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Research Progress on Synthesis of Thioflavonoids

Meng, Ling®” Wang, Jun™?
(“ Department of Chemistry, Hong Kong Baptist University, Hong Kong)
(b Institute for Research and Continuing Education, Hong Kong Baptist University, Shenzhen, Guangdong 518000)

Abstract Thioflavonoids are the sulfur counterparts of flavonoids, which have a wide range of applications in the fields of
medicine, material science, organic synthesis and others. Therefore, it is of great significance to develop efficient synthetic
methods to obtain thioflavonoids with diverse structures. The synthetic approaches of thioflavonoids and key steps of reaction
mechanisms according to the classification of thioflavonoids are summarized, and the development prospect of this research

field is prospected
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Figure 1 Classification of thioflavonoids and bioactive molecules containing benzo thiopyran scaffold
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Scheme 1 (a) Trifluoromethanesulfonic acid-catalyzed sequential alkylation/cyclic acylation reaction; (b) proposed mechanism
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Scheme 2 (a) Cu-catalyzed domino reaction of 2'-iodochalcones or 2'-bromochalcones; (b) proposed mechanism
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Scheme 5 (a) Cu-catalyzed domino reaction of 2'-iodo/bromochalcones and rongalite; (b) proposed mechanism
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Scheme 8 Cu-catalyzed formal conjugate addition to thiochromones with alkylmagnesium bromides
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B B AT PR R 4 R A Y. RS
Ahrt EAE, v AEBUKGERETE Bl s =4,
D R €8 TSR B €80 095 1 B 7 V2 JRUAE ] — /N L gk AT
Q7J
2013 4, Wang 5@ 2HPWRE 1 7E ADY T LAl fb 4z
(TBAI A SIS T A AEAL & & =M 1 G IR
I T A R RATT A= P R B B S B (Scheme 18). 5K
R RAAAAAAE RIS OL R, TBAL S8 7R vl ik
SRR, Z AR fe F RS2 e R, BT AR pr
THLEY). RN, AATEXHX Sl 23 T EEANH
Jes 2 L R R AT AR i P T I

R1
N/

N-N
ﬁ 5mol% PdOAc), o~ A N
~teALDMF R
90 ~ 120 °C X
X = o SN 60% ~ 85% yield

B 18 AL AL N & FUh )
Scheme 18 Pd-catalyzed cyclization for synthesis of thio-
chromenes

2017 4F, Sekar BfE0ZHBOVE N 1 Hi fE AL B R A7 3 A\
LB BSCRAS EE M e 5D R B R B (Scheme 19). 3X R
I 7 vk A ol P B e IR AR 5 A NP 0 A AR ke
GEATRL, TR A Al AR e I 05 25 A A A B R R 2R
Wﬁ%%mm%ﬁm BB COFHE)—S
e, TREEZEMR .. TR TN FRIE S N AN 9 5 I 8

— R R IRR AT = R R A A & 1.

OEt
Cﬁk J)LRZ 10 mol% Cu(OAc)
AgOAc, DMF
Bril 100 ~ 120 °C
o}
AN X 2
R R
=

S R
66% ~ 98% yield

B 19 AL R LA R
Scheme 19 Cu-catalyzed domino synthesis of thiochromenes
2019 4, Nguyen Fl MacPE1ERIE T 4F IR FH g
N B-HEFE IR 245 1Y B BE S B (Scheme 20). 1% [ N LLUBRA
FILKEBRACIATE BRIE, EA TR IS 5 5 Jm fHE Ak
FIBERINFIRITE LT, &R T SR & Re Rl 2 1
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0
NO,  NapS*9H,0, DMA

LN, J 90 °C, 60 min

U
P A KoCOs, t., 1h
Br r 2LUg, I
AN O
R—— P
S Ar

36% ~ 62% yield

B 20 AR HEEAN B-f LK 200 5 S RL R AN ) A EDK e
I

Scheme 20 Coupling reaction of o-bromobenzaldehydes and
f-nitrostyrenes with sodium sulfidenonahydrate

