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Abstract Thioesters play a very important role in biosynthesis and organic synthesis. Due to smaller orbital overlap of the
C(2p) and S(3p) orbitals, the a-proton acidity of thioesters is higher than that of the related oxoesters, making thioesters use-
ful enolate precursors in nature as well as in the laboratory. Meanwhile, thioesters are also efficient acylation reagents which
can be used for the construction of ester bond and amide bond. Organocatalysis, a biomimetic catalysis usually with metal-
free small organic molecules, is an emerging research field that has been booming since the beginning of the 21st century. In
the past decade, many important achievements have been made in the organocatalytic asymmetric reactions involving thioe-
ster substrates, which have greatly broadened the reaction types of organocatalytic reactions with ester substrates and realized
some reactions that cannot be achieved by using their oxoester analogues. The advances in organocatalytic asymmetric reac-
tions involving thioesters are summarized in this review. According to the types of thioester substrates, these advances are
classified to two types. One type is the organocatalytic asymmetric reactions with enolizable thioesters such as trifluoroethyl
thioesters, malonic acid half-thioesters (MAHTS), monothiomalonates (MTMs) and dithiomalonates (DTMs). For these reac-
tions, noncovalent interactions between catalysts and thioesters, including hydrogen bonding and ion pair interaction, have
been used to promote the reaction and to achieve the high enantioselectivity. Another type is the catalytic asymmetric reac-
tions with @, f-unsaturated thioesters. For the reaction of this type, various chiral organocatalysts, including chiral amines,
ureas, NHC (N-heterocyclic carbene), isothiourea, amidine and others, not only activate the thioester substrates, but also con-
trol the enantioselectivity well through covalent and non-covalent bonds. Meanwhile, the mechanism of representative trans-
formations will be briefly introduced and at last, the perspective in this area will be given.

Keywords thioesters; organocatalysis; asymmetric reaction; biomimetic synthesis
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Figure 1 The reactivity characteristics of thioesters
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Figure 4 Michael addition reaction of trifluoroethyl thioester catalyzed
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Figure 5 Michael addition reaction of a-CF; substituted thioester cata-
lyzed by chiral amines
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Bl 11 MAHTs A =5 P S H K AXFR Aldol /¥
Figure 11 Asymmetric Aldol reaction of MAHTSs with trifluoromethyl
ketones

PEET, ek 07 Heme L3 v S % [ B, (H 95 4R
AL R EAR R R 5 I P o6 Bl e 36 A7 K 521 (32¢). L
Ah, 05 B R I S RO Bk BV R, Jor A I )0 R
PR .

56% vyield, 81% ee

Ricci (2007)
Ts Ts
o o N~ €11 (20 mol%) M
+ ‘ —_— R
RS OH R THF, 0°C,72h  R'S R?
32
,,,,,,,,,,,,,,,,,,,,, i 40%~85% yield,
et 3 C 4%~79% oe
. H
Selected examples
T b P
o HY s o HN Ts 0 HN B o HN/TS
% Ph
32a 32b 32c 32d
85% yield 47% yield 68% yield 75% yield
67% ee cl 73% ee 21% ee 4% ee

Bl 12 Brensted HfE 1k 1)) MAHTs AU E I ASG R Mannich 58
Figure 12 Asymmetric Mannich reaction of MAHTs and imines cata-
lyzed by Brensted base
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2011 4, Tan PR BOE FXGAMTEAE A 7] C12 52
BT BRI 12) BRI AE BB 13). BAT
AR AL (1) 05 FE % 31 YR8 LA R A7 10 miide ¢
FEN=4) 34, PRI 95%,  ee H Hik 98%(K 13). 1L
Ab, C12 & PTHEAL S HBRARVER o U MAHTS JEA. «
A7 AR 5k PRy 72 ) A7 BEL K /5% sz S P %o B e 438 1 ¥

ZRom. {E4 B ESI (Electrospray Ionization)/i it 43 #7
farill 2 7 e E AR 33, MKILER T MAHTs 5 W1 (156 %
e T #EFE, DFT (Density Functional Theory)it
SEEIRAESE T A% ST AR,

Tan (2011)

o o « o HN/TS
] N~ C12 (10 mol%) By -
t-Bu \SMOH + )‘ B —— S Ar
R Ar THF, 0°C, 72 h R!
3 31 o 3?
4 ) 37%~85% yield,
R'=H, Me, Et; /> _syn:anti = 1:1~1:2.3
allyl, Bn 85%~98% ee
' t Bu nt-Bu
s %
H O HN
P, STttt @, \ € X
 C12: i (o) L TS fo) Ar
: N : N
;t—Bu—(\ ” wtBu | O \
: NN : / Ar) o3
R B ' | HO tBu
S 33
L t—Bu/ (intermediate)
Selected examples
o HN ] HN
ﬂ\ o HN >L
S
Cl
34a 34b 34c
68% yield C12 (20 mol%) C12 (20 mol%)
95% ee syn:anti=1:2.3 syn:anti = 1:1

anti-34b: 60% yield, 98% ee anti-34c: 37% yield, 90% ee
syn-34b: 24% vyield, 22% ee syn-34c: 35% yield, 11% ee

B 13 TR (LT MAHTSs A ¥ A% B Mannich J% R
Figure 13 Asymmetric Mannich reaction of MAHTs with imines cata-
lyzed by chiral guanidine

1 I f% 5 MAHTSs FXT e £ Mannich S 3 7]
TEREAERFOHFNE p-2HER, SR, BT
R RBETE T, B BRRBIPhaEE. 2012 4, Naka-
mura FCUHGE T E 08 T ATA BB R C13 {4
MAHT 3g 5#e£LAT4 1) N-Boc BV % 35 FIASKERR IR
Mannich &M, PARGF YA Bk #1415 31 B A ==
RO p-E IR = 36, IR H LA T 24
AG-041R & H(E 14).

F- VA HUBE I 10 77 ATl o A v 4 7 A TR
Z AR R BB, d Ak, LA HLBE s 2 sk
JERAD A TP B T E -1 Brensted Bt A4 71 (18T
P U 2 AN IR o 3438, o 3 ROR) 2
1 2020 KA HLUBES ) BefE 1077 P1 FISR B+ 60 E1
1 JE AL A % Bronsted Bl fiE (L7 C14, ¥ HNHAE T
Z P o-Hk B R TR M AR A I e 37 B AN KRR MR
Mannich J 5. (E] 15). HHERY) MAHT 3g FIEAR R %
37 7£ 0.5 mol %M HEATIFATE T, LL 98%H 7= 2 F1>99%
ee (UM T & N HUREERR TH O B lE 38, bk, HAE
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FIAHUBEHELCT) P I, SRASHO™ WA iefk, X3k
WGP A R VE S T C14 2 SEBIZ R R %o ik

