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Table 1 Alkylation of rac-1, 3-diphenyl 2-propenyl acetate by polymer-supported chiral catalyst 1
1% eel%
1a TentaGel 60~ 100 80
(R, R)-1b TentaGel 4 66
(R, )-1¢ TentaGel 3 61
2 — 76 ~ 98 77
~_O. \ 7\
f’“\\vO\/C/T O N\ o) </_i:) 0 o) Io) ) / 0
> R FEl ey Shad
OT‘/\ _Q P Ph LN N, gHN N N\\_P
}N ﬁ-ﬁ?’ 4 5 6
Ph 3 Ph
OCO,Me MeO,C._CO,Me
“ CH,(COMe),,BSA,Mo(CO)g,NaCH(CO,Me), _
cl BiiA 5 546, THF, w-wik Cl
2 5 6
Table 2 Catalytic behavior of chiral ligands 5 and 6 in asymmetric allylic alkylations 1
THF /il PhMe fmL. 1% eel%
(S, 9)-6 2 0 78 %
(S 9)-5 1 0 95 8
(S 9)-5 0.5 Q5 95 76
(S, 9)-5" 0.1 Q9 76 8
* (S, S)-5 ligand could be reused at least seven times.
Ming Merifield - 7,
) ; , R' R : (

Scheme 4, , - 3).
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Table 3 Asymmetric allylation of imines 8 catalyzed by polymer-supported chiralm -allylpalladium catalyst 7

8 R! R? 9/% eel%
8a Ph Bn 76 209
8b Ph Bn 91 2(8)
8 pMeOCgH, Bn 45 38(S)
8d Ph Pr 24 35(8)
8 2- Bn 77 26(S)
8f PhCH=CH Bn 77 26(S)

2 BRI XA E AL Sm R R R
20 80  .Oguni " .
( Scheme 5), ee 49%;, Q A
i 37 / C\H ©)\/
O + ZnEt,
; 99%
(1]
Frechet 12 )
Merrifield ( 1% ~2%) B- .
30min , 60h M )
, 96% , ee 80%. 4 ,
85% , ee
4

Table 4 Asymmetric addition of Et,Zn to
aldehydes in the presence of the chiral ligand 1
hh 1% eel%

Mi“fp " Ph/RKzﬁ\ ?

N 74 R . o
me OH Ho ©

&
R

o) % 80 R 10a RoN=ITR 1
10bR,oN=4- {1 JEEI:

& 5o 8 K 10¢ RoN=l1fi-2,6- F1 EMRIE

ZL/A)
SN 7 91 92 S
T Me

Vidal-Ferran " 10,
’ ’23 6’ 10C .
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Table 5 Asymmetric reaction of diethylzinc with benzaldehyde catalyzed
by polymer supported Ti BINOLate 11a 11c catalysts

11a 11c 11a 1lc 11a 11c
RCHO - -
o ['C h IC h 1% 1% eel% eel%
)i\ Ph 0 35 0 20 88 92 65 61
‘NH-R
- 4-CIPh 0 35 0 20 94 95 60 33
OH 3-CIPh 0 35 0 20 91 95 55 4
N /OH
U | 4-MeOPh 0 35 0 0 88 85 51 8
S
11aR= O 2-CIPh 0 35 0 20 91 93 34 3
11cR=-Ph 3-NO,Ph 0 50 0 40 89 93 79 76
PhCH= CH 0 35 0 20 92 90 35 32
6 11b 11d
Table 6 Asymmetric reaction of diethylzinc with benzaldehyde catalyzed
by polymer-supported Ti BINOLate 11b, 11d catalysts
11b 11d 11b 11d 11b 11d
RCHO - -
[C h ['C h 1% 1% eel% eel%
Ph 0 24 0 15 e 23 15 63
2-CIPh 0 25 — — R — 97 —
3-CIPh 0 24 0 24 89 RN 94 A
2M OPh 0 24 0 24 89 R 94 —
4-NO,Ph 0 48 — — N — 96 —
11d R=-Ph PhCH= CH 0 28 0 20 97 89 93 36
Jayaprakash " BINOL 6 , 12,
BINOL 13a 13b, 14a
14b, Ti (O'Pr), 14a 14b . 14
(2 : (D s , CH2Cl2
) CI—IZ Clz . 51 %9 ee 80 %9 ) 22 %9 ee
36%;(2) 10 %mol (61%) (ee  :83%0)s