M) 2- 75 B-3- A IR L 59,

2021 4E, Suarez-Pantiga 1 Roberto SanzP2 & {E &
TR AR ER AN N-BIT R (NIS) 23 A AL 57
AN AR -5 FE R Y FEBRE 1Y) 6- P PR 1k(6-endo-dig
cyclization) X B, RHL | — FR A @2 2800 2- R AR
J#i(Scheme 21). BpyEE b AT A (R! F1 RATE B H
EE R REERVER, XA B RN AT AR g A

PR IR T A AT I S e FR sl o 3 A e B [ R
.
(a) R® R
@\ J|< , _5mol% AgOTf @f\/EHZ
R-— R~ o Ri- R
. s Y DCE, reflux > S iy
33% ~ 83% yield
(b) R3 R3
_ Il NIS (13equiv) g Y ,Lz
RELL LR oo aan - TS
~ rt,24h s Rt

54% ~ 75% yield

B 21 ABRIEmEE N T FAL G R R T AR
Scheme 21 Synthesis of thiochromene derivatives through hy-
droarylation of propargyl thioethers

H A, A R B AT AR il 0 A XS RV E DL 2-
B R RN a,f-AEAKFINERL, @G HlL
HEAAXSFR thio-Michael-aldol 5 W 15 FI| =14 i €4 Jigt 7=
V. Hgg i i K O B AT 45 3 T 1 6 0 7= ) (Scheme
22).

2006 4F, £ HIRBHAPEE T U ERATENA
WLANGY T 24 VERMEATR, i AR I06E v R - FR I S N,
PR R BRI M T €A ) (Scheme 23a). B
A AN 5T o, B- AN VLR 8 T 2—yﬁﬁ2{KEﬁ@%EW&
MEAEAL AR 2R BN 2 5. [F4E, Cordova TR
OB T FEFEITTIE, Bh 91%~98%[f5t Mrik #1521 —
ZA B A 25 AN B8R Eul 7= 7 (Scheme 23b).

http://sioc-journal.cn/ 881



BIKE

OH

O
R2 chiral R2
7 H organocatalyst Ny
S G ey )
SH R s~ "R

2

I\\R
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Scheme 22  Organocatalyzed tandem enantioselective thio-
Michael-aldol reactions

2007 4, F B &IHFEIFERE T LA o, - AN FARE R
ot B R 52 AR 1 R BCHR 1 5 /R~ FR I S M (Scheme 24).
KRR “—geik” L2, RIS IR, i A
2 1 mol%M & SN EMIATERRIR 25 SRAE AL
4 AT 110 5 P SR U T U R it JOR B e 2 R) A R 2L ARy

dehydration

10 mol% 24

SUHEA AR, B ENEGE TR BH )8 b R AR 52
. RN S IR IR AT A A AL/ AR TR BN
B PR NI Y B T A SR A1 g B — 3 o K — R e i K i
AN, e ST A A A O oK

[F4FE, £ HIRSHBOGR L KR T —MEsi. ik
PR AN AT W B (1A WL A0 I v IR - PR I R I R B
(Scheme 25). AHLATIASE FH T 45 — Ik IV i A g B 2 1) %
AT, T & A BN EN T T B
TR B B9, O AR BRR SR 1 Bh R, 15 39k
SHMEREE 3 0 1~20 0 1 19 HFRF.

