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ARG SN B W T FREOMEEE 21 L7,

Ac acetyl

acac acetylacetone

Ad 1-adamantyl

Ar aryl

Ark arkyl

aq. aqueous

BINOL 1,1-bi-2-naphthol

Bn benzyl

Boc tert-butoxycarbonyl

Bu butyl

nBu normal butyl

Bu tert-butyl

BQ benzoquinone

Bz benzoyl

cat catecholate

cat. catalyst

CMD concerted metallation-deprotonation

cod cyclooctadiene

conc. concentration

Cp cyclopentadienyl

Cp* 1,2,3,4,5-pentamethylcyclopentadienyl

Cp*™" 1-isopropyl-2,3,4,5-tetramethylcyclopentadienyl
cpM 1,2,3,4-tetramethylcyclopentadienyl

Cp”‘Ph 1-phenyl-2,3,4,5-tetramethylcyclopentadienyl
Cp* 1-(tert-butyl)-2,3,4,5-tetramethylcyclopentadienyl
Cp*™S$ 1-trimethylsilyl-2,3,4,5-tetramethylcyclopentadienyl
Cp" 1,3-di-tert-butylclopentadienyl

Cy cyclohexyl

DATB 1,3-dioxa-5-aza-2,4,6-triborinate

dba dibenzylideneacetone

DBU 1,8-diazabicyclo[5.4.0Jundec-7-ene

DCE 1,2-dichloroethane



DCM
DFT
DG
DMA
DMAP
DMF
DMSO
dppbz
dr
dtbbpy
EDTA
Et

ESI
equiv.
evp.

FG

HAT
Het
cHex
HFIP
HRMS

MTBE

dichloromethane

density functional theory
directing group
N,N-dimethylacetamide
N,N-dimehtyl-4-aminopyridine
N,N-dimethylformamide
dimethyl sulfoxide
1,2-bis(diphenylphosphino)benzene
diastereomeric ratio
4,4’-di-tert-butyl-2,2’-dipyridyl
ethylenediaminetetraacetic acid
ethyl

electrospray ionization
equivalent

evaporation

functional group

hour(s)

hydrogen atom transfer

hetero

cyclohexyl
1,1,1,3,3,3-hexafluoro-2-propanol
high resolution mass spectrum
infrared

ligand

lithium diisopropylamide
leucine

low resolution mass spectrum
molar concentration
3-chloroperoxybenzoic acid
methyl

mesityl

methanesulfonyl

melting point

mass spectrometry

molecular sieves

methyl tert-butyl ether



N normality

Nap naphthyl

N.D. not detected

NFSI N-fluorobenzenesulfonimide
NHMDS sodium bis(trimethylsilyl)amide
NMR nuclear magnetic resonance
N.R. no reaction

Ns 2-nitrobenzenesulfonyl

PC photoredox catalyst

PCC pyridinium chlorochromate
PG protecting group

Ph phenyl

Phe phenylalanine

Pin pinacolate

Piv pivaloyl

PPy 2-phenylpyridine

Pr propyl

iPr isopropyl

nPr normal propyl

Pro proline

pym pyrimidyl

r.t. room temperature

sat. saturated

SET single electron transfer
TBAI tetrabutylammonium iodide
TBDPS tert-butyldiphenylsilyl

TBS tert-butyldimethylsilyl
temp. temperature

Tf trifluoromethanesulfonyl
TFA trifluoroacetic acid

TFE 2,2,2-trifluoroethanol

THF tetrahydrofuran

TMS trimethylsilyl

Tol toluene

Ts p-toluenesulfonyl

Val valine
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2015 4F, ERER S IR W TEIR S 117z SDGs 125 53l 0 | ITAFE e ATRE 72 AL O FZBLIC A1 Bk~
BROBIZBNTZDOH Y FRMNE STV D, ARSHILFAICBN TS, 2 BEEwE ARk
FTLOHBRLT . WTEIRELS, BRRSK AT 200U L D HERRE L 2> TWD, KIS
DM AR L LT, Trost 7 bz /) I —'X Wender D AT v 7=/ I —2 Baran
DL Ryz72Axza)I=" KORy bxa /IR ERRESRTEY, Zhbzmidkin
BN O SOGBFE R RO BT D,

Trost DFEME L7727 b AT/ I =1, ABICE TN D RIEHI O T OEIE TR S, A
WISEINT R TEENDE, 7T hAhxz=a /I —1F 100%2725 (X 1) . T/ F— KGR~ v
=y e RIS, A TAIGEE Wo Ttz T a b B ORSIE, EEHKEOREEDE LT RNT
FAxZz )/ I —100%DKIEDOREFTH D, Lo, HHMAR I H ORI T, BHEEO W
C-HfE DT v b iAb & E S RZAIOR AL B L7 BHEZIT@ET e hra2b o7 r b
VEIIROENTWD, £72, 7V =% —VREERCHEE Y T U LRIER EOUSED WA E R
Fa AN D IS T, EOFERTOTEMACITAE 5 BSOS TR O BEINRCAL - B 7 D 4 8 BEZEW 13 E
Lo, Lokl iz L T s,

molecular weight
atom economy _ (desired product)
(%) = X 100 (1)
molecular weight
(all reactants)

1993 £, FHOITINT =0 Mz Wz, HEBES b O C-HIEMALZR D T v r o~ DAt
PG 2 ®E Lz (R 2) ° REOGTHE, WERICEES S CHEAGD I B, Bl L MEh s
BOALE O B RESLTFE CIE-RMIC C-H A OUIMSE#EITT 5, £o, ISR Z FRNSIEEIEL TE
SWHENENZ LN, " F R ) 77— N EOFREDEAZET HIERO 7 0 20 v 7
Vo IZRIGEHBLTTY haxza /) I— A7y xa/)I—0BENENCKISTHD EF 2
% (Scheme 1) . Z DX 9 ZafUiid C-HEMALEUS & FFEL, KEBITITEBEED C-HFE~D
BALAIEINZ 32 OB CTRE-BEBHEAEZHRLT 2HEICOHWONDL Z ERH D, K
XL TITEBERBICL > T CHMBAEDNUW S, £ LD RE-BE/BEDHIZ2BEEZ KT 5K
ZHFR LT C-H BREFALGL & FEFRT™ 5 (Scheme 1-b)

(0]
RuH(CO)(PPha)s (cat.)
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|
X toluene, reflux X P
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{ a) Cross Coupling ]

O
@®

{ b) C—H Functionalization ]

. DG | DG
transition metal A
©/ H ©/ " @ N

Scheme 1. C-H functionalization reaction.
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R’ . R' O
e L _cos B lonmod o 1
+ ] — 3
R3 H 18 Cu(OAC)*H,0 R ZSRe
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4 5 6
R’ . R' Ar
R2 COH Ar [CF()cIarS)IZ]Z R2 Ar
O
RS H Ar Ag>CO3 R3 Ar
R4 R4 Ar
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C-HIEMALIC L > THEL B A X TV A 7 A OREFES ~DOMNIISIE, 7v o BE T T
THHAWN T AT a ) I =D TH D, Cp*Rh(IIDNEEZ AW KR TH, 7'a o BEhkl
THEIT T 2 OG5 < WA S Tund 7, 2010 4F, Schipper, Fagnou & 0 7' /L —7"I% Cp*Rh(III)
il 2 FHNT= 7 v 2 10 ~OFINC L DA & K=/ 9 @ 2 (L3RI 7 v = Wb G & s L
7z (Scheme 2) ", #EEIN TV D PUNHMZ LU FICRT, £9 7 Y0 ARBHC K 5 AN#r 72 C-H
FEAOUIRHIZ LD, AZTHA T VI BNERI L, TAFNEAL, A LEE, REE I ORE
727" m b oAb, LA Z AT L, SIS EAT 5 LRI BEHBRE LN D, &R OREE
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[Cp*Rh(CH3CN)3](SbFg)»

~ \ (5 mol %) R?
XwH R PivOH (5.0 equiv.) XW
Z N + Z N R!
)~o

)Qo iPrOAc, 90 °C, 15 h

MezN R1 MezN
[Rh] L
MeZN Me,N °

H+

\
~[Rh] :
MeZN\A\ )ZO

MeoN
I \{ S

R1 — R2
Scheme 2. Cp*Rh(lll)-Catalyzed hydroarylation reaction of indole.

FIERIC 7 1 b o BEVRCHEIT 3 5 C-H BrEXR LS & LT Bergman, Ellman & (%, Cp*Rh(II)fik
BEC R 2 2-7 2= PUFEIR12 O CHIEMALICE > THEL DA Z THA 7LD A 213
NEMIFTHZE T, TU—AEEEALLET IV ORLZEZWRE L (K5 7 £ Li
BiX, 74T RIS ~OfINc ka7 va—nagk (Re) "=/ v 17 ~ofmsus (7) 7

2%, Cp*Rh(IIDfRiE % AW - C-H IEMEAL OGS NEHARE CTH D Z L2 REL TV D, TNHDK
JETIEECD2AX TV A I NRT Y = v — VRIS OFHGEED X 5 7sRkiZAl & L THREL T
WSS IRFIZR SIS RIFIZ Ko T2 R BERREDSTR SN, (bFEmREOFEEM Z L L Y
—r T ARERIN TS,

Bergman, Ellman (2011)

pg  [Cp*RNCly], (10 mol %)

N~ AgSbFg (40 mol %)
+ (5)
H” “Ph CHCl,
13
X
[Cp*Rh(CHsCN)g](SbFe), X—:/\
(0] (5 mol %) =N OH
+ (6)
H™ R CH,Cl,, 50 °C ~ R
Y_
R = CO,Et, Ayl X
12 15 16



Li (2011)

[Cp*Rh(CH3CN)3](SbFg)»
(5 mol %)

CH,Cl,, 40 °C

EHEOFHBTHMEETIE, AEO YT ALY VU ALY bRl S HEEG A RO S E o
sV MIZAE R L, 2013 4, Cp*BAh 72 A4 2 w7l =2 /31 MR 21 DA plids LU C-H B RESE
LB ~D I Z #d L 21 A3 Cp*Rh(IIDAREE & R OIS 2R3 2 L 2B Hn e L7z (AU8)
S, Cp*Rh(IINARAED AR & L CRIRE S AMIEIE, Cp*Rh(IIAREE & FIERICEE % 72 S5OGR I IG
SNDLET TR EFE, a0 MUEOWEZRM Lca=— 27 OSSR ST > TV D

0.0 N S
W (CPCoCHaIPRY 21 YL ) O
Ar” SN 0 (510 mol %) 7 NHSO,Ar 7 Rz O
+ J o (N or ®
H SR'  R? RS DCE or THF 7 R 7 RS
Ar = 2-thienyl 100°C, 12-24 h X X
19 20 22 23
Me
y Me y Me Me\@/Me
e\@/ e \ﬁ,
Me” | “Me M:II [ MNIe Me CIO Me
; ¢ Co® L1 L (SbFg),
L (PFg)» [ I co L
L = CHsCN
21 24 25
[Cp*Co(CeHe)(PFe)2 Cp*Coly(CO) [Cp*Co(CHsCN)3l(SbFs),

Figure 1. High-valent Cp*Co'!' complexes.

FHOFTBIIFEE T, Pauling DEREMEE BT YA (228) L H a0k (1.88)
DEKEMEE MR EIZEB L RFE-2 9L MEGDIKFE-1 20 AFEAIT A0 K& < (K
FOBXIEMEET 2.55) | REMERE W E P L, Cp*Co(lIDfREE A W= T L3 L ~D AN &
HA Y K= DT N7 = ALOSICB W T, ZORGHEEFELE (K 9) % EAKRI LTI RE
Bl s LCHT DA 2 R—126 & 7% 27 2 230 Ml 21 f77E(k, 130 °C TG & ® 5
L. vanAr NarERERAT 5 28 234 L, Cp*Rh(IIDfAREE A F V72 544 Tik 28 Tix/e <,
TN =K 29 OZABHLNAEZ L2 LNE L, TAFXF U OFAL, oy A0 LY
HREMEDOEWIRE-T L MEGD, BAETHLT I R, 7I VB3PS 22 4T
WAELNTZEEZOLND,



H
X [Cp*CO(CeHG)](PFe)Q 21 2
X—E;E\\ﬁH R! (5 mol %) e o N W
o, - I
N KOACc (20 mol %) T N ] AN - ©)
DCE, 130 °C, 20 h R2 )QO

OQ * : o

28 29
\ R
CCW |
[Co]

2
NR2 RzN O[Co]

R a v hEryy AOBEKEMEEOEWVIZHE B L, Glorius 513 Cp*Co(II)fit i D Lewis [z
PEOEEZRM U IEE n EFROBELRE Lz (X10) ", BV P &K mEE LT Cp*Co(ll)
filitt 24 1AL, T Y 2 AT 31 EAWET VRIS EIT D & T EOH, Lewis B2
PED @)L MREEDO RN L0 SOSED & £ > Te = AT A~ 505 FREIL DN HEITT 5720, 32
NSNS, *fIaT 25 Cp*Rh(IINAREE TIX T VX AL DA NEITT 5 2 ENAL N E 725> TN D,
Cp*Col,(CO) 24

(1-10'mol %)

AgSbFg (2-20 mol %)
KOAc

(10)

TFE, 80-120 °C
12-24 h

ERo X5 IBOVEBEREEE IS, 290 MEREOa YT A4 U 20 MR TR
INEWWTZ | Cp*Co(IIDfRBEI L%t T 2 Cp*Rh(IIDfiE L W &, N— RaEE 2/ RT &2 b5, =
BHEMAL, EFEOFBMEE TIXEERILESN TR VAT ha—) L 34 Z iz, KD
HERIERE T 2T VLIS EBRFE L, 2290 Ml v 20 Al L 0 S E VIR E R T2
Lrwi L (K1) % = FEEOEW 200 MBI ISR & < L B-BE R BIEEA 7EIC
AT LIZDIZR L, v P 0 AEOSGE Tl B-KEMBEN B AT 5 OIEBME T LI EEZ DR
Do



Cp*Col,(CO) 24

o (1.0-10 mol %)
N WH AgSbF¢ (2.0-20 mol%) PN —
Seo R _~_ OH AgOAc(20-20mol%)  x— ]| RO
)\N + \/Y N
2

R2 R3 DCE, 60°C, 8 h Ju
4

N \\) N
33 34 35
T ~hor I
N
C [Rh]”
>/\N [Co]’

N
N Cp*Rh(lll) cat.
\Q) \Q) lower yield

EBIT, TV RDOJRFERENNENWZ EEFIA L, A XNLUCEBRIEEZ /T 2R 0-7 v
X N36 ZHNWTZT LR 3T ~DOMMERDA Y X7V CERN, 7Yy Lo 5E 1T~
TEWLERIRVETHEIT T 5 2 2ME L (R12) B, FPEERa YAk b/hE&nani
ML, KV EWRE-a L MNEEEA L D72, Cp B 1 & iEHIEO SRS Z#E T 5 X 9
RGBT LIz E B2 bR D,

Cp*Coly(CO) 24

(10 mol %) H Me
H Me Ph  AgSbFg (20 mol %) cl
Cl ~. _OAc KOAc (20 mol %) SN
N + P (12)
DCE, 120°C, 24 h Ph
H H
36 37 38
82% (17:1)
H  Me Cp*Rh(lll) cat.
H Me various conditions
1:1.3t01:1.6
cl 4 “N-OAc
/l\ll"—OAc Vs cl;om
o cl Cp
Cp*

DL EZESE 2 R X, WA OIS, BIMEZRT Cp*Co(IIDfEE &, T F RO E &2 &
FEEICHHE M TR E EERBETIAMEITEL, SRR ISR ST S Cp*Rh(I)fiE 2
WT, 7u F BB L, AEABILFEORS % iR IRF-IRERE AT RE OB 2 HK
AR 21T o T,

Me Me
Me\@/ Me Me\@/Me
Me CI Me Me” | "Me
e |o\|_ L~ L
L L
+ Earth-abundant metal catalyst + Broad functional group tolerance
+ Unique reactivity and selectivity + Application to various reaction system

Figure 2. Advantages of Cp*Co(lll) and Cp*Rh(lll) catalysts.
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T Cp*Co(IDffiZ= W=7 vk o ~Dffhic ka2 —1r o C-H 7 v = Ab s
FCp*Co(IDRIEZ WA S UV ERMT N EDA X ) U UNMIEDHRET VAT R

A T —bEEMEE Lz C-H 7 VWb n & EERILEW A A~D L
Cp*Rh(IIDfi i & 7= w7 SRARIE D W8 1 L 2 A Eafn 21 VAR g ~D C-H i
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H1FE Cp*Co(lIDfii = W=7 L o ~Df iz kb e—n1ro C-H 7 V7 = Ab i

WFFEH =t

H
z

B — U3k % 2 RSP ER L OEARFK TH Y | ©r — LIFHERO BRI A RRIEILA AL
FHNZEHTH D, v r— 8RO AERKEIX,. Parr—Knorr 1£X° Hantzsch {EI2f0FR S5 L 9 72,
HVR=IACEY & xtiE T D EFR L DA SRR~ TH 2 Y, Ll 2 b ORIETIEE
AFTRE 7R E I O FRAACALE ISR B D, — . IR A TON TV D EREREZ W
7o C-H ERREARISE, Er— A ERIC L, x REREZEEEAT L2 Z L NAETH 5,
TS C-H 7 = /ABBOSIE, Bl R RFB-IRFREE TR T 28 MRIETHY  PA72 ED
GBI A A= T L v & OBBILI T Vi = ABRRIE, 5% OBER R ST LR Y,
FHix7 e hUoBERITHEIT TS, KV T hATa ) S —DOEWT VX U A~DOMNIEISIZER LTz,
THAFAOMINZED R —LD C-H T /V7 = /AL I Tk, BVE 0 G P o7 [E 3 IR
PEZ G ekl 2 2R MEICRRE 2 8 LTV D,

BH LT Pd SR 41 2T X ~OMINCE 2 Er—1 0 C-H 7 V7 = AL BG & s
LTWD2, 240, 3MICEBEDHEASNTIRGMNHELNTEY | ERRMICIREAZFE L T
W5 (313) "9, F7- Fan 513 Ru BT X 5 2 (RN 7 L r = AV BOS & AL LTV D A8,

HEIERBT AT VICELR TS (K 14) 17,
Tsukada (2015)

e e
41 Et
Et (2 mol %) _H
I\ B(n-Bu); (30mol %)  {/ \\_ Et
N+l N+ o (13)
Me £ 100°C, 5h Me Et N
I
Me
39 40 42 43
69% (62 : 38)
Fan (2012)

Ru,(CO)4(PPhs),B
!\ If l (2?’?1(0|%)3)2 4 /' \ R
(14)

NTF . N
Me R 50°C,4h Me
39 44 45

VL EERIRMEZ BT 2 ke LT, BimEL vz C-H BRESR BT os, B
— DTN = AL IRIC BN T, 2-E ) DAEERRIE L L72KIGN Zeng H P, S I
FoT@Esh T (K1516) . L2l WINORIG S BEISIERAETTHZ LIk BEX
TN = MMEROB B ENTEY . £/ TV7 = bR RIRICHE D 2 I3 TE TR,
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Zeng (2014)

Ph
Ph/
[RuCl,(p-cymene)],
) Ph (7'mol %) Ph—\ / Y __~pn I\ J~pn
AcOH (1.0 equiv.) N
+ + Ph (15)
= |N DMF, 110 °C, 24 h = IN = |N
NN Ph N XN
46 47 48 49
40% 52%
Yoshikai (2010)
CoBr, (10 mol %)
I\ Pr PMePhy(20mol%)  pr—_ A N ~pr
N MeMgCI (1.0 equiv.) N
+ |l Pr Pr (16)
Z "N THF, 100 °C, 12 h N\
N | Pr . |
46 50 51

68%

SEITHRIr L7z Shipper, Fagnou © @ Cp*Rh(IIDfihfiE % 7=+ > K= D7 v = AR
R — L ~DEHA LRI TWVDIN, L FEMEO E VIR Z LB L 3 5 80, 3, 4 LICE# L%

BTsHEm—L1Z WHARETH S, LWVWIHREEE L TW5 (Scheme3)
(0P Rh(CHoC|SbF e ]
X 2 mol % R
x—L TN R PIVOH (5.0 equiv.) LN
Z N + Z~N R
)QO jPrOAc, 90 °C, 15 h )<O
MeoN R! Me,N
9 10 11
MeO,C  CO,Me MeO,C.  CO,Me
[\ ]\
Ph Ph
N N
Me Ph
O)\NMeQ o)\NMe2
52a:71% 52b : 97%

Scheme 3. C-H alkenylation of pyrrole catalyzed by Cp*Rh(lll) catalyst.

& AT, EEHEOFBIIIERNBIFE L7z Cp*Co(lINfMEIL, Exkoi@ v 71 % v~
A2 R=n® C-H 7 N7 =iE (K 9) " o-7vuxvazflnizA VXU a5 (K
12) B2 T, mWEEEEAZ R L., 750 Yu BliE 227 == A Y DUEEKO T L =L
RS ZEHRELTEBY, ENUBERINT A Z & T 2K 7 V% Ik L CTEAFRETH D Z
LERLT0ng (K17 2,

AN Cp*Coly(CO) (5 mol %) A
R1ﬁ H AgSbFq (10 mol %) mﬁ
~N PivOH (0.5 equiv.) ~N
+ ] | s (7
DCE, 5 h N X R
R2_: R3 RZ_:
= ¥z
12 53 54

U EDO@ENS, TIF o ~DMINC L2 C-H 77 = MERUSIZIB W T, Cp*Co(IIN i 13565
Jin 95 Cp*Rh(II)fR e & AR IS @ WD il Vv & R R R 2 RmT 2 ERbhotz, £2 T
9



Cp*Co(IINEERZ W Tz, fERiE L —fixth, @ERIEORW, TAF L ~DOMIMZ L o Er =10
TN = IALOE DBRFE A F LTz,
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B2HI TAFUAOMINC XD T = AR

N5 Cp*Co $ERITFRIA S T, ZEKUT L E 72 [Cp*Co(CH;CN);](SbFg), (25) Z N L., i
ZEOMFI A4 o7 (Table 1) , A > R—LTOHE V% BE(C, TLF 2 56a %t L, Bk s
LTCUAFAANNEANVENER LI-E 2 —/L 55 % 1.2 Y&8HV . 5mol %D 25 & KOAc 1#+1E
. DCE & 80 °C ThUG AT » 72 & 2 A, MRIBUSHAEITT 2 2 & 72 < 2 (B IRAVIT SUS 3 1
ITL. BRIOT VT = VAR 67% DGR TH L L7 (entry 1) , FEARIEAZMRFT L2 2 A, b
NEERWEBRIZ 01% b Bt Ra2 525 2 ERbho7z (entries 2-7) , £z, Z DO
TV OBEBILON BRI 18/1 TH Y | o> BIERSCREIVAE DI T8I S e h o Tz, il s
1% 2.5 mol %lZAXJHFIBETH D (entry 8) . KISIREEE 60°C & LIZGETHLRINETHIWE 5 %
7z (entry 9) o L2cL., SR TIESUOSMER RE KT L7z (entry 10) . 55a (Zxf L 56a & 1.2 Y&
HAWEEAETH, EXAT AT = bR H#ITT 5 2 & 72 < 57aa DA&EIRMICHE STz (entry 11), AKX
JinlE Cp*Col(CO) (24) & AgSbFs DFHLAAHHE R, [Cp*Co(CeHg)](PFe), (21) TiXIZ & A FHEITL
727> 7= (entries 12, 13)

Table 1. Optimization of reaction conditions.

Cp*Co cat.
Ph (X mol %)
Z/ \B KOAc (X mol %) th WMe Me
N+l N + N Me\@/Me
PN solvent (0.2 M) A Me . Ph M
MepN" ~O Me  temperature,20h  MeN" ~O Me;N™ ~O € co Ve
L7 1 L (SbFg)2
55a 56a 57aa 58aa L
(1.2 equiv.) L = CHsCN
25
entry Cp*Co cat. X (mol %) solvent temp. (°C)  vyield (%)? 57aa/58aa?® [Cp*Co(CH3CN)3](SbFg)o
1 25 5 DCE 80 67 14/1
2 25 5 PhCI 80 88 171 Me
Me Me
3 25 5 toluene 80 91 18/1
Me Me
4 25 5 THF 80 47 121 CO ~co
5 25 5 1,4-dioxane 80 63 121
6 25 5 TFE 80 13 an 24
7 25 5 HFIP 80 6 n.d. Cp*Colx(CO)
8 25 2.5 toluene 80 >95 18/1
9 25 25 toluene 60 >95 >20/1 M
10 25 25 toluene rt. 14 18/1 Moo Mo
11b 25 2.5 toluene 60 93¢ 18/1 Me” T Me
120 24 + 2AgSbF 25 toluene 60 1 - Co (PF
: 6)
130 21 25 toluene 60 0 - <
21
a) Determined by "H NMR analysis of the crude mixture using 1,1,2,2-tetrachloroethane [Cp*Co(CgHg)I(PFg)s

as an internal standard. b) Pyrrole 55a (1.0 equiv.) and alkyne 56a (1.2 equiv.) were used.
¢) Combined isolated yield of 57aa and 58aa.

KT vx 37 ZHWT5E. NET L% 586a CTheamfb L7z FER & Tl stEn K x <
KFL, EMRE ZIKROIREWD 1%DIHE T L2 (Table 2, entry 1) . % Z THRIEGT L% I
U CIEHE, ISKREOBRGT 21T Tz, MOSIREZ 110°C & L, it &2 L7z & 2 A, IR
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48%E TIH - L7= (entries 2,3) o Yu HOHE D% BEIZ, C2NVBERINT S & & 5ITILER)
U7z, BINE%E 50 mol % & L7258 THINHRIL 67%IZ L EE o7 (entries 4,5) . — . Al
& LT 1,4-dioxane & V2356 Tk, B30 EEE 50 mol %ilsind 2 &, INHE 82% THID T L
=LK 57ab 3 S 72 (entry 8) , N7 /LF L DA LITRARY, 552 2L T37 % 124
EHWD EIERPET Lz (entry 9) o

Table 2. Optimization of reaction conditions using terminal alkyne.
25 (X mol %)
1\ Ph KOAc (X mol %) 7\
[ > PivOH (Y mol %) ~ “Ph
N + | | N

H
solvent (0.2 M), temperature, 20 h
/KO b ( ), temp MGZN/KO

55a 37 57ab
(1.2 equiv.)

MezN

entry X (mol %) Y (mol %) solvent temp. (°C) E/z2 vyield (%)?

1 2.5 - toluene 60 5/1 7 Me

2 25 - toluene 110 14/1 16 Me Me

3 5 - toluene 10 >201 48 Me™ 1, Me

4 5 10 toluene 110 >20/ 69 L™ L (SBFe),
5 5 50 toluene 110 >20/1 67 L = CHsCN

6 5 - 1,4-dioxane 110 7M1 15 25

7 5 10 1,4-dioxane 110 19/1 34 [Cp*Co(CH5CN)5](SbFg),
8 5 50 1,4-dioxane 110 >20/1 82°

gb 5 50 1,4-dioxane 110 >20/1 48

a) Determined by 'H NMR analysis of the crude mixture using 1,1,2,2-tetrachloroethane
as an internal standard. b) Pyrrole 55a (1.0 equiv.) and alkyne 37 (1.2 equiv.) were used.
¢) Isolated yield.

LRROBFHE R A2 F 2. HEEHHMEZ A L7- (Scheme 4) , 57aa X7 7 LA A7 — /LD
ICBWTHIREZHELR ) Z < Bbhl, 72V EICAFILERCA 2 (56¢, 56d)
fliz D Na 7 (56e, 56f, 56g) . =F /LT AT )LEL (S6h) WEMLIZT V¥ 2 HNTEHATH,
WIRE 72 < BOUGITHETT LTz, 7L O @A X F VRN D = F LV RICE T L5668
IR T2 < (561) . MR T AR LEOTLF L THEINRTHIMEST (56) , V7 ==
T NFR2-FT T FNIEERT DT NF 2 TIERISHENME T L7272, 1,4-dioxane HEH, X
R Z I 2RI TRIGZEAT D 2 & T, MR TR EZST2 (56K, 561) , 3 (LIZEHILEZ A
THER—/L T, SRR ZEN T2 5 BRI SR HETT L7z (55D, 55¢, 55d)

12



Conditions A:

X Cp*Co cat. 25 (2.5 mol %) X X
Z/ \> R? KOACc (2.5 mol %) A\ I\
N | | toluene (0.2 M), 60 °C, 20 h N / R? N ~/R!
+ +
/g Conditions B: /g R’ /g R2
Me:N" ~O R! Cp*Co cat. 25 (5 mol %) Me,N™ ~O Me,N™ ~O
KOAc (5 mol %), PivOH (10 mol %)
55 56 1,4-dioxane (0.2 M), 80 °C, 20 h 57 58
(1.2 equiv.)
Conditions A Conditions B

\ Q\(\Fﬂ Q\(/\Ph @\/\Z-naphthyl

74 Et E Ph Me

/’L Mo R Me,N /&o 5 Me,N /go MeZN/gO
Me,N” 0 !
R' = Ph, 57ai: 86% (20/1) ! 57ak: 87% 57al: 73% (14/1)

= Et, 57aj: 85% ;
R = H, 57aa: 93% (18/1) !
Gram-scale: 91% (>20/1)P Ph | EtO.C Ac
R = Me, 57ac: 88% (20/1) : I\ Ph
R = OMe, 57ad: 80% (>20/1) ]\ Ph 5 I\ /Ph I\ /~Ph N 4
R = F, 57ae: 93% (18/1) N ; N N H
R = Cl, 57af: 91% (17/1) A Me : . Me A Me Me,N~ S0
R = Br, 57ag: 88% (16/1) Me,N" 0 i MeN" "0 Me,N" ~0

R = CO,Et, 57ah: 81% (>20/1) :
57ba: 85% (>20/1) 57ca: 90% (>20/1)  57da: 69% (>20/1)  57ab: 82% (>20/1)°

a) All the indicated yields are combined yields of 57 and 58 after isolation. The ratios in parentheses are those of 57/58 determined by
"H NMR analysis of the crude mixture. b) 46 h. ¢) Pyrrole 55a (1.2 equiv.), alkyne 37 (1.0 equiv.), and PivOH (50 mol %) were used,
and the rection was run at 110 °C. E/Zratio was >20/1.

Scheme 4. Substrate scope?.

ZITEZOND KIS Z R (Figure 3) . % 7 [Cp*Co(CH;CN);](SbFe), (25) & KOAc & D
Uy R I, 35 I NAEKT D, WO CTHRE DO LT A VEENENT L, CMD #f
WXV AZTH A 7 VPRI 2T 5, LT VX N EAL, AL, 77 =o)L k

IV 2Rk L2, BRIC L2 7 0 h AL E A Z A L0 filBEN A L, AR Eon 5,
[Cp*Co[CH3CN)3](SbFg)
(25)

+
/\ KOA

Me N O MGQN

[Co](OAc)
mono- selectwnty

AcOH or PivOH [Co] = [Cp*Co”']2+

N
_[Col(0A)
MezN )\O/

/Nk \ R Il
MeN" g —[Co] | @x
v n A e n
regioselectivity [CO] AcOH “Co

R—= \ N

MezN site-selectivity NMe,
i m

Figure 3. Plausible catalytic cycle for the alkenylation reaction of pyrrole.

ARBOS T, WRIFOGSHEEIT T2 Z LR <E ) TT = BRPEIRICRE O 5, EITE
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ANENTZT N =V MIETH DI N NEA VI DNAIRFRIZE D, A X T A 7 NAVEED
TeDDOREZIRDIZ Wew, ZEIHEO C-H UM EIT Lo o7z B2 b s (Figure 4) .

/ 1 W1 m1
7 R R 7R
Q\(\ — N T . [CaIN

R2 - R2 = R?
A )\NMeg @ 0={

Me,N~ 0 o) NMe,

[Co] = [Cp*Co''}2+

Figure 4. Mono-selective alkenylation.

T OBEBIEONEBRRMEIT KO 2 DOZERICE > THEBELL TS EE % Hiub (Figure 5),
— O HIZ sp IR DIRFE LV sp IRLDIKFED T WEREMEE N K& < M+ 2 8B OLERE
MEWNWZ &, ZOHIEFRVCBUVRA 2L NHRODIZENLT A Z & T, T =3 )r HRERE
BEATDHZETHDH, ZNH2OOERIZL T, 7V —/EN a0 Ml Z [V 7z J5 1R T O
A, HHTOFAL Y =L F—MICHFNC D | BOERFETHRIA S LN, B2 TV
Do

Me ,\\ | A\ Me_ -

U\[C/IH] insertion N W S J

N o'lll + _— -

=0 MeZN)QO"[COIIIl

MezN
Favored
BN
N~ ~[Co'"] +
=0
Me,N @\

=
T Me
: inserti \

Q\[Co'”w insertion | N o me

= I G0l
MezN Disfavored &N
Figure 5. Selectivity of alkyne insertion step.
3NICERIEA AT A — LW EE T, 2 7 XZ_X 4 X
‘ : N B . )
LS ORISR L 2 578 (Figure 6) . Yfkfl) Sy Py
(ZZEN T 5 AL TS SUS A EIT L7z, Zhid Co DI WWFO G%W%

THEDNSNEVIREICE D b D EEXT, 772D Figure 6. Site-selectivity of 3-substituted pyrrole.

