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Abstract: In recent years, L-proline and L-proline derivatives were successfully used as organocatalysts in asymmetric reactions. There are
three different general approaches for organocatalyst immobilization: covalently supported catalysts, non-covalently supported catalysts, and
biphasic catalysts in ionic liquids. This review summarizes some immobilized organocatalysts, highlighting their application, recoverability,
and reusability in Aldol and Michael addition reactions.
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R =c-C¢Hyy R'=OH Yield = 48%, anti/syn =20/1, ee = 98%
B 1 RZ-EHHBEEIRENLR Aldol K
Scheme 1. Aldol reaction catalyzed by PEG-supported proline.

PEG—polyethylene glycol.
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Scheme 2. Polystyrene resin-supported proline catalysts.
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R =4-NO,-Ph, 4-Br-Ph, Ph, 2-naphthyl,
4-CH,0-Ph, 2-furyl, 4-CF-Ph, 2-CI-Ph
R!, R?=H, H; -CH,CH,-; -CH,CH,CH,- etc.
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Scheme 3. Aldol reaction catalyzed by polystyrene resin-supported
proline 2.
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FCARAL TS VE AN S ARG R E ORFF A

o)
RCHO + 610%
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on ¢
n
Yield = 16%-99%
anti/syn = 84/16-97/3
ee = 94%-99%
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Scheme 4. Aldol reaction catalyzed by polystyrene resin-supported

proline 6 in water.



www.chxb.cn XERE S AR R K&

HAT WA AR R C—C $IE B N AR 5T 3t e 1297

2007 4F, Gruttadauria i 8 44 1SR 8 T B K

o5 B I A 28 1) i 22 R A AL ) 7, ?ﬁﬂﬂ:fﬁﬂcﬂaﬂﬂ
5 4-BUAR ZE B 22 18] Aldol [ W, JE 4 i Ak A
71%~98%, i/ J2 Lt} 92/8~96/4, ee 1 11 93%~98%.
B 5, 1% /INH SO | B 45 A EAT T AL, IR R T R
N4 5 % B, £ DMSO, DMF & CHCl3 s
W, A N DK, 4R N A EREAT, 5
FEYICR AR, EAL I 1E T, A 7 AE R
A I Y (LKL S).

m COOH
7

N

H
0 OH O OH O
RCHO + HLRI %» RA‘)LRZ 4 R/_\_)LRZ
R? 2V, L.l R! El
Yield = 99%, anti/syn =99/1
ee =98%
BxX 5 BREZHEMERBFBRBRMELT 7 #HLE Ald &
i
Scheme 5. Aldol reaction catalyzed by polystyrene resin-supported
proline 7.
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Scheme 6. Proposed transition state model of Aldol reaction cata-
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Scheme 7. Aldol reaction catalyzed by linear polystyrene-supported
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Scheme 8. Aldol reaction catalyzed by MCM-41-supported proline 9.
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Scheme 9. Aldol reaction catalyzed by MCM-41-supported proline

10.

a) Yield = 15%-72%
anti/syn = 1/1.4-20/1
ee =70%-99%

b) Yield = 55%-90%
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ee = 80%-99%
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Scheme 10. Aldol reaction catalyzed by MCM-41-supported proline

B

11 in the presence of water.
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Scheme 11.  Aldol reaction catalyzed by proline in ionic liquids.
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Scheme 12.
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Cross-aldol reaction catalyzed by proline in ionic liquids.
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Stereoselective synthesis of pyranose.
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Scheme 14. Aldol reaction catalyzed by proline in silica-supported
ionic liquids.
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Scheme 16.
ica-supported ionic liquids.

Aldol reaction catalyzed by catalyst 22 in sil-

2| 42%, 11 ee HIEALRFFAE 83% (WL 16).
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Scheme 17. Aldol reaction catalyzed by ionic liquid-supported
proline 23.
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H
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R = 4-NO,-Ph, 4-Br-Ph,
4-CN-Ph, 4-CI-Ph etc.

Yield = 53%-94%
ee =64%-93%
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2

Scheme 18.
proline 24.

Aldol reaction catalyzed by ionic liquid-supported

MIEPEVE DR FFAAL.
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1 1
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Scheme 19. Aldol reaction catalyzed by ionic liquid-supported
proline 26.

Yield = 35%-78%
anti/syn = 67/33-85/15
ee = 75%-94%
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Scheme 20. Aldol reaction catalyzed by ionic liquid-supported

proline in the presence of water.
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R R

R = Ph, 4-CH;00C-Ph, 4-NO,-Ph, 2-CI-Ph, Yield =55%-98%

4-Cl-Ph, 3-NO,-Ph, 4-CHO-Ph anti/syn = 28/72-82/18
ee =62%91%

0 o) 0
HLRIZ A@ n=1or2
R’ "

BT R8RSR E A Aldol K2

Aldol reaction catalyzed by ionic liquid-supported

R 21
Scheme 21.
proline.
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T A 7 P RN B 32 8 M B A DR B AR
B, Han U801 B U3R0E 7 8 il o B
XA 280 2 IR e AL R 32, I F T i A AS 0 FR
Aldol Jz . B AR 30% 11 A6 7, 78 AR J 1 B 1]
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SLARIERENE (LKL 22).
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Yield = 36%-98%
low stereoselectivity

R!, R? = H,H; H,CH3; -CH,CH,CH,-; -CH,CH,-

B 22 BFREGHMBIERELT 32 ELR Aldod &
I3

Scheme 22. Aldol reaction catalyzed by ionic liquid-supported
proline 32.
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AXHR Aldol SR H 152 A A4 70 il 1) B, Jse
V. L fE#E DMF 5 DMSO H HE47, AN ikt Y A3 4% 4
g R (W 23).