2008 £, Coérdova LR HRIE T —H m b 22k £
PR XS W 6 M AR LI B (1A ML AL AN K FR B —
1 50 /R /FE I B R S ¥ (Scheme 26). 1Z R MNERHE T — &R
BIEA =AM AR O TR L. A, XA

(a) o CHO
X +
R1—:</\6\H RJ/ toluene, rt., 4 AMS
Z s

_| 3 N Ar
& S” 'R poH

‘ OTMS
72% ~ 97% yield 24
86% ~ 95% ee ' Ar = 3,5-(CF3),CgH3

Ar /
Ar

“ OTMS
R1—:/ b|
(b) o
20 mol% 24 CHO
LN H |CHO 20 mol% CgHsCO,H R1m
R + J/ " T
i R CHsCI, -15 °C g R

53% ~ 93% yield
91% ~ 98% ee

B 23 LT 24 (RBE o, B- AN PR T 2-257 5 2R R % 114 3 DK e
Scheme 23  Catalyst 24-promoted cascade Michael-aldol reactions of a.f-unsaturated aldehydes with 2-mercaptobenzaldehydes

0 o o oH o o | AR
N H W 1ot 25 N A TN
R-L + N“Oo ——2%, o o |
T \_/  DCErt T SV CF3
SH R! ;

s7 R

75% ~ 97% yield | MeO
91% ~ 99% ee CF,
_ JSL _
Chiral
—N° N scaffold
H H |
| ' —N—
b :
Lo H
JOL o (o S
0 NJ\/\W H \
u L
L -

B 24 AHUHEN 2- 50K TS o f- AN AINE M R 032 5 /K -2 1 S

Scheme 24 Organocatalyzed Michael-aldol reaction of 2-mercaptobenzaldehydes with a,f-unsaturated oxazolidinones
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OH

0 OH o
R X H Imol%25 R X N—R! CF,
L xylene 0°C L 3
SH S ! MeO
0 :
83% ~ 96% yield CF3

74% ~ 94% ee
3:1~20:1dr

B 25 A5 25 (R 2-30 48 TP 5 S SR I MU P 5 TR 120 o /K — e S

Scheme 25 Catalyst 25 promoted domino Michael-aldol reactions of 2-mercaptobenzaldehydes with maleimides

V2 AR IR R I G 1 A HE — 2 BB K A B € )
% TN RRAE PR RT3 e SO BE A28, AT g2

Tk A B0 A A7) 1 ST A e S fi () T R ) % R SE I
El"J.

A4, X D PR AR ZH ST DU €6 S BN 26 SN fEAL
H, @ T 2-FAERHEEE B-WEHIK LM thio-Mi-
chael-Henry & I/ W (Scheme 27), &% T Fk 2-75 %-

T BV (RIS >99% ee) MR WA IR REME(FE 98%
dr). XL B FHFE g8 FI =T T A R 2 R
PR (i AT A2 4.

2012 4, FARVLHEAPMRIE T — 5l A oL
A 2-57 35 5 H S 55 45 b 5 LA ) o, B~ AN LRIV i ) AN Sk
FR sulfa-Michael-aldol HEEE/R I, AT — R 51 E UL
IR (L BEAL A 1)(Scheme 28). 7Ei%7 &, EHRAH E

3-fHFE-R AR S, HO Ok B s A 86%, JE SN PR BE P AT N S S AR, TR T BB S
WA B R 78 ¢ 22, AATIRIH IE O/ L. T YEFFIAR IR FIER, SRR p-05 50 2 p-hidik
IO 0 AR TR A B IR B2 5, 325 T PG M) o, B- ANV AN L i S FL AT R 2 PR XoF e 428 1 AR = 5o ke
(6] O HO. « (0]
| R Ar
d\H . f 20 mol% 24 ©\>j\ \ o
SH R 2 miehonaois auid S R " orms
(20 mol%) 63% ~ 98% yield 24
96% ~ >99% ee Ar = 3,5-(CF3),CgH3
10:1 ~>15:1 dr

B 26 AL 24 (LR 2- 5058 TP RS S5 0 R £ 5 K00 o /R - J 8

Scheme 26 Catalyst 24 promoted domino thia-Michael/aldol reaction of 2-mercaptoacetophenones and enals

