy) $kDETTEE) (B FY FitGM) bkl H2 =
BLOHE 3 ETRATZLIIT, C—NFL— MEAR T F o /7 v a— VO KEBE L LT
BWEMEZ R LTS WZ D,

E R K (7TIV) $MROT7 I 7 m bud, BILSUSIZB W COKERE &2 LB 5+ OT%
PEALICBES- L, 727 e hrOBUEENKISPEICRES EEBERIFTEEZOND, XVULT
SUVENOBEINS C—N X L— MEROFLERNEFEEICRDE, LA, BALTHT 2
Y EOBEENMET L, a7 4 v 7T I VB K DB S T OIE L ORNR BT SIE L
BRWENDRH D, T T, @Bt FU FEEEOEWREMEZRZR S Z L2, TVBEEOmWT
0 R UISEMET X VENL AR O TREEE LT, TR T 4 v Y REERT IV LEESND A
2T A I NVEFFEB LT, (Figure 1)

N N
Ir—f) (:I Ir—f]
KNS N I}‘

R /7 N
H H
strong basicity weak basicity
c Q\
DX X X
Ir
s/ VA
RR 'N‘/ \H \N\/ H
HH HH
weak acidity strong acidity

Figure 1. XU ULT I UEME E BT I EK OEND

INETHEBET I VEOT 7 a XX NALBORIZ KD ARSIV 8E R DIZ & A EI1E, 5# 3 %7
YHRDOEHARTEH 5 12, van Koten 35 L O Pfeffer & D 7 /L— 712 & - THE ST 5641 % Scheme
1 8LV Scheme 2 (77T, T biE, NN—TY AT 1—FT7F AT I EHED 8 A Z il AL T
7u b AT LI ELND Y FULEERE e VRN A& D T AR Z A
JRIZE DAl EShTn D,
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‘ \
-2 Li CI
[IrCl(cod)], + & | 2 Ir/ 2
toluene N \
Meg Me,

Scheme 1. van Koten &2 K W A5 S+ U U0 AGEK

SN

-2 LiCl
[CpColy], + 2 Li 2 Co
N/ toluene N/ \I

Me, Me,
Scheme 2. Pfeffer © (2 & 0 #i4F S 47z 2231 R

A TIX, BEEOBWNT BT v 77 I 7N T a b RS E U CHEEET S C—N ¥
L— MMEROERPEHTHY B 1 HRBLOE 2 /7 I VHEEZEN FABMAE LTHWS, L
CINBDOT I AR XD IRE—KFEREESOUM LV LT I T e OB & E 2B
213578, Scheme 1 38 O Scheme 2 IZ/R" T HiEZEAT 5 Z ENTE R,
élfﬁ%%ﬁﬂﬁk IBITD C—NF L — MRS & LT, r(DEHARICHT 2 26— AF AT =V
Y ORERIINC K D7 m A Z WALKOS 3 STV %, Scheme 3 (27779 Togni © DAFSE Tl
Ir(DEEARIZHKT LT 2,6 = AF AT = U UBEUL LT, ZAUTHE S A FID R FE — KFHES OFRL
BN L0 BB C—N F L— MEADRAER LT D, ZO85KIE 100 °C 12BN T 5 & | It
FHEEIC L0 r(D)EEARIC R D

NH, H,

P, Ol P PN PN
1/2< 1 LN > + E—— ( 1 —>< _r
PP Cl P toluene P" CI P™ &
rt
| 100 °C

P : (R)-1-[(S)-2-(diphenylphosphino)ferrocenyllethyldiphenylphosphine
Scheme 3. AL LDV ATAT =0 D7 a2 X2 ALRIG

—

P
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WM ERT I VBN TFEATDH C—NFL— AL LTI AT O AIDEEEIC LD 7
O A X ALSISENE SN TS 4 FlZIE, 2— 7 == AT =Y VU EEBNT VT LD LY |
Scheme 4 [T R T EERD BN IME STV D R, £lo, THUTHHBL LT3 T D0 LKA -2
IV TR B BTN D 5,

-, () o
o~

Pd(OCOCH3), + - . Pd O
toluene oY
O Nzt 2ah O NFz ~ 72

85% yield

Schemed4. 2— 7 == LT =J D7 a X Z LIS LD 3T D0 AEEKRDOERL

INOOMZEERE S LI, AETIE, WBRBEEOSWT I 7 b a2fT57=0 Uik
RO 7 v AZNACKIGZ LD | Scheme 5 IR T HERBIOSEER C—N XL — MNMEKE LD
A VYT LEER A B, COERICERZ Y T,

1—F 7FAT I R2—T == AT = D7 a A XA LG5 585K A B % Scheme
5D EBEHEITRT, ZAUDDOFERIT, TNEI sp? IRFE—KBRES OUIKNC L VIR IND 5
BRBIOCERTIAZITHA 7L THY, FL— MEROEEIOE OISR
RIFTBELFHm L LD LEX T, BT LB OSSR A 13, K SLOARRCHEH Loy Iy
HROILEER C—N F L— MEIR & B R A TE 5 L WIFF LT,

—7J5. Scheme 5 O FTEUIRTATFNUT =Y VHHDO V7 a A X NALICE VLN A8K C 1%, &
JB—sp® RFEMEEE L OAZTHA IV THDH, Eikd C—N FL— MR 7 2= —
SRr=y b OMbAEWTHY . LV @Vt G A RI ! — XU VBT & B D8R C DX
SR Z PRI AUE, C—N % L— M & BRI Z LN TE D LB 2 T,

UL EOF 2 &2, RGSCH 2 BB 5 B TRMANTHE > TE 285K & 13X R 72 50 %
HD C—N F L — MEHADAIR AR T,
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[Cp*IrXsl,

[Cp*IrXsl,

[Cp*IrXalo

Scheme 5.

+ 2
NH,

FEBET I VEBROFHL C—N F L— FMEROA BRI

ﬁH -2 HX

Py -2 HX
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28 FIOFITFIVEBEUIZIZILTZYVEOL YA A S JVIEREDOEA

AL TR L7 L9, ZhETTeT 4 v 7 7 I VBN %2 H 2 C—N F L — FMERDOE K
HBE LT, RUUAT I UVHED sp? R —KFBREA OTEMEALICHE R 727 84 MBI X 40 K
AL ARG TN TE 2, KEiTIE, 77 FAT7 I VEB LT = =7 = U VAR AR
BR(R & LT L7z,

FFT.I—FT7FATI DI RXR AN ERIATZ, Scheme 6 IZ/RT X 9T
[Cp*Ir(OCOCH L IZxf LT, 11 M ED | —FT7F T I &N, kAT L oREEH, |IET T
FOSZAT, IR 55 O SOSRAH D THNMR AL MV ERIE LTz, & OfEE, WEIRD> 7
IVBMESBLR S, B AT MARERBE BT,

[Cp*Ir(OCOCH3),] + OO complex mixture
CH,Cl,

NHz rt, 38 h
Scheme 6. [Cp*Ir(OCOCH3)]& 1—F 7 F /47 I ORUG

WIZ, 72X MEALF XD BEEEORKNNY 74w 78X MR %2 b DK
[Cp*I(OCOCF3)] & 1 =F T FNAT I D% AT o7, (Scheme7) LFEDOT X bA U T U LEE
WIZE DS &2V | Cp*D A FNVEITIFIE S D T 7T /H 1.07 ppm (& —FARDY 1 FEEHD A
DB STz, b AT LY V2T N —T b OFMERET o ToE 2 A, —EOIRN e
~NEB LTV, BRSO, £0 X BEEMT OFER, Figure 2 IR T L 91T, 1—
FIFAT IUNA Y VT LFITENL LTZEER 15 BAER L TER Y | RFE—AKFHAEDEE K
FHEE OYIWRTSUSITEIT L T WnWZ Evbino Tz,

(0]
I
CF3CO l\ﬁ\
[CP*I(OCOCF3)] + — >Ir\%

toluene HoN OgCFs

NH» reflux, 12 h o

Scheme 7. [Cp*Ir(OCOCF3)] & 1—F 7 F /7 I D
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Figure2. EXRNUT7AAn7E®H M F7F L7 I 85K 15 @ ORTEP ¥

IHNOOREROET, TR NN E N vt a T X NN O M O & RO L
TWNbHEEZOND, HEMEOEWT &% ML OHEICIE, ER—KE-HEOUIMRETL
TSR L AT LR o T8 IR 72 E 2 B0 EHOSRNE LT BEXTWD

WIZ, 2= 7 2= AT = VBEBIAL LT2— T 2= —3—AF AT =V D7 nu i H K
a2, [Cp*IrCLL I LT 23 Y BED 2— T 2=/ —3—AF AT =V %Mz, FifEgET ~Y
ULET, 7T R= U AR 60 °C THFR L7212, WIEE EZORINEAY O 'TH NMR A
A7 MVERIE LTZ, ZORR, 8L CTEMER Y 7Rl S, 2 b ORAEY % B9
L2 LIITERDPSTL, T T, SHITBWEREZHWT Y 7 v X 2 ALRIS & IRz,

[CP*ICLLIZK LT 23 B ED 2— T = =/L—3—AF N7 =V 41 YED KPFs & 2.7 % &ED
KOH Mz, W FY7uu 22 R TRINEToTo & A, HAkM & B EaiaD0IREYM NS
Hiv7z, (Scheme 8) FAMMIIHEAFHD T THY . 'THNMR A7 hLTIL Cp*& A FNHD Y
TFIVINZEIEI 1.37 ppm & 2.14 ppm [ZEHI STz, b OIREWZ 43BET 5 B 19 TR ik
EZMV IR LTZD, W2 BT 2 Z LiXTEinoT,

"] PFg

KPFg, 4.1 equiv Cl O
KOH, 2.7 equiv -
[CPHIrCll,  + Q O ] (H(‘\ Nir -{(%\ Sir
CH,Cl,
NH H R

rt, 10 d H R
16
R-NH
2_ yellow crystals brown crystals
2.3 equiv major minor

Scheme 8. [Cp*I(OCOCH;):] & 2— 7 ==V —3—AFNNT =V DO is

LrL, 2060 2 FEORE B RAW T N OV B, BERS X BEEMT 217 5 2 L AT
Teo ZDOFERFFHILZ ORTEP M4 Figure 3 1239, HEAHMMII/2Y K, B ke¥xY | 7IRT
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86 L7 e(I) D 36 B #Z8H1K 16 TH Y | BOAFEREIZT I F - 4 I FTEB L k(DD 32 5
T OREIR 17 Thotz, EHLOERLT I T a FUMRBBEL TRY, 7= T =0 VHEHO
KIGSTIE, 7 A BB L TT I o7 e M ALREITT S22 EBHLNE RS T2,

Figure 3. 5K 16 (/&) & 85K 17 (/) @ ORTEP [¥|

Scheme 8 DJIGIZIHWNT, AW & L THLILZSEKR A BEEST 2 HRY T, [Cp*IrCL], & 2— 7
T3 AFAT =V &1 OWEELTIRA L, FRROKISEITo72 & 2 A, FfbmieE
63% T ARG DA DG H AL, (Scheme 9) 5 H L7 B S &h DILHEIHT OFER TIE, Figure 3 (2
R LT85 16 OFFIEIC—E L2 B S 7223, TH NMR A7 MLV CIERAY & L TERD N
Bl SNTz, ZDOEAWIE Scheme 9 (TR T K 5 2288E 7 I RENLF DO EHEL ORI A F 72 2 Hk
KeEZEZ2 N5,

PF PF
KPFg, 1.5 equiv o CI -~ 1PFe oiQH ~1PFg
mﬂmm+<!> Qi»lQHSww Gﬂ Q
CH,Cl,
NH, rt, 10 d
R-NH, major minor
1.1 equiv major/minor = 3:1

63% vyield (total, recrystallized,yellow crystals)

Scheme 9.  £51K 16 &5 Ak DFA A

PUIEICRT I, 1-F7FATIVBIR2— T 2= —3—AF AT =0 LT, 4V
DU LGER & RN O B e DRSO T 1 R ARFIE VT, v A X RIS EIT o T2,
WTIOEETH, BIYE T 5 R5E —KEHE DG L7 AERIIEISE b2 d oo, e AR
DR N Y VA afiERA 4 DENL LA U 20 AR E W56 BERT I U REAL LT
BEARDE O, — 0, WEMEORVIKEBILA 4 v 2T 5 & EH - KEHLOM T 7 kv
EBUSAHEIT L, 7 2 REB X O I RGBSR O LR R Sz,
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FIFM AFILTFZYIUEOUIAAZIMERIGICEDZTHFA2S A 201 BEEE
DERK

ATEICIE, sp? IRFE — KFBFEEDOUIWNC L > THR L T H85ARNERT D HEKLT I U HE LT
FTI7FATIVEBLIONT 2= T = VA AW SRR, RE— KB A OYIREG
ERELITE eholo, REITIE, sp? REBKOEm W o G E 7 =V VKO EOCERMEZ AT
% NH #0226 SF72 72 C—N F L— MEAO G AZ AR & LT, Cp*I(OCOCH:), % VT,
sp? IR — KFBAES OYIKISIGZLED o— bV A P UFED > 7 v A X ARG B AT,

FT. 26—V AFAT =V DT T a RS AKIEEIT 272, Scheme 10 (TR T K912, ¥ 7k
H hA Y U7 AEEIR Cp*I(OCOCH; ) IZXf LT, 26— AF AT =V % 1.3 98Nz, bz
Hr INEETRSAT T 60 RFFISUS S ¥, D%, Yrunu A2y /X onhb 2T ol
LA IR 54% THREDR MG BT,