AR L=

n=4,8,16, 32 64 g HCl
dendritic catalyst 33

RCHO + i 33 (0.85%-20%)
DMF or DMSO, EtzN

R = 4-NO,-Ph, 4-Br-Ph, 2-CI-Ph

PN
R
ee =19%-67%

B 23 B3 UESUAHHBREMENLL Aldol K

Scheme 23.  Aldol reaction catalyzed by dendrimer-supported proline.
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FE (AL TR 34 F1 35 (135 P R ST A4 o8 B L A 14 771
37 i, AHEE S AE ] 3 U5 JL3E K B 1 Ak
7 37 W] S 2 AR PR AR, H A A R ST A B
PRI RIL.

COOH
N/\//\O\\O’ Pro =341° generation
N= NH 352" i
N=N generation
363° generation

37 Wang resin

B 24 BIXUARSUHHBIBRELT 3437
Scheme 24. Dendrimer-supported proline catalysts 34-37.

1.1.6 ISR RERELT

B-IARIRG 57 480 2 18 A 4 70 A m) F T A A0 A R
Fr Aldol J 3. 9 a1, i 4k 751 384 my {1 4k 7y 1 15 55
B AN FR Aldol Y. HI 10% (1) A4 71 5t ) B
B R BCE R ee 5. JFH, bR E DT EL
AT 4 W, T AR A 3 Rt Tl 3 B R R AN AR (AL
KX 25).

38
B-CD

38 10% OH O

RCHO + )K 25°C,16-72 h /:\)K

R= 2-N02-Ph, 3-N02-Ph, 4-N02-Ph,
2-Cl-Ph, 3-CI-Ph

Yield = 76%-90%
ee ="71%-83%

X 25 TMWIHEREBRERELT 38 ELET Aldol K
Scheme 25.
proline 38.

Aldol reaction catalyzed by cyclodextrin-supported

B, 2K ABL I A A 70 395510 4010 b JT1 4 4k
AT R CL 5 5 A B AN RR Aldol [ v, 34 75
BUAR v (0 HE AL PEAT ST A £ 0E (LIS 5X 26 A 27).

H
N
\L/>< COOH
N

39

B-CD
OH O

O —_
RCHO + _ 0% _p
H,0, r.t,, 3-96 h

R = 4-NO,-Ph, 2-NO,-Ph, 4-CF;-Ph,  Yield =31%-98%
4-CN-Ph, 4-CI-Ph, etc. anti/syn = 60/40-99/1
ee =39%-99%
26 IRHIFE S1 B AE BRI L 39 LAY Aldel R
Scheme 26.
proline 39.

Aldol reaction catalyzed by cyclodextrin-supported

1.1.7 BRABERES 51 300 & ER 1 L 5

2009 4, Hansen f i 20 74 38 1 2% T4 445 1R s
B0 100 il R (A 77 41, 25 ¢ T B AR KA AR AL R
XIFR Aldol Je W IR P RE. Hrp BA Ol L5 0] i 2 o8
P 11 7= ) I8 91%, L/ Jz L Al ee {H 20 3l i ik
99/1 F1 99%. FH fr il 2 Wt e 42 VR AL, I 5
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40 2%
RCHO + sulfated B-CD 10%
H,0,25°C, 48 h

R = 2-NO,-Ph, 3-NO,-Ph, 4-NO,-Ph,
Ph, 4-Cl-Ph, 4-Br-Ph, 4-CF;-Ph,
4-CH;-Ph, 2-CH;-Ph, 2-furyl

Yield = 62%-100%
anti/syn = 84/16-99/1
ee = 96%-99%

Bl 27 IS S BB EER A 1L 40 HE1L B9 Aldol KL
Scheme 27.
proline 40.

Aldol reaction catalyzed by cyclodextrin-supported
% 41 0r 42 10%
T H,O,rt, 240 R! R?
NO,

Yield = 65%-91%
anti/syn = 88/12-99/1
ee = 90%-99%

R', R? = H,H; H,CH;; -(CH,)s-

B 28 RABBLEE S HHEIBRENLA Aldol R
Scheme 28. Aldol reaction catalyzed by acrylic polymer-supported

proline.

