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New Application of B8,y-Unsaturated a-Ketoesters in
Asymmetric Catalysis
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Lan, Wenjie

Yu, Xuan Fu, Bin*

(College of Science, China Agricultural University, Beijing 100193)

Abstract f,y-Unsaturated o-ketoester is a class of polyfunctional synthon. Due to its 1,2-dicarbonyl structure and multiple
reactive sites, it has been used for the synthesis of various compounds. In the past twenty years, a number of chiral Lewis acid
catalysts and organocatalysts have been applied to asymmetric catalytic reactions using f,y-unsaturated a-ketoesters and vari-
ous optically active compounds have been synthesized. The current progress of f,y-unsaturated a-ketoesters in asymmetric
catalysis according to the three different reaction sites, unsaturated acyl conjugate system, carbon-carbon double bond and
carbonyl group, is summarized. Finally, the limitation of related reactions and the future development trends are also pointed

out.
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Scheme 1 Catalytic asymmetric Hetero-Diels-Alder (HDA)
reaction of cyclic enamine with f,y-unsaturated a-ketoester
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Scheme 2 Catalytic asymmetric HDA reaction of f,y-unsaturated
amide with f,y-unsaturated a-ketoester
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Scheme 3 Catalytic asymmetric HDA reaction of 3-vinylindole
with f,y-unsaturated a-ketoester
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Scheme 5 Catalytic asymmetric HDA reaction of aldehyde with
p,y-unsaturated a-ketoester
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Scheme 6 Catalytic asymmetric cascade reaction of arylacetyl
phosphonate with f,y-unsaturated a-ketoester
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Scheme 7 Catalytic asymmetric [4+2] cycloaddition reaction
of cyclobutenones with f,y-unsaturated a-ketoester
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Scheme 8 Catalytic asymmetric cascade reaction of thioesters
with f,y-unsaturated a-ketoester
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Scheme 9 Catalytic asymmetric [4+2] annulation reaction of
non-activated allenes with f,y-unsaturated o-ketoester
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Scheme 10 Catalytic asymmetric [4+2] annulation reaction of
alkoxyallenes with f,y-unsaturated a-ketoester
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Scheme 11 Catalytic asymmetric Friedel-Crafts/aldol reaction
of 3,4-dimethoxyphenol with f,y-unsaturated a-ketoester
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Scheme 12 Catalytic asymmetric Friedel-Crafts/aldol reaction
of 3-aminophenol with f,y-unsaturated a-ketoester
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Scheme 13 Catalytic asymmetric Michael cascade reaction of
kojic acid derivatives with f,y-unsaturated o-ketoester
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Scheme 14 Catalytic asymmetric Michael cascade reaction of
Benzo[a]phenazin-5-ol with f,y-unsaturated a-ketoester
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Scheme 15 Catalytic asymmetric [3+3] annulation reaction of
benzodihydropyran with f,y-unsaturated a-ketoester
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Scheme 16 Catalytic asymmetric [3+3] annulation reaction of
a-purine-substituted acetones with f,y-unsaturated a-ketoester
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Scheme 17 Catalytic asymmetric Michael/aldol reaction of
o-arylidene pyrazolinone acetones with f,y-unsaturated a-keto-
ester
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Scheme 18 Catalytic asymmetric cascade reaction of alkynyl
alcohols and amides with f,y-unsaturated a-ketoester
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PRI FR) AN R R 8 1B B M2

Scheme 19 Catalytic asymmetric cascade reaction of 4,5- al-
kynyl pentanol and 4,5-alkynyl pentylsulfonamide with f,y-un-
saturated a-ketoester

cooR?  IPrAUCIAGNTY,

XH . O (5 mol%)
| ’ // Ni(OTf),/C19
R3 R (10 mol%) R?00C

B 20 345 TEEEL 3, 4- 108 T BEIZ S By- N o-BHER
T ) AN K o e TR e

Scheme 20 Catalytic asymmetric cascade reaction of 3,4-al-
kynyl butanol and 3,4-alkynyl butanamide with f,y-unsaturated
o-ketoester

T B-BREERH 48 5 By-ANBAN a-BHFRTEE I AN K FR R B
[i(Scheme 21). fEHLZEAET, LA 39%~97% MUK LA
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JeHp AR S H S R FEPE(41%~93% ee) B T 6,6-12
A6 T 49. AT RN FIHLEL S p-e i 48 7E
Au(IID)FIE F R IR BEALAR BN J0 3R HR (44, [  F0
FETAR C21/Mg(IT) LA 4755 TR R g 11 X0 225 e Ao I
WA, SRE R AR A+ 2038 0 R R A 3k i B 1 H
WA 49.