B o+

NH, H
cH 2 _H _2 CH;COOH ,Z%/\L l/\%33\
2 Cp*Ir(OCOCH3), + =3 *H = "“OCOCH;+CH3COOH
toluene reflux HN™ >
CHs
54% vyield

Scheme 10. U7 &% A UV T LKL 26— AF AT =V U OKIG

5 5L T85O ESI-MS I E Tl CogHagNIn D 7 F 77 A > F D[RR —E LTz m/z 7722 12 F°
— I BPBRENTZZL05. 200 Cp¥lt 777 AL FE 26—V AFNT =0 UinbAKENLEEL
7T A MZEVBRENDA VDT LTBIERTH D Z LRIz, (Figure 4)

CasHasNIr*

| |
] ‘ one [
%0 5 20061
40 7514976 775.22966
' * || w
I ‘ |
20 | | [ I
q | - ’ | | | ml - |

0“’—:‘-77‘— e e e e T LS [ S 5SS N I

775 770
R (/2 HERWHH(m :}775

Figure4. ESI-MS A7 bL (K FRAXT My AB R I 2 b—va V)
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E- GO O 'THNMR A7 MV EBEEL A F L i SR CRIE LTz, & ORGSR,
Cp*lehr 1D A FNVIRITIFE SN D > 7TV 1758 L U211 ppm (2 15H 73 DRI Bin 7=,
F72, 6.7—72ppm IZ 3 FHIAD B FER LOKFEN IHT Ovw AT 7Ly e LTS, 2,6—
CAFNT =V DA FNIEITIEME S AL, 121234 ppm (IZ3H 3D 7 Ly b & LTHELH
SNTEbDOD, b —FHDAFNVEITIFOE LIERER, IH3DHN Y7 Ly h & LT 6.49 ppm 12
VI NEG 2T, 2O 7 F L TH—BC HMQC IEIZ £V 119.6 ppm [ZHBIH X415 BC EFHREN
BHDHZENDhoTm, ZOFERIL, PAFAT = UERO—DOD A FILVEEN oD RE— KB
BUIMHES T, sp? IRELEDAF T o hACELIZZ L AR LTS, £, HIEEONERA
FrbEENRTNDZER, HBELOBC{H} NMR HIENLHA LN, T3 71 hrd
MHEEIZ K > TARR L7277 2 FEALF1E 10.1 ppm (ZHEIAD > 7 F v & 5.2 7=,

B 18a « CH;COOH [ZFEEDHEE 28 A TV HIZ b )b 59, &J&,/NH §hiiE 7o ko
fBZZIT TRy, ZOZ &b, #K18a « CH3COOH O 7 X REN T-IIFEREA 4> L 0 b
PGS, TOMEBTH LT I VA FITEFRE L U SERMEE DN @V 2 E R S I, ZAUET R
W 1T 2 U DENL L7 8BA DR L W2 5, ZAUSKH LT, RUPALT I VENLFEEIND
C—N F L — FMEATIET I FEMIFDERIC L > TF e hofbzZF =782 b (7 Iv) ik
WHBECX 5 6,

$5K 18a « CH;COOH O Hijikidh X BAEEMAT ClL, BOREEL b7 — 2 B bhiehoToiz
W, ZOT =F AR T, FelIR LTS5 18a « CH3COOH DA R & RIS v Hr N
BURIRRM RIS AT o 7ot b A TF LT |l T, KT R v AET R T 7 ==
RUBT ) U AEERSEREEZA, JMT =24 ELTT VI 7 o= R b— F 2T 58K
182G 5N 7z, Z 08K 18’ 1T L A TF LY /P F I —T A0 b OFEFEMEIC L > T, FREaD
fitidm & L CUER 55% T b7z, (Scheme 11)

B o+

Na,CO
NH, H 2L03
o 3 H NaB(CeHs)s S Ny
2 Cp*If(OCOCH;), + ~™3 SH I r
toluene CHyCl, HN™ >
reflux, 60 h rt,4 h
R

Scheme 11. T 7 EBZ M U DT LEHEAL 26— AF AT =V UORSET = o A S

'H 3 LU BC NMR, oot EORIRN G $51K 18a’|385(K 18a + CH;COOH & [FlERD 1%
WiEZ O Z LRI N, I HIT, B X BHEERET ORE R, AT - IR RIS ST
L7220 40 BESHEAREENTWD Z R bhoTe, TDO—FHIZHOWC, BT AUy DI EFR
R, T =AU 2AM LTz ORTEP X% Figure 1 (ZR7, BFAUEHDIE2 DO Cp*lr ==
F&ET 2 biﬁu#ﬁ”” FLEZEEETHY  DAFAT =Y VICH T DENAERA 1T A F LI
DT o spd IRF—KEBFEENUIK SN, —oDT X VENRRT 0 b ALEZITTWS, 3 OD
Wﬁﬁ%(mﬁlm)k*O@%%ﬁ%(M)k4U97A$®(M)@SO@ﬁ%KiOTN
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VBV LT S BEOBERA X THA I ANRERINTND

I \\
/ //I/H \\

Ir2
\/ \~

VR~ \/ .

cs\
\,,

Figure 5. $&{K 182’ 5 F4 ¥4 ORTEP [

Table 1 288K 18’ DFE G R A £ L 7o, Ir—Ir IOEREIT Y 2.765A TH Y | I —Ir & & L
T2 CTd 5, Figure2 D AR T EOIZ, A VFA T =V EAIIZ LTS 59— F DA
U 2T LHLENL U SRS STV A, Ir—Ir i RI1E 2.749(1) A TH D @, $EIK
182°D L HIT, AXTHA I MK LT, BlOGRBF LA LIZEERIE, AZ T AXakr b
LTHILNTWD T, £D X5 2245 % Figure 2 |Z/R7,

X7 A VA T = VEROFEN LTI TITNSD, Cl, C2,C3, N1 @ 4 51 bk
&S & N1 Irl, CL O 3 JF1-5 HABRL S A2 1 O i A 13RS F N 72 2 i3 - TN
10.5°L 102°ThH - 7=,

Tablel. $EER182°DHEEEDE LD

e 71 1[A] 12 [A]
Ir1-Ir2 2.7560(4) 2.7730(4)
Ir1-N1 2.023(5) 2.052(4)
Ir1-C1 1.989(6) 1.983(5)

Ir1-Cp*1(centroid) 1.824(2) 1.821(2)
[r2-Cp*2(centroid) 1.807(2) 1.811(3)
Ir2-N1 2.167(5) 2.180(4)
Ir2-C1 2.236(6) 2.238(6)
Ir2-C2 2.254(7) 2.249(6)
Ir2-C3 2.172(6) 2.188(5)
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T s e

A B C D
Figure 6. A% 7 2% vt §EROH]

Figure 7 DM RT L1, THA U XA 7 VENIT—2DA VD0 NJFFI12xE LT LX Y

TEALLTEY, 7 RO A_ s B = —A I UEED —SDOMEHEEEZSZ X5 Z LT

SEOTOIT, B X BEEHITIC L VG LT8R 182D 7 A Y XA 7 V5D
YRS A FEEE % Figure 7 DA R,

/lr\ /Ir
HN~ CH Hl\\ p
\
N\ /
amido-carbene vinyl-imine 1.430

Figure 7. $5(K 182D 7 ¥ A U XA 27 )L 53 0 Hngiii

BEIR 182°D Irl —N1 DL SR 1T Table 1 IR L72 X 912, 2.023(5)& 2.0524) A TH D, Zh b
OfEX, ThETHESINTWAT =Y FA U P U LK (Figure 8) O k—NfiAE (2.082(2) A
£ 2.0003)A) LIARETHD S,

PBu,
Figure8. 7=V NA U 7 LFHIKRDH]

L)L, ZRNETHREINTNDA UKD T— NS L RREDETH 5, B Z1X, Figure 9
DR A 1L 3 DDA 2 UEML 1T T —N FEEBZ L4 2.085(2), 2.092(2), 2.110(2) A%, 5K B
1£2.076(5) A® ThH D, D72, Ir—N BOFEG R TIE, A I UHEED T I AEIED ORI
TE ol
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ﬁ/ \M/\m®
A B
Figure9. 5N TWDHA I U EHIRDA]

ZAUSH L. Il —C1 O ERIL 1.989(6) & 1.983(5) A THY | ZNETHESNTVDT AT
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Experimental

General

Reactions requiring air-sensitive manipulations were conducted under argon atmosphere following
standard Schlenk techniques. All deuterated NMR solvents were dried and degassed by appropriate
methods. Solvents were purchased from Kanto Chemical and Nacalai Tesque, and dried by refluxing over
sodium benzophenone ketyl (THF, toluene, diethyl ether), P»Os (dichloromethane, acetonitrile), or CaH»
(hexane, pentane) and distilled under argon. Dichloromethane and acetonitrile were distilled under argon
after drying over P»Os. Diethyl ether and THF were dried and deoxygenated by refluxing and distilling from
sodium benzophenone ketyl under argon. Other reagents were purchased and used as delivered unless

otherwise noted. The starting Ir and Rh complexes, [Cp*IrCl],,! Cp*Ir(OCOCH3),,2

(R)-5-amino-6,7,8,9-tetrahydro-5H-benzocycloheptene (1b),? and
Cp*IrCI[ (N, C)~(S)-(NH2CHCH,0Si(CH3)2(C(CH3)3)-2-CHa)] (2a)%,
Cp*IrCI[£4(N, C)-{NH2C(CH3)-2-CsHa} 1, Cp*IrCI[K2(N, C)-{NH2C(CsHs)2-2-CsHa} 1,
Cp*RhCI[xX(N, C)-{NH,C(CH3)-2-C6Ha} ], Cp*RhCI[K*(N, C)-{NH,C(C¢Hs)2-2-CeHa} ], and

Cp*Ir[K2(N,C)-{NHC(CeHs),-2-C¢Ha} |* were prepared according to the procedures described in the
literature with modifications. 'H, F, BC{'H}, and 3'P{'H} NMR spectra were recorded on JEOL
JNM-LA300 and INM-ECX400 spectrometers and referenced to tetramethylsilane via the solvent resonance.
Elemental analyses were carried out using a PE2400 Series II CHNS/O Analyser (Perkin Elmer). IR
spectra were recorded on a JASCO FT/IR-610 spectrometer. Analytical gas chromatography was
performed with a Shimadzu GC-17A gas chromatograph equipped with an INNOWAX capillary column (30
m X (.25 mm i.d.) purchased from Agilent Technologies. Recyclable preparative high-performance liquid
chromatography was performed on a Japan Analytical Industry LC-9225 NEXT system equipped with
JAIGEL-1H and -2H columns using CHCl; as an eluent at a flow rate of 14 mL min!. Mass spectra (MS)
were obtained with a JEOL JMS-SX102A instrument. GC-MS analyses were conducted on an Agilent
5973N MSD interfaced with a 6890N GC system equipped with an HP-50+ column capillary column (30 m
x 0.25 mm i.d.) purchased from Agilent Technologies. High performance liquid chromatography (HPLC)
analysis was performed using a system comprised of a JASCO column oven: CO-1565, a low-pressure
gradient unit: LG-1580-02, a pump: PU-1580, a degasser: DG 1580-53, a UV/VIS detector: UV-1570, and a
CD detector: CD-2095. Analytical chiral HPLC was performed on a Chiralcel OD column (4.6 mm x 25
cm), a Chiralcel OJ-H column (4.6 mm X 25 cm) or a Chiralcel AD-H column (4.6 mm x 25 cm) purchased
from Daicel Chemical Industries, Ltd. with hexane/2-propanol as the eluent where baseline separation was

obtained.
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Chapter 2

General Procedures for Racemization of 1- Phenylethanol.

A 20-mL Schlenk flask was charged with catalyst (10 umol) and toluene (2 mL) under Ar atmosphere.
(R)-1-phenylethanol (1 mmol) was added. The reaction was carried out at 30 °C for 1-25 h.  Optical yield
was determined by HPLC equipped with a Chiralcel OD column.

General Procedure for Dynamic Kinetic Resolution of 1-Phenylethanol Catalyzed by Amido
Complexes.

A 20-mL Schlenk flask was charged with catalyst (50 pmol), CALB (7 mg), and toluene (5 mL) under Ar
atmosphere. (R)-1-phenylethanol (1 mmol) and acyl donor (1.05 mmol) were added. The reaction was
carried out at 30 °C for 6 h. After durene (11.2 mg, 0.08 mmol; an internal standard) was added, the
reaction mixture was filtered. Product yield was determined by GC analysis and optical yield was

determined by HPLC equipped with a Chiralcel OJ-H column.

General Procedure for Dynamic Kinetic Resolution of Secondary Alcohols Catalyzed by Amido
Complexes.

A 20-mL Schlenk flask was charged with catalyst (10 pumol), CALB (7 mg), and toluene(1 mL) under Ar
atmosphere. Secondary alcohol (1 mmol) and phenyl acetate (1.05 mmol) were added. After the reaction
was carried out at 30 °C for 12 h, the product was purified by flash column chromatography (SiO2; ethyl
acetate) and GPC. Optical yield was determined by HPLC equipped with a Chiralcel OJ-H column or a
Chiralcel AD-H column.

Characterization of the Isolated product.