IIPSe
t“?i(

Nakamura (2012) N-Boc
R3 / c13
HO sph’ N solvent
R2 rt. or-40 °C, 48 h
3g 35

58%~90% yleld, 74%~83% ee

| C13: \\\bj ;
1 HLN 3
| 74 '
: HoN)
| NH :
=3 3
o 1

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

Selected examples

Boc Boc Boc o)
HN HN HN,
O <L SPh
0
N
CHZOCH3 CH,0OCH,Ph
36a 36b 36c
90% yield, 83% ee (s) 90% yield, 82% ee 87% yield, 83% ee
Boc 0 Boc 0 Boc
HN, < HN, HN,
@E’%: sph Me : SPh
o) 0
N N
i-Pr Me
36d 36e 36f

90% vyield, 83% ee (s)  80% vyield, 80% ee 81% vyield, 78% ee

B 14 SN %S MAHT FIASGHR Mannich J2 3

Figure 14 Asymmetric Mannich reaction of isatin derived ketoimines
with MAHT

Wang (2020)

13 %
Phs OH WHO
39 P1 (0.5 mol%) § SPh
+ E1 (0.6 mol%) EtO,C
O, 38
P CH,Cly, 12 h, r.t. .
\\s\/o 2¥2 r 98% yield; >99% ee
N T e I
CO,Et 3 )\HLNJ\ ; . CO,Et
37 L Ne M open, lEtOC
' Boc Lo
,,,,,,,,,, Pl b B
PR} + ZEWG Y c14
(0] \ H
N N " prCOE
o o XO H, H php H
zwitterion EWG O //O phs @ \

®@pp3
PR / @ CO,Et
in situ generated

Br¢nsted base catalyst Re- attack

B15  SREFIEE TR KA ARER Mannich SR
Figure 15 Asymmetric decarboxylative Mannich reaction catalyzed by
phosphine-containing zwitterion

BRI AT B AR R 2 2 A1, FEBR 2. K
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AL N H )72 401, 2022 4F, Nakamura 59410 E JCK
N-553E W i 39 /F 2 Mannich 5244, {# B 1M 5 Bt i C15
LIS MAHTs 3h [R5 BOE R B R Mannich &M
(K 16), SEBL T FHEF N 40 1 5 xS Bk e 5 k.

Nakamura (2022)

C15 NC.
o0 0O N (10 mol%) NH O

N
+ | —_— S
HOMS Ar) THF, 10 °C, ArA)kSMes
48 h 40
80%~99% yield
86%~95% ee _

3h 39

Selected examples
NHCN

COSMes /@/\/COSMes /@/\/COSMes
m 40b 40c

99% vyield; 95% ee FaC 99% vyield; 93% ee 99% yield; 88% ee

NHCN NHCN

NHCN NHCN NHCN

@NCOSMes g COSMes C(vcoswles
\_o

40d 40e 40f
96% yield; 95% ee 92% yield; 87% ee 95% yield; 86% ee

B 16 N-FIETNS MAHT /A% BRI Mannich 3
Figure 16 Asymmetric decarboxylative Mannich reaction of
N-cyanoimine with MAHT

(3) MAHTs 49 Michael & &

2007 4F, Wennemers /N2 FH FHEIR C16 1F A1
3R, SEEE T MAHT 3i 56550008 41 195 51 A BRI
¥ Michael AN 17a). ST, 125N Fo X ik ¢
PEARES Nii=. BlJ5, Zhang A1 Song Z5I7E 2011 4 LA
FHETTEENZ C1T VE AT, SE T 12 BB s = 22
T LI B AL (] 17b). SR, B-05 FEEACAN
FEIG R B F B, M B-He AR ZR U e 7 AR AR
S RIAS BN p- i BB 42 W] H T (R)- R 22
(rolipram). (S)-EL S ZFE A K.

T o-WERG N 2 AFAE T R E W) 7 ¥
H ARG R A B S . 2014 4, FAgRE
ISV T —MF % C18 L MAHT 3g 5 o, - AN
T 9 FRIXT B8 B B IR RE, DRy 2 28 M ey SR
PSR T — RINEA 6- NG 44 (B 18). BB
HLERUNE 18 fian: B4, MAHT 3 5= 2 A KA
[E4A B. SRJEREE C18 iGAL I Z Hh [alE A, Jdit iR
By /R I B AR b Tl C. B S, C 7K fRAE Rk 43 FF
B, 5, 43 e R, MR
R AR 44, Z N A R R LD IR AR
L POl I ETEE NS O ol O R DA TR E R Srike s i 3
HER(d.r>20 : 1).
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a) Wennemers (2007)

o o cs %) PMPS
I+ g\ N0, Z2EImoD) NO,
PMPS OH THF or EVE O R
3i Ly 25°C, 24 h 42

in THF: 16%~99% yield
55%~66% ee

c1e: ; in EVE: 13%~97%
OMe : 73%~90% ee
FaC o
Q N w M
F3C ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, (R)-rolipram

Selected examples

PMPS PMPS PMPS
Yg Yg

42a 42b 42¢
in THF: 94% vyield, 63% (90%)* ee 93% yield, 61% ee 16% yield, 63% ee
in EVE: 57% vyield, 88% (99%)* ee 13% yield, 73% ee 23% yield, 78% ee
*after recrystallization

b) Song (2011)
ent-42a (34 h)

C17 (5 mol%) PMPS NO 80% yield; 92% ee

3+ 41 —— > H 2 ent-42b (24 h)
MTBE O R 79% yield; 91% ee

45 °C, 8~60 h ent-42 ent-42c (60 h)

15% yield, >99% ee
HO,C™ " NHy+HCI
Cl
(S)-baclofen-HCI

Bl 17 MAHTs 582 Michael &5
Figure 17 Michael reaction of MAHTSs with nitroolefins

Wang (2014) (@]
c18 o
(20 mol%)
MSPh * RZ/\)L TEAA o

2 SR!
TEA(1 equiv.), R a4

39 2 DCM,0°C  59%~93% yield
R arky' a'y' 88%~96% ee
FSC CF3
SPh
CHO
SI\

minor product

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

Proposed mechanism

CHO @\. \»r@

% c18
—_—

‘ I -CO,
)) + O/H 0 —_—
Ph
. PhSMO

9% Ph Ph
A B c
c18 |
Y
PhS,, ?
Ur oo () e @ &
GSPh pp SPh
E 43

Bl 18 MAHT 5 a-ANHLFIEE () R 6 I N A B 0- N T
Figure 18 Synthesis of J-lactones via cascade reaction of MAHT with
a,f-unsaturated aldehydes
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zi ERTIR, BT MAHTs [ MG PE A XA, F
F MAHTSs BAXS FRA AU A S S8 75 EE A8 PR 2
FF(10~20 mol%), H S, KEAHEFIAN
ZRR P IEIE MAHTSs 56525 BRI J5 R 1)
PLER AT Y. MeAh, BRI A 22 38 MAHTSs
PR IE o fife, BE T RZ IR AR AR K.
222 AZREFREEMTIMs)A 56 R 2

