
Tcmhedron L.ettm, Vol. 34. No. 38. Pp. 6041-604481993 

Ritcd in Great Britain 

ocl40439193 $6.@l+.oa 
Pergamon Press Ltd 

P-Hydroxysulfoximines in the Catalyzed Enantioselective 
Reduction of Ketones with Borane 

Carsten him l I and Marcel Felderl 

Depormvnt sfCkttti.W’, University @Ba.ul, St. Johanns-Ring 19, 
CH-4OS6 Base1 (Switzerland) 

Key Words: Asymmetric Reduction, Sulfoximines, Enantioselective Catalysis 

Abstract: Optically active P_hydroxysulfoximines catalyze the asymmetric borane reduction of 
ketones affording secondary alcohols in high yields with good enantioselectivities (up to 93% ee). 

The enantioselective reduction of prochiraJ ketones is an important method for the synthesis of 

optically active secondary alcohols. 2 Particularly high enantiocontrol has been achieved in asymmetric 

borane reductions using catalytic amounts of chiral oxazaborolidines. 3 Several applications of this process for 

the synthesis of valuable chiraJ targets have been demonstrated. 4 The most interesting enantioselectivities 

have been achieved with systems which were derived from chiral vicinal ammo alcohols. An early report by 

Johnson and Stark5 describing the use of stoichiometric reducing reagents made by mixing B-hydroxy- 

sulfoximines of type l(1 equiv) with diborane (2 equiv). prompted us to investigate the possible use of chiral 

sulfoximine-metal complexes us cuta~rrs in enantioselective reductions.6 
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lI2a: R = R’ = Ph 

Mb: R=R’=Me 

2c: R=R’=bPr 

2d: R--R’ = Adamantyi 

28: R=Ph,R’=CPr 

Although we found that catalytic amounts of P-hydroxysulfoximines 17 were sufficient for an 

acceleration of the borane reduction of ketones, the enantioseJectivies were disappointingly low.8 However, 

mixtures of 0.1 equiv of P-hydroxysulfoximines 2 bearing an unsubstituted sulfoximine nitrogen, and 1.2 

equiv of BHg-dimethyl sulfide @MS) complex in toluene effected rapid and complete reduction of a variety 

of prochiral ketones, giving the cotresponding secondary alcohols as the only observed prcducts in high yields 

(7585%) with good enantiomeric excesses (up to 93% ee; Table). The reaction is fast at ambient 

temperature, but in otder to achieve high enantioselectivities slow addition9 of the ketone to the reducing 

mixture is essential. Thus, the reduction of acetophenone with BHs*DMS in the presence of 10 mol% of(S)- 

2a gives (R)-1-phenylethanol with 76% ee when a toluene solution of the ketone is slowly added to a mixture 
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of borane and catalyst over a period of 3 h. In contrast, rapid mixing of all the reagents followed by 

quenching and workup after 10 min results in the formation of the alcohol with only 42% ee. The best results 

are obtained when the reaction is carried out at ambient temperature. Higher or lower temperatures (+70 or 

-lO°C, respectively) result in decmazd enantioselection. A catalytic amount less than 0.1 equiv of 2 gives the 

alcohol with lower enantiomezic excess (for 2b: 0.05 equiv: 62% ee; 0.01 equiv: 38% ee), probably a 

consequence of competing noncatalyzed reductions by achiral borane complexes. After the reaction 2 is easly 

and efficiently recovered unchanged. The table s ummarizes the results obtained for a variety of ketones.10 

a-Haloacetophenones and protected a-hydroxy ketones gave the best results affording the corresponding 

reduced products in up to 84 and 93% ee, respectively. Highly reactive ketones11 (entry 10) show much 

lower enantioselectivities presumably due to competition from the uncatalyzed reduction.12 

Table. Enantiomeric excesses resulting from catalyzed borane reductions 
of ketones using (S)-2 