ABTHA T NETET HEE, RO/ E W Co TIE C-Co fEE NN TZDIT, 3 (LD E A &
Y Cp* BN 1 & DR ONIARIK R DT, SLARIIIZZEW - 5 (LD C-H F5H 2 BRI Gk
5L THETED, Co LV HEFERDORKEN Rh # W46 Tk, C-Rh /A C-Co fA LY
RWizw, 3 (LoE#IL L Cp* i 7O M OBt B, SLRRER RS LD & T L. Cp*Co
PEIR 25 &%t d % Cp*Rh 81K Z F W CTRINPED LL#E 21T > 7= (Table 3) , 3fLIC 7 = = /LEDOE
L7t m—/ Tl Co, Rh EHLHZHWTH 5ALERICSUSAEIT L7223, Rh Z AN 2551
5 MO LEEE VS Schipper, Fagnou & OGS 2B W T O A, 25 2 AW T4 & R
EDOINRTHWME 5 2 7= (entries 1-3) , 3 L2 COEt NEH L7~ 12—/ TliX, Co ZHWi=5
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B 16/1 OFPRNET S LT VT = BRI SE B 7 DIk L (entry 4) . Rh Tl Schipper, Fagnou
D DOSUSFMNZB N THREDILE, 72 1.7/1 1T & A ERRMEITHI Lo -7 (entry6) . 3
MAZT B F VRN ER LB e — L THRERIC, Co TIEEmINENLOEWVIERIETHI®MRE L
7=DIZxt L (entry 7) . Rh TITRILEDD 6/1 & HFREOERMEIZE EFE -7 (entry9) . LLED
B FEBRIT LV | Cp*Co SR 25 IZVAKBIREREE DR D ¥ — /v D 50 C-H & OBk
WTC, xHET 5 Rh AL 0 HEN BRI A R T 2 &R bhol,

Table 3. Comparison of Cobalt and Rhodium catalysis.

X X X

Conditions A:
/N Cp*Co cat. 25 (2.5 mol %), KOAc (2.5 mol %) I N ~pn ! N\__~pn
N toluene (0.2 M), 60 °C, 20 h N N

M M
Conditions B: AO © /g °

Me,N" 0 MesN Meo,N™ O
Cp*Co cat. 25 (5 mol %) +
55 KOACc (5 mol %), PivOH (10 mol %) 57 X 57’
1,4-dioxane (0.2 M), 80 °C, 20 h
+ /A
_ Conditions C: Z;)\/\Me
Me—=——Ph [Cp*Rh(CH5CN)3](SbFg), (5 mol %) /& Ph
56a PivOH (5 equiv.), DCE (0.4 M), 90 °C, 24 h Me,N~ S0
(1.2 equiv.)
58
entry Conditions -X yield (%)2 57/582 57/57°2
1 A Ph 850 >20/1 -
2 A (Rh instead of Co)° Ph 1 - -
S C ] Pho 1 83 ___..z20m . T
4 B CO,Et 90° >20/1 16/1
5 B (Rh instead of Co)° CO,Et trace - -
6 C CO,Et 40 - 1.71
7 B Ac 69° >20/1 >20/1
8 B (Rh instead of Co)° Ac 5 - -
9 C Ac 17 - 6/1

a) Determined by "H NMR analysis of the crude mixture using 1,1,2,2-tetrachloroethane
as an internal standard. b) Isolated yield. ¢) [Cp*Rh(CH3CN)3](SbFg), instead of 25 was
used.

BBICHmMEDREELIToT-, =& 7 —/LH 80 COLM T, KOH TR 25 & 89%D IR T
PRAEIR 59 NS L (U18)

/o Ph
Q\/\ sat. KOH ag (0.18 M) th 8

)%o Me EtOH (0.06 M), 80 °C, 9 h N e

57aa 89% 59

MezN
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B2 Cp*Co(INfif 2 WA S U RMTIVTr EDA 2 ) 2R LK DHRET U AT R
¥ DERL

WFFEH 5t

=t

18

i

1 TATCEHWEA I DT U BRE

RET INT I UE ZL OEREEYESCERGL, BROCLVT 77 my 7 & LTHMAR
B THLD, RET VAT I OMFRMREFIEOHBITEELRRETH DL, 1 I 1T D
7 U A BRRIEOMIMBUER (Scheme 5-a) *, /ST VU ARL= v A A WA I LT Y
VNG A RRT YT )V a— LB EIK L ORTHA » 7Y v Zi7e ' (Scheme 5-b) 2, KEx 72
BARIEBRHBE SN TWD, L2L, ZhbHD XD RT AT v OFRTOIEMEZ 5 KIS TIE, KOG
TREEOENE LM FEREOREYOREL BT Sy, EEbsnTWhWinwr s o4 |E
BEHWZ, A I ~0 CH NS K27 VLR AREZR BIE, KRR AETT VLT I 0
ARETHDLEEF R D,

a) Nucleophilic addition

_R3 3
N S~ H\N’R
+ oYM 4
R‘JJ\R2 R Rﬁz\/\# R
60 61 62
M = Mg, Li, B, Si, ...
b) Reductive coupling
/Ra H R3
N N Pd, Ni, ... “N”
PV »
+ 4 LG —_— 4
R' "R2 R reductant R:RM R
60 63 62

Scheme 5. Homoallylic amine synthesis using activated alkenes.

T hrRT T e ROT D AALRIE T, B ST RN T V7 2 EEN TR <
DR STV D 2 BlZ T Jamison HIF, = v S AVEBEC KD RET v v E G T AT R
FO7 I MERIEE#HRE L T2 (R19) 2 BHAESHTORWRET Va7 AT
R 2 fllie 53 1 7 U ALBUE DR TOFITH 5,

Ni(cod), (20 mol %)
Phosphine Ligand

(40 mol %)
?J\ H Et;SiOTY, EtsN OSiEt,
n 2 (19)
R' "H \)\R2 toluene, 23 °C R1J\/\/R
64 65 66

Glorius 5D 7 N—TFL =V E&H OO 7NV —F13FNFi, el 7 o Az Funws 7Y
N LMBEOERERDLT VT ROT UG ZHRE LTV (K20,21) 2 Glorius » D
16



BOGTIEZ, BFEERT UV —VERLT IVREHB LT VT ICx LT, mWISHE, 7 A7 b
TIRIRMET anti (KOFRET VLT L a—ARBERAREE o> TWAh, 2. =V, &350
Tl RILAKFETZ 4 —FRA by 7 L LTHAMREREZRTERVWERRT VS URLEWRT VI v %
HEHELETVMEBRFARETHY ., @RI L) Ty REHWSZ LT, = U F AR H
EFET VAT NN A= VEREZER LTS, b DOURNE, SR K27 v v o—E ks
EVELCDITAXRATOHANFEDO T v M AL ER DG T D720, EFEERT V71
BWTRHRRISMEZ RS, 2 L=, & 01E, 7 v Al & Seliiiiomz . KERT
BB (HAT) fitlltz 5 2 & CRIMT A7 v 2 R L LBA CHO UGS HIBICETT T 2 & %
WL (R22) >

Glorius (2018)
[Ir(dF(CF3)ppy)2(dtbbpy)l(PFg)

R (20 mol 0/0)
e} 65 CrCly, (10 mol %)
Li,COj3 (20 mol %) [Cr]
P H + or (20)
L DMF, 22-72 h
- Me. -~ blue LED
67 68
Mitsunuma, Kanai (2019)
CrCly/Ligand 71
(2.5—20 mol %)
4 PC 72a or 72b (0.5-5 mol %) 4
o) R Mg(CIO,), (20~100 mol %) OoH R
+ R? (21)
R1JJ\H ~ DCM, rt., 12-48 h RU 7 S
, I, 12— e
R® R® 430 nm LED R?R® RO
64 70 73

Mitsunuma, Kanai (2020)

H
\/L CrCl, (5 mol %)
R2 PC 72c (5 mol %)
o) 65 ||<JI )?‘-ITP7O4 ((11% mOI| Cy/o)) OH
2 4 mol %
lj\ + or R‘J\./\ (22)
R" "H DCE/MeCN, r.t., 24 h N
H N g2 Blue LED R
64 68 75

R Me
o Lo .

I \J NT

N N—/ Me Me Me Me
x Me Me O “SH

+. +
‘ ) ‘ ‘ )\ ‘
Ph  BF,

Me ClO,

Ligand 71 PC72a:R=H PC 72¢ HAT 74
PC 72b: R = Me

HIZEL, DO 7 N — IRl =2 v Ml & Xantphos, Y A F AT LI =T LD
MAGORICE 2 TAELDT Vb a L MR, REFHREEZ Rt 7T U VR L 135772
D, REMICEDZ®ES 22 R L, ZBLREST b ~OMNMBIERNEITT 5 2 & 2 @& LT
W5 (K23)
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CO, Co(acac), (cat.) 7
H Xantphos (cat.) R
+ B — 23)
N HO HO (
1?\ \)\R3 AlMe, KO R R?
R1 R2 R1 R2 AN Rs
76 65 78 79

[Co]
N

INHoHlER, T EEERWEZA I 07 VBRI, E OmEAFIZHIR2S B 5,
Schneider & (ZfifiiE > NHMDS % MW= 7 U LIS A2 #RE L TRV . B GKE T, EE
WCEWERMET ERORET VAT I URELNLN, 7w M AbZ R I L b7
A AT D E W T U LT L— IR bR TV S (R 24) F,

2 NaN(SiMes),
N/R H (10 mol %) lTla H\N/R2
+ (24)
R1J\ H V\Ar 1,4-dioxane | F R1)\/\/ Ar
25°C, 18-20 h
80 81 82
pK, ~ 34

F7-. Leiws FEX° Bronsted FRZ FHW\- A4 I VU KIGIIE LS b o TE Y . BHILEWE R
~OIERAHRENTWS (K25 %, UL, BEHEEIZDF A LEBEDEWE S5 2 hE

T NIr RATF L UHBERIZIREO N TE Y | KOSHEORWERS T V7 &2 Wl & A E
AN

2 H 2
N/R \)H\ Lewis acid \N/R
=+ S/ _— (25)
R1J\H RS/ R* or R1J\,\/\/ R*
Bronsted acid R3
80 83 84

5 2T Cp*Rh(IIDfRAETS L O Cp*Ir filii & V7= 7 U LA C(sp’)-H ‘B FE AL B

E%, RS ORI M T HR T2 T U UL Csp’)-H B REIALEUSIZ T L v D B 72 B RE
AL E U TEAICHFE STV D, 2004 45, White 5 132 OEBRAZF] & LT, /37 27 Afiluitic
£ 257 VAL C(sp))-H 1EMEALS ALK % o RIE(EAL THIBICHEITT 5 2 & & L L. DMSO/EERE
BEHCT A v DT ) AEBEES A EITT 5 2 L2 HE L TWD (L26) 7 Tk, MHIC
BARE LI EAANNERET Y R By REAT 587 07 LlEE - HIEE#EST U, Bz 7 sREEA
EDRIERAFIE~DOIEAERELTD (K27) 7,
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H

\/k Pd(OAc), (10 mol %)
R , AcO R (26)
BQ (2 equiv.), MS4A
65 DMSO/AcOH = 1/1 85
air, 40 °C
o,/ \ 0
H Ph/S . S\Ph Nu
Pd(OAc),

\)\R + NuH Nu/\%\R + \)\R (@7)

65 86 87

C-H B SUG DRIV, Cp*Rh(IIDfif > Cp*Ir(IDfil i 2 F W 723546 TH, 7 UL
LD C-H FERTEHLNAIRETH D Z N> TETRY, 2O OMBEZAWIGE LT
U AR OSA L RERIZ, T ) VA BRREITRE TR AR L, Bk x 2REEA E O ROG 0 R S
NTWD %, Cossy HITHIIRD Cp*Rh(IINAREEZ AT, F 72 HF S 130 H ICBA%E L7= Cp"Rh(IIN)
itz FHNTC, 7IvOS0TABRICE A a ) DU ERE LTS (R 28,29) 2828

Cossy (2012)
[Cp*Rh(CH3CN)3](SbFe),
H (5 mol %) Ts
Cu(OACc)»*H50 (2.1 equiv.) |
\)\/\(NHTS N R (28)
! DCE, reflux, 16 h /\(_7/
88 89

Shibata, Tanaka (2016)

Me
[CPERNCI,], 91 (2.5 mol %) EtOQCCOZEt
AgSbFg (10 mol %) Ts Me”~ & “Me
H Cu(OAc)»*H,0 (2.1 equiv.) N Rh 9)
\)\/\/NHTS 7
DCE, 80 °C, 16 h 7 Cl
53% /\Q cl 2

%0 92 [CPERNCI,], 91

Blakey HIX Z OIS ZE G FRIOT I JAERIS~EICH L, #iax 727 I v EiEHIESnTWn i nT
W W=7 VLT 2 AR EER Lo, 7oy a— L mRER E Lo —T WAL S & A
LT3 (:30,31) 228

R3R*NH 94 (2.5 equiv.)
[Cp*RhCly], (1 mol %)

H AgBF, (4 mol %) R3, N~ R4
30)
X (
R1/\/LR2 AgOAc (2.1 equiv.) R(\)\Rz
DCM or DCE
93 40-60 °C 95

R-OH 97 (5-10 equiv.)
[Cp*RNhCl,], (2 mol %)
H AgSbFg (10 mol %) OR

TBDP _~ A~ oTeoP 31)
Ar/\/K/\/O s AgOAc (2.2 equiv.) AT © S

DCE, 60 °C
96 98

Chang HIZ k> THRAMRRWE SN VA F Yy ar P, JUSEO&EWT 2 RMEREE LT
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K& ORI BN TV, Rovis D7 /L—7 L Glorius D7 V—713Z . Cp*Ir(Il)
Rl L VA XY a2 AW T I MBS T VAL C(sp)-H 1EHEALEIC & 5 F AT fE
LT EERML, xR EREZATL2HEICEWT, EFITEWAEIRIRME TR YT ULy

TRBRELNDLZ EERE LTS (K32,33) 320 WFI%, Cp*Ir(ID)AREL A% I35 Cp*Rh(II)
fRE L PR E WS B2 R T2 L A S0 LTV A1, Rovis B 1%, xfii~d 5 Cp*Co(Ill)
il CIX BB G LN N &2 fE LT\ 5D, F72 Rovis bIXREIC, FERMFRRTT XTIV
o v ONLEEIRN T 2 RS 2 i LT d 2%,

Rovis (2019)
[Cp*IrCly)5 (2.5 mol %)
o AgNTH, (15 mol %) o)
H L LIOAC (20 mol %) L
\)\ + 0 —Z) HN™ “R2 (32)
R! N= DCE, 35°C, 20 h
R2 V\Fﬂ
65 99 100
Glorius (2019)
[Cp*IrCly)5 (2 mol %)
0 AgSbFg (10 mol %) o)
H L AgOAc (10 mol %) i
J\/\ + O 0 HN™ "R3 (33)
R'” N R? N={ DCM, 40 °C, 18 h
H3 R1 = R2
93 99 101

Blakey 1, I v7 I REHWZT I FMERIGIZEBW TS | Cp*Ir(IDAREE 2 AN 72 S 3 @
(LEERME T T UL T I RE 5252 2WEL TS (K34) ™, £/, OAFH
ZRAWET 2 RERUSH TEMEE S TOZRWRE T L7 & O34 Tl Cp*Ir(IIDAREEAS &\ R
R, DR T VLT I &2 52 H0IZK L, B-T VXL AF L2 DA TiX Cp*Rh(IIDfREE )
Cp*Ir(I)fil it % A1 % . L= DAAIERRMEZ 7T 2 L 2B 5008 LTS (Scheme 6) ¥,
EBIC IME B LI-F T Cp BT T2 A5 120w Ml 106 % TR T U AL Csp®)—
H7 2 MUSOEZZER LTS (H35) 2,

TsNj3 (2 equiv.)

H CsOAc (5 mol %) NHTs
_~  [Cp*IrCl,], (2.5 mol %) =
xS xS (34)
N AgNTf, (10 mol %) N
HFIP, 80 °C, 24 h
81 102
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[Cp*Rh(CH5CN)3](SbFe), (5 mol %)
or

[Rh] =73% (1:1)  [Rh] = 22% (1.5:1)

[IrN=79% (12:1)  [Ir] = 73% (>20:1) 104

H L [Cp*IrCly], (2.5 mol %) NHPiv NHPiv
o 0 +
= + 4
R‘J\/\Rz N= AgSbFe (30 mol %) R1J\/\R2 RN Re
6
Bu CsOAc (5 mol %)
93 99 DCE, 40 °C, 24 h 101 101’
NHPiv |
! ; [Rh] [Ir]
RS : NHPiv X=H 78% (16:1)  45% (1:7)
103 | _~,OTBDPS X =0Me  86% (>20:1) 39% (7:1)
: 3 X = NHBoc 62% (>20:1) 6% (1.5:1)
R = nPr R = CH,Ph ; X = CF 19% (9:1)  28% (1:19)

Scheme 6. Regioselectivity of allylic C(sp®)—H amidation using Cp*Rh(lll) and Cp*Ir(lll) catalysts.

chiral Rh(lll) cat. 106

(5 mol %) Ph
AgNTf, (20 mol %) [.}O
LiOAc (10 mol %) x

0
L LiNTf, (1 equiv.)

)\/\ * O\:Z) DOE 1148 HN_ R -
N=( T, N V

(0] 2

105 99 107 chiral Rh(lll) cat. 106
up to 87% yield
up to >99:1 er

%
=
)

T--

=

’I

(35)

RFE-~T 0 JJEAFER TR LA DO BOG E LT Glorius 5. Cp*Rh(IINfREc L5 7 Vv L35
BREDODPAKFER v 7V U TRISICE DT UV — b0, Ruex v a2l X 0 —#&K7e7T U i-
TV—AHy TV RO ERE LTS (K36,37)

[Cp*RhCl,], (5 mol %)
AgBF, (20 mol %)

AgOAc (2.2 equiv.)
R1/\)\ DCE, 60 °C, 22 h

93

[Cp*RhCl,], (5 mol %)
AgSbFg (30 mol %)
AgOAc (3.0 equiv.) Ar

w&vkm (37)

H
1 ~ A , +  (ABO)
R R

DCE, 60 °C, 4 h

93 110 111
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28 PO K OEE E H #iPH O MiEd

ZHETOT VAL Csp))-H BEERLRIS TR, ALB TV AERREITIEE A LDRE, RE
B EZ R T, ZHHICx LEZITRO XD R AL Tle, EHOFTET 578 T L7z
Cp*Co(IIDfi ik 1%, TN F o ~DINZ L D4 > K=V DT N7 = UEISIZEB W T, FiEO B ¥
ALY LREEOEWVRFZ- 2L MEEEET, DTN TOT I RAORBEWENETT 5 2
EEBE LTINS, 22T, 3200 Ml 2 W= 35A12 6 7 U AL C(spd)-H #& & DIEMEAL A 7]
BBZROIX, ATLD7 UV vasr L MEZe U LAOSGE L IRV REMRMEEZRL, 4 I~
MINd 22 &T, ZhRORBET VLT I COARMNATHEIC /2 D L& 272 (Scheme 7)

Yoshino, Matsunaga (2014)

SORSI ! <
e R
NN CpColll) | xL T N\ xR X N R!
<o *+ | N ZN |
(0] [Co]
N J~NR R
_/ i o °
(0]
26 27 Rh : Only alkenylation 28

Working hypothesis

H Cp*Co(lll) [Co] Nu Nu
A, ———— L - S
R! gt R’ Me\@/Me
65 Nucleophilic? 87 Me” | "Me
0
R3 L1 L
N/
H_ _R® Cp*Co(lll)
R2” H N
;
80 RZJ\/\/R
112

Scheme 7. Working hypothesis of homoallylic amine synthesis via allylic C(sp®)-H activation.

COGRAE IR, TsiRi#EA S U 113a L RIET L2 65a ZETIVIEE L L CRISSEOKREF %
7o 7= (Table 4) , filiE D> Cp*Co(Ill) fififi: 24 & AgSbFs % FV ., DCE H1, 80 °C T 15 HEf i
SHIL A, EEROT UK 114aa 25 B3%IETH LN b OO, FARYIZE R Y P2 115
DT AT VA~ —REW TH o7 (entry 1) . Er U 1151%, 114aa b R T I /(R
HEITTHIETERTDHEEXOND NS5 ORIEZIMZ D720 SINREDRF 2170728 2 A,
40 °C THUSTHEIT L, 115 DA S A 7-/ER . IR 59% T 114aa DS FEARKMD E L THDS
NIER EWRE ZEDIREM ThH o7z, & BITRISREM Z T Lz & 2 A RORIE 1 RERCoEks L.
T1%ULZR . 69/31 O E/Z FEIRNMET 114aa BN 5 2 ERbroTz,
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Table 4. Optimization of reaction conditions for homoallylic amine synthesis using imine and alkene.

Ts Cp*Coly(CO) 24 (10 mol %)

N b AgSbFg (20 mol %) HN T y L\ .

+ N npr + cHex N nPr
cHex)J\H DCE (0.1 M), temp., time cHex)\/\'” Ts
113a 65a 114aa 115

entry temp. (°C) time (h) 114aa (% yield)? E/Z2 115 (% yield)?  dr?

1 80 15 13 100/0 58 34/66
2 60 15 33 79/21 42 55/45
3 40 15 59 76/24 31 65/35
4 40 4 72 71/29 25 60/40
5 40 2 65 71/29 20 60/40
6 40 1 71 69/31 21 57/43

a) Determined by "H NMR analysis using 1,1,2,2-tetrachloroethane
as an internal standard.

BT, IO 21T o 72 (Table 5) , Y7 v A X & FANWTZEE TIIIRMNME T L7 (entry
1) ., zaahki s, NV 7t bz, 7aaxXrPrizHn-8a CiimREDINR|IC &
EE D (entries2,4,5) . "Mz TRIFEAERISITHET LR -7 (entry3) ., £72, VA FH
>, THF, HFIP 1 CIIISITHEITHE T (entries 6-8) . DCE OfER% LA & Dix /e -7,

Table 5. Solvent effects.

~Ts Cp*Col,(CO) 24 (10 mol %)

N AgSbFg (20 mol %) HNTS D% o
ner

+ /\/nPr pr ¥ cHex N
cHex)J\H solvent (0.1 M), 40°C, 1 h cHex)\/\*“ T

113a 65a 114aa 115

entry solvent 114aa (% yield)? E/Z2 115 (% yield)? dr@

0 DCE 71 69/31 21 57/43
1 CH,Cl, 63 70/30 14 57/43
2 CHCl3 45 71/29 12 50/50
3 toluene 14 71/29 N.D. N.D.
4 CF3CgHs 41 73127 7 57/43
5 CICgHs 42 71/29 9 56/44
6 1,4-dioxane N.D. N.D. N.D. N.D.
7 THF N.D. N.D. N.D. N.D.
8 HFIP N.D. N.D. N.D. N.D.

a) Determined by 'H NMR analysis using 1,1,2,2-tetrachloroethane
as an internal standard.

Wi, BIRMEDOR L2 LT, SRR DR D Cp AL +2 632 230 Ml 2 fEt L7z
(Scheme 8) , Cp*BLfr 1~ & W NLARMIIC/NE 72 Cp BN T2 T 5 116 0, @@\ -7 FOL A H T
5117, AFNAVEO—DFEEWEBREICET L7 118 ° 119 2 AW 7223, IR K ONRRIEIC K
SRR o T2, LLEORE S Cp*Co(IINfikE 24 2 W2 &b fcideit & LT, AE
MEPAOME 21T > 72,
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Ts Co cat. (10 mol %)

N AgSbFg (20 mol %) HNTS D%
+ CHex

+ /\/nPr nPr N nPr
cm{kH DCE (0.1 M), 40 °C, 1 h Mﬁ)\/\w g
113a 65a 114aa 115
Me tBu Ph
Me\@/Me Me Me tBu\©/tBu Me Me Me Me
Me Clo Me Me Clo Me Clo Me Clo Me Me Io Me
|/'I\Co |/= ~co |/= ~co |/'=\oo |/'I\co
24 116 117 118 119
Cp*Colx(CO) CpMe4Col,(CO) Cp'Col,(CO) Cp*Col,(CO) Cp*PhCol,(CO)
71% (69/31) 67% (70/30) 68% (72/28) 64% (70/30) 66% (71/29)

Scheme 8. Screening of Cp ligands.

A 2 OFEE A OMmE % Scheme 9 1237, A X2 EOREREIT ) VAV REICETEARETH
D (113b) . BRI D3I T L VN ERL L= A 2 > (113¢, 113d. 113e) <° Ph AN EHL L
-4 3y (113f) ZFHWEEETH, TERENSBIFARNETHIOT U IABIERE ST,

Cp*Col,(CO) 24
PG (10 mol %)
g AgSbFg (20 mol %) NHPG
+ N r
R/M\H DCE (0.1 M) R/L\«/*§wJ”Pr
40°C,1h
113 65a 114
NHTs NHNs NHTs
X NPr X NPr X NPr
114aa 114ba 114ca
74% 44% 70%
(71/29) (73/27) (72/28)
NHTs NHTs NHTs
X Pr M nPr Ph M nPr
114da 114ea 114fa
54% 62% 44%
(74/26) (75/25) (73/27)

Scheme 9. Scope of imines.

TN EOEBRINFIZON T H M A1T o7 (Scheme 10) , 43I 7 /L F VAN EHL L 727
N AT L THOARRISITEHA FEETH Y (65b, 65¢) . 7V VEITEEN E S 65b DA TIX,
E/Z #PEOR ER RSN, £lo, T e (65d) MEH LIEE A HWTH FREDIEZ2N
HDHBEMNEONT, N ANERLT T VETRELIZT La—L (65e, 65f) | (Ri#ET I
(65g) MNEM LT VT 2HWEHETH, BRRALER S 2L AMMBEoni, —F
T, XL EL (65h) <° TBDPS £t (65i1) TR L7277 /b3 — /L DA, 270 MDD Lewis
FEVEIZ Ko THOMNEIT LTcTzy, BIIMIIG R oTle, AT ANEWR LT V7 2 H
WSS, RIETH -7 (65)) .
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Cp*Col,(CO) 24

Ts (10 mol %)
N~ R AgSbFg (20 mol %) NHTs
+ N
Cy)J\H DCE (0.1 M) Cy)\/\fN 3
40°C,1h
113a 65 114
NHTs NHTs NHTs NHTs
X K ™ Y NN Br ™ \/OBZ
114ab 114ac 114ad 114ae
53% 78% 59% 54%
(80/20) (73/27) (72/28) (76/24)
O
NHTs NHTs
N
A WO OAG XN
(0]
114af 114ag
60% 70%
(73/27) (77/23)
NHTs NHTs NHTs
A \/OBn A \/OTBDPS A \/002Me
114ah 114ai 114aj
N.D. N.D. <10%

Scheme 10. Scope and limitations of alkenes.
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5 3HT RUSHERICBI T 5 &%

WFFEBR 46 2 1) AU O SOGHERE T Cp*Co(IIDARBEIZ K5 7 U LD C-HIEMALZ R TAL DT
UL a )y MDA L ~OINBGRTE & E 2 Tz (Scheme 11) . LAL., Cp*Co(IID)fkE 3 &
W Lewis BBYEA R T Z L NAOLNTED | ZOMWEIZR > TETT 514 I/ = U IS TH L TR
HEZ DI, Lo T, WINOKIGHEME CRISDEIT L TW AN D D72, BLFIZRT
WEBR AT ST,

| Allylic C(sp®)—H activation |

Ts
P [C|0]
R H .
R
Ts H H\ Ts
RN N
N
RJ\H at R)\/\/R
113 65 114
[CO]\‘NI—/T.S

| Imino-ene reaction |

Scheme 11. Plausible mechanisms.

— AN W B D Lewis FetE 4 B3 2 W C UG A 1T > 7= (Table 6) ., Cp*Co(IIN)fiifE 24 (2
BWTHREE LEKERFEDO T, Ex0&R ) 77— RN TRIEEITo720, B0 T VL
{bIK 114aa 1345 72 o 72 (entries 1-3) o RITHALBRAD)LHEAL T L I =7 A1) Z HI W TR
EATo7 Z A, BRINETIEIH L DD, ILOHEIT 2R L7 (entries 4, 6) . FUGKFH A 15 IKf
M~EIER L722MRIZIE E A EB I 72 < (entries 5, 7) . fIEMEIIRE 2oz DD, —
IV SIS Lewis MM BREEZ HWEHATH, SN EIT TS Z &N bhotz,

Table 6. Control experiments using various Lewis acids.

NS oy Lewis acid (10 mol %) HN TS
+ /\/ P
cHex)J\H DCE (0.1 M), 40 °C, time cHex)\/\” e
113a 65a 114aa

entry Lewis acid time (h) 114aa (% yield)? E/ZZ

1 CuOTfhy 1 N.R.

2 Yb(OThs 1 N.R.

3 Bi(OTf), 1 N.R -

4 FeCly 1 10 ~70/30
5 FeCly 15 12 ~70/30
6 AICly 1 10 ~70/30
7 AICl, 15 16 ~70/30

a) Determined by 'H NMR analysis using
1,1,2,2-tetrachloroethane as an internal standard.
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BT, OB SR A 2 VT2 R 21T > 72 (Table 7) o ARRJSIZIE, Cp*Co(II)fi i
CHRBOWMBENMLETH D Z LR bhoTeiod, MO L THEELZRIML TRISEIT- 72

(entries 1, 2) , Cp*Rh(IIfittilo/L 7 = & Al A2 F 7245518, Cp*Co(IIDfiffit L v & AKX T
b7 (entries 3,5) . Cp*Ir(IIDALLE TIXFFEEE DILE, #IETHIIW A 5 27- (entry 4)

Table 7. Control experiments using various transition metal catalysts.

Metal cat. (X mol %)
NS o AgSbFg (Y mol %) HNTS " DW o
+ N npr + o cHex N nPr
cHexJ\H DCE (0.1 M), 40 °C, time cHex)\/\r” Ts
113a 65a 114aa 115

entry Metal cat. X'mol % Y mol % 114aa (% yield)? E/Z2 115 (% yield)? dr?

0  Cp*Coly(CO) 24 10 20 71 69/31 21 57/43
1 Cp*Col,(CO) 24 10 - N.R. -

2 - - 10 N.R.

3 [Cp*RhCly), 5 20 32 74/26 9 56/44
4 [Cp*IrCly], 5 20 65 76/24 27 59/41
5 [RuCly(p-cymene)], 5 20 28 62/38 15 53/47

a) Determined by "H NMR analysis using 1,1,2,2-tetrachloroethane as an internal standard.

WIZ., REsT Vr 65a & @ T V7116 AW T-midER217-7- (:L38) , DCE #'., 0
°C CHRISHAToT- &2 A, BT A7 116 ODHBIE L. 11T BNELNAL Z Enbh o7, 116
T EWT, 7T U LNERBEORA KT VA7 65a IZH RN L PSS, /-, BEFE

B CTHDHTEO A I T RINMIHT D RIGEN KT V7 65a i L Tt E X 65,
Cp*Col,(CO) 24

Ts (10 mol %)
N~ . AgSbFg (20 mol %) NHTs
+ NPT )J\ /K/k,ﬂf (38)
cHex)J\H nPr  DCE (0.1 M) cHex NN
0°C,1h
113a 65a 116 67% 117

(5.0 equiv.) (5.0 equiv.) (E/Z = 75/25)

BEAESRA)CEAL 7 L 2 =0 2D ZE W BRI S . 2230 Ml & R O E/Z & 41004 T HY)
PELNTZZ L0, BEBTEERSERT VT OB ERT Vrr 20 b@EnIRatEzE R L
722 Lk, ARG Cp*Co(IIDfRBED Lewis FEVEIZ L > THEITT DA I VU KIS TH D Z & &R
B 55D0THD, UEOFERIT, YHoOFHELITEALY, £ CH BRSOt L LT
MW H TV D Cp*Co(INFEMRD, Mhode @it A FE12D Lewis BAMEARML L L CHRET HZ L %
RTHDOTH D,
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F3E AI7—balimis Lz C-H T U UHbIS & ERBRILEMERA~DIEH
91E WRET R

C-H BHREELSUSIZIR W T, BLE ISR B0, WEHICEEFET 5 C-H fHE OBIR
W7 B B 2B 2 72 LT D (Scheme 12) , A4 ZRELAEABAE I N TWD R, 0%

ITREDPICFZEBDEE L < | BEFREZMEAHEEICHIRD H 5, REICFERNELS RE
il e LTHWD Z e TEE, B b FEEL AT 26O ERITISHFTRE L 72 5,

DG DG

H  C-H functionalization @[ FG removal
[ :[ or
H H transformation
H H

118 119
Scheme 12. Drawback of directing group strategy for synthetic application.

Bl x X7 I REEMIEE Lz C-H BREFLLUSIE ., RERW A R~ &I S 41TV 5 (Scheme 13)
*, Yu, Baran 5%, (+)-7 B~ Fr—/1 120 Z HFEFEHC, N—T 4 u 7 2 = VENER L
T REEANG, RTUTLMMEICE ST X RERAEE Lz A T L EBIEEZITV, TR

IMASIRIZ L VRETHZ LT, (H)-Rrar iy A123 O AER L TV 5 3
Yu and Baran (2013)

Oy NHCgF5
Phl(OAc),
CHsBF3K ACQO
3 steps Pd cat. Pd cat.
60% 54%
120 121
(+)-Chromazonarol
Oy NHCgF5
Me BFs'EtQO
MeOH
then NaOH
1%
122 123

(+)-Hongoquercin A

Scheme 13. Synthesis of (+)-Hongoquercin A.

