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Progress on the Transition Metal-catalyzed Cross—coupling
Reaction of Thioesters
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Abstract Thioesters with intriguing chemistry and reactivity are widely used in pharmaceuticals, pesticides, perfume &
flavors and materials. Thioesters are versatile building blocks in organic synthesis and are also often employed as
electrophilic acylating reagents in substitution reactions, such as Corey-Nicolaou macrolactonizations and native chemical
ligation for peptide connection. Thioesters can be easily obtained from direct thioesterification of carboxylic acids with vari-
ous thiol sources. Whereas more efforts have been made to develop new reactions employing thioesters, their application in
organic synthesis is rare compared with other carboxylic acid derivatives. Transition-metal-catalyzed C—S bond activation
paves a new avenue to exploit thioester. Many new transformations have been developed, including reduction to aldehydes,
decarbonylation to thioethers, addition to unsaturated bonds, and cross-coupling of thioesters with organometallic reagents.
Compared with other carboxylic acid derivatives, thioesters are stable but reactive and could undergo the oxidative addition
of C(O)—S to low-valent transition-metal species, generating the C(O)—M—S. Transition-metal-catalyzed cross-coupling
reaction of thioesters have been extensively studied in the last two decades, and providing alternative and efficient ways to
construct C—C bonds. Despite the reaction between thioester and selected organometallic reagents to furnish ketones,
thioesters could also be employed as decarbonylative coupling electrophiles. The advances in transition-metal-catalyzed
cross-coupling reaction of thioesters are summarized in this review, which is presented by the categories of transition metals
including Pd, Ni, Cu and Rh. Simultaneously, synthetic applications of transition-metal-catalyzed cross-coupling reaction of
thioesters in nature products and pharmaceuticals are discussed. Attention is also paid to the asymmetric cross-coupling reac-
tion of thioesters reported in recent years, the application of cross-coupling reaction of thioesters in tandem reactions and
functional group transformations.
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Scheme 1 Transition-metal-catalyzed reaction employing thioesters as substrates
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Scheme 2 Mechanism of Pd catalyzed acyl cross-coupling of thioesters
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1998 4=, Fukuyama Z5E'FFG M hiRkIE T 4
BTG 1 A o 1) e o O R AR R S B A I 2R Ak B )
2 {175 :(Fukuyama 2 ). %% M PL PACL(PPhs), AL
A, TEPY AR B E F R H, =R TR S min~3 h,
PL 55%~99% )5 B U %45 2 =) (Scheme 3). 1%V
TR, M o-ZIERRATER BN o- 2L ERRE B U Hh %
W a-ZFEMA, B FM A O TR RE. Fukuyama /8 JE
VIREIENE) T, MR 7 HIR ., 5

2.1

R2ZnX (1.5~3.0 equiv.)

o} o}
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Scheme 3 Fukuyama reaction

2003 4, Fukuyama ZE14I7E 44 1% phomoidride B )
B B, dE oo R A £ R Bs bl AR 30 AN
(E)-3-pentenylzinc iodide 58 AR S WAy g | 5
(A 4, 3F— 28 B BRACT B OR3P 25 5 15 2 H bR =4
(Scheme 4). 2009 4, Fukuyama %5 [US17E 45 & B
(+)-haplophytine B}, iz F e B4 R []44 6 (Scheme
4). 2016 4, Kishi ¢ Jg T “ —#47%” Fukuyama RV,
BIPE Pd EALTRIR, BRALIE At ik o 49 21 0 o k4
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Scheme 4 Fukuyama reaction and its application in the total synthesis of
phomoidride B and (+)-Haplophytine
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Scheme 5 Liebeskind-Srogl cross-coupling reaction
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T N-ZE3 R 22 FCAA U BT A 16 77 (Pd—NHC) /2 32 B B
55 JE R (1) 58 AR B [ B (Scheme 6). 12 5 87 E B 14
WHE b AT, R & M. 7E[PA(IPr)(u-CDCI]: i1k
T, BL 1.5 equiv. Cul AEMNFH, 2.0 equiv. ) KsPOs AT,
il 9 7E VUSRI (THF)H fit DL 25 2055 1 IeR 15 3
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B 6 Pd-NHC 1L Liebeskind-Srogl 38 X AR [ v
Scheme 6 Pd-NHC catalyzed Liebeskind-Srogl cross-coupling reaction

2004 4, Liebeskind S&VE— DR IE | ALME A0 B G
bt AR (1) 28 SUAB K S M. (Scheme 7). H5E |, %
FEWMRTEAL Bt Suzuki 28 XA [ B HR G MR, B-Jt -
9-BBN 1] LA 5 il o S0 R (P0G S Ryt ke, (BT 75 Bt &
Cs,CO;5 fﬁiwiﬁmﬂﬁiﬁ 7120, fF Pd(PPhs)s #EAL R, PAiT
B CuTC AN, & Cs,COs Nk, BREEA B-li k-
9-BBN iir“ﬁ%uﬂhf‘%u%f‘%aﬁ%cif%Umﬁ%frrPﬁﬁE
P P Joe 3 7 R AN —J5e JE 0. 2011 4, Nakada 52/ 1E
T B #H 9-BBN = 5 A bk MMy TN
Liebeskind- Srogl SR “—Ravk” il & PR AR IR 7
%, WAEREE 14 DL 9O1% IR “—8ik” 1321308 15
(Scheme 8).