0 OH
RO H J NO2 5 moi% 26 N ~NO,
e N Et,0, -10 °C NN
84% ~ 97% yield
72% ~ 86% ee

78:22 ~ 65:35 dr

B 27 2-5EFHES B-fEHE A L0 10X WLk £ 1% 5 BE Michael-Henry J

Scheme 27 Enantioselective tandem Michael-Henry reaction of 2-mercaptobenzaldehydes with f-nitrostyrenes

OH O
T SR
R H | | NN 1Tmol%27 gl NN CF3
U —_— —
Zsh R )J Et,0, 0 °C Z s R
R = Ar, alkyl 65% ~ 94% yield CFs3

91% ~ 99% ee
93:7 ~99:1 dr

B 28 2-FiHRHES o f-AEANEERL 1A XFRIE 18 5o /R -2 B 5 BRI B

Scheme 28 Asymmetric cascade sulfa-Michael-aldol reaction of 2-mercaptobenzaldehydes with a,f-unsaturated amides
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-OFEt
Cr,y - g
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SH Ph

25°C
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R! N COEt / \
, N owowm
s” R : .\\N\n/N CFs
89% ~ 96% yield ! 5
82% ~ 93% ee !

no reaction

no reaction

BR 29 ()fEILRIIE S IR AE IR GE TR B IR S R IR RS (b) %o [ S5

Scheme 29 (a) Catalytic Michael/Horner-Wadsworth-Emmons cascade reaction; (b) control reactions

TR

2013 4, Mukherjee /812 4O H I R i BR a4 v
By RZAE, DLFERUE GERLR E=ATAY) 28 AL,
G T A MLEFEYER) sulfa-Michael/Horner-Wadsworth-
Emmons XM, K13 [ U6 way G Bide 3814 i () il € b
-EH(Scheme 29a). g | i3k — HHIE S M R W R I 1Y) 1)
ReMEXCE AR, AT T P9 4145 il SE 56 (Scheme  29b).
SIS 45 BB R MR B T BRI S 23 AN AT L e
HLFRE I35 1 IAER IR MR i, T HONMEA RIS (it 1
AR ) 4 A

2014 4F, Arai WRBIZHBR & T LA(S,S)- KB O %
T A R OK e bR — 2 B By — R B S A oAb, A 2-
AR TS - LI A XFR Michael-Henry £
BRI, PATRTIE 99% (1) 77 22 AT i=1ids 95% %S BRI 3 &
BT — RF|F R A EE(Scheme 30). Z & B ALK R

0
NO, 11 mol% 29

R_:\ H o, Jl/ 10 mol% Ni(OAG),*4H,0
Y R’ CHCl3, -20 °C

13 20 1) H A5 =4 5 0008 o R 41 1 7 515 B 1 PR
T L R RN —FERR. 250 FH e EUA R R i 2 475 0
VR rARTRIIT, SRS P R FE X WO PR AR PR T
RZ, HARRIME =P34 FE e,

2015 4F, A HA R R A 200 T R T
i 30 fEACHIRR I 7 R — R A G FR Ef BB I M. (Scheme
31). IERBSAEARACAIHEALTTI0.5 mol%) fi#k T, =4 T
— RAVEA =AW SLAR A O (B — N2 0 1)
B e A A, HATWOERERIE 99%, JEXTmLiE
BMERIAE>99 1.

2016 4F, FHIREHWHRE T —F 4 30 1k
1) 2-3RAEFHEE S p-MIWE-B-CF Ml Michael-aldol
R (Scheme 32), AFR1FF-% 2-CFs-2-M| Wkt (A REAL &
WIERAE T B B R BRGSO

OH ! Ph Ph

SO
R P 7NN
F g R : \[ OH

Br
R' = Ar, 98% ~ > 99% yield, ; N
91/9 ~ > 99/1 dr, 80% ~ 95% ee' Ph)\
R" = n-CsHy4, 74% yield, ;

78/22 dr, 4% ee

29 Br

B 30 L 2- BRI S B-fiHE R 2 M1 Michael-Henry W
Scheme 30 Nickel-catalyzed Michael-Henry reaction of 2-mercaptobenzaldehydes with S-nitrostyrenes