F£72 Ellman 5%, BEPABE LT I FEEMELE Lz Cp*RUUDAELIC L5 = a7 b7 v
125 ~® C-H fIMIH0% 3, BRETH LT I RS FHERILICE D (D30 7 FFREF
128 DGR A ER LT 5 (Scheme 14) %
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Ellman (2017)

H
<0 TBSO, O\,L [CP*RhCl,),
o o o AgSbFg, DCE
+ ",
BnO N [ 60 °C, 18 h
Oy 73%, >20/1 d.r.

O,N
124 125
OH OH
HO ~ OH HO z OH
Zn (6 equiv.
- . < Y OH #, <O > OH
—_— NO H20/AcOH = 1/1 :
072 100 °C, 4 h 0 NH
OH N OH O
127 128

(+)-Pancratistatin

Scheme 14. Synthesis of (+)-Pancratistatin.

F7-. B EFHHZ Weinreb 7 2 REfdmAi s L7z C-H BRERALEIS D W oh#@E ST
% 2, EEDRFUR T HMREICE VTS, Cp*Co(INfBEZ X257 UL —Rpr— h & W=7 U
JALEOSSe T 7 U VEE EAR 2 W T2 B i 7 v or = WAB IO 72 E D3 B WIEE DD B RESE T A
THEIT L, R D Weinreb 7 2 NI 7 b7 LT & RNERBICEBRAETHD Z L 2HE L
TW% (Scheme 15) **,

Cp*Co(lll) cat.

H O allylation FG O FG O
A ome_enviaton (L owe A
! |\|/I iodination ! I\I/I |

e amidation e
129 130

131
X =H, alkyl, aryl, alkynyl
Scheme 15. Cp*Co(lll)-Catalyzed C-H functionalization directed by Weinreb amide.

EFIT, BB X D (b ERE S ORI L U THRET 2 ERERL L LT, N-HA I 7 — hZ
BH LT, A4 X7 — M3 RERBILEVER~DICHPHESNTEY, £7-. C-HEREE
SOSORAFEE LTOMANSERESNLTWEY, 4 I5F— FaRmiE: LTHWZC-HER
{EEESIE, Glorius 5 O Cp*Rh(IIfik i & $AfREEIC L5 o v T ¥ RERWET 2 RMU/BRLROG & 2
)0 IZBRF S A7 (Scheme 16) ¥, Z O S HERE 2 LI FIZR$, Cp*Rh(IIDfREEC X 5 C-HIF AL
WX THELDAZ T A ITNAN NI AT Y RERIET H I & TC-NFEE DK S -tk SRl
IZ K DB K - THEBIRBRILDHEITT 22 LT, A X —VBERNE LD, ARG TA
I — MEL B BRALATEEIR & ) o0& EIZH S T D,
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[Cp*RhCly), (2.5 mol %)

NH AgSbFg (10 mol %) OR
Cu(OAc), (25 mol %) N
X" OOR + TsNg X N
X MS4A, O, (1 atm) Z >N
H DCE, 110 °C, 24 h Is
132 133

NH AcOH
" )/ . NHT: \)/ OAC
S

\SET
@ﬁ SRS
—[Rh]
[Rh] ’}‘ ©\/§M'
_ / N,Cu
\l}l L AcOH, O, CuOAc‘_/ Ts
OR
[Rh]

\
i O
N

Ts \
Ts

Scheme 16. Imidate-directed C—H amidation/cyclization reaction using Cp*Rh(lll) catalyst.

Li 5%, WU gy st LAt oB@RricBNWT, = e Y7L —2r 134 Z VWA T
H, TRy NTA UEY —ABERBEOND Z LaMELTWS (R39) 3 /- 7o+
=L 137 7 C-H BRERALRISICBIT 287727 2 7{bHE LTt 22 L2 RHL, oA

il o 2 N L MREIZ KD A I T — M ERELMEE Lo V&Y — A BRIZIGHFRETH D Z & &
LTS (3 40,41) PP
[Cp*Rh(CH3CN)3](SbFe),
NH (5 mol %) OR
CuCl, (30 mol %) AT\
T OR + Ar-NO X—t N (39)
X P MS4A, PhCF,4 Z N
H 80°C, 24 h Ar
132 134 135

[Cp*RNhCl,]» X

(4 mol %) X
NH AgSbFg (20 mol %) X=r N o
N Cu(OAc), (2.1 equiv.) Z~N
A O PivOH (1.0 equiv.) R2
—O\)L <L O 0
Z Y ke MS4A DCE, 100°C

136 137 138
[Cp*Co(CH3CN)3](SbFg) R
p"Co(CH3CN)3 6)2
NH N (10 mol %) X_:(Ié,\l
X OR ~ 0 Cu(OAc), (0.2 equiv.) ~N o
X_| + ~ R?2 (41)
Z>H DCE, 100 °C, 20 h
R2

132 137 138
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T IAEEIIGEDEWIREIR E L THONTEY , A I T — hERMEE LIS VXV
VERRIZH AL TS, 2013 4, Glorius 13 Cp*Rh(IINAREEIC K2 V7 VLG 140 < 143

EHNTETNAF AL R AL I 7 — MTEMT 2 & TRk LR R BRAL BSOS AN ELT L
A VX)) UEBRPREENETH D LA L (R 42,43)

X o) [Cp*RhCly], (2.5 mol %) X e
AgSbFg (10 mol %) N
2 6 N N
SN R%Rs Xt | (42)
T N, MeOH, 60 °C, 12 h R3
R2
139 140 141
. X
X o) [Cp*RhClyl, (2.5 mol %)
AgSbFg (10 mol %) X
1 6 N
LI EtOQCjHJ\Me (43)
N, MeOH, 60 °C, 12 h ZSMe
CO,Et
142 143 144

FLLOIE A=V XOER LT VLG 145 2 V5 2 & T IRMREETA R
HAYX U UVBEERNELNL L EARE LTS (X 44) P 512 Zhu Hid, YTV v
F— bk 147, Liu HIEA VKT ABRI VR L=V T AW 149 34 VX ) U B HEEE I
ARETH D Z L WME LTS (K45, 46) ¥ Yang b D 70— 713 Cp*Ir(ID)fif e % FA VN 72 i
JERMFICBWTHRRIC, 4 V% U VB ERIMELND 2 EaME LT D (R47)

Li (2016) )
NH N [Cp*RNCl,], (1 mol %) AN
AgSbFg (4 mol %) X
! N X + NTs % = N— (44)
X N PivOH (1.0 equiv.)
H \ EtOH, 40 °C, 12 h
136 145 146
Zhu (2016)
1
NH ,  [Cp"RNClol, (2 mol %) OR
COzR AgSbFg (8 mol %) AN SN
x-£OR! N X (45)
Nz CO,R? KOAc (20 mol %) NP on
H DCE, 50 °C, 5 h
CO,R?
132 147 148
Liu (2016)
N
g OWO [Cp*Rh(zCSHSCI\Il)o?](SbFS)Q OR!
X§OR1 "o o eom s (46)
I N
= DCE o,
H x CE, 80°C A on
132 149 150

Yang (2016)

1
NH o [CP*IrCl,], (5 mol %) OR
AgNTf (20 mol °/o) N A
2 2
U
Z > H

N MeOH, 50 °C, 12 h Y
2

R2
132 140
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T ICEWISIEED B NI LR UBIBMRTIE S D L OO, WENRBERERH D, VT 1k
BRI D I NRUFIRRE LT, Li i U 7 —L 152 & 7= Cp*Rh(IIDfREEZ L 5 1
U UARERE LTS (R48) ¥, F7/z, Cheng HIFANLKRF Y =T LAY R 154 2=
Cp*Rh(IIDfi 1z X 2 7 v b2y &t C-H #EA Ti#EIT L, Z XA vy 2V voinBEonsd Z
EEHAELTHND (K49) P Wang Hix, AU AVETY =7 LA U R 154 & 7 L~ RiBRIR
& LT T AR IUBALERIRE S VT = 0 MMl % I 25 S Tt/ @IRICEIT T2 2 L 2 A
LTWns (50 ¥,

Li (2018)
1. [Cp*RhCIQ]g (4 mol °/o)
AngFe (16 mol o/o) OR1
NH o Zn(OAC), (30 mol %)
MS4A, DCE, 90 °C XIN
O OR" + — X P (48)
o N. N_. 2 NaBH, (2 equiv.)
H NTTS MeOH, rt.
NHTs
132 152 153
Ch 2018
eno ) [Cp*RhCly)5 (5 mol %) Ph
AgSbFg (20 mol %)
H NH Cu(OACc), (20 mol %) Z >N
JOJVIQ NaOAc (2.0 equiv.) | o)
T COR' + & N N0 29
e _ s
X R? \ DCE, N,, 120 °C T ) )
: R
132 154 155
Wang (2018)
[Ru(p-cymene)Cly]»
NH (5 mol %) OR!
o 0 Mesitylenic acid (50 mol %)
X | N OR1 + R2 /S— X . AN N N (50)
Q \ EtOH/TFE, 100 °C -
ZH NP ge
132 154 156

Glorius B It <= v H Ul FWN =T A X o ~DEARIRIC L5 TH A VE ) U o nESh D =
EEWELTEY, XRUXAIT—R136 £ 7SV F AT —RF— k157 LD C-H 7 L =11k
D%, BALPEIT T 5 ROGHREAZE LT 5 (X 51) " Jeganmohan &13/L7 =7 Afihlt A
WHRMETIE, e T a— L 159 ZRH E LTH, RRORISHATRETH D Z & 28k
LT3 (52) ¥, F7= Cao. Shi 5O L—TF 1%, AV 2 Al & BRb# % v 2 §F Tl
T VLT V3 —)L 159 OKERIL AT ) T L e IS HEITTH Z L 2 LTS (X 53)
P, Cp*Co(IIDf i % FIVN 2 S Tl BT RERE 2 FFlo e W T L U 2 B & L C b UGS AN
1T, ZeRBEIC & o TR T 5 = &3 Ding, Sun HIZ ko TRER TS (L 54) 39,
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Glorius (2017)
MnBr(CO)s (10 mol %)

OCOMe NaOAc (20 mol %)  x_fL N
I =, A AR (51)
/

R3 DMF, 90-100 °C
14-24 h R2 RS
157 158
Jeganmohan (2018)
[Ru(CH3CN)5(p-cymene)](SbFg), OR!
(10 mol %)
OH Na,HPO, (1.0 equiv.) X1 TN
\ R1 + R2— l\ 1 _ _ (52)
o DCE, 100 °C, 12 h
R2
159 160

Cao, Shi (2018)
[Cp*IrCl5]» (5 mol %) OR!
Ag»>COj3 (1.2 equiv.)

OH  PivOH (1.0 equiv.) N TSN
N OR' + R2—=— ~ o (53)
o DCE, rt.,, 12h OH

R2
159 161

Ding, Sun (2017)

Cp*Coly(CO)
(10 mol %) OR'
NH R®  AgNTf, (20 mol %)
AcOH (20 mol %) X
(Y ToRT ¢ x-1 N (54)
L DCE, air, 80 °C, 12h ZNF O Rs
H R2
R2
132 27 151

Ackermann 5%, Cp*Co(IINAREEZ WD FMFIZEBNWT, E=AVAFY T 7162 ZHWD Z
T, R C-H T Vb E N-H 7 VBT L, E= v ERNBEAINTA VX U UiFE
ANBRTEDZxmEL TS (55 7

[Cp*Co(CH3CN)s](PFg)2
(5.0 mol %)
NH 0 NaOAc (40 mol %) OR!
L BPh; (40 mol %)
X—'\ OR' + o O X—'\ SN (55)
(N, :)—<R2 HFIP, 55 °C, 16 h T o
132 162 163
Zhu 5%, Cp*Rh(IIYAREEIZ X 54 27— F&E M E L CH BREE ISy AF Yy a v

FHWA L, 73 ML dEl2 B b S BNEIT L, 3V ) VHERNELNDL L AHE LT
W5 (F56) 3, F7-L Jiao HIET Y MMEEMAET I NMEFIE LTHWEX TV U AR A S L
Tw3g (Fs57) F
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Zhu (2016)

. OR!
NH [Cp*RhCl,], (2 mol %)
A >\\o AgBF, (8 mol %) (TSI (56)
LI o 1
X NJ\ DCE, 50°C, 5 h Z N/)\Rz
132 99 164
Jiao (2016)
[Cp*RNCly], (2.5 mol %) OR!
NH AgSbFg (10 mol %)
Cul (20 mol %) XN
X" oR' + Ny~ UR? X B (57)
X MS4A, O, (1 atm) SN 2
¥ 2 R
PhCI, 90°C, 16 h
132 165 164

Ackermann (%, Cp*Co(IIDtMEA H W& HFIcB W TH, ATy e z27 I Meflé LT
HANBEFY Y BN ARETHS Z 2B LTns (58 ¥, &hic, 1 IF— BT Y
—ARE YTV VU IVURE MollmEXL Y AR EET A LR L, F—4
THIZA I 7 — F OBl mEEnEs L2 REIZB W T, 4 17— MEFDO C-H #5208 IR
WSS 5 Z &b THE LTS, IZIEFRRHIZ Li &, Glorius & 22 /3L Mz kX 5 &
ﬁ%%fny%mwk%%fuyéﬁ%ﬁ%bfwé”“%(mms%m\mmmm%ﬁ%
Cp*Ir(IID)fi it 2 FI VN 72 FEERSEBR IC I\ T, Lewis BEMED @V Cp*Co(IIDfRAE K » HBRIE BN &
X, WRIKENETT D 0BRINEL 2D Z 28T THREL W5,

N OR!
NH (0] [Cp*Co(CH3CN)3](SbFg),
o (5.0 mol %) X N (58)
i OR' * (@ X—r 58
X \N/J\Rz DCE, 100 °C, 13 h N
132 99 164

AIT7T—MIRLETHY, TVa—LOEEEZto T= NI ANGRET DT ERAMBILTND,
R Z DRV, I T — M EBMME E L7z C-H B b & LT Wang & 1%, Mn fil i
ERWET AF o ~OMINC LD C-H 7 V7 = LR % ugicwamm%ﬁ%mwt7
A a T N = ALROE Y EHE LTS (3059,60) . £7-/IT. Gao Hidw P Ak L 5
RUAAIT— M EEHBRILEW E OBALI T v 7Y U 7 RINZ LD T U — G EHE L T
W5 (R61) ¥, LirL, WTFROBAICBVTHELNLERWIZ. A 27— hOSMAET L
Ry = N AVHERTH B,

Wang (2016)

NH = Mn,(CO)40 (10 mol %) N CN

| | NaOPiv-H,0 (15 mol %) X (59)

OEt + % 59
DME, 120 °C, 4 h 7R

= R2 R

132 27 165
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Li (2016) [CP*Co(CHyON)3](SbFe)s

NH (10 mol %) N CN
F Ca(OH), (2.0 equiv.) XL
. ot + & A NN R (60)
x-- F TFE, 70 °C R
4 R1
132 166 165
Gao (2019) [Cp*Rh(CH3CN)3](SbFg),
(5.0 mol %)
NH AgF (3.0 equiv.) CN
SEEN KOAc (0.4 equiv.) N
N - H@ Y X\’ N T 2y (61)
T STt tBuOH, 100 °C, 24 h — S~
167 168

Yang 5. Cp*Rh(IDfREEIZ L 57V —LEFa—nLART a0z C-H 7V — /UEIGIZE
W, EIREETIEA I T — RO LI Y = U VHERNE SN 5 DIk L, TFE &35t
ELEREBESFHTIHE. AT 2R LET Y — AR ELND Z &2 LT D (Scheme
17) 2, UL, ZO@EABNIEZFlc: EE-TBY, FolodA 25— M &AM LIZEBITMG S
nTWin, £, oy = I AFERPELT Vva—LvETETF A7) REHWD—
MR RMETIE, A T — MR ERTERNWZ LB EDLETHELTEY, 137 — 2 RELE
C-H ERIMLSUSOHAMERH B & 7o T D,

[Cp*RNCly], (2.5 mol %)
AgSbFg (10 mol %)
NH NaOPiv+H,0 (20 mol %)

AgF (2.0 equiv.) CN
OR + Ar-Bpin X
X DME, 120 °C, air, 5 h Ar

132 169 170

[Cp*RhCl,), (2.5 mol %)
AgSbFg (10 mol %)
NaOPiv+H,0 (20 mol %) NH

AgF (2.0 equiv.) OorR 171a:R=Et 83%
TFE, r.t., air, 10 h 1710: R = Me, 79%
Ph
NH
CN EtOH OEt
— >
Ph AcClI Ph
170a 171a

Scheme 17. Cp*Rh(lll)-catalyzed C—H arylation with/without dealcoholization.

UbEoXoiz, 437 —bafMEE Lz CH BRELE TR, BIESST v a— 1o Bz
FoT, A TIIAIT— FRKRDNATEY . SORDEWMPISIIAIT— WD Z &ITH
RKTWig/no7z (Scheme 18-a) » £ Z THEEIL, A I 7 — M &REFF L7z C-H B AL SUS % B %S
TEUR, B E A I T — M2 REND L LIS bR FERIf T2 & T BRI LTSS
EHTHEREBEEMASDICHNAIREIC 2D L& X, WFZEIZEF LTz (Scheme 18-b) .
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a) Previous methods

NH C—-H functionalization

OR

132

b) Target reaction

NH C—H functionalization

OR

132

FG NH

OR

FG
CN

transformation

transformation

FG

Scheme 18. Heterocyclic compound synthesis using N-H imidate as an intact directing group.
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28 PO K OEE E H #iPH O MiEd

Ackermann 5%, Cp*Co(IINfififi 24 (kD =Ly 7 7 r /R 172a ZHW=A V F—133 O
C-H Iz X 57 UV MBOG, ®HIGT 2 Cp*Rh(IIDfifE & (X572 0 Z INMICHEIT T2 2 L 2
HLTWD (K62)

Cp*Col(CO) 24
(10 mol %) CO,Me
N_H AgSbFg (20 mol %) N H
N CO,Me NaOPiv (20 mol %) —
N COQMe o
oy T oo > -
/N X DCE, 50 °C, 20 h 7\

C
C

33 172a 173
93% (Z/E = 11/1)
[Rh]: 77% (Z/E = 1/2)

ZORIGE R AL I T — M 132a (A L7z, il & Cp*Co(IINEE A 24 & R, KOAc 77#7F
{t., DCE IRBEF, 60 °C TRISZEATH & HIOT VLR A 2T — M EARFFL OO TTH 2 &
D0 ZOWHEIT 51%, Z/E BIRVEIT 3/1 TH o7 (Table 8, entry 1) . £ 2 T, AKIGIZHK L
TURRB LR B2 B L, RISREORT 21772, £, BRIEE2Ha Lz, hrzy
WA TIE IEIL DCE OWA ERIRETH - 72 b DD ZIE HHWEN 2/1 LK T L7 (entry
2) . ¥£72. THF & HFIP CTiIUHE, BN L HITKF L7 (entries4,5) ., —hH T, ¥YAFH
EHWEHAETIEDT RN S ZEROARER M E L D0, ZORIRMEIL 4/1 DN b
DOTiE o7z (entry3) ,

Table 8. Cp*Co(lll)-Catalyzed C—H allylation using imidate 132a and vinylcyclopropane 172a.

Cp*Col,(CO) 24 NH
(10 mol %)
NH AgSbFg (20 mol %) OEt
COzMe KOAC (20 mol %)
OEt + \/<f»cozlvle N
solvent (0.1 M)
60 °C, 14 h MeO,C
132a 172a 174aa  CO,Me

(2.0 equiv.)

entry solvent yield (%)2 ZIE

1 DCE 51 3N
2 toluene 54 211
3 1,4-dioxane 53 a1
4 THF 26 3N
5 HFIP 41 21

a) Determined by 'H NMR analysis using 1,1,2,2-tetrachloroethane as an internal standard.

AR TIZ 2L EORIRPED ) E I3 #E U Sl L, &5 722 258 E R Lo 72 O KOS E O
EE 1T o712, Ackermann b DG OARE S GHEMEZ Scheme 19 (2R, £9°, =700 Militic
XD C-HIEMALIZCEVWAEL A X T A 7V TICR L, B2 a a3 fiin, AL,
AR I 232 U 5 1 20 S B-IREDLEEN LT L7 RAR I O 7 o b oAb 28T, HIMINE S,
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fE ST D, ZIE BIRVEODEBRFBSIIB-IRFEMBEDO IS TH Y . 2L MlEDOHE Tide ¥
U LD G LT RV | Z KR BN D BROTEMELT L — (13.1 keal/mol) 25, E K255
N ERDEMAL =R L F— (19.6 keal/mol) KV RN &3, DFTFHREICE > TRENTWD

EW % Acermann 5L, RFE-T /9L MESDBIRFE-T VT AES LV EWZDTE EHEZEL T
5o BYY LI HRFFERO/NEZ VT L hOE, FEAE TN O CpBfh &7 ara v
EDOHRBENRIT . SR ERET D LIy a T aRr s Cp B O RHANZ IR Y H U 7= B s
A %B-W?’?Hﬁé%ﬁz‘)i TT 2720, ZIHERRFEAERDE L THONZLEZZbND, 22T, Cp Bfir
DOSLAENERIEI B R 525 2 L 2R L, MBS ORMN 21T - f:o

Allylated product [ColLn

) @H
Q -~ ‘[C°]\
/ OMe
/ m COMe \
N
Me P [CO]
Activation barrier Me\@Me I
[Co] .
Z:13.1 kcal/mol
E : 19.6 kcal/mol N CO,Me
[Rh] CO,Me

Z: 23.2 kcal/mol
E : 20.9 kcal/mol

tt

X

Scheme 19. Proposed mechanism of Z selective C—H allylation by Ackermann.

Cp BN 1D A FIVEED —DH/KFE Tl e S U7 b 116 <° TMS 23 & #: L 7= il 175 Tix, Cp*
BT DG AT AU ER | S RMEDS & HIMK T L7z (Scheme 20) , 7 = = /LS EH# L 7= fil il 119

e Tk, BIPETHERF L2 b 00, IWENRKE KT Lz, ETARZ CpRfira2HT 5=
AV I PRI Z LN 2D | BEALPE Sy T AMEIE T D RS SAF T T 116 <° 119 (XS5 AR % HE
FTETELT., pOSME, BRENMETLIZLEZ BN, F2, 175 TiX TMS AT 5 =
LI LD RBENEZ DND, T, A4 Y7 e BV ER Ll 176 2 W25 E . IR
X 39% L DT NRNBLETFTLELOD, Z KoARm EL, 8/1 OBRETHWOT U LR
174aa 153 H A7, UL, Cp*Bfr 1 & MAEDE THIME 2 A3 5 Cp*™ Bihi 743 Cp*lchi 7- L v
L2 DI, B-IREBBEDOEED Cp BL &> 7 a7 a/v EONARKENRRKREL otalz®d
TEEZOND,
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NH
Cp*Col,(CO) (10 mol %)

NH AgSbF (20 mol %) OFt
CO,Me KOAG (20 mol %)
oft wCOZMe 1,4-di (0.1 M) h
,4-dioxane (0.
60 °C, 14 h MeO.C
132a 172a 174aa CO,Me
(2.0 equiv.)
ﬁf @( @( ﬁ@( @(
 Co
~co ~co e

Cp*Coly(CO) 24 CpMe*Col,(CO) 116 Cp*™SCol,(CO) 175 Cp*P'Col,(CO) 119 Cp*P'Col,(CO) 176
53% 27% 25% 18% 39%
(ZIE = 411) (ZIE = 211) (ZIE = 211) (ZIE = 411) (ZE=8N)

Scheme 20. Cp Ligand effects for Z/E selectivity.

BPRPERE E L0 T, 3390 M 176 2 W TR B2 B L, & 5725 RISEEORE
ZAT o7 (Table 9) . ININAIZFERE T U 0 DINORFIBE~E AT L2 L ZA RFA ELIZH DD,
BPRPEA 3/1 LK F L7z (entry 2) o« —FH T, MEWVENSLVEBERT LIZE Z A, BIREEZEZ S
ZERSPWENM ELE (entry3) . WS ONDNARMICE B W LVRVEEERFILTZE Z A, I
BOOGRPIMELE BICEANVEPEDERWERE 5252 b oT (entry3-6) . £z, SBIEOW
JNE: % 20 mol %75 40 mol % ~LHMT 5 Z & T, EHIC ZIRDARENRH L3252 Enbao
7= (entry 7) . ®WAZIZ, NIREZ 65°C L L, JUNREZ FIF5Z LT, ETFTNVEEIZB VTN
F72%., 18/1 DE ZIE BEIRMETHB DT U ALK 174aa 2315 H 72 (entries 8,9) &

Table 9. Optimization of reaction conditions using Cp*™"Col,(CO) 176.

Cp*P"Col,(CO) 176 NH
(10 mol %)
NH AgSbFg (X mol %) OEt
CO,Me additive (20 mol %)
OEt + \/<i>COZMe N
1,4-dioxane (0.1 M)
60 °C, 14 h MeO,C
132a 172a 174aa
(2.0 equiv.) COMe
entry X mol % additive yield (%)2 ZIE
1 20 KOAc 39 8/1
2 20 AcOH 59 31
3 20 PivOH 56 N
4 20 benzoic acid 45 8/1
5 20 2,4,6-trimethyl benzoic acid 53 M
6 20 1-adamantanecarboxylic acid 55 8/1
7 40 PivOH 62 1211
8b 40 PivOH 65 12/1
9¢ 40 PivOH 72 18/1

a) Determined by "H NMR analysis using 1,1,2,2-tetrachloroethane
as an internal standard. b) 65 °C. c¢) 0.05 M.

Wi LIS T, RE#EHGEH O 21T -7 (Scheme 21) , BEEHEO N XA I T —
K 132b T, WEISSNHEIT L ET O AL ML TG EIT L2 EARDERNHE L2 b D
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O, BHOE 7 7 VALK 174ba 23 40% DR TH LT, F7z, B 1RSI (132¢, 132d, 132e)
RT—=FTANER LA IT—F (132f) | JEHBRORC XA IT7—F (132g) T T TFNVEEH
THRE (132h) CHEHARE TH -T2, =y u s a Xy Lo AT VEREIIE A DT v
FIVHANEEFTARER Z L bbroTz (174ab, 174ac) , WTNOEEIZEBWTYH, FREDILHE
BRPRBEW ZBINETA I 7 — MR LT UV HBIERR S iz,

Cp*PCol,(CO) 176 NH
(10 mol %)
NH AgSbFg (40 mol %) OEt
CO.R PivOH (20 mol %) X
OEt + \/<f»C02R N
X X 1,4-dioxane (0.05 M) ROLC
65°C, 14 h 2
132 172 174
(2.0 equiv.) COR
NH X = Me (174aa); 72% (18/1) NH
X OFEt X = H (174ba); 40% (>20/1) Me OEt
X = CI (174ca); 48% (>20/1) 174ga
A . Eq0 F AN 57%
X =Br (1 74da), 51% (>20/1) (>20/1)
MeO,C X = Ac (174ea); 52% (11/1) MeO,C
COMe X '=CHeOPh (174fa); 51% (>20/1) CO,Me
NH NH
Me OEt OEt

R = Et (174ab); 54% (>20/1) 174ha

AN 2 43%
R = Bn (174ac); 53% (12/1)

(20/1)
ROzC MeO2C
COZR COzMe

a) ZIE ratios were determined by 'H NMR analysis. b) 55 °C.

Scheme 21. Scope of imidates and vinylcyclopropanes.?

B, TINID—ARR— 17T ZHWZBHMiZe 7T VVEOEARRIZBWWTH, A X T — &
R ZERLS SN EITL, A EAERLRT VNLVEZBEA LR XA 25— FFER N PR
DOIWNRTHE 7~ (Scheme 22) .

[Cp*Co(CH3CN)3](SbFg), 25

NH (10 mol %) NH
KOACc (20 mol %)
X OEt + /\/OCOZEt X1 N OEt
XT DCE, 60 °C, 14 h T N
132 177 178
(2.0 equiv.)
NH (0] NH NH
Cl
16SJINE SIS 6s
X X X
178a 178b 178c
58% 63% 59%

Scheme 22. Cp*Co(lll)-Catalyzed C—H allylation using allyl carbonate.

WIZ, ST 174ba 2 N T, A 27— M 2RI LIEBEREBILEM ~D L& gt Lz
(Scheme 23) , Zhu & O¥WE L7z, Cp*RhIIDAREEIC LD VA F WY v a2z C-H 7 X N/
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BALKUS P OB Lz & 2 A, IR 55% TRISHEIT L, 7YV UBREATS 179 12
EHARETH 7=, £7o, FUL Zhu LA L2, Cp*RhIIDftEEc L 527 V'~ x— k& H
W C-H 7L UBBALEUE " D42 A L7- & 25, IR 2% TRISDH#ETL, 1 V% /U
VERERT S 180 ~EEL D ENTER, ULEORFHZ LY | RSN EHERERBRILEWE KL
~EISHTTRETH D Z LA O MIC LT,

by

o

ph” N Ph

o A

OEt (1.5 equiv.) |
[Cp*RNhCly],

A (5 mol %) OEt
AgBF, (20 mol %) N

NH

MeOzC

DCE, 50 °C, 13 h MeO,C
CO,Me 250

174ba 179 CO,Me

COgMe
N

COsMe
147 OH
(1.5 equiv.) MeO,C

[Cp*RhCly),

(5 mol %)
AgSbFg (20 mol %)
KOACc (20 mol %)

MEOQC

DCE, 50 °C, 13 h
62%
180 COsMe

Scheme 23. Further transformations of allylated product.
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4 T Cp*Rh(II)fbMEE & A 7 FARBE O Wiz X 2 REafn vk g~ C-H IS

i

WFFEH 5t

H
z

TV CBRIE, ETEEERER G RN BT R SN 2 — RN EETH D, F2, i
RO S A PN T2 B R B8 2 7% 2 BSOS ORI EV FIAMEO & E - T b, FE Rt
ICBWTEERERIED -2 ThH D, £DD, DIVAVEBEFGEROEGRIEI - EDOTFERD D H D
D, BNVEFVEOGTED R ST, DRV EORE, Biir#EE2 B4 5 LBEBEARSMLET
BY . INVRUEBEEEERWTE ARSI IOSSFECHEAEEICREE R L TW D, iz, 17
J T IOE DX DI VR U ) T — N ERRE T Dol TO RSNSOI A AR R
LDA 72 E Ot A MR &AW A RN~ ThH 5 (Ke63) .

H
OH = o,MgX I O

181 182

Evans H VG L7z 7 #E Y 75— bk &2 AW 725U %2 Ramachandran & O #55 L 72 Cy,BBr %
AWTRIE T Tk, 7 v &EEE LI XV RMARRIESRE T, AUET ) 77— ekl LT 1
N—/VROSARETH 205, IR E L ClRFIEOTEH LA 2 B Bimbih & 72> Tnd (R 64,
65)

Evans (1981)

1. Bu,B(OTf) (2.1 equiv.)
EtoNEt (2.2 equiv.)

o] Et,0, 0 °C [ o B2 OH 0 o
\)J\OH 2. PhCHO 184 (1.Oequiv.)l\/\o/8|—2 Ph/\l)kOH

-78°Cto0°C
183 185
87%
dr =65:35

Ramachandran (2014)

1. Cy,BBr (2.4 equiv.)
NEt; (2.4 equiv.) OH O

o) Et,0, 0 °C : 65
5
\)J\OH 2. PhCHO 184 (1.2 equiv.) Ph/\ﬁko"'

-78°Cto0°C
183 185
92%
dr=86:14

REAFI T VAR = MACE~D~ A I MATINBOE O —H#X, Rafnh VR U E~b#EH SN TEY
7 =y — LR EECHE Y F U AR AR K ORI D VR VR~ OIS T, B
PLCEBREEZEAN L VRUBEAEONS, L L, JUSHEOEWARKE B RIEICITEREATA
PEICRREN H 0 | (bFEREOSRBFEEN DAL IME LR WD, LVEMARLET., B8
B A VAR VR B E R e Dh v 7Y IS K o THRBEDAL AR A
FXFIRE CTd 5, Breit &I, ARIE Pz &0 AL AN T UV — AR a e T 7 UVl 187 & D
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By IV TG ERE L (R 66) ¥, F£7- Lin, Pan HDZ—FE, RF U0 Al EE
VIONVI Ty RERWDSM T, MARE L ICERILEZH T 2 R R o~k LT
(7 67) 3%, EFES X, Cp*Rh(IIDAMEZ JHWT MY 7 dm A FAEEET D IR EEOR)R
MEKEHRE LTS (68) **, T bDOETIL, AMERTED X 5 22 SUSHED F ORI IT M
ERNHDOO, Au CEEENIE D TR L OBEEDOBIMORBEEZFE L T\ 5,

Breit (2011)

[Rh(cod)OH],
ArB(OH) (0] (2.5 mol %) (0] (66)
r > + A _—
\)J\OH H,0, 75°C, 16 h Ar/\)J\OH
186 187 188

Lin, Pan (2017
in, Pan (2017) Pd(OAC), (5 mol %)

(0] bpy (10 mol %) Ar O
ArB(OH), + (67)
R/\)J\OH ACOH/THF/H,0 RMOH
80 °C
186 189 190
Satoh (2019) [CP*RNClol, (1 mol %)
c AgSbFg (10 mol %) c
F3 Ag,0 (1 equiv.) F3
ArB(OH), + /l\ A,\)\ (68)
COH  tAmOH, 50 °C, 20 h COH
186 191 192

B AR Z IV C-H BRERRISICR W TS, REFIFEA ~DMINBS A < BFZE S h
TR, =/ AT ATV, = a7 T bno lokkx 2 BT 5 IS A ST
W5, Lol ANaFfA R i~ C-H MBS, 7'r b U BEVCHEIT 5 23R 8972 v
RNUBBHEBEROEGHRIEL 72008, TOWEFNIIZE A, O IX. Cp*Rh(IIDfREE A
W2 T X REELAEE &3 2 REafn i VR U fE~O C-H IS 28 LT 503, EIZafnizk
BIHEOENRY 7t a ATV B EERO I LAR U191 IR BTV D (K 69) P,

1. [Cp*RhCly]o (2 mol %)
AgSbFg (40 mol %) 0]
(0] AcOH (2 equiv.)

