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Asymmetric Reduction of Prochiral Aromatic Ketones with Reagents prepared 
from Sodium Borohydride and Lewis Acids in the presence of 1,2 :5,6-Di-O-iso- 

propylidene - a - ~  -glucofuranosc 

Szutiiitnvy ,4syninietric reduction of aromatic lietones n-ith 
reagents formed from sodiuni borohydride and various 
Lewis acids in the presence ol' 1,2 : 5,Ci-di-O-isoprop>-li- 
dene-a-D-glucofuranose afforded the corresponding phen5-1 
cxbinols in reasonably good optical JTields (up to 880,). 

THE as!-mnietric reduction of prochiral ketones xvith 
chirally modified metal hg-drides continues to be studied 
actively.' Many studies, mostly based on the use of 
lithiuni aluniiniuni lig'dride derivatives modified by chiral 
alcohols," a minoalcohols , 3  and a iiiines4 ha\-e been cc.ncl ucted 
nit11 both the reagents and the experimental conditions 
being varied in order to obtain optimum results and to 
gain an insight into the mechanism of reduction. 

111 contrast, little attention has been paid to the use of 
sodiuni borohydride in this tj-pe of asymmetric reduction. 
\Ye have recently found tha t  prochiral lietones are  asym- 
metrically reduced by XaBH,5 and its derivatives6 in the 
presence of 11vdrosyinonosaccliai-ide derivatives. Carbinols 
produced froni the reduction of propioplienone with KaBH, 
in the presence of 1,2 : 5,6-di-O-isoproy~lidene-cc-~-gluco- 
fura.nose (1) have been obtained in as niuch as 3!jo;, enantio- 
mel-ic When NaBH3( RCO,), przpared from Xa- 
EH, and carbosylic acids, was used instead of NaBI-I, for 
this reduction optical yields of 45-91 r;c, were obtained.6 

TVe here describe the additive effect of Len% acids on the 
as!-mnietric reduction of prochiral aromatic ketones with 
SaBH, in the presence of ( I ) .  This system gave the R 
enantionier in excess in each case, while the S stereoisomer 
u-as only produced in one case using ZnCI,(O.5 mol equiv.) 
and NaBh', (1 1 9 3 1  equiv.) as the reducing agent. The 
optical yield was en1iancFd by ageing the reagent before 
introducing the lietcilie and  by incx-easing the proportion 
of ( I )  used. 

The procecl1:re is illustrated by the asyinmetric reduction 
of prc)piophenone xvit!? NaRH, and Z;iC1, in tlic presence of 
(1) under nitrogen. ;1 solution containing ZriC1, (5 nimol) 
in tetrahyc!rofuran (TEF) ( 1 0  nil) was added t ~ )  a mixture of 
X'aRJ-I, (10 n;mol) ~ i i d  THF (5 iiiol) oxrer 5 Inin, xvliile the 
temperatnre lvas mai1;taine.d rLt 30 "C. The i-csulti1ig sus- 
pension 11.2s stirred a t  25 'C for 3 h and then a solution of 
(1) (20 inmol) in THF (10 nil) was added. 1 1: after mixing, 
pr-opioplieiloIie ( 10 mmol) ivas introduced arid the iiiisture 
\ w s  stirred a t  05 "C for 18 11. Since a precipitate of NaCl 
u-as produced it \vas not p(,ssible to  determine \vlietlier or 
not the I-eac tinn 1 i . s ~  lioniogencous. The uwal lvork-up 
g2x.e a pale !,ello\\- c:il \\-hick was purified b!- distillation to 
give S-( - ) - ~ - p l ~ e i i ~ l ~ ~ - ( ~ ~ ~ : i ( - ) l ,  [zj? - 18.6' (c  ~i.(iO, Et,O). 
This represaits a 5;'- ,, c ~ ~ c c s s  o f  the S-( - 1-enantionier 
based u p m  the ;;no\\-ii i ~ a s i : i ~ u n i  rotLition, [x : ; ; '  - 34-8" (c 8 ,  

?'lie actioii of 2. inetal chloride 011 XanH, i I i n J '  possibly 
lead to the corresponding metal borohydride as the dominant 
~pecies.8.~ Huivever, both AigC1, zncl UaC'I, seemed to 
react n-itli SaEH,  onl~ .  slu~gishly and inconi j)letel>, under 
the ccnditio:;s emplo>-ed im-e. The Table ;-e\.eals that tlic 
addition of eitiici- -41C13 or ZnC1, prulucecl a significant 
i ni pro ye lii c 1-1 t in the extent of t 11 e as y 1-11 111 c t r ic red u c t ion , 
ivliereas sati:?inctwy results coul3 not be crbtnined by the 
aclilitign of (!.'1KK,)SIe3NAC1-, M&;,, or HclCl,. Thus, u p  

Et,o; .i 

7 Several studies have recently been reported on asym;netric reductionq ii ;ing SaBI-I, in aqueous solution in tlic pre-;er.ce of chiral 
phase-transfer catalysts (J .  P. Mass6 and E. R. Parayre, J.C.S. C J ~ P J I Z .  Coiiziir., 1976, 438;  S. Coloiina and R.  For:iasicr, J.:-, L.S.  PevhiJl I ,  
1978, 371) or bovine serum albumin (T. Suginioto, Y. Matsumura, S. Tanirnoto, and 31. Okano, J .C.S .  Chriii. COIHM?. ,  l D l h ,  926). 
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TABLE. Asymmetric reduction of aromatic ketones with reagents prepared from NaBH, and Lewis acids in the presence of (1) in 
T H F  at 25 "C for 48 h." 