T UL T8 MAHTSs, A —BREARRAS(MTMs)
0 o JlTFER TS 08, B T SRR R BN IE oA 2
E?ﬁi@ﬂiiﬂ%?ﬁfiﬁ et m. BT MTMs A3
XIRREE R, 2 5 WINR s R AT BAAS 3 4R 7 Tt
u%#%@h%}%%,ﬂ%Mﬂhﬁ%%%%ﬁ%ﬁ
Wi le B Ae H P R B2 R, o] DO 3R A 1Tt o 7 AT
EFEVEEAL, WEFRIEAKME . RS, (5 MTMs JEYIT)
JRIRYE LI 5B K Aldol [ BN 25 5 R A 3 e i
(K 19b)2) HATE %A KT MTMs -5 FIA KR Aldol
SN SCRRIRGE. MTMs 75 A HUREAL AT RR 8 IR
Fl %4 dF Michael A1 Mannich [z v .

a) Asymmetric addition reactions with MTMs

X
R4 4
i CO,PG R“kw f Rl R N B
w0 s MX RS%&*X
5 Low catalyst CO,PG } }
f loading 2 PG CO, R?
MTMs X=N,C stable
b) MTMs are not suitable substrates in aldol reactions o o
O O (0] 1t s
s o ¢ py o= RS RO
R? HOJ “R*
MTMs unstable

Bl 19 MTMs Z 510 FR KR
Figure 19 Asymmetric reaction with MTMs

(1) MTMs &9 Michael R &

2012 4F, Wennemers PR S OK: MTM 4a /E R
ez, HiEHEME 41 31T Michael A R(E 20).
TERZE 1 mol%Milk C19 4L 32N =4 45, 15
25t PMB PRI JE ALK AR FI R N, B2 DA s IR =
R (91%~98%) FIXT LI FEME(91%~99% ee)fFE] T — R
B p-T BB EE =) 42, Bl )5, 2R HE 2014 4 DL—
ROV 46 VERIRY), 1TERBIRIRPIZZMGT,
T RIEFRE(91%~99% ee) BT H] T p-HFEHR G =4
47, B b, FHRLLL S F A Buchwald-
Hartwig RIS FE, L)EP'£§ R L 1) e ST 6 A g 6 ke
MR T = [

’z’“%%%tﬁE’Jﬂb“ztlﬂu%?ﬁﬂl’]é”iiﬁz%ﬂﬁiﬁﬁ%@
MEZERZE. Bk, AR ESmERT O —EHES
FSCAK, 2 ST AT 7T A R 1981, m?éﬁ?ﬁéﬁiﬁﬂhum =[]
PRBE iy BE AR B, X i 43 1 G Rl B A AR O HE B 1491,
2014 4F, Wennemers 1R ZHBLE T o-BUR 1 MTMs 4 A1
TEFEIFIE 41 1) Michael IS B S 306 ik T BB BEIRZ:
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BRALAR LI p-REEE AR G S1(& 21). o AR, Z3E,
A5 R 2 R TR U MTMs $7] DIZEFERR C20 1
ALY, BLm™ 3 mSLARIEFE IR RN 1), JRT o
37 75 L HUR ) MTMs JIAANE FH 2% 5 .

a) Wennemers (2012)

c19 7.8
1) (1 mol%) . =
o o NO,
toluene PMPS
o NO, _toluene |
PMPSMOPMB+R/\/ >750°C, 24 h PMBO” SO
4a 41 45
R = alkyl, aryl
”””””””””””””””””””””””””” 2) TFA
' C19: / 3) DABCO
H o H N : o R
I FaC N._N ; :
T A 1 PMPSMNOZ
s | OCH; | 22
: 91%~98% yield
CF X :
77777777777 A 91%~99% ee
b) Wennemers (2014) o
B 1) C19 (1 mol%), toluene PMPS
vy -50°C, 24 h NO,
4a + A =~ N
NO,2) TFA/CH,Cl, Y
46 3) Et(i-Pr),N/CH,Cl, Br
a7

91%~98% yield,

1) Boc,O/Et;N 91%~99% ee

DMAP, CH,Cl, 1) Zn powder
rt, 18 h AcOH, rt., 2h
2) MeONa Y% 2)TiCls, rt, 1h
MeOH/CH,Cl, Z > g,
5°C, 50 min 48 COMe
COMe Pd(OAc), (3.3 mol%) N
~ NHBoc ~ DPEphos (5moi%) Y i L
Y% Cs,CO3 (1.4 equiv.) Boc
& Br toluene, 100 °C, 50 .
44 h 53%~83% overall yields
49 (uncompromised ee)

BI20  a-ARHURHI I B BB 55 A R S I AN KT B Michael I
)_\L

Figure 20 Asymmetric Michael addition of a-unsubstituted MTMs to
nitroolefins

GREGHAAET 2R B EDIEER KRR
F%%H?%"?*[SH. 2014 4, Wennemers Z£0521}%
MTMs 4 F1454A2 OPMB (p-methoxybenzyloxy)HUf & 1)
FIfKE 52 111 Michael M N F A& ERZA K
(K 22). &%, ZRMAEFHER C20 AT, iRz
PRI B MEAS BN 4 53 8K 55, BE e RS B
(O Ta L S vivke sl 32 N A AN =t ¥ TRV vt e S e
FIHAG A SRR L A E R E
VI 22a). 1% B AT LLEE I MTMs 4 5 & i FR 2
SR T =4 IR R LA B,

2016 4, Wennemers LRI o-#EACH
MTMs 4d [T ARSI 41 ARXHFR Michael Iz
M(K23). 7E 1 mol%HIF- BRI T C21 1AL TR DA AT
P72 2(61%~98%) Ry SEAIEFENE(d - >20 @ 1, ee {H =
1K 99%) & B T HA AL TR AL O o-96
Rop-REFERRHEE 57, [EAERMRZ, 2 HA PR g
RS IG EAE NI, SR RE LR T 80% (7= 5 Al
ELARIEFENE(=99% ee, d.r.=20 @ DRE]H R4,

72 http://sioc-journal.cn
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Wennemers (2014)
2 9 (2 520 1%) g &
~6 mol -
PMPSM opue + R SN0 = PMPSJK?,/\/NOZ
; toluene, PMBO-C ’/R1
R el -15°C 2
4 (1.2 equiv.) 51

acyclic 4° stereocenter
70%~87% vyield, d.r. = 3:1~13:1
92%~99% ee

7-nitroaldehydes

7-butyrolactams .
anti-y-nitrothioesters

R'= Me, Et, allyl, propargyl

Selected examples

o@

i) i)

PMBO,C Me PMBO,C’ Me PMBO,C Me

51a, C20 (2 mol%) 51b, €20 (2 mol%) 51c, C20 (2 mol%)
87% vield; d.r. = 11:1 85% yield; d.r. = 7:1 86% vield; d.r. = 9:1
99% ee 97% ee 98% ee

o / o] 0
PMPS)%@,/VN 2 PMPS PMPS%/V
’ PMBO,C

PMBO,C Me PMBO,C

\

51d, C20 (2 mol%) 51e, C20 (6 mol%) 51f, C20 (5 mol%)
80% vyield; d.r. = 10:1 75% vyield; d.r. = 6:1 81% yield; d.r. = 3:1
98% ee 97% ee 92% ee

B 21 o BRI MTMs SR EEIGE KA AR Michael I R
Figure 21 Asymmetric Michael addition of a-substituted MTMs to
nitroolefins

Y 57 3B AL PAR-2 BEh7 AC-264613 [
L.