(R)- 1-Phenylethyl acetate®
0]

X

CHs

Isolated yield: 92% yield. "H NMR (399.8 MHz, CDCls, RT): & 1.54 (d, 3H, 3Juu = 6.7 Hz; CsHsCHCH5),
2.08 (s, 3H; CH3COO0), 5.89 (q, 1H, 3Juu = 6.7 Hz; CéHsCHCH3), 7.28-7.36 (m, 5H; CcHsCHCH3). *C{'H}
NMR (100.5 MHz, CDCls, RT): §21.3, 22.1, 72.2, 126.0, 127.8, 128.4, 141.6, 170.2. The ee determined by
chiral HPLC analysis was 99%: column, Chiralcel OJ-H; eluent, 0.8:99.2 2-propanol-hexane; temp, 30 °C;

|||O

flow rate, 0.5 mL/min; detection, 254-nm light; tr of R isomer, 21.3 min; tr of S isomer, 27.6 min.

(R)-1-(4-Chlorophenyl)ethyl acetate®
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N

CHs,
Cl/@/\

Isolated yield: 89% yield. '"H NMR (399.8 MHz, CDCls;, RT): & 1.51 (d, 3H, 3Juu = 6.7 Hz
CsH4CICHCHs), 2.07 (s, 3H; CH3COO), 5.84 (q, 1H, *Jun = 6.7 Hz; C¢H4CICHCH3), 7.27-7.33 (m, 4H;
CsH4CICHCH3). BC{'H} NMR (100.5 MHz, CDCl3, RT): 6 21.2, 22.1, 71.5, 127.4, 128.6, 133.5, 140.1,
170.1. The ee determined by chiral HPLC analysis was 99%: column, Chiralcel OJ-H; eluent, 1:99

|||O

2-propanol-hexane; temp, 30 °C; flow rate, 0.5 mL/min; detection, 254-nm light; tr of R isomer, 15.1 min; tg

of S isomer, 18.8 min.

(R)-1-(4-Methoxyphenyl)ethyl acetate’

O

P

0" “CHs

Isolated yield: 78% yield. 'H NMR (399.8 MHz, CDCls, RT): & 1.53 (d, 3H, *Juu = 6.7 Hz
CsH4OCH3CHCH3), 2.05 (s, 3H; CH3COO0), 3.80 (s, 3H; C¢HsOCH3CHCH3), 5.85 (q, 1H, 3Juu = 6.7 Hz;
CsH4OCH3CHCH3), 6.86-7.32 (m, 4H; C¢HsOCH3CHCH3). 3C{'H} NMR (100.5 MHz, CDCls, RT): §21.3,
21.8, 55.2, 71.9, 113.8, 127.5, 133.7, 159.2, 170.3. The ee determined by chiral HPLC analysis was 99%:
column, Chiralcel OJ-H; eluent, 1:99 2-propanol-hexane; temp, 30 °C; flow rate, 0.5 mL/min; detection,

254-nm light; tr of R isomer, 36.4 min; tr of S isomer, 44.4 min.

(R)-2,3-Dihydro-1H-inden-1-yl acetate ((R)-1-indanyl acetate) ¢
0]

N

CHs

Isolated yield: 93% yield. "H NMR (399.8 MHz, CDCls, RT): 62.07 (s, 3H; CH3COO), 2.08-3.16 (m, 4H;
CsH4CH(CHa)2), 6.19-6.22 (m, 1H; CéHsCH(CHz),), 7.21-7.43 (m, 4H; CsH4CH(CHz),). 3C{'H} NMR
(100.5 MHz, CDCls, RT): 621.3, 30.1, 32.2, 78.3, 124.7, 125.5, 126.6, 128.9, 141.0, 144.4, 171.0. The ee
determined by chiral HPLC analysis was 99%: column, Chiralcel OJ-H; eluent, 1:99 2-propanol-hexane;

|||O

temp, 30 °C; flow rate, 0.5 mL/min; detection, 254-nm light; tr of S isomer, 12.8 min; tr of R isomer, 17.0

min.
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(R)-1,2,3,4-Tetrahydronaphthalen-1-yl acetate ((R)-1,2,3,4-tetrahydro-1-naphthyl acetate)
O

PR

0" CHg
Isolated yield: 81% yield. 'H NMR (399.8 MHz, CDCl3, RT): § 1.82-2.90 (m, 6H; C¢H4CH(CH>)3), 2.09
(s, 3H; CH3COO0), 6.00-6.02 (m, 1H; CeHsCH(CH,)3), 7.12-7.29 (m, 4H; C¢HsCH(CH,)3). *C{'H} NMR
(100.5 MHz, CDCl3, RT): 618.7,21.4, 28.9, 29.0, 69.9, 126.0, 128.0, 129.0, 129.4, 134.5, 137.9, 170.7. The
ee determined by chiral HPLC analysis was 99%: column, Chiralcel OJ-H; eluent, 1:99 2-propanol-hexane;

temp, 30 °C; flow rate, 0.5 mL/min; detection, 254-nm light; tr of S isomer, 12.3 min; tr of R isomer, 14.6

min.

(R)-1-(2-Naphthyl)ethyl acetate®

Isolated yield: 81% yield. '"H NMR (399.8 MHz, CDCls;, RT): § 1.63 (d, 3H, *Juu = 6.5 Hz
C10H;CHCHs), 2.11 (s, 3H; CH3COO), 6.06 (q, 1H, 3Juu = 6.5 Hz; C0H,CHCH3), 7.47-7.86 (m, 7H;
Ci0H7CHCH3). BC{'H} NMR (100.5 MHz, CDCls, RT): & 21.3, 22.1, 72.4, 124.0, 124.9, 126.0, 126.1,
127.6, 127.9, 128.3, 132.9, 133.1, 138.9, 170.3. The ee determined by chiral HPLC analysis was 99%:
column, Chiralcel OJ-H; eluent, 1:99 2-propanol-hexane; temp, 30 °C; flow rate, 0.5 mL/min; detection,

254-nm light; tr of R isomer, 37.8 min; tr of S isomer, 48.3 min.

(R)-1-(1-Naphthyl)ethyl acetate®
0]

A

Isolated yield: 92% yield. "H NMR (399.8 MHz, CDCls, RT): §1.71 (d, 3H, 3Jun = 6.7 Hz; C10H;,CHCH3),
2.13 (s, 3H; CH5COO0), 6.66 (q, 1H, 3Juu = 6.7 Hz; C10H;CHCH3), 7.46-8.10 (m, 7H; CioH;CHCH3).
BC{'H} NMR (100.5 MHz, CDCls, RT): 6 21.3, 21.6, 69.4, 123.08, 123.12, 125.3, 125.6, 126.2, 128.4,
128.8, 130.2, 133.7, 137.3, 170.3. The ee determined by chiral HPLC analysis was 99%: column, Chiralcel
AD-H; eluent, 1 : 99 2-propanol-hexane; temp, 30 °C; flow rate, 0.5 mL/min; detection, 254-nm light; tr of R

isomer, 15.2 min; tg of S isomer, 16.3 min.

(R)-1-(2-Pyridyl)ethyl acetate’
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Isolated yield: 92% yield. '"H NMR (399.8 MHz, CDCls;, RT): & 1.58 (d, 3H, 3Juu = 6.7 Hz
CsH4sNCH3CHCHs3), 2.11 (s, 3H; CH3COO), 5.90 (q, 1H, 3Jun = 6.7 Hz; CsHsNCHCH3), 7.17-8.58 (m, 4H;
CsH4NCHCH3). *C{'H} NMR (100.5 MHz, CDCl;, RT): § 20.6, 21.2, 72.9, 120.4, 122.6, 136.7, 149.2,
160.2, 170.2. The ee determined by chiral HPLC analysis was 99%: column, Chiralcel OJ-H; eluent, 0.7:99.3
2-propanol-hexane; temp, 30 °C; flow rate, 0.5 mL/min; detection, 254-nm light; tr of R isomer, 24.2 min; tg

of S isomer, 26.3 min.

In Situ NMR Experiments for Reaction of Amido-Ir Complex and Phenol.
Amido-Ir complex (2a) (25.1 mg, 42.9 umol) and phenol (6.1 mg, 65 pmol) was dissolved in 0.45 mL of
CD,Cl, in a 5 mm NMR tube. Then NMR analysis was carried out at -50 - 10 °C.

In Situ NMR Experiments for Reaction of Amido-Ir Complex and Phenol.
Amido-Ir complex (2b) (19.0 mg, 41.2 umol) and phenol (4.9 mg, 52 umol) was dissolved in 0.45 mL of
CD,Cl, in a 5 mm NMR tube. Then NMR analysis was carried out at -50 - 10 °C.

Synthesis of C-N Chelate Phenoxo Complexes;
[Cp*Rh(OCeHs){Kk*(V,C)-(NH2C(CeHs)2-2-CHa)} | (CsHsOH) (4c- PhOH).

~

Rh.
CGH5 /N
CoHe N TOCeHs

H H  HOCgHs

A mixture of Cp*RhCI[k*(N,C)-(NH>C(CeHs)2-2-CsHs)] (0.088 g, 0.165 mmol), KOC(CH3); (0.024 g,
0.21 mmol) and phenol (0.034 g, 0.36 mmol) in CH>Cl, (5 mL) was stirred at room temperature for 2 h
under Ar atmosphere. The solvent was removed under reduced pressure. After the residue was dissolved
in diethyl ether, insoluble material was removed by filtration. Recrystallization from a concentrated
solution in diethyl ether at -20 °C afforded orange crystals. Islated yield: 0.032 g, 28% yield. '"H NMR
(399.8 MHz, CDxCly, -50 °C): & 1.28 (s, 15H; Cs(CH3)s), 4.52, 5.02 (each d, *Jun = 10 Hz, 1H;
NH>C(CeHs)2-2-C6Ha), 6.11-7.92 (m, 24H; [Cp*Rh{x? (N,C)-(NH2C(CeHs)r-2-CoHa)} (OCsHs)](CsHsOH)),
1142 (br, 1H; CeHsOH); *C{'H} NMR (100.5 MHz, CD,Cl,, -50 °C): & 9.3 (Cs(CH3)s), 77.8
(NH2C(C6Hs)2CsHs), 94.2 (Cs(CH3)s, Jcrn = 6.8 Hz), 115.3, 116.3, 118.8, 120.9, 122.8, 127.085, 127.095,
127.6, 128.5, 128.7, 128.8, 129.0, 129.4, 129.5, 129.8, 137.6, 144.9, 148.2, 154.9, 158.2, 165.4, 171.0
(NH2C(CH3),CeHa, 'Jern = 33.5 Hz). Anal. Caled for C41H40.NRh: C, 72.03; H, 6.19; N, 2.05. Found: C,
72.23; H, 6.31; N, 2.06.
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Chapter 3

Synthesis of (S)-2-Triisopropylsiloxy-1-phenylethylamine.
NH;

©NOT|PS

To a solution of (S)-2-phenylglycinol (3.52 g, 25.7 mmol), triethylamine (3.12 g, 30.9 mmol), and
4-(dimethylamino)pyridine (0.323 g, 2.65 mmol) in CH>ClL, (35 mL) was added triisopropylsilyl chloride
(5.09 g, 26.4 mmol). After stirring for 3 days, the reaction mixture was diluted with water, and extracted
with CH>Cl,.  The combined organic layer was dried over sodium sulphate, filtered, and concentrated under
reduced pressure. The crude product was purified by flash chromatography (hexane/ CH,Cly), giving the
amine (0.456 g, 6% yield) as a colorless oil. [a]p?® +170 (¢ 0.045, CHCl3). 'H NMR (399.8 MHz, CDCls,
RT): §1.04-1.05 (m, 21H; OSi(CH(CH5),)3), 1.96 (br, 2H; NH>), 3.61 (m, 1H; OCH>CHNH>), 3.81 (m, 1H;
OCH>CHNH,), 4.10 (m, 1H; OCH,CHNH,), 7.23-7.39 (m, 4H; C¢Hs); *C{'"H} NMR (100.5 MHz, CDCl;,
RT): 6 12.0 (OSi(CH(CHs3)2)3), 18.1 (OSi(CH(CH3)2)3), 58.0 (OCH2CHNHz2), 69.9 (OCH>CHNH>), 127.0,
127.4,128.4, 142.5 (CHs). HRMS (ESI+) calcd for Ci7H3NOSi [M+H]+: 294.2253. Found: 294.2247

Synthesis of (R)-1-Phenyl-2,2-dimethylpropylamine.
NH,

A mixture of 2,2-dimethylpropiophenone (5.01 g, 30.9 mmol), (S)-1-phenylethylamine (7.51 g, 62.1
mmol), and trifluoroacetic acid (1.00x10"! mL) was refluxed in toluene (30 mL) for 14 h with azeotropic
removal of water using a Dean-Stark trap. The solvent and unreacted amine were removed under reduced
pressure, and toluene (20 mL) was added to the residue. The resulting mixture was added dropwise to a
solution of sodium borohydride (1.45 g, 38.4 mmol) in anhydrous ethanol (50 mL) at —20 °C.  After stirring
at room temperature for 45 h, water was added to the mixture and the solvents were evaporated to dryness.
The residue was extracted with diethyl ether, dried over sodium sulphate, and concentrated under reduced
pressure. The crude product was mixed with Pd/C (0.62 g), acetic acid (6 mL), water (6 mL), and methanol
(45 mL) and was then shaken at room temperature for 38 h under atmospheric pressure of hydrogen. After
filtration of the resulting mixture through a plug of Celite, the solvents were removed under reduced pressure,
and the residue dissolved in chloroform. The organic phase was washed with an aqueous solution of NH3
and dried over sodium sulphate. After evaporation of the filtrate to dryness, the desired (R)-amine (3.76 g,
75% yield) was obtained as a pale yellow oil. The spectral data were in accord with those reported for the
racemic.” [a]p? +48 (¢ 0.066, CHCI3), 96% ee (Chiralcel OD-H, 2-propanol/hexane = 5/95; 30 °C, 1
mL/min, detection at 254 nm; 7z 5.1 min (R form) and 8.6 min (S form)). 'H NMR (399.8 MHz, CDCls,
RT): 60.90 (s, 9H; C(CHs3)3), 1.50 (br, 2H; NH>), 3.70 (s, 1H; CHNHy), 7.25-7.29 (m, 4H; CeHs); BC{'H}
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NMR (100.5 MHz, CDCls, RT): & 26.6 (C(CH3)3), 35.1 (C(CHs)3), 65.4 (CHNH,), 126.8, 127.6, 128.3,
143.9 (CeHs).

