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Low-valent titanium specics as reducing rcagents [or organic
molecules and the svnthetic wtility of such specics arc well
documented chemistry of wide interest.' In particular. the
reductive coupling of aldchvdes. kelones and imines using
diffcrent low-valenl (itanium rcagents is an important
method for (he construction of a vicinally functionalized
carbon-framework.” The reduction of TiCly to lower valent
titanium spccics and (he chemical reactivity of such specics
have been extensively studicd."™ Generally. reducing agents
such as Li. Zn. Mg and Sm arc used lor (he reduction of
TiC1,.* Tn continuation of our rescarch cllorls towards low-
valent titanium reagents for organic transformations.* we
envisaged (hat a combination of TiCly with indium could
bring about (h¢ coupling of acyl cvanides. To our know-
Icdge. there are no litcrature reports on the coupling of acyl
cvanides (o form 1.2-dikctones by the use of low-valent
titamium rcagents. 1.2-Diketones have attracted much interest
in organic synthesis as versatile intermediates with uscful
functional groups undcrgoing a wide varicty of chemical
transformation.” Herein we wish 1o report a facile and cfici-
ent coupling of acy] cvanides to 1.2-diketones by treatinent
with TiCly/In syvsiem under mild conditions. We  have
imcestigated (he coupling rcactions of acyl cvanides with
TiC1yTn system in THF at room temperature and found that
they can be smoothly coupled to give the corresponding 1.2-
dikcloncs {cq. 1). Tt has been shown that the cvano group is
relatively more stable to low-valent titanium reagent than the
carbony] group and it could only be reduced under reflux for
along time.*Recently. we have reported a reductive coupling
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of acy] cyanides using indium.” However. the reaction is
slow and must be performed under sonication. The new
reducing system was gencrated by the addition of indium
powder 1o a stirred solution of titanium tctrachloride in THF
under nitrogen. In order to cxplore the scope and limitations
of this rcagent system we have tested its applicability for the
coupling rcaction ol various acyl cyvanides bearing other
functional groups. The reaction procceded cfficiently in
moderate to good viclds within 30 min at room tempcrature,
The results are summarized in Table 1. However. coupling of
acyl chlorides didn't give any significant desired product.
The optimum ratio of rcagents was found to be indium and
TiCly is 1:2.% We cxamined a coupling reaction of acyl
cvanides 1 with several syvstems such as TiCly/In. TiClL/Li.
TiCly/Zo. TiClyMg and TiCl/Sm. Amongs( the systcms
tested in this study. TiCly/Tn system gave he best results in
terms of vicld and rcaction (im¢ and can be generally
recommended. although other systens were also cffective to
some extent, The aromatic acyl ¢yvanide was reductively
coupled to give 1.2-dikctonc. but (he application of (his
process to aliphatic acyl cyvanide proved unsuccessful and
only recovered starting material was isolated (entrics 12 and
13). The functional group tolerance of this method is evident
from cntrics 3-9 which show that ketone. cther. vinyl. ¢hloro
and bromo groups arc unaffected under the reaction condi-
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Table 1. Reductive coupling of acy [ evanides with T1C1L/An sy stem

Reaction  Yield

Entrv R Products time (min)  (®o)’
1 Ph {PhCO), 30 73
2 2-CH;C H, (2-CHAC H, O 30 61
3 4-CHLCH, (4-CH:CH,C0), 30 71
3 4-1-BuCH, (4-1-BuC H,COY, 30 75
s 4-CH;OCH, (4-CH;OC H,C0O), 30 72
& 4-BrC H, {(4-BrC;H,C O 30 60
7 2-BrCgHy (2-BrCgHCOM, 30 43
8 2-C1C, Hy (2-CICH,COY, 30 45
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“Isolated vield.

tions. All the compounds obtaincd showed TR. NMR and
mass spectral data compatible with the structure, Thus. we
have been able (o demonstrate the utility of casily accessible
TiCl/Tn system as a comvenicnt rcagent [or cllecling
chemosclective coupling of acvl cvanides. Although the role
of titanium (ctrachloride is not clcar at the present stage. it is
likcly that reduction of titanium (ctrachlotide with indium
provides low valent titanium specics.” which reacts with (he
acyl cvanide 1 to give the corresponding diketone 2. We
speculated that analogous to carbonyl coupling reaction. the
acy] cvanide coupling probably would also proceed through
a singlc clectron (ransfer mechanism vig an acyl radical
intcrmediale. In principle. the intermediatc RCO® can under-
go dimcrization (o dikctones by bimolccular process or can
be quenched by a facile delivery of H® from the medium
(THF) (o give unimolccularly reduced aldchydes. Tt is also
probablc that the acyl radicals produced undergo decarbon-
vlation before their dimerization. ' The lower vields (entrics
7. 8 and 9) mav bc duc (o concomitant fonnation of al-
dehydes. as a resull of competitive unimolecular reduction of
acy] cvanides. The notable advantages of this mcthodology
arc mild rcaction condition. fast reaction time. simple oper-
ation. and (olcrance of other sensitive functional groups.

In conclusion. we¢ believe the procedure using TiCly/Tn
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system described here will present a uscful and convenient
alternative 10 the existing methods for the reductive coupling
of acyl cvanides to diketones. Further imvestigations of
TiCl/In system as reducing agent in organic synthesis are
currently underway.
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