0 o]
0.5 mol% 30

@” s L
oH - ,rt, 10h

89% ~ 99% yield

74:26 ~>99:1 dr

81% ~ 98% ee

B 31 7T A Y 2-50 S0 PR 5 I PO AN 0 PR 300 9 /R — R e B S

Scheme 31 Squaramide-catalyzed asymmetric sulfa-Michael/aldol cascade reaction of 2-mercaptobenzaldehydes and ketones
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O /
3.1 SN 0, R
R4;\ H +RT/ /) 0 10 mol% 30
- toluene, 0 °C
SH = R2
F3C

78% ~ 88% vyield
69% ~ 96% ee
all > 20:1 dr

B 32 TR AEAL I 2-SR R R T S -l Wik - 3- — i FF e J45 T F) A e R Bt 32 3 /K — 2 M 8 B S

Scheme 32 Squaramide catalyzed Michael-aldol reaction of 2-mercaptobenzaldehyde with f-indole-5-CF3 enones

[F]4F, Birman B RE T — 1 PR AT Az 1 4 447
31 (AL -3 IR K S-INAESE AT A e 2-BUAR
B €045 10 77 15 (Scheme  33). 12 SR IS AN 75 B8 N H A i
Iz, B AR ME— I 4.

[FIFETE 2016 4F, Arai S [R] FH4SIZE X (WKL ke itk
IE—45 0 &) ((PyBidine)-Ni(OAc)) HEAL T, K& 7 I H
S| WA AT 2- 25 5 TS R I 1 e R I B 1 P A K R
thio-Michael-aldol [, 3K1F 1 BRG] ik el 5 (41 1)
B iz Ak & ) (Scheme 34). %7 iEB R L&Y B A
W W AR 24 - g 9 i 248, AR B 2 R B A T
K.

1T 3K 30 2 e 0 R T U 4R A B R
ATy, RMFFURT 2-5i AR F R B4R L A4 33 (1)
TE R, B~ BC S PAE I T 2R S N HR 3t BT FE 35 s e bk
M, 45205 kBRI B L 34, B S 40T P R S N 3RS
T 4R B PR W) R0 AR 1) PyBidine-Ni {46 7
(Scheme 35).

2017 4F, Arai PR OILE S i H T8 (1) 75 KL g BRNE
M ot T 4 e AR AL TR R SR A BT T — Rl I AL

CHCly, rt.

2.0
R = S)J\/\R‘]

AT ——XUK ML R 35 (1-Bidine) (Scheme 36). 546
S5 RK W, 1-Bidine X 2-FiE K HEES p-iEIK LIR 1)
AXFFR Michael-Henry J M HAT LTS PER, AT AR
B SN MO BV e SR MR AL S .

[]4F, Mukherjee WREIZHWIRIA 2-3iH K HE S B-
IR S ZE AT AE R N IR LR, IR AT AEY) 36
PERMEALT, SZHL T 7 Xt Wik £ M L sulfa-Michael/
Julia-Kocienski & Bk W (Scheme 37). iZIKMESE] T —
RYNEBRF X MUE LT 2-BRER OE LA Y(RIA
98% ee).

[F) 34, Ak K B 45 L8IR) R e 2 e R b e 6 26 B AT
AT 37 AR NMEAG, SEISR P =R AL -
B3 7 R RE B RN, “—HAk” Hil% T — RAIE
B RS B R B R SR B (k15
ldr, >99% ee)WHi (Al A Y)(Scheme 38). iXLE H br
P EAT = AN FEAR 0 F R O AR AS =B L AR O (—
AR B (—CFS) R 0, 53— I e 4 ik
VUG ), IX B AR o e 2007 A A 1 2B A vk 1 PR A A
PRt T 2 A5 AR AL S