Synthesis of Cp*IrCI[K2(V,0)-(S)-(NH2CHCH, OSi(CH(CHz),)3-2-CeHa)| (62°).

A mixture of [Cp*IrCl2]» (0.39 g, 0.49 mmol), (S)-2-triisopropylsiloxy-1-phenylethylamine (0.28 g, 0.96
mmol), and NaOAc (85 mg, 1.0 mmol) in CH3CN (20 mL) was stirred at 60 °C for 20 h. The solvent was
removed under reduced pressure. After the residue diluted with CH>Cla, the resulting mixture was filtered
through a Celite pad. Evaporation of the filtrate to dryness gave the iridacycle product. Orange crystals
were obtained by slow diffusion of hexane into the solution in toluene. Yield: 37% (0.23 g, 0.36 mmol) as
a 10:1 mixture of diastereomers. 'H NMR (399.8 MHz, CDCls, RT, major diastereomer): & 1.07-1.20 (m,
21H; OSi(CH(CHs3)2)3), 1.74 (s, 15H; Cs(CH3)s), 3.12-3.17 (dd, 1H; NH,CHCH,0Si), 3.73-3.76 (m, 1H;
NH>CHCH>0Si), 4.16-4.20 (m, 1H; NH,CHCH>0S1), 4.46, 4.75 (each br, 1H; NH,CHCH,0Si), 6.79-7.50
(m, 4H; CeHs); BC{'H} NMR (100.5 MHz, CDCl;, RT, major diastereomer): & 9.4 (Cs(CHs)s), 12.0
(OSi(CH(CHs)2)3), 17.8, 18.1 (OSi(CH(CH3)2)3), 66.0 (NH.CHCH,OSi), 67.6 (NH.CHCH>O), 86.8
(Cs(CHs)s), 120.6, 122.3, 127.7, 136.7, 147.4, 155.8 (CsH4).  Anal. Calcd for Co7H4sCIIrNOSi: C, 49.48; H,
6.92; N, 2.14. Found: C, 49.66; H, 6.92; N, 2.31.

Synthesis of Cp*IrCl[x%(N,C)-(R)-{NH;CH(CH3)4-2-C¢H3}] (6b).

H H
A mixture of [Cp*IrCl2]» (0.81 g, 1.0 mmol), (R)-5-amino-6,7,8,9-tetrahydro-5H-benzocycloheptene (0.33
g, 2.0 mmol), and NaOAc (0.17 g, 2.1 mmol) in CH3CN (20 mL) was stirred at 60 °C for 22 h. The solvent

was removed under reduced pressure. After the residue diluted with CH,Cl,, the resulting mixture was
filtered through a Celite pad. Evaporation of the filtrate to dryness gave the iridacycle product. Orange
crystals were obtained by slow diffusion of hexane into the solution in CH>ClL. Yield: 75% (0.79 g, 1.5
mmol) as a >25:1 mixture of diastereomers. 'H NMR (399.8 MHz, CDCls, RT, major diastereomer): &
1.19-1.29 (m, 1H; NH2CH(CH2)4CsH3), 1.49-2.03 (m, SH; NH.CH(CH>)4C¢H3), 1.70 (s, 15H; Cs(CHs)s),
2,61-2.76 (m, 2H; NH,CH(CH,)sCsH3), 4.50 (m, 1H; NH>CH(CH:)sCeH3), 3.46, 4.99 (each br, 1H;
NH,CH(CH,)4CH3), 6.54-7.32 (m, 3H; NH,CH(CH,)4CsH3); *C{'H} NMR (100.5 MHz, CDCl;, RT): &
9.4 (Cs(CHs)s), 27.6, 29.9, 36.6, 37.1 (NH2CH(CH2)4CsH3), 65.8 (NH2CH(CH2)4CsH3), 86.7 (Cs(CHs)s),
123.0, 127.1, 134.4, 135.6, 152.0, 153.2 (CsH3). Anal. Calcd for C2iHoClIrN: C, 48.21; H, 5.59; N, 2.68.
Found: C, 48.28; H, 5.71; N, 2.71.
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Synthesis of [Cp*Ir{x*(}V,C)-(R)-(NH,CHC(CH3)3-2-CsH4)}(CH3CN)] PF (6¢).

P
X

Ir
7N\
N

} N" "NCCHs

H H

Optically acitve (R) -1-phenyl-2,2-dimethylpropylamine (0.68 g, 4.18 mmol) was added to a suspension of
[Cp*IrCl2]» (1.57 g, 1.97 mmol), KOH (0.23 g, 4.11 mmol), and KPFs (1.53 g, 8.29 mmol) in CH3CN (20

mL), and the resulting mixture was stirred at 60 °C under Ar atmosphere for 95 h. The solvent was
removed under reduced pressure. After the residue diluted with CH>Cla, the resulting mixture was filtered
through a Celite pad. The filtrate was evaporated under reduced pressure. The residue was washed with
hexane and diethyl ether and dried under vacuum. Recrystallization from CH>Cl, and diethyl ether
afforded yellow crystals in 29% yield (0.77 g, 1.1 mmol) as a 4:1 mixture of diastereomers. 'H NMR
(399.8 MHz, CDCl3, —20 °C, major diastereomer): 6 1.23 (s, 9H; C(CH3)3), 1.72 (s, 15H; Cs(CH3)s), 2.42 (s,
3H; CH3CN), 3.41-3.44 (m, 1H; NH>CH), 3.87-3.93, 4.34-4.36 (each br, 1H; NH>), 6.99-7.48 (m, 4H; CsHs);
'"H NMR (399.8 MHz, CDCl;, —20 °C, minor diastereomer): 5§1.00 (s, 9H; C(CHs);), 1.76 (s, 15H;
Cs(CHs)s), 2.30 (br, 3H; CH3CN), 3.97-3.98 (m, 1H; NH,CH), 3.79-3.82, 5.21-5.26 (each br, 1H; NH,),
6.91-7.48 (m, 4H; CsHs); 3C{'H} NMR (399.8 MHz, CDCls, —20 °C, major diastereomer): 4.3 (CH;CN),
9.2 (C5(CH3)s), 27.1 (C(CHs3)3), 35.2 (C(CH3)3), 76.4 (CHNH2), 89.3 (Cs5(CHz3)s), 117.8 (CH3CN), 123.3,
124.5, 127.5, 137.0, 146.6, 152.7 (CsH4). Anal. Caled for CxH3sIrNoPFs: C, 40.88; H, 5.07; N, 4.15.
Found: C, 40.67; H, 5.06; N, 4.02

Synthesis of [Cp*Ir{x*(N,C)~(S)-(NHCHCH,0Si(CHs)2(C(CHs)3)-2-CsHa)} ] (7a).
OTBDMS
/

/N T
/

\\\ Z
I N\
R : S

TBDMSO/

A mixture of Cp*IrCI[x*(N, C)-(S)-(NH.CHCH,OSi(CH3)2(C(CH3)3)-2-CsHa)] (62) (0.34 g, 0.55 mmol)
and KOC(CH3); (75 mg, 0.67 mmol) in CH2Cl> (5 mL) was stirred at room temperature for 11 h. The solvent
was removed under reduced pressure. After the residue was dissolved in diethyl ether, insoluble material
was removed by filtration. Evaporation of the filtrate to dryness gave the product. Recrystallization from
diethyl ether at —20 °C afforded orange crystals. Yield: 12% (37 mg, 32 umol). '"H NMR (399.8 MHz,
CDxCly, RT): 60.03, 0.04 (each s, 6H; OSi(CH3)2C(CHz3)3), 0.90 (s, 18H; OSi(CH3).C(CH3)3), 1.63 (s, 30H;
Cs(CH3)s), 2.44 (m, 2H; NHCHCH,), 2.86 (br, 2H; NHCHCH>), 2.89, 3.74 (each m, 2H; NHCHCH,),
6.02-7.12 (m, 8H; CeHs); C{'H} NMR (100.5 MHz, CD,Cl,, RT): 6 -5.4, -5.1 (OSi(CH3),C(CH3)3), 9.4
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(Cs(CH3)s), 18.6 (OSi(CH3)2C(CH3)3), 26.0 (OSi(CH3)>C(CH3)3), 68.9 (NH,CHCH-0), 76.4 (NH,CHCH-0),
85.3 (Cs(CH3)s), 119.4, 120.5, 124.3, 133.6, 155.7, 157.0 (CsHs). Anal. Calcd for CssH76IraN20O2Siz: C,
49.97; H, 6.64; N, 2.43. Found: C, 49.93; H, 7.10; N, 2.61.

Synthesis of [Cp*Ir{K2(V,C)-(S)-(NHCHCH,0Si(CH(CHs),)3-2-CsHa)} |2 (72°).
OTIPS
/

/
TIPSO

A mixture of Cp*IrCI[2(N, C)-(S)-(NH,CHCH,OSi(CH(CH3),)3-2-C¢Ha)] (6a”) (0.21 g, 0.33 mmol) and
KOC(CH3)3 (61 mg, 0.54 mmol) in CH>Cl, (5 mL) was stirred at room temperature for 11 h. The solvent
was removed under reduced pressure. After the residue was dissolved in diethyl ether, insoluble material
was removed by filtration. Evaporation of the filtrate to dryness gave the product. Recrystallization from
diethyl ether at —20 °C afforded orange crystals. Yield: 21% (43 mg, 35 umol). '"H NMR (399.8 MHz,
CD:Clp, RT): 6 1.04-1.08 (m, 42H; OSi(CH(CH53)2)3), 1.64 (s, 30H; Cs(CH3)s), 2.55 (m, 2H; NHCHCH®>),
2.74 (br, 2H; NHCHCHb>), 2.97, 3.81 (each m, 2H; NHCHCH>), 6.00-7.13 (m, 8H; C¢Hz); *C{'H} NMR
(100.5 MHz, CD2Cl,, RT): 6 9.44 (Cs(CH3)s), 12.3 (OSi(CH(CHz3)2)3), 18.0, 18.1 (OSi(CH(CHs)2)3), 69.1
(NHCHCH,0), 77.0 (NHCHCH0), 85.2 (Cs(CH3)s), 119.4, 120.6, 124.3, 133.3, 155.7, 156.9 (CsHa).
Anal. Calcd for CssHgglrN>0O»Si,: C 52.39, H 7.17, N 2.26. Found: C 52.75,H 7.17, N 2.26.

Synthesis of Cp*Ir[x2(N,C)-(R)-{NHCH(CHa)s+-2-C¢H3}] (7b).

A mixture of Cp*IrCI[x*(N,C)-(R)-{NH,CH(CH>)4-2-C¢H3}] (6b) (0.45 g, 0.86 mmol) and KOC(CH3)3
(0.11 g, 1.0 mmol) in CH2Cl, (10 mL) was stirred at room temperature for 11 h. The solvent was removed
under reduced pressure. After the residue was dissolved in diethyl ether, insoluble material was removed
by filtration. Evaporation of the filtrate to dryness gave the product. Recrystallization from diethyl ether
at —20 °C afforded purple crystals in 88% yield (0.37 g, 0.76 mmol). 'H NMR (399.8 MHz, CD>Cl,, RT): §
1.93 (s, 15H; Cs5(CH3)s), 0.81-2.76 (m, 9H; NHCH(CH>)4+CsH3), 6.54-7.88 (m, 3H; NHCH(CH2)4CsH3), 8.19
(br, 1H; NHCH(CH»)4C¢H3); BC{'H} NMR (100.5 MHz, CDCl,, RT): & 10.0 (Cs(CH3)s), 28.2, 31.2, 33.9,
37.6 (NHCH(CH2)4CsH3), 82.4 (NHCH(CH2)4CsH3), 87.0 (Cs(CHas)s), 123.2, 124.8, 134.5, 136.0, 159.0,
163.6 (C¢Hs). Anal. Caled for Co1HagIrN: C, 51.83, H 5.80, N 2.88. Found: C 51.43, H 5.96, N 2.87.
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Synthesis of Cp*Ir[x2(N,C)-(R)-(NHCHC(CHs)3-2-CsHa)] (7¢).