Xof i 5 2 PR (9 7 ) WAL 5 IA 93%, ee fEL A IR
91% (MLE=L 28).
12 HHBERBRITEMELNEZEAIIIR Aldol
= Kz
12,1 RAHFBREARLELT

T SR 110 il % Tk e £ 7706 AN KRR Aldol J W )
EAETE I A =, (A RG-S 43 (WK 29) 45
) P o 2 T M 4 e 790 2400 2 B0, b v 1 £ £ 9% Pk RN ST
(S 7T C

0] o O
o~ O 0
N N N H
/ NH |
H oy J}R2 H R
H-O

43 H-O
B 20 B LML AR R £ LR R L 0 — AR A

Scheme 29. General structure of substituted prolinamides and sup-

ported prolinamides.

Jiang VR84 ORI T BE G (AL ) 44 AE
T WA T AL A G R Aldol Je NV, 43 31 T 5 4f 11 &5
B IR EE AR 4 Yook ek B LT A (LK
2 30).

i

RCHO + _420%
[bmin]BF,, 0 °C
R! R!
R =4-NO,-Ph, 2-NO,Ph, 4-Br-Ph, 4-CI-Ph, 2-CI-Ph, Yield =46%-85%

3-NO,-Ph, 4-CN-Ph, 4-Me-Ph, Ph, 2-naphthyl, ~-Bu ee =91%-99%
=H; CH;

B 30 RBRERENLT 4 £58 FRIEFELS Aldol K
l‘[
Scheme 30. Aldol reaction catalyzed by prolinamide 44 in ionic

liquid.

Davis M1 8 T — RI AL G LAY 43
AR B K (ZK) AT 45, HT T AL AT I
55 4T R -OR FEE 2 TR R AN AR Aldol Je B (L ] =X
31), PR IE 13%~99%, ee i A 22%~77%. LA
738 TR A 8 A 7R B S A B R R e, (RO AR
b ATTIE 5 58 TRl PR R I B TSR A e 1)
oM. g BRI, LN AR A, AR 25 °C R RV
41h 1S P e dsc A, U TIL 98%, ee (HIA 82%.

mo
N HN—fAA|— AA2]\N0
H  H.pro-NH-TG
45 H-Pro-Ala-NH-TG
H-Pro-Ser-NH-TG
H-Pro-D-Ser-NH-TG
H-Pro-Thr-NH-TG
H-Pro-D-Thr-NH-TG
H-Pro-Cys-NH-TG
H-Pro-Ser-Phe-NH-TG
H-Pro-Ser-Trp-NH-TG
H-Pro-Ser-Tyr-NH-TG

Novasyn TG
resin

0 H O
o 45 13% -
+ A 20°C, 24 h
N02 NOZ

Yield = 13%-100%
ee =22%77%

ABMBIENLR Aldol R
Aldol reaction catalyzed by supported oligopeptide.

E= 31
Scheme 31.

55 BE R, Kudo BRAZL PRI T 5K 20 - %
Z W (PS-PEG) M Jlig F7 28 19 — IR A = ik M AL 7
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46~50. X LEAfE Ak A R m A VE P, =R R AR
KA R 6 h, W I 78%~99%, H NI AR % £
A B (ee = 12%~34%). 24 DL P4 /7K /DY 0 1K i
(RFALG 1:1:1) R 85 770, A 4 570 R B 48 44 57 ZnCl, H
N 20% B, AL 48 A1 50 ()1 e L (48: 0K
K >99%, ee = 64%; 50: L HE >66%, ee = 73%), {H I
1377 W) BATHH S I SE AR BY (S BY). HIHEAG ) 50 f
A VA 55 W H 5 T O R R 2 AR Aldol RV,
Wl 50%~99%, ee = 71%~84% (WL 32). fiEfk
FUTEZAFH S U, 1 ARG R T AR O B R RE
ANAZ AR R T I ZnCl,.

46 @Pro 49 O*Phe*Phe*D—Pro
47 @Phe—l’ro 50 O*Phe—TyrfD—Pro

48 GPhe —Phe —pro O = amino terminated PEG-PS resin

50 20% oH O
ZnCl, 20%

0
RCHO +
)K acetone/THF/H,0 1/1/1 RM

18-30 h, 0 °C
R =2-NO,-Ph, 3-NO,-Ph,

4-NO,-Ph, 4-CI-Ph, 2-CI-Ph

Yield = 50%-100%
ee =T71%-84%

ER 32 RBEZCH-BZC_EHHFRELLN Aldol K
Scheme 32.
gopeptide.

R AR ST A Ak T8 I % RS G R
Aldol MY IR A ZUME A TR, A7 I A ) =500 1%,
ST AR P L 2 R v P IR, SCRR[93]4 K

T A = IR AL ) 52~55, T4 Ak 9 A 5 2 B s
ANKIFR Aldol J N, 45 3] T8 ) s 45 R (I =X
33). X UG A A D n] AT AT 8 YT L AR B
TREFAAR, H DLV 7E S S T 3 5 A T B AR

Q\W Oilﬁ¢o

CO,H

O Polystyrene 52

51 SPAR 53
TentaGel 54

PEGA 55

s PG
0
RCHO +
)k 24 h,r.t. R

Yield = 30%-93%
ee = 72%-80%

R= 4-N02-Ph, Ph, C-C6H1 1»
i-Pr; neo-Pent

R 33 HE SRR 54 LR Aldol AT
Scheme 33. Aldol reaction catalyzed by supported tripeptide 54.