AuCl3 (2.5 mol%)

/’l---\‘\ 3,
CO,R® / \ Mg(OTfH; (2.5 mol%) R 02~ 7
0 c21
+
/ /) DCM, 40 °C, 5A MS

Ph R2 R \\
48 O o 49
B N N
o= » ¢ F°

r )
C21: Ar = 2,4,6-PryCqH,

B 21 pHEEE S By- BN o-FRERER 1A 0 FKH 1B R S
Scheme 21 Catalytic asymmetric cascade reaction of S-alkynyl
ketone with 3, y-unsaturated a-ketoester

HNREAPNRIRIE T 3-ABEIMT A 50 5
By-NHF o-Bil iR G 2 (8] A% R Michael/Alkylation Hf Bk
J% i (Scheme 22). 4 f# F F ¥ XU & A B & C22/
Mg(OTH), Bt &WME LTI, BL 52%~70% 17 DA
I 84%~98%I1]) ee (HL I HH 4 51 345 T # 1 Fa e
HI(1S,2S 3R TS I = 4 52, 2448 FH -1 UV
& C23/Sc(OTh); B &E RMEAFIET, LL 67%~99%(1)
FEERN 72%~99%[1) ee (EHAF RSl FE BT Sh2
SN ML BRI (1R, 28, 3R) K BL (K N =4 54. il
A 92 BT AAS B[R] R4 B (1 7= 0 ] e A2 IR R A 9] 1)
5 5 W 1 AL R AR R AN ).

2019 4, AP IRE 76 FIERIR C24 i
I By- MR o-BRBREE 5 HELLATAEY) 55 MIAXTFR
15 2 . (Scheme 23), LA = #6(90%~98%)~ H &5 2 = 11
e B FEME (73 0 27~>>99 & 1 dr)F i % e ik B
(91%~>99% ee {H)FE] T — RN BA WA ELLFEH
ORI & 56. MATTE: BT A3 7= P nt 2 BRUIE R E
AT T A STE IR, S PR B AR = BT &
TEPE, MREL T 12RO ) R A S T

2019 4F, /N B R A2 PR T R G A
C25/Zn(OTD), BL &SI T By- AN o-BHFR1E 5 A
WV i 57 1R1[4 + 313k [ N (Scheme 24). % ML T
— M EE 2N FHR OSSR\t b
BRI, R, 24 RPN HER, L
67%~90%7"" FF 93%~99% ee {HFAF%F k=4, {H &
MR NI OB RN IR R A AR EEUR S R X
R A AL N
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C22/Mg(OTf),

(10 mol%)

o)
o COOMe ClI NH
. _|
DA

1 R = C23/Sc(OTf),

R 50 (10 mol%)

. O { ) o .
iPr N + @Y pr
“H- ~H’

Cc23

B 22 3-EBIMATAEY S By-AEA o-FRERES 1A KR Michael/alkylation £ J b7

Scheme 22 Catalytic asymmetric Michael/alkylation cascade reaction reaction of 3-chloro-oxindoles with f,y-unsaturated a-ketoester

3 X E
NCS R700C : CF; S :
R 2 C24 (10 mol%) : Y—NH HN
N\ CH2C|2, 4 h E HO By
- CF
R ; * C24 1,

55

B 23 ST S By- AN a-BABR TR 1A 0 R H 5K S 8

Scheme 23 Catalytic asymmetric cascade reaction of 3-isothiocyanato oxindoles with f3,y-unsaturated a-ketoester

o)
RO Zn(OTh, (11 mol%) g
0 o €25 (10 mol%)
N . ~ R?
o) o 2 RhaPivs (05 mol%) ~N°_ 4
+ L
DCE, 8 h o0t

N—
R2 O=< OR’I
57

o
SHeUE
(0]

