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Research Progress on Reductive Acylation with Acyl-Ni as
a Key Intermediate to Synthesize Ketones

Qi, Yunpeng Lin, Dengkai'” Chen, Liang-An™*
(¢ University and College Key Lab of Natural Product Chemistry and Application in Xinjiang, Key Laboratory of Pollutant
Chemistry and Enviromental Treatment, School of Chemistry and Environmental Science,
Yili Normal University, Yining, Xinjiang 835000)
(b School of Chemistry and Materials Science, Nanjing Normal University, Nanjing 210023)

Abstract Acyl-Ni has emerged as an important synthetic intermediate in organic synthesis. In recent years, a strategy for the
synthesis of ketones with acyl-Ni species as a key intermediate for synthesizing ketones has attracted broad attention.
Compared with the traditional cross-coupling involving organometallic reagents, reductive acylation using the in situ generated
acyl-Ni species with various carbon electrophiles exhibits many notable advantages, such as mild conditions, high step
economy, widely functional group tolerance, and environmentally friendly. This review focuses on the recent advances in
Ni-catalyzed reductive acylation of various carbon electrophiles with a broad range of carboxylic acids or carboxylic acid
derivatives.

Keywords acyl nickel; reductive acylation; nickel catalysis; ketones; electrophiles

fiil & —REBERFIEY, MU ZAHAET KRR
FEYRNZG ) U2 GG A LA RO TR
2 & MU NS SR AL, I Wittig [ B Aldol 4 &
J2 %+ Baeyer-Villiger <. Clemmensen /<M %5. Bt
Z Ak, KT EE N CHGNZ 5 DGR SN AN T i B
WEFCHRIED). R0, B AA PFE Tl A DL J B 25 4T
WAEHT RIS AT, WFEsE, SR G RSk
G UL S AN T R BT IR T V2 — LA B A 2 A
(RIBIE 7T A

* Corresponding author. E-mail: lachen@njnu.edu.cn

Received April 19, 2023; revised June 1, 2023; published online June 13, 2023.

gt X ERTERA IR & EEEF TR
FRAT AN R R A SN, (HARIZ T IEA R
A RUFRE RERGeRE, 1 FLAE LG B A BOR 2 (A
BELA = e S . It I I < s A DR AR F) PR e
J&, EJmA 3 IS SUBER S N AE D —Fh S FH A HLE R
SR, AT LR IZ B TR 25 B BRI 25T 5 S5 40
s SR, 2 BARIB S N R KA HLEE AR AR, B
BE e REHIIAER. BT EE R Rl B
X ARSEBURR A L B RE R A PR 22 55 TR A, TR AR KR P

Project supported by the National Natural Science Foundation of China (No. 22071111) and the Yili Normal University Scientific Research Project (No.

2023YSYB009).

K EAEFEHE 4 (No. 2207111 1) FIEH BT K % FHF(No. 2023 YSYB009) B B H .

T JL[F] 55 —1E # (These authors contributed equally to this work).

Chin. J. Org. Chem. 2023, 43, 3861~3875

© 2023 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

http://sioc-journal.cn/ 3861



BIKE

BRI T HAESKER A RPN . AR T &R R
25 PG G SRR, I B4R R K R 38 JiR I A S
G T KR A UR (1 T A% T O R, NS B
SEILPIATAN R SR BT B DU i ROE SRR, ©
LR R T — iR R Rk B ) E LSRG Horh, 1)
SREAAEFE . MRIRAR. &3 E NO/Ni/NY
Ni'"/Ni'V) BLJe - - 28018 Bk RE 42 e 55 D10 Al A2 38 JEL 2% F K
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A SCH G R B AR R T A Z 51
I 5 I BE 4K B IR IO 9T (Scheme 1), BT B (I 2k 48
) 308 7 b P2 % Fl R O O < i AR MR AL B8
A ARSI EE AN A 55 PR R SR A (0 A B HEAT SRR,
R IR SORRAT A (B WU RET. ¥& 1L
W B A% ), VAN T B A T B AR T A A S — R AR
PR (03 S A SRS 5 B RO IT 7T, 0 i AR
SRR SRTT 16 P I W PRI b 5 DA B R (e 2 1)
BEATHE SRS,

o} o O—Y o]
olx —O—|oh.| s 0

X =0H, Cl, NR;...

