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Recent Advances in Nickel Catalyzed Asymmetric
Acylation Reactions

Zhang, Yanyan Zhang, Zhuzhu Zhu, Shengqing™ Chu, Lingling*
(Center for Advanced Low-Dimension Materials, College of Chemistry and Chemical Engineering,
Donghua University, Shanghai 201620)

Abstract Chiral a-carbonyl compounds are important structural units in natural products and pharmaceuticals and versatile
synthetic building blocks in organic synthesis. Transition metal-catalyzed asymmetric acylation reaction is one of the most
straightforward methods for preparing these compounds. In particular, significant progress has been made in the area of
nickel-catalyzed asymmetric acylation reaction, due to the unique properties of nickel catalysts. The latest progress of
nickel-catalyzed asymmetric acylation reaction, including nickel-catalyzed asymmetric alkyl-acyl cross-coupling reaction,

asymmetric hydroacylation of alkene and asymmetric acyl-functionalization alkene, is summarized.
Keywords nickel catalysis; asymmetric acylation; hydroacylation; alkene
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a) Chiral a~substituted carbonyls in pharmaceuticals
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Scheme 11 Asymmetric migratory reductive acylation of ole-
fins or alkyl halides
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3.1 AXIFRERER R R
3.1.1  BALIEJR P AR R
2020 4, HEF R ROE RE T TR R
T i, P 4518 A0 B 35 A 08 8 AN S BR B = R IR Ak e B2
(Scheme 12). %M LA Ni(cod), 1ENEMALT, (R)-
BINAP L11 AFHEAE, 75 BRI, Ty
DAY T i 225 40 SR PR PR A R B A s R . =05 R
AR T O T A7 P A58 R T S 87 114D 25 5 AR ot e 3 43¢ 2
A A EERZA, AP e S B T Ak B B B I A

Ye, 2020
R2
L11 (20 mol%) (0]
R1\ (R)- 2
N 1 19 R
N/\/§ + ArB(OH), i(cod); (10 mol%) g LN R
OZ\F Cs,COg, Toluene
100°C, 12 h Ar
1241 12-2 12-3

SO
OO

R)-L11

TMBn\Nb\ TMBn\Nb‘QTMBn \5"\49&

78%, 95% ee 84%, 90% ee 65%, 91% ee

0 0
Me O\ Me
pr” N N

80%, 90% ee 70%, 87% ee

Proposed catalytlc cycle

bﬁ S
7/ 124 \QOE\ 121

NIl %\N.”L
12v A
}\ 12-||
- bﬁ /
ArB(OH),
12-2 NI”L

12- III

B 12 AR R A AR FRBR 2 IS A S

Scheme 12 Asymmetric carbamoylation of unactivated alkenes
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S RN I A B BRI, R NN — R A 3
AR 110 56 P Tk 30 7 S 0 R 49 8 0 o AR 4 1) S 03
FPERE BERI M. HLFE b, AEE AN Ni©°
JA B Ni® SBER AR S Ina A R M B ER 12-10,
H 5908 e AT R 4 N A e AR R 1A 44 1210,
12-I1 555 3R ¥ & @ Ak A b (| 44 12-Tv, #E—25
RAE R BRI B bR =4 B N, SERUERIER. —
MriE AR 12-11 W] REse 5 05 MR & B, 54
&R A TR ARG 2 P A A 12-1V.

2022 4F, [ B 0GR A VR TR R AL R R
HUARH) 1,3- 0 A5 FEN R A FR 1,4-05 B2 Ak
SN, A R PR R A T oI 2o ot JE XUHUAR (1)
T L% 4544 5. T (Scheme  13). 1Z XMV F Ni(cod),
PEMEALT, (S)-BINAP L11 AFHERA, ZBEHA N
B TR IR N 5 MR & IR SR JE T Bl AR,
— B EN T o F S e AL . N EAA R AP
FIFE 3, AR F5 I e B 1 DL R R4 10 e e 2 k.

Chen, 2022
OF (S)-L11 (20 mol%)
Ni(cod), (10 mol%) Ar
N + ABOH)y ———2- ") O J
RY Cs,CO; RLN T,
R2 H Toluene, 110 °C R
131 13-2 13-3
1) Ar
1 R NilL 132 q re Nt
RN N transmetallation R'— Né,\l/
13- 13-l

E ‘ PPh, "Bu.
l PPh,

(S)y-L11

=0 e i

71%, 95% ee 52%, 96% ee

o]
é\\/\ph PMP é\\JPh
ipr

72%, 99% ee 70%, 90% ee

B 13 A BRI SR T I L
Scheme 13  Asymmetric reductive carbamoylation of alkenes
3.1.2 ERABIRAR A

2020 4F, I EERHRIE 7R AL SR A7 g Y BE S
B 1 57 i M e 55 Joe ik L F AN 0 R A2 AR BBk Je B
(Scheme 14). 1%/ M A¥ F NiBryeglyme AL, 4-1 bk
AR L e MR R L2 9 FPERCAR, Mn id S5, S
SEATURAN, RWIE TR RAF, R85 B i ) e S A ]
S5, PV RO WO BV 3,3- XU 1%
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Wang, 2020
L12 (20 mol%) 5
R’ NiBry+gl 1 R
1 »gyme o5 R
‘\\ R I_R®  (@0mol%) R o .
D g L R
N~ R4 Mn (2 equiv.) N
P DMA/NMM, 10 °C \
Cl (e} R2
141 14-2 14-3
A
O @\A s ~C
Me
L12 56%, 84% ee 49%, 83% ee
56%, 80% ee 61%, 88% ee 52%, 89% ee
Possible catalytic cycle R