20%mol (14%) (ee :83%).
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‘ O 13 R=-CH,OCH3
¢ OO 0 O 13a (12/7£ L H5=1/33)
o CH20CH3 13b (121K L J5=1/4)

OR
0. 14 R=H
OO CH,OCHj3 OO OR  14a (127 2.45=1/33)
12 14b (12/ 4 ZK5=1/4)
[21
Buguete 15 ) 16,
17, b
. . 10mol ¥4
16 17 ) (169 87%6@9 179 89%66)
, ( .
7 16 17
Table 7 Asymmetric reaction of diethylzinc with benzaldehyde catalyzed
by poly mer-supported chiral ligands 16, 17
mol/% b /% ee/%
L__I\AC‘ r.\'[‘“, 16 2 74 70(R)
/ /LfH Z(N*":H Ph
N coocHs © N g 16 5 74 R
R HO 16 10 85 87(R)
15 16 R=—Ph
16 20 88 (R
17 R=—
O 17 10 83 89(R)
17° 10 74 80(R)
a. H b.
BINOL. » Shaikh '™ 8
18.19, N . s
.. 07 F(=175) ; (8.9,
19 , ( 10).
8 18 19

Table 8 The enantioselective addition of diethylzinc
to benzaldehyde employing catalyst 18, 19

C /% ee/%
18 : a:n —178 46 21(R)

O\“/"x_ 19 : a+n —78 52 36(R)
\; 18 ; a1:D — 10

- @ 34(R)
|
. -NH 19 : a:n 0 7 38(R)
|
2
‘\/LY‘N\_«B 18 Coas 0 8 84(R)
o/ R! 19 fs) 0 0 89(R)
1 2_
18 RT‘Ph- R ‘2H 18 Coars) 30 0 84(R)
19 R =CH3, R =CH20H3
19 Coas) 30 75 50(R)
19 0 81 84(R)

2003 , Christopher ' -2- .
(—) 20. 20
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Table 9 Enantioselective addition of diethylzinc to Table 10 The enantioselective addition of diethylzinc
aromatic aldehydes using polymer supported catalyst 19 to benzaldehyde using recyded polymer supported catalystl9
% ol 1% eel%
%2 83(R) ! 90 89
% 68(R) 2 86 84
0 43(R) 3 87 85
- 75 53(R) o)
-N, N- 87 76(R) H 7 3 OMe "
9 %0 84(R) 0" ORO™ O ?\l
3,45 8 90(R) O 1
68 52(R) 20 HO PN
» Shinobu ' 22a, 22b. , 21
) 6- 22a,22b ( Scheme 6),
22 ) 2a.22b BINOL ,
ee , 22a, 22b > ee ( 1.
Shinobu

O+ R
" :
OMOM O7L
/\@ 1) O OMOM 4 OO OH
O\/\O/\/O\/\O/\/OH A'LZJ(% NaH’NaI

(2) Mel, NaH, THF 22aR=H OO OH
21 (3) TsOH 22b R=Me
11 22

Table 11 Catalytic asymmetric alkylation over spherical pdymer-supported Ti BINOLate complex 22

Ti(O-i-Pr) 4 Ceq. ) 1% eel%
22a(9mol /%) 1.0 51 76
225(9mol /%) 1.0 60 81
22 (18mol /%) 1.0 79
22b (18mol /%) 2.0 96 84
BINOL(9mol /%) 1.0 76
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Merrifield 3,3~ .
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Suzuki , 3,3- , 24(  Scheme 7).
24  Suzuki , , 24, Zr(O-t-
Bu), 25, 25 ~Diels-A lder . 3,3~
( Schame 8, 12). 3,3 4 . ee
83%. Ar 3 25 3 s 97%)
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/J) = T e AP omom “OH
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23 24 Ar
j 0. O'Bu
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Table 12 Asymmetric Diels- Alder reaction
using polymeric catalyst 25
Ar 1% eel”
HO]@ C[OH 61 77
N 4 L QSiMes E@R M % %
)\(\OMG ©\ (0] 80 83
Me R 87 0
4 63 59
Rita '™ (spacer) (linker) Lk
26. 26 N- wth Diels-Alder (
Scheme 9), 83%. 98 2, ee 45%;.,
€D Diels-Alder . C e 26 ; (2)
Cu ;) 2 : CsC0s, CsCOs
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) Cu”"

4 A XFR Aldol KL

Aldol

Aldel



2 " 23 -
Kiyooka '™ 27a, 28a,
] .