CF3 tBuOH, 60 °C, 24 h NR'R2
NR1 R2 + )\ (69)
COH 2. Mel (5 equiv.)
H

K2003 (6 equiv.)
DMF, r.t., 2 h CFy~ "COyMe

193 191 194

ZOXEIREROY & IRMPOAEMIZET T oG E LT, FERURREIZ LD NVAR
e O IE AL S E B 2 O T D Y Z OB 2 WA X, LA D O BHyTHF Zfillfit & L
7T 195 L REAFIA LR Lk 187 & @ Diels—Alder X5 Td % (Scheme 24) %, LU FIZ# D48
FEfREEY A 7 N ERT, T RT UL NVRBEDKINZ LY RETFEOE F > T iGHMERET
HoHrTvuXTRTUI NAEL, YLD Diels-Alder KGN HEITT 5D, B UHELETERY &R
BOGSD A NR e OB HEITT D Z & T, i EDR T o TH EmWIR TG EITT 2,
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BHTHF (10 mol %) ~COoH
Feon + () QO
CH,Cl,, =78 °C, 28 h
187 195 196

(1.5 equiv.) 72%

Z>COsH

O™y ™
(0]

WL BR, /\H/O\BRQ
@ [ O\X ° |
O

Scheme 24. BH5*THF catalyzed Diels—Alder reaction of ao,f-unsaturated carboxylic acid.

Z DX D 7R T FRIE A W T AR BRI VAR B O R EFIIEVEL AR A RS E LT TR LT
AR BT L0 TR L S VAR VAR B BV A TV RIKTH L LR L, 72
YEAT DR A 198 & A\ TNAT b A VRIS E R L (070) Y, A
JIETIES BT, FTATFF T UM 201 ZIRNT 52 LT, 7=/ — KB EZ AT 5 A
ANR DG FNAF~A TAAIMBIERFRETHH Z & bME LTS (71 . 2 DH
RERIZ, BECTYA rSNexIINT AU LT-T I R e Uil 202 2% L. o AR
HAT AT AIMBIGIZ X5 7 X LR T A= —F UG B LTS (R
72, 73) o FETHDHREMA VAR VERITA v RIS L, IIVIR = VIR T A T LT EL &K
TGRS 2 HRENBE S L TN D,

X Boronic acid 198 . B(OH).
SRS (10 mol %) o
- 0 QL<3\j\ N(Pr) o)
AN n X OH CH3CN n OH
50-110 °C o
197 12-24 h 199 Boronic acid 198
X =NHPG, OH
n=1,2
Boronic acid 200
(20 mol %)
OH thiourea 201 B(OH), MeO S
(20 mol %) o, OH
_~_OH W Al 71)
MTBE/CCl,, MS4A o H H
(0] rt., 24 h CF3 CF3 Me NM62
197a 199a .
91% Boronic acid 200 thiourea 201
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o} Hybrid catalyst202 B0~y
: (72)
R/\)J\OH BnONH, R/\)J\OH

189 203
0 Hybrid catalyst202 ~ A'™~g g -
: 7
R/\)J\OH ArSH 204 R/\)J\OH
189 205
S S
A“NJLN‘[;j AKNJLNN[;j
HoH o H H N-Me
Me” o} HO~
(HO),B - B
Z L x | 0 |
U HO
R
Hybrid catalyst 202 Plausible intermediate

T, AR BITR v CERAREE 207 (2 X D AR UEBEOIEMEL E T T X il 208 12 K DA 2
VIR KA G D T R IR FE- IR FRE ARG & W LT\ D (Scheme 25) *f, AR L 207
LTI 208 DNWTNDDHTIISOSENR R E AR T L. WHFDOBHEEMNIZ L > TEWIER, 2R
MERELND Z EBH LN LRSS TND,

Boronic acid 207
(20 mol %)

Chiral amine 208
/l;> (20 mol °/o) (@] 0
/\)L CH,Cl,, 50 °C R oH

L{ «)L [B] OQ

B(OH), OiPr
1y, C
O o NH
G G OO OiPr
Boronic acid 207 Chiral amine 208

Scheme 25. Boronic acid/chiral amine dual catalyzed conjugate addition
to a,pB-unsaturated carboxylic acid.

72 FEAIIERENECBWTEEREATHIN, IARVERE T v & OBEHEN R BUKES
IZE D7 I MEEIZITEERFGENLETH D, T L, AU RMEIC KD VR B OTEME
EIRD RIS T, EBANERIZRSUSRIETT 2 0 & OBKMEGNHEITT 5 2 L2 b A& e flie s
SN TS, IWRLDZ V=1, 7 U —AARe riEad AT VR g OIEMEA DS /T RE
HHZEERHL, BFRIEOBEWH L7 =R a VEE212 N ALK R E T I 2 & Ok
BICEDT7 I FHRICEM TH D Z L2 WEL TS (Scheme 26) “%, F7/-, N-7LF /LYY

45



—UARE 223N K0 EIENRT S MUMBECTH D 7E 1 T a-E Refsv hvR g T
NNa— DT AT ALKISIZ IS TH DL Z &0, RV AF LU LI UICHE LY U=
7 LR P 214 DNHERR YR O I THEV IR LT X FLSUSZEFH AIREZR il CH D = & 2 L T
l/ \ Z.) 40ho

(0]
Boronic acid catalyst
Y AL R

o}
+ 2R3
R1JJ\OH R2R3NH \
R2
210 94 211

4@ B(OH), i \ / B(OH),

212

polystyrene resin

214
Scheme 26. Boronic acid catalyzed direct amidation between carboxylic acid and amine.

Hall 5D 70— 1%, IUA D OSM T 110 °C FEE DMK N BLIETH D DITxt L, AV ML
CAE S E AN LT T = =R R 215 R 216 2V R D EIEPER AT B = & A LHIL ., iR
TOHNRUEELT I OB ZER L TND (K 74) 09,

B(OH), B(OH),
X |
MeO
o 215 216 o
1+ ReRONH X=Br| R1JJ\N,R3 (74)
R “OH |
R2
210 94 211

Whiting 5 1%, A U @EEHWET I RSSO BOGHREZ . NMR <> X #1565 i & fE T, DFT
FHRLE DV BL L, Scheme 27 ICRT AR VB 07 L EEOINVAR L BOBEGERPESEETH D
EEPLMMITLTND Y FHZ0mMmAE IS, RIES 2R Y ZAF L RO R v BB 217
ZRA%E L ERIE A L CHIEEME T LAWY 2 Mt ch s Z L 28HE LT 5 (K75 %,

R
R _NH, o]
R
oK ° IS
| T )]\ 1 /_
Y—EI;:X,EI;—Y R N R - Y B\X,B—Y
0*04- |l| _NH X
R
X = OH, NHR X = OH, NHR

Scheme 27. Proposed intermediate of boronic acid catalyzed amidation reaction.
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HO\B,O\ B,OH

\Q/

o 217 (0]
(5 mol %) 3
R1JJ\OH +  R2RSNH R1JLNfR (75)
toluene, reflux, 24 h |:|§2
210 94 211

IEHOIX, 7 = =/LERO VAR r SFREKY) (DBAA 220) 723B-t ReF /LR 2218 &
T VL OBKKEA TR L CEIEE AR Th D Z EEAHE L TR Y, AlEEZ 0.01 mol % E TIK
WARETH D Z L0, DAY T EFLal) UZRERHEELTH S tropikamide D7 T LR
— VAR AR Z L LML TVS (R 76) M, -REMEEE AN T, B Ra v R
UlEA VB L L7z Weinreb 7 X RERL 0T F FAR P A ER L TWD (1 77,78) .

HO, o. .OH
Br Bi Bi Br
Br Br
R T DBAA 220 a9
; (0.01-5.0 mol %) ; s
3 toluene, 60-130 °C 3
RR4 OH RR4 OH
218 219 221
o} 0 DBAA 220 0 0
2 H.  .OMe (0.5 mol %) 1 R2 OMe
Rk‘)J\OH or R OH + N R\HJ\N,OMG or N’ (77)
Me DCE, reflux, 24 h |
OH RS OH - T OH Me re oHMe
222 218 223 224 225
0 \ DBAA 220 0 R?
PGHN.,, R (2.0-10mol %)  pEHN.
T OH + L GHN., N)\COZR3 (78)
B HN" “CO,R3 DCE, reflux | H
RT "OH R™ OH
226 227 228

TARSD TN —F1F, VI F IR u U liE 231 N A Vb a2 b T N7F NiEa 22 5mic
fitfil2 2 L2 RH L, O FET R I XTF RROT FIXTF RERNARETH H 2 & AWk
LT3 (F79) P SiECOMAREEIC L AMBASTF REKRLADLETHEL TV 5,

HO OH
T H

0 e = o
mol Y
parN__ L L paun. I (79)
+ . 3 3
: OH HCI*HoN™ "CO.R MS5A, toluene 9 ” COR
R 65 0r 80 °C, 48 h R
229 230 232

LEIRF, RER O D 7N — 71X, R U R R & Gt DATB #15E 2 A9 2 il 233 i kfaailc L 5
47



T RERICHEAZMECH D Z L2 R L, Bkx RERELZ AT DU AR L T I 2 DOBKHE
ANFRETH L Z L0, XTF RARIGHTRTH D Z &2l L TW5D (Scheme 28) M, A&
BOGTIE. NMR EBRICK > THONVRUBREFR YR AT, 7IvERUR—H 1 TiEM L
FRIABIEE SN TN D, Fo, KVARES Y I VU E# L7 pym-DATB 234 Z % L.

DATB 233 & RO ftiEH 2 73 2 & 285 L Tun b

DATB 233 or pym-DATB 234 le)
i v cons (0.5-5 mol %) lj\ R
R“R°NH 1 -
R' "OH toluene or PhF R Nz
MS4A R
210 94 211

C .

\

DATB 233 pym-DATB 234 Proposed intermediate

Scheme 28. Catalytic activity of DATB for dehydrative amidation.

ERROR T FREC K KB T HIEMELE IR D BOR LI RAR D | VR VRO SKREERTE AL & 1%
2 BOSIEIE K A HE BT X o THID Tl Sz O, fillii & o BH;+SMe,, i & LT DBU & W,
BRTA IV EDNVRUVBERIESED & EEMEROT T FEE0kc eFREEANEmR LT
HEICBWTH, DARVBRLERIC~ > =y B RIS EIT L, B-7 2/ BB EAR RS LN
% (80) . £z, AT KT 25U 2 U A > ROTMBEIGNESL = F > F A BRI K & 7252

B RIETZEE2BDLETHREL TS (Table 10)
Ts BH5+SMe, (10 mol %) THN O

N o DBU (1-2 equiv.)

R? 80

JJ\ + ﬁ)J\OH R1%OH (80)
H R3 toluene, r.t., 2-23 h R2 RS

113 235 236

R!

Table 10. Ligand effects for Mannich-type reaction catalyzed by BHz*SMe,
BH3*SMe, (10 mol %)

N-SOR Ligand (11 mol %) RSO,HN O
O DBU (2 equiv.)
H *t OH
/©)L )J\OH toluene, r.t., 4 h
Cl Cl
237 238 239

entry R Ligand vyield (%) % ee

X
7, T
plol L1 95  -28 TN L on

1 L2: X = H
2  plol L2 19 43 oy L3X=Ph
3  plol L3 2 N.D. N OO L4 X =1

4 plol L4 72 81 L1 «

5 Bu L4 95 90




WEAK, &HL1E. ARIGRET LT E R 64 L DHIVR VRN T IV R—L s~ &R L
TV (81 O FEBA, WEADIE. TYVAARFTL— k238 ~OFINT LD IR
Do-7 2 LIS ERE LTS (K 82) *, AUHRICHTLIXFI LY HY ROTIMI LD, Hk
FERNOAFFENHER SN TR | AMIERICEIT 57 2 BORFERO THEMEZ R LTV
%,

BH3*SMe, (1 equiv.)
0 Ts-L-Leu or 236 (1 equiv.) OH O

(0] R DBU (3 equiv.) E
L+ Fon Ay o &)

toluene or CgH5CF3

RS 5or12h R* R
64 235 237
F o
@EIIS\\’N\Z)J\OH
F OO /\
236

1. (AcO),B,0 239 (10 mol %)

. P fe) DBU (2 equiv.) iPrO,C..
N COPY 1 toluene, r.t., 3 h ’}‘H o
N + FH)LOH ,N% (82)
Pro,C” 5 2. TMSCHN;, (6 equiv.) iPro,C OMe
R MeOH, r.t., 15 min. R' R2
238 235 240
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FOE m U AL L R B O BT & B REFI I LR B~ C-H IS

B SATHI A I ER X, ARSI LS CH BRELAUE &R v BMMBLIZ X D h LR g
DRETHNEMALZ A BT DL Z LT, WELEBEABICHIRO & 5 R fafi LR o fE~D C-H
SNSRI FIREIC 72 % & B 2 1=, LU TFICHE¥EGR Z 7T (Scheme 29) . <B@AtMIZ X5 C-H IHM:
BIZEVAEL D AZ T A 7 A0, RUBMBIZ X o THEMHEL S VoA Ef A VR g~ & A
52 LT BALICT U — VHEEANE A SN2 VR VRS EAR N RANC AR AT RE & B 2 7,

R OH

DG
Metal catalyst Boron reagent
DY/ C— —COOH \K/
actlvatlon actlvatlon
o B
o8l R\ [B]

Scheme 29. Working hypothesis.

ZOE A T, S EAREE S LT Cp*Rh(IIDAREE, R U FEAE L LChRe v Bae v, 2-7 ==
NMEVY 12a b7 b UfE189a BT VIEE E LT, KIGERFEORF 21T -7 (Table 11) , 7
= =LA UEEEAE T, DCE H1, 120°C TRISAAT 9 & HEJD C-H 11K 241aa 7% 4% DU T
Bohb e e b, 22 DEIERY E LT 6%DINETHE LIV (entry 1) , 242 OHEE A A %
Scheme 30 (27”9, 7 = =LA B RIS K DIEMAL ST I VAR B OYE TR v kAR HELT L,
nY Y AT XD C-H EMLICE > TELD AL T A 7 ADRKA L7 4 VTGS 5 2
LT, HEAAVR VR 242 B ONT- DO EE LD, EOEITEHR LIz720, il TR
VIBOEMERARAE LT, A ZMICEBELZEA L7 = =bAR e VBT, WO E AL
CBWTHREISUSAIHEl SNz b oD, [T E Lo 72 (entries 2-8) /ST ALIC BT
FEANLZT7z=bhu BT, BEROGA L IZIEFRFEOMREE 5 272 (entries 9-11) , i
B RGIEPCE UGN ER L 7oA a UERTIR, A Z (LB &[RRI BSOS 2330 S 4172 (entries
12-16) o /NTALIZ P U TAFdma AFARENER LR e VRN RS ROBIGHEZ R L2, £ 0
W 13% Th o7z (entry 12) , MU 7w AF VIR ZHO@EE Lo A e VIR TIE, BIRIGH
AL (entry17) . FA 7 2R BTHENRKRICE EE -7 (entry 18)
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Table 11. Screening of boronic acid catalysts.

A Arylboronic acid (20 mol %) A R
| [Cp*RhCly], (5 mol %) | |
N o) AgSbFg (20 mol %) 2N o N
+ +
//Q§/ﬂ\OH DCE (0.5 M), 120 °C, 15 h OH OH
o}
12a 189a 241aa 242
(1.0 equiv.)
entry Arylboronic acid 241aa (%)? 242 (%)2
1 X=H 4 6
2 X=F 6 N.D.
3 B(OH), X =Br 8 N.D.
4 X X=1 2 N.D.
5 X =CFy 5 N.D.
6 X=Ac 10 N.D.
7 X = NH,*HCI N.D N.D.
8 X =OMe 9 N.D.
9 X=F 8 6
10 X =Cl 4 6
B(OH
11 U 6 6
12 X =CF3 13 N.D.
13 X =NO, 4 N.D.
14 X X =CO,Me 2 N.D.
15 X =Ac 4 N.D.
16 X =0OMe 4 N.D.
B(OH),
17 5 5
CFg CF4

a) Determined by 'H NMR analysis using 1,1,2,2-tetrachloroethane
as an internal standard.

| X
2N
[Rh]
| S
o) deprotonation OH ~N=[Rh]

- . — . — 242
N -[B ~-[B
/\)J\O [B] NO (Bl insertion ) OH

Scheme 30. Possible mechanism for generation of 242.

BT DB 21T -7~ (Table 12) , kb DA F ¥ TFE TiZ DCE & IFIE % O
RThoio (entries 1-3) . —JF, DMF & HW =356 TIEXRIBOS Z 0 L, ICEER 19%F Th kL
7= (entry 4) . AREUSZIXEMBMEEEE LT D B 2, DMSO Wiz & 2 A, v vy Afillt
SORENIZ X0 A RIS L7c 72D O IE R EIT L2 r o 7225 (entry 5) . DMA & W 2B
(2% DMF & [AARICEIBOS 23 LU, IR 15%F Thl L L7 (entry 6) , RIZ, 7x==/bAhr
WD EZE L=, DCE 21t E LT, Z==/ARua U BORINE% 50 mol %E THMT %
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L RUNMERHELEZLDOD, 16% ERWINETH -7 (entry 8) . DMF Z W&, AR
VEBBOWMEZEINT 5 EDEEOBGEN R BTN, 31%ERNRIZE EE o7 (entry9) .

Table 12. Solvent effects.

N [Cp*RhClyl, (5 mol %) N N
| AgSbFg (20 mol %) | |

N o) PhB(OH), (Y mol %) N 0 N

+ +
N
/\)J\OH solvent (0.5 M), 120 °C, 15 h OH OH
o]
12a 189a 241aa 242
(1.0 equiv.)

entry  solvent Y mol % 241aa (%)% 242 (%)2

0 DCE 20 4 6
1 toluene 20 4 2
2 1,4-dioxane 20 8 5
3 TFE 20 4 2
4 DMF 20 19 N.D.
5 DMSO 20 N.D. N.D.
6 DMA 20 15 N.D.
7 DCE 30 7 7
8 DCE 50 16 8
9 DMF 50 31 N.D.

a) Determined by 'H NMR analysis using
1,1,2,2-tetrachloroethane as an internal standard.

v hEROWESEATIE, BT e AL L DS OR T ABRE SN D2, KEE 7 A
FZ1% 189b (22T U T A1T > 72 (Table 13) . DMF H1, 120°C T7 = =/LAR B % 50 mol %
FWTEIEZTT O &.189a DA L HAMEWNH DD 19%IX R T H A% 241ab 2315 5 407= (entry 1),
ZOR, BUSHEOWIKICEF a— LA RML, 7= EFa—LRI e LT T =R e Vg
DFEAFEDMERZ A T2, NMR, GCMS [ZBWT 7 == /L) a—/LAR T IER IR -5
Too ABUSHRMIICBNTIE, P T AR ZIALFEDOERIZ L > T, 7= =/bhm R ZEL T
LI ENTRRENT, £ TR UBROSRZMEIT D720 BOSRE 2 FIF TRISZIT > 7203,
120 °C LA F DG TIEBUGIEEIT Ly o 7= (entries 2-4) , KIZ, fthod s w7 &Ml 2 et L7,
RUERCRTEE MY AF IV TIEIIEIT L7222y o 7= (entries 5, 6) , 7 ==/LAha ¥ % Hu
T2HEICE, BONITEIT L2 0D, 5%INRIZE EE o7z (entry7) o F T U AAXMUIZ L D5
i DI 2 ¥iFE L. nBuB(OH), 2 AW 7228, SOSIEEITE T (entry 8) . @&\ Mes,B(OH), 243 %
HANTEGAETHRIETH 72 (entry9) » ZOfM, A (72T K) Uhnwl 244 k% 720K
BB EARE AR LSSV, BRI s>/ (entries 10-13) , £7-. #EK, &
H O DORIETHW B 7U72(Ac0)4B,0 239 X° Lewis BRIl & LT H HW B 40D B(CoFs); ZFRaT L7223,
SOGTEPME T3 B85 & 72> 7= (entries 14, 15) .
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Table 13. Screening of boron catalysts.

AN [Cp*RhCl,), (5 mol %) AN
N AgSbFg (20 mol %) B
= 0} Boron cat. (X mol %) Y Ph O
+
Ph/\)I\OH DMF (0.5 M) OH
temp., 15 h
12a 189b 241ab
(1.0 equiv.)
entry Boron cat. Xmol % temp. (°C) yield (%)?
1 PhB(OH), 50 120 19
2 PhB(OH), 50 100 N.D.
3 PhB(OH), 50 80 N.D.
4 PhB(OH), 50 60 N.D.
5 B(OH), 50 120 N.D.
6 B(OMe)s 50 120 N.D.
7 (PhBO)3 15 120 5
8 nBuB(OH), 50 120 N.D.
9 Mes,BOH 243 50 120 8
o) 0O
10 B-B 25 120 N.D.
o} o]
244

11 O B’O 50 120 N.D.

12 ©j\/o 50 120 N.D.
B
\
0
13 @ D 50 120 <
B

14 (Ac0),B,0 239 25 120 6
15 B(CeFs)s 50 120 N.D.

a) Determined by 'H NMR analysis using 1,1,2,2-tetrachloroethane
as an internal standard.

Ao R ER TN ROM LR RIAD R o727 R T v & W= Miat 21T - 7= (Table 14) .
THEAK, &S 0ME 22552, BHy»THE & B /V7R Bk 189b % FRTIC e S8, I8 2 B £ L.
-7 x=)LEY U 12a L r Yy Afilllt $REE. DMF Z %, 120°C TGS ®H-E 2 A, HHO
C—H {1k 241ab 73 25%DUNETH S AL, FRHZEIERD & LT I K 248 73 10% DR TH S
iz (entry 1) o 248 [ZEIRSRIFIZ LY DMF O RPEIT L, E LTV ATF LT I & VAR VR
189b MNARTUERFME T THAMA LI LICk-oTEKRLEZEEZDND, T2 CHRISREZET
T 5 & 80°C TIELT X K248 (XA RHE 37, 241ab 23 31%DULETH LD Z &R or- 7 (entry 3),
60 °C THSDOEITIIMR TE b DODREIETH Y (entry 4) . 40 °C TIIISHHEIT L2 »
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7z (entry 5) o RUGRE 80 °C C BH3*THF O RNIE % 10 mol %K T 5 & IVEIME T L (entry 6) |
TV 189b 12k LT 1 M EHWZE ZARMMITE N o7 (entry 7) , £72, BT =
—VART U TIRIFEE A EBIYRELNT (entry8) . B F 32— /LR T » TIXUSAEIT L2
7= (entry 9) .

Table 14. Optimization of reaction conditions using BH3*THF.

1) Borane cat. (X mol %) 12a (1.0 equiv.) X XN
THF (0.2 M) [Cp'RNClgly (5mol %) (| | BN
(0] r.t., 30 min AgSbFg (20 mol %) N bn o =N o
M +
Ph OH 2)evp. DMF (0.5 M) OH NMe,
temp., 15 h
189b 241ab 248

entry Boranecat. Xmol% temp. 241ab (%)? 248 (%)2

1 BHg*THF 30 120 25 10
2 BHy THF 30 100 14 4
3 BHg THF 30 80 31 -
4 BHg*THF 30 60 4 -
5 BHy THF 30 40 N.R. -
6 BHg THF 10 80 14 -
7 BHg*THF 100 80 N.R. -
8 HBcat 50 80 3 -
9 HBpin 50 80 N.R. -

a) Determined by "H NMR analysis using 1,1,2,2-tetrachloethane
as an internal standard.

WIZ, BH3THF (2%t 3 5 U v REMF L7z (Table 15) , b URG#ENY 2 249 W2 & 2
AL EIT 65%ETH EL, o7 I VI bENTZY T RTHLZ DDA -7 (entries 1-
3) o FEWT, NY UOREEORFTEIT o7, EFREIENDEBR L2 ALK T I RROMLIKRIC
EEWANLKR T I REmatL7zn, PV EOEA SIRIEFRZEDOEE TH - 7= (entries 4-7)
F72. BINOL R 33l2 3 U#, 7 = = /LA EHL L7z BINOL (256,257) TIIBUSIE & A Lt
789 (entries 8, 10, 11) | 3,3°(\ZIZ R FE AV EH L 7= BINOL (255) Tix 7% & {KINETH > 7= (entry
9) . VAR 258 TIXRSENME T L (entry 12) . BINSA 259 % isil L 72456 Tl s 23 i
ITL72ro7z (entry 13) o, WTND Y H oy REHWEGEETYH 78 IEROAERM G LT,
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Table 15. Ligand screening for BHz*THF.
12a (1.0 equiv.)

1) BHg*THF (30 mol %)  Ligand (30 mol %) N
THF (0.2 M) [Cp*RNCl,l, (2.5 mol %) || !
O 0 °C tor.t., 30 min AgSbFg (10 mol %) “Nph o
Ph/\)J\OH 2) evp. DMF (0.5 M) oH
80°C, 15 h
189b 241ab
entry Ligand yield (%)?
0 - 31 =z 0 X = 4-NO, (251)
1 Ts-L-Val (249) 65 x| H\)L X = 2-NO, (252)
2 Ts-L-Phe (250) 40 S. Y OH  x_246Me(253)
3 L-Pro 1 00_~L X = 4-CFj (254)
4 251 64
5 252 65
6 253 52
7 254 53
8 (S)-BINOL trace CO.H SOgH

©

(S)-3,3-Br-BINOL (255) 7 COH SO3H
10 (S)-3,3--BINOL (256)  trace OO OO
11 (S)-3,3-Ph-BINOL (257) trace
12 258 26 258 259

13 259 0

a) Determined by "H NMR analysis using
1,1,2,2-tetrachloroethane as an internal standard.

T2 = VIR0 TV VN ERR LRI VR D S B W EEE R L7272, 189c¢
ERWTY A REFERT L7 (Table 16) , 723 BH3THF % H 72356 CTIX B SIS ED A&
Uielz®, AUHZAEEE LT BHSMe # VY, AR UVERE R T U 2SS HHEEICIT hr=y
EIRBEE U CUBO MG E T > 72, BUGSEEE 80 °C T R I ARENY > 249 2R U RIZHHTH U H
YRELTHWEZE ZA, 86%& mWIRTHIIM b7z (entry 1) o BUSIREE A 50 °C & L
THISTETT 55 DD 65% & PERPMET L (entry 3) | 40 °C TIESISDEIT L7 hy > 72 (entry
4) o RS 50°C TU A > REBMURWEMAETITIRN 1% MR T L. U H > R SHED [
FIZFHHBLTWAZ L 2R LT (entry5) . £72. BINOL X°7 L7 260 = 7354 T HIKIE
TIEHD LD, FUSONMEN R ST (entry 6,7) . X SR D GER LD, I L
VAR S OfIET V1 o (72, 73) N nBI Hm AR RERRTHIEE L,
EHOKIGMNIBWTHLHRUREMAEATL22=y hEINVAR=NVEEMAEAT22=y b %
WMAGDLELL VT REHWD Z & TRIGHED M LT 2 &5 2, KISDONME R HER S
BINOL & 7 L7 260 ZHfilAaGibH7z 261 3500262 AR L7-, BINOL & 7 L7 260 % A F L >
TLEE L7z 261 CTIXSUSHEDME T3 28R E o728 (entry 8) | EHAES L7 262 TIEEEIO D
JUAR B 189¢ MHK L., 86% & miWIR THMMIDMG Bz (entry9) o RUFRE DIVARVEEE D
FAEAERICIZ, AL LT B ONR= VI L KEEREZERT D 2 & TGN m E Lz L
EZzonb (Figure7) . F72lZBRLIEY Ty FIZBWTH, AEFBEIIMRI N7,
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Table 16. Optimization of reaction conditions using carboxylic acid 189c.

12a (0.1 mmol)

1) BH3*SMe, [Cp*RNCl5], (2.5 mol %) AN Ph
(20 mol %) AgSbFg (10 mol %) | N
(0] toluene, 1 h Ligand (20 mol %) Z fe}
/\/\)J\
Ph OH 2)evp.,1h DMF (0.5 M), temp., 15 h OH
189¢ 241ac
CF3 CF3
entry Ligand temp. (°C) vyield (%)? f o f
Ts-L-Val (249) 80 86 CF3 N J\ N CFs
Ts-L-Val (249) 60 38 H H
Ts-L-Val (249) 50 65 260
Ts-L-Val (249) 40 N.R.
- 50 7 CFS

© 00N O WN -

(S)-BINOL 50 32 CF,
260 50 20
261 50 12 Fs O O )OJ\
262 50 86 o NT N oF

a) Determined by 'H NMR analysis using
1,1,2,2-tetrachloroethane as an internal standard. 262

Fs

'Q QCF

g WAW,

O —

3

Ph

Figure 7. Plausible intermediate.

UEDOKFNG, 262 2R URICHT D&ERY) T Ne U TEEEMFEMEOMRE 21T - 72
(Scheme 31) . 2-7 ==L E U DU DRFALII T A U@ L E (12b,12¢) T, PR
DNRTIEDH Db OO AR/, £lo, EFRIETHL=RT 0 (12d) 7 B F IV
(12¢) . 7= (12f) | EREETHS 7T (12g) A FX T (12h) 2VE#H L
T B T B R NCE CRUGHEAT Uiz, A XIS ERLE A HT 5 2-7 ==L ¥ (12i-12m)
TiE, WIS LRIIC 22N 6 AL TRISAEIT L, FRED D RAFRIERCHME 5 272, A
BN A N VN ER U EE (12m) T 2 (LTRSS EIT L2 AR bR SNz b DD,
OFBIRMEL 201 L L& BIfRbDTH -7,
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12 (1.0 equiv.)
[Cp*RNCl,], (2.5 mol %)

BH3*SMe, AgSbF (10 mol %)
0 (20 mol %) 262 (20 mol %)
Ph/\/\)J\OH toluene DMF, 50 °C, 15 h COH
O0°Ctort,1h

241ac; X =H, 82%
241bc; X = Cl, 49%

> Ph 241ic; X = Cl, 80%
N 241¢c: X = Br, 43% ) Fn e, X - COMe. 705
241dc; X = CO,Me, 62% N Je; X = COpMe, 70%
CO,H 2 241ke; X = Me, 52%
241ec; X = Ac, 79% COxH
241ic; X = Bu, 53%
241fc; X = Ph, 66%
I T X = Ba. 8000 241mc; X = OMe, 82%, C6/C2 = >20/1
gc; X = Bu, 80%

241hc; X = OMe, 60%

Scheme 31. Scope of pyridines.

AT A VAR R EOEBRIEIZ SO T HBEtA21T 72 (Scheme 32) . E# 7 /LF/LKE (189d)
R T VR (189e) MEHLL7-AETH. MR KRB EIT L, BIFRINETHIOY» S
bz, Fo, 72V EEFT7FOURRICETLTCH, WRKERKELER D Z 72 C-H g

DAR L7 (189f)

12a (1.0 equiv.)
[Cp*RACly], (2.5 mol %)

BH3*SMe;, AgSbFg (10 mol %)
le} (20 mol %) 262 (20 mol %)
RMOH toluene DMF, 50 °C, 15 h
0°Ctort,1h
189 241

CO,H

241ad 241ae 241af
59% 80% 75%

Scheme 32. Scope and limitation of carboxylic acids.
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B3I FTNY BT REAWERFIGE~D G

R FMBETT DU A ROBINZ X > TRGEIC RE REENGH D Z LN bhoT2D T, #it
WCBEIRMEICOWTOREBLZTHE L, ¥ M e 189b ZH\ T, 7 /L BINOL L vl L 7~
U K263, 264, 265 ZHiFt L7=28, (RIR > DIRVEIRMETH - 7=,

1) BHg*SMe, (30 mol %)

Ligand (30 mol %) 12a (1.0 equiv.) X
toluene (0.2 M) [Cp*RhCl,], (2.5 mol %) |
0 0°Ctort,1h AgSbF (10 mol %) N o
PhMOH 2 evp., 1h DMF (0.5 M) oH
80°C,15h
189b 241ab
O (6] (0]
H H H
~N _N _N
OO A, CIOL A, CIOLA L,
0O, z 0O, H O,
SN g "
263 264 265
1%, 46:54 er 9%, 50.5:49.5 er 15%, 51:49 er

Scheme 33. Chiral ligand screening using cinnamic acid.

189b Z W2 IGATH, bV AAR#ENY 249 2 U H U RELTHWD Z & TRIGHEN M E L,
FORRIE 60 °C T 29%DULER T H I 235G 5472 DT (Table 16, entry 1) . SISIEEE % 60 °C &
LCU LT &BMAIANTEY T RORETEIT 72, 261 TIERIGAHEIT L7edyo 72 (entry 2) o %G
DORFT TR BV R 2R L2 262 Tk, b VR#EARY o LIIERI% DR R % 5 2 72 (entry 3) .
BINOL H#&% —DE A LT 266 Z#72ICOL. ISIZHWER, BTG bOD Tk
IEREG 2 LR LR oT (entry 4)

Table 16. Ligand screening using carboxylic acid 189b.