Aldol reaction catalyzed by PS-PEG-supported oli-

—EEZ SR G (LR 5N 34) tpk A TR
FOLTEE 455 Bl AN 0 R A5 PR FE WAL S Y. U (A7)
56 # BIh H ALK AR Aldol 1V, ee {H4 61%,
BTG PR, )WV 36 h, KW LR L 69%. 1M
TEKAH AT 1% IR A0 770 S Y 3 h, JeC ) e A 2 R mf
15 99% LA b, {H B X gk £

56 NH,

A8 A7 A6 AS A4 A3 A2 Al
Pro Lys Pro Lys Tyr Leu Lle Gly
OH O

» w

BN 34 BXRSWELT 56 MEHRELLER

Scheme 34. Structure of dendrimer 56 and its catalytic results.

Reaction in DMSO/acetone = 4/1 (V/V)
Conv = 69%; ee =61%

Reaction in aq. buffer/acetone = 1/1 (V/V)
Conv =99%; ee = 5%

2008 4F Wang M4 PR3 T Merrifield #4 g
B ) T RRAEAG R 57, JF 2% 5 T HAR T A R 4%
PR ALK AR Aldol Y. 117 RE, 12 51k 98%,
I/ J L6 A ee {H 43 3l ik 90/10 Fi 96% (UL =X 35).
JF B R b a] EERAE ] 5 Ok, FOus PRI AL AR i
PRI S5 T6 W Wl K.

57
o OH O
57 10% -
R'CHO + 2 /\A)L 2
CHO &R neat, 24 h, r.t. R! R
R R3

El= 35 Merrifield 115 51 # — Bk i 1L 71
A

Scheme 35. Aldol reaction catalyzed by merrifield resin-supported
dipeptide 57.

| 57 £ 1L B Aldol

2010 4, B 5 A D38 11 i 2 9L i A AL ) 58
W TR E A TR Aldol & ML K 36).
FEZR R T 1%~5% (048 A0 57 A0 0 i S B, ee i
F/ Js2 BE 73 30 v i 99% 1 99; A IR W 1) fe [
ee fH R FIk 97%, I HAE T 2D Al JEIAE ] 4 K.

Cui PR ZH P70 7 480 2 19 i ke A 7 59 T T
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2\
—NNWL\%
PEO 9,

0
o 58 N HN
H Ph
Ph

‘Ar
X ee: up to 99%

O 0/ 50,
X k 8 1% 5% = anti/syn: up to 99:1
0 Ar water (25-100 eq.) o ou
)K 4 cycles
R

|
R
NO.
ee: up to 97%

B 36 BFiRARAEBIIBARENLTIELD Aldol &L
Scheme 36.

prolinamide.

o
C-C-C-Cy,
H, H H,

ITIH

Aldol reaction catalyzed by ionic liquid-supported

R= -CHz(-CHz-NH-CHz)m-CHz-

I‘{ 1,2,3
NH n=1,z,
N

H o0 59
o OH O
0, -
R'CHO + HLR24>591M Rl/\‘)LRz
3 H,0
R R3

Yield: up to 93%

B 37 HiEEREERELT 59 1L Aldol AL
Scheme 37. Aldol reaction catalyzed by supported prolinamide 59.

anti/syn: up to 99:1  ee: up to 97%

B IR T AL AR AN XTRR Aldol [NV, i E Ik
93%, ee B A/ Jz bt 43 ) iRy ik 97% A1 99/1 (L] 5K
37), JF HAEA T 2 0] LE AT 15 Ik, BAR LS
PGS FRAIC, (HAZ ARG FEMERE A A AR
122 HiEiEREERERLT

BE WA I REEE G 60(a~e) 4% T T HEAL B
BEAKTFR Aldol Jx NP fEAT AKAEAE S R %52 T
FUAHE A0 A A R i R R R R 1 R, IE N
T T A A 700 1 P R 2R AT LR A, R IR AL 7 60(b)
(A0 e S iF (LK 38).
123 GEF M RRELT

Cheng ¥ /8 41 %08 T 24 2 1R Sk T o
R AT 61, FEANE] 1% MM E T, HEAN
FR Aldol Sz N I 2 B 0] 1E 99%, ee {H ik 99% (A
KK 39). JF HAECRFF SLARIE PEVEA AR T 62 T, i
e 2l ER AL 6 IX.

2007 4E, Cheng MR O — & 51 B 1 A4 A
WTPE AL 62~71 (LI 40) T4 AL P9 I
L5 4B 30K HE (R A X RR Aldol [ N, 7= )il ik

w Chin. J. Catal., 2011, 32: 1295-1311
OBn
9
N -S
H g 5
Dendritic catalysts 60(a—c) ; Z (1] "
cn=2 OBn

H O OH O

0o O]
60(b) 10% R + R/'
__60(b) 10% _ v
RCHO + 1,0 =z
24-72 h, r.t.