A mixture of [Cp*Ir{x*(N,C)-(R)-(NH,CHC(CH3)3-2-CsHa) } (CH3CN)]PFs (6¢) (0.21 g, 0.32 mmol) and
KOC(CHz3)3 (56 mg, 0.50 mmol) in CH>Cl, (15 mL) was stirred at room temperature for overnight. The
solvent was removed under reduced pressure. After the residue was dissolved in diethyl ether, insoluble
material was removed by filtration. Evaporation of the filtrate to dryness gave the product. Dark red
crystals suitable for X-ray crystallography were obtained by cooling the ethereal solution at —20 °C in 55%
yield (85 mg, 0.17 mmol). 'H NMR (399.8 MHz, CD,Cl,, RT): & 0.80 (s, 9H; C(CH3)3), 1.93 (s, 15H;
Cs(CHs)s), 2.36 (d, 3Jun = 3.1 Hz, 1H; NHCH) , 6.74-8.04 (m, 4H; C¢Hy), 8.36 (br, 1H; NH); *C{'H} NMR
(100.5 MHz, CDxCl,, RT): ¢ 10.3 (Cs(CHs)s), 27.3 (C(CHs)3), 32.7 (C(CHs)3), 87.0 (NHCH), 88.9
(Cs(CH3)s), 121.4, 122.3, 124.7, 136.3, 157.4, 166.5 (CsHs). Anal. Calcd for Ca1H3IrN: C 51.61, H 6.19,
N 2.87. Found: C 51.51, H 6.14, N 3.00

Synthesis of Cp*IrH[x2(V, C)-(R)-(NH,CHC(CHs)3-2-C¢Ha)] (8¢).

>\ H H

Cp*Ir[k*(N,C)-(R)-(NHCHC(CH3)3)] (7¢) (56 mg, 0.12 mmol) dissolved in 2-propanol (3 mL) was stirred
at room temperature for 12 h. The solvent was removed under reduced pressure. The residue was washed
with pentane and dried under reduced pressure. Pale yellow crystals suitable for X-ray crystallography
were obtained by cooling the solution in diethyl ether at —20 °C. Yield 30% (17 mg, 35 pmol) as a 24:1
mixture of diastereomers. 'H NMR (399.8 MHz, THF-ds, RT, major diastereomer): §—13.84 (s, 1H; IrtH),
0.92 (s, 9H; NH,CHC(CH3)3CsHa), 1.85 (s, 15H; Cs(CH3)s), 3.35 (br, 2H; NH>,CHC(CH3)3C6Ha), 5.68 (br,
1H; NH2CHC(CHj3)3CsHa), 6.49-7.30 (m, 4H; NH,CHC(CH3)3CsH4).  Anal. Caled for Co1HsIrN: C 51.40,
H 6.57,N 2.85. Found: C 51.52, H 6.48, N 2.96

NMR Monitoring of a Mixture of 7a and 7a’. An NMR tube equipped with a J-Young valve was charged
with 7a (4.3 mg, 3.7 umol) and 7a’ (4.7 mg, 3.8 pumol) in 0.5 mL of toluene-ds at room temperature. The

reaction mixture was analyzed by "H NMR spectra after heating at 60 and 100 °C

General Procedure of Transfer Hydrogenation of Acetophenone in 2-Propanol Catalyzed by

Amidoiridium Complexes.
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A 100-mL Schlenk flask was charged with an appropriate amount of the iridium catalyst (7a, 7b, and 7c),
durene (0.11 g, 0.83 mmol; an internal standard) and 2-propanol (100 mL) under Ar atmosphere. After
addition of acetophenone (1.2 g, 10 mmol), the reaction mixture was stirred at 30 °C for an appropriate
period. The yield of (S)-1-phenylethanol was determined by GC analysis and the optical purity was
determined by HPLC analysis (Chiralcel OD, 2-propanol/hexane = 5/95; 30 °C, 0.5 mL/min, detection at 254

nm; fr 8.0 min (R isomer) and 9.0 min ($ isomer))

Synthesis of (S)-1,1’-Binaphthalene-2,2’-bis(trifluoromethanesulfonate).

To a solution of (S)-1,1’-bi-2-naphthol (2.86 g, 10.0 mmol) in CH>Cl, (75 mL) was added pyridine (3.16 g,
40.0 mmol), and followed by a dropwise addition of a solution of (CF3S0)0 (6.78 g, 24.0 mmol) in
CHoCL> (25 mL) at 0 °C. The reaction mixture was stirred at room temperature for 1 h, and followed
addition of 3N HCI aq, stirred for 30 min. The mixture was neutralized by saturated aqueous NaHCO3, and
the organic layer was separated and washed with water and brine. The solution containing the product was
dried over MgSOs, and concentrated under reduced pressure. Purification by flash chromatography on a
silica gel, afforded (S)-1,1’-binaphthalene-2,2’-bis(trifluoromethaneslufonate) (5.43 g, 99%) as white powder.
"H NMR (399.8 MHz, CDCl3, RT): 67.26 (d, *Jun = 9.1 Hz, 2H; Ci0Hs), 7.41 (ddd, *Jun = 7.0 Hz, 7.4 Hz,
4Jun = 1.2 Hz, 2H; Ci0He), 7.58 (ddd, *Jun = 6.9 Hz, 7.2 Hz, “Jun = 1.2 Hz, 2H; CioHs), 7.62 (d, 3Juu = 9.2
Hz, 2H; Ci0Hs), 8.00 (d, 3Juu = 8.3 Hz, 2H; CioHs), 8.14 (d, 3Jun = 9.2 Hz, 2H; CioHe). C{'H} NMR
(100.5 MHz, CDCl3, RT): 6116.6 (OSO.CF3), 119.4, 123.5, 126.8, 127.4, 128.0, 128.4, 132.1, 132.4, 133.2,
145.5 (C1oHs). ’F NMR (376.2 MHz, MHz, CDCls, RT): §-74.5 (OSO2CF3).

Synthesis of (5)-1,1’-Binaphthalene-2,2’-dicarbonitrile.

The Schlenk containing ditriflate (S)-1,1’-binaphthalene-2,2’-bis(trifluoromethaneslufonate) (1.65 g, 3.00
mmol), 1,2-bis(diphenylphosphino)ethane (dppe) (120mg, 0.30 mmol),
[1,2-bis(diphenylphosphino)ethane]dichloronickel (163 mg, 0.30 mmol), zinc powder (58.9mg, 0.90 mmol),
potassium (430 mg, 6.60 mmol) was flushed with an Ar atomosphere and a deoxygenated DMF (3 mL) was
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added via syringe. Reaction mixture was stirred and refluxed for 24 h. The solvent was then removed in
vacuo, and ethyl acetate (100 mL) was added. The resulting mixture was washed with HO (100 mLx2),
brine (10 mL) and dried over anhydrous MgSOs. Solvent was replaced with dichloromethane. Solution
was filtered through a Florisil column. Solvent was evaporated. Purification by flash chromatography on a
silica gel, afforded (S)-1,1’-binaphthalene-2,2’-dicarbonitrile (799.5 mg, 87%) as white crystals. 'H NMR
(399.8 MHz, CDCls, RT): &: 7.16 (dd, 3Juu = 8.6 Hz, “Jun = 0.9 Hz, 2H; Ci0Hs), 7.43 (ddd, *Jun = 7.0 Hz,
8.5 Hz, “Jun = 1.2 Hz, 2H; C10Hs), 7.66 (ddd, *Jun = 6.7 Hz, 8.3 Hz, *Jun = 0.9 Hz, 2H; Ci0Hs), 7.84 (d, *Jun
= 8.5 Hz, 2H; C10Hs), 8.03 (d, *Jun = 8.2 Hz, 2H; Ci0Hs), 8.13 (d, *Jun = 8.3 Hz, 2H; C10Hs). *C{'H} NMR
(100.5 MHz, CDCl3, RT): ¢ 117.5 (ArCN), 111.5, 126.4, 126.8, 128.5, 128.7, 129.2, 130.3, 131.8, 134.8,
140.5 (C1oHs).

Synthesis of (5)-2,2’-Bis(aminomethyl)-1,1’-binaphthalene.

Potassium borohydride (1.73 g, 32 mmol), Raney Ni (470 mg), and 10 mL dry ethanol were placed in a 20
mL Schlenk tube, and then dinitrile 5 (608 mg, 2.00 mmol) was added while stirring. After vigorously
stirring at 50 °C for 3 h. The reaction mixture was filtered through a pad of celite. The solvent was
removed in vacuo, and dichloromethane was added. The solution was washed with water. Solvent of the
organic layer was replaced with ethyl acetate. The ethyl acetate solution was washed with 1N HCI for
extraction of amine products. The water layer was neutralized by 1N NaOH and extracted with diethyl
ether. The organic layer was dried over anhydrous Na>SOs. Concentration of the solution under reduced
pressure gave the diamine product (S)-2,2’-bis(aminomethyl)-1,1’-binaphthalene (518.2 mg, 83%) as a pale
yellow oil. 'H NMR (399.8 MHz, CDCls, RT): 63.48 (d, 2H; CH>NH>), 3.54 (d, 2H; CH2NH>), 7.07 (d,
3Jun = 8.5 Hz, 2H; Ci0Hs), 7.20 (dd, 3Juu = 7.0 Hz, 8.0 Hz, 2H; C10Hs), 7.41 (dd, *Jun = 7.3 Hz, 7.7 Hz, 2H;
CioHs), 7.72 (d, 3Jun = 8.5 Hz, 2H; CioHs), 7.91 (d, *Jun = 8.3 Hz, 2H; C10Hs), 7.99 (d, *Jun = 8.5 Hz, 2H;
CioHs). BC{'H} NMR (100.5 MHz, CDCl3, RT): & 44.5 (CHoNH»), 125.8, 126.1, 126.5, 126.6, 128.2,
128.7,132.9, 133.2, 133.6, 139.2 (C10He).

Synthesis of Bis (C—N Chelate) Chloride Ir Complex (10a)
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To a solution of [Cp*IrCly]> (798 mg, 1.00 mmol) in CH3CN (5 mL) was added a solution of
(5)-2,2’-bis(aminomethyl)-1,1’-binaphthalene (1.0 mmol) in CH3CN. After stirring for 5 min, NaOAc (197
mg, 2.4 mmol) added to the reaction mixture. Then the reaction mixture was stirred at 60 °C for 20 h. The
solvent was removed under reduced pressure. After the reaction mixture in toluene was filtered through a
filter paper, evaporation of the filtrate to dryness gave the product (831 mg, 0.80 mmol). 'H NMR (399.8
MHz, CDCls, RT): 61.71 (s, 30H; Cs(CH3)s), 6.95 (m, 4H; CioHs), 6.99 (m, 4H; CioHs), 7.28 (dd, 4H;
Ciofs), 7.75 (dd, 4H; Ciofs), 7.94 (s, 4H; CioHs).

Synthesis of Complex 11a

()
{g}
(H\N (]
®

f

A mixture of 10a (0.29 g, 0.28 mmol) and dry KOC(CH3)3 (0.09 g, 0.8 mmol) in CH»Cl, (3 mL) was stirred
at room temperature for 0.5 h. The reaction mixture was filtered through Celite. The solvent was
removed under reduced pressure. After the residue was dissolved in diethyl ether and filtered through celite.
Evaporation to dryness of the filtrate gave the product (0.24 g, 0.25 mmol, 89% yield). "H NMR (399.8 MHz,
CD,Cly, RT): 61.94 (br, 4H; CH,), 1.98 (s, 15H; Cs(CH3)s), 6.87 (m, 4H; Ci0Hs), 6.95 (m, 4H; CioH5), 7.27
(m, 2H; C10H5), 7.88 (m, 4H; C10H5s), 8.22 (br, 4H; NH), 8.67 (s, 4H; C10H5).

Synthesis of N,/V'-1,2-Ethanediylidenebis-benzamine.

&7

To a solution of ethylenediamine (60 mmol) in methanol 30 ml, benzaldehyde (120 mmol) was added.
After reflux for 3 h, the solvent was removed under reduced pressure, and the residue was dissolved in
CH>Cl; and wash with a small amount of water and brine. Then the organic layer was dried using MgSQOas.
The solvent was evaporated, and the product (41.5 mmol, 83.9% yield) was obtained. 'H NMR (300 MHz,
CDCl3, RT): 63.98 (s, 4 H), 7.35 (m, 6 H), 7.71 (m, 4 H), 8.29 (m, 2 H).

Synthesis of 2,3-Diphenylpiperazine.
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In a 200 mL, two-necked round-bottom flask, containing a magnetic stirring bar equipped with a dropping
funnel and an air condenser protected by mercury trap, were placed CH>Cl, (140 mL), TiCls (22.0mmol),
and Ti(OiPr)4 ( 22.0 mmol) under Ar, and the mixture was stirred for 10-15 min. To this was added
activated zinc powder (100 mmol) in three portions, and the stirring was continued for another 1 h. Then,
diimine (20.0 mmol) dissolved in CH>Cl, (15 mL) was added in drops through a dropping funnel at 0 °C.
After the addition was completed, the reaction mixture was stirred at 25 °C for 5-6 h. The reaction mixture
was poured into saturated aqueous K,COs solution (10 ml) at 0 °C and filtered. The organic layer was
separated, and the aqueous layer was extracted with CH>Cl, three times. The combined organic extract was
washed with water and brine solution and dried using anhydrous K,COs;. The solvent was evaporated, and
the residue was purified by column chromatography, recrystallization from DME to give the product (7.6
mmol, 38.0% yield ). 'HNMR (300 MHz, CDCls, RT): § 2.27 (br, 2 H), 3.15 (s, 4 H), 3.74 (s, 2 H), 7.10
(m, 10 H).