12a (0.1 mmol)

1) BH3*SMe; [Cp*RhCl], (2.5 mol %) N
(30 mol %) AgSbFg (10 mol %) |
o] toluene, 1 h Ligand (30 mol %) =N o
N
Ph/\)J\OH 2)evp., 1h DMF (0.5 M), 60 °C, 15 h OH
189b 241ab
. . o)
entry Ligand yield (%)?2 er )J\
1 Ts-L-Val (249) 29 50:50 oH
2 261 N.D. - o
3 262 20 50:50
4 266 15 50:50
266

a) Determined by "H NMR analysis using
1,1,2,2-tetrachloroethane as an internal standard.

IITSIARD H T2 2 T3 )V AR 1 189g % MW THEET 21T > 72 (Scheme 34) , 189g D54 Tl UG
IREE 40 °CIZBWTY WY ROBWMBRERBFEIZR S, VT REHONRWEAETIX 9%E -7
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WERMR, NUNREND CEHNWDZ LT 61%FETH ELE, £ 2 CHRINREZ 40 °C & LT,
BINOL U v R&EMF Lic, 3,30l a7 A3 EHE L7z BINOL (255, 256) <°7 — = /LAE3E L
L72 257 Z W56 Tld, BORMEME R L7z, —FH T, EFRGIENEBR LTV — VA48 A
L72 267 00 7 FVHNERL L7 268 Tlk, UGPEILM L L. 2R E 52%., 61%THBYRIES
Nz b OO EIRVEITITE & A EFBL L 722D o 7o, FERITFRZR 269 X° 270 Tid, FURITHEIT L2 b DD,

RNV BRVEITFH LR o T,

12a (1.0 equiv.)

1) BH3*SMe,  [Cp*RhCly], (2.5 mol %) N

(20 mol %) AgSbFg (10 mol %) |

(0] toluene, 1 h Ligand (20 mol %) N Et O
/\)J\
Et OH 2)evp.,1h DMF (0.5 M), 40 °C, 15 h OH
1899 241ag
X
OO 255: X = Br, 13%, er = 47:53
No ligand OH 256: X =1, 11%, er = 48:52

N ee
X

Ts-L-Val
(249)

61%

257: X = Ph, 0%
267: X = 3,5-CF3-CgHg, 52%, er = 49.5:50.5
268: X = 2-Nap, 61%, er = 49.5:50.5

269: X = Br, 28%, er =48.5:51.5
270: X = Ph, 14%, er = 49.5:50.5

Scheme 34. Screening of BINOL ligands using carboxylic acid 189g.

WT, T /L BINOL LOFHRL LY Ho RERH LA, mEWi=Ho 40 °C Tl e
h EROGHEIT LR x > 7= (Table 17) o 263 # W =BRICSIEE % 50 °C £ THIE L= L 2 A,
T6%INR T RN E BT, RVGERETH 72 (entry 2)

Table 17. Screening of chiral binaphthylsulfonyl protected amino acid ligand.

12a (1.0 equiv.)

1) BH3'3M82 [Cp*RhC|2]2 (25 mol o/o) R
(20 mol %) AgSbFg (10 mol %) |
0 toluene, 1 h Ligand (20 mol %) N B O
Et/\)J\OH 2)evp., 1h DMF (0.5 M), 40 °C, 15 h oH
189¢g 241ag

entry R R vyield (%)? er

! o 1(263) Ph A trace -
N B
OO s~ %OH 2(263)> Ph H 76 48.5:51.5
O g o
R 3(264) Ph  _ trace -
Ph
4 (265 Ph trace -
ws o L
5(271) OMe : trace -

a) Determined by 'H NMR analysis using
1,1,2,2-tetrachloroethane as an internal standard.
b) At 50 °C.
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T, UL T ZfAIANTZY T FORF 21T > 72 (Table 18) . 261 <° 262 | B4 72 SU&E
ERLTZHOD, T IERNELNLER L 72 o7 (entries 1,2) o 266 TIISISENKTF L, BHY
MntEbiLznole (entry 3) o 261 DU LT EGAZA T T I NEMICER LT 272 Z vz s
ZAH, PREECIGETHMNMMHEONTZ b DO, EIRMEITHEBLL 2h o7 (entry 4) .

Table 18. BINOL-urea ligand screening.
12a (1.0 equiv.)

1) BHg*SMe,  [Cp*RhCl,], (2.5 mol %) N
(20 mol %) AgSbFg (10 mol %) |
(0] toluene, 1 h Ligand (20 mol %) ~N Et O
N
Et/\)J\OH 2)evp.,1h DMF (0.5 M), 40 °C, 15 h OH
1899 241ag

entry Ligand yield (%)a  er j:[ Q
261 72 49:51 OO N N

262 76 49.5:50.5 OH
266 N.D. -

OH
272 66 5050 OO 272

a) Determined by 'H NMR analysis using
1,1,2,2-tetrachloroethane as an internal standard.

A OND =
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PLEZEHIL, Cp*Co(lIDfiit & Cp*Rh(IIDfRIEZ FvV 727 e b o BEIRNIZ X 5 C-H BREEALEIL D
BAFICHER LTz, AMEOMEZRIET 2L TO L DI D,

1. Cp*Co(IINfRMEZ F T, BIRMESIEE —BRMHEICENTZ T VX~ lic k28 —1d C-
H 7 V7 = VALKRE 2 BR%E Uz, 3CICEBREZ AT 27 B r — /LT, @V 5 LRI
PECRUSHEIT L, 3BT 21 U0 Al & O S| 2 OBIRPED Cp*Co(INfk 12 Fr A
DHLDOTHDHZ EEWLNE Lz, AKEIX. Organic Letters 51228F L1z ¥,

2. Cp*Co(lINfMEIZ X B, A4 I v EIEHAL SN TR WT AT v EZ W RET VLT I VA E
BT L7z, W< D DOIER XV | KIS Cp*Co(IINARLEDS Lewis FRfilli & L THRET 5
AT URISTH D Z I, FEIZ C-HERIEKISICTHW BTV S Cp*Co(IlDfih
WS ElEME7R Lewis BRI & U CHEEET 2 2 L 2Bl b LTe, ARERIL. Chemistry Letters

FmlCTARLEY,

3. Cp*Co(lIfiiiE A HWT, £ X7 — bERFF L7 CH T VAL EBIZE L, #i< A 7 — b
R LT BB Ko TOARBIS P EMERERBRILEWE A~ LICHARETH D 2 L 2R LT,
Flo, v=nrada R ERHWET U AABEIS T, S o &ELZ TV, @ Cp
BN 5B L7z 2 30 MR A NS 2 & TRy Z B RUWE A EBL L 7o, AR, The Journal
of Organic Chemistry 5512 T L1z ¥,

4. Cp*Rh(IIfREE & 78 7 FABEO B R ICB W CL BRI S0 CTH#ITT 2 AR 8f I VR VB~ D
C—H MBS K 2 20 EA 722 VAR R BIR DG L Z BAFE LTc, A U AR 5 i 1)
VT REHWDZ T, mWstEZ EBL LT,

UL E DR BE Cp*Co(LIDfiftik & Cp*Rh(INAkIE % =7 1 |k U BBVRIC X 2 0 R 724y 128 ik
T 250 TH D, ZNODORIED, Fift /e tha O RBUZWT, @A IMIE S 7 D &=
BRRO—BNZRNIEZENTH D,
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Experimental Section

General Information

General: Reported melting points were uncorrected. Infrared (IR) spectra were recorded on a JASCO
FT/IR-5300 spectrophotometer and absorbance bands are reported in wave numbers (cm™). NMR spectra
were recorded on JEOL INM-ECS400 spectrometers operating at 391.78 MHz for '"H NMR and 98.52 MHz
for C NMR, JOEL INM-ECX400 spectrometers, operating at 395.88 MHz for '"H NMR and 99.55 MHz for
C NMR, and INM-ECA500 spectrometers, operating at 500.16 MHz for '"H NMR and 125.77 MHz for °C
NMR. Chemical shifts were reported in the scale relative to TMS (0.00 ppm for '"H NMR), CHCI; (7.26 ppm
for '"H NMR), CDCl; (77.0 ppm for *C NMR), CHD,CN (1.94 ppm for "H NMR), C¢HDs (7.15 ppm for 'H
NMR), C¢Dg (128.06 ppm for C NMR), and CHD,0D (3.31 ppm for '"H NMR) as an internal reference,
respectively. ESI mass spectra were measured on JEOL JMS-T100LCP spectrometer. Silica gel column
chromatography was performed with Kanto Silica gel 60 N (40-50 mesh) or Wakogel® C-200. Gel

permeation chromatography was performed with YMC LC-forte/R using CHCI; as an eluent.

Materils: CH;CN was distilled from P,Os and stored over activated molecular sieves 3A before use.
1,1,1,3,3,3-Hexafluoropropan-2-ol, 1,2-dichloroethane (CaH,), and 2,2 2-trifluoroethanol (CaSO, and
NaHCOs;) were distilled from the indicated reagents, purged with argon for over 30 min, and stored over
activated molecular sieves 3A or 4A under argon atmosphere before use. Commercially available THF,
toluene, CH,Cl, (Wako Ltd., deoxydeized grade), 1,2-dichloroethane (Kanto Ltd., super dehyderated grade),
and 1,4-dioxane (Wako Ltd., super dehydrated grade) were used without further manipulation unless
otherwise stated. [Cp*Co(CeHg)](PFs), 21° and Cp*Co(CO)I, 24" was synthesized according to the
literature. Alkyne 56¢, 56d, 56e, 56f, S6g, 56h, 561 were prepared from corresponding arylbromides and
3-butynoic acid according to the literature™. Alkene 65¢*’, 65" and 65g*° were synthesized according to the
literature. The other alkynes and alkenes were commercially available and distilled under reduced pressure
before use. 3-Pheny1pyrrole50 and 3-acety1pyrrole51, Imines 113a-113f", Imidates 132", vinylcyclopropanes
172a>, 172b>, and 172¢%, 2-Aryl pyridine 12b—12m> were synthesized according to the literature.
a,B-Unsaturated carboxylic acid 189¢, 189e, 189f were prepared from corresponding aldehyde according to

the literature™. All other reagents were commercially available and used as received.
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Chapter I

Preparation of [Cp*Co(CH3CN);](SbF),”’

To a stirred solution of Cp*Co(CO)L, (500 mg, 1.0 mmol) in CH;CN (35 mL, 0.03 M) was added
AgSbFs (720 mg, 2.1 mmol) at once. After 10 min with stirring, white precipitates were filtered off through
celite, and washed with CH3;CN. The filtrate was evaporated, and the resulting dark purple solid was
dissolved in CH;CN (15 mL). Then Et,O (30 mL) was added, and the resulting red purple precipitates were
collected by filtration, washed with Et,O (10 mL x 3), and dried in vacuo to affored
[Cp*Co(CH;CN);](SbFs), (715 mg, 0.91 mmol, 91%) as a red purple solid. "H NMR (CD;CN, 400 MHz) d
1.38 (s, 15H), 1.98 (s, 9H).

Preparation of Pyrrole Derivatives

Ethyl 1H—pyrrole-3-carb0xylate58
EtO,C To a stirred solution of pyrrole-3-carboxylic acid (444.4 mg, 4.0 mmol) and DCC (734.5 mg,
/A 3.6 mmol) in THF (13.3 mL) were successively added EtOH (2.8 mL) and DMAP (48.9 mg,

H 0.40 mmol). The resulting mixture was stirred at 60 °C for 10 h. After the reaction mixture
was allowed to cool to room temperature, white precipitates were filtered and washed with AcOEt. After
evaporation of the filtrate, the obtained crude mixture was purified by silica gel column chromatography
(hexane/AcOEt) to give a brown oil (280.7 mg, 2.0 mmol, 50%). 'H NMR (CDCls, 400 MHz) d 1.35 (t, J =
7.1 Hz, 3H), 4.29 (q, J = 7.1 Hz, 2H), 6.65-6.67 (m, 1H), 6.76-6.77 (m, 1H), 7.43-7.45 (m, 1H), 8.56 (brs,

1H).

General procedure of dimethylcarbamoyl-protection of pyrroles

N,N-dimethylcarbamoyl chloride (6.5 g, 60 mmol) was added to a stirred solution of pyrrole (2.7
g, 40 mmol), NaOH (4.0 g, 100 mmol) and NBu,-HSO, (1.4 g, 4.0 mmol) in CH,Cl, (160 mL). The resulting
mixture was stirred at reflux for 3 h. After the reaction mixture was allowed to cool to room temperature,
saturated NH4Cl aq. was added. The mixture was extracted with CH,Cl, (x 3). The combined organic layers
were washed brine, and dried over Na,SO,. After fitration and evaporation, the obtained crude mixture was
purified by silica gel column chromatography (hexane/AcOEt) to give 55a (4.8 g, 35 mmol, 88%) as a
colorless solid. Compound 55b, 55¢, and 55d were synthesized by the same procedure using corresponding

substituted pyrroles.

N,N-dimethyl-1H-pyrrole-1-carboxamide (55a)”°
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ﬂ a colorless solid; '"H NMR (CDCl;, 400 MHz) 6 3.10 (s, 6H), 6.24 (t, J= 2.2 Hz, 2H), 7.05 (t,
N J=2.2Hz, 2H); "C NMR (CDCls, 100 MHz) & 38.2, 110.1, 120.3, 154.4.

MezN 0]

N,N-dimetyl-3-phenyl-1H-pyrrole-1-caboxamide (55b)
Ph an orange solid (613 mg, 73% in 3.9 mmol scale); mp 131.1-132.5 °C; IR (KBr) v 3113, 1677,
m 1494, 1452, 1394, 1207, 763, 695 cm™; 'H NMR (CDCl;, 400 MHz) & 3.13 (s, 6H), 6.56 (dd,
N J=3.2,22 Hz, 1H), 7.08 (dd, J = 3.2, 2,2 Hz, 1H), 7.21-7.23 (m, 1H), 7.34-7.37 (m, 3H),
MeoN /&O 7.53-7.54 (m, 2H); C NMR (CDCl;, 100 MHz) & 38.7, 109.0, 116.7, 121.6, 125.4, 126.3,
126.6, 128.7, 134.5, 154.6; HRMS (ESI): m/z calculated for C;3H;4ON,Na'[M+Na']: 237.0998, found:

237.1000.

ethyl 1-(dimethylcarbamoyl)-1H-pyrrole-3-carboxylate (55¢)
EtOC a colorless solid (389 mg, 92% in 2.0 mmol scale); mp 55.5-56.3 °C; IR (KBr) v 3126, 1711,
/N 1678, 1491, 1408, 1264, 1217, 1194, 1141, 771, 751 em™; '"H NMR (CDCl;, 400 MHz) §
\ 1.34 (t,J=17.3 Hz, 3H), 3.10 (s, 6H), 4.29 (q, J = 7.3 Hz, 2H), 6.64 (dd, J= 3.1, 1.8 Hz, 1H),
7.00 (dd, J = 3.1, 2.0 Hz, 1H), 7.64 (dd, J = 2.0, 1.8 Hz, 1H); ’C NMR (CDCl;, 100 MHz) §
14.3, 38.5, 60.0, 110.8, 118.3, 121.2, 125.1, 153.5, 164.1; HRMS (ESI): m/z calculated for

MesN

C1oH1405N;Na [M+Na']: 233.0897, found: 233.0898.

3-acetyl-V,N-dimethyl-1 H-pyrrole-1-carboxamide (55d)
O a color less solid (336 mg, 93% in 1.9 mmol scale); mp 45.8-46.3 °C; IR (KBr) v 3450, 3121,
I 1700, 1673, 1490, 1404, 1203, 986, 848, 748, 693, 622 cm™'; '"H NMR (CDCl;, 400 MHz) §
N 2.44 (s, 3H), 3.12 (s, 6H), 6.66 (dd, J = 3.4, 1.7 Hz, 1H), 7.00 (dd, J = 3.4, 2.1 Hz, 1H), 7.65
Me,N /go (dd, J = 2.1, 1.7 Hz, 1H); C NMR (CDCl;, 400 MHz) & 27.1, 38.5, 109.8, 121.7, 125.2,
127.1, 153.4, 193.3; HRMS (ESI): m/z calculated for CoH;,0,N,Na [M+Na']: 203.0791,
found: 203.0796.

General procedure of Cp*Co catalyzed C—H alkenylation

Conditions A: To a dried screw-capped vial were added pyrrole 55 (0.60 mmol), alkyne 56 (0.72 mmol, 1.2
equiv.), [Cp*Co(CH;3CN);3](SbF), 25 (11.8 mg, 0.015 mmol, 2.5 mol %), KOAc (1.5 mg, 0.015 mmol, 2.5
mol %) and toluene (3.0 mL) under Ar atmosphere in a glove box. The vial was capped and heated at 60 °C
for 20 h with stirring. After the mixture was cooled to room temperature, saturated with EDTA - 2Na aq was
added under air. After dilution with CH,Cl,, the organic layer was separated, and the aqueous layer was
extracted with CH,Cl, (x 3). The combined organic layers were dried over Na,SO,4. After filtration and
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evaporation, the obtained crude mixture was purified by silica gel column chromatography to give
corresponding product 57 and 58 as a mixure. Yields were determined at this stage as a combined yield of
the regioisomers. The pure major isomer 57 for characterization was obtained by further purification with

silica gel column chromatography or recrystallization.

Conditions B: To a dried screw-capped vial were added pyrrole derivative 55 (0.30 mmol), alkyne 56 (0.36
mmol, 1.2 equiv.), [Cp*Co(CH;3CN);](SbF¢), 25 (11.8 mg, 0.015 mmol, 5 mol %), KOAc (1.5 mg, 0.015
mmol, 5 mol %) , and PivOH (3.1 mg, 0.03 mmol, 10 mol %) in 1,4-dioxane (1.5 mL) under Ar atmosphere

in a glove box. The vial was capped and heated at 80 °C for 20 h with stirring. The same workup as

Conditions A afforded corresponding product 57 and 58.

(E)-N,N-dimethyl-2-(1-phenylprop-1-en-2-yl)-1H-pyrrole-1-carboxamide (57aa)
a yellow oil (141.7 mg, 93%); IR (neat) v 2926, 1694, 1491, 1443, 1392, 1275, 1235,
Q\/\Ph 1119, 1060, 758, 712 cm™'; '"H NMR (CDCls, 400 MHz) & 2.22 (d, J = 1.6 Hz, 3H),
Me,N /go Me 2.87 (brs, 6H), 6.25 (dd, J = 3.5, 3.0 Hz, 1H), 6.32 (dd, J = 3.5, 1.6 Hz, 1H), 6.51
(brs, 1H), 6.88 (dd, J = 3.0, 1.6 Hz, 1H), 7.21-7.37 (m, 5H); °C NMR (CDCl;, 100
MHz) 6 17.5, 37.2 (brs), 109.7, 109.8, 121.4, 126.3, 126.4, 128.1, 128.2, 128.9, 136.3, 137.6, 155.0; HRMS
(ESI): m/z calculated for C1sH;sON,Na' [M+Na']: 277.1311, found: 277.1308.

(E)-N,N-dimethyl-2-(1-(4-tolyl)prop-1-en-2-yl)-1H-pyrrole-1-carboxamide (57ac)
/ N\ Vi a yellow oil (141.7 mg, 88%); mp 52.9-54.0 °C; IR (KBr) v 2917, 2362,
/’l Me Me 1685, 1542, 1508, 1489, 1456, 1396, 1277, 708 cm™; 'H NMR (CDCls,

MeN" O 400 MHz) 6 2.21 (d, J = 1.6 Hz, 3H), 2.36 (s, 3H), 2.85 (brs, 6H), 6.24 (dd,
J=13.5,3.1 Hz, 1H), 6.30 (dd, J = 3.5, 1.6 Hz, 1H), 6.47 (brs, 1H), 6.87 (dd, J = 3.1, 1.6 Hz, 1H), 7.16 (d, J
— 8.2 Hz, 2H), 7.20 (d, J = 8.2 Hz, 2H); >C NMR (CDCL, 125 MHz) & 17.6, 21.2, 37.4 (brs), 109.7, 109.7,
121.4, 126.4, 127.6, 1289, 128.9, 134.8, 136.3, 136.6, 155.2; HRMS (ESI): m/z calculated for

C,7H,00ON,Na’ [M+Na']: 291.1468, found: 291.1469.

(E)-2-(1-(4-methoxyphenyl)prop-1-en-2-yl)-V,N-dimethyl-1H-pyrrole-1-carboxamide (57ad)

/ N\ Vi The crude mixture was purified by gel permeation chromatography after
/’l Me OMe silica gel column chromatography to give a brown solid (136.5 mg,
MeN" O 80%); mp 106.0-107.6 °C; IR (KBr) v 3117, 2935, 1682, 1604, 1508,

1388, 1246, 1178, 1035, 745 cm™; 'H NMR (CDCLs, 400 MHZ) 6 2.20 (d, J = 1.3 Hz, 3H), 2.85 (brs, 6H),

3.83 (s, 3H), 6.24 (dd, J = 3.7, 3.3 Hz, 1H), 6.29 (dd, J = 3.7, 1.6 Hz, 1H), 6.45 (brs, 1H), 6.86 (dd, J = 3.3,

1.6 Hz, 1H), 6.88-6.90 (m, 2H), 7.24-7.26 (m, 2H); '*C NMR (CDCls, 100 MHz) § 17.6, 37.2 (brs), 55.2,

109.5, 109.7, 113.6, 121.2, 126.0, 126.7, 130.2, 130.3, 136.6, 155.2, 158.1; HRMS (ESI): m/z calculated for
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C17H200,N;Na* [M+Na']: 307.1417, found: 307.1416.

(E)-2-(1-(4-fluorophenyl)prop-1-en-2-yl)-V,N-dimethyl-1H-pyrrole-1-carboxamide (57ae)

7B\ y a colorless solid (152.0 mg, 93%); mp 94.3-94.9 °C; IR (KBr) v 2921, 1686,
/’L Ve F 1505, 1391, 1217, 865, 728 cm™’; 'H NMR (CDCls, 400 MHz) 8 2.18 (d, J =
Me,N " ~0 1.2 Hz, 3H), 2.88 (brs, 6H), 6.25 (dd, J = 3.4, 3.1 Hz, 1H), 6.31 (dd, J = 3.4,

1.5 Hz, 1H), 6.46 (brs, 1H), 6.87 (dd, J = 3.1, 1.5 Hz, 1H), 7.01-7.06 (m, 2H), 7.24-7.27 (m, 2H); *C NMR
(CDCl;, 100 MHz) & 17.5, 37.3 (brs), 109.8, 109.9, 115.1 (d, *Jer = 22 Hz), 121.5, 125.2, 128.2, 130.5 (d,
Jer=1.6 Hz), 133.7 (d, “Jer = 2.9 Hz), 136.2, 155.1, 161.3 ("Jcr = 249.9 Hz); HRMS (ESI): m/z calculated
for C1¢H,;70N,FNa' [M+Na']: 295.1217, found: 295.1217.

(E)-2-(1-(4-chlorophenyl)prop-1-en-2-yl)-N,N-dimethyl-1H-pyrrole-1-carboxamide (57af)

[\ Y a colorless solid (157.7 mg, 91%); mp 98.0-98.2 °C; IR (KBr) v 2931, 1685,
/’l Me Cl 1489, 1391, 1269, 1230, 869, 725 cm™; 'H NMR (CDCls, 400 MHz) & 2.19
MeN"~ "0 (d, J= 0.8 Hz, 3H), 2.89 (brs, 6H), 6.25 (dd, J = 3.4, 3.2 Hz, 1H), 6.33 (dd,

J=34,1.6 Hz, 1H), 6.44 (brs, 1H), 6.87 (dd, J=3.2, 1.6 Hz, 1H), 7.22 (d, J = 8.6 Hz, 2H), 7.31 (d, J = 8.6
Hz, 2H); *C NMR (CDCls, 125 MHz) & 17.6, 37.2 (brs), 109.9, 110.2, 121.7, 125.1, 128.4, 129.0, 130.2,
132.2, 136.1, 136.2, 155.1; HRMS (ESI): m/z calculated for C6H;7ON,CINa" [M+Na+]: 311.0922, found:
311.0923.

(E)-2-(1-(4-bromophenyl)prop-1-en-2-yl)-/V,N-dimethyl-1H-pyrrole-1-carboxamide (57ag)
/\ Vi a colorless solid (175.9 mg, 88%); mp 93.0-95.0 °C; IR (KBr) v 3124, 2929,
/’L Me Br 1684, 1487, 1390, 1269, 1230, 869, 724 cm™’; '"H NMR (CDCls, 400 MHz)
Me N~ ~O 5 2.18 (d, J = 1.6 Hz, 3H), 2.88 (brs, 6H), 6.25 (dd, J = 3.5, 3.4 Hz, 1H),
6.33 (dd, J=3.5, 1.7 Hz, 1H), 6.42 (brs, 1H), 6.87 (dd, J= 3.4, 1.7 Hz, 1H), 7.15-7.17 (m, 2H), 7.45-7.48 (m,
2H); *C NMR (CDCls;, 100 MHz) § 17.6, 37.3 (brs), 109.9, 110.2, 120.3, 121.7, 125.1, 129.1, 130.5, 131.3,
136.1, 136.6, 155.0; HRMS (ESI): m/z calculated for C;sH;;ON,BrNa" [M+Na']: 355. 0417, found:

355.0418.

ethyl (E)-4-(2-(1-dimethylcarbamoyl)-1H-pyrrol-2-yl)prop-1-en-1-yl) benzoate (57ah)

The crude mixture was purified by gel permeation chromatography after silica gel column chromatography
to give a yellow oil (158.6 mg, 81%).; IR (neat) v 2980, 1695, 1604, 1446, 1392, 1275, 1179, 1106, 768, 722
cm™'; "H NMR (CDCls, 400 MHz) 8 1.40 (t, J = 7.2 Hz, 3H), 2.23 (d, J = 0.8 Hz, 3H), 2.88 (brs, 6H), 4.38 (q,
J=17.2 Hz, 2H), 6.26 (dd, J = 3.5, 3.2 Hz, 1H), 6.36 (dd, J = 3.5, 1.9 Hz, 1H), 6.52 (brs, 1H), 6.89 (dd, J =
3.2, 1.9 Hz, 1H), 7.36 (d, J = 8.6 Hz, 2H), 8.02 (d, J = 8.6 Hz, 2H); °C NMR (CDCls, 100 MHz) 8 14.3,
17.8, 37.4 (brs), 60.9, 109.9, 110. 6, 122.0, 125.3, 128.2, 128.8, 129.5, 130.3, 136.0, 142.2, 155.0, 166.4;
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HRMS (ESI): m/z calculated for C;9H»N,O3Na" [M+Na']: 349.1523, found: 349.1519.

(E)-N,N-dimethyl-2-(1-phenylbut-1-en-2-yl)-1H-pyrrole-1-carboxamide (57ai)
th an orange solid (138.1 mg, 86%); mp 82.5-83.0 °C; IR (KBr) v 2929, 1691, 1490,
/1 Et 1437, 1397, 1265, 717, 700 cm™; "H NMR (CDCls, 400 MHz) 8 1.17 (t, J = 7.5 Hz,
MeN" ~O 3H), 2.62 (q, J=7.5 Hz, 2H), 2.88 (brs, 6H), 6.26 (dd, J= 3.3, 3.3 Hz, 1H), 6.32 (dd,
J=3.3,1.6 Hz, 1H), 6.47 (brs, 1H), 6.87 (dd, J = 3.3, 1.6 Hz, 1H) 7.21-7.36 (m, 5H); °C NMR (CDCl;, 100
MHz) § 14.2, 23.6, 37.4 (brs), 109.7, 109.9, 121.5, 126.0, 126.5, 128.2, 128.5, 134.7, 135.0, 137.6, 155.1;
HRMS (ESI): m/z calculated for C;7H,0ON,Na" [M+Na']: 291.1468, found: 291.1468.

(E)-2-(hex-3-en-3-yl)-N,N-dimethyl-1H-pyrrole-1-carboxamide (57aj)
@\/\Et an orange oil (111.9 mg, 85%); IR (neat) v 2965, 1693, 1491, 1455, 1393, 1269,
N Et 1111, 714 cm™; "H NMR (CDCls, 400 MHz) & 1.00 (t, J = 7.3 Hz, 3H), 1.04 (t, J =
Me N~ -0 7.1 Hz, 3H), 2.16 (dq, J = 7.5, 7.3 Hz, 2H), 2.37 (q, J = 7.1 Hz, 2H), 2.84 (brs, 6H),
540 (t,J=17.5 Hz, 1H), 6.13 (dd, J = 3.3, 1.8 Hz, 1H), 6.18 (dd, J = 3.3, 3.2 Hz, 1H), 6.77 (dd, /= 3.2, 1.8
Hz, 1H); >C NMR (CDCls, 100 MHz) 8 14.1, 14.3, 21.2, 23.1, 37.1 (brs), 108.5, 109.2, 120.3, 128.7, 132.0,
134.9, 155.2; HRMS (ESI): m/z calculated for C3H0ON,Na " [M+Na+]: 243.1468, found: 243.1268.

(E)-2-(1,2-diphenylvinyl)-V,N-dimethyl-1H-pyrrole-1-carboxamide (57ak)
th a yellow solid (82.6 mg, 87%): mp 129.8-130.0 °C; IR (KBr) v 3109, 1682, 1490,
N Ph 1440, 1391, 1271, 1122, 1060, 762, 746, 694 cm™; '"H NMR (CDCl;, 400 MHz) &
Me N~ "0 2.68 (brs, 6H), 6.22 (dd, J = 3.4, 3.1 Hz, 1H), 6.26 (dd, J = 3.4, 1.7, 1H), 6.80 (s,
1H), 6.86 (dd, J = 3.1, 1.7 Hz, 1H), 7.03-7.04 (m, 2H), 7.09-7.12 (m, 3H), 7.19-7.22 (m, 2H), 7.26-7.27 (m,
3H); *C NMR (CDCls, 100 MHz) & 36.5 (brs), 38.1 (brs), 109.6, 112.6, 121.8, 126.7, 127.7, 127.9, 128.1,
129.4, 130.0, 133.6, 136.2, 137.0, 138.4, 154.2, One of the aromatic peaks was overlapped.; HRMS (ESI):
m/z calculated for C,;H,0ON,Na" [M+Na']: 339.1468, found: 339.1466.

(E)-N,N-dimethyl-2-(1-(naphthalen-2-yl)prop-1-en-2-yl)-1H-pyrrole-1-carboxamide (57ai)

a colorless solid (66.9 mg, 73%); mp 93.6-94.1 °C; IR (KBr) v 2925, 1684, 1491, 1442, 1394, 1276, 1120,
1063, 867, 819, 755, 723 cm™'; 'TH NMR (CDCls, 400 MHz) & 2.30 (d, J = 1.2 Hz, 3H), 2.91 (brs, 6H), 6.27
(dd, J=3.5,3.2 Hz, 1H), 6.37 (dd, J = 3.5, 1.4 Hz, 1H), 6.65 (brs, 1H), 6.90 (dd, J = 3.2, 1.4 Hz), 7.44-7.47
(m, 3H), 7.75 (s, 1H), 7.80-7.82 (m, 3H); "C NMR (CDCl;, 125 MHz) & 17.8, 37.4 (brs), 109.8, 110.0,
121.6, 125.8, 126.2, 126.4, 127.4, 127.6, 127.7, 127.9, 128.7, 132.1, 133.3, 135.2, 136.4, 155.2, One of the
aromatic peaks was overlapped.; HRMS (ESI): m/z calculated for C,oH,00ON,Na" [M+Na+]: 327.1468, found:
327.1468.
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(E)-N,N-dimethyl-2-styryl-1H-pyrrole-1-carboxamide (57ab)
th a yellow oil (59.3 mg, 82%); IR (neat) v 3026, 2930, 1694, 1489, 1455, 1391, 1276,
/’l H 1107, 719, 693 cm™; "H NMR (CDCls, 400 MHz) 8 3.00 (brs, 6H), 6.25 (dd, J= 3.4,
Me N~ O 3.3 Hz, 1H), 6.53 (m, 1H), 6.85 (dd, J = 3.3, 1.6 Hz, 1H), 6.86 (d, J = 16.4 Hz, 1H),
7.05 (d, J = 16.4 Hz, 1H), 7.02-7.24 (m, 1H), 7.30-7.34 (m, 2H), 7.42-7.44 (m, 2H); °C NMR (CDCl;, 100
MHz) § 37.9 (brs), 108.6, 110.5, 117.5, 121.0, 126.1, 127.0, 127.3, 128.6, 132.0, 137.4, 154.5; HRMS (ESI):
m/z calculated for C;sH;ON,Na" [M+Na']: 263.1155, found: 263.1155.