ML R 2 |V AP AE T RAR =R Z W 5y F R I -
MBS IR, 7EH AR h, KB & BH LY S—O Bt
TG Y J DL I H A A RO IR R ) DG B D IR R R,
2018 4F, Ryu Al & MEAEBSIUE T I & IR IR C23 1E it
17, HEALE ERZATAR MTMs 4 5 B y- A -a-Bil B2
I 58 1 Michael JIE— P BEAL A E S B2, DA S5 S A4
R (PR —AESTBUA, ee MH I 99%)1F3] T 3,4- A
8 34 - AL R =4 59 (B 24). K4 58 HIHL
AREENT 5 B2 B SEAR B PE TE B S 5, ZR k| BRI 75 2k
F 77 FE S U R P38 i AR S B S AR IE BEME (97 %~
99% ee) FHIZELL I 17 #8(54% ~ 82%) 3 2| = 4)).

(2) MTMs [ Mannich %

MTMs 5 W& B0 S50 1 A % B Mannich J 87
ALK T p-a AR S A EEME M 7. 2014
4, Wennemers ZEPOHRIE T i MTMs 4 5% 60 14
XK Mannich [ B.( 25). 18 5048 H F 1K C24 fiEfL
o- KB MTMs 4 5% 60 33£47 Mannich [ 5, J54:
KRR RN, L= e IR WOk B ER B T B-A
J@E@ﬁ@b 61. BijsE, XAEA o-BURH MTMs 4 7£ C8 i

WA TS 60 N, = ARGERE M RIS A8 UK
FIZERRTAR O T p-R IR 62. Ak, 1E#IE
FEr=4) 62 Tl ik AR R OB, DA R A 5 1)
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EXE i
XTI e R L AN syn-B-Z B BRAL G 63. Ryu and Jin (2018) o _OMe
w
ennemers (2014) O O o Ao
o}
0,
-NO2(5 molo)f moI"/)PMPS OPMB RIS SPh P R M%) g So
PMPS OPMB*R- NO, L + R? COMe  ppgj, rt. 0
meS|terne 7 o” Yo 58 ’
OPMB -15°C, 48 R 2 — -0
= OPMB 4 R= = alkyl, azl S Y/
”””””””””””””””” : o) R
N : . _HPh 3 59
CFs ; \; SPMP  [PhSMe 1 /WH X CFs | 54%~82% yield
P | TFA/CH,Cl, ; ; 97%~99% ee
0 b rt,1.5h PNN ‘ S-0 acyl
H L ! RT 1 Me H N | ,‘ transfer
| \ H bl
N CF3! o 1 CFy | is Ph
! - lactonization 1 €C22: X=8S,C23: X=0 ' (0]

54, 70%~94% yield
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, rd.r. = 3:1~13:1, 95%~99% ee

O,N O,N
ON-  gpwp ™ spup s spwp
0" o 0" o Br 0" o
54a 54b 54c
81% yield 63% yield 74% vyield
(d.r.=13:1,99% ee) (d.r. =13:1, 99% ee) (d.r. = 13:1, 99% ee)
b
) o 0 ON__
o o > OBn
54 PMPS OBn Pz
PMPSMOBn a NO; ~ ©
89% o "0
4c ° opv %

55 56
d.r. =10:1, 99% ee d.r. =10:1, 99% ee

a. C20 (5 mol%), mesitylene, -15 °C, 48 h

b. 1) PhSMe, r.t., 1.5 h, TFA/CH,Cl,; 2) DIPEA, toluene, 60 °C, 2 h

E22  a-EUAR A MTMs 5 fEFE 1 10 A3 Bk Michael IS R & R —
Figure 22 Asymmetric Michael addition of a-substituted MTMs to
nitroolefins for access to dihydrocoumarins

Wennemers (2016)

o o c21
(1 mol%) R
PMPSMOCHg * R o, “mesiviene. ArS” @ TOCH,
yiene  pcoC F
45 M 30°Cc,2h 302
57, 61%~98% yield
,,,,,,,,,,,,,,,,,,,,,,,,,,, . d.r. =17:1~>20:1
: 95%~99% ee
L c21: J@ |
1 = N Br l
3 H 0
: FaC NT —=N_ 0]
1 e} HsC H £
' . NH
! CF Fluorinated Analogue
; 3 of AC-264613 O
]
Selected examples
@ 8 QN
o) o %
)kqv AFS&\/NOZ )kq\/
F YCO,CH, F COCHs F “CO,CH;
57a 57b 57c
96% yield 98% yield 94% yield

d.r. =>20:1, 99% ee d.r. = >20:1, 95% ee d.r. =>20:1,99% ee

B 23 o-SEURI MTM SR 2 KX FR Michael [
Figure 23 Asymmetric Michael reaction of a-fluorosubstituted MTM
with nitroolefins
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Bl24 34-"HAETRIE 34 SIS W07 R A
Figure 24  Biomimetic synthesis of 3,4-dihydrocoumarin spiro
3'4'-dihydropyranones

Wennemers (2014) 0 NHCbz

1=
Ra:H  PmPs R?
.Cbz 61
organo- 62%~93% yield

J -PMB N
PMPSMOPMB * R2 catalyst o 90%~98% ee
60 w2 O NHCbz

* PMPS™ 3~ "R?
R'=alkyl pMB0,c” R'
62
51%~99% yield,
d.r. = 3:1~>20:1,
90%~99% ee

O NHPG c. | -PMB
-COZ

R2

R1

63 58%~88% yield,
d.r. = 5:1~15:1,
58%~99% ee

1) C24 (1 mol%), CH.Cly, -78 °C, 4 h;

2) TFA, r.t., 3 min; sat. ag NaHCO3/CH,Clj, r.t.,15 h
b. C8 (5 mol%), CH,Cly, -60 °C, 18 h
c. TFA/CH,Cl, (VIV=1:1), 5 min; 10% EtzN/CH,Cl,, 3 min

Selected examples

O  NHCbz O  NHCbz O  NHCbz
PMPS Ph PMPS
PMPS Ph “
PMBO,C Me
// OMe
61a 62a 63a
86% yield, 95% ee 90% yield, 79% yield,

d.r. =20:1,98% ee d.r. =20:1, 98% ee

Bl 25 MTMs 5 W% S ALSF T KA FK Mannich 23
Figure 25 Asymmetric Mannich reactions of MTMs with imines or
imine equivalents

2016 4, Wennemers BEARHBTY LI T o-5AH)
MTM 4e 5 N-Cbz Fl N-Boc R4 {11 V(60 5% 64) A
X FK Mannich 2 ([ 26). 7E 1 mol%Zs T #1245 (1) 7 B
AT C24 FELER, PARiUSLEE(70% ~99%)FH iy 3 A4 1%k
B (95%~99% ee, d.r =4 : 1~>20 : D33 T a-%#AL
B-ZERER(6S 1 66). FIT45 M0 =4 vl £E T AR A 2%
R HFZHK 67 K16 K.