Yield = 31%-99%
anti/syn = 77/23-99/1
ee = 81%-99%

B 38 IR LT 60 LAY Aldol K2

Scheme 38. Aldol reaction catalyzed by supported sulfamide 60.

O OH

O (0]
| _61(0.33mol%) = .
RCHO + R L R R
R? R?
@n

Yield = up to 99%

61 PW 1,049 anti/syn =90:10
W Dig ee: >99%
N n=1,2 reuse 6 times
H 3

B 39 ZE&EHSEAH_ARELTENLR Aldol R
Scheme 39.
ids-supported diamine.

Aldol reaction catalyzed by polyoxometalate ac-

K\Nfcmg N 4Ho
(32 (o~ G

N XD 62X=Br
o
64 X = PF 6
OH
@
U\/N [(@)N-C4Hy
O~ 0O
H Br ' 67R=H N B
68R = CH3 69
S Z
N BO
H 70

0 D81
N O 9 N
T T H
H 71
EX 40 BFRAABHBIEBRITEMEMLT

Scheme 40. TIonic liquid-supported proline derivatives.

28%~99%.

1E7K (20%) F1 L 18 (5%) fE7E T, LL 63 A fiEfk

FI W 24y RS TR T RNV IR, B
4&%%‘2% SRR REPERAC (LB 41).

T, %% 2 IR S0 TPk — e fiefb 1) 72 (W
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o OH O OH

RCHO+ HLRI _8m
) [bmim]Tf,N

R 24 h,r.t. R? R?

Yield = 25%-99%
R =2-NO,-Ph, 3-NO»-Ph, 4-NO,-Ph, ;-naphthyl, anti/syn = 1/4.8-1.3/1
2-Cl-Ph, 2-Br-Ph, 4-Ph-Ph,,-OH-Ph, Ph,;-CI-Ph ce(anti) = 5%-32%
R', R? = H, H; H, CH3; -CH,CH,CH,-; -CH,CH,- etc. ee(syn) = 50%-63%

B 41 BFRIEGHZRELTIELE Aldol K[
Scheme 41. Aldol reaction catalyzed by ionic liquid-supported dia-
mine.

2 42) Bl T Ak BB R KRR Aldol Je 1%, 7=
PR TN ee (HIB T IE 90%, HAEAT A D] LLE 5
i1 4 k.

%
W 4/9 PW 504"
N

72, 25%
48h r.t. n ‘

O OH

X

A Q*

n34681012 R

B 42 REBEOEBM_FLELT 72 LT Aldol &KL
Scheme 42. Aldol reaction catalyzed by polyoxometalate acid- sup-
ported diamine 72.

1.2.4 S FIEFRIRE LT EL
Merrifield B i 47 28 (1) B Ik HE A7) 73 o4 HT 1
A H AR Aldol S UL e KA H 2% 11
ML BN AT IA 2 84% MR RN 97% (1) ee {H (ML
= 43).
O 3

ﬁﬁiﬂ“ﬁﬁgg

73 OH O

o (0] O
o —
)L + 73 2% Ar
Ar H H,O0, r.t.
O = Merrifield resin

3 43 Merrifield ¥ A5 £1 £ &7 IR & 1£ 571
=3

Scheme 43.
sulfourea 73.

73 {E 1L B9 Aldol

Aldol reaction catalyzed by merrifield resin-supported

2 R ESERRITEY{#E LB Michael i1
Bz

2.1 BaHEREENLT
Benaglia Ut 80411 R 38 (1) 5 2 I 47

L)

P A 1) 1 A1 e R 4 i A4 I 5 R R 0 A 1 M-
chael IS N (R 60%, T8 5 ik £ ik 95:5),
B3N G5 T 2R A A TR R A AR, X I ik R P8R
fiK (ee=40%). fi b 77 & & A H 4 &, W %
(60%—18%)~ JEXT ML FENE (95/5—90/10) FHX] ki
FEME (35%—20%) ¥A7 Pr Ak (WIS 44).

fo) O Ph

115% A _NO
N0 —— == _» 2
% * Y MeOH.72h |y

Yield = 60% Yleld =40% o] Yield =92%
syn/anti = 95/5 syn/anti =60/40 ee=0%
R! R2 ee=35% ee = 40%

R4 RBZZEHHEHIBRELR Michael ALK F
Scheme 44. Michael addition catalyzed by PEG-supported proline.

FH A Ak 00 1 fb 2- i 35 9 8 5 28 4 I 1
Michael fil i, ee {8 A 50%, (HCER AT 36%. #F
A N I [R), R T E 65%, 1H ee {H % A 42%.
AL 7R S T B, ISR AN R B, (H ee AN 42% T
B3] 32% (MK 45).

@ e

X 45
chael 0%
Scheme 45. Michael addition catalyzed by supported proline between

(0]

S

HEBRBRELN 2-HERKSHSHEIR Mi-

Yield = 65%

0,
1(15%)/NaOH ___ Y,

i-PrOH, 60 h

2-nitropropane and cyclohexene ketone.

