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Werecently reported the highly enantioselective hydrogenation
of ketimines using chiral titanocene catalysts.! These results led
us to explore the utility of this catalyst for the kinetic resolution
of racemic imines.2? In our earlier work, the reduction of cyclic
imines was shown to proceed with particularly good enantiose-
lectivity. This, combined with the interest, in terms of both their
synthesis* and their biological activity,’ made disubstituted
1-pyrrolines ideal racemic substrates for kinetic resolution.

We first studied the hydrogenation of (&)-5-methyl-2-phenyl-
1-pyrroliness (1a) (Table 1, entry 1). As previously reported,!
the active catalyst was generated in situ from enantiomerically
pure titanocene precatalyst A (5 mol %).” The hydrogenation
was allowed to proceed in THF at ~65-75 °C and 80 psig of H,
until the reaction had proceeded to 50% conversion.! Thereaction
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Table 1. Kinetic Resolution of Disubstituted 1-Pyrrolines®

yield, %b
(ee, B)¢ yield, %b
entry substrate recovered 1  (ee, %)92
1 u,eer\ph (£)-1a  37(99)  34(99)
M
2 Hao™" . (£)-1b  42(96)  44(98)
Bn
3 ""”V'Q\m ()-1c  43(98) 41 (98)
4¢ H,e»'@\,..c,,ﬂﬂ (£)-1d  41(>95) 41 (>95)
Ph
5 [—/S:\ (#)1e - (15/ 42 (>95)¢
N Ph
Ph
6 b\ (£)-1f 33(49) 44 (99)
NZ Fh

@ The reactions were carefully monitored by tH NMR (1a—-d) or GC
(1e,f) to 50% conversion (GC analysis of the crude mixture of 1a—d is
not optimal due to the partial conversion of 2 to 1). ? Yields of pure
isolated materials (>95% pure), based on both enantiomers (50% is the
maximum yield). All compounds were characterized by !H, 1*C NMR,
HRMS, and IR spectroscopy (see supplementary material). ¢ Enantio-
meric excesses for 1a—c,e—f were determined by HPLC using a Chiracel
OD column. Recovered 1d was reduced with DIBAL! to the cor-
responding cis-2,5-pyrrolidine and the ee was determined by 'H NMR
andlysis of the (S)-Mosher amide.!3 4 Enantiomeric excesses were
determined by HPLC (Chiracel OD column) for compounds 2a—c,e—f;
compound 2d was analyzed using 'H NMR spectrum of the (S)-Mosher
amide.!? ¢ For conversions slightly higher than 50%, small amounts ( ~2%)
of the 2-methyl-5-undecanyl- 1-pyrroline isomer were detected in the 'H
NMR spectra of the crude reaction mixtures. / The yield of unreacted
imine 1e could not be determined because it racemizes on the deactivated
silica gelcolumn. The ee was determined by HPLC on the crude material
(see supplementary material for details). & Reduced product 2e consisted
of a mixture of cis and trans isomers in a ratio of 85:15. Both cis and
trans isomers had >95% ee. # Reduced product 2f consisted of a mixture
of cis and trans isomers in a ratio of 75:25. Both cis and trans isomers
had 99% ee.

was monitored by 'TH NMR analysis, and when ~ 50% conversion
of 1a to 2a was reached, the reaction was stopped. After removal
of solvent and chromatographic separation, pyrroline R-(+)-1a
and cis-pyrrolidine 2R,55-(-)-2a were isolated in good yields
and with high levels of enantiomeric excess (Scheme 1).910
This kinetic resolution of 2,5-disubstituted pyrrolines was shown
to be a relatively general process (Table 1). As can be seen from
entries 1-3, substrates with varying combinations of aromatic
groups at the 2 position and 5-alkyl substituents underwent
effective kinetic resolution. To test whether this methodology
couid be extended to substrates in which the substituents at both
the 2 and 5 positions of the starting pyrroline were unbranched
alkyl groups, we prepared racemic 1d% (entry 4). That this

did not proceed further for at least 20 h at either temperature. However, upon
prolonged heating, reduction of the “mismatched” substrate took place. We
attribute this to catalyst “decomposition”, resulting in the formation of a new,
nonselective catalyst which subsequently reduces the mismatched substrate.