Q X | S
- 10 mol% (R)-HBTM 31 Rzm § @E )=N
ZNe R N\\e‘Ph

54% ~ 99% yield Ve
95% ~ > 99% ee
(R)-HBTM 31

B 33 I IR AL RS AN AR A e A (1) £ TR S

Scheme 33 Asymmetric catalytic synthesis of thiochromenes via an acyl transfer-initiated cascade reaction

11 mol% 32

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

toluene, -40 °C

0 H
2I\N

R—:; H+R—,/ (@]
SH \
R’l

O '
HQ "\ NH 3

Ph
2 | /~NH HN
74 ‘/\R 3 Ph—( N \\)\ PR
s — 3 N - - N
R o /-
1 ™ Bn

73% ~ > 99% yield ‘
5% ~ 94% ee : 32
65:17:18 ~ 98:2:0 dr

Ph

B 34 AR T FH LRG| Wbk R 5 B A KA I B0 AN S PRI S 7R e S

Scheme 34 Ni-catalyzed asymmetric Michael-Aldol reaction of methyleneindolinones and thiosalicylaldehydes
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Scheme 35 Plausible mechanism of Ni-catalyzed Michael-
Aldol reaction of methyleneindolinones and thiosalicylaldehydes

NO,
H o, J _10mol% 35
A toluene -40 °C
SH J

96% ~ 99% yield i
19% ~65% e | s

2019 4F, R=AABRMAWVR R T — B BEA s EE
o R I8 TP RIS B e B 1) 2-3R K S S 5 — o -
AN AN % A 0 /R - F2 % B 1R S . (Scheme 39). [ B
DMICE 1 mol%I /7 Bk % 30 VENMEALT, IR)F=4E T —
RN ARSI AR O R AR S SRR . SO
HISCARE R AN = AR TS, Ao, STRESLE R
T o B-ANOFN f 1R 7-N-15 R BRSS 43 () 2605 5 ) v o
A7 B I P e R AR R ) ST AR B R A O
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3 WMEHNARMRER

2020 $ Waser 1448 2H 0T DL 7 B 1) 2 34 TR e A
By ARl B R BR3P RN “—8iET &

FX 36 1-Bidine LI 2-FiIE K FES B-TEFER 206 BIA KT FRIE 0 R4 1 IR N

Scheme 36 I-Bidine catalyzed asymmetric Michael-aldol reaction of 2-mercaptobenzaldehydes with f-nitrostyrenes

(0] O\O

10 mol% 36

R! N \S// N
+ RIS N

ﬁ\H R \r ’/N
R2 SH NN

10 mol% (PhO),P(O)OH
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w0 N Ph
R2 TR 1 H

Ph 4AMS, 25°C 28% ~ 84% yield

90% ~ 98% ee | 36

B 37 f#1LH) sulfa-Michael/Julia-Kocienski £ B¢ 5 M

Scheme 37 Catalytic cascade sulfa-Michael/Julia-Kocienski reaction

Os_OR!
U 3 0, 2
o N_o 10 mol% 37
DCM
v -10 °C ~ rit.

O
RZ
L
SH

Ar

B HQ s CORT 0 j;f
WSCF3 AR NH AN,

58% ~ 85% yield
87% ~ > 99% ee 1 37
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OAc o} (o]

s> O

Ar OMe

B 38 Xl it 3 2 10 77 T A A A 10 = 90 PP Rt e 5 I — i —120 o /K — R e 3 T S I

Scheme 38 Enantioselective squaramide-catalyzed trifluoromethylthiolation-sulfur-Michael/Aldol cascade reaction

1 mol% 30
DCM 0°C

0 0O
R1
SH R N

R = aryl, heteroaryl, alkyl

Oﬁ*g Ef@

99% ~ >99% ee
all >20:1 dr

O O

CF3
~ 99% vyield

BK 39 2-SEK TS a,f- AN 7- GRG0 X A6 36 41 30 50 ZR — g 3 0K S 2

Scheme 39 Enantioselective Michael-Aldol cascade reaction of 2-mercaptobenzaldehyde and a,f-unsaturated 7-azaindoline amides
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T 4-F IR 1L B9 (Scheme 40). 1% 3 (IR AT
AT, BA BRI EREEIN 21, 7= B
B 5841 X Sk Bk