Zhao YA VA BT B R £ R B
SR AL 5T 74, JF T B8 OO 5 2 4% 8 1 M-
chael MM, 25 R SR, 5% A 74 I8

N 45 AT (R = 92%, i/ L = 98/2, ee = 46%);
RG] B B AN SN 43 AR (02 = 54%, It/
K =98/2, ee = 54%). Bl Ja, AT X T KV IK
Y1, WH 39%~94%, i/ th = 98/2, ee = 5%~86%,
PLT R IA I B A7) 1 (LIE K 46).

Zhao HEUZ [A] I 25 HY T AT BE IR P AR (I
B 47). A NBRE W 2, M E R 4 K
Ja . WO (94%—24%) F1 X Wik £ PE (60%—10%)
R KBRS,

2004 4F, Toma 8411 OV/E 25 7 0 1A o HEAT T
AR MG RS G Yl . 1 Mi-
chael I & & B . R = 0%~90%, Wit/ % Lk = 1/1~
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o H O g
5 WCOOH
o NH

O = PEG (My 5000) 74

0 O Ph
74 5% ~_ _NO
+ . _NO y 707 H'k_/\/ 2
% L, PTS ChepMeon [,
R! R

R* R =1/1 (VIV)

r.t,48h
ElX 46 RZZEHBMEER 74 LA Michael il K
o
Scheme 46. Michael addition catalyzed by PEG-supported proline
74.

O (0]
H I
N iR 2
] a4
I N ,
9 \.H
-~
AN
Ph o3|
E X 47 W7 74 41k Michael finBX & 5 7] 8 RO i E S
tit)
Scheme 47. Proposed transition state model of Michael addition
catalyzed by 74.
| L-proline 5% | Ar
A SN <R [bmin]PFg R YVNOZ
r R2 12-48h,rt, or —80°C R2

Ar = Ph, 2-thienyl

B 48 B F iR SRS 1L B9 Michael 0 A& L

Scheme 48. Proline catalyzed Michael addition in ionic liquid.

12/1, ee = 0%~60% (M. K X 48).

2006 4F, iZ AL SCIRIE T8 WAk T
R ML) o, B-AN TR FEAL & 1 5 1 1y Bt 197 1)
Michael BN 2 B . At AT — 77 T 4 [bmin]PF & T
et ) N R EAT T OK Bk, PR WS ]k
18%~99%, fH JL-F- % H SLARE £, 55— J7 i, LA
o, B- ANV RN B Ak A 9 15 B ) 1) Michael i s A A5
RN, X6 8 IR A AT T 0RO, BLAR AR
I} 1A] (10 min) Py B 0K (76%~99%) Hi 75 51| 7= 47,
=¥ oS AR E R, OF HAE A A BRAAAE T
615 2] Michael INEG= 9 (WK1 49).

22 IHBRERLITEYELT

Pericas U i 2H "M GE T 58 AR 20 B R G 3 i

TR AT E WAL 7] 75 A 76, IE T T4 AL A KRR

L-proline 5%
[bmim]PF¢

5-480 min, r.t. )
Yield = 18%-99%

no stereoselectivity

SR
EWG
Rl)%/

R2
o S EWG + RsH

O SR O

RZ/\)LRI * RSH

L-proline 5%
ionic liquid R! R2

Yield = 66%-91%

no stereselectivity

EX 49 BFRAPHEBRELRSS op-FIEFHREL
& I8 Michael N A%
Scheme 49. Michael addition between aryl mercaptan and o,B-un-

saturated ketone catalyzed by proline in ionic liquid.

"0
Zj\/N\)\X
N
H  75X=CH,
76 X = CgH,CH,
0 75 or 76 10% o

DiMePEG 10%
X NO
, oA 2 H,0,rt,24h

R'' R
Ar = Ph, 4-CH;0-Ph, 2-CH;0-Ph, 4-Br-Ph, 3-Br-Ph,
3,4-methylenedioxy-Ph, 2-Br-Ph, 2-NO,-Ph, 2-furyl
R!, R? = H, H; H, CH3; -CH,CH,CH,-; -CH,0CH,-

B 50 REZHEGBHRERITEY 75 70 76 LAY Mi-
chael fIn B /2 2
Scheme 50. Michael addition catalyzed by polystyrene-supported

proline-derivatives 75 and 76.

Yield = 40%-85%
syn/anti = 89/11-99/1
ee=26%-99%

Michael BUAE N, FEAMRALSPE TR, fEA4LF 75 F1 76
BRI Rk ae (K 50). B ]
FEAAE T 3 UK, 107 AR BRI AT R B
Cheng M8 41O 48 7 SR 2K £ 0 B g ol ot
TR ) 2 BR AT AR WAL TR 77, I 5 T X
il 5 i 445 5 (1) Miichael 0 RS Sz B (0 HE AR P BE. BA
A Ol A I, A ORI (R = 56%~97%,
J/ 2 b = 93/7~96/4, ee = 68%~90%). LA &M . 7
il =55 T A R, AR s (LK S D).
Wang 8411 Merrifield B9 5 6 2% 19 — %
A6 7] 78 (a~d) FH T8 10 BF OO 55 A 5 0 4 1)
Michael JNECR I, W3 Sk 92%, dr (FEX WA &
E)E AN ee 523 B =35 99/1 F1 98% (LK = 52).
WAk, NATT R I Ml 2 e ek Tk LA O S 110 AN 6
FRAE AL VE RE, B 10 SO0 R FE 51 T AT 2%
2006 4, Zhao V41" AR T AW A IR
e ek K A2 A0 77 79~82, JF4 FLH T i AL I 5 A R0
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Qi (o)
77 W H

