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Advances in Multicomponent Asymmetric Cascade Synthesis
Involving Nitroolefin Catalyzed by Diarylprolinol Derivatives

Yan, Lijun®  Xu, Han®  Wang, Yan®  Dong, Jianwei*”  Wang, Yongchao®*
(“ College of Vocational and Technical Education, Yunnan Normal University, Kunming 650092)
(® College of Chemistry and Environmental Science, Qujing Normal University, Qujing, Yunnan 655011)

Abstract Nitroolefin is an important class of organic synthons. The synthetic method of multicomponent asymmetric
cascade reactions involving nitroolefin catalyzed by diarlyprolinol derivatives is quite important for the construction of
complex chiral compounds. It is widely used in organic synthesis and new drugs development. In this paper, the multi-
component asymmetric cascade synthesis involving nitroalkenes catalyzed by diarlyprolinol derivatives is comprehensively
summarized based on the type of target compounds. In detail, the catalyst systems, reaction mechanisms, experimental results,
reaction advantages, existing problems and limitations for this synthetic method are introduced respectively. The future
development for this synthetic period is further evaluated as well.
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Scheme 3 Synthesis of chiral indoloquinolizidine derivatives (22) via four-component asymmetric cascade reaction
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Scheme 4 Asymmetric organocatalytic four-component Friedel-Crafts-type/Michael/Michael/aldol cascade reaction
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Scheme 6 Asymmetric organocatalytic four-component oxa-
Michael/Michael/Michael/aldol cascade reaction

o
@f
ANz + —CHO 1b (20mol%) — pe )

5 4b THF, HZP ,fjoz
MW, 60 C 28

25% ~ 45% yield
> 96% de, 89% ~ 99% ee

B /5, Rueping ZCVZ EWEIEAL K, B TH
UL ) = AR A R B, 5B R B 2RALL, 1%
7345 AT DLIE Ik 5 1) s N4 (o B- AN VLRI S ) IR BEE, 1o ik
FEPE IR AF A [ 2% PR B B S B =), T R R I 2
FH L RERK(1b) A Hantzsch — S M E (HEH) Pr 4 A I
i 5 Wi ¥ — W o B8 - — s B S AL, R AR 4 1)
o B~ AN T I (8) A1 A 5k 45 (5) B9 AN X FR & 4K /Michael/
Michael/aldol H R B, LLHR SR = 28(35% ~61%) R
S T R S AA AR R (98% ~99% ee) Bl | — R BIFR

oxa-Michael/Michael/Michael/

289

http://sioc-journal.cn/



BIKE

CRBERTAEYD 29 (Eq. 6).

R’ R CHO
Z 1b (20 mol%)
A NOZ 2 —_— /?@ 1 6
R2/\/ + /i CHC|3 10°C R2 Y R ( )
5 Hg®  HEH NO,

29
35% ~ 61% yield
98% ~ 99% ee

[F4E, U070 41280 ey L- il & S hk
fik (1) AL, TRIT T NRIVTIE (4) o0 - AN VAN (8) FIAH
FIRHG) =H A AT =B M (Eq. 7). %R LA
7J<j3/»er$u + TR IR R BN (SDBS) A FE T E M, 7E
TA SREIORIG AT TSR 7 2 FHEd oM 2 A8 )
C—C BRI, MG TP CImEEATEY 30
(76 : 24~90 : 10 dr, >99% ee). %X NAEIAT 48 h 2
Ja, RS T SRR R #(16% ~ 56%), AT RE
JE AL 2 S B B AR TR 7K R B I R B = . TR
I, RIEGEERIFRAER: . S NEE IR A BV i 1%
JEERH — PR T .