(E)-N,N-dimethyl-4-phenyl-2-(1-phenylprop-1-en-2-yl)-1H-pyrrole-1-carboxamide (57ba)
Ph a yellow oil (168.5 mg, 85%); IR (neat) v 3029, 2926, 1694, 1489, 1444, 1393, 1198,
WPh 750, 696 cm™; '"H NMR (CDCls, 400 MHz) § 2.26 (d, J = 1.2 Hz, 3H), 2.93 (brs,
. /’lo Me 6H), 6.57 (brs, 1H), 6.64 (d, /J=1.6 Hz, 1H), 7.18 (d, /= 1.6 Hz, 1H), 7.23-7.25 (m,
2 2H), 7.31-7.38 (m, 6H), 7.51-7.56 (m, 2H); C NMR (CDCl;, 100 MHz) & 17.5,
37.4 (brs), 107.9, 117.7, 125.1, 125.7, 126.1, 126.6, 126.8, 128.1, 128.2, 128.6, 128.9, 134.4, 137.3, 137.4,
154.7; HRMS (ESI): m/z calculated for C5,H,30N, [M+H"]: 331.1805, found: 331.1811.

ethyl (E)-1-(dimethyl-carbamoyl)-5-(1-phenylprop-1-en-2-yl)-1 H-pyrrole-3-carboxylate (57ca)
EtO-C a yellow oil (88.1 mg, 90%); IR (neat) v 2979, 2934, 1705, 1493, 1444, 1392, 1207,
/N\ ~/Ph 1131, 1026, 757, 732, 698 cm™'; "H NMR (CDCl;, 400 MHz) & 1.35 (t, J = 7.2 Hz,
/& Me 3H), 2.21 (d, J = 1.2 Hz, 3H), 2.75 (brs, 3H), 3.05 (brs, 3H), 4.30 (q, J = 7.2 Hz,
Me:N ° 2H), 6.56 (brs, 1H), 6.72 (d, /= 2.0 Hz, 1H), 7.26-7.29 (m, 3H), 7.36-7.37 (m, 2H),
7.48 (d, J= 2.0 Hz, 1H); "C NMR (CDCl;, 100 MHz) & 14.4, 17.5, 36.9 (brs), 37.8 (brs), 60.0, 109.7, 117.4,
125.8, 126.8, 127.5, 127.6, 128.2, 128.9, 137.1, 137.1, 153.7, 164.2; HRMS (ESI): m/z calculated for
C1oH»,03N,Na' [M+Na']: 349.1523, found: 349.1524.

(E)-4-acetyl-N,N-dimethyl-2-(1-phenylprop-1-en-2-yl)-1 H-pyrrole-1-carboxamide (57da)
a yellow oil (61.3 mg, 69%); IR (neat) v 2927, 1697, 1667, 1550, 1495, 1444, 1392, 1229, 1189, 933, 699
cm’; '"H NMR (CDCls, 400 MHz) & 2.22 (d, J = 1.4 Hz, 3H), 2.44 (s, 3H), 2.74 (brs, 3H), 3.06 (brs, 3H),

0 6.56 (brs, 1H), 6.73 (d, J = 2.0 Hz, 1H), 7.27-7.29 (m, 3H), 7.35-7.37 (m, 2H), 7.47

= (d, J=2.0 Hz, 1H); "C NMR (CDCl;, 400 MHz) 8 17.4, 27.0, 37.0 (brs), 37.8 (brs),

N 7 ~Ph 108.5, 125.8, 126.4, 126.9, 127.4, 128.0, 128.3, 128.9, 136.9, 137.7, 153.6, 193.3;

Me,N /go Me HRMS (ESI): m/z calculated for C;sH,00-N,Na'[M+Na']: 319.1417, found:
319.1421.

Gram-scale synthesis of S7aa
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To a 100 mL Schlenck flask were added pyrrole 55a (691 mg, 5.0 mmol), alkyne 56a (697 mg,
6.0 mmol, 1.2 equiv.), [Cp*Co(CH;CN);](SbFe), 25 (98.6 mg, 0.13 mmol, 2.5 mol %), KOAc (12.3 mg, 0.13
mmol, 2.5 mol %) and toluene (25 mL) under Ar atmosphere in a glove box. The flask was taken out of the
glove box, and heated at 60 °C for 46 h with stirring. After the mixture was cooled to room temperature,
saturated with EDTA * 2Na ag was added under air. After dilution with CH,Cl,, the organic layer was
separated and the aqueous layer was extracted with CH,Cl, (x 3). The combined organic layers were washed
with brine, and dried over Na,SO,. After filtration and evaporation, the crude mixture was purified by silica

gel column chromatography (toluene/AcOEt) to give a corresponding product 57aa (1.17 g, 4.5 mmol, 91%).

Procedure for removal of dimethylcarbamoyl moiety

To a test tube were added 57aa (50.0 mg, 0.20 mmol), saturated with KOH ag. (1.1 mL) and
EtOH (3.3 mL). The resulting mixture was stirred at 80 °C for 9 h. After the reaction mixture was allowed to
cool to room temperature, saturated NH4Cl aq. was added. The mixture was extracted with AcOEt (x 3). The
combined organic layers were washed brine, and dried over Na,SO,. After fitration and evaporation, the
obtained crude mixture was purified by silica gel column chromatography (hexane/toluene, 1% Et;N) to give

59 (32.6 mg, 89%) as a brown solid.

(E)-2-(1-phenylprop-1-en-2-yl)-1H-pyrrole (59)

U\/\Ph a brown solid (32.6 mg, 89%); mp 76.6-77.2 °C; IR (KBr) v 3428, 1616, 1436, 1298,
N Me 1043, 925, 846, 795, 714 cm™; '"H NMR (C¢Dg, 400 MHz) & 2.03 (d, J = 1.2 Hz, 3H),

6.31-6.33 (m, 1H), 6.37-6.38 (m, 2H), 6.39-6.41 (m, 1H), 7.07-7.11 (m, 1H), 7.24-7.28 (m, 5H); C NMR

(C¢Dg, 100 MHz) 6 16.0, 107.9, 109.7, 118.9, 120.7, 126.3, 128.5, 129.3, 129.4, 134.3, 138.5; HRMS (ESI):

m/z calculated for C3H,N'[M-H]: 182.0979, found: 182.0975.
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Chapter 11

General procedure of Cp*Co catalyzed homoallylic amine synthesis

To a dried screw-capped test tube were added imine 113 (0.40 mmol), alkene 65 (2.0 mmol, 5.0
equiv.), Cp*Col,(CO) 24 (19.1 mg, 0.040 mmol, 10 mol %), AgSbF, (27.5 mg, 0.080 mmol, 20 mol %), and
DCE (4.0 mL) under Ar atmosphere in a glove box. The test tube was capped and heated at 40 °C for 1 h
with stirring. After the mixture was cooled to room temperature, saturated with EDTA + 2Na aq was added
under air. After dilution with CH,Cl,, the organic layer was separated, and the aqueous layer was extracted
with CH,Cl, (x 3). The combined organic layers were dried over Na,SO,. After filtration and evaporation,
the obtained crude mixture was purified by silica gel column chromatography to give corresponding product
114. Yields were determined at this stage as a combined yield of the E/Z isomers. The pure isomer for
characterization was obtained by further purification with silver nitrate impregnated silica gel column

chromatography.

(E)-N-(1-cyclohexylhept-3-en-1-yl)-4-methylbenzenesulfonamide (114aa)
NHTs IR (KBr) v 3321, 2926. 2850, 1320, 1161, 967, 813, 666 cm™; "H NMR (CDCl,,
h 500 MHz) 6 0.82-1.01 (m, 5H), 1.02-1.20 (m, 3H), 1.24-1.34 (m, 2H), 1.46-1.44
(m, 1H), 1.56-1.65 (m, 2H), 1.66-1.76 (m, 3H), 1.84 (dt, J = 7.0, 6.9 Hz, 2H),
1.91-2.04 (m, 2H), 2.43 (s, 3H), 3.04 (ddt, J = 14.3, 6.6, 5.7 Hz, 1H), 4.33 (brs, 1H), 5.00 (dt, J = 14.3, 6.6
Hz, 1H), 5.28 (dt, J=14.3, 6.9 Hz, 1H), 7.29 (d, J = 8.0 Hz, 2H), 7.73 (d, J = 8.0 Hz, 2H); °C NMR (CDCl;,
125 MHz) & 13.7, 21.5, 22.5, 26.1, 26.3, 28.7, 29.0, 34.4, 34.6, 40.8, 58.3, 124.8, 127.1, 129.5, 134.8, 138.3,
143.0. One of the aliphatic peaks was overlapped.; HRMS (ESI): m/z calculated for C,0H3;;O,NSNa

[M+Na']: 372.1968, found: 372.1966.

(Z)-N-(1-cyclohexylhept-3-en-1-yl)-4-methylbenzenesulfonamide (114aa)

NHTs IR (neat) v 3282, 2926, 2853, 1448, 1328, 1160, 1094, 814, 667 cm™; '"H NMR
S (CDCl5, 500 MHz) 8 0.85 (t, J = 7.2 Hz, 3H), 0.94-1.20 (m, 4H), 1.24-1.34 (m,
2H), 1.36-1.44 (m, 1H), 1.50-1.75 (m, 6H), 1.82 (dt, J = 7.4, 7.4 Hz, 2H),
2.00-2.07 (m, 1H), 2.07-2.15 (m, 1H), 2.42 (s, 3H), 3.05-3.12 (m, 1H), 4.19 (d, J = 8.6 Hz, 1H), 5.03-5.11 (m,
1H), 5.37 (dt, J = 10.9, 7.4 Hz, 1H), 7.28 (d, J = 8.3 Hz, 2H), 7.74 (d, J = 8.3 Hz, 2H); "C NMR (CDCl;,
100 MHz) 8 13.7, 21.5, 22.7, 26.1, 26.3, 28.3, 29.3, 29.4, 40.5, 58.6, 124.1, 127.2, 129.5, 133.3, 138.3, 143.1.
One of the aliphatic peaks was overlapped.; HRMS (ESI): m/z calculated for C,0H3;O,NSNa [M+Na+]:

372.1968, found: 372.1967.

(E)-N-(1-cyclohexylhept-3-en-1-yl)-4-nitrobenzenesulfonamide (114ba)
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NHNs IR (KBr) v 3338, 2925, 1530, 1349, 1302, 1165, 969, 735, 684, 616 cm™; 'H

NMR (C¢Ds, 500 MHz) 8 0.56-0.67 (m, 1H), 0.81 (t, J = 7.4 Hz, 3H), 0.89-1.07

(m, 4H), 1.13-1.23 (m, 3H), 1.38-1.61 (m, SH), 1.64-1.74 (m, 3H), 1.81-1.89 (m,

1H), 2.97-3.06 (m, 1H), 3.94-4.08 (m, 1H), 4.79 (dt, J = 15.2, 6.3 Hz, 1H), 5.13 (dt, J = 15.2, 6.9 Hz, 1H),

7.56 (d, J = 8.9 Hz, 2H), 7.66 (d, J = 8.9 Hz, 2H); *C NMR (CDCls, 125 MHz) 8 13.6, 22.4, 26.0, 26.2, 28.7,

29.1, 34.7, 34.9, 41.0, 59.1, 124.2, 124.4, 1283, 135.2, 147.3, 149.8. One of the aliphatic peaks was
overlapped.; HRMS (ESI): m/z calculated for C19H,704N,S [M-H]: 379.1697, found: 379.1705.

(Z)-N-(1-cyclohexylhept-3-en-1-yl)-4-nitrobenzenesulfonamide (114ba)
NHNs IR (KBr) v 3291, 2927, 1531, 1349, 1164, 736 cm™; '"H NMR (C¢Ds, 500 MHz)
i/ 6 0.49-0.63 (m, 1H), 0.81 (t, J = 7.2 Hz, 3H), 0.88-1.04 (m, 3H), 1.16-1.25 (m,
3H), 1.30-1.43 (m, 3H), 1.46-1.60 (m, 3H), 1.69-1.85 (m, 3H), 1.94-2.03 (m, 1H),
3.00-3.08 (m, 1H), 3.87-4.08 (m, 1H), 4.87-4.96 (m, 1H), 5.23 (dt, /= 10.9, 7.4 Hz, 1H), 7.52-7.58 (m, 2H),
7.62-7.67 (m, 2H); °C NMR (CDCl;, 100 MHz) & 13.8, 22.6, 26.0, 26.2, 28.4, 29.3, 29.4, 29.7, 40.9, 59.5,
123.7, 124.2, 128.3, 133.7, 147.1, 149.8. One of the aliphatic peaks was overlapped.; HRMS (ESI): m/z

calculated for C19H»704N,S [M-H']: 379.1697, found: 379.1704.

(E)-4-methyl-V-(2-methylnon-5-en-3-yl)benzenesulfonamide (114ca)
NHTs IR (KBr) v 3282, 2959, 1326, 1161, 1094, 970, 814, 666 cm™; "H NMR (C¢Ds,
X 500 MHz) 6 0.66 (d, J= 6.9 Hz, 3H), 0.73 (d, /= 6.7 Hz, 3H), 0.83 (t, /= 7.4 Hz,
3H), 1.19-1.28 (m, 2H), 1.61-1.70 (m, 1H), 1.73-1.84 (m, 3H), 1.86-1.94 (m, 4H),
3.08-3.17 (m, 1H), 4.08-4.34 (m, 1H), 4.90-4.99 (m, 1H), 5.20 (dt, J = 14.5, 6.6 Hz, 1H), 6.80 (d, /= 7.9 Hz,
2H), 7.78-7.85 (m, 2H); °C NMR (CDCls, 125 MHz) & 13.7, 18.1, 18.4, 21.5, 22.4, 30.9, 34.5, 34.6, 58.9,
124.9, 127.1, 129.5, 134.7, 138.2, 143.1; HRMS (ESI): m/z calculated for C;;H,;O.NSNa [M+Na']:

332.1655, found: 332.1660.

(Z)-4-methyl-N-(2-methylnon-5-en-3-yl)benzenesulfonamide (114ca)
NHTs IR (neat) v 3282, 2960, 1326, 1161, 1094, 815, 757, 666 cm™'; "H NMR (C4Ds, 500
~ MHz) 6 0.60-0.64 (m, 3H), 0.71-0.76 (m, 3H), 0.83 (t, J= 7.2 Hz, 3H), 1.20-1.30
(m, 2H), 1.55-1.66 (m, 1H), 1.82 (dt, J = 7.4, 7.4 Hz, 2H), 1.89 (s, 3H), 1.91-2.07
(m, 2H), 3.12-3.21 (m, 1H), 4.15-4.36 (m, 1H), 5.03-5.12 (m, 1H), 5.31 (dt, J=10.9, 7.4 Hz, 1H), 6.79 (d, J
= 8.0 Hz, 2H), 7.80-7.85 (m, 2H); °C NMR (CDCl;, 100 MHz) & 13.7, 17.6, 18.7, 21.5, 22.7, 29.3, 29.5,
30.6, 59.2, 124.2, 127.2, 129.5, 133.2, 138.2, 143.1; HRMS (ESI): m/z calculated for C,;H»;0,NSNa
[M+Na']: 332.1655, found: 332.1654.
(E)-N-(3-ethyldec-6-en-4-yl)-4-methylbenzenesulfonamide (114da)
NHTs IR (KBr) v 3271, 2958, 2871, 1417, 1326, 1162, 953, 814, 671 cm™; '"H NMR

X 71



(CDCls, 500 MHz) 8 0.79 (t, J = 7.2 Hz, 3H), 0.83-0.89 (m, 6H), 1.10-1.38 (m, 7H), 1.80-1.89 (m, 2H),
1.89-2.05 (m, 2H), 2.43 (s, 3H), 3.21-3.27 (m, 1H), 4.19-4.27 (m, 1H), 4.97 (dt, J = 14.6, 6.9 Hz, 1H), 5.31
(dt, J = 14.6, 6.9 Hz, 1H), 7.29 (d, J = 8.3 Hz, 2H), 7.73 (d, J = 8.3 Hz, 2H); *C NMR (CDCls, 100 MHz) &
11.6, 11.9, 13.7, 21.5, 21.7, 21.8, 22.4, 34.2, 34.6, 44.2, 55.1, 125.4, 127.2, 129.5, 134.5, 138.2, 143.0;
HRMS (ESI): m/z calculated for C15H3,0,NS [M+H']: 338.2148, found: 338.2148.

(Z)-N-(3-ethyldec-6-en-4-yl)-4-methylbenzenesulfonamide (114da)
NHTs IR (neat) v 3280, 2960, 1731, 1457, 1322, 1160, 1094, 814 cm; 'H NMR
N (CDCls5, 500 MHz) 6 0.77 (t, J = 7.2 Hz, 3H), 0.82-0.89 (m, 6H), 1.02-1.36 (m,
7H), 1.86 (dt, J = 6.9, 7.4 Hz, 2H), 2.00-2.07 (m, 1H), 2.07-2.15 (m, 1H), 2.42 (s,
3H), 3.26-3.33 (m, 1H), 4.19 (d, J = 8.0 Hz, 1H), 5.02-5.09 (m, 1H), 5.37 (dt, /= 10.9, 6.9 Hz, 1H), 7.29 (d,
J = 8.3 Hz, 2H), 7.74 (d, J = 8.3 Hz, 2H); °*C NMR (CDCl;, 100 MHz) § 11.6, 12.0, 13.8, 21.5, 21.7, 21.8,
22.7, 29.2, 29.3, 44.0, 55.2, 124.7, 127.2, 129.5, 133.1, 138.1, 143.1; HRMS (ESI): m/z calculated for

C1oH3,0,NS [M+H']: 338.2148, found: 338.2150.

(E)-4-methyl-V-(2-methyldec-6-en-4-yl)benzenesulfonamide (114ea)
NHTs IR (KBr) v 3270, 2954, 1427, 1331, 1163, 1096, 979, 816, 665, 581 cm™; 'H
)\)\/\/\/ NMR (CDCl;, 500 MHz) 8 0.76 (d, J= 6.3 Hz, 3H), 0.83 (d, /= 6.3 Hz, 3H),
0.87 (t, J= 7.2 Hz, 3H), 1.17-1.37 (m, 4H), 1.52-1.63 (m, 1H), 1.90 (dt, /= 7.1, 6.9 Hz, 2H), 1.95-2.05 (m,
2H), 2.43 (s, 3H), 3.25-3.34 (m, 1H), 4.24 (d, J = 8.6 Hz, 1H), 5.12 (dt, J = 15.2, 7.4 Hz, 1H), 5.31 (dt, J =
15.2, 6.9 Hz, 1H), 7.29 (d, J = 8.0 Hz, 2H), 7.75 (d, J = 8.0 Hz, 2H); >C NMR (CDCl;, 100 MHz) § 13.6,

21.5,22.1, 224, 22.7, 24.3, 34.6, 37.9, 44.0, 51.6, 124.2, 127.1, 129.5, 135.2, 138.3, 143.1; HRMS (ESI):
m/z calculated for C1gH300,NS [M+H"]: 324.1992, found: 324.1999.

(Z)-4-methyl-N-(2-methyldec-6-en-4-yl)benzenesulfonamide (114ea)
NHTs IR (neat) v 3277, 2957, 1424, 1327, 1161, 1095, 814, 665 cm™; '"H NMR (CDCl;,
N 500 MHz) 6 0.72 (d, J= 6.9 Hz, 3H), 0.82 (d, /= 6.9 Hz, 3H), 0.87 (t, /= 7.4 Hz,
3H), 1.20-1.27 (m, 2H), 1.27-1.36 (m, 2H), 1.51-1.62 (m, 1H), 1.87 (dt, J = 8.0,
6.9 Hz, 2H), 2.04-2.11 (m, 1H), 2.11-2.19 (m, 1H), 2.42 (s, 3H), 3.27-3.36 (m, 1H), 4.21 (d, J = 8.0 Hz, 1H),
5.17 (dt, J=10.9, 7.4 Hz, 1H), 5.45 (dt, J=10.9, 7.4 Hz, 1H), 7.29 (d, J = 8.3 Hz, 2H), 7.75 (d, J = 8.3 Hz,
2H); C NMR (CDCls, 100 MHz) § 13.8, 21.5, 22.0, 22.7, 22.8, 24.4, 29.3, 32.9, 44.1, 52.0, 123.7, 127.1,
129.5, 133.7, 138.2, 143.1; HRMS (ESI): m/z calculated for C;sH30.NS [M+H']: 324.1992, found:

324.1994.

(E)-4-methyl-V-(1-phenylnon-5-en-3-yl)benzenesulfonamide (114fa)

NHTs IR (KBr) v 3262, 2956,1456, 1321, 1158, 966, 809, 745, 699, 664 cm™; 'H
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NMR (CDCls, 500 MHz) 8 0.87 (t, J = 7.2 Hz, 3H), 1.27-1.37 (m, 2H), 1.64-1.80 (m, 2H), 1.89 (dt, J = 6.9,
6.9 Hz, 2H), 2.05 (dd, J = 7.2 Hz, 6.3 Hz, 2H), 2.43 (s, 3H), 2.48-2.67 (m, 2H), 3.22-3.32 (m, 1H), 4.33 (d, J
= 8.0 Hz, 1H), 5.09 (dt, J = 14.9, 7.2 Hz, 1H), 5.35 (dt, J = 14.9, 6.9 Hz, 1H), 7.08 (d, J = 7.4 Hz, 2H),
7.15-7.20 (m, 1H), 7.22-7.32 (m, 4H), 7.72 (d, J = 8.0 Hz, 2H); '°*C NMR (CDCLs, 125 MHz) § 13.7, 21.5,
22.4, 31.7, 34.6, 36.4, 37.6, 53.1, 124.1, 125.9, 127.1, 128.3, 128.4, 129.6, 135.4, 138.1, 141.5, 143.2;
HRMS (ESI): m/z calculated for C2,Hy00,NSNa [M+Na']: 394.1811, found: 394.1820.

(Z)-4-methyl-N-(1-phenylnon-5-en-3-yl)benzenesulfonamide (114fa)
NHTs IR (neat) v 3278, 2925, 1455, 1324, 1159, 1093, 754, 666 cm™'; '"H NMR (CDCl;,
Ph ~ 500 MHz) 6 0.86 (t, J = 7.4 Hz, 3H), 1.24-1.36 (m, 2H), 1.63-1.72 (m, 1H),
1.73-1.82 (m, 1H), 1.83-1.90 (m, 2H), 2.08-2.22 (m, 2H), 2.43 (s, 3H), 2.47-2.56
(m, 1H), 2.57-2.64 (m, 1H), 3.26-3.36 (m, 1H), 4.28 (d, J = 8.6 Hz, 1H), 5.11-5.18 (m, 1H), 5.46 (dt, J =
10.9, 7.4 Hz, 1H), 7.06 (d, J= 7.0 Hz, 2H), 7.17 (t, J = 7.3, 7.3 Hz, 1H), 7.21-7.31 (m, 4H), 7.73 (d, /= 8.3
Hz, 2H); °C NMR (CDCl;, 100 MHz) § 13.7, 21.5, 22.7, 29.4, 31.8, 32.4, 36.3, 53.5, 123.4, 125.9, 127.1,
128.3, 128.4, 129.6, 134.0, 138.1, 141.4, 143.3; HRMS (ESI): m/z calculated for CyH3y0,NS [M+H]:
372.1992, found: 372.1992.

(E)-N-(1-cyclohexyl-5-methylhex-3-en-1-yl)-4-methylbenzenesulfonamide (114ab)
NHTs )\ IR (KBr) v 3282, 2930, 2855, 1418, 1319, 1160, 968, 810, 662 cm™; '"H NMR
N (CDCl;, 500 MHz) 6 0.82-1.00 (m, 8H), 1.01-1.21 (m, 3H), 1.36-1.45 (m, 1H),
1.53-1.65 (m, 2H), 1.66-1.76 (m, 3H), 1.90-2.03 (m, 2H), 2.07-2.17 (m, 1H), 2.43
(s, 3H), 3.05 (ddt, J = 10.3, 6.0, 5.7 Hz, 1H), 4.24 (d, /= 10.3 Hz, 1H), 4.98 (dt, J = 14.8, 6.0 Hz, 1H), 5.26
(dd, J = 14.8, 6.6 Hz, 1H), 7.29 (d, J = 8.3 Hz, 2H), 7.73 (d, J = 8.3 Hz, 2H); °C NMR (CDCl;, 100 MHz) §
21.5,22.3,22.4,26.1, 26.3, 28.7, 28.9, 31.0, 34.4, 40.7, 58.3, 121.6, 127.1, 129.5, 138.4, 142.0, 143.0. One
of the aliphatic peaks was overlapped.; HRMS (ESI): m/z calculated for C,0H3;O,NSNa [M+Na+]: 372.1968,

found: 372.1966.

(Z)-N-(1-cyclohexyl-5-methylhex-3-en-1-yl)-4-methylbenzenesulfonamide (114ab)
NHTs IR (neat) v 3282, 2926, 2853, 1448, 1328, 1160, 1094, 814, 754, 667 cm™'; '"H NMR
X (CDCls, 500 MHz) 6 0.86 (d, J=4.2 Hz, 3H), 0.87 (d, J = 4.2 Hz, 3H), 0.95-1.20 (m,
4H), 1.36-1.44 (m, 1H), 1.50-1.76 (m, 6H), 1.99-2.08 (m, 1H), 2.08-2.16 (m, 1H),
2.26-2.35 (m, 1H), 2.43 (s, 3H), 3.03-3.10 (m, 1H), 4.20 (d, J = 8.4 Hz, 1H), 4.93 (dt,J=11.0, 7.2 Hz, 1H),
5.19 (dt, J = 11.0, 9.7 Hz, 1H), 7.28 (d, J = 8.2 Hz, 2H), 7.74 (d, J = 8.2 Hz, 2H); *C NMR (CDCl;, 100
MHz) § 21.5, 23.0, 23.1, 26.2, 26.3, 26.5, 28.2, 29.3, 29.5, 29.7, 40.4, 58.6, 121.5, 127.2, 129.5, 138.2, 140.8,
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143.1; HRMS (ESI): m/z calculated for C5H3,0,NS [M+H]: 350.2148, found: 350.2154.

(E)-N-(1-cyclohexyl-6-methylhept-3-en-1-yl)-4-methylbenzenesulfonamide (114ac)
NHTs IR (neat) v 3276, 2925, 1447, 1327, 1161, 1094, 971, 814, 666 cm™; 'H NMR
x (CDCls, 500 MHz) 6 0.81-0.90 (m, 8H), 0.92-1.01 (m, 1H), 1.02-1.20 (m, 3H),
1.34-1.44 (m, 1H), 1.49-1.56 (m, 2H), 1.66-1.76 (m, 5H), 1.92-2.06 (m, 2H),
2.42 (s, 3H), 3.01-3.08 (ddd, /= 6.0, 6.0, 2.0 Hz, 1H ), 4.30 (m, 1H), 5.01 (dt, /= 15.3, 7.4 Hz, 1H), 5.28 (dt,
J=153,7.4 Hz, 1H), 7.29 (d. J = 8.0 Hz, 2H), 7.73 (d. J = 8.0 Hz, 2H); C NMR (CDCl;, 100 MHz) § 21.5,
22.2,22.3,26.1, 26.3, 28.3, 28.6, 29.0, 34.5, 40.6, 41.9, 58.3, 125.7, 127.1, 129.5, 133.7, 138.3, 143.0. One
of the aliphatic peaks was overlapped.; HRMS (ESI): m/z calculated for C,;H330,NSNa [M+Na']: 386.2124,

found: 386.2124.

(Z2)-N-(1-cyclohexyl-6-methylhept-3-en-1-yl)-4-methylbenzenesulfonamide (114ac)
NHTs IR (neat) v 3419, 2926, 1725, 1448, 1328, 1160, 1094, 814 cm; '"H NMR
X (CDCls, 500 MHz) 6 0.83 (d, J= 7.0 Hz, 3H), 0.84 (d, /= 6.5 Hz, 3H), 0.94-1.20
(m, 4H), 1.35-1.45 (m, 1H), 1.50-1.58 (m, 3H), 1.61-1.65 (m, 1H), 1.66-1.75 (m,
5H), 1.99-2.13 (m, 2H), 2.42 (s, 3H), 3.06-3.13 (m, 1H), 4.18 (d, /= 8.6 Hz, 1H),
5.07-5.14 (m, 1H), 5.38 (dt, J = 10.9, 7.4 Hz, 1H), 7.28 (d, J = 8.0 Hz, 2H), 7.74 (d, J = 8.0 Hz, 2H); C
NMR (CDCl;, 100 MHz) & 21.5, 22.27, 22.33, 26.2, 26.3, 28.3, 28.5, 29.3, 29.4, 29.7, 36.3, 40.6, 58.7, 124.7,
127.2, 129.5, 132.2, 138.3, 143.1; HRMS (ESI): m/z calculated for C,;H340,NS [M+H]: 364.2305, found:

364.2315.

(E)-N-(7-bromo-1-cyclohexylhept-3-en-1-yl)-4-methylbenzenesulfonamide (114ad)
NHTs IR (KBr) v 3248, 2928, 1442, 1318, 1159, 1089, 964, 816, 665 cm™; 'H
X Br NMR (CDCl;, 500 MHz) & : 0.80-1.01 (m, 2H), 1.02-1.20 (m, 3H),
1.33-1.43 (m, 1H), 1.51-1.65 (m, 2H), 1.65-1.75 (m, 3H), 1.80-1.88 (m,
2H), 1.99-2.07 (m, 4H), 2.43 (s, 3H), 3.02-3.10 (m, 1H), 3.36 (t, J = 6.6 Hz, 2H), 4.30 (d, J = 8.6 Hz, 1H),
5.11 (dt, J = 14.0, 6.9 Hz, 1H), 5.27 (dt, J = 14.0, 6.9 Hz, 1H), 7.30 (d, J = 8.3 Hz, 2H), 7.73 (d, J = 8.3 Hz,
2H); C NMR (CDCls, 125 MHz) & 21.5, 26.1, 26.3, 28.6, 29.0, 30.8, 32.0, 33.2, 34.7, 40.9, 58.3, 126.7,
127.1, 129.5, 132.3, 138.3, 143.1, One of the aliphatic peaks was overlapped.; HRMS (ESI): m/z calculated

for C5H300,NBrSNa [M+Na']: 450.1073, found: 450.1072.

(Z)-N-(7-bromo-1-cyclohexylhept-3-en-1-yl)-4-methylbenzenesulfonamide (114ad)
NHTs IR (neat) v 3280, 2925, 2852, 1447, 1327, 1159, 1092, 815, 665 cm™; 'H
( ~ NMR (CDCl;, 500 MHz) 6 0.79-1.18 (m, 6H), 1.32-1.41 (m, 1H), 1.58-1.74
Br (m, 4H), 1.81-1.88 (m, 2H), 2.01-2.22 (m, 4H), 2.43 (s, 3H), 3.10-3.17 (m,
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1H), 3.33-3.38 (m, 2H), 4.24 (d, J = 9.2 Hz, 1H), 5.20 (dt, J = 10.9, 6.9 Hz, 1H), 5.27-5.36 (m, 1H), 7.29 (d,
J=8.3Hz, 2H), 7.74 (d, J = 8.3 Hz, 2H); '°C NMR (CDCls, 100 MHz) § 21.5, 25.6, 26.13, 26.15, 26.3, 28.4,
29.2,29.6, 32.1, 33.4, 40.8, 58.6, 126.3, 127.1, 129.5, 130.8, 138.3, 143.1; HRMS (ESI): m/z calculated for
C10H300,NBrSNa [M+Na']: 450.1073, found: 450.1074.

(E)-6-cyclohexyl-6-((4-methylphenyl)sulfonamido)hex-3-en-1-yl benzoate (114ae)
NHTs IR (KBr) v 3266, 2925, 1716, 1451, 1417, 1282, 1162, 1118, 1027, 971,
N 721, 712, 664 cm™; '"H NMR (CDCl;, 500 MHz) & 0.74-0.80 (m, 1H),
0.87-0.97 (m, 1H), 1.08-1.13 (m, 3H), 1.22-1.32 (m, 1H), 1.50-1.60 (m,
2H), 1.62-1.71 (m, 3H), 1.93-2.09 (m, 2H), 2.35 (dt, J = 6.9, 6.5 Hz, 2H), 2.41 (s, 3H), 3.02-3.10 (m, 1H),
4.24-4.34 (m, 3H), 5.21 (dt, J = 14.9, 7.4 Hz, 1H), 5.35 (dt, J = 14.9, 6.9 Hz, 1H), 7.24-7.30 (m, 1H), 7.45
(dd, J=7.4,7.4 Hz, 2H), 7.57 (t, J = 7.4, 7.4 Hz, 1H), 7.73 (d, J = 8.0 Hz, 2H), 8.04 (d, J = 7.4 Hz, 2H); °C
NMR (CDClI;, 100 MHz) & 21.5, 25.98, 26.01, 26.2, 28.6, 29.1, 32.1, 34.6, 40.6, 58.3, 64.1, 127.0, 127.9,
128.4, 129.47, 129.52, 129.7, 130.2, 133.0, 138.5, 143.0, 166.5; HRMS (ESI): m/z calculated for
C6H3304NSNa [M+Na']: 478.2023, found: 478.2029.

(Z)-6-cyclohexyl-6-((4-methylphenyl)sulfonamido)hex-3-en-1-yl benzoate (114ae)
NHTs IR (neat) v 3286, 2926, 2852, 1718, 1450, 1275, 1159, 1094, 713, 667 cm’';
~ 'H NMR (CDCl;, 500 MHz) & 0.77-1.18 (m, 6H), 1.32-1.40 (m, 1H),
OBz 1.46-1.74 (m, 4H), 2.12 (ddd, J = 14.9, 7.4, 7.4 Hz, 1H), 2.20 (ddd, J = 14.9,
7.4, 7.4 Hz, 1H), 2.33-2.43 (m, 5H), 3.09-3.17 (m, 1H), 4.23-4.31 (m, 3H), 5.23-5.31 (m, 1H), 5.45 (dt, J =
10.9, 6.9 Hz, 1H), 7.24-7.28 (m, 2H), 7.42-7.47 (m, 2H), 7.54-7.59 (m, 1H), 7.72 (d, J = 8.6 Hz, 2H),
8.00-8.05 (m, 2H); °C NMR (CDCl;, 100 MHz) § 21.5, 26.1, 26.3, 27.0, 28.3, 29.3, 29.7, 40.7, 58.5, 64.1,
127.1,127.4, 127.8, 128.4, 129.49, 129.55, 130.2, 133.0, 138.3, 143.1, 166.5. One of the aliphatic peaks was

overlapped.; HRMS (ESI): m/z calculated for CosH3304NSNa [M+Na']: 478.2023, found: 478.2035.