O™N ;
N
RN~y N

C25: R = 2,6-diethyl-4-(1-admantan)CgH2

B 24 o-"ZMERFERS By- AR o-BH B EE A XK
(4430 vi

Scheme 24 Catalytic asymmetric [4+ 3] annulation reaction of
acyclic diazoimide with f,y-unsaturated a-ketoester

2017 4, ZEMS QIR VS A LB 1L 7] C26
AL TE IR 59 5 By-AEAT a-BHEE B 1A% FR
[L+4PMME R B, 53] T — R BEHHANSFEFOR
SURIEATAY) 60 (Scheme 25). ZRNA T 2 MRV
TV, ERMMAMET, MNARBUREMEY, RMNRA
T B AR (22% ~ 82%) LA K o W ik % 1k
(94%~99% ee), FH EKs R RR G I BE L9 J o % 2K 05 &
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FEELFEIRES, AR LA ] 53%~90% UK Fl 94% ~ >
99% ee fH. H MY RKETLHIAL, LL 62%[1) 7= %A
96% ee (HIRTF HARF=H. XFATR =i iTaMk, )17

N B A Al RE TR 1 LT 15 21 e ' 1 1Y DY Sk R 77 AR

CO,R? CO,R?
Oj? . Boco/\WCOzF\ﬂ €26 (10 mol%) ﬁ
Ar * . cor

g

BAR 25 SLHEFHRS By-PER a-BIRRESH AT FR[1-+4]
BN AN

Scheme 25 Catalytic asymmetric [1+4] annulation reaction of
electron-deficient olefins with f,y-unsaturated a-ketoester

2018 4F, B = BNESE T InCUFIERERR C11 XL
TR B2 AL ) 18T B 18 61 AN By-AUIAT o-BH R B A AS
X R[4 4 2138 0 R S B, DA sy = RN e ik B (B
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99 11 dr, 99% ee) E FAH R[] [4 4+ 2] TN~ 4 62
(Scheme 26). N AA RUFHIEYEE M, 48 M
W R AE R, HROR R AR A3 A0 3 1) T Bk i 3¢ 1k
(>95 05 dnFISTHLERE (IR 99% ee fH). AN
InCl F1 C11 [ [EIAFE FH A2 S B e D (1 G, s fee
InCl 8¢ C11 #A B A 12 2 BLEAT .

R1

o InCI (10 mol%)
0,
N R1/\)J\NOR2 c11 (1(2mol/u) )
) CHCl, 4A MS, rt. R200C” ~0~ “R®
61 62

ER26 FiEIRIES By- AR o-BR B HE A RFR 4+ 213800

JRS S
Scheme 26 Catalytic asymmetric [4+2] cycloaddition of sim-
ple olefin with f,y-unsaturated a-ketoester

2019 4F, VPN KRR PISzEl 1 4R W L) 63 55 B.y-
AR o FR T R AS X AR ER R S, 15 31 5AT PUAN I 4L
FEFL (BFE— NV Gl T 0 B 724 64 (Scheme
27). %S NAE B AR C27 fEMEALTR, FZE AR, iR
T NAS B 75% ~ 98% [T UL - A i < Xof W ik R M (>
20 © 1) BL Rz e ik 1 (93% ~ > 99%).  FT 451 72 W)
BAHAAN, BB RS TN .

CO,Et
Et0,C 02

B 27 ABTALI S By- AN oA BT AN XS R £ B s
Scheme 27 Catalytic asymmetric cascade reaction of o-imino-
phenol with f,y-unsaturated a-ketoester

4, /N R PO IE T 4 T R 65 5 By-
AN - T B2 T 4 P9 22 0 {1 Joxa-cope  EE HE A K I B
(Scheme 28). 1 Ni(Ily/F= 1 XA A ALk C23 48G54
AT, RGN AN 3 d, BAH AR B A R
H(67%~92%)~ AR WL 96 1 4~>99 1 1 dr)
AR Lk B (92%~98% ee)fF RN EHFE~=Y) 66. %1k
T A W] A AN AN L BE A B I I AR A T S — b
AR SRR

2 HHRNESSHRMN
Pry- AN o BRI PT LU BRBR AU 1 F 35 U
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FIRSiHR
CO,Me | PMP
o C23/Ni(OTf),
+ AN = T e o)
PMP B(OH),
:§/ DCM .
R 65 R CO,Me
66