R2 R
1 (20 mol%)

O P
Q N2 { goc-D-Phg-OH (20 mol /
K’ v/ 0C-D-Phg-OH (20 mol%) o\ (7)
R SDBS (10 mol%) 5

Ru + =
R?  H0,40 C,48h

19 samples

16% ~ 56% yield
> 99% ee, 76:24 ~ 90:10 dr
TMSO

b5, Enders BF 74P — B3R 7 7 TP IRAE L
A AN FR R IO N R ARSI, T 2013 FE4RIE
T — U 4H 4 A 5 FR Friedel-Crafts/Michael/Michael/
aldol H7T R M(Eq. 8). 8 — 2R HE i 0 I FF BE Ak ok (1)
AR B B AR R AT AEP(31) s TR EE(8e) oS- ANHLAT
i (8) M B ) 12 (S) I DU 4 4 AR R S B2, LA R B R A X6
W R AR IR (> 95 1 5 dr) RIS R0 i S R A i %
P£(94%~99% ee)3hf3 T —Imi B DhRe LI EE O g
fTAEY 32, ZJTEAEH T =R AR Michael %1425

__1b(0mol%)

/@ /,) H R4J/ PhC02 (20 mol%)

8c CHCl;, 0 C

/
Me~ N O R®
‘: """ NO, ®)

30% ~ 59% yield
> 95:5 dr, 94% ~ 99% ee

290 http://sioc-journal.cn/

© 2020 Chinese Chemical Society & SIOC, CAS

FRIRSON, RIS R, H RN =YL 25
FORNA 25 TF R A0k B AT V8 7 1 B AN

Endes POk ST R AN 2 415 SRR B, FF
T 2015 FESL 7T ORIl 2 B A R IR (1b) fEE Ak
WG RERT Y 33+ A4 B TR M 1 (8 ) FIAH 5 04 2. (5)
HIPY 4H 5> A XEFR Vinylogous Friedel-Crafts/Michael/Mi-
chael/aldol #: B [ Bi(Eq. 9). &N AERAIZELET, P
HREE R 77 2R(30% ~ 69%) F1 9 HH IR B9 1 1~20 1 1
dr, >99% ee)G il | — RINEA[ =AES TP LH
W OMERERTAY) 34, % AL T A C—C Hrik i
&, BA RIFMIEFELTHE.

R1
\N/R1

O 1b (20 mol%)

\) INOZ PhCO,H (20 mol%)

e

8c CHCl;,0 Ctort,1d
O R1

Ny—R!

34 N
13 samples |
30% ~ 69% yield R
9:1~20:1 dr, > 99% ee

22 FH=HERBRERITEINAINIRERK

FH = mET AR - REENZ TS
W, BB ZRAEDEERY, A28 T R 22 R
3 SSVE. 2009 4F, ST AP aRiE T 24
I AFFFR oxa-Michael/Michael/Michael/aldol VU2 £ Bt fx.
NELEA LA B R FH . S LA 2 356 il 2 I P Ak
Ab) WAL, LA 2-2-2- 1 3 245 36 ) A 8y (35a) Al
o - A8, 8e)NJFEEL, TE 25 CHIZKMFTFERT
EA AT A0 I U S -6 H- 5 I [c) 28 T i AL & 7
36, BU1G T = ML AR E S (Scheme 7). Z N AR F
HISTAR IR FEME AT BE S5 ASKI R oxa-Michael MEH 5%, &
B G TE 2RI I O R S RERR (1b) IO /E A R, B
3 = F MR Michael B 1, SR8)5 TR LT AA
YR Michael JIECFAAXS FR aldol BB B, AT 6 A%
THAZAFHER L =M REMW I EY 36. 1%
RN ERFHZA UGN ERAEEEENEEE
X.

B Jo, ZMF R A PR T = H AR oxa-
Michael/Michael/Michael/aldol H B [ N AE K AR =) 4
BRI R, FESEELT RARF=H)(+)-Conicol [ IRA
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WO WO 1b (20 mol%)

Toluene
OH HOAc, 25 C

10 examples
47% ~ 75% yield, > 99% ee

NO, ® | Ph Ph
\ O Yepy NO"N7 P
£y ™SO, N J7 o™
. R Michael ] Mlchgel
oH J R addition ~R addition
2 o e
[
OzN /\

TMSO
o=\ 722

2R'N® Y Ph
TMSO
Ph |

BR7 HHHELANFR oxa-Michael/Michael/Michael/aldol &
1B S M7

Scheme 7 Asymmetric organocatalytic oxa-Michael/Michael/
Michael/aldol cascade reaction

