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Abstract: Acrylonitrile-cinchona alkaloid copolymers catalyzed the asymmetric addition of benzyl 
mercaptan to 2-nitrostyrene to give always (+)-enantiomer in excess, indicating the participa- 
tion of C(3)-chirality in the enantioface differentiating step. 

In almost all cases so far reported, the stereochemistry of the asymmetric reactions under 

the influence of cinchona alkaloids or their derivatives is controlled by the configurations at 

C(8) and C(9) in the alkaloids; 1'2 if quinine (QN) or cinchonidine (CD) having C(8)-(s), C(9)- 

(R) erythro configurations gives (s)-enantiomer in excess, quinidine (QD) or cinchonine (CN) 

with opposite (R), (S) erythro arrangements will give (R)-enantiomer in excess (henceforth called 

"C(8), C(9)-control"). Since our discovery3 that acrylonitrile copolymerizes with cinchona 

alkaloids, we have been exploring the catalytic behavior of the polymeric alkaloids (AN-CA) in 

asymmetric reactions. 
2c,4,5 

We now report an unusual catalysis of AN-CA which strongly indicates 

the participation of C(3)-chirality in the enantioface differentiating step. 

tCH2+-----+H2<,H-f Config. 

CN 4 Type R C(3) C(4) C(8) C(9) 

QN OMe R 5 S R 

QD OMe R S R s 

CD H R S S R 

CN H R s R S 
AN-CA 

Asynmietric addition of benzyl mercaptan (l_) to 2-nitrostyrene (2_) was studied by using the 

AN-CA catalysts.6 A mixture of 1 (11 mnol), 2 (10 mmol), and a catalyst (0.25 mmol) in toluene 

(30 ml) was stirred at room temperature under nitrogen. The reaction was complete within 17 hr. 

The catalyst was removed by filtration. Distillation of the filtrate gave chemically pure 

product, 3 (bp 158-160 "C(O.15 nm)). The results are summarized in the Table. The enantiomeric 

excess of zwas determined by the chemical correlation with 2-benzylthio-2-phenylethylamine 

hydrochloride (5). Reduction of 3_, [o.]i5 +15.3" (c 2.9, toluene), with Fe-AcOH7 gave the 

corresponding amine, &8 which, in turn, was treated with HCl to yield 5, [a];' t15.9" (e 3.5, 

MeOH). Since optically pure Lwas reported to show [alo 2o 205.9' (C 3.5, MeOH),li it was 
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AN-CA Yh 
PhCH2SH + PhCH=CHN02 - PhCH2SfHCH2N02 

1 2 3 _ 

Fe-AcOH Plh HCl Ph + - 
3 - PhCH2StHCH2NH2 - PhCH2S:HCH2NH3Cl 

Table. Asymmetric Addition of J_ to 2 

Entry Catalyst (maca) Chemical yield, %b [a];5, degC % eed 

1 AN-QN (3.6) 61 

2 (6.0) 47 

3 (10.8) 51 

4 AN-QD (3.3) 51 

5 (5.4) 54 

6 (9.8) 55 

7 AN-CD (3.1) 60 

8 (6.1) 50 

9 (7.9) 48 

10 AN-CN (2.4) 50 

11 AN-QNaHCle(6.9) 47 

12 AN-QNECf(9.9) 44 

t14.8 7.3 

t18.7 9.3 

t11.7 5.8 

t29.9 14.8 

+36.3 18.0 

+21.9 10.8 

+20.7 10.2 

+25.7 12.7 

t20.2 10.0 

+25.1 12.4 

+ 3.7 1.8 

+ 8.8 4.4' 

aMol % alkaloid content in copolymer. 
b 
Calculated on the distilled sample. 

'Measured in toluene (C 2-3). d Absolute configuration is unknown. Determi- 

nation of % ee: see text. eAcrylonitrile-quinine hydrochloride copolymer. 
f 
Acrylonitrile-9-&ethoxycarbonylquinine copolymer. 

estimated that optical rotation of the optically pure 3 was [a], 25 202" (toluene). The % ee data 

in the Table are based on this value. 
9 

The Table shows that the extent of asymmetric induction was sensitive to the copolymer 

composition; optimum composition for the highest optical yield existed in every family of 

copolymers (entries 2, 5, 8). It is also shown that modification of N(l)-amino group (entry 11) 

or hydroxyl group (entry 12) greatly reduced the stereoselectivity. 
10 

The most striking aspect 

of the present results is that the AN-CA catalysts always gave an excess of (+)-3 irrespective 

of the kind of the alkaloid units incorporated. The other example of such a phenomenon could 

not be found in the literature. 
11 

For comparison, the catalytic behavior of monomeric alkaloids (CA) and their dihydro 

derivatives (DHCA) were investigated. The specific rotations of 2 obtained were -6.0' (QN), 

t3.9" (QD), +6.3" (CD), t10.9" (CN), -13.6" (DHQN), tl5.5" (DHQD), -1.7" (DHCD), and tl4.70 

(DHCN). The results with the CA catalysts are not simply correlated to the configurations at 



C(8) and C(9),' but are in accord with the data of Pracejus et al. li It is to be noted that the 

AN-CA catalysts are far more stereoselective than the CA catalysts in this particular reaction. 

The results with the DHCA catalysts constitute a typical example of C(8), C(9)-control. These 

findings show that the catalytic behavior of AN-CA is quite different from that of low molecular- 

weight counterparts. 

In the AN-CA catalyzed reaction, some chiral factor, which is common to all the alkaloids 

used, must play an important role in the enantioface differentiation. Of the four asymnetric 

centers in the alkaloid, those at C(3) and C(4) may meet this requirement. Because, structurally, 

the AN-CA differs from the CA and the DHCA only in the substituent at C(3) (polymer chain, vinyl 

group, and ethyl group, respectively), the most probable explanation for the unusual catalysis of 

the AN-CA appears to be that the chiral force stemming from C(3) is greatly reinforced by a large 

substituent (polymer chain) to exceed the chiral force stemming from C(8) and C(9), which is 

otherwise stronger than that from C(3). We call this type of stereocontrol as "C(3)-control". 

The reaction temperature affected the asymmetric induction in a different way depending on 

whether the catalyst was monomeric or polymeric (Figure). On changing the temperature from +60 o 

to -78 "C, enantiomeric excess of 2 induced by QO increased almost linearly from 1.8 to 4.0%. 

On the other hand, with AN-90 catalyst (mol % alkaloid content (mat) = 5.4) the best result 

(18% ee) was obtained at room temperature, and either raising or lowering the temperature caused 

a decrease in optical yield. This behavior is difficult to account for, 
12 

but is indicative of 

the difference between polymer catalysis and monomer catalysis. 

Work toward the understanding of the nature of C(3)-control is currently in progress. 
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Figure. Effect of temperature on % ee. 
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