
Tamhe&m: &wry Vol. 3. No. 2, p. X17-230.1992 
Printed in Chat Britain 

0957416619253.OLh00 
Pergamm Press plc 

Asymmetric Reduction of Imines with Chiral Dia~koxyboranes 

Tomohiko Kawate, Masako Nakagawa,” Taro Kakikawa, and Tohru Hino* 

Faculty of Ph~~~c~ Sciences, Chiba University, l-33, Yayoi-cho, Chiba-shi, 2a0, Japan. 

(Received 12 December 1991) 

Abstract: The as~e~c reduction of imines with chiral di~oxy~~es 
was investigated and gave an optically active amine up to 73%ee in the 
presence of MgBq*OEt2. 

The asymmetric reduction of C=N double bonds is a potentially important method for 

the preparation of enantiomerically pure amines and would provide a effective route to 

various optically active alkaloids. Although many examples of asymmetric reduction of 

prochiral ketones to chiral alcohols have been described,l) only a little attention has been 

devoted to the asymmetric reduction of imine derivatives.21 

In this communication, we would describe our preliminary results on the asymmetric 

reduction of prochiral N-phenyl imines, ZV-beruyl imines, and l-methyl-3,4-dihydro-p- 

carboline with chiral dia~oxy~~ reagents, 

We found that the imine 2a was readily reduced by a chiral borane la (5 mol eq.) at 

room temperature in the presence of MgB+JEt2 (1.2 mol eq.) in THF to give the amine 

3a in 91% yield with 73%~. Without MgBrrOEt2, the n=action did not take place. The 

use of other additives such as Z&12, TiC&ZrC4, CeCl3, and Me3SiOTf for this reaction 

reduced the chemical yield of 3a (- 30%), whereas TiC4, LiBr, FeC13, and SnCl.4 

improved the yield but decreased the enantioselectivity (- 368ee). Other magnesium salts, 

MgC12, MgI2, and Mg(C104)2, also gave less effective results (33 - 53%yields, 14 _ 

46%ee}. 

To improve the enantioselectivity, other borane reagents lb, le, and 8 were examined, 

but proved to be less effective although the Eduction proceeded in high yield. 

(Table, entries l-4). Our attention was then focused on the asymmetric reduction of 
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various imines using la. (Table) Treatment of the imines 2b, c, and e, derived from 

phenyl primary alkyl ketones and aniline, with la and MgBr2mOEt2 gave modest to good 

enantioselectivity with high chemical yield. (entries 5,6, and 8) Better enantioselectivities 

were observed when an alkyl ketimine, 3-methyl-2-butanone anil 2f and N-benzyl imine 

2g were reduced under similar condition. (entries 9 and 11) On the other hand, the 

reduction of imines such as 2d, 4, and 2h gave only poor optical purity of the amines 3d, 

5, and 3h, respectively. (entries 7, 10, and 12) Although the stereochemical outcome of 

the present reduction is not clear, similar reduction of 2a with 9, the enantiomer of la, 

cleanly produced (R)-3a in corresponding chemical and optical yields having the specific 

rotation opposite in,sign. (entry 13) In contrast, the reduction of 1-methyl-3,4-dihydro-P- 

carboline 6 proceeded without MgBr2’0Et2 at low temperature (-78°C) within 10 min to 

give (R)-7 in 98% yield and 42%ee.4) 

In conclusion the chiral diol borane la was found to be one candidate for the chiral 

reduction of imines such as 2, although the enantioselectivity has room for improvement. 

One characteristic feature of la was that this reagent has an ability for chiral reduction of 

the 3,4-dihydro-P-carboline 6, while the Itsuno’s reagent has been reported to reduce 
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Table . . : Reductional . . Dm a) 

entry imines Rl R2 R3 chiral conditions resultsb) 

borane temP?c) timeol) amine(%) %ee Abs.Cotig. 

1 2a Ph EtPh la It 23 3a 91 73c) s-(+) 

2 2a Ph EtPh lb 0 1 3a 73 41c) s-(+) 

rt 23 

3 2a Ph Et Ph lc 0 0.5 3a 96 IF) s-(+) 

4 2a Ph Et Ph 8 0 1 3a 94 2W) R-(-) 

rt 23 

5 2b Ph Me Ph la 0 0.5 3b 89 56 R-(-) 

6 2c Ph “Pr Ph la 0 2 3c 94 65 s-(+) 
It 14 

7 2d Ph iPr Ph la 0 1 3d 85 18 (-)d) 
Ii 24 

8 2e Ph nBu Ph la 0 1 3e 95 65 (-)d) 
rt 25 

9 2f ipr Me Ph la 0 1 3f 75 71 (-)d) 
It 2 

10 4 a-tetralone Ph la 0 1 579 12 (+)d) 

ll 25 

11 2g Ph Me CH2Ph la 0 1 3g 70 72c) R-(+) 

12 2h Ph “Pr CH2Ph la 0 1 3h 81 36e) (+)d) 

13 2a Ph EPh 9 0 1 3a 94 71C) R-(-) 

a) Reaction was performed as described in note.5) b) Yields were referred to isolated material. Optical purities 

were determined by HPLC analysis using a chiral column @AXE& CHIRACEL OD, hexane:iPtQH=95:5 or 

98:2 as eluent). Absolute ~0tig~121ti0ns ~a a.kg11.5-d 8s literatm.e.2~3) C) optid pities w.3t3 calculated 

from comparison of its optical rotation with reported value: 3a, ref. 2a; 3g, ref. 3. d) Absolute configuration 

was not determined. e) Determined by lH-NMR using a chiral shift reagent, (R)-(-)-2,2,2-trifluor+l-(9- 

anthranyl)ethanol. 

imines enantioselectively, but not l-methyl-6,7-dimethoxy-3,4-dihydro-isoquinoliie.W 

Further improvement in the enantioselectivity are now in progress.78) 
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