SRR A AP, 1% s B3 T A B I P SRR (1b)
AL 2-(R-2-FH 5 20 )~ K-1,4-—FE(35b) . =/X
JHIE(SHAT 4,4- — FHSFE-2- T I B4 (8g) 1 = 2 43 AT FR
oxa-Michael/Michael/Michael/aldol £ Bk, USR]
Hof W S A A BRI (>99% ee) ik T kb Al A 37,
28 JLAN 25 B S BL(+ )-Conicol  (38) I A X FR 4= & 1K
(Scheme 8), NZRALAE I — 5 EWIG T 7T 3452
T RA

Kumar 204 2017 E#T T L il 2Lk
Tk (1) fh A0 R AR 2 2R F DR (39)« NIRRT EE (AN o -4
FEE(8) ) = 414> A% FX Michael/Michael/aldol 5 k2 B
(Eq. 10). RFIEIRFAIFAFT, LAHSER = 2(20%~
66%)FML SIS AR E B A T 25 N EFAFEF
O =GR 40, 2R BBOK 2 e s R 5 e
TREFFIAR ST AR BENE, DL 42% 1077 3R . ARSI Sr ik ik
FEPEO 1 1~20 1 1dr, 99% ee) &% T 0.87 g I =3R i
TR, MeAh, 2 AT B = PR A AT AR 8 v R AR
M FL ) NaBH, I8 5. Wittig B2, 7576 ML RORTH 25
FER A E AV AE R S ANE.
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NO,
HO | o OMe 1b (20 mol%
. Y\& + )\NO %
MeO CHCI3, HOAC, r.t.
OH 8f 8g

35b

(+)-Conicol (38)

69% yield, > 99% ee

B8 T HVMEN =4 oxa-Michael/Michael/Michael/
aldol = JC & N I AS KT RR A A )

Scheme 8 Asymmetric total synthesis via organocatalytic three-
component oxa-Michael/Michael/Michael/aldol cascade reaction

RZ 6]
Michael 7
Aldol 1b (20 mol%)
N N0z * Toluene
R | 5 R0 0°C tort.
39

Michael CHO

R® (10)

25 samples
9:1~20:1 dr, 99% ee

Nt — DR R A T = AT AR T i,
Kumar Z5°F 2018 4E4RIE T 3-A4%E-2H- 2K FF LR (39).
R 4 1 1 TR 945 TS (8.) AN (27) 1) DY 4L 43 S %
chael/Michael/Michael/aldol 8 Bk M(Eq. 11). M EA 10
mol% 1) — I il = I PP JERERK (1b) AL 7). 0 "C 264
T, BL 30%~70%[17= % LR ML AREREME(>20 0 1
dr, >99% ee)B i | 22 MFVEZIAEIHATAED 41. %
Jilad “—HaE" DL o AR RR BRI OB, e R S
LT PUASHT) C—C/O BRI . DU FHE O F
i, HEA R 2 FEE .

oxa-Mi-

1b (10 mol%)

INE , PhCOOH (25 mol%)
\ /7 \ .} 0 + HO—R
NO, 8¢ 27  CHCl;, 58MS,0°C
o
39

CHO

'NO, an

22 samples
> 20:1 dr, > 99% ee

http://sioc-journal.cn/ 291
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3 FHIRIELTEMBATTIRE AL

3.1 ZERFMIRIENTEMHINIFRE B

URIERTAY) 42~45 & — KB E R FIRA LR
PiE BT, 2 BURTPENRIE A4 i 2 T R AR R
LRI BT, |0 AT 2 Bl R SR A AN A W
JAr O AR, 2 BT HEIRBEAT AL I 45 T 7T
CE NS P PSES I EE WEGE Sty

Indolizomycin (42) (-)-Lepadiformine (43)

a-Adrenergic
receptors antagonists (45)

(-)-Lycopodine (44)

2010 4F, VEMS KT T 41PNROE T s B R
ik (1e) FIXU TN e i R (13b) V3[R A0 A T B (4) T 364502
(5) M1 N-Tos 2“4 (46) {1 = 4143 A X FX Michael/nitro-
Mannich/P 6 BB, A T — 24U D e A6k
WEATAEY) 47 (Scheme 9). 1% M. LAH S5 72 2 (47% ~
T1%)~ R H R B R M AR R 1 (98%~99% ee) & |
— R TR B &, FEaTE— BT A R g
FEle . PUSU e S5 A TR R N E I F LA .