Ketones

B 1 BRI S 5 R SRR SR 5 R
Scheme 1 Synthesis of ketones by reductive acylation reactions
via acyl nickel intermediates
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(Scheme 2A). Z &N AARIF RS EME, —%. —
B =R E 0] LS 5 OB, [ fi ik
FeE Tk A R AT OB I 1 (Bpin) 55 1 A 1 A5 BB 6 4 1R i b e
5. A, X T bR RN R R, BR TR BAHe
HMAREE RS, FREEMEH TR, RS 1%k
SN FINLVEEREAT TR AL, $ei TS [k R & Al
TR AE i — e BB ()R T WL I R (Scheme 2C /7).

[FAF, 2R ST DI R T e i AR 5
75 7 B G 1 A8 AR I B Bk 75 25 Jot 55 B (1) 5 B (Scheme
2B). 5 Weix ZEAR[E ISR, 1% RIS AE0S 205 M A S
WAREERE . IR TN IS A DL AR B IR R IE. A anitt, Atk
AT I R IR 5 — SR I7 fh) #5 Bk & 7 szl 1
“C—HRvR” A& AERT AR B R AL A Y SRS . AR, %R
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Ni(COD), 2, KeBEmE AR B A WAL, Ui 7 Ni° #f
DU SRl A A S A IR () e LR A e Hs 18 VAT
Ni AT N AR B = A B0, IF B b R B AN 1% R
[ R TaIAA, BB 7E SN HFANAE I SRR A ATTIA S Zat
FEE ST N ()44 2g, FEERLIE SR FRAS 2) B brre
¥)(Scheme 2C £7).

(A) Weix, 2012

0 5 mol% NiCly(dme)
PS 5.5 mol% L1 o

R—1 +
Alkyl™ "Cl 3.0 equiv. Mn RkAlkyI
2a 2b DMA, 0 °C 2c
By 'Bu
7 N/ \
— =
L1

(B) Gong, 2012

o 10 mol% Ni(acac),

0,
R—I + —lomoi%lz _ J_
Ar” >l 3.0 equiv. Zn R™ “Ar
2a 2d 1.5 equiv. MgCl, 2e
MeCN, 25 °C
Ph Ph
7 N\ \
i =
L2
(C) Weix, 2012 o Gong, 2012
N. .”/R 3 N. ./COAI’
QNS + Ay c NNER
2f J 2g }\
L,—Ni"-I
X 3
R” “Alkyl RkAr

B 2 PSR e RE AR P32 S Tt A S 7
Scheme 2 Reductive acylation of acyl chlorides and alkyl io-
dides
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RS AENIRY, MG T — R p-5 e R &
Y. GRS T DB L RO AR — 25 S N R A
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J6 N WFh 5150 3b AT AL IR AR B Nilt HR Al 3e.
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Scheme 3 Three-component reductive acylation of unactivate
olefins, perfluoroalkyl iodides and acyl chlorides
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W1 4c.
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B 4 T 50 M ik = 5 R TR R T 113 i P A S
Scheme 4 Reductive acylation of acyl fluorides and alkenyl
trifluoromethanesulfonates
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Scheme 5 Reductive acylation of acyl halides and N-alkyl pyr-
idinium salts
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Scheme 6 Asymmetric reductive acylation of alkyl chlorides
and acyl chlorides
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Scheme7 Asymmetric reductive acylation of acyl chlorides and
o-trifluoroalkyl bromides
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Scheme 8 Asymmetric reductive acylation of acyl chlorides
and a-bromobenzoates
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Scheme 9 Reductive acylation of carboxylic acids with tertiary alkyl or glycosyl halides
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Scheme 10 Decarboxylative reductive acylation of amides and
carboxylic acids
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W&, FE TR RN, 2021 4E, AR R L R4
RIE T AL S S5 5NE, SEILER AL e 3t s A AN e
FERRIR 2 9] B JiR I 54k S5 W (Scheme 11). 1% 5 & 7] B
B3, C(spd)—H AR, NE R kit
FAATAYRAE T — R B AR, PEF @I s, Xt
%R ML INLER AT TR TT, B TR AR R B AR
B Sl B RGE SR NiEAL 7R 11d 38 57 Ni* P F) 11,
SR 5 5 IR I I A B R BRI 2 N A 11, 1A Fh
WeBARRL S5 e Ni' %0, JFSkedd B iR s B AR X
N Y 11g. 8T B EIH R/ BRSPS 5
AR E R NI R (AR 1, )5, IEJR BRI 3128 X
IR HART=4) 11e A N 11e, 11e 5IibiR R Bz
At AL Y NI Rl 11d, s i B RGE S5 A
T NP 11e.