2021 4, Sekar M HFIFHBUE T MEAFLLET,
RIET — Pl B ml WOt ATH) C—S 28 AR MY
(Scheme 41). 440 MER FEE 5 515 o B-AN VAN EH A1
oS- ANV EE S LI, AT B3 S0l 45 380 Bt €0 it AR €036 44,
G 2 REAEZ R SRR T, Al =4 2-HU
(R E s . 12 % B 3d I L - i 44 — 52 4 (electron do-
nor-acceptor)iC &4 BilEREAE . 71 (A1 BL4r+ A -1l
SLRMBOE G C—S B, Bl 5 F2E S ST R B R 11

B2 10 mol% (PhO);POH

NIS, MeOH
A CHCly, r.t,, 45min ~ MeO

B 40

FRIEY). AATEE IS SIS DFT HEUESE 155
B )AL B SR BRI < A AT TR R —Fh 1,2- 4 —iZ(EDA)
Fo &4 38.

4, MRERURBAHBD R I I & T Bronsted B2
) 2- 95 i -1,3- 0 1w Xk 5 PR A A AR
/Friedel-Crafts 15t N (Scheme 42a). %X MNAE &
FRIGEE AT, B4 T — Ry = b & 2T 1)
AR R AL &9, RAE, AT Md A T B
B 1,3-ZME AR, AR T —RINRE RGN 2,4-
HUAR B3 €3 (Scheme 42b).

T, Smirnov VR BILLPYSEAER LT, DA
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= 1 A
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34% ~ 79% yield

I e S Bt A 3K (34 3P AL

Scheme 40 Formal [3+ 3] annulation reaction of aminocyclopropanes and thiophenols
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Scheme 41 Domino synthesis of thiochromane derivatives via photoinduced electron transfer
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Scheme 42
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dazolones
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8 T R € BE () B B RO VA 2D R 2. 2008 4,
Nishibayashi PR SSHRIE T 47 AV 39 AL AR FR 5
A PR R A P B o B AE R 1) 4 1 I I SR, By
FEE R B B A S R R R A R T — R
Wi B CO AT DU SR A (Scheme 44). XS89 3]
&) EA B S AR R AU PR PN E Re ], AT 2R
BRI AL ED TR B R A B BRI G

2011 4F, B OCKS PR UL BOR) H T PEXU D R Ak ) B
WRAEATR] 25, AR T — Pl Al H s 2k i) 2R i 5 i L
FEAT A B 8- 38 v 7K =1 5 SR 0 R R K Y (Scheme
45). ZJ7IE RN BA AN ESE TR OB (B — AN YT
ZERALAR D) T 4-ZEEE) i AL & R AL 17—
Fh=gem . SRR G B R A5 s A RO T
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AT — RANTE 457 F ARG B S, ATET
XA TR I B SUE e A () i vl e — 2 Ak
AR EA EEE ) 2 DRt &4,

2022 4, Sanz BREZH R IE T — M S HL A Y AL AR

oH 5 mol% 39 ”\ c s cp
S 10 mol% NH4BF, _ PR RE
PN WAE S
" DCE.60°C -
X $ R Tl
X=0,8, N anti R
45% ~ 93% yield synm:anti = 1/2.5 ~ > 99/1 39R=Ph,R'=H
33% ~ 99% ee

B 44 ATHEA S ()-8 0 O T BRIE 205~ N 34K

Scheme 44 Ru-catalyzed intramolecular cyclization of propargylic alcohols bearing an (£)-alkene moiety
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Scheme 45 Asymmetric Aza-Michael-Michael addition of anilines to nitroolefin enoates
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