[@4F, Urushima 2PV @ 7 — 28 5L 4 i PP 3k
fit (1b) (AL IS FE 7 (S) FRIE (4) N-Z2)f(48a) FISEI%
R 49 HIPULH 5> XK Michael/aza-Henry/46 2./ #5174
BN, PL 66%~88%MI= %, 93%~99% ee

NO,
= 9 3

+ RULH o RN & NuTMs
R s 4 48a 49

\ Michael addition

R2 _CHO

| NO,
Il

RZ
0 NO,

1e (15 mol%) R} WNO,
2 ,TOS 13b (15 mol%)
+ ~Z + /=N _— 5
46

Toluene, 12 °C  HO N R
28~54h ‘

Tos
4 5 47
. 12 examples
Enamine/H-bond 47% ~ 71% yield, 98% ~ 99% ee
cooperative catalysis L
Cyclization
reaction
0O R? Bifunctional base/ 0O R? RS
‘ Brensted acid catalysis ‘
NHTos
R' NO, 46 R" NO,
11 1-2
| CF3
N CF
N H g
13b

B9 HHLEL =45 A XHR Michael/nitro-Mannich/3 4k, £
R 4 O YRR BEAL S 47

Scheme 9 Synthesis of chiral fully substituted piperidines 47 by
asymmetric organocatalytic three-component Michael/nitro-Man-
nich/cyclization cascade reaction

(R T Bl S o A S B 5 B T — R 81 2 UV TFPEDR g
T4 50 (Scheme 10). KMAE 1b b ifE A /ER T,
JeJa RAEARKTFR Michael BHEAFEIHEAE T RARSTFR
aza-Michael I A3 2 H A TL, FR4 50T M 48 2L 3R
RSB AR I, 28 )5 5267 K A Lewis FRfiE 4L
PR PR A S B (BRI, &l T B 5 ATk
HL URIERTAY) 50. 2 HURTFYEIRREATAED) 50 (1)
fifdk . FEEGE T DU — P A O e B e, TEA L
B WS 23T U B AT T E IV SR A A

2012 4F, Chawla ZYO8E—BHF Kk T K FE & B2
FHERERF (1) AL A KT R Michael/aza-Henry/46 2 AL

O
48 R
P - HN
R Aza-Henry reaction ) )
NO, R" "

Nu
R _Ns
N
1b (5 mol%) . .
—_— R'I /R3
Toluene, r.t.
NO,
50
Nu = allyl, CN
66% ~ 88% vyield, 93% ~ 99% ee
Allylation
44 addition
OH
RZ N/Ns
Hemiaminalization R" “R3
NO,

B 10 HHUEPUZE 55 A FR Michael/aza-Henry/46 2./ 16 73 FEA B B I B

Scheme 10 Organocatalytic four-component Michael/aza-Henry/hemiaminalization/allylation cascade reaction
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IO, Ol TR T TR R T I (4) A2

J5(5)F N-Ts (51 H =15 RS FR[2+24+2]34 1k

RN, ST ZHURTFE N-HBEIRIERTAED) 52 1)

HIRA R(Bq. 12). 2 508 T 0 0P % Ak 1) B B

7, SEEL T WRNEFR b AN T O R e s

(1) 1b (20 mol%)
CH,Cl,, r.t.

(2) Et3N, CH,Cly, r.t.

%H . F{2/\N02+ \ }R3

51
R'" OH
\ O
(0]
R? N—7 R
H (12)
O,N R3
2 52 R Rz\
14 samples NO,

72% ~ 91% yield
84% ~ 97% ee

¥ 2 F P W 38 2 B b OS2 & B Indolizidine A1
Guinolizidine fiTAEWIIISCBEAIME &, AR SRAF 7T 44T
2014 SEEESL T LA S mol% [ — 2 i 2B F JE Ak ik (1b)
JUIEALF]. DIPEA b, @57 7 3 THE(4). REIEIRIE(S)
RO T JF2 (53) 1) = 20 73 AN KRR B B B, ey A R T
FHEMH RO, H5EHR T —FR5 Indolizidine £74E
) 54 1 Guinolizidine fT2E4) 55 MIAXFR A B(Eq. 13).
ZITEN LRI S R R A, SRR B R
KE] 6 mmol i, JIA[$R1G 85% M=K, ML kik
BE(>20 1 1 dr, 96% ee).