10 mol% NiCly(dme)

o 12 mol% L10 © Ph
1. Br 2.0 equiv. (Boc),0
HO™ R 1.0 equiv. MgBr, Me
(+)Fe/Ni foam(-) 6 mA

rt, DMA e

7 N

\
N /
Me L10 Me
cathodic
reductlo/ NioL X
11e
NilL 11a
11d O)Ni'"XL
11f
cathodic
B
ph >N r h/\ reduction
11b NioL "
11e Ph/\/NI C
11g
RC(O)Ni"H
1c Ph Me s
i P 1h

B 11 BRI ek s AR RIS I8 S e A e
Scheme 11 Migratory reductive acylation of alkyl halides and
carboxylic acids
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T2t B B2 S 5 100 J5 B 340 S N A iR IS & P o
AW 5177, 2020 4, i3h AR FIAEHRIE 7 r] Lk
BRI R A0 R R RN 7 i/ 4 O B VAR 1) 30 R Tk 24 S
NSEEL T EARA GV B =30A Bi(Scheme 12A).
WP HLERER FUN . =R B (PPhy) & i B i T
(SET)/ 7 A =R BB H A PH 7, MEEEMIIER T
MRIRLE A, i@ C—O W= AmiE a k&, H
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LI T R VR A 0 e R B P 1) 7] 2 S A AR A b 1

3 mol% NiBry(dme)
5 mol% L1, 1.5 equiv. PPh3

COOH
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(B) Xie and Zhu, 2022
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R' R? 1.5 equiv. PPhg @
2.0 equiv. Na,CO3, DMF

12a 12d Blue LEDs, r.t., air
R—X
ﬂ) 12b or 12¢ OA .
Ar ! i L—N'”/
l\
LNi® 12f X

12i \/Ok

(e}
LNi'X R\Ni'”)kAr
12h L™ Ny
12g
i RE
Ar R
12c or 12e

BR 12 OB R AR IR I 00 SR B Ak S

Scheme 12 Light-promoted Ni-catalyzed decarboxylative reductive acylation of carboxylic acids

H 10 mol% NiBl’2‘3H20

Br
N*ﬁﬁvR

12 mol% L10
3.0 equiv. Zn, 1.0 equiv. MgCl,

n

13b

2
=0
+

13a H

2.0 equiv. Boc,0, 1.5 equiv. Nal
DMA, 30 °C, 24 h

OH 10 mol% NiBry+3H,0
12 mol% L10, 2.5 equiv. "PrBr

Os_R!
Br
Ariﬁﬁ/\/R

n

13c

n
)\WR 3.0 equiv. Zn, 1.0 equiv. MgCl, / 13d
Ar 2.0 equiv. Boc,0, 1.5 equiv. Nal

DMA, 30 °C, 24 h

B 13 FRER S s AU ke B R R % 0 i 1Bt 2 1 e I8

Scheme 13 Migratory reductive acylation of carboxylic acids with olefins or alkyl halides
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RN A NI, fefl DL R AT 7= 28 DL R A X 3k
RS BB — BRI AL =, 3X R4 JE e ) A i
A Tl A BRI A A T HE D 23 B ) TR 0 A B i IR
PRAL T —FOHT ISR, 2022 4, IZIUREIHPOREL “ Bk
B SEmS, ST AR X AR AL OB

3 EWERR{EERE R IR

Wb LA s AR e M, AN 5 S5 &) kAR E L
IO R, AT 5 BOH S L RE 740850, Rl itk, DAL
TER R 2 5 AR N B A B Rk, 2015
4F, Houk Fl Garg PRAIZPHRGE 1 18T 5 8 B0 B i 4
AR AE R L B 1 SRS . S, SRR AR Y R S
BIEMTFB, ZRAMN 200, FFEE TKER
RFEBZ. E B 2017 4F, A ARUR A BRI 1% SR g B
T & RN 5 R i RS A0 S M. (Scheme  14A), %)%
&R, AR O ZE e M) B R A B3 2k, (E2 Xt
A IR R IL S5 B B 7 5 SR ), W R R RR &
FEY). TELESEA 1, 2020 45, Matsuo BB PO — 25
T b e Wbk i 2 e R AN 5 T Tk i (1) 300 JER T R 4K e B
(Scheme 14B), $&4t | — @ 20A BT 250 I 1) 7 2.