The ee was determined by chiral HPLC analysis: column, Chiralcel OD; eluent, 5:95 2-propanol-hexane;
temp, 30 °C; flow rate, 0.5 mL/min; detection, 254-nm light; tr of R, R isomer, 16.6 min; tr of S,S isomer,
12.5 min.

Synthesis of Complex 10b.

f?ﬁ

—Ir NH HN—Ir

A mixture of [Cp*IrCl2]2(0.13 mmol), 2,3-diphenylpiperazine (0.13 mmol), and NaOAc (0.33 mmol) in
CH>ClI: (5 mL) was stirred at 40 °C for 24 h under Ar. The solvent was removed under reduced pressure.
After the reaction mixture in CH>Cl, was filtered through celite, wash with small amount of water. The
solvent was removed under reduced pressure. The residue was washed with small amount of ether, and
purified by recrystallization from CH,Cl,/ether to give the product (0.10 mmol, 78% yield). 'H NMR (300
MHz, CD,Cl, RT): 6 1.66 (s, 30 H), 3.22 (m, 2 H), 3.61 (m, 2 H), 3.86 (m, 2 H), 3.96 (m, 2 H), 6.84 (m, 2
H), 7.06 (m, 2 H), 7.11 (m, 4 H), 7.53 (m, 2 H). BC{'H} NMR (74.9 MHz, CD:Cl,, RT): §9.29, 52.5, 73.3,
87.1,122.0, 123.4, 127.7, 137.2, 144.2, 160.7.

Synthesis of Complex 11b.
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A mixture of 10b (0.10 mmol) and dry KOC(CH3)3 (0.28 mmol) in CH2Cl, (5 mL) was stirred at room
temperature overnight.The reaction mixture was filtered through celite. The solvent was removed under
reduced pressure. After the residue was dissolved in diethyl ether and filtered through celite. Evaporation
to dryness of the filtrate gave the product (0.05 mmol 46% yield). 'H NMR (300 MHz, CD,Cl,, RT): &
1.93 (s, 30 H), 3.90 (d, 2 H), 4.55 (d, 2 H), 6.52 (m, 2 H), 6.65 (m, 2 H), 6.95 (m, 2 H), 8.02 (m, 2 H).
BC{'H} NMR (74.9 MHz, CDCls, RT): §10.1, 70.84, 87.2, 94.6, 120.0, 124.8, 124.8, 135.5, 154.7, 164.3.

Synthesis of Complex 10b°.

QQ@?

NH HN—Ir=

A mixture of [Cp*IrClz2]2 (0.19 g, 0.24 mmol), 2,3-diphenylpiperazine (0.23 g, 0.96 mmol), and NaOAc
(0.50 mmol) in CH2Cl, (10 mL) was stirred at 40 °C for 24 h under Ar. The solvent was removed under
reduced pressure. After the reaction mixture was washed with a small amount of pentane, the resulting
mixture was resolved in CH2Cl,. The solution was filtered through a bed of celite, and evaporated under
reduced pressure. The product was obtained after purification by chromatography on a silica gel (CH2Cly).
Isolated yield: 60% (0.17 g, 0.29 mmol). major product: minor product = 7 : 1. '"H NMR (399.8 MHz,
CD,Cly, RT): major product; & 1.66 (s, 15H; Cs(CHs)s), 2.02 (s, 1H; NH), 3.00 (td 1H, dq, Jun = 2.4 Hz,
Jun = 11.2 Hz;CH>), 3.08-3,10 (m, 1H; CH>), 3.40-3.48 (m, 2H; NH), 3.59 (dq, 1H, Jun = 1.8 Hz, Jun = 12.2
Hz; CH>) 3.86 (d, 2H, Juu = 15.5 Hz; CHa), 4.12 (t, 1H, Jun = 10.7 Hz; CH), 6.17 (d, 1H, *Jun = 7.9 Hz;
CoHs), 6.44 (td, 1H, *Jun = 7.6 Hz, “Jun = 1.2 Hz; CeHa), 6.85 (t, 1H, 3Jun = 7.6 Hz; C¢Ha), 7.35-7.43 (m,
6H; CesHs, CeHs). minor product; 0 1.69 (s, 15H; Cs(CHs)s), 3.08-3,10, 3.33-3.40, 3.76-3.84 (m, 8H; NH,
CH,CH,), 5.78 (dd, 1H, *Jun = 7.6 Hz “Jun = 1.2 Hz; CsHs) 6.34 (td, 1H, 3Juu = 7.6 Hz, “Jun = 1.5 Hz;
CoHs), 6.81 (td, 1H, *Jun = 7.4 Hz, *Jun = 1.5 Hz; CeHy), 7.28 (dd, 1H, 3Jun = 7.8 Hz, “Jun = 1.2 Hz; CsHa),
7.21-7.28 (m, 6H; CsHs, CeHa). *C{'H} NMR (100.5 MHz, CD>Cl,, RT): major product; 59.18, 48.5, 65.9,
73.3,87.1,121.4,122.7, 127.2, 128.2, 128.3, 129.0, 136.9, 141.5, 145.1, 159.1.

Synthesis of Complex 11b’
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— %

A mixture of dry KOC(CH3)3 (3.4 mg, 0.31 mmol) and 10b’ (0.14 g, 0.24 mmol) in CH,Cl, (5 mL) was
stirred at room temperature for 2 h. The solvent was removed under reduced pressure. After residue was
dissolved in diethyl ether, insoluble material was removed by filtration. Evaporation of the filtrate to
dryness gave the product. Isolate yield: 45% (0.11 g, 0.20 mmol). 'H NMR (399.8 MHz, CD,Cl,, RT): &
1.26 (s, 1H; CH), 1.90 (s, 15 H; Cs(CH3)s), 2.02 (s, 1H; NH), 2.49 (d 1H, 3Jun = 8.3 Hz; CH), 2.79 (dd, 1H,
Jun = 8.2 Hz, Jun = 4.0 Hz; CH>), 3.08-3.09 (m, 2H,; CH>), 3.66-3.73 (m, 2H; NH>), 4.48 (d, 1H, Jun = 11.9
Hz; CH,), 5.77 (d, 1H, *Jun = 7.7 Hz; CeHs), 6.32 (t, 1H, *Jun = 7.3 Hz; CeHs), 6.79 (t, 1H, *Jun = 7.3 Hz;
CeHa), 7.20-7.30 (m, SH; CeHs), 7.94 (d, 1H, 3Juu = 7.6 Hz; CeHy). PC{'H} NMR (100.5 MHz, CD,Cl,
RT): 610.1,31.7, 52.9, 69.3, 87.3, 90.4, 120.1, 122.2, 124.6, 127.4, 128.1, 128.7, 135.6, 143.7, 155.0, 163.7.
Anal. Calcd for CysH31IrN»: caled. C, 55.39. H, 5.54. N, 4.97. Found: C 55.38, H 5.43, N 4.95.

General Procedure of Synthesis of C-N Chelate Hydrido-Ir Complexes.
Amido iridium complex (0.1 mmol) was dissolved in 2-propanol (10 mL) and stirred at -20 °C for 2 h.
The solvent was removed under reduced pressure. The residue was washed with pentane and dried under

vacuum.
Complex 12b

tere: |

----- Ir—NH HN—Ir=

Isolated yield: 75% (67 mg 75 pmol). '"H NMR (399.8 MHz, CD,Cl,, -30 °C): § -14.8 (s, 2H; IrH),1.69 (s,
30 H; Cs(CHs)s), 2.96 (s, 2H; CH), 2.06 (s, 2H; NH), 3.91-3.94, 4.21-4.24 (each m, 4H; CH>), 6.85 (td, 2H,
3Jun = 7.3 Hz, “Jun = 0.9 Hz; C¢Ha), 7.08 (td, 2H, *Jun = 7.4 Hz, “Jun = 1.4 Hz; C¢Hy), 7.30 (dd, 2H, 3Jun =
7.4 Hz, *Jun = 0.9 Hz; CeHa), 7.67 (d, 2H, 3Juu = 7.3 Hz, “Jun = 1.4 Hz; C6H4), 3C{'H} NMR (100.5 MHz,
CD,Cl,, RT): & 10.3,52.9,69.3, 87.9,119.9, 121.9, 126.4, 135.4, 135.5, 142.7.

Complex 12b’
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Isolated yield: 57% (32 mg 57 umol). Major product minor product = 85:15. 'H NMR (399.8 MHz,
CDCly, -20 °C): 6 major product; -13.9 (s, 1H; IrH), 1.88 (s, 15H; Cs(CH3)s), 2.38 (br, 1H; NH), 2.73-3.27,
3.46-3.77 (m, 8H; NH, CH, CH>), 5.52 (d, 1H, *Jun = 7.3 Hz; C¢Hs), 6.09 (t, 1H, *Jun = 7.2 Hz; Ce¢Hs), 6.52
(t, 1H, 3Jun = 7.4 Hz; C¢Ha), 7.08-7.13 (m, 5H; CoHs), 7.16 (t, 1H, 3Jun = 7.6 Hz; C¢Ha). minor product;
-13.7 (s, 1H; IrH), 1.84 (s, 15H; Cs(CHs)s), 5.61 (d, 1H, 3Jun = 7.6 Hz; CeHy) 6.19 (t, 1H, 3Jun = 7.3 Hz;
CsHs).
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Chapter 4

Synthesis of [Cp*Ir(NCCHz){<*(V, C)-(NH2C(C¢Hs)2-2-CsHa)} | (SbF) (13a).

N~ “NCCH
CeHs 1 ’

The chloride complex, Cp*IrCI[&*(N,C)-{NH2C(C¢Hs)-2-C¢Ha}] (399.4 mg, 0.643 mmol), AgSbF
(262.0 mg, 0.763 mmol) and acetonitrile (0.6 mL), was added to a CH»Cl, solution (6.0 mL) at room
temperature.  After the reaction mixture was stirred for 1 h at room temperature, a yellow suspension was
dried under reduced pressure. The remaining solid was dissolved in CH»Cl, and filtrered through a Celite
pad. After removal of solvents from the crude mixture recrystallization from CH>Cl, and ether gaved pale
yellow crystals (360.1 mg, 67% yield): '"H NMR (399.8 MHz, CD2Cl,, RT): & 1.46 (s, 15H; Cs(CHs)s), 2.51
(s, 3H; CH5CN), 5.32 (br, 2H; NH>C(C6Hs)2C6Ha), 6.32-7.58 (m, 14H; NH2C(CeHs)2CoHs) ppm; PC{'H}
NMR (100.5 MHz, CD2Cl,, -30 °C): §4.4 (CH3CN), 8.4 (Cs(CHs)s), 80.6 (NH2C(CsHs)2CeHa), 90.0
(Cs(CHs)s), 119.0, 123.4, 127.5, 127.8, 128.0, 128.2, 128.6, 128.9, 128.97, 129.00, 136.3, 143.7, 146.4,
150.4, 154.2 ppm; IR (KBr) v: 3340, 3287, 3059, 2991, 2920, 2330, 1970, 1909, 1820, 1568, 1494, 1446,
1383, 1293, 1272, 1235, 1157, 1082, 1049, 1032, 1001, 980, 917, 862, 848, 768, 754, 738, 706, 658 cm™';
Anal. Calced for C31H34FsN2IrSb: C, 43.16; H, 3.97; N, 3.25. Found: C, 43.04; H, 3.88; N, 3.20

Synthesis of [Cp*Ir(NCCHs){x2(V,C)-(NH2C(CHz)2-2-CH)} |(SbFs) (13b).

| SbFg
X

Ir

CH /N
oHa N7 'NCCH;
*H H

The chloride complex Cp*IrCI[ £2(N, C)-{NH>C(CH3)-2-CsHa}] (359.1 mg, 0.722 mmol), AgSbFs (252.5
mg, 0.735 mmol) and acetonitrile (0.5 mL) were added to a CH>Cl» solution (5.0 mL) at room temperature.
After the reaction mixture was stirred for 1 h at room temperature, a yellow suspension was dried under
reduced pressure. The remaining solid was dissolved in CH>Cl, and filtrered through a Celite pad. After
removal of solvents from the crude mixture recrystallization from CH>Cl, and ether gaved pale yellow
crystals (360.1 mg, 67% yield): 'H NMR (399.8 MHz, CD,Cl,, RT): & 1.46 (br, 6H; NH,C(CH3)>CsHa), 1.75
(s, 15H; Cs(CH3)s), 2.42 (s, 3H; CH3CN), 4.20 (br, 2H; NH>C(CH3).CsHs), 6.83-7.44 (m, 4H;
NH,C(CH3):CsHs) ppm; *C{'H} NMR (100.5 MHz, CD:Cl, RT): § 4.1 (CH3CN), 9.1 (Cs(CH3)s), 31.0
(NH2C(CH3)2C6Ha), 67.8 (NH2C(CH3)2C6Ha), 90.0 (Cs(CHas)s), 118.7, 122.5, 124.2, 127.6, 136.1, 147.1,
156.7 ppm; IR (KBr) v: 3327, 3282, 3051, 3038, 2969, 2928, 2331, 1592, 1578, 1455, 1429, 1386, 1367,
1284, 1255, 1168, 1118, 1077, 1026, 946, 864, 763, 741, 655 cm’'; Anal. Calcd for C21H30FsNoIrSb: C,
34.16; H, 4.09; N 3.79. Found: C, 34.01; H, 4.06; N, 3.74.
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Synthesis of [Cp*Rh(NCCH;){&2(N, C)-(NH2C(CsHs)-2-CsHa)} | (SbFe) (13c).