(E)-T7-cyclohexyl-7-((4-methylphenyl)sulfonamido)hept-4-en-1-yl acetate (114af)
NHTs IR (KBr) v 3282, 2930, 2852, 1743, 1407, 1323, 1248, 1164, 1036, 961,
A OAc 820, 674 cm’'; '"H NMR (CD;OD, 500 MHz) § 0.84-0.94 (m, 1H),
0.98-1.22 (m, 4H), 1.32-1.41 (m, 1H), 1.54-1.74 (m, 7H), 1.85-1.95 (m,
3H), 2.01-2.11 (m, 4H), 2.43 (s, 3H), 2.98-3.07 (m, 1H), 4.00 (t, /= 6.7 Hz, 2H), 5.09 (dt, J = 14.2, 7.2 Hz,
1H), 5.27 (dt, J = 14.2, 7.0 Hz, 1H), 7.36 (d, J = 8.1 Hz, 2H), 7.72 (d, J = 8.1 Hz, 2H); °C NMR (CDCl;,
125 MHz) 6 21.0, 21.5, 26.1, 26.3, 28.2, 28.6, 28.8, 29.0, 34.6, 40.7, 58.3, 63.7, 125.9, 127.1, 129.5, 133.1,
138.4, 143.0, 171.1. One of the aliphatic peaks was overlapped.; HRMS (ESI): m/z calculated for

C,H3304NSNa [M+Na']: 430.2023, found: 430.2030.
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(Z)-7-cyclohexyl-7-((4-methylphenyl)sulfonamido)hept-4-en-1-yl acetate (114af)
NHTs IR (neat) v 3283, 2926, 1738, 1448, 1243, 1159, 1093, 666 cm™; '"H NMR
~ (CD;0D, 500 MHz) 6 0.84-0.95 (m, 1H), 1.01-1.22 (m, 4H), 1.27-1.39 (m,
OAc 1H), 1.50-1.78 (m, 7H), 1.88-2.00 (m, 3H), 2.02 (s, 3H), 2.12-2.20 (m, 1H),
2.42 (s, 3H), 2.99-3.07 (m, 1H), 3.96-4.03 (m, 2H), 5.14-5.23 (m, 1H), 5.26 (dt, J = 10.9, 7.3 Hz, 1H),
7.33-7.38 (m, 2H), 7.72 (d, J = 8.3 Hz, 2H); °C NMR (CDCl;, 100 MHz) & 21.0, 21.5, 23.6, 26.12, 26.14,
26.3, 28.4, 29.2, 29.5, 40.7, 58.6, 63.7, 125.5, 127.1, 129.5, 131.6, 138.3, 143.1, 171.1. One of the aliphatic
peaks was overlapped.; HRMS (ESI): m/z calculated for C,H3;;O4NSNa [M+Na']: 430.2023, found:

430.2033.

(E)-N-(1-cyclohexyl-6-(1,3-dioxoisoindolin-2-yl)hex-3-en-1-yl)-4-methylbenzenesulfonamide (114ag)

o) IR (KBr) v 3298, 2925, 1708, 1397, 1325, 1157, 725, 671 cm™; 'H
NHTs

AN N
O

NMR (CDCl;, 500 MHz) § 0.73-1.17 (m, 7H), 1.45-1.51 (m, 1H),
1.59-1.70 (m, 3H), 1.80-1.88 (m, 1H), 1.94-2.02 (m, 1H), 2.21-2.32
(m, 2H), 2.43 (s, 3H), 2.95-3.03 (m, 2H), 3.70 (t, J = 6.9 Hz, 2H),
4.40 (d, J=9.2 Hz, 1H), 5.10 (dt, J = 14.9, 8.0 Hz, 1H), 5.27 (dt, J = 14.9, 6.9 Hz, 1H), 7.29 (d, J = 8.0 Hz,
2H), 7.70-7.76 (m, 4H), 7.84-7.90 (m, 2H); °C NMR (CDCls, 100 MHz) 8 21.5, 25.9, 26.0, 26.2, 28.8, 29.1,
31.8, 34.3, 37.6, 40.4, 58.2, 123.3, 127.0, 127.8, 129.5, 130.5, 131.9, 134.0, 138.6, 143.0, 168.5; HRMS
(ESI): m/z calculated for C57H3,0,N,SNa [M+Na']: 503.1975, found: 503.1984.

(Z)-N-(1-cyclohexyl-6-(1,3-dioxoisoindolin-2-yl)hex-3-en-1-yl)-4-methylbenzenesulfonamide (114ag)
NHTs IR (neat) v 3291, 2926, 2359, 1713, 1395, 1159, 1092, 721, 667 cm™"; 'H
X ° NMR (CDCl;, 500 MHz) & 0.77-1.16 (m, 6H), 1.43-1.72 (m, 5H),
( N 1.99-2.06 (m, 1H), 2.06-2.14 (m, 1H), 2.24-2.33 (m, 2H), 2.40 (s, 3H),
O 3.05-3.13 (m, 1H), 3.66 (t, J = 6.9 Hz, 2H), 4.34 (d, J = 8.6 Hz, 1H),
5.17 (dt, J=10.9, 6.9 Hz, 1H), 5.31-5.38 (m, 1H), 7.22-7.28 (m, 2H), 7.70 (d, J = 8.6 Hz, 2H), 7.71-7.74 (m,
2H), 7.83-7.87 (m, 2H); °C NMR (CDCls, 100 MHz) & 21.5, 26.1, 26.2, 26.3, 26.4, 28.4, 29.0, 29.5, 37.4,
41.1, 58.5, 123.3,127.1, 127.9, 128.0, 129.5, 132.0, 134.0, 138.4, 143.1, 168.3; HRMS (ESI): m/z calculated

for Co7H3,04,N,SNa [M+Na']: 503.1975, found: 503.1986.

Procedure for competition experiment
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Cp*Col,(CO) 24

Ts (10 mol %)
N~ p AgSbFg (20 mol %) NHTs
AN )J\ U\,ﬁ‘
cHex)J\H nPr  DCE (0.1 M) cHex NN
0°,1h
113a 65a 116 67% 117

(5.0 equiv.) (5.0 equiv.) (E/Z = 75/25)

To a dried test tube were added imine 113a (106.1 mg, 0.40 mmol), Cp*Col,(CO) 24 (19.1 mg,
0.040 mmol, 10 mol %) and AgSbF¢ (27.5 mg, 0.080 mmol, 20 mol %) under Ar atmosphere in a glove box.
After the test tube was cooled to 0 °C, the mixture of 65a (247.5 uL, 2.0 mmol, 5.0 equiv.) and 116 (247.5
uL, 2.0 mmol, 5.0 equiv.) in DCE (4.0 mL) was added, and stirred for 1 h. The reaction was quenched by
saturated with EDTA*2Na aq and warm to room temperature. After dilution with CH,Cl,, the organic layer
was separated, and the aqueous layer was extracted with CH,Cl, (x 3). The combined organic layers were
dried over Na,SO,. After filtration and evaporation, the obtained crude mixture was purified by silica gel
column chromatography to give corresponding product 117. Yields were determined at this stage as a
combined yield of the £/Z isomers. The pure isomer for characterization was obtained by further purification

with preparative HPLC using Inertsil Diol column (hexane/IPA).

(E)-N-(1-cyclohexyl-3-methylhex-3-en-1-yl)-4-methylbenzenesulfonamide (117)
NHTs IR (KBr) v 3310, 2929, 2857, 1414, 1313, 1303, 1156, 1096, 1067 cm™'; '"H NMR
N (CDCl;, 400 MHz) 6 0.86-1.22 (m, 11H), 1.54-1.94 (m, 9H), 2.01-2.08 (m, 1H),
2.42 (s, 3H), 3.07-3.15 (m, 1H), 4.13-4.23 (m, 1H), 5.04 (t, /= 7.0 Hz, 1H), 7.72
(d, J = 8.0 Hz, 2H), 7.71 (d, J = 8.0 Hz, 2H); "C NMR (CDCl;, 100 MHz) § 14.0, 15.0, 21.2, 21.5, 26.2,
26.4, 26.5, 28.0, 28.2, 40.8, 41.1, 56.0, 127.2, 129.4, 130.66, 130.69, 137.9, 143.0;, HRMS (ESI): m/z
calculated for CyoHs O,NSNa [M+Na']: 372.1968, found: 372.1968.

(Z)-N-(1-cyclohexyl-3-methylhex-3-en-1-yl)-4-methylbenzenesulfonamide (117)

H 5.6%
NHTs NHTs

N AN H

IR (neat) v 3281, 2926, 2852, 1448, 1328, 1160, 1093 cm™; '"H NMR (CDCls, 400 MHz) & 0.86-1.27 (m, 9H),
1.39 (s, 3H), 1.41-1.79 (m, 5H), 1.82-2.08 (m, 3H), 2.02-2.10 (m, 1H), 2.43 (s, 3H), 3.20 (ddt, J = 7.6, 7.6,
3.1 Hz, 1H), 4.15 (d, J= 7.6 Hz, 1H), 5.08 (t, /= 7.2 Hz, 1H), 7.28 (d, J = 8.6 Hz, 2H), 7.73 (d, J = 8.6 Hz,
2H); C NMR (CDCl;, 125 MHz) § 14.4, 21.3, 21.5, 23.2, 26.2, 26.3, 26.4, 27.6, 28.9, 33.6, 40.5, 56.8,
127.2, 129.4, 130.3, 130.6, 138.0, 143.1; HRMS (ESI): m/z calculated for C,0H3;;O.NSNa [M+Na']:
372.1968, found: 372.1973. The structure was determined by NOE analysis.
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Chapter 111

Preparation of Cp*iPrCol,(CO).

Cp*™"'Col,(CO) 176 was synthesized according to the litrature. To a well-dried 2-necked 500-mL
flask were successively added Co,(CO)s (1.0 g, 3.0 mmol), degassed CH,Cl, (8.5 mL), 1,4-cyclohexadiene
(358 mg, 4.47 mmol, 1.5 equiv.) and 5-isopropyl-1,2,3,4-tetramethyl cyclopenta-1,3-diene (1.3 g, 6.9 mmol,
2.3 equiv.). The mixture was refluxed under argon stream for 6 h and then cooled to room temperature. The
solvent was removed in vacuo. The residue was dissolved in degassed Et,0 (13 mL) and then iodine (1.5 g,
6.0 mmol, 2.0 equiv.) in degassed Et,O (10 mL) was added dropwise at room temperature with stirring. After
the mixture was stirred at room temperature for 1 h, the solvent was evaporated. The resulting precipitates
were collected by filtration and washed with Et,0 to afford Cp*""'Col,(CO) 176 as a black solid (1.1 g, 2.2
mmol, 37%). IR (KBr) v 2959, 2029, 1469, 1378, 1011 cm™'; "H NMR (400 MHz, CDCl3) § 1.38 (d, /= 6.8
Hz, 6H), 2.26 (s, 6H), 2.32 (s, 6H), 2.90 (sep, J = 6.8 Hz, 1H); °C NMR (100 MHz, CDCL3) § 11.6, 12.2,
22.0, 25.9, 101.6, 101.9, 105.3; The CO signal was not observed in the Bc NMR, but the strong IR

absorption at 2029 cm™ indicated the presence of the CO ligand.

Procedure for the Preparation of Imidates 132.

To a round bottom flask were added an aryl nitrile (1.0 equiv.) and ethanol (12 equiv.). The
mixture was cooled with ice/water bath and AcCl (8.0 equiv.) was added dropwise. The reaction mixture was
stirred at room temperature for 12 h, and the solvent was removed under reduced pressure. To the residue
was added saturated aq. NaHCOs; solution, and the mixture was extracted with EtOAc. The combined
organic layers were successively washed with H,O and brine, and dried over Na,SO,4. After filtration and
evaporation, the obtained crude mixture was purified by silica gel column chromatography to give the

corresponding imidate 132.

Ethyl 3-(phenoxymethyl)benzimidate (132f).
NH Title compound was obtained from ethanol (1.1 g, 24 mmol, 12 equiv.), the
PhO OEt corresponding nitrile (419 mg, 2.0 mmol, 1.0 equiv.), and AcClI (1.3 g, 16 mmol,
8.0 equiv.) after silica gel column chromatography (hexane/AcOEt = 4/1). Yield:
78% (401 mg); colorless oil; IR (neat) v 2979, 1634, 1599, 1496, 1373, 1329, 1240, 1078, 754 cm™; 'H
NMR (400 MHz, CDCls) 6 1.39 (t, J= 7.1 Hz, 3H), 4.30 (q, J = 7.1 Hz, 2H), 5.01 (s, 2H), 6.90-6.98 (m, 3H),
7.22-7.29 (m, 2H), 7.36 (dd, J=7.7, 7.7 Hz, 1H), 7.48 (d, J = 7.7 Hz, 1H), 7.66 (d, J= 7.7 Hz, 1H), 7.79 (s,
1H); *C NMR (100 MHz, CDCl3) § 13.7, 61.2, 68.9, 114.3, 120.6, 125.2, 125.7, 128.1, 129.0, 129.2, 132.8,
137.0, 158.0, 166.8; HRMS (ESI): m/z calculated for C;sH;30,N [M+H"]: 256.1332, found: 256.1333.

Ethyl 4-fluoro-3-methylbenzimidate (132g).
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NH Title compound was obtained from ethanol (2.8 g, 60 mmol, 12 equiv.), the

Me OEt  corresponding nitrile (678 mg, 5.0 mmol, 1.0 equiv.), and AcClI (3.1 g, 40 mmol, 8.0
F equiv.) after silica gel column chromatography (hexane/AcOEt = 4/1). Yield: 85%
(768 mg); colorless oil; IR (neat) v 2981, 1637, 1504, 1371, 1329, 1246, 1204, 1075, 825 cm™; '"H NMR
(400 MHz, CDCl3) 6 1.42 (t, J=7.0 Hz, 3H), 2.31 (d, /= 1.9 Hz, 3H), 4.30 (q, /= 7.0 Hz, 2H), 7.02 (dd, J =
8.9, 8.9 Hz, 1H), 7.48-7.68 (m, 3H); °C NMR (100 MHz, CDCl;) & 13.8, 14.0, 61.3, 114.5 (*Jcr = 23.0 Hz),
124.5 (Jor = 17.7 Hz), 125.8 CJer = 8.6 Hz), 128.5 (“Jor = 2.1 Hz), 129.8 (Jer = 5.2 Hz), 162.5 (‘Jer =

250.8 Hz), 166.2; HRMS (ESI): m/z calculated for C1oH;;ONF [M+H]: 182.0976, found: 182.0978.

General Procedure for the Cobalt-Catalyzed C—H Allylation of Imidates with Vinylcyclopropanes.

To a dried screw-capped test tube were added Cp*""Col,(CO) 176 (15.1 mg, 0.03 mmol, 10
mol %), AgSbF, (41.2 mg, 0.12 mmol, 40 mol %), PivOH (6.1 mg, 0.06 mmol, 20 mol %), imidate 132 (0.3
mmol), vinylcyclopropane 172 (0.6 mmol, 2.0 equiv.), and 1,4-dioxane (6.0 mL, 0.05 M) under Ar
atmosphere in a glovebox. The test tube was capped and heated at 65 °C for 14 h with stirring. After the
mixture was cooled to room temperature, saturated ag. EDTA*2Na solution was added. After dilution with
CH,Cl,, the organic layer was separated, and the aqueous layer was extracted with CH,Cl, three times. The
combined organic layers were dried over Na,SO,. After filtration and evaporation, the obtained crude
mixture was purified by silica gel column chromatography to give corresponding product 174. Yields were
determined at this stage as a combined yield of the Z/E isomers. The Z/E ratio was determined by the 'H
NMR analysis of the isolated product. The separation of the Z/E isomers was difficult, and only HPLC using
DASICEL CHIRALPAK ID (hexane/IPA = 19/1) on a small scale was successful. Therefore, only the
aliquot of 174aa was separated for characterization, and other products (Z isomer) were characterized

without separation.

Dimethyl (Z)-2-(4-(2-(ethoxy(imino)methyl)-4-methylphenyl)but-2-en-1-yl)malonate (174aa).

NH 174aa was purified by silica gel column chromatography (CH,Cl,/AcOEt = 20/1

Me OEt to 5/1). The pure isomer for characterization was obtained by further purification
X by HPLC using DASICEL CHIRALPAK ID (hexane/IPA = 19/1). Yield: 72%

MeO,C (75.0 mg, Z/E = 18/1); yellow oil; IR (neat) v 2953, 2360, 1738, 1639, 1437, 1330,

CO.Me 1231, 1155, 1069 cm™; '"H NMR (400 MHz, CDCl3) & 1.39 (t, J = 7.1 Hz, 3H),
2.32 (s, 3H), 2.75 (dd, J = 7.6, 7.5 Hz, 2H), 3.41-3.48 (m, 3H), 3.74 (s, 6H), 4.32 (q, J = 7.1 Hz, 2H), 5.41
(dtt, J=10.8, 7.5, 1.6 Hz, 1H), 5.61 (dtt, J= 10.8, 7.2, 1.5 Hz, 1H), 7.06-7.17 (m, 3H); "C NMR (100 MHz,
CDCl;) 6 14.2, 20.8, 26.8, 30.8, 51.5, 52.5, 61.9, 125.4, 128.2, 129.6, 130.4, 131.4, 134.4, 135.5, 135.9,
169.3, 170.7; HRMS (ESI): m/z calculated for CoH,60sN [M+H"]: 348.1806, found: 348.1806.
Dimethyl (E)-2-(4-(2-(ethoxy(imino)methyl)-4-methylphenyl)but-2-en-1-yl)malonate (174aa).
NH yellow oil; IR (neat) v 2953, 1738, 1640, 1437, 1330, 1230, 1155, 1070

OEt 80
NN COQMe

Me

COzMe



em™; '"H NMR (400 MHz, CDCLy) & 1.39 (t, J = 7.2 Hz, 3H), 2.32 (s, 3H), 2.60 (dd, J = 7.2, 7.1 Hz, 2H),
3.34 (d, J = 6.5 Hz, 2H), 3.41 (t, J = 7.2 Hz, 1H), 3.70 (s, 6H), 4.30 (q, J = 7.2 Hz, 2H), 5.39 (dt, J = 15.3,
7.1 Hz, 1H), 5.67 (dt, J = 15.3, 6.5 Hz, 1H), 7.06 (d, J = 8.0 Hz, 1H), 7.11-7.18 (m, 2H); °C NMR (100
MHz, CDCL) & 14.2, 20.8, 31.8, 36.1, 51.7, 52.4, 61.8, 126.8, 128.2, 129.9, 130.4, 132.6, 134.0, 135.4,
136.0, 169.3, 170.4; HRMS (ESI): m/z calculated for C sH,0sN [M+H']: 348.1806, found: 348.1806.

Dimethyl (Z)-2-(4-(2-(ethoxy(imino)methyl)phenyl)but-2-en-1-yl)malonate (174ba).

NH 174ba was purified by silica gel column chromatography (hexane/Et20 = 2/1 to 1/4).

OEt Yield: 40% (40.0 mg, Z/E = >20/1); colorless oil; IR (neat) v 2953, 1738, 1636, 1437,

~ 1373, 1331, 1235, 1160, 1070 cm-1; '"H NMR (400 MHz, CDCl3) § 1.39 (t, J = 7.1 Hz,

MeO.C 3H), 2.73-2.79 (m, 2H), 3.45 (t, J= 7.6 Hz, 1H), 3.50 (d, /= 7.3 Hz, 2H), 3.74 (s, 6H),

COMe 433 (q,J=7.1 Hz, 2H), 5.43 (dtt, J= 10.8, 7.4, 1.7 Hz, 1H), 5.63 (dtt, J= 10.8, 7.3, 1.6
Hz, 1H), 7.18-7.25 (m, 2H), 7.30-7.37 (m, 2H); *C NMR (100 MHz, CDCls) § 14.1, 26.8, 31.1, 51.4, 52.5,
61.9, 125.7, 126.2, 127.6, 129.6, 129.7, 131.1, 135.6, 137.4, 169.3, 170.6; HRMS (ESI): m/z calculated for
C1sH240sN [M+H']: 334.1649, found: 334.1649.

Dimethyl (Z)-2-(4-(4-chloro-2-(ethoxy(imino)methyl)phenyl)but-2-en-1-yl)malonate (174ca).

NH 174ca was purified by silica gel column chromatography (hexane/Et,0 = 2/1 to

cl OEt 1/3). Yield: 48% (53.5 mg, Z/E = >20/1); colorless oil; IR (neat) v 2953, 1737,
A 1641, 1437, 1328, 1068 cm™; '"H NMR (400 MHz, CDCl;) & 1.39 (t, J = 7.1 Hz,

MeO,C 3H), 2.74 (dd, J = 7.6, 7.2 Hz, 2H), 3.41-3.50 (m, 3H), 3.74 (s, 6H), 4.32 (q, J =

COMe 7.1 Hz, 2H), 5.39-5.50 (m, 1H), 5.58 (dt, J=10.6, 7.2 Hz, 1H), 7.15 (d, J = 8.3 Hz,
1H), 7.26-7.43 (m, 3H); C NMR (100 MHz, CDCL3) & 14.1, 26.8, 30.6, 51.4, 52.5, 62.1, 126.2, 127.6, 129.7,
130.5, 131.0, 131.9, 136.0, 137.0, 168.9, 169.2; HRMS (ESI): m/z calculated for C;sH,30sNCl [M+H']:
368.1259, found: 368.1259.

Dimethyl (Z)-2-(4-(4-bromo-2-(ethoxy(imino)methyl)phenyl)but-2-en-1-yl)malonate (174da).

NH 174da was purified by silica gel column chromatography (hexane/Et,O = 2/1 to

Br OEt 1/2). Yield: 51% (62.9 mg, Z/E = >20/1); colorless oil; IR (neat) v 2953, 1737,
N 1640, 1437, 1327, 1235, 1162, 1068, 875 cm™; '"H NMR (400 MHz, CDCl;) & 1.39

MeO,C (t,J=17.1 Hz, 3H), 2.74 (dd, J = 7.5, 7.4 Hz, 2H), 3.41-3.47 (m, 3H), 3.74 (s, 6H),

COMe 43 (q, J=7.1 Hz, 2H), 5.44 (dt, J = 10.7, 7.4 Hz, 1H), 5.57 (dt, /= 10.7, 7.2 Hz,
1H), 7.09 (d, J = 8.3 Hz, 1H), 7.35 (brs, 1H), 7.42-7.51 (m, 2H); °C NMR (100 MHz, CDCl3) § 14.1, 26.8,
30.7, 51.4, 52.5, 62.1, 119.8, 126.2, 130.4, 131.3, 132.6, 136.5, 137.3, 168.8, 169.2; one of the aromatic
signal was missing probably due to overlapping; HRMS (ESI): m/z calculated for C;sH,;0sNBr [M+H]:

412.0754, found: 412.0757.
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Dimethyl (Z)-2-(4-(4-acetyl-2-(ethoxy(imino)methyl)phenyl)but-2-en-1-yl)malonate (174ea).

© NH 174ea was purified by silica gel column chromatography (hexane/Et,O = 1/2 to
OEt 1/4). Yield: 52% (59.1 mg, Z/E = 11/1); yellow oil; IR (neat) v 2954, 1736, 1685,

N 1643, 1436, 1257, 1159, 1066, 839 cm™; "H NMR (400 MHz, C¢D¢) 5 1.19 (t, J =

MeO,C 7.1 Hz, 3H), 2.06 (s, 3H), 2.81 (dd, J = 7.5, 7.4 Hz, 2H), 3.32 (s, 6H), 3.39 (t, J =

COMe 7.5 Hz, 1H), 3.49 (d, J = 7.0 Hz, 2H), 4.15-4.50 (m, 2H), 5.40 (dt, J = 10.6, 7.4
Hz, 1H), 5.53 (dt, J = 10.6, 7.0 Hz, 1H), 7.05 (d, J = 8.0 Hz, 1H), 7.47 (brs, 1H), 7.73 (d, J = 8.0 Hz, 1H),
7.91 (s, 1H); °C NMR (100 MHz, CDCLs) § 14.1, 26.5, 26.8, 31.2, 51.3, 52.5, 62.1, 126.5, 127.7, 129.3,
129.9, 130.0, 135.2, 136.0, 142.9, 169.2, 169.4, 196.9; HRMS (ESI): m/= calculated for C2oH,sO6N [M+H']:
376.1755, found: 376.1754.

Dimethyl (Z)-2-(4-(2-(ethoxy(imino)methyl)-4-(phenoxymethyl)phenyl)but-2-en-1-yl)malonate (174fa).

NH 174fa was purified by silica gel column chromatography (hexane/Et,0 = 2/1

PhO OEt to 1/2). Yield: 51% (67.2 mg, Z/E = >20/1); orange oil; IR (neat) v 2952, 1737,
X 1639, 1496, 1330, 1237, 1155, 1069, 755 cm™; "H NMR (400 MHz, CDCl;) &

MeO,C 1.39 (t,J=7.1 Hz, 3H), 2.76 (dd, J = 7.6, 7.5 Hz, 2H), 3.45 (t, J = 7.6 Hz, 1H),

COMe 350 (d, J= 7.1 Hz, 2H), 3.74 (s, 6H), 4.33 (q, J = 7.1 Hz, 2H), 5.03 (s, 2H),
5.43 (dtt, J = 10.7, 7.5, 1.6 Hz, 1H), 5.62 (dtt, J =10.7, 7.1, 1.4 Hz, 1H), 6.93-7.00 (m, 3H), 7.23 (d, J = 7.9
Hz, 1H), 7.25-7.33 (m, 2H), 7.37-7.44 (m, 2H); C NMR (100 MHz, CDCl3)  14.1, 26.8, 30.9, 51.4, 52.5,
62.0, 69.2, 114.7, 121.0, 125.8, 126.7, 128.8, 129.5, 129.9, 131.0, 135.2, 135.8, 137.2, 158.6, 169.2, 170.2;
HRMS (ESI): m/z calculated for C,sH300eN [M+H']: 440.2068, found: 440.2066.

Dimethyl (Z)-2-(4-(2-(ethoxy(imino)methyl)-5-fluoro-4-methylphenyl)but-2-en-1-yl)malonate (174ga).

NH 174ga was purified by silica gel column chromatography (hexane/Et,0O = 2/1 to

Me OEt 1/2). Yield: 57% (62.5 mg, Z/E = >20/1); colorless oil; IR (neat) v 2954, 1737,
F A 1639, 1437, 1329, 1157, 1092, 867 cm™; '"H NMR (400 MHz, CDCl;) & 1.39 (t, J
MeO,C = 7.1 Hz, 3H), 2.24 (d, J = 1.2 Hz, 3H), 2.74 (dd, J = 7.5, 7.4 Hz, 2H), 3.41-3.48

COMe  (m, 3H), 3.75 (s, 6H), 4.30 (q, J = 7.1 Hz, 2H), 5.45 (dtt, J = 10.7, 7.4, 1.2 Hz, 1H),
5.59 (dtt, J=10.7, 7.2, 1.4 Hz, 1H), 6.85 (d, J= 10.6 Hz, 1H), 7.18 (d, J= 7.7 Hz, 1H); >C NMR (100 MHz,
CDCI3) & 13.9 CJcr = 3.2 Hz), 14.1, 26.7, 30.7 (Jer = 1.5 Hz), 51.4, 52.5, 61.9, 115.9 (Jer = 23.0 Hz),
122.7 (Jer = 17.9 Hz), 126.2, 130.5, 130.9 CJcr = 5.7 Hz), 131.3 (4] = 3.3 Hz), 137.5 (Jcr = 7.6 Hz), 161.7
(‘Jer = 249.1 Hz), 169.2, 169.7; HRMS (ESI): m/z calculated for CoH,sOsNF [M+H']: 366.1711, found:
366.1709.

Dimethyl (Z)-2-(4-(3-(ethoxy(imino)methyl)naphthalen-2-yl)but-2-en-1-yl)malonate (174ha).
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NH 174ha was purified by silica gel column chromatography (hexane/Et,O = 2/1 to

OO OEt 1/4). Yield: 43% (49.5 mg, Z/E = 20/1); IR (neat) v 2952, 1737, 1640, 1437, 1338,

X 1152, 1095, 1055, 753 cm™; '"H NMR (400 MHz, CDCl;) & 1.43 (t, J = 7.1 Hz,

MeO,C 3H), 2.76-2.84 (m, 2H), 3.47 (t, J = 7.6 Hz, 1H), 3.66 (d, J = 7.4 Hz, 2H), 3.73 (s,

COMe  gH), 4.38 (q, J = 7.1 Hz, 2H), 5.51 (dtt, J = 10.8, 7.2, 1.8 Hz, 1H), 5.73 (dtt, J =

10.8, 7.4, 1.3 Hz, 1H), 7.43-7.53 (m, 3H), 7.65 (s, 1H), 7.78 (d, J = 7.6 Hz, 1H), 7.81 (d, J = 7.6 Hz, 1H),

7.86 (s, 1H); °C NMR (100 MHz, CDCI3) § 14.2, 26.8, 31.2, 51.5, 52.5, 62.1, 126.0, 127.0, 127.2, 127.5,

127.8, 128.0, 131.0, 131.4, 133.8, 134.4, 134.6, 169.3, 170.7; one of the aromatic signal was missing

probably due to overlapping; HRMS (ESI): m/z calculated for C,H,sOsN [M+H']: 384.1806, found:
384.1804.

Diethyl (Z)-2-(4-(2-(ethoxy(imino)methyl)-4-methylphenyl)but-2-en-1-yl)malonate (174ab).
NH 174ab was purified by silica gel column chromatography (hexane/Et,O = 2/1 to
Me OEt 1/2). Yield: 54% (61.3 mg, Z/E = >20/1); orange oil; IR (neat) v 2980, 1732, 1639,
~N 1370, 1330, 1229, 1069, 861 cm™; '"H NMR (400 MHz, CDCl3) & 1.27 (t, J = 7.1
EtO,C Hz, 6H), 1.39 (t, J = 7.1 Hz, 3H), 2.32 (s, 3H), 2.74 (dd, J = 7.5, 6.8 Hz, 2H), 3.39
COEt (¢, 7=7.5Hz, 1H), 3.45 (d, J= 7.1 Hz, 2H), 4.20 (q, J = 7.1 Hz, 4H), 4.32 (q, J =
7.1 Hz, 2H), 5.42 (dtt, J = 10.8, 6.8, 1.6 Hz, 1H), 5.59 (dtt, /= 10.8, 7.1, 1.4 Hz, 1H), 7.06-7.18 (m, 3H); C
NMR (100 MHz, CDCl;) § 14.0, 14.1, 20.7, 26.7, 30.8, 51.8, 61.4, 61.9, 125.6, 128.1, 129.6, 130.4, 131.2,
134.4, 135.5, 135.8, 168.9, 170.7; HRMS (ESI): m/z calculated for C5;H300sN [M+H']: 376.2119, found:

376.2117.

Dibenzyl (Z)-2-(4-(2-(ethoxy(imino)methyl)-4-methylphenyl)but-2-en-1-yl)malonate (174ac).

NH 174ac was purified by silica gel column chromatography (CH,Cl,/AcOEt = 20/1 to

Me OEt 5/1). Yield: 53% (79.2 mg, Z/E = 12/1); brown oil; IR (neat) v 2978, 1733, 1637,
A 1372, 1330, 1152, 1069, 697 cm™'; '"H NMR (400 MHz, CDCl3) & 1.36 (t, J = 7.1

BnO.C Hz, 3H), 2.31 (s, 3H), 2.78 (dd, J= 7.6, 7.2 Hz, 2H), 3.40 (d, /= 6.9 Hz, 2H), 3.52

CO.Bn (¢, j=7.6 Hz, 1H), 4.29 (q, J = 7.1 Hz, 2H), 5.14 (s, 4H), 5.35-5.46 (m, 1H), 5.57
(dt, J=10.8, 6.9 Hz, 1H), 7.03-7.16 (m, 3H), 7.24-7.35 (m, 10H); *C NMR (100 MHz, CDCl;)  14.1, 20.8,
26.7,30.8,51.8,61.9,67.1, 125.4, 128.1, 128.3, 128.5, 129.6, 130.4, 131.5, 134.4, 135.3, 135.5, 135.8, 168.6,
170.6; one of the aromatic signal was missing probably due to overlapping; HRMS (ESI): m/z calculated for
C31H3405N [M+H]: 500.2432, found: 500.2431.

General Procedure for the Cobalt-Catalyzed C—H Allylation of Imidates with Allyl Carbonate.
To a dried screw-capped vial were added [Cp*Co(CH;CN);](SbFe), 25 (23.7 mg, 0.03 mmol, 10
mol %), KOAc (5.9 mg, 0.06 mmol, 20 mol %), imidate 132 (0.3 mmol), allyl carbonate 177 (78.1 mg, 0.6
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mmol, 2.0 equiv.), and DCE (3.0 mL, 0.1 M) under Ar atmosphere in a glovebox. The vial was capped and
heated at 60 °C for 14 h with stirring. After the mixture was cooled to room temperature, saturated agq.
EDTA-<2Na was added. After dilution with CH,Cl,, the organic layer was separated, and the aqueous layer
was extracted with CH,Cl, three times. The combined organic layers were dried over Na,SO,. After filtration
and evaporation, the obtained crude mixture was purified by silica gel column chromatography to give

corresponding product 178.