2007 4, Liebeskind-Srogl = W % FH T4 pi 24 2
TR o I ) 2 R IR B 0 2 KR B2 % R L B
Pdx(dba)s/P(OEt); NEMAR R, & CuTC AUMFA, H
WTZ IR0 o-Z FEB S RN 75 525 B0 S0 R 22 AR B 58
J. P(OEt)s B 2l it 3 p 2 F%. [F4E, Liebeskind
SRR IR SRS @ 2 KA RS 16 AR ER 17 (122
ARG e AL R T BB (A4 18, Sk 6 ST A
% 1 (—)-D-erythro-Sphingosine 19 (Scheme 9).
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Cs,CO;3 (1.0 equiv.) SPh X CraHz7
R1ks/R2 + RsB@ CuTC (1.2 equiv.) R1kR3 NHBoc * (HO)B CuTC (1.6 equiv.)
THF, 45 °C, 16 h 16 17 THF, rt
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B 7 B A S50 (1 A8 SR S v ANeH 3 steps ‘o
Scheme 7 Cross-coupling of thioesters with aliphatic organoboron 13427 Cy3Hz7
reagents NHBoc NH,
_ 18, 94%, ee>99% 19
9-BBN, THF, r.t.; then H,O ‘
S B’ 9 (—)-D-erythro-Sphingosine 19 145,
Pd(PPhs), (30 m.°| %) 0 Scheme 9 Total synthesis of (—)-D-erythro-Sphingosine 19
COSt-Bu CuTC (3.0 equiv.)
DIPEA, THF, 50 °C, 18 h . N . . N
14  THF, 15,91% ATTEEYINS, ¥ Liebeskind-Srogl 55 F T 3 B AR i 1)
B8 <4k B4 fEE.

Scheme 8 One-pot synthesis of carbocyclic ketones

2010 %F, Dandepally Z£24{EB) Liebeskind-Srogl <
N, 3t 8 2B, PL 28% e ie e R iiE HL ] v g i) £ b 4
G M FIAFEY) verbenachalcone 23 (Scheme 10). AT
XPFRFEIR IR R 5 i B 20, HORIDT IR 21 f
LG R (AA 22, dE— BRI K RS 2 H bR )
23. 2014 4, Prisinzano 2512515 il & KB 45 74 H salvinorin

O
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COOH sptoll 1oy p O O
MOMO MOMO OMOM
OMOM

2020 4, #EELEZROMER) Liebeskind-Srogl M,
L Pdadbas NHEALT, 78 CuTC (IEHEN T, 1Bt S-75 5mh
ARG 25 F155 FL00IE 24 (758 AR [ S TG b sl |
75 BN I F AR AL, R BIERAL 26. VR EIT M
i S UUT B SR AR s It o) B2 43 1 JE B BR AL IE
BT S- 05 JE A ik R I A 8 IR A0 R0 0 iz &
(Scheme 11).
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Scheme 10 Total synthesis of verbenachalcone
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Scheme 11  Methoxycarbonylation and fluoroacylation of arylboronic acid
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ORI EE R T ARAE T R AR R 25 o
L2019 4, 2 THUEERIL TR Ss M o-F2 5 1) H B
SRR WD EE T &35 o-BRIETRES, JRRF A 1AL
% S I A0 I 1 A8 OB B ) RL. & SRRk, AR
Pdy(dba); Fil 4,4'- — FA L2 2-BembnE AL T, Dl &
CuTC NHRINF, o-PRFEbRES 29 0] LAFIEFREAR Y 05
st SR LA 44% ~86% IR Js I 15 31 AR B AT A
¥ 30 (Scheme 12).

Pd(dba); (2.5 mol%)
0 ligand (10 mol%) O

SR CuTC(1.0 equiv.) Ar
* (ABBO)s 4 C0,(1.5 equiv.) @
0 Na,SO; (1.5 equiv.) %

29 DMF, 12 h, 45 °C 30
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Scheme 12 Dicarbonylation of aryl borates

2.3 WREsAANHRA T Z BB R

2003 4, Liebeskind BMRIE T P(0)fi#1k, Cu()Sr
TR IR AT AL R I 28 SURR IR SORE. 12 S R AR AE
ek N HEAT. BRER 31 MI=1E T AR
Pdy(dba)s/TFP #ft T, LU & CuDPP Jyisinsfmy LA
61%~97%HIU %45 )l 32 (Scheme 13). 7EMIBRESHI5E
XABBE N, & o JR 5105 BN ER TS MEAIS, G 2-nkng
B R (82301, Xof 82 18] 88 51 DU R ) 23 15 i BB B .
PLA HLE GRS A% 1 2 8 77 Liebeskind-Srogl %
NEAEA LA B A5 22 N .

n-BugSnR?
i Pd,(dba)s (1 mol%) o
R1ks—p—to|yl TFP (8 mol%), CuDPP R1kR2
THF or THF/hexane
31 .

