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Abstract--We have shown the possibility of enantiomeric induction in the reduction of prochiral ketones 
by NaBH4 supported on a chiral support. The supports involve polymers (porous or gel type) containing 
chiral quaternary ammonium groups in the side chain. Two chemical ways were tested to obtain these 
types of support, chemical modification of styrene divinylbenzene copolymers [polymers supported chiral 
alcohol quaternary ammonium salts (type 1)] or 4-vinylpyridine divinylbenzene copolymers [polymers 
supported 1,2,3,4-tetrahydro-N,N-dialkyl pyridinium salts (type 2)]. The reduction with type 1 copolymers 
gives good yield and enantiomeric excess (ee) (50%), the kinetic of the reduction is governed by the 
accessibility of the reactant then by the texture of the support and the presence of a spacer arm. The 
reduction with type 2 copolymers gives also good results (yield 70%, ee 56% in the best case). The kinetic 
is also governed by site accessibility, on the contrary ee is function only of the chemical aspect of the chiral 
centre. 

INTRODUCTION 

Resin supported quaternary ammonium groups can 
be used as borohydride exchange resins and such 
polymeric reagent have been developed since 1977 [ 1]. 
They can be used for solvent purification, generation 
of  volatile metal hydrides and in the reduction of  
metal ion and some aldehydes [2]. Supported borohy- 
dride also exhibits high chemioselectivity in the 
reduction of  ketones [3] and et-fl unsaturated car- 
bonyl compounds to the corresponding unsaturated 
alcohols [3, 4]. The influence on the reaction of  the 
texture of  the support and the introduction of  a 
spacer arm have been also tested [5, 7]. Chiral quater- 
nary ammoniums binded on a polymeric support 
have been used as phase transfer catalysts in the 
reduction of  prochiral ketone by NaBH4 [8, 9]. Only 
little asymmetric synthesis was induced. The aim of 
this paper is to examine the possibility to induce 
asymmetric reduction of  prochiral aromatic ketones 
by NaBHa supported on gel type or porous polymers 
containing chiral quaternary ammonium groups in 
the side chain. 

EXPERIMENTAL PROCEDURES 

Polymeric materials 

Synthesis of polymers supported chiral 1,2,3,4-tetra- 
hydro-N,N-dialkyl pyridinium salts. The preparation of the 
polymeric reagent involved a three step polymer reaction 
starting from 4-vinylpyridine-styrene-divinylbenzene cross- 
linked polymer which is depicted in the Scheme I. 

The initial 4-vinylpyridine-styrene-divinylbenzene po- 
rous polymers were synthesized by suspension radical poly- 

*To whom all correspondence should be addressed. 

merization in presence of heptane as porogenic agent [10]. 
The first step leads to the quaternized polymer [11]: the 
reaction was performed in tetramethylene sulphone (1 g of 
polymer was swollen in 100 cm ~ of tetramethylene sulphone 
for 3 hr, then the methylene iodide was added with a molar 
ratio methylene iodide/pyridine groups = 2) at 60 ° during 
72 hr. The polymer beads were then filtered off and 
thoroughly washed with methanol and extracted for 24 hr 
with methanol in a Soxhlet. The i.r. spectra show the 
appearance of the characteristic band of ~ N  - ÷  at 
1640 cm -~ . 

The 1,2,3,4-tetrahydro-N-methyl pyridine polymers were 
prepared as followed [12]: the polymer beads were stirred 
with ethanol for 1 hr at room temperature, then an excess 
(20%) of an ethanolic solution of sodium borohydride was 
added. The reaction was performed for 24 hr then the 
polymer beads were filtered off and thoroughly washed 
successively with water and acetone then extracted for 24 hr 
with methanol in a Soxhlet. The i.r. spectra show the 
disappearance of the band at 1640 cm-t. 

The last step corresponding to the quaternization of the 
1,2,3,4-tetrahydro-N-methyl pyridine polymers with (S)- 
(+)-l-bromo-2-methyl butane or (S)-(-)-3-chloro-l- 
phenyl-l-propanol (Aldrich products) was performed as for 
quaternization by methylene iodide. 

