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catalysts used in this study
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Table 1 Screening of catalyst for the organocatalytic asymmetric conjugate addition of 1 to N-maleimide 2*
o P Catalyst
é/coom + QN—Bn (10 mol%)
Toluene (1.5 mol/L)
O
1 2 3
Entry Catalyst Time (day) Yield" (% ) d. r (syn/anti) e.e"(% ) (syn)

1 1 10 82 60: 40 50
2 I 8 67 70:30 64
3 1 10 88 80:20 72
4 v 13 76 47:53 15
5 v 8 81 62:38 56
6 Vi 10 87 68:32 23
7 Vil 12 72 84:16 9

“Experimental conditions (0.2 mmol scale) : the reactions were stirred at ambient temperature in undistilled CH, Cl, with a 1: 1.2 ratio of 1 to 2;

"Isolated yield; “Determined by HPLC analysis
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Table 2 Screening of reaction conditions for the organocatalytic asymmetric conjugate addition of 1 to N-benzylmaleimide 2*

o 0 0 N
0,
COOEt 4 [ N-pn CRUIL(10mol%) 0
Solvent (1.5 mol/L) SYCOOFt
o}
1 2

o) Bn

3

Entry Solvent Time (day) Yield" (% ) d. r (syn/anti) e.e’ (%) (syn)
1 CH,Cl, 8 86 71:29 68
2 Toluene 8 88 80:20 72
3 THF 7 67 70:30 69
4 Et, 0 10 81 78:22 67
5 Hexane 12 74 74:26 62
6 CHCI, 7 63 60: 40 54
7 CH;CN 15 51 31:69 38
8 MeOH 4 93 36: 64 15
9 EtOH 6 92 42:58 26

10¢ Toluene 13 90 84:16 69
11° Toluene 13 87 73:27 67
12 Toluene 17 82 80:20 75

*Experimental conditions (0.2 mmol scale) : the reactions were stirred at ambient temperature in undistilled solvent with a 1: 1.2 ratio of 1 to 2

"Isolated yield; °Determined by HPLC analysis; “With 5 mol% catalyst loading at ambient temperature; With 2 mol% catalyst loading at ambient

temperature; 'The reaction was carried at 0°C .
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Table 3 Highly stereoselective conjugate addition of 1,3-dicarbonyl compounds 1a ~ e to 2 catalyzed by catalyst Il *

O
o)
0O 0 o
0,
R]Mw + | N—Bn Catlll (10 mol%)  R!
R? Toluene (1.5 mol/L) R
0 0
la~e 2 4a~e
Entry 1 Time (day) Yield” (% ) d. r’ (syn/anti) e.e’(% ) (syn)
COOMe
1 ©:>:0 3 87 90: 10 71
a
O o
2 O\b)K 4 90 91:9 68
b
O O
3 MMOEI 4 72 88: 12 65
Me c
O o
4 N 5 70 87:13 69
d
o O
5 w 6 58 90: 10 68
e

*Experimental conditions (0.2 mmol scale) :

"Isolated yield; “Determined by HPLC analysis

the reaction was stirred in undistilled solvent with a 1: 1. 2 ratio of 1a ~ e to 2 at ambient temperature ;

Table 4 The reusability of the catalyst Il in the reaction of ethyl-2-cyclopentanonecarboxylate 1 to N-Benzylmaleimide 2*

(0]
O
CatllI (10 mol%
COOEt + || N-Bn ¢ )
Toluene (1.5 mol/L)
(0]
1 2 3
Entry Repeat number Time ( day) Yield” (% ) d. r (syn/anti) e.e" (%) (syn)
1 1 10 88 80: 20 72
2 2 12 70 75:25 68
3 3 12 80 74:26 69

*Experimental conditions (0.2 mmol scale) : the reactions were stirred at ambient temperature in undistilled solvent with a 1: 1. 2 ratio of 1 to 2 and

Et; N added; "Isolated yield; “Determined by HPLC analysis

7 &k

ARICET T PRGOS, IF R
HA T 13- AL & W A N7 2 5ok it
% ) Michael Jif s 5B B 1734 BE i AL 1% B,
o SR i — 5 £ DY 06 T B 3y T A Al
AL ROCR e . RGTHARR T ) AL ]