R, R? = alkyl, (hetero)aryl

Bl 13 ARERAA LB 105 SUBIR SR
Scheme 13  Cross-coupling of thioesters with organostannanes

2009 4F, Sasaki ZBUSZARGESEIEIC KRG R T KRR
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(Scheme 14). 2015 4, Figadére 513214 i amphidinolide C
AR, i PEAa e ME AP Bl A 36 AR AR 5
MR 37 SO, P 85% MW & s b ] & 38
(Scheme 15). 2018 4, Figadére Z5337E A peifE v RIA A
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OTBS Pdy(dba)s (0.21 mol%)
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CuDPP (2.0 equiv.) Ve
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rt, 4h
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Scheme 14 Synthesis of intermediate 35 in synthesis of the C15—C36
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NO N
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BusSn AP EN n-Bu_O

Pdy(dba)s, TFP

36 CuDPP, THF, 50 °C
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Scheme 15 Synthesis of key intermediate 38 in synthesis of side chain
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2006 4, Morita B4 R IRIE T Pd(0)f#1L, Cu() S
SRS FIAT AL 1R 53 F 9 28 SRR SOBE. A AT Tt e e
PPt 4 A K litseaverticillol A 41 I, 8 Rt i =
IETEBE MR 39 19T W IME SO 5E % T H TE]
R 40 BB AR AR 2 (Scheme  16). 2022 4, Han
LBURIE T — M F A AEYIE flueggeacosine B 44 [ 45
B A& R G —ilid Pdy(dba)s/AsPhs fiE4k, CuDPP
NG NLE 42 FIBRES 43 1058 ARBE R N 528 T H bR
53 ¥ & Hi(Scheme 17).

OTES PdCl,(PPh3), (13 mol%)
TFP (42 mol%)

,)\/\)\ CuTC (4.4 equiv.), THF

MW, 80 °C, 1 h
39
OTES OH
I A A — LT
o 40, 90% o 41

B3R 16 Litseaverticillol A 41 [F 44 %,
Scheme 16 Total synthesis of litseaverticillol A 41
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Liebeskind-Srogl <7 E Cu(l)ififth, WREN &
JE R SR R A R R, AR A X
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+ ! AsPh3 (10 mol%)
_ Asihs (10 molh)
g V(THF): V(hexane)
BusSn MeO =1:1.25 MeG
) 43 23°C ©

B 17 Flueggeacosine B 44 [14= 4 %,
Scheme 17 Total synthesis of flueggeacosine B 44

B IRE S S ] PAFEASTR N Cu(DERFM T KA. 2005 4E,
Liebeskind S (K ¥5 4 i FR BT 18136, 17 b ik FE S i 1 5
A LR E Aoz e méﬁﬁtﬂ, Hfrmmie s
ANEIN Cu(D)FR1E BN FEREE 45 S8 LA 55%~95%[F1ii
R AR I BT FE W 46, % N IHAE H 464 R 58
&, AT B IS (Scheme 18)171,

£-Bus_,In(R?), o)
JK /©/ Pd(MeCN),Cl, (5 mol%) R1JkR2
THF, 55°C, 16 h

46

n=1(1.5equiv.)
n=2(0.75 equiv.)

R = aryl, cyclohexyl
R%= aryl, primary/secondary alkyl

B 18 Bl A HLARE I B A IR S L

Scheme 18 Cross-coupling of thioesters with organoindium reagents

2008 =, Van der Eycken ZEP8HRiE T AU M4k B 75 3
filis 47 FA MU 1) Hiyama 2928 SRR B, 2%
O 5 LN i P DY TR G A e R 6 B T
FIEWARF, 7E PA(PPhs)s AL T AELL 79%~98% IR
53 7~ 48 (Scheme 19).

R'-Si(OR?);
/@ Pd(PPhs), (5 mol%) o)
Cul (1.0 equiv.) N R
TBAF (2.0 equiv.) R—~
THF 60 °C Z

B 19 Bl A AL U K52 SR IR S

Scheme 19  Cross-coupling of thioesters with organosilanes
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RIS, 4~6 {1 KoCOs AR, 75— F 3k 21 i
(DMA)H 1] L 50%~88% 1A 45 2 iS4k &4 52.

2013 4F, Du Bois ZF*1HRIE T PA(0) AL, Cu(D)/ 5
1) Heck 2443 P BE A B 1 28 SURR B S B, BAA+
N AE R RIS A R, AR 53 ST
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— R\ AT 0 45 R R AR 2R Ak A 40 54 (Scheme
21). ZRMH, HERAEE TT DAAT R i A 7 1 A e
VEF NN e T DLAE AL R4 AL B . LR R
b BB RE A 52 PELT, (H R MERES 1) o B A B
i, BOATEGER R g SHEBRICR BE K. Y o Bk
RIS NIRRT R AR 5% AT BREE,
T HVME G, Bilg g AL LRI, BRSO
SARIEIS TCIME R B, PBRIEAEAIRES 55 FZEHER
KA PA0)EELL, Cu(FRIH B SA RS~ 56, %
A K BB S A0 AR ) Liebeskind-Srogl [N =4

/OAc
,Pd\>
5 e, 0
X 50 Ivl), 5 mol%
R TN R?B(OH) (o-tolyl), o 1k .
49 _ Ko,COg3, Nal
X=Br, |
: DMA, 90 °C
4
o R

X Pd SG
\s/\M

B 20 S Eh PH B TR ML 1 28 ARG S 8
Scheme 20 Cross-coupling reaction of thioester sulfonium salts and
organoboron

o)
R! Pd(OAC), (5 mol%) 2T 0
AV S P(OMe)s (1.0 equiv.) ) m 0
R
R3R4 A\ CUTC, Zn(O,CH),, THF, 60°C g 1o,