Synthesis of chiral alcohol quaternary ammonium sup- 
ported polymers. The preparation of the polymeric reagent 
involved a three step polymer reaction starting from 
styrene-divinylbenzene crosslinked polymer which is de- 
picted in the Scheme 2. 

The initial styrene-divinylbenzene porous polymers were 
synthesized by suspension radical polymerization in pres- 
ence of heptane as porogenic agent [13]. 

The first step corresponding to a Friedel-Crafts acylation 
leads to the chloroacetylated polymer, the reaction was 
performed as described previously [14]. The polymers were 
characterized by i.r. spectroscopy (they show the character- 
istic band of C------O at 1680cm -I ) and by elementary 
analysis (CI content were report in Table 3). 
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Fig. 1. Pore volume integral distribution curves for 4-vinylpyridine based support (characteristics are 
summarized in Table 1). 

effect [22] of  course less sensible for the porous system 
where we have only 30% (in weight) of  4 VP. The 
reduction of the quaternary pyridinium salt in the 
1,2,3,4-tetrahydro-N-methyl pyridine form occurs 
with both porous and gel type polymers with a good 
yield (Table 2). The yield of  the last step, quaterniza- 
tion of  the 1,2,3,4-tetrahydro-N-methyl pyridine 
groups, depends on the alkyl halide used. The low 
yield observed for (S) - ( - ) -3 -ch lo ro- l -pheny l -1 -  
propanol in comparison with ( S ) - ( + ) - l - b r o m o - 2 -  
methyl butane can be due to (i) the steric hindrance 
(ii) the greater reactivity, for this type of  reaction, of  
bromide halide than chloride halide [23]. For  porous 
polymers these chemical modifications do not affect 
the general morphology of  the support, we only see 
a decrease of  the porous volume (Table 1 and Fig. 1). 

(b) Styrene copolymers. As we can see in Table 1 
and Fig. 2 the starting polymer Pl(m) has a texture 
different from polymer P3(m). We have a high porous 
volume and a small specific area therefore the average 
pore radii for Pl (m)  is greater than for P3(m). The 

chemical modification induces a small decrease in the 
pore value but does not affect the porous texture of  
the beads (Table l and Fig. 2). We have tried to 
determine the ee obtained for the chiral reduction of  
the chloro acetyl group of  the support, by solid ~3C 
N M R  [17], without success. For  the same reaction the 
literature [17] give 91% for ee. The yield of  quater- 
nization of  the chloro methyl group by methylene 
iodide is not high (Table 3). 

(ii) Asymmetric reductions of acetophenone 
(a) 4-Vinyl pyridine based supports: For porous 

support, the yield of  reduction seems to be indepen- 
dent of  the texture and of  the chemical nature of  the 
alkyl group (Table 4). Gel type polymers [P6(g) and 
P7(g)] give a better yield than macroporous polymers 
[P6(m) and P7(m)] probably because the kinetics is 
governed by site accessibility (generally macroporous 
texture present a lower site accessibility [24]). At the 
opposite, the enantiomeric excess is not a function of  
the texture of  the support but essentially a function 
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Fig. 2. Pore volume integral distribution curves for styrene 
based support (characteristics are summarized in Table 1). 

Table t. Textural characteristics of macroporous polymers [(m) 
refers to macroporous polymers] 

Surface area Pore volume 
Polymer Wt% Wt% of beads of beads 
designation* DV B'j" porogen~ (m2/g)~ (cm3/g)¶l 

Styrene based eopolymers 
Pl(m) 20 60 15 1.60 
P2n I (m) 20 60 13 1.48 
P2n2(m) 20 60 14 1.37 

4-Vinylpyridine based copolymers 
P3(m) 35 25 145 0.13 
P5(m) 35 25 139 0.12 
P6(m) 35 25 137 0.07 
P7(m) 35 25 125 0.09 

*Pl(m), initial ST-DVB copolymers; P3(m), initial DVB-4VP co- 
polymers (30% of 4 VP); P5(m), intermediate 1,2,3,4-tetrahydro- 
N-methyl pyridine polymers; P6(m), 1,2,3A-tetrahydro-N- 
methyl-N-(S)-(+)-2-methyl-butyl pyridinium bromide sup- 
ported polymer; P7(m), 1,2,3,4-tetrahydro-N-methyI-N-(S)-( - )- 
3-phenyl-l-propanol pyridinium chloride supported polymer. 