B 28 IGNIEMIR S By- AR o BRI 144 P9 30 AL/
oxa-cope HEHEH PR B

Scheme 28 Catalytic asymmetric allylboration/oxy-cope rear-
rangement of allylboronic acids with f,y-unsaturated a-ketoester

P 5 ILHIXURAR AT D-A SN A IR CIRATEEDD. 1/
R RRZH CTME ) Zn(OT), FTFME XA A C28 B4
YL T By- AR o-FR R TG 5 (E)-1-2K 25 0% 67 A
XX D-A % (Scheme 29), U5 155 99% 1177 2 A1 99%
1) ee fH. AATTHENZ SR HLER AT B 2 T 1 U e A4
C28 FFERHERES 5 N 2L T Zo(D)H L, [FIRS B T
e 22 Wi ) B AR o5 23 7 HUIE(LUMO) e IR ie 3k D-A J
N BT ERBREE ) Si THIAEECAHA R0 P i FE PH 44,
b, (E)-1-2K5 )6 WBRER S 1K) Re THIE L B R A HE L,
TERL T (1R, 2S 3R B BR O RITAE D) 68.

RS 0 , R? R
OR® £28/2n(0Tf), (5 mol%) U
+ 0 y O

DCM, 35°C

R* COOR?
R* ]
67 R 68
() C
OQ\\\\ l\{O }/\_\\\\.O/N 0
N~y N
H -N_
AI'/ H Ar

C28: Ar = 2,4,6-PrsCgH,

BR 29 (B)-1-FEIHS By- AU o-FREREE A ST FR DA

Jds
Scheme 29 Catalytic asymmetric DA reaction of (£)-1-phenyl
dienes with f,y-unsaturated a-ketoester

2016 4F, H/NHRBAPMEH Y(OThH; 5F MR
fifd C29 BCAMIMEAL T =5 P9 ko S 3 2075 32 1| e
69 5 By-AEH o-FHERER A XS R[4+ 2138 0 = B
(Scheme 30). LA 47%~98% U HKF1 86%~99% ee {H 1k
AT B AT M O 1 6 05 1 HE i 424k
AW 70, FFHETR R0 AR 5 A o e )
Rt &Y.

FHAR WG Z AT & REER IR =)+,
TR & EE RN FESR AR E — B
WU IS S 2 —. 2017 4F, B =it 2 PO
7 InBr; SRR E €30 HhFEIMEILE By-ANHAT o-F
TRls 5 HARE 71 (AR FRIR R bl [ S, 133 7 BA
SAMESTFHEF O REATAEY) 72 (Scheme 31). 1%
SN SNSRI, R IR R UL R SR RER, Xt
T A A B B A A S5 I3 (33 %~ 77 %o ) Rl i 5o i 126
PEPE(RRIA 99% ee) 3 BRI =1, ZARAE M 3RAT =
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TIPSO

R
@? + R1/\)}\fo C29/Y(OTf)3 (10 mol%)
Z N DCM

\
SOLAr!

AI‘1 =64;MeOC6H4 TIPSO

C29: Ar = 2,6-Pry,CgHs

B 30 = RAERR AR GRS By- A a-FHIR
W AN R[4+ 2190 I 5L

Scheme 30 Catalytic asymmetric [4+2] cycloaddition of si-
lyloxyvinylindoles with f,y-unsaturated a-ketoester

AE AL 1 FIEA T et &5 it 7 —Fh 2 0 EFE
T

R20
0 InBr3 (5 mol%) 4
R% 3,0 ® 6305 mo%) R3OOCZ§R
OR® 4+ —
N, p DCE, 4AMS, rt. Rt COCO,R?
- 1 72
ol _
o
o
O-p7
- "Ot1Ca

O ’
Ar

C30: Ar =CgF,4

— -2

HR 31 BREES - AR o-FHERES B BRI R b %
I

Scheme 31 Catalytic asymmetric [4+2] cycloaddition of diaz-
oesters with f,y-unsaturated a-ketoester