.s3n=tor2 .54 n=lor2
examples
0] o
Me © OH o
Bn
n Ph z
n=1,90% Me A
n=2 46% 83% 33% 81%
HAC Pd(OAc), (10 mol%) 0O
3

(e} .
w PhB(OH), (1.6 equiv.) :/4/ o Ph @)
SEt  TFP (20 mol%)
55 CuTC, THF, 60 °C 56 CHj
R 21 BRER AR 2 P9 3 AR I B

Scheme 21 Intramolecular cross-coupling reaction between thioesters
and olefins

ERERRARE, 2019 4F, BOMHESIRGE L

Iy 7 ANV 2 A7 C—H S-SR A M S8 SRR S R
2N BLERE T I5 W Us 1B IR B4 R, A2

Acta Chim. Sinica 2023, 81, 381—392



F F R

CuTC HIfEHE T 18 Pd(PPh;)/DPPPe fiE AL 4A R, @I
W 2 2 C—H VEAL BRI AL S SR T — 28471 05| e -1 e
45 58 (Scheme 22). N4t PA(0)X fifig AL N

Biw 7 W C—H 835k B EHEBR =N E 2 5 bx
FEY).
N—H Pd(PPhs)s (10 mol%) 0

DPPPe (20 mol%)
CuTC (3.0 equiv.) =

: N coskt
DMSO, 90 °C O N Q
57 58

BR 22 BREGHI2T N C—H/C—S 38 AR & 3

Scheme 22 Intramolecular C—H/C—S cross-coupling of thioesters

2.6 }|LEHE’]TXT#XK1|¥JH3€&JA_

VT LB AR SR, B A AR RR A AR A R
J&, AN FRAZE XA e T A A 5 FAT R [ — A #
s H R R A8 SO s LA i T 1 A O 1 4R
THIR LM D>, REZBIAMNTIZE. 2016 4, Maulide
SEWHRIE T E A AL T B R 60 FITREE 59
SN AA) B = Rt ST AR U ) v O AR R K Fukuyama
SV (Scheme 23). 1% S B AE TF= 14 U 1k Pk e B A4 155
ﬁiﬂjiﬁﬁﬁ%g:é&ﬁmﬁeiﬁﬁuE‘Jiﬂ#&iﬂﬁ%ﬁﬁ%xﬁ
RLEREE G R T o- SR AR IR IR &P 61, %)%
NAE PA(AcO), AL T, VAIEBEREE L AR, ¥in 1.0
equiv. ZnCl, B, 7EF BT B =R T, DL 74%~
95% IR, 67%~92%M] ee 153 HARr=4). ZnCl, —J7
[ W] f# RZnC1 #1 RyoZn f Schlenk i ki /i) RZnCl, —J5
T AT DA IR J A R P o 0 e Ak el 6.

N, Pd(AcO); (5 mol%)

? | R Ligand (12 mol%) o [ g
R1 gR ZnCl (1.0 equiv.) _ g1 > A
ZnCl MTBE, rt., 3h z
L A 80 o .
Ligand ‘ Examples
Ar_ Ar . CF3
0 Q : Q Q
X PN ) :
© © 1 : BzN :
Ar" Ar 1

Ar = 3,5-Bu-4-OMe-Ph ‘ 75%; 93.5:6.5 e.r. 82%; 91.5:8.5 e.r.

B 23 RGBS 49 2R K Fukuyama 2R
Scheme 23 Stereoconvergent Fukuyama reaction of benzyl zinc rea-
gents and thioesters

2021 4, B MESUIHIE T BRES P GE R Heck
N5 5 G AT AR ) A A ﬁ%xxz%%ff’]%(CADA)
S Ni(Scheme 24). iZ I HEAE BHARMEALIOBRES 62 1Bk
AKEFRAE XABBR S AT T — RIS H B AR FrEEm)
HRUCMRIGIRIRR S5 R 63. N2 PA(0) B B I 48 Ak D
B, WEBR, M5l E R RUEE IC A2 4 N Ar-Pd(ID), B K&
HCOONa & JiF # A= PA(0)SFEFE. WV REIUR 2 e e Fi
B AT R AEERE 5%, %M EA RIFRY#K
ZErk, WMk 2 Aok bidE . HIlE. HURIR. MR
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DA B E Wy B 35 AT 52, 5= A% W DR JEE A0 ] 2 5 .
WAk, O TRER Y LL 74% I 2 85% ] ee 15931 22
FRAR TR R A, RO e S S LT R R AR B
HCOONa, FIH Suzuki Z4A8 XAREL R LS 1k RV, fijiE
T PA(TFA),/dppf #EAL T Bilis i Bk Heck % ./Suzuki %Y
A XA IR J52 N A 0 RS | WRWBR [ 77 ¥ 12 Jse I AT DA
ZR IR IR DT EEINR, R E . E
NEAERRIEIA S N 3T, BRI &1 Na,COs.