(1) 1b (5 mol%)
p-nitrophenol (5 mol%)

0}
CH,Cl,, 0 C
RW\)'LH + RZ/\/NOZ + ‘/NO 22
4 5 S (2) DIPEA, CH,Cly
R" = alkyl or aryl 0°C,5h
R2 = aryl or alkyl Rl R
R3 = Me or Et Z N Z N
RZ\\‘ . or RZ\-‘ (13)
R R3
NO, NO,
55
17 samples 8 samples
0/ ~ 0, i
52% ~ 98% yield 30% ~ 83% yield

>20:1.dr, 90% ~ 99% ee 5 20:1 r. 98% ~ 99% ee

3.2 FMHEMITEMNAITFIRE K

Z BT HEgEmle —REEM S E RINEY, |
2 AEAE T R AR = W) 0 255 & B A ) 5% (56) « Isoschizo-
galine (57)F1 Isoschizogamine (58)%5 73145 i rpl42,

Rai Z5P1F 2011 RS T PR BRI =419

“BET ARIRR[2 42 2130k IR O £ R fE

AT ST A BT . A IR A I R
Bk (1b) M HEALT, KoCOs AT T, AR CUll(59) AN
TSR (S)FIAXTFR Michael IR, FMSr=#)5 N-Ts 1
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g0

Isoschlzogallne (57)

Steroid alkaloids (56)

= N OMe

OMe
H
Isoschizogamine (58)

[l (48b) & A= 5 F 181 /) aza-Henry S N 14> N HI4E B AL
RN, B LL 69%~94% M= 2. 89%~99% ee %Ml
FMBIEFTEE G T &8 ENESF O 23Ut
+ AT AEY) 61 (Scheme 24). A7 T 1A i
R 73 (RIS BH RS P 0 i SE AR B AT da i, LT R
(3t P &40 TS-A Fis. [F4E, Rai ZMEHR T 1,3-38
LR (60) 71 =20 53 AN X FR Michael/aza-Henry/ 45 & AL &
B MR, 28 1b AL AT FR Michael &2 7
TS-B FrR R RS IER, DAL= %(68%~91%)
Xof e S A A BRI (87 % ~98% ee) B T — B A1) J\ A W
W7 AEH) 62 (Scheme 11).

. R
WNO, 59 U/ . D\“
1b, K,CO5 R! R2
N~ YR? ; 5 48b

HO i 1,4-dioxane

Ts
61 1b, K2CO3 © ©
16 samples 1,4-dioxane
69% ~ 94% yield
16 samples wNO,
68% ~ 91% yield
87% ~ 98% ee N R2

89% ~ 99% ee
o oG

N\‘ N\‘
og N
0

TS-A TS-B

B 11 AU =2 AR H IS R BT PR kAT A
) 61 71 62

Scheme 11 Synthesis of decahydroquinolines derivatives 61
and 62 by asymmetric organocatalytic cascade reaction

2011 4F, Jensen Z5 I 37 T AT HLAEAL = 4H /3 A KRR
aza-Diels-Alder/rearomatization 58 ¢ ¢ N H& GHT 1.
LA 6,e- N RITEE(63) fHFEMNE(S) MR IERTA M) 64 Ty
SR IERE, 10 mol% ) — A8 5k i U B Y S A R (1) 9 fiE AL
A, BT —RIEA IAFHER LM ZHNER K

http://sioc-journal.cn/ 293
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15 35 (D1 WKATAEY) 65 (Eq. 14). %W A =R w5
(55%~85%)~ MAKIEFELF(=19 1 1 dr, 98%~99% ee)-
JERAE F ) SRR A, OZ SR A Y B — i 5T N
BE5E T HEAh.

