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Reactions of allylic organometallic compounds with
chiral imines have attracted considerable interest be-
cause they might provide synthetically useful methodol-
ogy for preparing nitrogen-containing compounds such
as natural products and pharmaceutically important
compounds. The diastereoselective addition of allylic
metal compounds to imines 1, prepared by the condensa-
tion of aldehydes with optically active amines, can
provide an effective synthetic method for preparing
homoallylic amines in a chiral form.}~* A major goal of
research in this area has been the development of allyl
and substituted allyl organometallic reagents that pro-
vide highly selective access to each of the homoallylic
amines indicated in Scheme 1. While several highly
selective methods for preparing each of the two possible
B-unsubstituted homoallyl amines 2a and 2b have been
developed,? the issue of synthesizing each of the four
possible S-substituted homoallyl amines 2¢—f has re-
mained unsolved.??? We have now found that allylic
titanium compounds can solve the problem, thus afford-
ing an efficient and practical method for the synthesis
of chiral S-substituted homoallyl amines.

The reaction of allylic titanium compounds with chiral
imines has been investigated by several research groups
but not in a systematic fashion.?~¢ Our recent synthesis
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of various allylic titanium compounds® prompted us to
revisit the reactions shown in Scheme 1. We selected
the imines 1 (R? = CHj, R® = Ph), prepared by the
reaction of aldehydes with 1-phenylethylamine, for in-
vestigating the reactions in Scheme 1, because both
enantiomers of 1-phenylethylamine are readily available
and this auxiliary group is easily removed after the
reaction. It should be noted that among the allyl metal
compounds so far investigated, allyl-9-borabicyclo[3.3.11-
nonane compounds (allyl-9-BBN) afforded the highest
stereoselectivity in reactions with 1.22b

To a mixture of Ti(O-i-Pr), and allylic halides or alcohol
derivatives in ether was added 2 equiv of i-PrMgCl at
—50 °C. After the reaction mixture was stirred for 1 h
at —40 to —50 °C, the chiral imine 1a or 1b was added
at the same temperature and the reaction mixture was
warmed gradually to —10 °C over 2 h to provide the
corresponding homoallylic amine in the yield and with
the stereoselectivity shown in Table 1.

The reaction of allyltitanium compounds with 1a and
1b proceeded with very high 1,3-asymmetric induction
to provide the Cram product? predominantly (Table 1,
entries 1—4). This diastereoselectivity is somewhat
superior to that attained by using allyl-9-BBN. It can
also be seen that the diastereoselectivity was not de-
pendent on the nature of the allylic compound used for
synthesis of the allyltitanium compound. Especially
noteworthy is the very high diastereoselectivity attained
by the reaction of crotyl titanium compound with 1a.
Thus, as can be seen from entries 5 and 6 (Table 1), the
reaction of the crotyltitanium compound with 1a provided
the Cram-syn and Cram-anti isomers in the ratio of 94:
6. Exclusive production of the Cram product in the
reaction with 1a was attained by using crotyl-9-BBN, but
in this case the syn:anti ratio was 75:25.%2 Thus, to the
best of our knoweledge, this is the first example to
succeed in synthesizing one of the four possible stereo-
isomers highly selectively by the reactions shown in
Scheme 1. Very high stereoselectivity was also attained
in the reaction of the titanium compound derived from
methyl 1-phenyl-2-propenyl carbonate that provided the
Cram-syn product predominantly (Table 1, entry 7).
Since both enantiomers of 1 are readily available and the
auxiliary group is easily removed, the present finding
opens an easy and practical route to both enantiomers
of primary S-substituted homoallylic amines bearing syn
substituents.
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@ The reaction was carried out at —45 to —10 °C for 2—3 h with a reactant ratio of allylic compounds:Ti(O-i-Pr)4:i-PrMgCl:iimine 1 =
1:1:2:1. b Stereochemistries of the products shown in entries 1—8 were determined by comparison with authentic samples prepared according
to the procedure reported by Yamamoto.?2 The stereochemistry of the major isomer in entry 7 was confirmed by converting it to (3S,4R)-
N-(4-phenylhex-3-yl)trifluoromethyl)sulfonamide (Hy/Pd—C and then (CF3S02);0), and comparing the 'H, 13C NMR spectra and [alp
value with an authentic sample prepared from (2S-trans)-3-phenyloxiranemethanol® using conventional reactions (see the supporting
information). ¢ Determined by 'H NMR. ¢ The reactant ratio was allylic compound:Ti(O-i-Pr)4:i-PrMgCliimine 1 = 1.6:1.6:3.2:1. ¢ The

reactant ratio was allylic compound:Ti(O-i-Pr)si-PrMgCliimine 1 = 1.2:1.2:2.4:1.

The predominant production of Cram-syn products in
the reactions of crotyl titanium compounds with chiral
imines can be explained with the six-membered chair-
like transition state!*? shown in eq 1 in which the imine
R! group occupies an axial position as proposed by
Yamamoto.?

The reaction of allylic titanium compounds with the
readily available chiral imines 1 reported here represents
a practical and efficient method for the synthesis of
nitrogen-containing compounds. This method has the
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advantageous feature of easy access to various allylic
titanium compounds from readily available and inexpen-
sive starting materials, i.e., allylic alcohol derivatives,
Ti(0-i-Pr)4 and i-PrMgCl.

Supporting Information Available: A typical procedure
for generating allylic titanium compounds and subsequent
reactions with chiral imines, structural determination of the
major isomer shown in entry 7 (Table 1), and physical
properties of homoallylic amines (4 pages).

J0951803L