JTYE4E, Stanley. Newman. Stambuli A1 Chu 2140
DADT FEIRIR WAL« TG PRI sl me & B o d ik, ik
T Ni 8( Pd AL IGO0 4R AL, B S Rl
X FE I Heck BUT RS 4 N\ o LVH e 7 b A7, 2021 47,
S I SR TE T A A A EUA D R 64 F11 66 1]
77T W Heck BUAXTFRIEAL 2 B BE 4L S ¥ (Scheme 25),
2N DL TS BRI o B AR, BT R R EONR
PR ARSI, DA RSO RIS WO B T B
PEZER O PRI DR S50 65 Al 67. A FHEZmi
HUO IR BR S5 8 2 AEAE T RARF= R 254 53 1 Hh 1481,
VEF NN N2 DA B B (0 B AN BESE AR R AS
X BRI B8 470 N i 4 0UEEE DL K S mUE B Al N C(sp®)—
PA(D P Fp =~ 3R, ﬁ}ir“é%ﬁw A, RS
A, BLPA(CH3CN),(OT), NEEEAL 7, CuTC #fi
BIF, (R)-Segphos NTF-TEECARRS, AT LL 40%~72%[H
K, 56%~93%[1] ee EHAFH] 1-EiH R 65; H4F, LAR)-HE
Z5(3,5- W 2RI BN FHERR AR, ATLL 31%~84% M
K, 23%~96%[1) ee [HAFE] 1-Z57H R 67.

nglkSE'[ Pd(OAc), (10 mol%) R
(R)-BINAP (12 mol%) %
HCOONa (2 equiv.) )
CuTc (2 equiv.) N
@ / MeOH, 120°C, 12 h o
62

Examples

® A
Cry ‘ N

50% 96% ee

85%; 95% ee 74%; 85% ee
Bl 24 GUIE OB BRASK AR 2555 R4 S B

Scheme 24 Decarbonylative asymmetric dearomatization reaction of
thioesters

t-BuNC
Pd(CH3CN)4(OTf), (8 mol%)
(R)-Segphos (20 mol%) R'-- )
R CUTC ’PI’OH Hgo 80 °C CONH’BU
t-BuNC
Pd(CH3CN «(OTf), (10 mol%)
¢ (R)-DM-BINAP (20 mol%)
CuTC, 'PrOH, H,0, 80 °C CONH’BU

B= 25 B A AR A ;LEF'EMQMJG&V
Scheme 25 Asymmetric cyclizations of thioesters via acyl-
carbamoylation
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2.7 WiEEE 5K Catellani & 2

R B vE S T B A 2 TR WS A ML A R 2 )
11552 —, XM 500 &8 B m A LA &
HARYE, Catellani [ M AEIX RIS S BUARER. SR
£ PA/NBE (F£0K b @) B REAG R, il it o R (ANP)
rh A TE R 46 S AT A5 A0 A7 51 NS5 BRI, Bl NBE
J&, FREJEALAE SR 51 NS AZARTR, SEI % #
HRERIL, XN 2 B DT AR A T AR IS 4R 10,
2016 A Wl HR PO LL T B EE 69 Aok LKA, 1
PA/NBE P [EEAL TR, JEFE5 Szl TR 5 & 68
VAL C—H B2 A0 AN R A Bt Bk AL (Scheme 26). EF& A
4 Cul £ Lewis B&H L T 75 B BE 0T — A0 AP K
AAGINER. A, DLARH BRI N IR, MAE RN
1A 2 Hp ]IS 25 LA I N R TRV B B A Ao rER AR,
LA AR, AEE &AL, TE Cul BN,
2 PACl/NBE Pr[RIEAL, PL 39%~94% IR 15 3] — &
BIAR A B Ak 1) — 55 LR B 70.

PdCl, (10 mol%)
~

]! H TFP (20 mol%) S O
| X 0 NBE, Cul R! s
S F * MSAr Cs,CO3, dioxane R
R2 120°C, 12 h
68 69 70

Examples

Q.. Q. Q.
LR e T R e

84% 53% 62%

KX 26 Pd/NBE/Cu A )75 35 b A7) 4R 52 15 A0 I 552 5 1 £ S
Scheme 26 Pd/NBE/Cu-catalyzed ortho-acylation and ipso-thiolation
reaction of aryl halides

M HE S B2 J3 shALEE, Catellani J SR 75 HE i
Vi SEMEE. S SRR L 4, DOY
BRI, G0 I R 2 m M 8 B I 7 ) SR ok B 52
FINATH DGR FIRE AN, 2021 4F, SHERESEEILL M 5 5
RERRTAEB RN 75 LR 71 VY, @it Pd(0)X} il
(1 S Ak 0 A 2 B S 00 I ER S B AR 3R, X FEE T
Catellani 3 [¥] 4703 FH ¥l (Scheme 27). J# % NBE
ERBMG. ik, BALE N-WE T B A NBE I
Pd(OAc), ThFRMEAL T, fE ML TFP AREHE, it &
Cu0 NS, B3 FEAL Heck /&E3Ab . QA7 FE B )52
FAL AR —BURTT I, WEWY . EBE . M| MRS 2 S SRR I
REA 2 5 N DU EE SR A% R, ﬁéw&ﬁz
FEY). A BZ RS, VRGBT R UC AR, = HB .
@a ik 4% 3-%%2&@@-8-?&@%%%%?1‘&%75
Heb iz, RIFE R ST, AR NUIIER N4 1k )
E‘J%*Zﬁﬁ?fﬂﬂi 33 AL Suzuki 75 AL FEAL L 4R67
FEAM RSB AR, ¥ TFP #ohy =X R
B, Cur0 # 24 CuCl, AL K,COs, A SERZAH
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I, BEJR &t S 2 R A A kAL A4 R IR =
WA &, w&)a, EEEMZER, &6REF PN
C—H ##iE ik, Bix5 NI IZH Catellani KB
KR T 5 A A R A 3 ) 3% 42 — AR R AN % 22 DY B AR