Alcohols produced Absolute 
Reagent Ketone Yield/ ",b [a13" Optical yield/?; configuration 

NaBH, EtCOPh 100 + 8.72c 25 R 
NaBH, + (PhCH,)Me,N+CL- EtCOPh 100 + 1.17 3.3 R 
NaBH, + 1/2 MgC1, EtCOPh 100 + 7-83 23 R 
NaBH, + 1/2 BaC1, EtCOPli 100 + 10.2 29 K 
NaBH, -+ 1/3 AlC1, EtCOPh 55 +- 18.9 54 R 
NaBH, + 1/2 ZnC1, EtCOPh 77 - 18.6 53 S 
NaBH, + 1/2 ZnC1,d EtCOPli 79 - 24.9 72 S 
NaBH, + 1/2 ZnC1,e EtCOPh 06 - 30.6 88 S 
NaBH, + l /2  ZnC1, MeCOPli 99 -21.4f 41 S 
NaRH, + 1/2 ZnC1, PrnC@Ph 100 - 1g.5,g 45 S 
NaBH, + 1/2 ZnCl, PriCOPh 99 - 2.43h 5.1 S 
NaBH, + 1/2 ZnC1, ,&Napthy1 methyl  100 - 10.6' 25 S 

ketone 

a Conditions: NaBH,, 10 mmol; (PhCH,)?vk,N+Cl-, 10 inmol (MgCl,, BaCl,, and ZnCI,, 5 mmol; AICI,, 3.33 mmol); ketone, 10 mmol; 
b Based on 

Maximum value 
e Reagent and (1) 

f Maximum value for [ x ] : ~  - 52.5" (c 2.27, CH,Cl,) (see U. Nagai, T. Shishido, R. Chiba, and H. 
R Maximum value for [a]'," + 43.6" ( G  4.18, C,H,) (see J .  Kenyon and S. M. Partridge, 

h Maximum value for [a]',"+ 47-7" (c 6.8, Et,O) (see D. J .  Cram and J.  E. McCarty, J .  Amer.  Chem. Soc., 
i Maximum value for [XI: - 41.9" (c 5, EtOH) (see S. R. Lander, B. J .  Miller, and A. R. Tatchell, J .  Chem. Soc., 

(l), 20 mmol; total volume of THF, 25 nil. 
relative peak areas of carbinol and unchanged ketone in g.1.c. 
for 3-phenylpropanol [a12 + 34.8" (c 8, Et,O) (see ref. 7 ) .  
were allowed to  stand for 48 h. 
l'vlitsuhashi, Tetvahedron, 1965, 23, 1201). 
J .  Chew. Soc., 1936, 128). 
1957, 79, 2866). 
1966, 2282). 

The ratio of [reagent] : [ketone] : [(i)] was 1 : 1 : 2 unless otherwise stated. 
C Optical yield was calculated from optical rotation. 

d The ratio of [reagent] : [ketone] [(l)]  was 1 : 1 : 4. 

t o  50% selectivities were readily obtained in the reduction 
of propiophenone with reagents formed from SaBH, and 
AlC1, or ZnC1, in the presence of ( I ) .  Interesting!)-, the 
reagent from NaBH, and ZnC1, in the presence of ( I )  is the 
only one which gives the S enantiomer in excess, while 
phenyl carbinols possessing the R configuratiozi are obtained 
with other reagents and NaEH, alone. 

The use of 4 mol equiv. of (1) to the reagent formed from 
NaBH, and ZJICI, proved to be more effectiLre, giving the 
carbinol in 720/b optical yield. Unfortnnately, further 
investigation of the dependence of selectivity on the 
amount of (1) used was hindered by its limited solubility 
in THF. 

l h e  reduction of four additional aromatic ketones with 
NaBH, and ZnC1, in the presmce of (I) afforded relatively 
good selectivities (25-45 yo) except for isopropyl phenyl 
ketone. All the alcohols thus obtained possessed the 
S-configuration. 

Finally, i t  was found that changing the time that the 
reagent had been allowed to  stand with (1) from 1 to 48 h 
before use increased the optical yield to 88%. A similar 
ageing effect was reported by Ysniaguchi and Mosher3 for 
the reduction of ketones with chiral reagents from LiAIH, 
and Darvon alcohols. 
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