2020 4, SR EHBHARTE 1AL L, A%
T ke I s 0 o e 7 R RAR ) I R S 3O 2 4 400 1)
£ i (Scheme 15). fBAII7E Matsuo IR 58 Al b5 e B
PLERHT TIRAIRR, KT AEZI AR R mTseid Sop i

(A) Han, 2017
10 mol% Nil,
‘):5 ‘/ _10mol% L1l

20equw Zn
1.0 equiv. KF
DMF, 80 °C, 12 h 14c

(B) Matsuo, 2020

Ph 10 mol% NiCly(dme) O
0,
10 mol% L12 Alkyl
Alkyl 2 0 equiv. Mn
14a

Ph BF4 1.0 equiv. MgCl,
14d NMP, 60 °C, 12 h 14e

</ ;2 \>
S (N

B 14 T 10 3 S e B A S S8
Scheme 14 Reductive acylation of amides
C—N IrZ Ty 3. b 28 [l A BB I ) — Gl — 2
PEELIK I, BENS LR B i TR AT C—N B I 2R A i
B[ A, R FABRTE e 2 f % (Scheme
15, Path A). TiXS TR BHEK ) = ek JLmk ik, D) 5 2%
oy SARAN R K A S8 AL N B (Scheme 15, Path B).

i g, 10 mol% NiCly(dme) o)
0,
RSN + 10 mol% L12 .
\Q/ 3.0 equiv. Zn
2.0 equiv. MgCl,
15a 15b THF/DMF, rt., 12 h 13¢

OMe

) 10 mol% NiCl,(dme) o MeO,
10 mol% L13
RTINS+ Akyi—8r , PN /NN
\Q/ 2.0 equiv. Mn R™  “Alkyl —N N=
a

1.0 equiv. MgCl,
15 15d NMP, 60 °C, 12 h 15e L13
ZnXIim R-X .
Zn NN\
N. -0A< Br Im="N"Vy
Qo= L, n Mo </
Gt Im R
M R 112 zn
< NI -coO coO (0] 1/2 ZnX2
R%)-
R*Br R1 — 1/2 Zn 1/2 ZnBr,
N.
Path A i
Path B GeNi-

/ 1,

B 15 MEELIRIE 5 57 B IR AU st 2 IR A PR I J 1 22 A S 2

Scheme 15 Reductive acylation of acylimidazoles with alkyl bromides or aryl bromides
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I 5 Tk M S I AR R R SR A BRI ) R e, I
BIL R RS AT 4R RGE. 7E 2020 4F, Amgoune PR
BT R T DARESE B B2 S0 AR P [ 1 5 R Tk
i () 51 H Bt JE AL 4B B (Scheme  16A). A= (= HI Tk 3 )ik
FE((TMS)3Si) H H L 48 pq s B 6] e 56 s AR s k. 78
2022 4R, X URZH O SR B A FEL AR 258 TR R U G
SEPL T AL [ B (Scheme 16B).

(A) Amgoune, 2020

3 mol% Ni(dtbbpy)(H,0)4)Cl,

)k 1 mol% Ir[dF(CF 3)ppy].(dtbbpy)PF o]

1.0 equiv. (TMS);SiH, acetone R Alkyl
2 x40 W Blue LEDs, 18 h

16a 16¢c

(B) Amgoune, 2022

10 mol% Ni(OAc),+4H,0

)L 10 mol% bipy, 2.0 equiv. KPF, o]
Alkyl b + Alkyl—Br 6 bipy, q 6 )K

(+)Zn/(-)Ni foam, 8 mA  Alkyl Alkyl
4 F/mol, DMF, r.t.
16d 16e

BRI 16 5 be St A Q) (38 IR I A0 S 7

Scheme 16 Reductive acylation of amides and alkyl bromides

4 PE{EREE B
P 25 B R [RI R A — P oRUR iz s B kR, H
A CARIE T 2 FhlE ek i idn) (E B AE It iEls . By
i AN G R T S 0 SR B Ak S
2017 4, Kishi PREHUOSRIE 17885/ I e A
P AN EAC A & B 2540 & W) ) SR B (Scheme 17). 8511
GINKHE A S B 2 22 O B AE T, /R R I N
1 R Jo & R B R POE R NGRS, A=)