PiS
° Nu
Xy, Thioesterification _PAINBE" alkyl
! \
RT Nu alkyl-X U
72
AN RB(OH),  No Nu
R /\)\R Arylation
Olefination Alkylation Alkylation  Thiolation

Examples COOEt
Ph
o o

~. CN
Ph Bn LN l . COOEt
Bn

Bn
93% 55% 42%
Me
< }
O s " i/i;(\vcooa

(0] Bn Q

) : o

Me

O 31% 45%

Bz 27  4Y/NBE i [R] fH A B0 B ) e XU e A S 2
Scheme 27 Palladium/norbornene-catalyzed decarbonylative difunc-
tionalization of thioesters

W€ B ENREER3I B R N

3.1 REMHMEERIZ X BER K

M SR, SEN 55, SBAEEAILR
N AL AR BN, BRE/IN AR, B L AR
PE DL S ARAN B4 b B 471 1) S AR Ji H 7 A R 8 A
J A e B M B e S PR, FLAE 1981 4, Mukaiyama
SEALERIE T NICly AL IR 2-FH e FR R S AR e (19 28
R HUARIBE SR, RIIIR TR 2-MEnE B R AN 1-BYRIET
Bt SN LA 46% IR AF BIASKTAREE, 12 )5 B CUEER) Ak
JRF. 2012 4, Weix Z£B5R A NiCl/dtbpy fiE 614k R it —
SRE T 2-MBERREE 73 FIRRACE RS S AR I S M 1)
5% (Scheme 28). EIZMAER F 1, 2-MEWE B 1) B8
TEPE LEAR B IR 22, /EE U N(dibpy)NI'CLy (A)#E Mn
I 5 R (dtbpy)Ni© (B), FHCANBAR A 0 48040 0 s B A= B
40 R (dtbpy)Ni"(R')(T) (C) £ 33 f 7 4K J B A= i
(dtbpy)Nil, (A)FI(dtbpy)Ni(RY), (D), ¥nFh D Flfiifis 2 &
R AT A S LA B = 0, R B AR C.

2019 4, Weix S0P — DR IE T NiBro/MuE fic 7 fi
I PANE TR R AT AW, BIRREE 76 Al N-¥2FE407 —
9t P B (NHP) 75 PRI R AE S8 B AR DAL SR AS X R
i 77 £ ) % (Scheme 29). % S HF, il AR S840
R LTI 4 SR P Fh, NHP B 5l P R P (e 5t
HHE. 2N R E L, EEERERR S

3 HER
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ICgH47
NiCly(dme) (5 mol%) o
)k O _dtbpy (5.5 mol%) )k
EtOOCCzH4 Zn (3.0 equiv)  EtOOCCHi  “CgHiz
,,,,,,,,,,,,,,,,,,,,,,,,,, DMA 0% 12h  7a7an
t-Bu N
Mnl, =N
Ni R
/
=
Mn ‘N
tBu” N
B
t-Bu
t-Bu ‘ N ‘ X
N R!
N ~
Z N disproportionation Ni
|
AN X AN X
\ Jc
A t-Bu
t-Bu o
A t-Bu N )L
| 1
/N R1 R R
NeT\g
7~ 1 ~
N 5 ROR s
xn
t-Bu

B 28 T4 IR AR HE A 10 28 S HO AR IR fse L
Scheme 28 Ni-catalyzed cross-electrophile coupling for the synthesis of
ketones

3. SlFEE, HEEHE S HANEEIR A, AT &
*ia’ﬂxﬁn:f%@ﬁ. SR CAR R R BR AT A2 0 N R
W, BRI RT DU BRAT A N R 2 5 OB, AT LUK AT
AN NHP Bi5 2 5 OB, XG0T [ B R S PE.

2002 4, Seki 25071 YRS B AL e SE B 78 AT
HUEER 1) Fukuyama %52 X AB K [ . (Scheme 30). 7
Ni(acac), flEfb F, 52IEH 79. & i(+)-biotin i, N FHi%
WAL GIN C2 A IE T FRBR Ul (Scheme 30), 7331k
&) 81. 2004 4, Rovis Z58IF 78 A HLARR 7 5 Bh R Bk
A BRI BREE IO N, R R 2- M he B lE
A ZEILAELE Ni(COD)y/pyphos AL T, PUEILE 4-3
I LHEONERINGRIEE, 10 min J5 P 95% UG 2] — 2K H

NiBry(dme) (2 mol%)

(@) X o) ;
(@] | Ligand .
U L L N 2 Zn (2.0 equiv.) szﬂ = —
R ~o—N N™ °s” "R R : \
ZnCl (20 mol%) 77 1 Ligand: \_/ ) /

V(DMA):V(THF) =

41%  NHBoc

EtOZC/_>_\—/—\—Q:>

64%

B 29 NHP BN ER AR A ORI SR

4\ o
2 %:
@
X
Q
(]
N
m
A LZT
O
(@}
@]
N
m
-n@
fE(D
O
-
>
T
>

Wi, 2R R SO I S BT PEEUIG, 2 h BL 92% i #15
'JrLfF%gZIiEF'@ﬂ.