l{l SbFg

Rh

H
Cobls 7S\ “NecH,

CeHs
Cp*RhCl[K'Z(N, C)-{NH2C(CeHs)2-2-C6Ha}] (279.5 mg, 0.526 mmol), AgSbFe (193.0 mg, 0.5617 mmol) and
acetonitrile (0.5 mL) were added to a CH>Cl, solution (5.0 mL) at room temperature. After the reaction
mixture was stirred for 1 h at room temperature, a yellow suspension was dried under reduced pressure.
The remaining solid was dissolved in CH2Cl, and filtrered through a Celite pad. After removal of solvents
from the crude mixture recrystallization from CH>Cl, and ether gaved orange crystals (293.4 mg, 72%
yield): 'H NMR (399.8 MHz, CD,Cl,, RT): & 1.41 (s, 15H; Cs(CHs)s), 2.33 (s, 3H; CH3CN), 4.58-4.74 (br,
2H; NH>C(C¢Hs)2CeHs), 6.27-7.59 (m, 14H; NH2C(CsHs)2CeHa) ppm; BC{'H} NMR (100.5 MHz, CD,Cl,
=30 °C): 0 4.1 (CH3CN), 8.7 (Cs(CHz3)s), 78.1 (NH2C(CH3)2C6Ha), 97.2 (Cs(CH3)s, Jcrn = 5.8 Hz), 123.1
(CH3CN, 2Jcrn = 6.7 Hz), 123.7, 127.9 (overlapped), 128.6, 128.7, 128.9, 129.1, 136.3, 144.2, 146.9, 154.3,
166.2 (NH>C(CH3)2C6Ha, 'Jern = 28.7 Hz) ppm; IR (KBr) v: 3351, 3296, 3058, 3035, 2987, 2919, 2318,
2288, 1573, 1514, 1492, 1444, 1379, 1228, 1132, 1042, 1024, 768, 754, 734, 705, 657 cm’!; Anal. Calcd for
C31H34FsNoRhSb: C, 48.15; H, 4.43; N, 3.62. Found: C, 48.14; H, 4.45; N, 3.73.

Synthesis of [Cp*Rh(NCCH3){&(V, C)-(NH2C(CHj)2-2-CsHy)} | (SbF¢) (13d).

l:g? SbFg

CH8H3 N “NCCH;

HH
The chloride complex Cp*RhCI[&2(N,C)-{NH>C(CH3)-2-CsHa}] (177.6 mg, 0.436 mmol), AgSbFs (158.9
mg, 0.462 mmol) and acetonitrile (0.2 mL), was added to a CH»Cl, solution (5.0 mL) at room temperature.
After the reaction mixture was stirred for 1 h at room temperature, a yellow suspension was dried under
reduced pressure. The remaining solid was dissolved in CH2Cl; and filtrered through a Celite pad. After
removal of solvents from the crude mixture recrystallization from CH>Cl, and ether gaved orange crystals
(217.5 mg, 77% yield): '"H NMR (399.8 MHz, CD:Cly, RT): & 1.45 (br, 6H; NH2C(CH3):CsHa), 1.70 (s,
15H; Cs(CH3)s), 2.27 (s, 3H; CH3CN), 3.62 (br, 2H; NH>C(CH3):C¢Hs4), 6.80-7.44 (m, 4H;
NH,C(CH3)>CsHs) ppm; C{'H} NMR (100.5 MHz, CD2Cl,, RT): § 3.9 (CH3CN), 9.5 (Cs(CHz3)s), 31.5
(NH2C(CH3),CeHa), 65.6 (NH2C(CH3)2C6Hs), 97.3 (Cs(CH3)s, 'Jern = 5.7 Hz), 122.8, 122.9, 124.5, 127.7,
136.0, 157.0, 162.8 (NH,C(CH3)2CeHa, 'Jern = 27.8 Hz) ppm; IR (KBr) v: 3336, 3289, 3036, 2969, 2930,
2315, 2286,1590, 1574, 1523, 1451,1427, 1385, 1367, 1307, 1281, 1254, 1180,1146, 1110, 1077, 1021, 947,
865, 762, 736, 657 cm™'; Anal. Calcd for C2H30FsN2RhSb: C, 38.86; H, 4.66; N, 4.32. Found: C, 38.59; H,
4.67;N, 4.10

NMR Monitoring of a Mixture of Amidoiridium Complex and H,.
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An NMR tube equipped with a J-Young valve was loaded with Cp*Ir[ (N, C)-{NHC(CeHs),-2-CsHa} ]
(4.3 mg, 7.3 x 10~ mmol) in 0.50 mL of THF-ds, and the solution was degassed via freeze-pump-thaw cycles
with liquid nitrogen.  After the NMR tube was then filled with H» at room temperature for 20 min, 'H NMR

spectra were recorded.

Formation of Hydrido(amine)iridium Complex by Treatment of Cationic Iridium Complex 13a and
Ha.

An NMR tube equipped with a J-Young valve was loaded with
[Cp*Ir(NCCH3){K*(N, C)-(NH2C(CeHs)2-2-CsHa) } ](SbFs) (13a) (7.0 mg, 8.1 x 10~ mmol) and triethylamine
(0.8 mg, 7.9 x 10 mmol) in 0.50 mL of THF-ds. After the solution was degassed via freeze-pump-thaw
cycles, the system was then filled with H, at room temperature for 20 min. The 'H NMR spectrum
acquired immediately afterward at room temperature showed the formation of hydrido(amine)iridium

complex.

General Procedure for Hydrogenation of N-(1-Phenylethylidene)benzylamine.

In a typical experiment, a 50-mL stainless steel autoclave equipped with a pressure gauge and a magnetic
stirrer was loaded with the cationic complex 1a (1.0 x 102 mmol), N-(1-Phenylethylidene)benzylamine (209
mg, 1.00 mmol), and molecular sieves 4A (0.4 g) under argon atmosphere. After the loading of AgSbFs
(10.3 mg, 3.0 x 102 mmol) in 2-propanol (2 mL), the autoclave was flushed with H, and then pressurized to
3.0 MPa. The reaction mixture was stirred in a water bath at 30 °C for 2 h. After carefully venting
hydrogen, a sample of the reaction mixture was passed through a small amount of Celite and dried under
reduced pressure. The yield was determined by 'H NMR using triphenylmethane (244.3 mg, 1.00 mmol) as

an internal standard.

General Procedure for Hydrogenation of Nitriles.

In a typical experiment, a 50-mL stainless steel autoclave equipped with a pressure gauge and a magnetic
stirrer was loaded with the cationic complex (1.0 x 102 mmol), the nitrile substrate (1.00 mmol), and
molecular sieves 4A (0.4 g) under argon atmosphere. After the loading of AgSbFe (13.7 mg, 4.0 x 10
mmol) in THF (2 mL) and triethylamine (5.1 mg, 5.0 x 102 mmol), the autoclave was flushed with H, and
then pressurized to 1.0 MPa. The reaction mixture was stirred in a water bath at 60 °C. After carefully
venting hydrogen, a sample of the reaction mixture was passed through a small amount of Celite and dried
under reduced pressure. The yield of dibenzylamine was determined by '"H NMR using triphenylmethane
(24.4 mg, 0.100 mmol) as an internal standard. Other product amines were obtained after purification by a

recycling preparative HPLC

N,N-Bis[(4-methoxyphenyl)methyl]amine

211



N
CH30 OCHs

Isolated yield: 87% yield. 'H NMR (399.8 MHz, CDCls, RT): & 3.72 (s, 4H; CHa), 3.79 (s, 6H; OCH3),
6.86, 7.24 (each d, 4H; CeHa, 3Jun = 8.8 Hz); PC{'H} NMR (100.5 MHz, CDCl;, RT): §52.5, 55.4, 113.9,
129.5, 132.4, 158.7; LR-ESI-MS (ESI+): m/z 258.10 [M+H]" (meor = 258.15).  This is a known compound

and the spectral data are identical to those reported in the literature.’

N,N-Bis[(4-chlorophenyl)methyl]amine

Isolated yield: 32% yield. 'H NMR (399.8 MHz, CDCls, RT): & 3.75 (s, 4H; CH>), 7.25-7.30 (m, 8H;
CsHy); PC{'H} NMR (100.5 MHz, CDCls, RT): §52.4, 128.6, 129.6, 132.8, 138.6; LR-ESI-MS (ESI+): m/z
266.00 [M+H]" (miheor = 266.05). This is a known compound and the spectral data are identical to those

reported in the literature.’

N,N-Bis[(4-fluorophenyl)methyl]amine

Isolated yield: 50% yield. 'H NMR (399.8 MHz, CDCls, RT): 6 3.75 (s, 4H; CH>), 6.98-7.03, 7.25-7.31
(each m, 4H; CeH,); *C{'H} NMR (100.5 MHz, CDCls, RT): & 52.4, 115.3 (d, 2Jcr = 21.1 Hz), 129.8 (d,
3Jcr = 8.6 Hz), 135.9 (d, “Jor = 2.9 Hz), 162.0 (d, 'Jcr = 245.4 Hz); F{'H} NMR (376.2 MHz, CDCl3, RT):
6-115.8; LR-ESI-MS (ESI+): m/z 234.06 [M+H]* (mueor = 234.11). This is a known compound and the

spectral data are identical to those reported in the literature.’

N,N-Bis[(2-fluorophenyl)methyl]amine (6e)

Isolated yield: 72% yield. 'H NMR (399.8 MHz, CDCls, RT): §3.80 (s, 4H; CH>), 6.92-6.97 (each m, 2H;
CoHy), 7.06-7.11 (each m, 4H; CeHs), 7.25-7.31 (each m, 2H; Ce¢Hz); BC{'H} NMR (100.5 MHz, CDCl;,
RT): §52.6, 114.0 (d, 2Jcr = 21.1 Hz), 115.0 (d, 2Jcr = 21.1 Hz), 123.7 (d, “Jcr = 2.9 Hz), 129.9 (d, 3Jcr = 8.6
Hz), 142.8 (d, *Jcr = 6.7 Hz), 163.1 (d, 'Jcr = 245.4 Hz); F{'H} NMR (376.2 MHz, CDCls, RT): §-113.3;
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LR-ESI-MS (ESI+): m/z 234.06 [M+H]" (mneor = 234.11).  This is a known compound and the spectral data

are identical to those reported in the literature.'”

N,N-Bis[{4-(1,1-ethylenedioxy)ethyl}phenyl]amine (6f)

O O O O
-/ -/

Isolated yield: 67% yield. 'H NMR (399.8 MHz, CDCls, RT): 6 1.64 (s, 6H; CH3), 3.75-3.76 (m, 4H; O
CH, CH>0), 3.80 (s, 4H; CH) , 4.01-4.02 (m, 4H; O CH, CH,0), 7.31, 7.43 (each d, 4H; Ce¢Ha, 3Jun = 8.3
Hz); BC{'H} NMR (100.5 MHz, CDCls;, RT): & 27.7, 52.8, 64.5, 108.9, 125.5, 128.2, 139.5, 142.2;
HR-ESI-MS (EST+): m/z 370.2032 [M+H]" (miheor = 370.2018).

N,N-Di(2-naphthylmethyl)amine (6g)

SOR e

Isolated yield: 74% yield. 'H NMR (399.8 MHz, CDCls, RT): 6 4.01 (s, 4H; CH>), 7.44-7.52 (m, 6H;
CioH7), 7.79-7.84 (m, 8H; CioH7); BC{'H} NMR (100.5 MHz, CDCls, RT): § 53.3, 125.7, 126.1, 126.68,
126.73, 127.76, 127.81, 128.2, 132.8, 133.6, 137.8; LR-ESI-MS (ESI+): m/z 298.11 [M+H]" (mmcor =

298.16). This is a known compound and the spectral data are identical to those reported in the literature.!!

N,N-Di(2-phenylethyl)amine (6h)

oo

Isolated yield: 49% yield. 'H NMR (399.8 MHz, CDCls, RT): §2.78-2.82, 2.89-2.93 (each m, 4H; CH>
CH»), 7.16-7.29 (each m, 4H; CsHa); *C{'H} NMR (100.5 MHz, CDCls, RT): §36.3, 51.0, 126.3, 128.6,
128.8, 139.9; LR-ESI-MS (ESI+): m/z 226.11 [M+H]" (mneor =226.16).  This is a known compound and the

H
N

spectral data are identical to those reported in the literature.!?

N,N-Di(cyclohexylmethyl)amine (6i)
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SRR®

Isolated yield: 59% yield. 'H NMR (399.8 MHz, CDCl3, RT): §0.83-0.92 (m, 4H; CsH11), 1.12-1.27 (m,
6H; CeH11), 1.42-1.48 (m, 2H; CeH11), 1.63-1.72 (m, 10H; CsHn), 2.39 (d, 4H; CH>, *Jun = 6.7 Hz);
BC{'H} NMR (100.5 MHz, CDCls, RT): §26.2, 26.8, 31.6, 37.8, 57.0; GC-MS: m/z 209.3 [M]" (mncor =
209.2). This is a known compound and the spectral data are identical to those reported in the literature.’
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Supplement Chapter

Synthesis of [Cp*Ir(pu-Cl)( p-OH){ u-NH(3-CH3-2-CsHsCsHz)} IrCp*][PFs](16).