TR IR (CpZiCh) 5 B E - T T R PBLE R, N
B R B LR 26 50 28 4 B B /INI 20, 3 Be ) @I =4 1)
AR SFIAEE R T —FIHLEIERS, B Ni ERATE
R, Zr ALTEA A Ze B) Ni B &RV LEL. B
WAEIA LG T Nil' B Epk BRI R 2 N, A JE17E
ARBERENENZS 5T, Ni' 5 2-Mtrefifg 17 &
AN RO BB 5L NI FT 17d, T 58 Zr—SR B I AR A,
2 HEDZ 0 B AR AN B B % S0 35 12 1o e Vo 238 1 O
BEIREE. RN — MR th = & R R ek SR
RN EEYIFIF 4G, AR B IR 2 5 WO be B i 4
JE R () R SR, ST P AN AT B O R A
Be &40 R AR LRSS T R . Nt 0 17e, B id )5
RS BN =20 Ni°, 58 UL IE IR,

2022 F, N, AR FIAEHRIE T —FG R
R A 2 % M 32 30 I 5 2 4K SR B (Scheme  18). i fiE L 1A
FULRIRE e IR, ool s B le A MR, g
T —RHHENFRIIE AL G, it % i R B T
F W, 47 Ni-Ni’-Ni"-Ni" #H5 F Nil-Ni'-Ni-Ni'! #§1%
B 5 2o IR A RE 22 B vy, R R R B B AT R 42 G e
H.OZIAEEE TR, TR R
SRR BNLER, S AR IR HA R 10 B2 Pt ik A4 B s
FEHRAL T B B 1Al

Wylis g2 T A8 IR A M T SR %R
FUIAE AR IR R RL B 3 T B A B S B, EL2 R T LI
FRY R R e, 38 VA R SR HLAT SRR R B R v
2020 4, I PREH R IE B B R A A Y 2 P
BRARH) [ 3 2K 1] 46 Wi 224 & W) (Scheme  19). 1% 3K BE F
R R BB L 3 8 T ) 2L, i8R S5EBE C—O
BRI RO BT T R AR FA R (A, DLt TE A A

10 mol% NiBr,(dtbbpy)

o 1.0 equiv. Cp,ZrCl,
AL + RI-| AL,
R SPy excess Zn R R
17a 17b DMI, 25 °C 17¢
CpoZr(SPy)Cl
NI”
17a
17d O
Cpyzr'-R!
Cp22r0|2 13b

low-valent Zr

T(

17e O

Cpzr! «— c:p22r0|2

/Zn0

Cpyzr''cl

B 17 /A R S5 I e I ) O i 1 A S B

Scheme 17 Nickel/Zirconium catalyzed reductive acylation of alkyl iodides and pyridine thioesters
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10 mol% NiCly(dme)

o 20 mol% L14 8 i
L R2-COOH 2 mol% Ir[dF(CF3)ppyl»(dtbbpy)PFg 7 A\
1 + - 1 2 _ —
R* “SnBu 3.0 equiv. Cs,CO5, MeCN R R N N
18a 18b Blue LEDs, r.t., 21 h 18¢ L14
R1LSnBu
Q 18a ? R
;'1\ R1 Nil“
‘s‘:‘u T ; ) ! 'SnBu
NilL—R 18d
18g
i o]
R2 RALRQ
R2-COO" LNi'X 18e

R2-COOH

18e
‘ base o, )\/
R?-CO0O ‘R2

B 18 GBI IR (AL R R R BRI P 00 S gt A S5 7

Scheme 18 Light-promoted Ni-catalyzed decarboxylative reductive acylation of carboxylic acids and thioesters

15 mol% NiBryediglyme

OH O 15 mol% L12 OH O
oPh *+ Br—R 4.0 equiv. Zn s
DMF(0.4 mol/L), 60 °C, 10 h
19a 19b 19¢

O
© 19d
199 Zn
R*
_Br ZnBr(OPh)
DG_Ni” D(;'_'NII
e} (6]
19f 19e
R—-Br
19b

B 19 Mifie s e iR 4 nid SR Bk 54K e B
Scheme 19 Reductive acylation of phenolic esters and alkyl
bromides

PERIEYBRR) C—O AR AT R, % MR
Jiz, 6 TR bR PR e R YR AT AT DA e A5 E
FHNAE G, o r Mg AT A R i e T K BE s LA
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A PRI R B R, T DA — 518 A SR S N A
R F A, UEB TN I SE PR, 1R S N R
NHUER AT B —AN LR B JefEid R 264 IR
Ni'Br, ZY)FbE 2 S5 EKY) 19a 3H17 2 5 sl it i 5
1] RSB N B R 3 Ni™ T o E &) 19d, 4%
M 4RI FUNTR S NI R 19e, TS5 b5 R
HAE A G ), RN A R NI )4 19D,
19b 50k [ e 20T B b 50 B AR e 2 Nitt o
K 19g, o AEIR AN IR R A R R AL I8 JE T B 2B ik
HFrr=4 19c¢.