(9) () Unreacted 1a and 1b were both determined to have an R absolute
configuration by independent synthesis. Commercially available (S)-(+)-
5-(hydroxymethyl)pyrrolidinone was converted to (R)-5-methylpyrrolidinone
asdescribed in the following: (i) Silverman, R. B.; Levy, M. A.J. Org. Chem.
1980, 45, 815. (ii) McIntosh, J. M.; Acquaah, S. O. Can. J. Chem. 1988, 66,
1752. This was then converted to 1a and to 1d by the method given in refs
6a and 6d. Pyrrolines 1b and 1c isolated from the kinetic resolution protocol
are assumed to be of the R configuration by analogy. (b) The cis relative
configuration of the pyrrolidines obtained in the hydrogenation process was
demonstrated for 2a by preparing its known N-methyl derivative.
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G. Tetrahedron Lett. 1989, 30, 1081. Reduction of racemic 1 using this
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Scheme 1
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pyrroline gave both recovered 1d and pyrrolidine 2d in high op-
tical yield indicates that substrates of this type can also be
efficiently kinetically resolved by this catalyst system.

We then examined the efficiency of kinetic resolution of
pyrroline substrates with different substitution patterns. To this
end, we prepared 3-benzyl-2-phenyl-1-pyrroline$e (1e) and 2,4-
diphenyl-1-pyrrolinesf (1f) and subjected these substrates to our
standard kinetic resolution protocol. As shown by entry 5 in
Table 1, a modest kinetic resolution was achieved for the 2,3-
disubstituted pyrroline 1e (75% ee for the unreacted 1e). The
resolution of 2,4-disubstituted pyrroline 1f showed relatively poor
selectivity (49% ee for the unreacted 1f). Although kinetic
resolution of 2,3- and 2,4-disubstituted substratesis not as efficient
as that of the 2,5-disubstituted substrates, the reduction proved
to be highly enantioselective; both cis and trans isomers of 2e and
2f (entries 5 and 6, Table 1) were produced with very high
enantioselectivity (>95%). The reduction of both substrates le
and 1f produced predominantly cis products. Substrate le was
reduced with a slightly higher level of diastereoselectivity (cis:
trans 85:15) than was 1f (cis:trans 75:25).

As previously described,! our working model postulates that
a Ti(III) hydride is the active catalyst. The high enantiomeric
excesses of both the recovered pyrroline and the reduced
pyrrolidine for the 2,5-disubstituted cases (1a—d) indicate a very
large difference in the rate of reaction of the enantiomers of the
substrate.3® Asshownin Figure 1, these results may be explained
by considering the matched transition state C and the mismatched
transition state D.!! In D, the substituent at C5 is forced to
reside in the wedge between the two tetrahydroindenyl moieties,
while in C, it is pointed away from the bulky ligand.!? This
model predicts that substrates with a substituent at C3 should
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Figure 1. Ball and stick representation of the two diastereomeric imine
titanium hydride complexes.

be more efficiently kinetically resolved than those with a
substituent at C4. This prediction is consistent with the result
that the ee of the recovered pyrroline obtained with substrate 1e
is higher than that for recovered substrate 1f (Table 1).
Insummary, we have developed an extremely efficient method
for the kinetic resolution of 2,5-disubstituted 1-pyrrolines. At
~50% conversion, this process provides both pyrrolines 1 and
cis-pyrrolidines 2 in good yields and with excellent enantiomeric
excesses. We are currently examining the extension of this
methodology to a variety of different classes of substrates.
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