~ PFe ~ | PFe
(?Hgl CIQ—I
Ir\ r
'N
R
major minor

major : minor =3 : 1

To a suspension of [Cp*IrCly]» (0.35 g, 0.43 mmol), KOH (0.081 g, 1.4 mmol), and KPFs (0.12 g, 0.63
mmol) in CH>Cl, (5 mL) was added 2-phenyl-3-methylaniline (0.080 g, 0.43 mmol), and the mixture was
stirred at room temperature under Ar atmosphere during 19 h. The solvent was removed under reduced
pressure. After the reaction mixture in CH»Cl, was filtered through celite pad, the solvent was removed
under reduced pressure. The residue was washed with pentane and dried under vacuum. Recrystallization
from CH>Cl, and hexane afforded yellow crystals. Isolated yield: 63% as a 3:1 mixture. "H NMR (399.8
MHz, CD:Cl,, rt, 8/ppm): major: 0.52 (br, 1H; OH), 1.367 (s, 30H; Cs(CHs)s), 2.09 (s, 3H; CH3), 3.04 (br,
1H; NHR), 6.88-7.58 (m, 8H; 3-CH3-2-C¢H5CsH3). minor: 1.372 (s, 30H; Cs(CHs)s), 2.14 (s, 3H; CH3). Anal.
Calcd for C33H43ClFsIrNOP: C 38.31, H 4.19, N 1.48. Found: C 38.66, H 4.19, N 1.48.

Synthesis of 18a.
B 1+
2?44" %& “OCOCH;3
\\/ .
HN CH3COOH
CH3

A mixture of Cp*Ir(OCOCH3). (0.14 g, 0.32 mmol) and 2,6-dimethylaniline (0.051 g, 0.42 mmol) was
refluxed in toluene (3 mL) for 60 h. After the solvent was removed under reduced pressure, recrystallization
from CH2Cl, and hexane afforded red crystals. Isolated yield: 54%. 'H NMR (399.8 MHz, CD>Cly): §1.75
(s, 15H, Cs(CH3)s), 1.95 (s, 6H, (CH3COO)CH3COOH), 2.11 (s, 15H, Cs(CH3)s), 2.34 (s, 3H
NHCsH3(CH3)CH), 6.49 (s, 1H, NHCsH3(CH3)CH), 6.71-7.16 (m, 3H, NHC¢H3(CH3)CH), 10.09 (br, 1H,
NHCeH3(CH3)CH), 12.03 (br, 1H, CH;COOH). '*C NMR (100.5 MHz, CD,CL): 6 9.0 (Cs(CH3)s), 10.7
(Cs(CH3)s), 17.9 (NHC6H3(CH3)CH), 23.4 (CH3COO), 88.7 (Cs5(CHs)s), 90.4 (Cs(CHs)s), 109.0, 115.4,
119.6 (NHCe¢H3(CH3)CH), 125.7, 127.5, 128.5, 132.7, 175.3((CH3COO)CH3COOH). Anal. Calcd for
C32H4sNIrO4: C, 43.08; H, 5.08; N, 1.57. Found: C, 42.80; H, 5.19; N, 1.79.

Synthesis of 18a’.
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%Ir %& B(CeHs)4™
CHs

‘\/

HN
A mixture of Cp*Ir(OCOCH3), (0.092 g, 0.21 mmol) and 2,6-dimethylaniline (0.25 g, 2.0 mmol) was

refluxed in toluene (10 mL) for 84 h. The solvent was removed under reduced pressure. Na>COs (0.047 g,
0.44 mmol) and NaBPhs (0.15 g, 0.43 mmol) was added to a solution of CH>Cl> (5 mL). After the reaction
mixture in CHCl, was filtered through a pad of Celite, removal of the solvent under reduced pressure gave
the product. Red crystals suitable for X-ray crystallography were obtained by slow diffusion of diethyl ether
into the solution in CH,Cl. Isolated yield: 55%. 'H NMR (399.8 MHz, CD,Cl,): 6 1.69 (s, 15H, Cs(CHs)s),
2.09 (s, 15H, Cs(CH?3)s), 2.18 (s, 3H, NHC¢H3(CH3)CH), 6.58 (s, 1H, NHC¢H3(CH3)CH), 6.76-7.33 (m,
24H). 3C NMR (100.5 MHz, CD,Cly): § 9.0 (Cs(CHs)s), 10.5 (Cs(CHs)s), 16.6 (NHCeH3(CH3)CH), 88.8
(Cs(CHs)s), 90.5 (Cs(CH3)s), 108.1, 113.9, 120.6, 125.6, 125.96, 128.06, 129.2, 129.7, 136.0, 164.1 (q, 'Jsc
=49 Hz). MS (ESI+): 772.2. Anal. Calcd for Cs;HssBNIr,: C, 57.18; H, 5.35; N 1.28. Found: C, 57.38; H,
5.38; N, 1.42

Synthesis of 18b.
_ -1+
2%«% %& ~OCOCH;
~ .
HN 2CH3COOH
C2Hs

A mixture of Cp*Ir(OCOCH3), (0.37 g, 0.83 mmol) and 2-methyl-6-ethylaniline (0.15 g, 1.11 mmol) was
refluxed in toluene (30 mL) for 60 h. The red solution was concentrated in vacuo, and the residue was
washed with hexane (10 mLx3). After the crude product was extracted with diethyl ether, the product was
crystallized from the filtrate. Recrystallization from diethyl ether afforded red crystals. Isolated yield: 46%.
"H NMR (399.8 MHz, CDCl3): &1.25 (t, 3J = 7.3 Hz, 3H; NHCsH3(CH,CH3)CH), 1.73 (s, 15H, Cs(CH3)s),
2.06 (s, 9H, (CH3COO)-2CH3COOH), 2.09 (s, 15H, Cs(CHs3)s), 2.52 (dq, 3J = 7.3 and 7.7 Hz, 1H,
NHC6H3(CH,CH3)CH), 2.84 (dq, *J = 7.3 and 7.7 Hz, 1H, NHCeH3(CH>CH3)CH), 6.40 (s, 1H,
NHCe¢H3(CH,CH3)CH), 6.67 (d, 3/ = 89 Hz, 1H, NHC¢H3(CH.CH3)CH), 7.03-7.15 (m, 2H,
NHCsH3(CH,CH3)CH), 10.10 (br, 1H, NHC¢H3(CH,CH3)CH); *C NMR (100.5 MHz, CDCl3): & 8.9
(Cs(CHs)s), 10.7 (Cs(CH3)s), 12.4 (NHCsH3(CH2CH3)CH), 22.8 (CH3COO), 23.4 (NHCsH3(CH2CH;3)CH),
88.4 (Cs(CH3)s), 90.1 (Cs(CHs)s), 108.6, 115.0, 118.8, 125.2, 125.4, 127.2, 138.2, 175.7(CH3COOQ). MS
(ESI+): 786.2. Anal. Calcd for C3sHs1IraNOs: C, 43.51; H, 5.32; N, 1.45. Found: C, 42.80; H, 5.23; N, 1.79
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X-ray Structure Determination.

All measurements were performed using a Rigaku Saturn CCD area detector equipped with
graphite-monochromated Mo-K & radiation (A = 0.71070 A) under a nitrogen stream at 193 K. Indexing was
performed from seven images. The crystal-to-detector distance was 45.05 mm. Data were collected to a
maximum 26 value of 55.0°. A total of 720 oscillation images were collected. A sweep of the data was
carried out by using ® scans from -110.0 to 70.0° in 0.5° steps at y = 45.0° and ¢ = 0.0°. A second sweep was
performed by using ® scans from -110.0 to 70.0° in 0.5 steps at y =45.0° and ¢ = 90.0°. Intensity data were
collected for the Lorentz-polarization effects as well as for the absorption. Structure solution and refinement
were performed using the CrystalStructure program package. The heavy-atom positions were determined by
a direct-program method (SIR2002), and the remaining non-hydrogen atoms were determined by the
subsequent use of Fourier techniques (DIRDIF99). An empirical absorption correction based on equivalent
reflections was applied to all data. All non-hydrogen atoms were refined anisotropically by full-matrix
least-squared techniques based on 2. All hydrogen atoms were constrained to be attached to their parent

atom. The relevant crystallographic data are compiled in Table S1-S4.

Figure S-1. ORTEP diagram of 3b with 50% probability ellipsoids (preliminary data). All hydrogens except

amine protons are omitted for clarity.
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Table S1. Crystallographic data for 4c- PhOH, 7a’ and 7b.

4c-PhOH 7a’ 7b
empirical formula C41H4NO2Rh Cs4HssIraN203Si; Co1HosIrN
formula weight 683.69 1237.91 486.68
crystal color orange yellow red
crystal system monoclinic orthorhombic tetragonal
space group P21l/c (#14) P212:21 (#19) P4, (#77)
a, A 9.8148(9) 12.9720(10) 20.9674(9)
b, A 20.7437(17) 12.9484(10)
c, A 16.496(2) 31.852(3) 8.6169(5)
a, deg
B, deg 98.541(5)
Y, deg
v, A3 3321.3(6) 5350.0(8) 3788.3(4)
VA 4 4 8
Dealed, g cm 1.367 1.537 1.707
Fooo 1424 2496.00 1904.00
w, em! (MoKar) 5.495 50.680 70.685
no. of reflections 26255 39621 29354
measured
no. of unique reflections 7536 12112 29354
no. of variables 451 648 472
R1(1>2.000(1)) 0.0606 0.0299 0.0630
wR2 (All reflections) 0.1631 0.0948 0.1624
Flack Parameter 0.004(8) 0.030(13)
GOF on F? 0.998 1.000 1.013

R1=3||Fo| = |Fel| /'S |Fo|, WR2 = [S(W(Fo? — F2) ) Sw(F2)2]"2.
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Table S2. Crystallographic data for 7c and 8c.

Tc 8c
empirical formula Co1H3oIrN CaiH3IrN
formula weight 488.69 490.71
crystal color red yellow
crystal system orthorhombic monoclinic
space group P212:21 (#19) P2, (#4)
a, A 8.996(2) 9.41260
b, A 12.629(3) 17.37050
c, A 16.861(4) 23.92200
a, deg
B, deg 93.29800
Y, deg
v, A3 1915.7(8) 3904.80674
VA 4 8
Deaed, g cm’ 1.694 1.669
Fooo 960.00 1936.00
w, em! (MoKar) 69.890 68.580
no. of reflections measured 15517 31542
no. of unique reflections 4386 14837
no. of variables 239 971
R1(1>2.006(1)) 0.0219 0.0393
WwR2 (All reflections) 0.0718 0.1105
Flack Parameter 0.008(11) 0.012(11)
GOF on F? 1.000 1.001

R1 =32 ||Fo| = |||/ Z |Fo|, WR2 = [E(W(Fs* — F2)? ) Zw(Fo2)*]V2.
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Table S3. Crystallographic data for 13a, 13b and 13c.

13a 13b 13¢
empirical formula C31H34F6IrN2Sb Co1H3oFsIrN2Sb - C31H34FsN2RhSb
formula weight 862.58 738.44 773.27
crystal color Yellow Yellow Yellow
crystal system Monoclinic Monoclinic orthorhombic
space group P2i/c (#14) P2, (#4) Pbca (#61)
a, A 27.2990(11) 8.6160(17) 17.733(2)
b, A 11.0883(5) 8.9487(16) 17.525(2)
c, A 20.9653(10) 15.580(3) 19.791(2)
a, deg
B, deg 106.5910(10) 91.808(2)
Y, deg
v, A3 6082.0(5) 1200.6(4) 6150.5(12)
VA 8 2 8
Deated, g cm™ 1.884 2.042 1.670
Fooo 3328.00 704.00 3072.00
w, cm! (MoKoar) 53.310 67.317 14.720
no. of reflections 66390 9682 48641
measured
no. of unique reflections 13917 5378 7039
no. of variables 807 310 404
R1(1>2.000(1)) 0.0439 0.0312 0.0618
wR2 (All reflections) 0.1095 0.0880 0.1286
Flack Parameter
GOF on F? 1.000 1.000 1.000

R1=3||Fo| = |Fel| /'S |Fo|, WR2 = [S(W(Fo? — F2) ) Sw(F2)2]"2.
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Table S4. Crystallographic data for 13d and 18a’.

13d 18a’
empirical formula C>1H30FsN2RhSb Cs;HssBInN
formula weight 649.13 1092.29
crystal color Yellow red
crystal system Triclinic triclinic
space group P-1(#2) P-1#2)
a, A 8.502(5) 10.939(3)
b, A 11.007(6) 19.709(5)
¢, A 13.633(7) 20.261(5)
o, deg 96.292(6) 86.938(5)
B, deg 93.694(8) 87.160(6)
Y, deg 106.951(6) 88.777(6)
Vv, A3 1206.7(11) 4356(2)
Z 2 4
Dealed, g cm’ 1.786 1.665
Fooo 640.00 2144.00
u, cm™' (MoKoar) 18.561 61.566
no. of reflections measured 9639 35521
no. of unique reflections 5312 19136
no. of variables 310 1125
R1(1>2.000())) 0.0401 0.0410
WR2 (All reflections) 0.1148 0.1285

Flack Parameter
GOF on F? 1.000 1.000

R1 =32 ||Fo| = |||/ Z |Fo|, WR2 = [E(W(Fs* — F2)? ) Zw(Fo2)*]V2.
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