Mukaiyama : (D , 27a.28a 27b. 28b ,
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292, 29a ( Scheme 10, 13).
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13 27 28 Mukaiy ama
Table 13 Asymmetric aldd reactions using polymer- supported chiral ligand 27 or 28
( mmol/g) 29a 29a ee /% 2% 1o 29b ee /%
27a 0 CH,Cl, (& 63 13 26
27a ((\y2)) CH,CL, () 54 26 34
27a Q92 CH,Cl, 56 44 40 30
27a a0 4 THF 24 58 — —
27a 7 THF 28 90 - -
28a (0 83) CH,Cl, 2 23 29 8
28a (0 83) THF 10 52 — —
27b CH,Cl 60 24 95 93
28b CH,Cl, 70 25 74 70
1999 ., Fujii BINAP [ Pd(MeCN )] ”
30, 30
Mukaiyama (.. Scheme_11), ee 76 %0 ,
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. 74%, 0.2 eq) : 94%,
Mannich . 3 (o 2-
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ee
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33h 4k 1k Yy Merrifield 4 1
t? Rhy(6S-MEPY)
o ,.f' ~ 2 = 4 =Y I o )
002, Doyle s PY)ha Q © ey ¢.::):i :J (S-PY)Rh,(5S-MEPY);
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Rh, GS-MFPY), ) 34(  Scheme 15),
14 34
Table 14 Catalytic cyclopropanation of styrene with ethyl diazoacetate using polymer-supported chiral catalyst 34
eel%
(mmolfg=~ ") mol /% 3% trans *ds
trans-35 cis35
Rhy (5S-MEPY) 4 — 1.0 Y 5644 58 3
MHa 004 0.8 58 6634 64 48
3Ha Q0 054 0.8 58 66734 4 43
34h Q315 1.0 (Y 5743 56 40
34 0032 L0 58 68732 66 49
34h 0032 035 58 6931 65 47
1007 ®&%
( Scheme 16), 35 gg .\.‘:ﬁ.{\:\:\’- -
Rh, (55-MEPY ). (14, 10 70 . 34a
(D el - 34b
Mayoral 2 o s gg
36. 207
37. 38 18_ N
( Scheme 17), ) 36 2345678910
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15 37.38 39
Table 15 Cydopropanation reaction using
chiral ligand 37, 38 39

Cu trans/cis  ee/%  eel%

[mmol g™ 1) 1% (atio)  (wams)  Ceis)
37 0. 01 28 19 61 55
38 - 32 23 50 40
39 0. 07 —a 06 78 72

Michael
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Shigeki ' 40 41ab, 40, 41
Michael ( Scheme 18), 16 , 41b ,
, . , 50mol %4 ,
56 %, DME .

e P
O B

7

“La-
o Mo ) ~
41 NN
41aM=H 41bM=ZnEt
O
ij 1 COOBN (R,R)-40.41.42.44 545 é
COOBn THF rt. -~-.(COOBn
COO0Bn
16 La-BINOL 40 41 Michael
Table 16 Catalytic asymmetric Michael reactionpromoted by La linked- BINOL complexes 40 and 41
ol 1% Ic h 1% eel%
40(10) THF 0 45 53 85
41a(20) THF It 72 45 66
41a(50) DME .t 87 56 78
41H(20) THF It 45 72 66
. Jayaprakash'"” AlLi- ( ) (ALB) 2. . LA TH,
43 44, ¢ 0C , THF LAIH, 43
), 45 ( 4. 45 ). 42.44.45
( Scheme 18), 17. ,
s s . 45

0, v, OO0 e,
seiiaee o

43

, Michacl 17 42,4 45
Michael
Table 17 Asymmetric Michael reaction catalyzed by
polymer supported catalysts 42, 44 and 45

/molV h /V GB/V
:l: \£ 0 0 0
él:l K To
Q 68 42 %
, “ 96 14 %
) , , 4 67 68 %
, , , 45 89 21 %
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Polymer-supported Chiral Catalysts in Asymmetric
C—C Bond Forming Reactions

DOU Ren-bo, LONG Quan, LI Xiao-qi, ZHENG Bao-zhong
(Department of Material Science and Engineering, Yunnan University, Kumming 650091, China)

Abstract; In this review, we summarized, according to the type of reactions, the very recently discovered
polymer-supported chiral catalysts, which showed good catalytic activity and enantioselectivity in asymmetric C—C
bond forming reactions and prepared method.

Key words: Polymer-supporied chiral catalyst; Asymmetric C—C bond forming; Catalytic activity;

Enantioselectivity