Ethyl 2-allyl-5-chlorobenzimidate (178a).
NH 178a was purified by silica gel column chromatography (hexane/Et,O = 4/1 to 2/1).
cl OEt Yield: 58% (39.1 mg); yellow oil; IR (neat) v 2979, 1639, 1412, 1369, 1327, 1067,
X 997,882 cm™; 'H NMR (400 MHz, CDCl;) § 1.39 (t, J = 7.1 Hz, 3H), 3.42 (d, J = 6.2
Hz, 2H), 4.31 (q, J = 7.1 Hz, 2H), 5.00 (ddt, J=16.8, 1.6, 1.6 Hz, 1H), 5.10 (dd, J = 10.1, 1.6 Hz, 1H), 5.94
(ddt, J=16.8, 10.1, 6.2 Hz, 1H), 7.16 (d, J = 8.3 Hz, 1H), 7.31 (dd, J = 8.3, 2.3 Hz, 1H), 7.34-7.52 (m, 2H);
C NMR (100 MHz, CDCly) § 14.1, 37.2, 62.1, 116.5, 127.7, 129.6, 131.6, 132.1, 135.3, 136.7, 136.9,

168.6; HRMS (ESI): m/z calculated for C;,H;sONCI [M+H"]: 224.0837, found: 224.0839.

Ethyl 5-acetyl-2-allylbenzimidate (178b).
O NH 178b was purified by silica gel column chromatography (hexane/Et,O = 4/1 to 2/1).
OEt Yield: 63% (43.4 mg); orange oil; IR (neat) v 2979, 1634, 1372, 1318, 1147, 1093,
X 1056, 913, 750 cm™; "H NMR (400 MHz, CDCl3) § 1.41 (t, J = 7.1 Hz, 3H), 2.60 (s,
3H), 3.52 (d, J = 6.3 Hz, 2H), 4.34 (q, J = 7.1 Hz, 2H), 5.04 (ddt, J = 16.8, 1.6, 1.6 Hz, 1H), 5.12 (ddt, J =
10.1, 1.6, 1.5 Hz, 1H), 5.96 (ddt, J = 16.8, 10.1, 6.3 Hz, 1H), 7.34 (d, J = 8.0 Hz, 1H), 7.44 (brs, 1H),
7.89-7.99 (m, 2H); C NMR (100 MHz, CDCly) 8 14.1, 26.5, 37.8, 62.1, 116.9, 127.8, 129.2, 130.5, 135.3,
135.9, 136.1, 142.3, 169.2, 197.0; HRMS (ESI): m/z calculated for Ci4H;30.N [M+H']: 232.1332, found:
232.1333.

Ethyl 3-allyl-2-naphthimidate (178c).
178c was purified by silica gel column chromatography (hexane/Et,O = 4/1 to 1/1). Yield: 59% (42.7 mg);
yellow oil; IR (neat) v 2979, 1686, 1642, 1371, 1330, 1256, 1066, 918, 840 cm™; '"H NMR (400 MHz,
NH CDCly) 5 1.43 (t, J = 7.1 Hz, 3H), 3.63 (d, J = 6.5 Hz, 2H), 4.38 (q, J = 7.1 Hz, 2H),
OO OEt 508 (ddt, J=16.9, 1.7, 1.6 Hz, 1H), 5.13 (ddt, J = 10.2, 1.6, 1.5 Hz, 1H), 6.06 (ddt, J
N =169, 10.2, 6.5 Hz, 1H), 7.39-7.60 (m, 3H), 7.67 (s, 1H), 7.78 (d, J = 7.9 Hz, 1H),
7.82 (d, J = 7.8 Hz, 1H), 7.88 (s, 1H); °C NMR (100 MHz, CDCl;) & 14.2, 37.9, 62.0, 116.4, 126.1, 127.0,
127.2, 127.6, 127.9, 128.7, 131.5, 133.8, 134.1, 134.3, 137.1, 170.4; HRMS (ESI): m/z calculated for
Ci¢HsON [M+H]: 240.1383, found: 240.1385.
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Procedure for the Transformation Reaction of 174ba with Dioxazolone 99.

To a dried screw-capped vial were added [Cp*RhCl,], (0.9 mg, 0.0015 mmol, 5 mol %), AgBF,
(1.2 mg, 0.006 mmol, 20 mol %), 174ba (10 mg, 0.03 mmol), dioxazolone 99 (7.3 mg, 0.045 mmol, 1.5
equiv.), and DCE (0.15 mL, 0.2 M) under Ar atmosphere in a glovebox. The vial was capped and heated at
50 °C for 13 h with stirring. After cooling to room temperature, the mixture was filtered through a short pad
of silica gel and evaporated. The crude mixture was purified by silica gel column chromatography
(hexane/AcOEt = 10/1 to 5/1) to give corresponding product 179 as a colorless solid (7.2 mg, 0.017 mmol,
55%).

Dimethyl (Z)-2-(4-(4-ethoxy-2-phenylquinazolin-5-yl)but-2-en-1-yl)malonate (179).

ji‘ mp: 92.8-94.5 °C; IR (KBr) v 1747, 1577, 1557, 1499, 1328, 1241, 1203, 1065, 794,
N“ "N 715 cm™; "H NMR (400 MHz, CDCls) & 1.57 (t, J= 7.1 Hz, 3H), 2.83 (dd, J = 7.6, 7.5

|
OEt Hz, 2H), 3.47 (t, /= 7.6 Hz, 1H), 3.74 (s, 6H), 4.08 (d, /= 7.1 Hz, 2H),4.79 (q, /= 7.1

N Hz, 2H), 5.45 (dt, J = 10.6, 7.5 Hz, 1H), 5.80 (dt, J =10.6, 7.1 Hz, 1H), 7.32 (d, J = 7.4

MeO-C Hz, 1H), 7.42-7.56 (m, 3H), 7.68 (dd, J = 8.0, 7.5 Hz, 1H), 7.86 (d, J = 8.0 Hz, 1H),

COzMe  8.51-8.61 (m, 2H); *C NMR (100 MHz, CDCl;) & 14.3, 27.0, 33.9, 51.6, 52.6, 63.0,

114.4, 125.2, 126.8, 127.9, 1283, 128.4, 130.4, 131.9, 132.8, 138.0, 138.8, 153.9, 159.2, 167.2, 169.4;
HRMS (ESI): m/z calculated for CosHy,0sN, [M+H]: 435.1915, found: 435.1913.

Procedure for the Transformation Reaction of 174ba with Diazomalonate 147.

To a dried screw-capped vial were added [Cp*RhCl;], (0.9 mg, 0.0015 mmol, 5 mol %), AgSbFg
(2.1 mg, 0.006 mmol, 20 mol %), KOAc (0.6 mg, 0.006 mmol, 20 mol %), 174ba (10 mg, 0.03 mmol),
diazomalonate 147 (7.1 mg, 0.045 mmol, 1.5 equiv.), and DCE (0.15 mL, 0.2 M) under Ar atmosphere in a
glovebox. The vial was capped and heated at 50 °C for 13 h with stirring. After cooling to room temperature,
the mixture was filtered by a short pad of silica gel and evaporated. The crude mixture was purified by silica
gel column chromatography (hexane/AcOEt = 4/1 to 2/1) to give corresponding product 180 as a colorless
amorphous (8.0 mg, 0.019 mmol, 62%).

Dimethyl (Z)-2-(4-(1-ethoxy-3-hydroxy-4-(methoxycarbonyl)isoquinolin-8-yl)but-2-en-1-yl)malonate
(180).

IR (neat) v 1737, 1641, 1577, 1514, 1454, 1321, 1253, 1055, 964, 821 cm™; 'H
NMR (400 MHz, CDCl5) 8 1.50 (t, J= 7.1 Hz, 3H), 2.80 (dd, /= 7.7, 7.5 Hz, 2H),
3.45 (t,J=17.7 Hz, 1H), 3.74 (s, 6H), 4.04 (d, J = 7.1 Hz, 2H), 4.07 (s, 3H), 4.65
(q, J=17.1 Hz, 2H), 5.41 (ddt, J=10.7, 7.5, 1.7 Hz, 1H), 5.74 (ddt, J = 10.7, 7.1,
1.5 Hz, 1H), 7.20 (d, J = 7.0 Hz, 1H), 7.54 (dd, J = 8.7, 7.0 Hz, 1H), 8.59 (d, J =
8.7 Hz, 1H), 13.1 (s, 1H); “C NMR (100 MHz, CDCl3) & 14.2, 27.0, 35.1, 51.6,
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52.5, 52.6, 63.9, 92.3, 115.2, 123.1, 124.9, 126.6, 131.8, 132.3, 139.8, 140.3, 165.4, 166.3, 169.4, 172.7;
HRMS (ESI): m/z calculated for C,,H,OsN [M+H ]: 432.1653, found: 432.1654.
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Chapter IV

Procedure for the synthesis of ligand 262.

==0

1 (0]

\HJ\NHZ

Br

p=d

CF3

(2.0 equiv.)
OH K,COs (2.0 equiv.) NH, CFs CFs
KI (10 mol %) (1.2 equiv.)
OMOM DMSO, 50 °C OMOM CH,Cl, r.t. O O (o) /@\
OMOM 5 KOH (12.5 equiv.) OMOM 5 150H-H,0 (5 mol %) NJ\N CFs
150 °C CH,Cl,/MeOH, rt. oq H H

S1 S2 262

S$2 was prepared from $1% according to the literature®’. To a 100 mL recovery flask were added
S1 (3.9 g, 10.1 mmol), 2-bromopropionamide (3.1 g, 20.2 mmol, 2.0 equiv.), K,CO; (2.8 g, 0.2 mmol, 2.0
equiv.), KI (166 mg, 1.0 mmol, 0.1 equiv.) and DMSO (40 mL, 0.25 M). The reaction mixture was stirred at
50 °C for 2 h. The resulting mixture was added KOH (7.1 g, 126 mmol, 12.5 equiv.), and heated at 150 °C
for 4 h. After the mixture was cooled to room temperature, H,O and AcOEt were added. The organic layer
was separated, and the aqueous layer was extracted with AcOEt three times. The combined organic layers
were washed with H,O and brine, dried over Na,SO,4. After filtration and evaporation, the obtained crude
mixture was purified by silica gel column chromatography (hexane/AcOEt) to give corresponding product
S2 (ca. 6.7 mmol, ca. 66%) with several byproducts. S2 was used for next reaction without further
purification.

To a 100 mL recovery flask were added S2, 3,5-(bis)trifluoromethylphenyl isocyanate (1.1 mL,
6.7 mmol, 1.0 equiv.), and CH,Cl, (33 mL, 0.2 M). The resulting mixture was stirred at room temperature
for 1 h. After evaporation, to the crude mixture were added TsOH*H,O (ca. 5 mol %) and CH,Cl,/MeOH
(1/1, 0.1 M). After stirring at 40 °C for overnight, the reaction mixture was quienched by addition of sat.
NaHCOs; ag. The aqueous layer was extracted with AcOEt three times. The combined organic layers were
washed with H,O and brine, dried over Na,SO4, and evaporated in vacuo. 262 was obtained as a colorless
solid (2.1 g, 3.73 mmol, 37% from S1) after purification by silica gel column chromatography
(hexane/AcOEt). '"H NMR (500 MHz, CD;OD) & 6.91 (d, J = 8.4 Hz, 1H), 7.04 (d, J = 8.6 Hz, 2H),
7.06-7.10 (m, 2H), 7.18-7.23 (m, 1H), 7.24-7.28 (m, 2H), 7.33 (d, J = 9.0 Hz, 1H), 7.55 (s, 1H), 7.81 (d, J =
8.0 Hz, 1H), 7.86 (d, J = 8.0 Hz, 1H), 7.93 (d, /= 8.9 Hz, 1H), 8.13 (s, 2H), 8.68 (s, 1H); HRMS (ESI): m/z
calculated for CoH 303N,F¢Na [M+Na']: 579.1114, found: 579.1105.

General procedure for the rhodium and borane catalyzed C-H addition with o,f-unsaturated
carboxylic acid 189.
87



To a flame dried test tube were added carboxylic acid 189 (0.30 mmol) and toluene (1.5 mL).
BH,*SMe, (1.0 M in CH,CL, 60 pL, 20 mol %) was added to the reaction mixture at 0 °C. The reaction
mixture was stirred at room temperature for 1 h, and then toluene was removed by vacuum pomp. To the
resulting complex were added [Cp*RhCL], (4.6 mg, 2.5 mol %), AgSbF, (10.3 mg, 10 mol %), ligand 262
(33.4 mg, 20 mol %), DMF (0.6 mL), and 12 (1.0 equiv.) in a glove box. The test tube was capped and
heated at 50 °C for 15 h with stirring. After the mixture was cooled to room temperature, acetic acid was
added and an insoluble solid was removed by short pad of SiO,. After evaporation, obtained crude mixture

was purified by SiO. column chromatography (CH.CL/MeOH) to give 241.

5-phenyl-3-(2-(pyridin-2-yl)phenyl)pentanoic acid (241ac)

'H NMR (500 MHz, CDCl;) & 1.78-1.92 (m, 2H), 2.11 (ddd, J = 14.9, 8.9, 6.7 Hz, 1H),
2.24 (ddd, J = 14.9, 8.7, 6.0 Hz, 1H), 2.96-3.04 (m, 2H), 3.63 (tt, /=9.7, 6.3 Hz, 1H),
6.78-6.84 (m, 2H), 7.02-7.10 (m, 3H), 7.32-7.40 (m, 3H), 7.46-7.50 (m, 2H), 7.58 (d,
J =128 Hz, 1H), 7.93 (ddd, J = 7.8, 7.6, 1.6 Hz, 1H), 8.52 (d, J = 5.0 Hz, 1H); "C
NMR (125 MHz, CDCl;) 6 33.0, 34.3, 39.4, 43.4, 122.5, 125.0, 125.7, 126.9, 127.0,
127.9, 128.2, 130.0, 130.1, 137.8, 138.9, 141.1, 141.5, 146.3, 158.1, 173.7; HRMS
(ESI): m/z calculated for CH»,O,N [M+H']: 332.1645, found: 332.1642.

CO,H

3-(5-chloro-2-(pyridin-2-yl)phenyl)-5-phenylpentanoic acid (241bc)

| N Ph 'H NMR (400 MHz, CDCl5) § 1.75-1.96 (m, 2H), 2.16 (ddd, J = 15.1, 8.7, 6.4 Hz, 1H),
N 2.28 (ddd, J=14.2,8.7,5.9 Hz, 1H), 2.86-3.01 (m, 2H), 3.57 (tt, /= 10.1, 6.4 Hz, 1H),
COH 6,84 (d, J = 6.4 Hz, 2H), 7.03-7.13 (m, 3H), 7.27-7.34 (m, 2H), 7.36-7.41 (m, 1H),
7.43 (s, 1H), 7.50 (d, /= 7.3 Hz, 1H), 7.90 (ddd, /= 7.8, 1.8, 1.8 Hz, 1H), 8.53 (d, J =
Cl 4.6 Hz, 1H); >C NMR (100 MHz, CDCl3) 8 32.9, 34.4, 39.1, 43.0, 122.8, 125.0, 125.8,
127.2,127.9, 128.2, 131.4, 136.1, 136.3, 138.9, 140.8, 143.6, 146.7, 157.0, 173.4, One of the aromatic peaks

was overlapped.; HRMS (ESI): m/z calculated for C5,H, O,NC1 [M+H]: 366.1255, found: 366.1257.

3-(5-bromo-2-(pyridin-2-yl)phenyl)-S-phenylpentanoic acid (241cc)
| XN Ph 'H NMR (400 MHz, CDCl3) & 1.74-1.97 (m, 2H), 2.16 (ddd, J = 14.8, 8.0, 8.0 Hz, 1H), 2.28
~N (ddd, J=14.8, 8.9, 6.3 Hz, 1H), 2.86-3.00 (m, 2H), 3.50-3.63 (m, 1H), 6.85 (d, /= 7.1 Hz, 2H),
COxH  7.03-7.13 (m, 3H), 7.22 (d, J = 8.3 Hz, 1H), 7.37 (dd, J = 4.9, 4.9 Hz, 1H), 7.43-7.52 (m, 2H),
7.58 (d, J = 1.8 Hz, 1H), 7.88 (dd, J = 7.9, 7.5 Hz, 1H), 8.53 (d, J = 4.7 Hz, 1H); °C NMR
Br (100 MHz, CDCls) 6 32.9, 34.4, 39.1, 42.9, 122.8, 124.4, 124.9, 125.8, 127.9, 128.2, 130.2,
131.6, 136.9, 138.8, 140.8, 143.9, 146.8, 157.1, 173.4, One of the aromatic peaks was overlapped.; HRMS (ESI): m/z

calculated for Cy,Hy O,NBr [M+H]: 410.0750, found: 410.0751.
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3-(5-(methoxycarbonyl)-2-(pyridin-2-yl)phenyl)-5-phenylpentanoic acid (241dc)

N oh 'H NMR (400 MHz, CDCl;) § 1.81-1.99 (m, 2H), 2.08-2.20 (m, 1H), 2.21-2.31 (m,
_N 1H), 3.02 (d, J = 7.9 Hz, 2H), 3.64 (tt, /= 7.4, 7.3 Hz, 1H), 3.96 (s, 3H), 6.83 (d, J =
7.3 Hz, 2H), 7.03-7.12 (m, 3H), 7.39-7.48 (m, 2H), 7.56 (d, /= 7.9 Hz, 1H), 7.94 (dd,
J=179,79 Hz, 1H), 8.01 (dd, J= 8.0, 1.6 Hz, 1H), 8.15 (d, /= 1.6 Hz, 1H), 8.56 (d, J
= 5.0 Hz, 1H); >C NMR (100 MHz, CDCl;) & 32.9, 34.5, 38.9, 42.7, 52.3, 123.0,
125.1, 125.7, 127.8, 127.9, 128.2, 130.2, 131.3, 138.67, 138.69, 140.9, 142.1, 142.3,

CO,H

CO,Me

146.9, 157.1, 166.4, 173.9; HRMS (ESI): m/z calculated for C24H,,04,N [M+H]: 390.1670, found: 390.1699.

3-(5-acetyl-2-(pyridin-2-yl)phenyl)-5-phenylpentanoic acid (241ec)

| Xy Ph '"H NMR (400 MHz, CDCl3) 6 1.81-2.01 (m, 2H), 2.17 (ddd, J = 14.8, 8.5, 6.9 Hz, 1H),
~N 2.27 (ddd, 14.8, 8.8, 6.3 Hz, 1H), 2.65 (s, 3H), 2.92-3.03 (m, 2H), 3.57-3.70 (m, 1H),
COH  6.84 (d, J = 7.3 Hz, 2H), 7.03-7.13 (m, 3H), 7.36-7.43 (m, 1H), 7.46 (d, J = 8.1 Hz,
1H), 7.53 (d, J = 7.9 Hz, 1H), 7.90 (d, J = 7.8 Hz, 2H), 8.05 (s, 1H), 8.57 (d, J = 5.0
Ac Hz, 1H); °C NMR (100 MHz, CDCls) & 26.7, 33.0, 34.5, 39.0, 42.8, 123.0, 125.0,
125.8, 126.77, 126.84, 127.9, 128.2, 130.5, 138.0, 138.6, 140.9, 142.3, 142.5, 147.1, 157.2, 173.6, 197.5;

HRMS (ESI): m/z calculated for CosHp403N [M+H']: 374.1751, found: 374.1751.

5-phenyl-3-(4-(pyridin-2-yl)-[1,1'-biphenyl]-3-yl)pentanoic acid (241fc)

| A Ph 'H NMR (400 MHz, CDCl;) & 1.82-1.98 (m, 2H), 2.17 (ddd, J = 14.8, 8.2, 8.2 Hz, 1H),
~N 2.29 (ddd, J = 14.8, 6.6, 6.6 Hz, 1H), 2.98-3.10 (m, 2H), 3.65 (tt, J=9.0, 7.1 Hz, 1H),
COH 683 (d, J = 6.6 Hz, 2H), 7.01-7.11 (m, 3H), 7.34-7.49 (m, 5H), 7.51-7.67 (m, 5H),
7.92 (dd, J = 7.8, 7.7 Hz, 1H), 8.52 (d, J = 4.3 Hz, 1H); *C NMR (100 MHz, CDCl;)
Ph 0 33.0, 34.3, 39.4, 43.4, 122.6, 125.1, 125.68, 125.74, 127.2, 127.8, 127.9, 128.2,
128.8, 130.6, 136.4, 139.2, 140.2, 141.0, 142.0, 143.0, 146.1, 157.5, 173.9, One of the aromatic peaks was

overlapped.; HRMS (ESI): m/z calculated for CogH,60,N [M+H]: 408.1958, found: 408.1957.

3-(5-(tert-butyl)-2-(pyridin-2-yl)phenyl)-5-phenylpentanoic acid (241gc)

'H NMR (400 MHz, CDCl;) & 1.36 (s, 9H), 1.74-1.95 (m, 2H), 2.08-2.27 (m, 2H), 2.98 (d, J = 8.4 Hz, 2H),
3.55(tt, J=16.4, 8.4 Hz, 1H), 6.80-6.85 (m, 2H), 7.02-7.12 (m, 3H), 7.29 (d, J = 8.2 Hz, 1H), 7.33-7.42 (m,
2H), 7.46 (d, J= 1.9 Hz, 1H), 7.55 (d, J = 7.9 Hz, 1H), 7.94 (ddd, J= 7.9, 7.8, 1.6 Hz, 1H), 8.48 (d, J=4.3
N Ph Hz, 1H); "C NMR (100 MHz, CDCly) 8 31.2, 33.0, 34.4, 34.8, 39.6, 43.4, 122.6,

N 123.6, 124.1, 125.3, 125.6, 127.9, 128.2, 129.8, 134.2, 139.6, 141.1, 141.2, 145.5,
COH 1534, 157.4, 174.4; HRMS (ESI): m/z calculated for CagHs0,N [M+H']: 388.2271,
found: 388.2272.
Bu
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3-(5-methoxy-2-(pyridin-2-yl)phenyl)-5-phenylpentanoic acid (241hc)

| N Ph "H NMR (400 MHz, CDCl3) 6 1.74-1.93 (m, 2H), 2.12 (ddd, /=154, 8.7, 6.9 Hz, 1H),
N 2.26 (ddd, J=14.4, 8.7, 6.2 Hz, 1H), 2.89-3.02 (m, 2H), 3.54 (tt, /= 9.9, 5.9 Hz, 1H),
COH 384 (s, 3H), 6.80-6.89 (m, 3H), 6.96 (d, J= 2.5 Hz, 1H), 7.03-7.11 (m, 3H), 7.30 (d, J

OMe

= 8.6 Hz, 1H), 7.37 (dd, J= 7.0, 5.8 Hz, 1H), 7.54 (d, /= 7.9 Hz, 1H), 7.93 (ddd, J =
7.8, 7.8, 1.5 Hz, 1H), 8.46 (d, J = 4.5 Hz, 1H); °C NMR (100 MHz, CDCls) & 32.9,
34.3, 39.4, 43.5, 55.3, 112.4, 112.6, 122.4, 125.3, 125.7, 127.9, 128.1, 129.5, 131.6, 139.8, 141.0, 143.4,
145.2,157.1, 161.1, 174.3; HRMS (ESI): m/z calculated for C,3H40sN [M+H']: 362.1751, found: 362.1751.

3-(4-chloro-2-(pyridin-2-yl)phenyl)-5-phenylpentanoic acid (241ic)

< P "H NMR (400 MHz, CDCls) & 1.72-1.84 (m, 1H), 1.84-1.96 (m, 1H), 2.16 (ddd, J
| _N =15.3, 8.6, 8.6 Hz, 1H), 2.26 (ddd, J = 14.4,9.3, 6.1 Hz, 1H), 2.88 (d, /= 7.3 Hz,
CO,H 2H), 3.45-3.57 (m, 1H), 6.85 (d, /= 7.2 Hz, 2H), 7.03-7.13 (m, 3H), 7.31-7.51 (m,

cl

5H), 7.86 (t, J = 7.7 Hz, 1H), 8.55 (d, J = 4.8 Hz, 1H); “C NMR (100 MHz,

CDCls) & 32.9, 34.3, 39.0, 42.7, 122.9, 124.9, 125.7, 127.9, 128.2, 128.4, 129.8,
129.9, 132.3, 138.6, 139.8, 140.1, 141.0, 147.0, 156.8, 173.9; HRMS (ESI): m/z calculated for C,,H, O,NCI
[M+H"]: 366.1255, found: 366.1258.

3-(4-(methoxycarbonyl)-2-(pyridin-2-yl)phenyl)-5-phenylpentanoic acid (241jc)

N Ph 'H NMR (400 MHz, CDCl;) § 1.77-1.99 (m, 2H), 2.15 (ddd, J = 14.1, 9.1,
| _N 6.6 Hz, 1H), 2.24 (ddd, J = 14.3, 9.1, 6.1 Hz, 1H), 2.96 (d, J = 8.0 Hz, 2H),
/%/CCOZH 3.58-3.71 (m, 1H), 3.92 (s, 3H), 6.84 (d, J = 6.2 Hz, 2H), 7.03-7.12 (m, 3H),
7.39 (dd, J=17.4, 5.0 Hz, 1H), 7.56 (dd, J=9.2,9.2 Hz, 2H), 791 (t,J= 7.7
MeO,C

Hz, 1H), 8.06 (s, 1H), 8.12 (d, J = 8.2 Hz, 1H), 8.56 (d, J = 4.9 Hz, 1H); 1°C
NMR (100 MHz, CDCls) & 33.3, 35.0, 39.4, 43.2, 52.5, 123.2, 125.4, 126.1, 127.6, 128.2, 128.5, 129.1,
131.1, 131.6, 138.7, 139.2, 141.2, 147.1, 147.3, 157.5, 166.6, 173.8; HRMS (ESI): m/z calculated for
Ca4H240,N [M+H']: 390.1700, found: 390.1702.

3-(4-methyl-2-(pyridin-2-yl)phenyl)-5-phenylpentanoic acid (241kc)

N Ph "H NMR (400 MHz, CDCl;) 6 1.72-1.93 (m, 2H), 2.10 (ddd, J = 14.4, 9.0, 7.2 Hz,
| _N 1H), 2.23 (ddd, J = 14.4, 8.5, 5.8 Hz, 1H), 2.38 (s, 3H), 2.90-2.99 (m, 2H), 3.50
CO,H (tt, J = 15.3, 6.3 Hz, 1H), 6.83 (d, J = 6.7 Hz, 2H), 7.02-7.11 (m, 3H), 7.17 (s,

Me

1H), 7.30 (d, J = 8.1 Hz, 1H), 7.36 (d, J = 7.6 Hz, 1H), 7.41 (dd, J = 7.0, 5.6 Hz,
1H), 7.58 (d, J = 8.1 Hz, 1H), 7.95 (td, J= 7.7, 1.6 Hz, 1H), 8.50 (d, J = 4.9 Hz,
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1H); °C NMR (100 MHz, CDCl3) § 20.9, 32.9, 33.9, 39.5, 43.6, 122.7, 125.3, 125.7, 126.9, 127.9, 128.2,
130.6, 131.2, 136.6, 136.9, 138.4, 139.6, 141.2, 145.6, 157.7, 174.2; HRMS (ESI): m/z calculated for

C»3H240,N [M+H]: 346.1802, found: 346.1802.

3-(4-(tert-butyl)-2-(pyridin-2-yl)phenyl)-5-phenylpentanoic acid (241lc)

'H NMR (400 MHz, CDCl;) § 1.33 (s, 9H), 1.76-1.93 (m, 2H), 2.14 (ddd, J =
15.4, 8.5, 6.5 Hz, 1H), 2.26 (ddd, J = 14.5, 8.4, 6.6 Hz, 1H), 2.93-2.99 (m, 2H),
3.49 (tt, J= 154, 6.1 Hz, 1H), 6.84 (dd, J = 8.0, 1.9 Hz, 2H), 7.02-7.11 (m, 3H),
7.32(d,J=2.1Hz, 1H), 7.39 (d, /= 8.3 Hz, 1H), 7.43 (ddd, J= 7.6, 5.2, 1.1 Hz,
Bu 1H), 7.51 (dd, J=8.3, 2.1 Hz, 1H), 7.59 (d, /= 8.0 Hz, 1H), 7.98 (td, J= 7.8, 1.7
Hz, 1H), 8.50 (d, J = 4.3 Hz, 1H); °C NMR (100 MHz, CDCl;) & 31.2, 33.0, 33.9, 34.5, 39.3, 43.4, 122.7,
125.4, 125.7, 126.7, 126.9, 127.7, 127.9, 128.2, 136.3, 138.4, 139.8, 141.2, 145.4, 149.7, 157.9, 174.4;

Xy  Ph
_N

CO,H

HRMS (ESI): m/z calculated for C,sH300,N [M+H]: 388.2271, found: 388.2271.

3-(4-methoxy-2-(pyridin-2-yl)phenyl)-5-phenylpentanoic acid (241mc)
'H NMR (400 MHz, CDCl3) & 1.71-1.92 (m, 2H), 2.11 (ddd, J = 15.6, 9.1, 6.7

| /\N ;" Hz, 1H), 2.25 (ddd, J = 14.4, 9.1, 6.0 Hz, 1H), 2.84-2.97 (m, 2H), 3.46 (tt, J =

CO,H 99 6.0 Hz, 1H), 3.82 (s, 3H), 6.84 (dd, J = 8.0, 1.8 Hz, 2H), 6.87 (d, J = 2.7

Hz, 1H), 7.00-7.11 (m, 4H), 7.33-7.41 (m, 2H), 7.54 (dd, J = 7.8, 0.6 Hz, 1H),

MeO 7.91 (td, J = 7.9, 1.6 Hz, 1H), 8.51 (dd, J = 5.1, 0.8 Hz, 1H); °C NMR (100

MHz, CDCl;) 6 33.0, 33.8, 39.4, 43.4, 554, 115.2, 115.9, 122.7, 125.1, 125.6, 127.9, 128.1, 133.3, 138.5,
139.2, 141.2, 146.0, 157.6, 158.0, 174.1; HRMS (ESI): m/z calculated for Cy;H,03N [M+H']: 362.1751,

found: 362.1750.

3-(2-(pyridin-2-yl)phenyl)octanoic acid (241ad)

'H NMR (400 MHz, CDCl5) § 0.68 (t, J = 7.2 Hz, 3H), 0.73-1.12 (m, 6H), 1.48 (dt, J = 7.4, 7.2 Hz, 2H),

2.96 (d, J=17.9 Hz, 2H), 3.48-3.67 (m, 1H), 7.28-7.37 (m, 2H), 7.40-7.48 (m, 3H), 7.62 (d, J = 7.9 Hz, 1H),

7.97 (dd, J=17.9, 7.5 Hz, 1H), 8.62 (d, J = 4.5 Hz, 1H); >C NMR (100 MHz, CDCl;) § 13.8, 22.2, 26.5, 31.2,
N 34.5,37.9, 43.6, 122.5, 125.0, 126.7, 126.9, 129.8, 130.0, 137.7, 139.0, 141.8, 146.3,

N 158.4, 173.8; HRMS (ESI): m/z calculated for CoH,,0,N [M+H']: 298.1802, found:
COH 29581799,

4-cyclohexyl-3-(2-(pyridin-2-yl)phenyl)butanoic acid (241ae)
'H NMR (400 MHz, CDCl5) & 0.38-0.51 (m, 1H), 0.58-1.03 (m, 6H), 1.21-1.54 (m,

N
6H), 2.86-3.02 (m, 2H), 3.69 (tt, J = 10.8, 5.4 Hz, 1H), 7.30-7.38 (m, 2H), 7.41-7.50

_N

CO,H 91



(m, 3H), 7.61 (dd, J = 8.1, 0.9 Hz, 1H), 7.94-8.02 (m, 1H), 8.63 (d, J = 5.4 Hz, 1H); °C NMR (100 MHz,
CDCL) 5 25.8, 26.0, 26.3, 31.5, 32.3, 33.8, 34.7, 43.9, 46.1, 122.7, 125.1, 126.7, 126.8, 127.0, 129.8, 130.2,
139.2, 142.0, 146.0, 158.3, 173.9; HRMS (ESI): m/z calculated for CaHiO0.N [M+H]: 324.1958, found:
324.1957.

5-(naphthalen-2-yl)-3-(2-(pyridin-2-yl)phenyl)pentanoic acid (241af)

'H NMR (400 MHz, CDCl;) § 1.87 (dt, J = 14.1, 8.1 Hz, 1H), 2.00 (dt, J = 14.1, 6.6
Hz, 1H), 2.31 (ddd, J = 14.8, 7.7, 7.7 Hz, 1H), 2.44 (ddd, J = 14.8, 7.3, 7.3 Hz, 1H),
2.92-3.07 (m, 2H), 3.51-3.66 (m, 1H), 6.98 (dd, /= 8.3, 1.4 Hz, 1H), 7.05 (dd, J = 6.7,
5.9 Hz, 1H), 7.21 (s, 1H), 7.27-7.49 (m, 7H), 7.51-7.63 (m, 3H), 7.70 (dd, /= 6.9, 2.2
Hz, 1H), 8.31 (d, J = 4.9 Hz, 1H); "C NMR (100 MHz, CDCl3) & 33.2, 34.1, 39.0,
43.6,122.5,125.2,125.4,126.1, 126.3, 126.9, 127.2, 127.3, 127.6, 127.7, 128.0, 130.3,
130.4, 132.1, 133.6, 137.8, 138.8, 139.0, 141.8, 146.0, 157.8, 174.4; HRMS (ESI): m/z
calculated for CpsHp4O,N [M+H]: 382.1802, found: 382.1799.
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