[ FAth e FE AT EL, = 2 de A0 55 35 5% FER 7 14 S Bt
TETERAR, MELLURAAR N RN, 2022 4F, FEAH
PR SIHRIE T — P /82 W IR A i i I 22 A SR s,
DAL e i 5 40 2K — FBE W i s (NHPL fig) R, TEiR
M T ERT — R HA B R E AT 3°-3°,
3°-2°, Ar-3°HUACH(Scheme 20). HIFIGUESLIG R, H
MEREREFD Ni(COD), 2B B I -Nit M) PP fEAR 262 T
HEe 3 2D 87 Y)(GC 7= H <5%), %Eiz kT
DR, Ni® b [ i R e 5N [ 72
RE2 B, PR AT, Bt S P s
UG 25 AAIE I T %R 4R T NIY/NTYNGT A AL 75 25

2013 4F, ZEG ot RS N B R ERE v CO 1)
B AR RN e L IRAR A Bl e I 0o} R AR IR IR S N, S T
— RIS R bt FE T A A P (1 K (Scheme 21). 14
ZHHINI' 8L Zn fEfE T B TR R R KRR AR
LM ST 21d, BEjEEd C—C WA B e
FH AN I B 25 1 B8 40 fil = 4= CO.
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o 10 mol% NiBr,
O 1 mol% 4CzIPN MeO,C CO,Me
i . RzkofN 10 mol% L15 o I\~
17 >op 1.5 equiv. HE 1k 2 I
R y R R —
0o DMAc, r.t., 24 h N N
20a 20b Blue LED (30 W) 20¢c L15
PC or HE o
. RZ
R?” "NHPI
NiOLn 20b
2Nj! HE*
0 R“—Ni LnNiO -
R'"” ~opy
20a HE
PC*
fL o PyO—Ni PC /
~Ory
R1 ’}“”I n.::z'.&‘,
R? ‘

R1

R2

B 20 GBI R (AL e I 5 40 4 Y I S JRe 30 Ji P 2 A S 17
Scheme 20 Light-promoted Ni-catalyzed reductive acylation of pyridyl esters and NHPI esters

10 mol% NiBr,

0 20 mol% L1 o)
pho)gfoph + RW\[/Br M, R! R?
lo) R2 Mg_C_Iz (0.75 equi_v.) > R2
pyridine (0.5 equiv.)
21a 21b DMAc, 25 °C 21c
S
I o 0
Zn or Ni
OPh I, OPh
21a pho)ﬁ( Pho) GW — CO
(e} (e}
21d

BRIz 21 55RO ME 5 e SR s S HR RT3
JiR Bt S B L

Scheme 21 Reduction acylation reaction of diphenyl oxalate
with alkyl bromide or alkyl p-toluenesulfonate

IR = O RN R, ARLT 2 RO
SEAPRAL. BESIS IR AL 7 R RURGE R T, AT
o ] B R A R BTN I B 2k f e . Herh
ST Ry — KB MR AER, M SRt — L
BRI YR, BRI N2

T 5% H M [P 445 A Bk IR 4K )R B (Scheme 22). TE 1% R
Rirf, R R 2 00 ST R B 9 mE R RV, R I E
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. T AR TR R BRI, S BRE R . HLE S
362 B ) N ] BE R HE AL ATLEE A (Scheme 22, Path A-3E
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22f, Ni'' ) {4 22 B4Ry I8 J5N Ni' AR a4k 22g J5 55
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PRIGEIENE T B b 55 2R 5 NIl A a4 22F 25578
RREdE NIl R A 221, B 240 JE T RS B BRI
167=4) 22m.