fDVB = divinylbenzene. A commercial product was used consisting 
of 15% p-DVB, 35% m-DVB, 15% p-ethylstyrene and 35% 
m-ethylstyrene. The % of DVB given is exprimed in pure DVR 

:~Heptane. 
§Measured by nitrogen adsorption following the BET method. 
¶!Obtained by mercury penetration. 
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Table 2. Chemical characteristics of chiral pyridinium polymers 
obtained by chemical modification of 4VP-DVB copolymers 

Amount of various 
elements in polymeric 
products (mmol. g I) Reaction 

Polymer yield 
designation* I Br Cl (%) 

P4(m)~/ 1.26 43 
P5(m) 0.12 90 
P6(m) 0.85 75 
P7(m) 0.38 33 
P4(g)t 2.57 32 
P5(g) 0.13 95 
P6(g) 2.06 84 
P7(g) 0.60 25 

*For textural characteristics of porous polymers, see Table I; N 
content of polymer precurser, P3(m): 2.9mmol.g -~, P3(g): 
8.0 mmol- g- ~. 

t(g) refers to gel type polymers (2% DVB). 
:~P4 refers to initial DVB-4VP copolymer P3 quaternized with 

methyl iodide. 

Table 3. Chemical characteristics of chiral pyridinium polymers 
obtained by chemical modification of ST-DVB copolymers 

Polymer CI N Yield of 
designation (mmol • g- l ) (mmol • g- i ) quaternization 

P2n 1 (m) 1.71 0.80 48 
P2n2(m) 1.29 0.40 32 
P2n I (g) 1.08 0.42 40 
P2n2(g) 0.91 0.31 35 

Table 4. Reduction of acetophenone by sup- 
ported NaBH 4 

Polymer Yield of ee 
designation reduction* (%) (%) 

4-Vinylpyridine based copolymers 
P6(m) 58 21 
P7(m) 52 49 
P6(g) 72 28 
P7(g) 71 56 

Styrene based copolymers 
P2nl(m) 85 23 
P2n2(m) 95 21 
P2nl(g) 80 48 
P2n2(g) 63 52 

*After 20 hr of reduction, ratio 
NaBH4/CO = 1/1, solvent:ethanol, 
T = 20 °. 

of  the chemical nature of  the alkyl chain (Table 4). 
For  polymer P7 the hydroxy group can interact with 
the ketone therefore reduces the mobility of  the 
transition state of  the reduction and then increases 
the ee value. The ee values are interesting and the best 
value obtained with polymer P7(g) is 56%. 

(b) Reduction by styrene based support: The enan- 
tiomeric reduction of  the ketone by supported NaBH4 
on this type of  support occurs with a good yield 
(Table 4), better for the porous than for the gel type 
polymers. This is due to the particular texture of  the 
porous system [7]. The introduction of  a spacer (a 
methylene group between the chiral centre and the 
quaternary ammonium group) increases or  decreases 
the accessibility of  the reactant respectively for gel or  
porous support as described previously [7]. Ee 
(Table 4) obtained are lower than these observed for 
4-vinylpyridine support but for the best case > 50%. 
They depend on the texture of  the support (gel type 
support are better) but not on the presence of  the 
spacer arm. 

CONCLUSIONS 

We have shown the possibility of  enantiomeric 
induction for the reduction of  prochiral ketones by 
N a B H  4 supported on a chiral support. The reduction 
with chiral alcohol quaternary ammonium supported 
polymers gives good yield (95%) and ee (50%). The 
yield, so in our experimental conditions the kinetic of  
the reduction, is governed by the accessibility of  the 
reactant then by the texture of  the support and the 
presence of  a spacer arm. Ee depends only on the 
texture of  the support, gel type polymers give the best 
results, and it is not affected by the introduction of  
a spacer arm. The reduction with polymers supported 
chiral 1,2,3,4-tetrahydro-N,N-dialkyl pyridinium 
salts gives also good results (yield 70%, ee 56% in the 
best case). The kinetic is also governed by site 
accessibility, on the contrary ee is only function of  the 
chemical aspect of  the chiral centre. We tried: (i) to 
improve these systems, (ii) to obtain these type of  
supports by best chemical ways. 
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