7 ST Bk S A LT 2GR AR 2y 7R, R
AR JIL@/T(Trlntelhx) B 75 %% JE 2. 2018 4F, Sanford
SIRGE TR B AL B 82 Y4 A B Bk B AR EX
A 0 B R 83 [F1 M. (Scheme 31). TE#HIANANRNE
P T 4 @ R B G A A 0 R AR R I 2 iR A B A, I
Bk, LA S RO S5 B AR i ik = A i R 5 A
. AT PA[P(o-tol)s]o B K 7 R4 BH BR [ P 44
B, J5EBREELE 150 C B R IR R AR i — 5
f; 7 Ni(cod)o/PCys ALK R T, 7 HEBREETE 130 CH]
AR R R . AR R R ORIR A = AL, AT AT
PESE 4T, GnAEAE AL ZR b, R FR A IR R IR 2R At B DA
27% B AT B0 AR ORI, AR AL AR R R, ik
RN T5%. Fhb, AT e LA R I 5 A AL
W, AR R R R, DR F R R AR R AR R SR

RIS RE BT IO N, BREAAR R b S N LA KA. PR
& B SRNS, XTNEEET AT T /5 B, [F4F, Szostak
SEOTRIE 7R AU AR E B Ni(dppp)Cla HEAL 57 20w
s 1 0 G B B AR R S L 1% RN R S N O &
Na,COs, 7£ 160 C It B B2 N AT, i Fh
Ni(PCy3)Cly, JRFETFE 170 CHF, 75 kedEiilis thhE sk
Z 5 V. [F4E, Rueping S50 &% & T NiClo/dppp 4L
E’J%ﬁﬁ@aﬁ’lﬁj\¥ﬁ~]ﬂﬁﬁiﬁﬁﬂiﬁﬁj, RN T EAR

o B ) e R
32 HeERESEECMEENRZBER RN

X THEHEAR T PAO)EA, Cu(D)AF 1A
R 145 81 Liebeskind-Srogl [V, 2007 4, Liebeskind
N — P RIE T — Ml ARG B R SR SRR
B4 ok g, RUANA AR LR, BASE%G T —1
] R A, PRt P AR BT IR £10) 58 SCAREER Sz, PRy 5 — A
Liebeskind-Srogl /8. £t i 4 7 g A PR o (R 25 A

O ! MeoOC COOMe

1:1

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Scheme 29 Decarboxylative cross-electrophile coupling of NHP esters with thioesters
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NHBU NHBU
5 )
o R°ZnX (4.0 equiv.) o) R2B(OH), (2.5 equiv.) o
)ks/Ra Ni(acac), (10 mol%) 1kR2 ™) O cuMesal (5molh) _ pi-~g2 * o ()
]
R THF, Toluene R s DMF 50 °C, 24 h,air SR2
78 79
84 OZ\R1 85,50%~97%  byproduct
0 o) . 51%~92%
)k 1) 1Zn-(CH,)4-CO,Et )k R" = Ph, p-tolyl, Me, n-propyl,
B”‘N N/Bn Ni(acac), (10 mol%) Bn\N N’B” @ w-decynyl, (E)-propenyl
& THF, Toluene, DMF 7 \ COQEt R2 = a|ky| het)ary|
2) p-TsOH-H ,0, Toluene &/V
s” 0 . s 3
s 20°C. 18 h N R HN\)J\ R3B(OH), (2.5 equiv.) R HN\)kR3 (2)
CuMeSal (20 mol%) R2
A NH/P DMF 23 OC air
B 30 LA Fukuyama SN K& HAEA B+ )-biotin i 4 N r 87

Scheme 30 Ni-catalyzed Fukuyama reaction and its application in the
synthesis of (+)-biotin

0o

R cat. [Pd] or [Ni] SR
‘l@ -CO
82 83

[MO]  Oxidative reductive A

y addition elimination ; ~M7]
O
-CO
([P P2 A > h_
{[M] SR] decarbonylation {M] SR]
‘Examples
S S
00,000
MeO
[Pd]: 85% [Pd]: 27% [Pd]: 50%
[Ni]: 92% [Ni]: 75% [Ni]: 0%

o)
, SR!
SR
O\\ O\\ /©/

’s
\/\N/S\\O cat. [Pdlor[Ni] >N

(0]
H from probenecid

B 31 ARG AL BRI (¥ e 5 AR I S 7
Scheme 31 Palladium- and nickel-catalyzed decarbonylative self-
coupling of thioesters

7t, & KILAA Scheme 32 At B N-BUT 28R
TR B AT A2 45 B REAMS Y kP AR
FlF, BLNN-— EE%EF'@%E;‘?(DMF)%%?‘U 5 mol%|f] 3-
FIL KR WAL DT 2 . btk a p- AN AIR G 84 A
2.5 equiv. 77 5= B BRI R AR A8 SCAB IR S B A= B I 26
&Y 85, FEbE N-BUT J: 7K A7 Bk M o 1k &1 7= 4.
Scheme 33 fiizr, fEE NN —MEFGRESECA 5, 7E%
SAER TR AE RSN AR CuV i [A]44 B, A A Lewis BRVE
% Tl 10 (RIS, A AR S 3 A LA I a7 AR S 420 11 7
BRI R . TRERERAE N AREC A B, Horh 1 equivifff
U TR CuV IR LR D i3 — P A & JE AN IE SV BR
SN AE — AR AR, RS AL P B ik ) ) E.
2009 4, Liebeskind 551915 T~ ik 5emg, K e 1t pH
Wi, ZHEASAGET, Cu()fh sk mk Pk
RIEBARY FIZ IKER 87 B /7% (Scheme 32), % M LA
N-5 BB AK I AT 4215 2010 2 IR 86 ANBYER
IR, G JBBCAT LA S AU R R B A T4 B R
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B 32 AR AR BRI AR 11 22 S IR e L
Scheme 32 Cu-catalyzed aerobic cross-coupling of thioesters with
boronic acids