AR ZE Bk O B A J BE ROK R BR R ESL. 2015
e, APESBIH Wennemers B AR ZH 100153 551 37 b A% 1
THHUEL a-BUR MTMs 4 520674 1R A% (35 B
68) ) AN X Mannich [, A iARGEEEMRIE T W
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Wennemers (2016)

O O PG R'" O
M 1 °N C24 (1mol%) pg
MeO SAr' + u > SAF1
F R! -78°C,12h,CH,Cl,  H F to,Me
de
_ 65, PG = Cbz
Ar' = 0-F-CgHy :2’ ig - CB;:; 24%~99% yield,
pes d.r. = 4:1~>20:1, 87%~99.5% ee
R" =alkyl, aryl 66, PG = Boc
———————————————————————————————— 31%~99% yield,
c24 Ar? = CF3 d.r. = 4:1~>20:1, 98%~99.5% ee

Ph O R

H COgMe
F co2 e

86% yleld

Selected examples
Me Me SNPZ
(0] O (o]
PG. PG.

PG\ SAr N7 SAr G2 Ssar
H £ co,Me H £ to,me H £ to,me
65a, 84% yield 65c, 24% yield,

d.r. =>20:1,99% ee 65b, 95% vyield, d.r. =>20:1,99% ee

66a, 98% yield
d.r. =>20:1, >99.5% ee

dr.=9:1,99.5% ee 66c¢, 78% yield,

d.r. =>20:1, 99.5% ee
B 26 oA MTM SEEIEZFIAS R Mannich 8%

Figure 26 Asymmetric Mannich reaction of a-fluorinated MTM with
aldimine

ARALAZE R 0 p-S B B IR G R T A= 0 (69 AN
70) (Kl 27a). HBEZREA KA 7 10 mol%Hh Cbi-1,2-
THERTA R -BRR C25 1ENMEALT, L N-Boc fR3
(B 35 ARH, fEEIRALET, 52774 69 (K
27b). Wennemers H# 418 A H 2 mol%[1If#1L 7] C26
B C27, fE—15 CHIZFMET, 25l LA = 2 M m g
PSR T PR B SR AR p- R AR R )
70 1 ent-70 (K& 27¢). EHAFERIEZ, ZRMNH o fr
B B IR EEUR T EEIURE MTMs #0] LAE R
JEA, T o 775 FEEUR T MTMs IASGE R A2 .

PIRRIE E — R B RH LA B AL, C-peBe T
¥ 2 BN PR B e 1) B S AR, ARG e MR 22 PR 1
F. 2015 4F, AEESZEOALL C-HIE N-Boe-N,O-4ilE 71
1ER C-IRIETFZ AN, 1F Takemoto T {HAL 7] C28 (1)
AT, 5 MTM 4a SEIL 7 AXIHR Mannich J 87
28). 1% RE LU 15 119 77 28 R0 0 Bk #1449 B F 1R
Bt =4 72, (HAEXTBROERRIEEZE, synanti )L 1
1. XA SR A R MR E R (50~80 C)F =¥ 72 &
AT EMFMAA R, ERERNZS, &R
FHERUE - IR A R A 2 .
223 7B —#EE(DTMs)A= -ER#LES 5 5 &9 R 2

W R _EE(DTMs) Y o FiT N R o
JRFERMEE SR, R, H oo-C A EmRASEZAE . 2
DTMs JEW) & PR R IAE 5 B R AE Aldol [ SLI 25
Gy KA R BB 19b), H AT, DTMs 1EH HLE A KT
SN A Y N T BLAE FR T Michael A1 Mannich Jx B .
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. 35, PG = Boc 69, PG = Boc, 80%~98% vyield,
R"= Me, Et, CH,CH=CH,, 68, PG = Cbz d.r. = 9:1~>20:1, 95%~99% ee
CH,C=CH 70, PG = Cbz, 42%~96% vyield,
d.r. = 4:1~>20:1, 73%~99% ee

b) Shao (2015)

Reaction Conditions: 10 mol% C25, 35, toluene, r.t., 24~72 h

3025:

Q S Ph

< YN N Ph
5 VAL )

69a, 40 h, 94% yield, ~ 69b, 72 h, 80% vield,
d.r. =>20:1, 98% ee d.r. =>20:1, 99% ee

c) Wennemers (2015)
Reaction Conditions: 2 mol% €26 or 027 68, toluene, -15 °C, 24 h

3 ﬁl 1.0
! FaC NN 3
! H H '

‘ N
i Takemoto's Catalyst (C27)
. (for the synthesis of ent-70) !

o 70a o 70b

PMB o] 93% yield, PMB_ 90% vyield,
d.r. =>20:1, o d.r.=15:1,

S-PMP  >99% ee s-P PMP >99% ee

o ent-70a ent-70b

89% vyield, 86% vyield,
\ d.r. =>20:1, \ d.r. =>20:1,

Bn >99% ee Me >99% ee

Bl 27 a-HUR MTMs 5EELLATA 1R (¥ A% K Mannich S22
Figure 27 Asymmetric Mannich reaction of a-substituted MTMs with
isatin-derived ketimines

Shao (2015) Boc

NH O
n-Boe c28 :
M (omot) " seu
Z
/\OEt + PMBO SPMPW R v co,PMB
50~90 °C 72

80%~90% yield,

R = aryl, heteroaryl, dr =111~1:3

alkenyl, alkyl syn: 83%~96% ee

anti: 80%~97% ee

| c28; ! > N
| ! e/ K N-R'

CFy ! NOOHOH
R3 AN N
S H  O-Et
A 3
‘N” N CF, Bod
N H H | AN
i 1 R

Bl 28 C-Bidt N-Boc-N,O-4ilit 5 MTM (A% FX Mannich J& ¥
Figure 28 Asymmetric Mannich reaction of C-alkynyl N-Boc-N,O-
acetal with MTM