(1) 1b (10 mol%)

0 NH, ACOH (20 mol%)
C/y R @ + 2SNz CH}Clp 30°C, 16
NRT Vs 5  (2)CH,Cl,24h
63

R® 64

3
HANN /
RZTN 14
g (14)
H R
65
(26 samples)
55% ~ 85% yield
>19:1 dr, 98% ~ 99% ee

4 HELBUEYPFIXHRER
41 FHSHMETEINAITIRE K

TV DY Mg 2T ARAE T A S R
SRIEWRIZ ) 4y, TR R A 8 T 1 DY S S
T3 RN 2 Ak 2 A ) B 2011 4,
Ishikawa SRS T ASILIG 2 5 0P04 5 «“—#i%” R
IR Michael/Henry/4 e/ 5 M4 ER B SON, & T
it 22 T P AL R AH S PR DY S PR 9T £ 66, 67 (Scheme
12). 2 WA 2R il 22 e Y R A Pk (1b) oy TR AL

(0]
2
R1/\/N02 + Rz\)i 1b (5 mOI%), R H
H Toluene, r.t. o
5 R1
T
NO,

T, A T T (4) FURH B 045 (S) AN X AR Michael IR,
3 F/) Michael JNEHR [AIA T 57 (68a ok 4d) & 44l
SN, %7 B B R B 4 SE I TS
FIF MR, S = 2 1,5- 844 5%
[5.4.0]—#5-5 (DBU) ABRS, PAOL S 0 57 A4 %k 35 1
(91%~99% ee Al 94%~99% ee) & F T W ZhH 3t T 44
BURH 1 D S0k g A4 54

B FLAHITF 2014 4F E IRIRIE T AR AN R b
[FI{# 4L H Morita-Baylis-Hillman/Michael/#i E§ 16, = 2H 43
AT FRER IR RNE. 12 S I LARS J2E 045 (5) R 2 S TR T (68) 1
NIEYD, 75 10 mol%H) 4- — FIa JEmtiE (DMAP) 1L/
F R T AN AR BB =4 69. B e, it — 2R
N R AR (1b) 1L, 69 Ht—F 5 R ils (4) kA B Bk
L, ARG 0 %o e S ) A e % (80 1 20~95 1 S
dr) RIS S R0 Bt S A AR I M (95% ~99% ee) B T —
FA = B D RE AL A R DU S i AT A2 70, FELA
72%~99% ee [P)%F M SR AL BRI SRAT T T4l
% 69 (Scheme 13). %M 7 XA [H] H S N JE A HB A K
UF IS IE M, RGN SEIL T =4 69 TEANXS FR A Bk
SN B 1 Ry

B A ARG PR B I L 2 AT
WHEE ST, |2 am T BEAEYIEER R =Y)F
295y TR R AT 2013 AEFRGE T KA
SEA(T) . BRI (S) 5 R T T (4) 16 = 20 20 A X RR

H O

2 /< OH
2
O _ OEt R o
68a ' 12 samples
Et;N, toluene R > "CO,Et 44% ~ 81% yield
N 91% ~ 99% ee
NO,
66
i OH
2
R® H R O 13 samples
4d . , 50% ~ 91% yield
DBU, MeCN, r.t. R ‘R® 94% ~ 99% ee
NO,
67

B 12 YU =45 FXFR Michael/Henry/4i B/ 5 #4455 Bk S R

Scheme 12  Organocatalytic three-component Michael/Henry/acetalization/isomerization cascade reaction

o R® OH
NO, NO Rs/vo R’ NO,
J/ . HLR2 DMAP 1™y NO2 4 o R1/j:
R o MeCN HO~ “COR2 1b oN “or: | HO” COR?
2
5 68 Rac-69 70
80:20 ~ 95:5 dr (S)-69

95% ~99% ee  72% ~99% ee

Bz 13 AL = A5 A XK Morita-Baylis-Hillman/Michael/Z8 B4 £ B S 8 A i 4= B DU SRR IR T 2E 90 70

Scheme 13 Synthesis of chiral fully substituted tetrahydropyrans derivatives 70 by asymmetric organocatalytic three-component Mori-

ta-Baylis-Hillman/Michael/acetalization cascade reaction
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Morita-Baylis-Hillman/Michael & B¢ B, DL 4-3508K
R VE RIS IR, T M 0P B B = s b R 4k, B
60%~T8%K =%, 83 1 17~92 © 8 dr FIAEXT M Mg 1A
EFENE L 95%~99% ee HIXTML KRS T — &
FIF AR AL B AL 54 72 (Scheme 14). FERA
L, 24 4- B FE-2- TR EE (4h) 1 4 Michael JIEZ AR,
A R A XUBE AL AN 6 R MBH/Michael/4i s /TR A, 5 B
FNL, BL R P2 2 (61%~T1%) 5 [0 ST AR 3% B
(90 : 10~92 : 8 dr, 94%~98% ee) & B A HANELS:T
P O () T MR AB PR BB AT 2E 4 73 (Scheme 14).