R Y A ALY B S, I R T
P30 Ay T A2 A FH Pk A 45 SRR 1 b Ak R A R
2T B B R 0 ST PR BE B R R L RAR T
T2% 1 e. e {H ,88% M7 H LI KA d. v {H.
L A4 TR, B F L, A Ak )R] DL 5l A 3
W, B — o 1 A Al MR

REFERENCES

1 Zhang Weihua( 2 4E4E) |, Yang Chunlong(# % J¢ ) , Wang Minghua( £ 148 ) . Chinese J Org Chem (A #l4k %) ,2003,23(8) :741 ~749

2
3

Vakulya B, Varga S, Csampai A. Org Lett,2005,7(10) :1967 ~ 1969
McCooey S H,Connon S J. Angew Chem,2005,117(39) :6525 ~ 6528



53 o AT A - 5 — S M A S N A A R ) 5 B S S R X Bk Miichael I FA) i A 1 fiE 489

Bode C M,Ting A,Schaus S E. Tetrahedron,2006,62(49) ;11499 ~ 11505

Wang B M,Wu F H,Wang Y.J] Am Chem Soc,2007,129(4) :768 ~ 769

Nojiri A,Kumagai N,Shibasaki M. ] Am Chem Soc,2009,131:3779 ~ 3784

Li H,Wang Y, Tang L, Wu F,Liu X,Guo C,Foxman B M,Deng L. Angew Chem Int Ed,2005,44 ;105 ~ 108

Ogawa S, Yasui H, Tokunaga E,Nakamura S,Shibata N. Chem Lett,2009,38:1006 ~ 1007

Liu Guohua( Xl E4£) ,Xue Yunning( #% f2F) , Chen Xiaomin ( [ B% [ ) , Fan Qinghua ( Ji5 % %€ ). Acta Polymerica Sinica ( 4 F %4 ) ,
2006, (2) ;371 ~376

10 Bartoli G,Bosco M, Carlone A, Cavalli A, Locatelli M, Mazzanti A, Ricci P, Sambri L, Melchiorre P. Angew Chem Int Ed,2006,45:4966 ~

4970
11 Bartoli G,Bosco M, Carlone A, Locatelli M, Melchiorre P,Sambri L. Angew Chem Int Ed,2005,44:6219 ~ 6222
12 Qin Y Y,Yang G X,Yang L. L,Li J,Cui Y C. Catal Lett,2011,141:481 ~488

O N N s

PVDC-SUPPORTED CATALYSTS DERIVED FROM CINCHONA
ALKALOIDS FOR ASYMMETRIC MICHAEL REACTIONS

PR 1 -1 «1,2
Li-li Yang , Yan-yan Qin , Yuan-chen Cui"’
(' College of Chemisiry and Chemical Engineering
*Key Laboratory of Ministry of Education for Special Functional Materials, Henan University, Kaifeng 475004 )

Abstract New polymer-supported catalysts were developed by common synthetic polymer poly ( vinylidene

chloride) (PVDC) grafting with natural cinchona alkali cinchonine. Seven polyvinylidene chloride-bound

catalysts were synthesized by cinchonine which activated by p-toluenesulfonyl chloride reacted with

polyvinylidene chloride polyamine resin. And they were tested in the challenging conjugate Michael
addition between 1,3-dicarbonyl compounds and N-benzylmaleimide, forming quaternary carbon and tertiary
carbon centers. After the investigation of solvent, amount of catalyst and temperature, the optimal catalyst
PVDC-tetraethylenepentamine-cinchonine ( PVDC-TEPA-CN ) obtained good yield ( 80% ), excellent
enantioselectivity (72% ) and diastereoselectivity (80:20) at the optimized reaction conditions which were
toluene medium, 10 mol% catalyst and room temperature. In addition, the catalyst which was applied to six
kinds of challenging substrates had a wide scope of substrates, and it can be recovered and reused for at least
3 cycles without loss of its enantioselectivity.

Keywords Cinchona alkaloids, PVDC-supported catalyst, Asymmetric Michael reaction, Adjacent

quaternary and tertiary stereocenters



