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Abstract: We haverecentlydiscoveredthat iminescan be reducedto aminesvia a titanium
catalyzedhydromagnesationreaction. Thesereactionsemployn-BuMgCl(1.2 eq) aa the
stoichiometricreducingagentand CpzTiClz(3-5 mol%)aaa catalyst. Reactionsare run under
nitrogenat ambienttemperatureandpressure. For most aldimineandcyclicketiminesubstrates
amineproductsare obtainedin yieldsrangingfrom 69-94%. The reactionis not tolerantof bulky
nitrogensubstituentsor primaryenolizableprotonson the iminesubstrate.
@ 1997Elsevier ScienceLtd.

The catalytic reduction of imines’-sand hydrazones,6particularly the enantioselective reduction of
prochirrd substrates, has attracted considerable interest in recent years. Processes have been developed using
titarsium,’zruthenium? iridium4and rhodium,s$complexes as catalysts and hydrogen’3-6or silrmeszas
stoichiometric reducing agents. We recently found that imines can be reduced to amines via titanium-
catrdyzed hydromagnesation. Herein we report our preliminary findings.

It has been known for some time that some transition metal compounds will catalyze the exchange of H-
MgX between Grignard reagents possessing ~-hydrogens and certain unsaturated hydrocarbons (Scheme
IA).7S One of the most widely used variants of this reaction is the alkyne hydromagnesation protocol
developed by Sato (Scheme IB).9
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During the course of our studies of the titanium-mediated reductive cyclization of Fje-unsaturated isrrines,’”
we discovered that imines are readily reduced by n-BuMgCl in the presence of a catalytic quantity of Cp*TiClz
(1, ECI1). Excellent yields are obtained using slightly more than 1equivalent rt-BuMgCl and 3-5 mol %. .
CpzTiCll.’”2 Results_are summarized in Tabie l:
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The imine hydromagnesation reaction that we have described above may proceed as described in Scheme
2 (catalytic cycle). Imine insertion into a Cp2Ti-Hspecies followed by trmsmetallation between the tit~ium
amide intermediate and rr-BuMgBr generates CpzTi-n-Bu and magnesium amide product. The cat~ytic cycle
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Table 1. Titanium-Catalyzed Reduction of Imines
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(a) Reported yielda (%) are for pure, isolatedproducta. (b) Unreacted imine
substrateestimated by NMR integrationof crude product. (c) Not determined.
(d) A complex mixtureof productswas obtained.

is completed by a ~-hydride elimination converting CpzTi-n-Bu to Cp*Ti-Hand l-butene. Formation of the

Ti(III) hydride species, Cp,Ti-H, initially generated via reduction of Cp,TiCl, to Cp,Ti-n-Bu followed by ~-
hydride elimination is well precedented (Scheme 2, catalyst generation) .’3’4

A variety of other transition metal complexes, including Ti(O-i-Pr), and Cp&rCIZ, failed to mediate the
hydromagnesation reaction described above in either a catalytic or stoichiometric fashion. NiCl* was found to
catalyze the transfer of H-MgX from n-BuMgCl to imines, rdbeit much less efficiently (30 mol%) than
Cp2TiClz.Linked cyclopentadienyl complexes 2 and 3 were also much less effective than C%TiCIZ.’5
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The reaction is not tolerant of primary or secondary enolizable protons on acyclic imine substrates (Table
1, entries 7, 14, 15). Tertiary enolizable protons or endocyclic enolizable protons on cyclic ketimine
substrates are tolerated (entries 8, 9, 16-18). Secondary or tertiary nitrogen substituents are also problematic
(entries 3-6). To see whether catalytic turnover for substrates bearing large nitrogen substituents is prevented
by the failure of imine insertion into Cp2TiHor amide displacement by n-BuMgCl, we examined the effect of
catalyst stoichiometry on product yield (Scheme 3). For the N-isopropyl-substituted substrate, one turnover
was observed for catalyst stoichiometries ranging from 5-100 mol%. For the N-t-butyl-substituted substrate,
approximately 0.5 turnover was observed for the catalyst stoichiometries examined. These results indicate
that it is failure of the amide displacement step that prevents turnover.
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Transition metal catalyzed irnine hydromagnesation does not appear to have been studied prior to this
report. ’c The reactivity of Grignard reagents as bases and nucleophiles poses some limitations to their use as
reducing agents relative to less reactive, conventional reductants such as hydrogen. The Grignard-mediated
hydromagnesation reaction, however, does possess the advantage of operational simplicity, particularly when
compared to procedures which require elevated temperatures or pressures. Like previously reported
hydrogenation and hydrosilylation reactions catalyzed by chiral titanium complexes,”z titanium-catalyzed
hydromagnesation should be well suited for asymmetric catalysis. Efforts to broaden the scope and to develop
an asymmetric version of the titanium-catalyzed hydromagnesation reaction are currently underway.

Acknowledgment. Support of this work by the National Institutes of Health (GM 53172) is gratefully
acknowledged.
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