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ABSTRACT

Ar JAr

N7 cat1 HN
R™ "Ry R™ .+ Ry
>90% ee

The asymmetric reduction of N-aryl imines to yield chiral amines with enantiomeric excesses above 90% was achieved. Ethylenebis(z®-
tetrahydroindenyl)titanium difluoride ((EBTHI)TiF,, 1) was employed as the precatalyst with polymethylhydrosiloxane (PMHS) as the stoichiometric
reducing agent. A variety of N-aryl imines derived from nonaromatic ketones were reduced with high ee.

Despite the importance of chiral secondary amines in the reduction of a wide variety oN-aryl imines derived from
pharmaceutical industry and as components of natural nonaromatic ketones.

products, their preparation by the asymmetric reduction of

We recently reported that ethylenebjiztetrahydro-

ketimines remains a challenge. Although many methods haveindenyl)titanium difluoride ((EBTHI)Tik, 1) is an efficient
been developed to carry out this transformation, none haveprecatalyst for the asymmetric reduction of a variety of

proven to be generat? Contributing to the difficulty of this

N-alkyl imines regardless of the initidt/Z ratio of the

problem is the existence of most acyclic imines as inseparablestarting imine? It was found that slow addition of a primary

mixtures of E/Z isomers and the difference in reactivity
among imines containing different nitrogen substituents.
Herein we report the first system for the catalytic asymmetric
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amine, preferably isobutylamine, to the reaction mixture was
important for promoting catalyst turnover and a high enan-
tiomeric excess.

As part of our ongoing effort to explore the scope of this
protocol, we have been interested in the extension of our
method to the reduction ®¥-aryl imines. Application of our
protocol to the imine derived from acetophenone and aniline,
4, gave a product with only a 13% ee. We were surprised,
however, to find thaiN-phenyl cyclohexylmethyl imines,
was reduced to the corresponding amine with 99% ee.
Previous attempts to asymmetrically redddearyl imines
are scarce; to our knowledge, no examples in which
enantiomeric excesses greater than 90% have been reported.
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Further investigation confirmed thikaryl imines derived derived from this class of ketor#é2-¢5In light of this, the
from nonaromatic ketones could be reduced with excellent reduction of the imines shown in entries 7 and 8 of Table 1
enantioselectivities (Table 1). Tinearyl substrates were less ~ with ee’s of 88 and 90%, respectively, is noteworthy.

To rationalize the disparity in ee we observed between
the reduction of imines derived from acetophenone and those
from nonaromatic ketones, the reduction of several additional

Table 1. Reduction ofN-Aryl Imines Derived from

Nonaromatic Ketones imines derived from aromatic ketones was examined (Table
Ar 2). In contrast t@l and related substrates which yielded nearly
Z@Q N
7, Js JAr
oo F—-T!L . (a) R” R, isobutylamine "ﬂ\‘\
o PMHS  slow addition R~ R, - ) ) : :
j: 60 °C Table 2. Reduction ofN-Aryl Imines Derived from Aromatic
(a) PhSiHg, pyrrolidine, methanol Ketones
Entry Imine Yield(%) 2 ee(%) Entry Imine Conversion(%) & ee(%)
——R
\ D
N 1 CHy 100 13
CHs
/©/0Me
1 R=H 63 99 N
CHs
2 R = p-OMe 79 99 2 o5 6
3 R = m-Me 79 99 OMe
4 R =0-Cl NR? /©/
3 N 100(90)° o7
5 R = o0-Me NRP ©i§
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N
6° N 90 98 4 63 75
H3C\®
OMe
_Ph
N N
79 \/\/\)J\ 70 88
HaC CHy 5° @ CHjz 28 9
MeO, CHa
@ a: Conversion was measured by GC analysis. Remainder of
N CHg material was starting material. b: The number in parenthesis
8° W 68 90 refers to isolated products of >95% purity and is an average of
HyC CHs two runs. This compound was characterized by (R, TH NMR,
) . . 13 o I
a: Yields refer to isolated products of >95% purity and are an C NMR, and Elemental Analysis. c: E/Z ratio of imine was
average of two or more runs. All compounds were 1.31.

characterized by IR, "H NMR, '3C NMR, and Elemental
Analysis. b: No reaction. Starting material was recovered. c:
5 mol % catalyst used. d: E/Z ratio of imine was 2.6/1. e: E/Z

OIS racemic amine products, imin@ was reduced to give a
ratio of imine was 2.3/1.

product with an ee of 97% (entry 3, Table2).
An AM1 calculation suggests that #hboth of the phenyl

reactive than theiN-benzyl analogues, necessitating the use 9r0uPs are perpendicular to the=8l double bond. In the
of a slightly higher catalyst loading (2 mol % vs 8-5%) crystal structure 06, the C=N double bond and the aromatic

and a slower rate of addition of isobutylamine. Compounds group attached to the carbon atqm are gqplana}r. P°§S'bly'
with meta and para substituents on tNearyl group are the difference between the enantioselectivies with wiich

tolerated while those with ortho substituents failed to react. aTﬂG ari ";quced, IS nlelated to this conformatlonlal' difference.
The absolute configuration of the amine derived ffomas Although this rationale cannot be used to explain Vg

determined; the assignment of the stereocente® asin reduced in high ee, it is interesting to note that there are

agreement with our previously described modelNsalky! several examples in the asymmetric reduction of ketones
imine reductions where aromatic ketones are reduced in high ee and aliphatic

Ketones containing only straight-chain alkyl substituents ketones are reduced in lower ®efich is opposite to what

are difficult to asymmetrically reduce in high 8Eew reports
have appeared concerning the asymmetric reduction of imines;
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