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ASYMMETRIC SYNTHESIS XXI.
ENANTIOSELECTIVE REDUCTION OF KETONES CATALYZED
BY NEW (4S,5R)-4,5-DIPHENYL-1,3,2-OXAZABOROLIDINE

Jlang Yaozhong* ,Qin Youg,Mi Aigieo
Chengln Institate of Orgmic Chemistry , Academia Sinica , Chengils 610041 , PRC
Huang Zhitang
Institsie of Chemistry , Acadermia Swmica , 100080 , PRC

Abstract ; Oxazaborolidine prepared from (1R, 2S)-1, 2-diphenyl-2-amincethanol with borane was used
as catalyst in the enanticselective reduction of ketones,Excellent enantioselectivities with e.e. >>98%; for ace:
tophenone and e. e. >>96%; for w-bromo acetophenone have boen achieved.

Enantioselective reduction of prochiral ketones leading to chiral secondary alcohols is a topic of current in-
terest!. One of the more successful methods has been based on the use of chiral 1,3, 2-oxazaborolidines as cata-
iysts,a method which was developed by Hsunc et al*,and then improved by Corey et al®. Numerous exampiles
describing the application of this method have been reported by several groups’.

During the course of our asymmetric synthetic studies, previous work indicated that (IR, 28)-1, 2-
diphenyi-2- aminoethanol was an efficient ligand for the stereccontrofled addition of benzaldehyde with di
ethylzinc®. This paper reports the performance of oxazaborolidine 1 formed in situ as a catalyst for the enan-
tioselective reduction of various ketones.
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It was easy to convert (1R, 2S)-1, 2-diphenyl- 2-aminoethanol to oxazsaborolidine 1. 1 could be pre
pared by the reaction of (1R,2S)-1,2-diphenyl-2-aminocethanol with 3 equiv of borane at room temperature
for 10 hrs. Removal of excess borane and solvent in vacuo gived crude 1. Pure 1 was obtained by sublima-
tion at 220~240C and 1 Torr. [} = —53. 7(c =1, THF). IR (paraffin oil), 2480cm—!(B—H). ‘H-
NMR (TMS, DLy ) ¢ 1. 20ppm (1H, B-H, broadened ) , 2. 60ppm (1H,N—H , broadened) , 5. 05ppm (1H, di,
PhCHN), 5. 60ppm(1H ,di,PhCHO) , 6. 40~7. 16ppm(10H, m, PhH). MS(m/e,El) ,223(M* —1).

Although oxazaborolikline 1 could be isolated, it was not stable enough for storage. Oxazaborolidine
1 used as a catalyst was formed in situ , where it was shown to be an efficient catalyst,the reduction proceed-
ing quickly®. The effect of reaction temperature and addition rate of acetophenone on the enantioselectivity
was investigated, since other authors have found that higher temperature’ and siow addition of ketone were
beneficial for enhancing enantioselectivity. The optimal conditions were obtained at 46 ~50C and <C3. 5 X
10~2mmol /minute addition rate, and these were then used in the reduction of aromatic ketones. As shown in
Table 1,the reduction of acetophenone in the presence of 20mal % 1 afforded R-1-phenylethanol in >>99%;
¢. e. jthe reduction of w-bromo acetophenone in the presence of 5mol%; 1 gived S-2-bromo- 1-phenylethanol
in >>96%e.e.. The configuration of 2-'bromo- 1- phenylethanol was formally contrary to that of
phenylethanol, consistant with the transition state of w-bromo acetophenone being the same as for other aro
matic ketones (visuatized in Fig. 1). The reduction of other aromatic ketones also afforded R-configuration al-
cohols in good enanticselectivities.
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Fig.1. R=H ,Me,Br

However ,low optical ylelds appeared in the asymmetric reduction of aliphatic ketonss. The reason why
Jow enantioselectivities were induced for aliphatic ketones was not fully understood,but two factors seemed to
contribute to the results. First ,there was no bulky substituent adjacent to the carbonyl group, second, the addl-
tion rate of aliphatic ketones (about 30X 10~*mmol /minute) was faster than that of aromatic ketones (3. 5 X
10~*mmol /minute).
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Tabie 1. Borane reductions of ketones in the prescace of 1 formed in
situ, the crude yields of corvesponding alcohols were 100%; in sach ease

Chiral alcohols
Ketones Equiv 1
[aJ#(c,moivent) E.e. (%) Contiguation
PhCOMe? 0. 05 +4-39. 2(3. 02,CHLCY,) 77. 14 R
0.10 +-46. 7(2. 70, CH,C1,) 88.9 R
0. 20 +-52. 5(3. 60, CH,Cly) >08 R
PhCOE® 0. 06 +-29. 9(5. 10,CHQY,) 65. 8 R
0. 20 -+ 36. 0(4. 26, ,CHCQly) 79.3 R
PhCOCH,Br* 0. 06 <+ 40. 2(9. 10,CHQL,,) >96¢ S
p-APHCOMe? 0. 06 +-34. 3(4. 82,B,0) 68. 8+ R
0.20 -+ 44. 2(4. 20,Et,0) 88.7 R
CH,COCHCH,* 0. 056 —3. 07(neat) 2. R
CH,COCHCH,(H,* 0. 06 —3. 56(neat) 26.0¢ R
CHyCOCHCH(CHs)2* 0. 05 —3. 97(neat) 19. 3 R
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‘Crude yielda monitored by GLC, isolated yields >903¢ for aromatic ketones, about 609 for aliphatic ketonee. “Opti-

ma! condition ; 40~ 45°C, 3. § X 10~2mmol/minute. *45~50C , 30 X 10-?mmol/minute. ‘Bassd oo the maximum {al8

=—52. 5(2. 27 ,CH,Cl;,S)%. “Based on the maximum [aJ§ = — 45. 45(6. 15,CHC};,S)®™. ‘Based on the maximum [}

=—39(8. 00,CHC);,R) for 93%ec. e. . Based on the maximum [a]F =+ 49. 9(2,Et,0,R)%. *Based on the maximum

[aJ8'=+18. 62(neat,S)*. 'Based on the maximum [a}f’=+ 13. 7 (neat,S)*. Based on the maximum [aJp== + 20. 54

(oeat,S)*.

In summary, oxazaborolidine 1 is an efficient catalyst for enantioselective borane reductions to provide

good to excelient enantioselectivities for aromatic ketones. Further investigation such as developing N- and B-

substituent oxazabarolidine and their application will be forthocoming.
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