0 o)
(2) R?CH,CHO 0
0 1b, p-FBA, MeCN IR?
OH :
P H,Cl =
OH
0 60% ~ 78% yield
4l (1) DMAP 83:17 ~92:8 dr
+ MeCN 95% ~ 99% ee
NO X
1 0=
R' s 1b, p-FBA, MeCN |
|, pEA Ve
, H
(3) I, KI, NaHCO, b o k!
MeCN 73 2
61% ~ 71% yield
90:10 ~ 92:8 dr

94% ~ 98% ee

B 14 AP = Z100 AR TR ER I SN B BT PR BRI B
WRAT2EY) 72 A1 73

Scheme 14 Synthesis of chiral oxa-spirocyclic indanone deri-
vatives 72 and 73 by asymmetric organocatalytic three-compo-
nent cascade reaction

2016 4F, Dochain 25138 T 1 613 T HHL-4 )8 th
FMEAL T S5 FR oxa-Michael/Michael/Michael/
aldol/hetero-Diels-Alder BBt N, AT —RZ B =
INRBRATAY) 74 (Eq. 15). JRIVAE 5 mol % ) — 2K I i %
FErERr (1) EALTER N, RAEBE(TS). W5 R (8c)
IR ELIE(5) P 493 oxa-Michael/Michael/Michael/aldol
RN, AFRAEAAEE, FEH 20 mol% i REL&W
[Yb(fod); AT, KT N H T4 Diels-Alder

(1) 1¢ (5 mol%)
PhCO,H (25 mol%)

NO .
HO S OR! 4 90 , ) 7 _ CHCly 4C,2d
2) [Yb(fod)] (20 mol%)
R2 ( 3
75 8¢ 5 4AMS, rt, 7d
NO,
R I, N (15)
R1O" H ' 0
H
) ) QA
74 NO,

2 19:1 dr, 2 99% ee
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SN, DA SRS AR RE T A LA -5 R FEME(=19 ¢
1 dr F1=99% ee)SLHL T 6 MHTH C—C/O BERIFIEEF 6
AFHE ORI AR S AT O RS
BLASKE AR R B s AR A RS2 P (38 =i T

Z R TS 24 WA [2.2. 2 E befiT AE W — R R 3
T 2RI E Y, | 2T R
AEEZ RS R, BATBUR . U, THA.
P A2 RS DY, SR T 2 B A
2220 bl BE M & R a2 B 2% AHLERT
PEZ B2 ERY. 2016 48, YPGB A4l — ok 3
i I R A TR (Lb) AL R, PR T o - AL RN
(8)- a-FRMERZ(7S)FIREEIGIR(S) I = 4oy “ —8hik” A
X FR Michael/Michael/Henry/2- 45 1 B Bk SN, B 55%~
99%[1 = 2 . AR P SIARIEFEME(>25 ¢ 1 dr, 86%~99%
ee) i T 23 NZHURFHEE I NIR2.2. 2] AT ED)
76 (Eq. 16). ZBAEMEAT 1b (20 mol%)Fl 4-F 2K
FR(10 mol%)MITER R, KAEAXIFRA Michael/Henry H
W N TERR T R (aMA TV, FEEAT 2 T N 1481 I 845
FIHA mF A H st &Y 76, ZJ7ikiEE 2 R
SRR ER RN, RE LRI B ANE LT A O T AR
i, A EIF RN T2 3 RIR =0 4 k.

(1) 1b (20 mol%)
4-FCgH,4CO,H (10 mol%)
CHCly, r.t., 24 ~72h

i o R
NH o NO,
Jl) * HST + R oy Pyrrolidine (40 mol%)

R’ RZ O 5 rt,12h
8 75
OH
R/A R1
y 23 samples (16)
55% ~ 99% yield
OoN R®  >25:1 dr, 86% ~ 99% ee
i
R3
76
Ph
® o Ph
N RN Ph
| OTMS = OTMS
= 3
1 ‘ 2 ! NH
R MNH RN
R2 0 R2 (@]