By-ANHAN o-BR R P (B DR IE AT A oA
Wk Z 53] 13- IR L. 2017 4E, i)
T T Ni(ClOyg)y*6H,0 5F-PEXEMEE C31 455k
(1) By~ AN o R T ANV B 73 FOANKEAR 1,3- 18R
% Bi(Scheme 32), DLHFEEFEEE DL B~ 3R mdEXT e
EFENE(>20 & 1 dr)yFlsEstd MUE B PE(88% ~99% ee)f3 2|
FEERELE R A Y 74, %IRRT BE AL B R R S
FAHEMEALF OB T NIIDEL 14-Beh 5 Reg &, BT
C31 FIRALFEESE T X Si T, {£/34ER 73 554 F|
T M TF XV Re THIEXL, RAE 13-ABARIR IR,
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o _ Ph\N/O R
O\N/Ph+ . Wo C34/Ni(CIO4)*6H,0 )_7’
B

OR2 THF, 0 °C P =0

R20,C
@] (o]
Y
N N
C31

74
BIR32 WS S SR ARSI A6 1,38 BEF I
R

Scheme 32 Catalytic asymmetric 1,3-dipolar cycloaddition of
nitrones with f,y-unsaturated o-ketoester

2019 4F, MRk IESERIRIE T AN T C32 fEfL
(I B,y- AR o-BRFR IS S HELLATEY) 75 HIAX PR3 +2]
IINBUSSE, BA 94%IH =%, >99 1 1 dr AEXT ik %
PEMIER 1 99% ee HIXTUEFFIER ) T FHEBMEEY
76 (Scheme 33). fEmALFKA T, FRBITENE LR, K
AU USRI RCR, e e sl o Tk, R
ATV AE 1) S A1

O—p3 R4
0 R /
o
BocO, 0 €32 (10 mol%)
+ —_—
== %o CH,Cl,, 48 h
\ |/ N /
RZ
1 RS
R 15

B 33 EEAATEN S By AT o- R TR AR FR[3+2]
2N B AN

Scheme 33 Catalytic asymmetric [3+2] cycloaddition of isa-
tin-derived MBH carbonates with f,y-unsaturated a-ketoester

Michael fESR N2 SERZ DRI o, f- A HOFA 2 3
AT LA-SERZINRS, &% LA S0 F M L k2
—I1 2016 4F, A IEHSESIHGE TH LN T C33 1L
1 1-L s e -3-F0 77 5 By-ANEF a-BH R S 1
Michael fNi% V. (Scheme 34), FaJ%E T PANIESE A RUBR
FHEAL, IRIF B 99% 77 2 99% K ee fH. AT
MZ R BHLE SR 77 GBS C33 BRI B A8 7
BC A7, - [) P 7 A A 00l e ik S B AN €33 AH A TR
BOLIERS, 85 77 M Re AT EHIREE, A4S 3] 32
L= T78.

AR A ZH 4 s B B AzePhenol €34 5 X%
Zn BHEDMEL T 4-FEF TR 79 FBy- A o-FH R
BRI FR Michae /< W(Scheme 35). TE&EAMLEMH T,
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AN ik SR
O R O i A SifPr
R® ? o R SiPrs " [Rh(OH)(cod)], (5 ~ 10 mol%) | °
X C33 (2 mol%) \\ \ )
e \ CO,R! €35 (1.2 equiv.) Il
| pem, 20°¢ L - I o
N Ne o Toluene, 100°C, 16h A
Ac Ph Ph OMe Ar COOMe
0 82

QA Q
C33

ER 34 1-4BEEIE-3-FS By- A a-BREREE AR
Michael il B

Scheme 34 Catalytic asymmetric Michael addition of 1-acetyl-
indolin-3ones with f,y-unsaturated a-ketoester

PAER 1 99%IH1 7 2 A 94% K] ee [HAFE]— RIIA 42
SCHPGE TR E R AR AT A 80. 5 2 R AIAH R
EIEME IR L, A A R AE B 7 N7 AT S i AN
IR ZEAE R, B 1 B i AR UACR MRS e 5

0 C34 (10 mol%)

LS O ZnEt, (20 mol%)
—_—_—
| \ ORZ
X
%

Toluene, r.t.,, 18 h

| IR
OH o
AT COOR?
SN0

C34: Ar = 4-CF3CgH,

B 35 4REFTES By-NWA o-Bi BB 1A XK
Michael B B

Scheme 35 Catalytic asymmetric Michael addition of 4-hy-
droxycoumarins with f£,y-unsaturated a-ketoester