[F4F, 8 R R 2 O E T DL R T8 9k
FEUR, 0 I R A SR AR A R RS (R = 4 S
6 JE W He Ak [ B (Scheme 23). 1T — 4% S i i A 7E
A R L — e B A BE R, d A AR (R SR
PR 5 5 — e e i AR R BL. PR, 1% SR mT DL
PRSI — 2 e B s A 5 I e i AR 2 ]
WA B N, A AR AREAZS AL G 4. AE2 XS T R AP 28
RIS HE AR, T ORI 26 22 S /N T AR B 22 1
B ABIE P20, AR 2 L B S 6 4R T A AL
T R0 T R S B R IR SR NiC R 23e. EHTR
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Xq 10 mol% NiBr,(dme) R Me Me
R2 i . 20 mol% L16 I\ _
N to oy T 05 equiv. TMSCI, Mn N O N
R DMA/THF (V:V = 1:1), 40 °C R —N N
22a 22b 22¢ 22d 2iS
B 22 Lk A ke S S R TR ) = 400 300 SR I A s
Scheme 22 Three-component reductive acylation of alkyl halides, olefins and chloroformates
o 10 m‘;';‘n’:‘(‘)ﬁ;fg’igyme) AEWERTE B A B IR R Bl 23g, Bl 2 B L 5 D T AR
oo TR T XR 40equv.Zn R"R? N4 23h. JErb—AMbE s s AR A 230 3 TR
2 2 2c puATHE 0o in  23d Yo 1 PR RS N PR 231, S 3K 1 e e —
pp— PAGEHERERE NiY TR I 23, JF ST
Vo 70 NoL 2% NI Ao 23k SRR, b e
23e \ Ni'WFmis Al = A e ik B I 2, 2% B R RS NI
Yo L,—Ni'-COOEt W 23k STE UG EEIEE NI AR 231, BRI

cl
23d V YoNIIL, 23f \
co

L —Nl'”—/< L, N|“ OEt
¢l 23g
23| \ / KZn
o) R'-X Zn(OEt)Cl
L —Ni 23b
e o
‘R! "=L,
23k \
("_;O cO 23h
. |
Ly NI-RL_L,—nif
X X
23j 23i

B 23 e dit pq A Q)5 ST IR G A = 2170 34 T I 3 A S
Scheme 23 Three-component reductive acylation of alkyl hal-
ides and chloroformates

3872 http://sioc-journal.cn/

© 2023 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

AR H BRER P, FIR A N YR 23m, S¢S
7

FEFHIE R0 TAE, 2022 4E, Rueping BRFRZHI7L ¢
MR R 22 55 AR, SEBL T O RS R A
MK % (Scheme 24). 1% S AN ] DLASE 7 — 2 o
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W N RN B Ni 4% Zn IEJR K Ni°,
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33 NIt [A]{A& 24h, 24h # Zn &5 Jy Ni b ja] 44 24i,
2 JJj OEt FEIEFEr= A8 Nill frjal ik 24j, FHit—5 4
Zn 5N Ar-Ni'-CO [k 24k, #3524k $E UG 3ER
I E g R AF B ek B B3R A b E) A 241, 241 BB
CO T3 B AR BB R A4 24m, #5545 24m kit
I EH 24 7849 B be NIl 2 b ()4 24, 1 J5 24n &
DR JE BRI PE P - B A N PR, 52 AL AR R,

10 mol% Nil,

o | 10 mol% L12 0
0,
)k . + R'—Br 300 mol% Zn R
c” o 50 mol% MgCl,
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24a 24b 24c 24d
L,~Ni'-1, L,~Ni®
N0
)OL 12Zn o?
‘09 Ar—I|
o“\Q
L, -Ni'-
24e
< *Ni ||
YA; Nt
r Ni- 1/2 Znl,
N| Ar

CICOOEt

O
N<
Nitt
<N 24n R’ L/L Ni-1,
1/2 Znl, 24a
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1
<N'NI\Ar
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o}
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(N:Ni"/KOEt
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N CO ( OEt
24c <N,NI\Ar ‘_7( N 41

24k 1/2Zn(OED), 2"

BRI 24 J73Epqibt, el s AN S RIS ) = 415038
[l AN

Scheme 24 Three-component reductive acylation of aryl hal-
ides, alkyl halides and chlorofomates

2021 4, ARAMRBAWTT A T MR &
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(a) Zhu, 2021