(1) DTMs f] Michael J%

FLAE 2007 4F, Tan BRAAHCHRIE T HYLHENL DTM
Sa fl— R4 o, S-AEAFRIEA AV 73 BIAKTFR Michael
IR, FFia T DTMs EAMUE R B N . 78
TN C29 W, HoRBEIZ . HRIEER . B
WEHANTCIR 1,4- BT I55 Michael SZARHS HE LA =
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(WS 238 R0 ST AR IR BEVEAS B AR BN B =4 74, $RAF (17
Wt T N F(S)-()-homo-B- Bl 2 R ) A (B 29a).
2009 4, ZIRA AT 1,4-FRET M 75 1EN
Michael 2 N EAT 7T, (HAEfE FAEAGTR] C29
W, MBI ERE =Y 77 AR BEG, MR @t
SMUERATEL C30 VENMEALFIRTIR, MM 1 equiv.fr)
KoCOs, fEHJFEAI AR C29 KIE(EF, B R T &l
SRBLIT R A, 3 DL e P DX 35348 45 1 AN ) e 32 B 1K (ee
ERIE 99%)1F 2] T BHAs/=4) 76 (& 29b). EHARERER
2, VEE R NARRFIMN 10 equiv.ffiZK, 7TLLH
R T s 7 (R R B, T B HE S A R AT
KRB HEATII. 2008 4F, % UfRIZH 05 S DL 1 Ak i A
(CPS) C31 fRit/ENEERMY) 78 5 DTM 5 1] Michael
IR/ B R e B (B 29¢), ALk FEMES S T F
ﬁ%ﬂzﬁﬂﬁ% 79. BARMEALT C31 =B CK(1.5 equiv.),
AL AT 3 5 7 20 A I A T DA 90% F AT 2 [ ig - B 45 4

a) Tan (2007)

R2
o c29 1
o O COSR
1~20 mol%) R3
+ )K/\ > ( 5
R1SMSR1 R® 73 R toluene 74 COSR!
5
,,,,,,,,,,,,,,,,,,,,,, CO,H
Ay N "
1t—Bu—(N\/]Q " tBu‘ N
H 5 H 739 yield

(S)-(+)-homo--proline

x;> O CO,R?

R 1
i, O R3)K/\(005R
0ﬁ</[<SR1 COSR!

SR 74
74a n=1or2, X=CHy; .
87%~99% yield, n=1X=0 85%~99% yield,
78%~97% ee T 90%~94% ee
85%~96% yield, 90%~97% ee

o
o €30 (10~20 mol%) R d
toluene, -20~-50 °C R
5b + R1)vY R1)K/\KCOS
1.0 equiv. K,CO3, COSR
75 10.0 equiv. H,O 76

77777777777777777777777 : 80%~99% yield,

1 cs: @ ! 0© 83%~90% ee

‘ N :

! tBu | “tBui

! N"TN O R SR

o H O H ; 77, 18%~24% ee

¢) Tan (2008) 0

M é) _ C31(1.5equiv) _ ﬁ% o

CH3CN rt.
o) SR
5a~5¢c Br SR
sor= o | ‘ 2 79
3 : 3 77%~97% yield
; : S < 90%~97% ee
oﬂSR

e ! S R

B 29 DTMs 5 ap-NFIFHRIEN AW Michael Sl

Figure 29 Michael addition reaction of DTMs with ¢,f-unsaturated

carbonyl compounds
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2018 4F, Ryu FH< S5 U Il 2 BRAT A= 1 T M Ik
C23 fi 4k B y- Al Fl-o-Fi 2 5 81 5 DTM 5d [¥] Michael
RS- BB N, 193] 3,4- A MLEE 80, J54id
TRER LRI FE, DARR Ry (XS Bk B PE(94% ee)fFE] T
3 S TCHUARHT 3,4- &L IR =4 82(1& 30). ﬁﬁ?ath
HA&, BEAT 3 M EEURI 3,4- SRR AT FR &
fif A R IE

Ryu and Jin (2018)

o o
ph. LI _pn

O O
S S pho .
5d S ’ (0]
C23 (5 mol%) _ 0
+ S R “R?
solvent, 0 °C,12~18 h

X o} 80
1 ~Rp2
R \)S( N not isolated

CuCl, (10 mol%)

1,10-phen (20 mol%)
H,O (10 equiv.)
) 60%~94% yleld 89%~94% ee

CH3CN reflux

Selected examples

(0]
(0]
¥ OMe  82a 82b
82% yield, 78% yield,
o 93% ee 87% ee
(0]
o 82c 82d
= OEt  54% yield, OMe  60% yield,
o 86% ee 89% ee

B30 DTM B, y- N -o-B R G 1A X FR Michael Jip—P BE 4L <
I

Figure 30 Asymmetric Michael addition-lactonization reactions of
p,y-unsaturated-a-keto esters with DTM

P R IR AN R 2 A KT FR Michael fI1 R B A2
A S M ANEBE RN, H=Y)iev] T GABA
R4 BB T M5 AR 2003 4, Takemoto 14 ZH 0]
el 7 T REBR MR AL () T R B S A 2 0 R 1)
Michael MR B, AH BTN BRI 1) R MR SS, &
B R EMALT, KM EHBE K, JFH B A-WHAR
HIRS SIS AR R A OB, 2016 4, Ryu A4 LG0T
JE T PR C23 AL DTM 5d AR E 1S 41 (1) & 151
Michael JIBR BL(E] 31). 75 FIEIEEIGETTAE 5 mol%
FIEALFIAEAE T, 78 0.5~2 h N, LAEP R (EiL 99%)
R LT F T e B (i 97% ee) 4 P4 83. K M
T P T I T 2 AR e e DL e P A 2R AR ik i %
PEIRIGHARI =4, (B2 B, - XUUAR TN 4 42 S AT A
RESZIL.
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Ryu and Jin (2016)

o o o o
PhSMSPh ca o Ph _
5d (5 mol%) S ci
—_— NO, =
+ toluene, r.t. R HN COOH
xNO 0.5~2 h
R X-N2 83
4 88%~99% yield, 84, 85% yield
R = alkyl, aryl 86%~97% ee (R)-Phenibut

Bl 31 DTM SfEEMR IR AR FR Michael Ik 5Bz
Figure 31 Asymmetric Michael addition reactions of DTM with ni-
troolefins

HLF 2017 4, Song URALICSIRIF “/K B &Bi%k
PR, ST B A- AU HE M £ 85 55 DTM Se [RAXT
% Michael IR N, 1% 8 PA ER KA N =38 B I WA I,
18 F T 7 IR Rk A5 €24, umﬂzl:ﬁiﬁ MR T
A2 I 86 (K 32a). /KB KKEAE
R HE T % B ) R A, TR Sl WL R, dn R
CH,CL 5% THF FF VAT, BhAb, D EILATR —F 2RI
BINTT DASE I s B2 ) Sr AR e k. EARE R R, W
RIS AT MTMs 7EAH R “K b7 24 T LS B A- R

a) Song (2017) o o
C24 (15 mol%)
o O Me o-xylene (7 equiv.) EtS SEt
M
e oser * ROSNO Thine 076, g6 SR NO,
"on water" 86
5e 85 22%~99% yield
32%~96% ee

R = aryl, alkyl

cosolvent
o-xylene
H _H T

07,
Ho H g

o ‘0~
brine ', 5-H
0, 0.

\H He _H"H,
o) .