. NHR! NHR1
rr'fofcuwo\ C ||/||| nO
N _ 0
S , ‘\<
R2 R
o NHR' &O A
S
R2~( N
o<NARL__ [R3B(OH), R3B(OH),

R3-S
E

NHR'! 5. ~_ NHR1
nO= EO B(OH)Z |/||| nO
\ O Cull/lll
S H
e
Rszi‘
B 33 HfE s S R BRI AR () 58 SR S R AT 3

Scheme 33 Mechanism of Cu-catalyzed aerobic cross-coupling of thi-
oesters with boronic acids

2011 4F, Liebeskind Z50U7E 25 — X Liebeskind-Srogl
SN 2 N oS 1 3 o S IR T g e b et /Tl e
Hi O-H IG5 AN N—O 88, BHl&EmE ik RHn
S—S 8, MLl Cu—S BEWIR, i — i 7Emins Ehrr
TE SR BB AT, DLSZIILER 6 AL 55 75 2E (Scheme
34). S PAETE AT T AT, AR IR AL,
R? ] EL % 5 JiRY)) 88 B HL 7 45 515 274 89 Fll Cu—S
i, BEJS A ERAE T, Cu—S SR EA ML
i, THREAIMR) 1.0 equiv. IR, 1% M ABEFR N =X

O+ _R!
Y

S R2-SnB o
" CuMesal (0 moiw) | Il
’ o 150 °C. DMF, 1h R~ R?
i RzB(OH)z Hw, i s 89

_N
MeBOB 3 Me i
ECU*S —_— \N + Cu-OR 3
' & e g catalytically;

' thiolate viable
. OR scavenged

Bl 34 AL A SR N i R A R BBk ) 10 5 SRR IR S 7
Scheme 34 Cu-catalyzed aerobic cross-coupling of thioesters with
boronic acids or organostannanes
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Liebeskind-Srogl. 7% ZVER ML, S & 4 16 7]
B, TCHRME, 2R NAEBCON R 2 Tt Ae A 2t
1T. 2015 4F, Zakarian SEC2HRIE T o-2% 7 BRI )
WARBREETE 2.0 equiv.BER I HI/AAE N A K a-24 i T
EUARHR ) SR ms . 5 Bz R B, FRIRZ i i s o] LA = 2k
Ry 2- G FEIKIE - Z SR D K 2~ AL IR

WA, THAFIER 2 2017 4F Hosoya 0314 i 1) 4
TR A 1 7 BE T T 2 Ak 8 O S0 8 119 )2 B (Scheme 35).
7E[Rh(OH)(cod)]o/P(n-Bu)s f#4L T, LA KOAc NN,

BEBEE 90 ANIDKHNFR AT I I S SE LA 12% ~98% UL
RAFRF=H) 91, MTRERELANA A AR, R, =
SR FHEARIERS, THaii e SR A&, &M
W%WT@*Q 2L 3.0 equiv. ) CsF f8#% KOAc i, %
TR RE DA SR A B S, 1EE A IR A
it Rh(I){EﬁJG?‘U*DEﬂHHEﬁﬁﬁﬁﬁ?ﬂaZIEﬂE’J%{ﬁ*}%, Fr e
Rh(I)-Bpin M i B ARG i Bk, DL BE f5 )
WEHEBRAR R H bRy, w)a, EINnZskes, EEXNH
TEF . BiA AR (adapalene). EAT ] fifi(febuxostat). #
1% 51 5% (repaglinide) PUAN & 75 JE R BR &5 1 I 25 7%+
HEAT T JE BB, AR LS.

(Bpin), (2.0 equiv.)
[Rh(OH)(cod)], (5 mol%)

o)
P("Bu); (50 mol%) Boin
R sEt KOAG (20 mol%) il P
N~ CPME, 80 °C, 24 h L
90 o

Plausible mechanism Rh'— (Bpin),

Bpln (X =OH, SEt

>/ N .
Bp'" Rh'-Bpin

Bz 35  SEMEAGIK O7 R AR IR A BBl 10
Scheme 35 Rhodium-catalyzed decarbonylative borylation of aromatic
thioesters

4 REE5RE

Bl T MR IR SRl 148 & 45, BRI AT
HORG, ik, 1 =R, AMUTZ5 7
< AR FRYBRL IR B0 58 AR S L, 3% A AR TR H R ) 35
BT AR 2% TR A AT B A RO R T
T B ) 2 M ﬁk_j’ﬁ?ﬂﬂfir%#ﬁf%%/nﬁ, Al
12 Bt i AU T S BAAS B B¢ 4 B 32 6 [(RCO)— M)
FhZ 5 54 [ M, U Liebeskind-Srogl /<% Al Fukuyama
SNE; B I i BT BB B JE A (C—M) 2 5 J5 2
SSE, 055 T I L XU TG A4 A7 7E T X M3l R 231 A
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MR TR L. X FE T PG R R . ARLRA
XPAEL B AR BEAE I R AL I B R Y 28 SRR I
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