1. sulfoximine 

+ BHs * SM% 
(10 lad%) HO .H 

Bs 
2.workup D R’)QFP 

entry ketone’ sulfoximine %eeb confignc 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

c6H5cocH3 

%HS=2a3 

c6H5(cH2hcocH3 

c6%m2c1 
C6&~2Br 

C6H,CoCH,o-DbfTrd 

CsH&OCH20SiPh2~-Bu 
1 -Indanone 
3-Acetylthiophene 

c6H5coc(-% 

W-%=3 

GH5=3 

2a 76 
2a 73 
2a 70 
28 84 
2a 81 
2a 93 
2a 92 
2a 52 
20 60 
2a 8 
2b 70 
2c 73 
2d 74 
24? 61 

(RI 
(RI 
(RI 
(S) 
(9 
we 
w 
W 
m$ 

(RI 
(RI 
(RI 
(RI 

’ All ketones were commemiaIly available except entries 6,7 (Ref. 3d for 

a-hydroxy ketone) and 10 (Wyvratt, J. M.; Hazen, G., G.; Weinstock, 

L. M. J. Org. Chem. 1!38l ,52,944. Gallina, C.; Giordano, C. Synthesis 
1989 ,466.). b Enantiomeric excesses were determined by I-LPLC or GC 

analysis with the exception of entries 6 and 7: ‘H NMR analysis of the 

bis-MTPA esters of the corresponding diols. ’ The absolute configurations 

were determined by comparison of optical rotations with literature values. 

d RO-DMTr = RO-CRh@-MeGC&)2 ’ Isolated as diols. f Absolute 

configuration was not determined in this case but was tentatively assigned 

based on mechanism. s Use of catecholborane under slightly modified reaction 

conditions gave alcohols of 67% ee @) (entry 9) and 63% ee (S) (entry 10). 
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Optically active sulfoximines are readily available in both enantiomeric forms and several methods 

have been developed for the preparation of N-protected andfree functionalixed derivatives.13 Tbe N-unsub- 

stituted &hydroxysulfoximines 2 were synthesized in good yields by litbiatlon of optically active N-silyl- 

protected sulfoximine 3 followed by reaction of the resulting anion with a ketone and desilylation by 

methanolysis.14 The results obtained in the borane reduction of acetophenone catalyzed by g-hydroxy- 

sulfoximines 2a-e (Table; entries 1, 11-14) indicate that the substituents R and R’ in the catalyst precursor 

have only a minor influence on the enantioselectivity. With the exception of 2e,l5 all the compounds afford 

the corresponding alcohol with the same absolute stereochemistry and optical purities in the range of 70 - 76% 

ee. This is in contrast to the observations made with catalysts derived from N-alkylated p-hydroxy- 

sulfoximines 1 where the absolute configuration and the extent of enantioselectivity is highly dependent on 

the substituents at the B_carbons~ 

Me,Si , 
N 
II 

Ph;-+H, 

3 

- ‘: 
“se. + B 

“. ,” 
“B, +,a; 

‘N’ “: 

z 
ii 7 

phY -“‘;k” 0’ 
Ph.ps-CqFl 

OR R 
4 5 

Upon treatment of p-hydroxysulfoximine 2c with an excess of BHj.DMS at room temperature 2 equiv 

of hydrogen are evolved. Although the precise nature of the reducing species and its reaction mode are 

unknown, we tentatively suggest the formation of complexes of type 415 and 5. The substituents at the chii 

sulfur atom dictate the conformation of the six-membered heterocycle in which the steric requirements of the 

phenyl group and the electronic properties of the sulfoximine oxygen direct the coordination of the ketone 

towards the less hindered p-face of the catalyst. A mechanism analogous to that proposed by Corey, for the 

catalytic asymmetric reduction by oxaxaborolidines derived from l&mitt0 alcohols via assembly 6,17 then 

explains the observed absolute stereochemistry of 7 l8 and the minor influence of substituents R and R’ on the 

observed enantioselectivity. 
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