N
I , )i/ér\/
77 10% =
1 + Ar TR e NO,
R )S 2 \/\N02 toluene 6-36 h R =
R 2
r.t. R

Ar = Ph, 4-CH;0-Ph, 2,4-(CH;30),-Ph, 1-naphthyl,  Yield = 21%-97%
4-CHj;-Ph, 4-Ph-Ph, 4-CI-Ph, 4-NO,-Ph, 2-NO,-Ph  anti/syn = 70/30-97/3
2- Cl Ph 3-NO,-Ph, piperal ee =20%-90%

R}, R2= H, H; H, CHj; -(CHy)4-; -(CH,)5-

ExX 51 BEZCEHELBHIRITEY 77 1489 Michael
0 B R 2
Scheme 51.

proline-derivatives 77.

Q)" =~
R HN

Michael addition catalyzed by polystyrene-supported

78 a:R=H b: R =CHj;
c:R= C6H5CH2 d:R= n—C6H13
0} o Ar
Rl)% 4 At Cat. 78(a ) RI)K_/\/NO2
) NO, 25°C,72h —
R R
R 52 Merrifield # A5 £1 3 — iz 4 L 7 78 L &Y Mi-
chael 710 X 2 [z
Scheme 52. Michael addition catalyzed by Merrifield resin-sup-

ported diamine.

J& 161 Michael R Y. EMRAL ST, T 10% 1)
AL 80 REME Ml e . L R Ik B 1 Hh A 2 M-
chael I =4 (W 53). I H b4k 50 o) 42
1T 4 W, HHGE T (81%—65%) Al JE X I 3% £
p 1@ 79 (1= 1, para-position)

80 (n = 2, para-position)

81 (n = 3, para-position)
82 (n = 2, meta-position)

o
f/ \>
N =0
\
Hyvso 7
_8010%

N
ReHO + R'ZNANO 2 CClprt,30h, 64

\‘/\/NOZ

R
Yield = 42%-81%
syn/anti = 81/19-95/5
ee =77%99%%

R =i-Pr, Et, Pr, Bu, Pent, Hex
R'= Ph, 4-Br-Ph, 1-naphthyl, 4-MeO-Ph

B 53 fa# A EEEREEE 80 421X A Michael A & K
Scheme 53. Michael addition catalyzed by supported prolinol silyl

ether 80.

(81/19—75/25) A Ht F&A.
Pericas U4 5 41 'PURIT Peng ¥ 51 40 114193 ) 41 38
T AR i I A T L R 83 T 84 1 Ak 1Y I/l 5
il 55 45 428 1) Michael i B s N AE DA 56 1F R, 4k
71| 83 1 84 BRI T AR L 1135 4 R0 ST AR E B (L
K =X 54, 55). I H.83 Al 84 18 ] 6 0, R 7~
MG AT N P, AH L ARG R 1 e AR HF AR

QT
\:J\/O//,

83 N
0 HoomMs™ o

)\ A 83 10% H)%Noz
N0, CHyCl, ot

R R

Yield = 50%-99%
anti/syn =75/25-99/1
ee =90%-99%

R =H, Me, Et, n-Propyl, n-Pent
Ar = Ph, 4-Br-Ph, 4-MeO-Ph, 2-Furyl

EX 54 BEZHABHEEER 83 (£1LAY Michael il A
A
Scheme 54. Michael addition catalyzed by polystyrene-supported

prolinol silyl ether 83.

OTBDPS

0"

Ar
84 10% ]MNOZ
1 _ 00
R )Sj AN N0, pNO, Pheo T R # o
R CH,Cl,, .t. R

Ar = Ph, 2-CI-Ph, 4-Cl-Ph, 2-Br-Ph,3-Br-Ph, 4-Br-Ph, etc. Yield=39%-100%
1 n2_ . . anti/syn =5/95-97/3
R',R” = H, H; H, Et; -(CH,),- etc. o 749939

B 55 fhHip S EERERE 84 421K B9 Michael A0 AR R
Scheme 55. Michael addition catalyzed by supported prolinol silyl
ether 84.
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(L 56). M4k 63 FALAE T4 e, HAELE
VAT BT T B, AE L AR R B vE AN AR

B Ji7 , Liang U021 11OV 5 il T 28 BL 4 4k 71 85,
I TS . 565 9509 K8 1) Michael Jin 5
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62, 63 15% . NO <—>/\N’\«N
NO)y —M——M8M—— ) I
RI)S + R/\/ 2 TFA (5%) Ry H N BF /
Ry 8-96 h, r.t. R, H 374
R = 4-CI-Ph, 4-CH;0-Ph, 3-NO,-Ph, 2-naphthyl, Yield = 25%-100% 0 87 20% 0O R
4-CH;-Ph, 2-C1-Ph, 3,4-methylenedioxy-Ph  syn/anti = 83/17-99/1 NO, — = ~_ _NO
B 1 2
R', R? = H, H; -(CH,)3-; ~(CH,)- ete. ee = 43%-99% R RN TomimBE, re . R )K_/\/

B 56 BFRIEGEBEERLTEYELA Michael I0E
R K
Scheme 56.

proline-derivatives.