I (Micheal reaction) Il (Micheal reaction)

o - Ph
o Ré Ph
R* N L ] OTvs
ON_ OTMS 0N NG
YN R [l
RPN NH 7 R
HN R2
R2 O \3 0
11l (imine) -R v -
http://sioc-journal.cn/ 295
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ik S R

42 ZHRFEFEETEVHRTHRER

FHRGER R Z P2 0T I 2 KRR
BT IR AR LM T, MESTUR TR RN 2 T
RO A B I B A R A B I AR SR T R
At g A B T I e i 2R R 2 A B Rk
B T4 0 PSR DT 2010 4, Enders BF 58 4084
THEEZ 5N =454 F Michael/Michael/aldol/
sulfa-Michael BN, HE T E&A 6 MFEH.O, A
BIEAEL FHMME R /SEIRIFEEN AT 4EY) 78 (Scheme 15).
3 ) 2 il B R R B (1b) N AR, R AR
[ B (77) RO S 05 AL BP0 (5) IR FR. Michael Jij&, 15
FIM IR =) 5 a,B-AN LR (8) 1 & A2 Michael 1,
BRI A I 25118 aldol 464, LML RIS AA
BRPEIE(>97 13 dr, >99% ee) R H| TR CIGEE 79,
SRIGAERIAE R & 4= sulfa-Michael il 45 2] /S &4 7158
W RTAEY) 78, A NN AR R E M R Y ) —
W AIE R S BE T B

2012 4E, FHFRAPIFRE T Michael/Michael/
Henry IR B L, HEAL T 2R k2B A Rk Ik
(1b) 5 F P2 7 B IR AT AR 4 (13a) U A 1 = 2H 75 5 Bk
SNE, TR N Z A R B R S NS AR G
P IARTF IR OB ATAY) 80 (Scheme 16). {EIZG ik
REFEH, RS ()R — 2> TR R (S) B B TE 1b [
A F % AE R Michael JRR SN 75 3 R 4K -1, 4R
J& 4 FHRR-ZE T (13a) ALK UK 2E 2T 1R AN G AR
Michael MA(1-2) 5% 53F W AXTFR Henry J .15 2L
E1 80. A RAIAEBURTFHEIR O ATAEY 80 AI{E AR
JHR A B T 2 8 3 A S AR KRR A R

2015 4F, @R 4CORE THEGE S 5=
P ASKEFR Michael/Michael/aldol 8Bk e 37, dEid[2+2+
VIR ANAE I R Th B 1 T T 28 L R A e T ) A
FRUEIR e fiT A4 81, 82 (Scheme 17). M AE 10 mol%
TORHL T R R R RE () LA E TR, IR TR (4) AN

TSI B 0(5) K AEAS KRR Michael N B33 1 F
P - R (R P24, iR AR — B 5 LAY 83a~
83c RAHERNILK 81. AlBAIE, LAk E5ibs
Y) 83d MR, FEYIITEIE o-C T LASEILF RS, 15
35 81 MEMR LAY 82. %N EA I F M A&
EFENE(90%~99% ee, 75 © 25~95 1 5 dr).

Bt )5, Raja 25°UF 2016 SE (L T AT UF AL =41
43 A% FR Michael/Michael/Henry S BE B, ST — &
41| Hajos-Parrish-type FifiT/E4) 84 (Eq. 17). %W 7L LK
M2 D V)RER, PR T KA L2 iz (1a) AL
) 2-F 3E-1,3- 3K 0 J(85) TR 475 B (8) I JL 0735 12 (5)
M= EHA KRR “—HAavE” BN, DAPE S Ao e
R IR (90% ~94% ee) it | AN FHEH O (A
FHEZFR L), TR, AT 1a 8 5 HETE L
I e o T4 AT A B RS2, 36 a5 BEL A S B A FH 4%
Hl =PI STARIE R, 12 B USRI T 7E /KA
IR A2 5 AR Michael/Michael/Henry 5 BE [
NL, TEA MGG R A BB R AME.
4.3  FIHEREMLTKERNTE BN FRE B

L P b ] 47 Sy — 28 8 B2 (19 AR 005 1 o T B R
TERFIF B R, — SRRt e bk 2 25 9 0 22 5
PEbR. 22 S5 2 B S IR AU bR 2515%, e Ayt ek
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