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Asymmetric Reduction of Imines with Chiral Dialkexyboranes
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Abstract: The asymmetric reduction of imines with chiral dialkoxyboranes
was investigated and gave an optically active amine up to 73%ee in the
presence of MgBry+OEt).

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,!) only a little attention has been
devoted to the asymmetric reduction of imine derivatives.2)

In this communication, we would describe our preliminary results on the asymmetric
reduction of prochiral N-phenyl imines, N-benzyl imines, and 1-methyl-3,4-dihydro-g-
carboline with chiral dialkoxyborane reagents,

We found that the imine 2a was readily reduced by a chiral borane 1a (5 mol eq.) at
room temperature in the presence of MgBr)+OEt3 (1.2 mol eq.) in THF to give the amine
3a in 91% yield with 73%ee. Without MgBry+OEtp, the reaction did not take place. The
use of other additives such as ZnCly, TiCly, ZrCly, CeCl3, and Me3SiOTY for this reaction
reduced the chemical yield of 3a (~ 30%), whereas TiCl, LiBr, FeCl3, and SnCly
improved the yield but decreased the enantioselectivity (~ 36%ee). Other magnesium salts,
MgCly, Mglp, and Mg(ClO4)2, also gave less effective results (33 ~ 53%yields, 14 ~
46%ee).

To improve the enantioselectivity, other borane reagents 1b, 1c, and 8 were examined,
but proved to be less effective although the reduction proceeded in high yield.

(Table, entries 1-4). Our attention was then focused on the asymmetric reduction of
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various imines using 1a. (Table) Treatment of the imines 2b, ¢, and e, derived from
phenyl primary alkyl ketones and aniline, with 1a and MgBrp+OEt) 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 1a,
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 MgBrp+OEt) 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 1a 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 1a was that this reagent has an ability for chiral reduction of

the 3,4-dihydro-f-carboline 6, while the Itsuno's reagent has been reported to reduce
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Table : Reduction of Imines with Chiral Dialkoxyhoranes®)

enry imines R; Rz Rj3 chiral conditions resultsb)
borane __tempC) _time(h) _ amine(%) %ee Abs.Config._
2a Ph Et Ph la 1t 23 3a 91 739  S-(+)
2 2a Ph Et Ph 1b 0 1 3a 73 419 S-(+)
b 23
3 2a Ph E Ph 1c 0 0.5 3296 159 S-(4)
4 2a Ph  E Ph ) 0 1 3a 94 209 R-()
jy 23
5 2b Ph Mc Ph 1a 0 0.5 3b8 56 R-(-)
o 15
6 2¢ Ph Npr Ph 1a 0 2 3c 94 65 S-(+)
1 14
7 2d Ph iPr Ph 1a 0 1 3d 85 18 ©d
n 24
8 2e Ph  NBu Ph 1a 0 1 3¢ 95 65 b
! 25
9 2f iPr Me Ph la 0 1 75 7 [aLY
It 2
10 4  o-tetralone Ph 1a 0 1 5§17 12 )
o 25
1 2g Ph M CHyPh la 0 1 370 729 R4
by 23
12 2h  Ph  Dpr CHpPh 1la 0 1 3h 81 368) (»d
It 23
13 22 Ph E Ph 9 0 1 3394 716) R(-)
n 23

a) Reaction was performed as described in note.>) b) Yields were referred to isolated material, Optical purities
were determined by HPLC analysis using a chiral column (DAICEL, CHIRACEL OD, hexane:IPrOH=95:5 or
98:2 as eluent). Absolute configurations were assigned as literature.22,3) ¢) Optical purities were 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 IH-NMR using a chiral shift reagent, (R)-(-)-2,2,2-trifluoro-1-(9-
anthranyl)ethanol.

imines enantioselectively, but not 1-methyl-6,7-dimethoxy-3,4-dihydro-isoquinoline.22)

Further improvement in the enantioselectivity are now in progress.7.8)
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