REVIEW
10 mol% Nil,

2
R2 o) Cl 12 mol% L17 R® 0

R1J\ +CI*OEt +Ar)\R 35 equiv. DEMS RH\/{K(

3.5 equiv. KF Ar
25¢ DMA/THF, 0 °C, 24 h 25d

O%O

|
i
Ph Ph

L17

25a 25b

0} 10 mol% Nil,

0 20 mol% L18
R 0
/\ + + )S/ e ——
RS C|)ko’7pr PHN 4.0 equiv. DEMS

NHPG 4.0 equiv. KF

25e 25f NMP/Et,0, 0 °C, 24 h
R3 R </7><(
NHPG
25h

(b) Zhu, 2023

; s 10 mol% Nil,
R 0 j\ 15 mol% L19
+ +
R2§ m*onpr Br~ "OBz 4.0 equiv. (MeO),MeSiH
3.5 equiv. KF

25a 25f 25i THF/DMA, 0 °C, 36 h

va( %Jph

F’ L19
R = 4-CF4CgHg4

B 25 ke =ik A A SR
Scheme 25 Three-component reductive hydrocarbonylation of
alkenes

FEL A IR S ML 5l e 22 1R 264K 5 W) (Scheme 26). 1% M
REME A Z A E REM, JRIENE) 2, — M gk
S pq ARAHE . T HLER 1 AT A e SR R LASE, 3 N
TEIEBM o-FEBR KA . HUERBIT FE R W] 12 S B AE B
B ZR rPaEAT, BT e 5 R T BRI AT S L
TN e RE Nt tr Al 26d, S ARAZ 0 A) A4 AH L B
SN EERE Nt AR AR E, HARH TR RS NI
KAWL RAR, R e R4 26d 8 Ry 2218,
AT 12 v T4 BE W% 45 2 £ 11 P 2 B I A v T B ) e i
B 2, SR NI ]k 26e, B fETREEATIE
JEIHBRASE B FSr=9 26¢ A1 Ni' 4, J5 T LLS b gk
B AR R AL B TR A NI, R JEHOL IR Zn 38 i
FRAE N Prfh.

TE PR TAER SR |, 2021 4F, Z2RIBTR ML S YIF
KT PR 5 2 = 50 R IR 5 B A B PR I i
i C—O WrZim AT i30S L AL S MoK & R R R A
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10 mol% Ni(COD),
0 _ 10mol% L20
J__+ R . .k
cl OR 3 0 equiv. Zn
0.5 equiv. TBAI N
26a 26b  DMA/THF, 25 °C
v
>Ni
NNScojor C(O)OR
26d 26e
N X
ROC(O)CI RO” "R
26a N N 26¢
~nji0 ~Nil—
CeoN (oNi—ci
\ (N:Ni“ X-R
Zn N 26b

B 26 ek pq AR 55 S IR IR 100 i I 22 A S 18
Scheme 26 Reductive acylation of alkyl halides and chlorofor-
mates

A WI(Scheme 27). 1% M5 & HLF IR B B (10 95 &
C(sp?)—O ZEHIRFI— R BRARKE R U T Be A B ar
M, 2030 T B Ak 1 TR I S A S5 B (138
FAVEE, fEEfE 78T XUE A s s S A LEE, 45
AR R R 2 Ni* L& 27d, 755 = HIIRER 5
ZIATEAINTE B NIt R A 27e, BE S X AR R
9N 27¢, Nit PR A S AR R e A A2 SE AL Rl A

10 mol% NiCly(dme)
15 mol% L12

(0] .

2.0 equiv. Zn O
o+ A-OTI a Py
RS O'Bu 0.5 equiv. MgBr, Ar SR
27a 27b DMA, 40 °C 27¢

NiCly(dme)
\ Zn, L12
112 ZnX; Ar—OTf
CyoNi©
N 27b
1/2 Zn
27d
N. i
CZ:Ni'—OtBu & N7 oTf
27h
i 1/2 Zn
Ar SR

1/2 ZnX,

N “ofy NNi-Ar
27g N
27f
o)
Rs)kofsu
27a

B 27 J7 5 = 5P AR TG 5 B AR IR I 1030 i I 22 0 S 13
Scheme 27 Reductive acylation of aryl triflates and thiocarbo-
nates

3874 http://sioc-journal.cn/

© 2023 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

J NI B 27g, foJm AT IR SR T B AR R H AR,
[N ZE B Ni' A4 27h HbRiE JRUE 4R 82 5 R IR AL
TG4,

5 &g
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