Hydrophobic hydration
= "on water" —

Selected examples

EtSMSEt Et SMSEt EtSMSEt EtSMSEt
P N0 A NOz  Ph_@UNO; R _NO,
Me Et

Me \ S Me
86a 86b 86¢c 86d
94% yield, 92% ee 74% yield, 95% ee  88% yield, 61% ee 42% yield, 42% ee
b) Song (2019) 9 0
CF, 5 PN
U C32 (15 mol%) BnS SBn
toluene (5 equiv.
+ R)\ __toluene (5 equiv.) NO,
BnS SBn NO,  brine, 0°C, 96 h R?;?;
5f 87 "on water" 88, 21%~97% yield
R = alkyl, awl 68%~96% ee
C32:
Q "
ﬁ vévCOOH
CF3 CF3

CF3;-GABA Analogues

B 32 “KE” %M DTMs 5 B A-WHURHEHEM K B A ST FR Michael
1159532

Figure 32 Asymmetric Michael addition reaction of DTMs with
p,p-disubstituted nitroolefins under “on water” conditions

IR . e, VR AT 20874 86 Ji Ly 5
HATET B A& ZEmor s O+ GABA KW
B 2019 4F, Z RS A AZ RS S B T B-—
T R M B - BRI R ) 1 87 5 DTM 5F 11 ) M.
HR (P 32b). I N ] Takemoto ZYA R C32 1EAEAL
7, FIKG.0 equiv)/EABKIEBIER), £ 0 C4MHT,
DL S AT Bk B3k 18 T B - = s P
Tl 0o BTN =47 8.

(2) DTMs [ Mannich J )

F IR & — R EEG I THREAR], HoT
o B — MBI A N — AN ERTEAL s, BT RS AR R R
SR AZ AR AN SIS FET). T B TR A 0 T J R AN X
Mannich [ ¥ & 5 -8 11 28 A HLAE AL T s B 22
— Ol BT o- B FERIE BRI R 5, T
PEBEIR Y Bronsted B VA & AR AE S B2 (1) LA 33 AT
2010 4F Ishihara £ R ILFVERERR C33 ToifEL DTM
Sg FIO5 &M% 64 HIXTBRIESENE Mannich B, T
FRBRE: 5 5 ) FHE B R A C34 TEMEALFIRT, SR fg DL
R 7 R 0T B i B VR A BAH BRI N =4 89(1E
33). MR BN a- i 7B PE S R B-HR Al 6
B, SOSAE AT PATE C33 B T DAR SR (1) 7= 2 A S Ak ik
FEMAI AT, 20 FERRES C34 AL IZ N,
PN 90 ()R EAISIARIE RS Frde v, fRALTRI H
= A KA 0.5 mol%.

Ishihara (2010) Condition 1: Boc.

o o C33 (5 mol%), NH O

M . Boc.  toluene,-30°C,24h A X

RS X HJ\A Condition 2: R

59, R = (2,6)Xy] I C34(2.5mol%),

& S 64 DCM., rt, 1 h 89, X = S(2,6)-Xy!

X = S(2,6)-Xyl 5. X =8

6a, R = (2,6)-Xyl, X = Me X=

6b, R = Ph, X = Me 88%~99% yield

82%~98% ee

3 O Anthryl Ar 1
1 O acidic | 1 CO 1
O\ _OH =~ : \ O ca?

site

o 0 < basic | ;
site
Anthryl '

Ar=4-( ﬂ—Naph) CGH4 2

Selected examples

Boc\ Boc\ Boc\
89a 89b 89c
trace (Condition 1) 81% vyield, 91% ee 94% yield, 95% ee
94% yield, 95% ee (Condition 2) (Condition 2)
(Condition 2) »
Boc. (Condition 1) Boc- (Condition 1)

NH O NH O >99% yield,

0, H 0,
>99% vyield, 86% ee 850 o
o Me (Condition2) N Me condi
0.5 mol% C34 (Condition 2)
O SO gq, ° 0”7 "SPh 999 yield,

o4 Vi 0
90a >99% vyield, 98% ee 90b 90% ee

B 33 FHBIMRMEMEBETKS DTM 50 B 5 B 10X meik £ 1
Mannich &

Figure 33 Enantioselective Mannich reaction of aldimines with DTM
or f-ketothioesters catalyzed by chiral phosphoric acids
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1B 5t R B 4 31 i S Mannich J 5 71— 2807 BBk
PER D, o, AFEHURE A% &) il i B AR S 44 A K
TC SNV T (R e S R A, A S BTG E HEAT2). 2016 4F,
Song BRAIZHTIDIZE THTA M S BEE C35 L DTM Se
5z 64 SN 91 IRXTFR Mannich J (&
34). 2RI MR BRI L RY) 64 WAE{RE 0.5
mol% K4k 771 F & T (Condition 1), 5 DTM 5f LA™
RANARIE VAT BRI =), (AR HEURER B %=
(1SI0SR T3 Bz e N A, B S, 1B o-
I 91 1ENAFE WAL NP, ST ZKIEY)
5 DTM #] Mannich <M. a-Z 00 91 7ERREREN AN £ /K
{74E F(Condition 2), JEAIAE R IZHHE 5F gk, LML
5[0 77 2R B R (FIE 97% ee) 15 B T AH M
Mannich 724, 724 92d LAJGAB BRI e i 4k, s Ay 5%
HODYR, SKBL T PUNE PR 25 (—)-(R)-FE AR AT 1) 1
A UL AR A L.

Song (2016)

Boc\N Condition 1:
‘ 64,C35 (0.5mol%) poc.
o o R”>H  CHuCly, -50°C, 24 h NH
M . 64 or R COSBn
BnS SBn or Condition 2:
COSBn
Boc.
5f 0oC NH 91, C35 (1 mol%) 92

CH,Cl,/brine (V/IV=1:5) 70%~96% yield,
R SO,Ph Na,CO3(1.5 equiv.) 88%~99% ee

: CF3 \M F l \

: = -

; HoH N : NH, O ,

1 FsC N NH"- OMei : /\r

NTSNEN
F 93 @N\/(N

[¢) (e] (-)-R-sitagliptin CF,
] N 90% yield
Selected examples
under condition 1:
B -
HN oc HN Boc HN/BOC

COSBn COSBn PhA/H/cossn
COSBn COSBn COSBn

92a, 99% yield, 99% ee 92b, 89% yield, 92% ee  92c, 90% yield, 92% ee
(>99% ee)
under condition 2:

F HN,Boc HN,Boc HN,Boc
COSBI
COSBN o~ COSBn Etozc)\( n
F COSBn COSBn COSBn

92d, 70% yield, 95% ee  92e, 80% vyield, 91% ee 92f, 95% yield, 94% ee
(>99% ee, after recrystallization)

Bl 34 FHEIBEIEMEL DTM 5L EE R AT FR Mannich &
}_\L

Figure 34 Asymmetric Mannich reactions of DTM with imines or
amidosulfones catalyzed by chiral squaramide

224 a-RBRCBRHEH 50 R

SRR OGRS R — R EENGHLA B AR,
55 0 B LB P AN G R I /A R B e 2 A Bl A
ML AL A ) — P T (58 = 20 775, 2017 4F Palomo
BRAIZH TS FH 7 B C36 fEAL o~ 2k S B BRIl 7
55 2L 94 [0 WL Michael JHRG N, BLRIF
()= 2R RN RLIEFEPE SRS T BA TR 0N a-FEHE
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Figtk &40 95(Fl 35). 77490 95b Wik PR AL AN 5 K A i Fi Ty
PLFEAL N — M4 59 96 F1 97, BT Bl fiEfk
7 C36 HAT PIAARRTE K 1M — 05 S rERE L, A 2B
1B T AR ) R RO, [ERERE, okt R
I CRERAEAR [R5 F T TR S B R .