Michael addition catalyzed by ionic-liquid-supported

, }3F§a
A,
éNH . @
0]

O R
8515% =

NO

Rl)% + R/\/Noz TFA 5% Rl)K;/\/ 2
R? 48-72h, r.t. R’

R = 4-Cl-Ph,,-Cl-Ph,4-CH;0-Ph,,-naphthyl etc. Yield = 63%-99%
syn/anti = 5/3-98/2

Rl, RZ= H, H; H, Et; -(CHy)y4- etc. ee =40%-97%

B 57 BTFRESBBERBRIITEY 85 /LA Michael
K R
Scheme 57. Michael addition catalyzed by ionic-liquid-supported

proline-derivatives 85.
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B A5 I (29%~64%) RIS w37 A4 35 £ (I
/It = 89/11~97/3, ee = 64%~88%) (M. 58).
DA Q
N—S
E H (‘)‘\ﬁN
szN@ \ 0 R
2 86 20% |
H)KKIR + R/\/NOzE—Wd HJ‘H@/NOZ
R Rl

R = Ph, 4-CH;-Ph, 4-CH;0-Ph
RY, R?=H, i-Pr; H, C3H7; H, C4Ho; CH;, CH;

86

EX 58 BFRIEGIHBRELTEY 86 1L B Michael /0
X R
Scheme 58.

proline-derivatives 86.

Michael addition catalyzed by ionic-liquid-supported

A, B AR U AL 87 T
ALK FR Michael i i U R m ik 100%,
ee {E AN/ 5 Lt 23 5 =ik 97% A1 99/1 (ML K 59).

R? R

B 59 BFiRksEZRRELTIELE Michael IR
l‘L
Scheme 59. Michael addition catalyzed by ionic-liquid-supported

proline diamine.

3 AHMEREETEVECHEERN

3.1 Mannich

Benaglia 55058 % 58 T J 2 R S B AR
AL 1 X AKX FR Mannich S 4R 461 B8 (I 1B
1 60), BHIL 81%, ee fH H1ik 97%. JF H AL 2
DT LA SATH] 3 IR, AL AR B PEORFFAE.
130%  PMP~

rt.,24-72 h
DMSO

)
M+ rcHO + PMPNH,

Yield = 10%—-81%
ee =40%-97%

X 60 BRZ_EzHHHEELELA Mannich &
Scheme 60. Mannich reaction catalyzed by PEG-supported proline.

R =4-NO,-Ph, 4-CH;0-Ph, i-Pr, i-Bu

75 B 7 WA [bmim]BF, o L-fif 20 98 B w] i A b 1
Bl () AN FR Mannich WV (WK 61). 75 5% 1)
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Ak AR T E A AR T 4 YT OR R L AR IE PR, H
R A BT PR (99%—83%)L,

PMP.

L-proline 5%
1 0 [br]?nim]BF4 ’ U/ 1
R+ RicHO + PMPNH, 56y 5oor 2 R
R! =H, allyl etc. Yield = 52%-99%

R? =4-NO,-Ph, i-Bu etc. ee =43%-99%

3 61
A7
Scheme 61. Mannich reaction catalyzed by proline in [bmim]BF,,
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HATHED AL ARG FR C—C B B N F 57 33 1309

/J’Lw

\\ [demim]BF4
L-proline 5% \
[demlm]BF4 I;IH 0
/)L\+ RNHy ——— %»
2-4h,25°C
Yield = 72%-96%
ee =28%-99%

R = 4-CHj3-Ph, 2-CHj3-Ph, 4-CH30-Ph, 4-C1-Ph,
3-Cl-Ph, 2-CI-Ph, 4-F-Ph, 3-CF3-Ph, Ph

X 62
nich 2 K2

Scheme 62. Mannich reaction catalyzed by proline in [demim]BF,,

£ B F i 1K [demim|BF, & i & B 4 1L A9 Man-

0 1) L-proline 0
. 0.5%-20% o
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R', R? = H.CH3; «(CHy)4-
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Scheme 63.
proline in ionic liquids.

a-Aminoxylation of aldehydes and ketones catalyzed by

TE— ZR B B 1R o6 P T AN ER LI ) o2 i AE
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(WL 63).
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ee =95%-99%
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Scheme 64.
ketones in [bmim]BF,,

Proline catalyzed o-aminoxylation of aldehydes and
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Yield = 67%-98%
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R!, R?=Me, Me; H, Et etc.
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Scheme 65.

proline in [bmim]BF,,

a-aminoxylation of aldehydes and ketones catalyzed by
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