2017 4F, SERFIFBAPIRIE T Ry TR 1A
C35 BLAMMELT By- NI a-Ff B2 B He 3 1k 2 v
(Scheme 36), B IRSLHL T sp Z LR T-1F sk
PR 5 R BR TR A A XS FR LSO, $RA8 7 23 w1
EALIEHEG=Z 63%~88%)Fl i Xif L 5 14:(84%~93%
ee). MATVCNHTALT Si T i T B S 4 55 3 25
A7 PE, BAERES S 5 T 5 08 5 Rh Bofr, M
A3 E] R M4 82.

3 HESSNRM
T By VIR - RS 1 B 5 55 (K AR
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OH
: 98
PAr,
ool

C35: Ar = 3,5-Me,CqH

B 36 B,y- AT o Bl R TR 19 AN FR kAl S
Scheme 36 Catalytic asymmetric conjugate alkynylation of
p,y-unsaturated a-ketoester

i £ C4H TR ARG RIRIES ™, Bl ki
SESCHRA ST B . 2017 4, VEE B IR APRE T
CuBr, 5F /N7 C36 &AL By- B o-BF
TRl A S S5 kg 83 [ A XX Friedel-Crafts & M.
(Scheme 37), 345 T 55U 2 (33% ~ 77 %) FH i %) B ik
FENE(T5%~90% ee), ST LG 5 B,y- AN AT o- i R T
HRERIEN) 1,2-I0%, (HRTERAME T, M V-
PRI PRI A S SRR SROSREAS g A

HQ

H' "z
W C36/CuBr, (10mol%)  N__A~cooR!
/\—\’ R piperidine (20 mol%) \N/ARN
mesﬂylene (2.0 mL) R
5°C, 4AMS 84
ArA
Bn r
OH

N OH
I CF3

C36: Ar = p-MeCgH,

B 37 W5 By- A o-BAEREEFI AKX Friedel-Crafts
3

Scheme 37 Catalytic asymmetric Friedel-Crafts reaction of
pyrrole with f,y-unsaturated a-ketoester

[F4E, Z AP RE T AN T €37 5 CuBr,
LRAWIEALI) By- AN o-BABRTEE 5 R4 3E FF 5t 85 IR
XIFR Henry S M(Scheme 38), 7ELIK NI T,
LIS (75% ~ 91 %) RIS 57 14 5o Bl 3 436 28 (83% ~ 94 %
ee) R T — RBVAEAT DU HUARBR AR FR O A AN B
Fe-o-F2 MG 86, FH HAE AL TR R SBOK % w21,
ISR RESRAF 5 (1 45

4 Z5ig
VEAESR, By- AR 0B RS 2 BT 1E AR 5 R AL,
o L A3 T PO K R, Rl Y £
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O NO,

1
OR C37/CuBr, (10 mol%) HO,

S0
Cs,C03, (CH3CH,),NCIO, R

85 2-fluorophenol, H,0, 0 °C OR!
R

86
Ph
ph O CFs
HO
N
ca7

EIX 38 4-BEFTRYE By- AU o-BEELTE AT FR Henry
SRE

Scheme 38 Catalytic asymmetric Henry reaction of nitrome-
thane with f,y-unsaturated a-ketoester

B8, RS M NN TR 5 R e A AL, AT

T[4+2] [3+3]. [B+20M[1+41 bS5 e i, Mgk T
— BRI 2 TR O E LAY, Horbo
SSAVEREAT T — 8 IRE, N TEZN) & i
HE 7 BIR BRI AN EARME, A BRI — PR
SRS BIRER. H 2, WKIRTELERE [N R R R
PR EATIE IR A e de 35043 S B 4% A4 87 %1 B e
137 SE R RUIRS 1 2 n) . DR, RN R

PRI L G T L AR IR ER IR A A R R OR I K
&, LLZWD. RN Iyrh a4k B AR S 1m), 5ttt
IR By-AHA o-BREREE & T 2 B REHIM RS, it
TER AR A HRFN 5 LA SR A (B R AN X PR A
IR A AR R AT 55
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