R3
X
RS 1/2 Mnl @ R?
R’ 0 2 N~
R3 < 12Mn
X R e A
\ 0" Ni— o~ ¢l
A ~N 144 14-1
\ 14-vIl
R2 )/ R
14-3 R®
1 R® \\\
R R _I}I\R4 N R
X ' Ni N
\ 0% A
N o~ "Ni'Cl

\ 14-11

\ 14V J
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RS Re R R1 /NI Cl
R1 N \\ o\
X
\ o)
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N
R2 14|||

14-V \ 1/2 MnO
)\ 1/2 MnCl,
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14- IV

B 14 I 0 S AN PRI Bt A S L

Scheme 14 Asymmetric reductive carbo-acylation of alkenes

B 5, FIHZAX IR R SRR, )1 PR 3 —
SR R BRI R AR, Sl TR = A
118 5 7 F R BE A A X FROE J5 A% BB S B (Scheme  15).
%R A SR AR IR FIR BRI R, N T bR
PARS ARSI RT3 N el NS SRt o LY N = A
X g HL A Rk LA D R AR 1) S SR TR JEC A B REAR B
RS, 15 2445 b RIS B ey, =4
X WO R AT BT PR

Wang, 2021
- R L13 (15 mol%) o A
NiBryediglyme 4 .
‘\\ ON (10 mol%) R\\ 8 \Qo
rR2*t Cs A ——— ‘ o
N N Mn, DMA P
N
30°C, 12 h {
o7 >cl R2
15-1 15-2 15-3
" HN-Ar o HN—-Ar
e r
L B —
N, o) o)
N N N\B
L13  ~ Me n
Bu 46%, 91% ee 66%, 68% ee
Ar = 4-MeCgH, Ar = 4-MeCgH,

HNOMe HN@OC%
Me Me
cl S s ﬁo
Y o]
N N
\ \

e
40%, 86% ee 46%, 90% ee

B 15 IR AS AR I S XU H I RE AL e B
Scheme 15 Asymmetric reductive dicarbamoylation of alkenes
i T AR A R B PR IR, B R AR A R
P2 73 AN FR B 2 B A S N A7 AE BOR B k. 2020 4F,
W B e VR AL (2R R A 0 R R B S e A
AL AN XS IR AR S, et o R PP A 3 1
FohE o= T L5E B (Scheme 16). 1% 58 PL Ni(cod), A
BEALT, 8-Quinim L14 NFIERCHE, Mn AIRJRF,
AN, RIS, — R SRR BRI 35 K i
Wi Jee 2 P I SR A 2 R 0 RE e 1
BE—30, BREWERA PRI R YR RS 1,6-—
IaiA, SEEL AR TP I SRR 1,6- M ke dE
FHLFR) 23 0 R A 2 P I I = 40 S B (Scheme 17). 1%
M LA Ni(C1O4),26H20 AL, 8-Quiniox L15 T4
FoAR, Mn iR JR 7, JeRiac Al 1,1- B e ek
PRGN L6- MR AE S 5 R, DMLF;
FRI 0T Bl 326 R PR AT B S IR R IL BRI o e R BAC T P Tt
A &1, &L T QK p- WBEIE I & Rt 1 —
Tl A = B TV
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Chen, 2020
O L14 (18 mol%) o)
R Ni(cod), (15 mol%
\NkCI . Akl (cod); (15 mol%) Alk
K/\ Mn, LiBr R-=N
X DMF, 0 °C
16-1 16-2 16-3
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1
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(e}
C7H1s CrHis
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B 16 A E A 2 10 38 AN o PR R e ik Joe A S
Scheme 16 Asymmetric reductive carbamoyl-alkylation of un-
activated alkenes

Chen, 2022
0 L15 (12 mol%) ; o
R! )L Ni(ClOg4), -6H,0 R
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Scheme 17 Desymmetric carbamoyl-alkylation of unactivated
1,6-dienes
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Chen, 2022
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Scheme 18 Asymmetric alkyl-carbamoylation of internal al-
kenes with alkyl iodides

2022 4, MRE RIS T SR AR AL TR
FE AR 1) 75 5 35 P I SR o 32 T 1) A o R A A A BB I
N, R AR T T A A R R 45 A4 BRL TG (Scheme
19). %75 L Ni(ClO4),*6H,0 AL 7, 8-Quiniox L17
NFPERCAR, Mn AR JER, N &R, BRI

Chen, 2022
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Scheme 19 Asymmetric cyclization of ortho-allyl substituted
arylcarbamyl chlorides with alkyl iodines
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Wang, 2020
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Possible catalytic cycle
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Scheme 20 Nickel/photoredox-catalyzed asymmetric acylcar-
bamoylation of alkenes
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Lautens, 2020
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Scheme 21 Asymmetric carbamoyl iodination of 1,1-disubsti-
tuted styrenes
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