Palomo (2017)

o)
COSAr 0 C36 (10 mol%) ArSOC R?
R _— 4
e T R poMrt, 16h R NC
7 94 95
Ar = 2,6-Me,CgHs Ar = 2,6-Me,CgH3
! C36: - _
: —
! Ar. OSiMe; /7N -
1 H 1 N, H /=
;A N 3 H | H
/ \/_
)=s P oys T
9) Rz»//7 N%\S/Ar
Ar .
Al OSiMes /j

Selected examples o

o o
ArSOCN ArSOC. o Ph AFSOCMOH
N NG B NC

95a 95b 95¢
90% vyield, 91% ee 74% vyield, 98% ee 73% yield, 96% ee

Applications Ar' = 4-CI-CgH,

Ar2 = 2,6-Me,CgH3 0
Q IR o
SAr? oon.  ggp 9" =2 / OH
~ '"Me EtOH, H,O CH,Cl, N ""Me
Ar'” N H
96, 70% 97, 56% yield

B35 a-pitknEldt SRR S 06 FEER (K AR Michael N AR I B
Figure 35 Asymmetric Michael addition reaction of a-alkylisocyano-
thioacetates with vinyl ketones

2021 4F, Yoshida ZEUMi FH F A FE RS ML) C37
T a- T2 Fli e 8 S5)AJEMH 98 [ AXFR Michael fi
BRI, A T B TSRO o- R SRR R
100151 36). HLERRFFLREH, S R H 47 B H ) 4k _E 1 47
L Aaf AN TE 3B 2 B4, 1 RAEBR B 0 7 B 4. [H A58
WA, 25 A s B3 P R TR s B 99 /A Miichael 52
PRI, LR R DU ™ 2845 21 AH RSN e 440 B = 4
100e JeHICHA=4) 100e'. SR1M0, EMFERMN &SR, iR
Fig 8 (4 ER ZRAU WA RE AN TR G B 99 & AE S .

3 a,B-AEMREES ST TRR M

o, B-AEFNEEVE S Michael 5244 1 S S PE 8L,
FE AR BRAT HUHE AL U A 7 P U781, T 5 2 37 P 262
(1 o0, - AN AERL S £E 12 U2 2] T BRI ) R
31 AEHMEL o f-FIBMFRERRI R

2008 4F, Dixon Z5U7°VFE 4 38 g A W0 7 A 1Y
Bronsted % C38 LT, SCHL T NG IRIGEE 101 5—
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Yoshida (2021) Dixon (2008) o 9

NO,

o C37 (2 mol%) :
SN ﬁk KOH aq (50 mol%)
* X
s m-xylene (0.17 mol/L)
LS ~egy | 45°C, 15~24h R
| _ o
8

98, X = Me, Et

99, X = OMe 100
”””””””””””””””””””””””” Vo NO, 7
= 4-biphenyl! o
; :OTBS | \ %
! N Lo
4-biphenyl 3 N g
! X0 @
—; cat
¥ SBu
A
rw o
N
¥ S\t—Bu
o
100a (1.5 h) 100b (1.5 h) 100c (21 h)
77% yield, 81% ee 93% yield, 65% ee 80% yield, 69% ee
Ar\ Et o A MeO MeO
| " A
N W o] r. o]
S N
t-Bu S HN
t-Bu S.
o t-Bu
(¢]
100d (1.5 h) 100e (24 h) 100e’ (24 h)
79% yield, 64% ee 15% vyield, Rac 18% vyield, Rac
sole diastereomer

Bl 36  o-MEa ARG S 0% SRR AR B Michael A
Figure 36 Asymmetric Michael addition reaction of a-imino thioesters
with enone

ZANVHARFAAEIRAR 1,3- B ESEAZ G 102 AXSFR
Michael JNECS R, DL AREFEER R T BB Z=mHF
IR 103 (] 37).

2020 F, Adamo ZFEOUH HARAL 1L 7] C39, SLIH
T o, f-AEFERRS 104 5 2B 105 1) Michael Sl

GRS, LA = 2 (R 93%)F i i it 6 (i
5 88% ee)dkfF T 3.4- A NMLWEE 106(K 38). 2RI
FE L 8 5 EE A U IR R AT e LA R T 17 S RSt
W R 1 SRAS A =4, H 5 S AR 1 23 TRl Az BHL K
B 1-283%), ROBIUTEEEET. EAERNE, Wi

FIZRE AT LG B 75 50 B, 320 5 e L R ik B
BeAh, By BH B 7 Rl DAE Rk Z R PR B 105 475 5 Fh (144 )
TER, AT IR I B 2.

2020 4, Clarke PRAEZHBUHF| A clip-cycle Hlg, B
il E o R P G TR 107 5 N-LRY S
12108 454, BEIEA o-N EZE R of-AEAH
BEJERA) 109. 2 )5 109 fEFHEREER C40 (LT, @it
T W aza-Michael Pz M43 Bk bei &4 110(El
39). (ESERMZ, SRR e DR, BT
PEBEERIEALI] aza-Michael b N AETE 80 “CHIZA:

78  http://sioc-journal.cn
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o) o 9 C38 (10 mol%)
R . 1M R RZ
s R DCM, -20 °C S
‘ R2 R

52%~96% yield
101 102 67%~96% ee 103 O

Selected examples

o}
o}
/k OR
o
102b: n—1 R = CH(CF3), !

102c: n=2, R = CH(CF3), }

§ i
102a 102d: n=3, R=Bu '

X 2 o Michael acceptor Nucleophile Yield/% ee/%
ﬁig_( 101a 102e 83 %
v o% 101a 102f 78 93
101a 102g 90 94
102e: X =Y =H 101a 102a 95 88
102f: X =H, Y =Br 101a 102b 75 95
102g: X = OMe, Y =H 101a 102¢ 52 98
101a 102d 64 67
O O CFs 101a 102h 58 71
)H)Q PR 101b 102e 75 95
0~ "CF; 101c 102e 83 95

102h 101a: R = 1-naph; 101b: R = 2-naph; 101c: R = Ph

Bl 37 PIRIREERS 13- ZBIELS AR XTFR Michael BRI L
Figure 37 Asymmetric Michael addition reaction of thioacrylate with
1,3-dicarbonyl compounds
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Figure 38 Asymmetric Michael addition-cyclization tandem reaction of
o, f-unsaturated thioesters with acetylacetone
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Figure 40 Covalent catalytic reactions with ¢, f-unsaturated thioesters
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Figure 41 Asymmetric isomerization of w-hydroxy-a,f-unsaturated
thioesters catalyzed by a bifunctional aminothiourea catalyst
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