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Low-valent titanium species as reducing reagents for organi 0 TiCly/In
molecules and the synthetic utility of such species are wel L
documented chemistry of wide interédh particular, the
reductive coupling of aldehydes, ketones and imines using
different low-valent titanium reagents is an importantof acyl cyanides using indiufmHowever, the reaction is
method for the construction of a vicinally functionalized slow and must be performed under sonication. The new
carbon-framework.The reduction of TiGlto lower valent reducing system was generated by the addition of indium
titanium species and the chemical reactivity of such speciegowder to a stirred solution of titanium tetrachloride in THF
have been extensively studidGenerally, reducing agents under nitrogen. In order to explore the scope and limitations
such as Li, Zn, Mg and Sm are used for the reduction obf this reagent system we have tested its applicability for the
TiCl4.2 In continuation of our research efforts towards low- coupling reaction of various acyl cyanides bearing other
valent titanium reagents for organic transformatfomge  functional groups. The reaction proceeded efficiently in
envisaged that a combination of Ti@lith indium could = moderate to good yields within 30 min at room temperature.
bring about the coupling of acyl cyanides. To our know-The results are summarized in Table 1. However, coupling of
ledge, there are no literature reports on the coupling of acydcyl chlorides didn't give any significant desired product.
cyanides to form 1,2-diketones by the use of low-valentThe optimum ratio of reagents was found to be indium and
titanium reagents. 1,2-Diketones have attracted much intere$iCl, is 1:2% We examined a coupling reaction of acyl
in organic synthesis as versatile intermediates with usefutyanidesl with several systems such as @, TiCl4/Li,
functional groups undergoing a wide variety of chemicalTiCls/Zn, TiCl/Mg and TiCl/Sm. Amongst the systems
transformatior?. Herein we wish to report a facile and effici- tested in this study, Ti@In system gave the best results in
ent coupling of acyl cyanides to 1,2-diketones by treatmenterms of yield and reaction time and can be generally
with TiCl4/In system under mild conditions. We have recommended, although other systems were also effective to
investigated the coupling reactions of acyl cyanides withsome extent. The aromatic acyl cyanide was reductively
TiCl4/In system in THF at room temperature and found thatoupled to give 1,2-diketone, but the application of this
they can be smoothly coupled to give the corresponding 1,2 rocess to aliphatic acyl cyanide proved unsuccessful and
diketones (eq. 1). It has been shown that the cyano group @nly recovered starting material was isolated (entries 12 and
relatively more stable to low-valent titanium reagent than thel3). The functional group tolerance of this method is evident
carbonyl group and it could only be reduced under reflux fofrom entries 5-9 which show that ketone, ether, vinyl, chloro
along timeéRecently, we have reported a reductive couplingand bromo groups are unaffected under the reaction condi-
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Table 1. Reductive coupling of acyl cyanides with TiGi system system described here will present a useful and convenient
Reaction  Yield alternative to the existing methods for the reductive coupling

Entry R Products e (min) (%) of acyl cyanides to diketones. Further investigations of

TiCls/In system as reducing agent in organic synthesis are

1 Ph (PhCO), 30 73
currently underway.
2 2-CH;C¢H, (2-CH;C¢H,CO), 30 61 ) _ )
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3 4-CH;CeH, (4-CH;C6H,CO), 30 n by Korea Institute of Science and Technology (2E16800)
4 4--BuCeH, (4-+-BuCgH,CO), 30 75 and partially by Korea University.
5 4-CH,0C¢H, (4-CH;0C¢H,CO), 30 7 References
6 +-BrCely (4-BrCeHCO), 30 60 1. (@) McMurry, J. EChem. Rev1989 89, 1513. (b) Lenoir, D.
7 2-BrCH, (2-BrCgH,C0), 30 43 Synthsis1989 883. (c) Furstner, A.; Bogdanovic, Bingew.
Chem., Int. Ed. EnglL99§ 35, 2442. (d) Furstner, A.; Weintritt,
8 2-CICgH, (2-CIC4H,CO), 30 45 H.; Hupperts, AJ. Org. Chem1995 60, 6637. (e) Furstner, A.
o Pure. Appl. Chem1998 70, 1071. (f) Handa, Y.; Inanaga, J.

S “ Tetrahedron Lett1987 28, 5717.
9 O/\/ M 30 47 2. (a) Grame, M. R. I€omprehensive Organic Synthedisost, B.
M.; Fleming, |., Eds.; Pergamon: Oxford, 1991; \Vol. 3, pp 563-
o o 00 o 610. (b) Mgngehney, g’é;gTejero, T.; Alexakis, A.; Grosjean, F,;
g Normant, JSynthesid 255.
10 U UC C_w 30 68 3. (a) Talukdar, S.; Banerji, 3. Org. Chem1998 63, 3468 and
references therein. (b) Suzuki, H.; Manabe, H.; Enokiya, R.;
(.:.’ (9 Hanazaki, YChem. Lett1986 1339. (c) Li, T.; Cui, W.; Liu, J.;
O O C—C O Zhao, J.; Wang, Z1. Chem. Soc. Chem. CommR60Q 139. (d)
11 30 65 Periasamy, M.; Reddy, M. R.; Kanth, J. V. Retrahedron Lett.
O O 1995 37, 4767. (e) Wang, J. Q.; Zhang, Y. I@ynth. Commun.

1995 25, 3545. (f) Betshart, V. C.; Schmidt, B.; SeebachiiBlv.
Chim. Actal988 71, 1999.

12 CHy(CHyy 180 0 4. (a) Yoo, B. W.; Choi, K. H.; Ko, J. J.: Nam, G. S.; Chang, K. Y.
Choi, K. I.; Kim, J. HBull. Korean Chem. So2001, 22, 537. (b)
13 Cyclohexyl - 180 0 Yoo, B. W.; Choi, K. H.; Lee, S. J.; Yoon, C. M.; Kim, S. H.; Kim,
3solated yield. J. H.Synth. Commur2002 32, 63. (c) Yoo, B. W.; Choi, J. W.;

Kim, D. Y.; Hwang, S. K.; Choi, K. I.; Kim, J. HBull. Korean

. . Chem. Soc2002 23, 797. (d) Yoo, B. W.; Lee, S. J.; Yoo, B. S.;
tions. All the compounds obtained showed IR, NMR and Choi, K. 1.: Kim, J. HSynth. Commui2002 32, 2489

mass spectral data compatible with the structure. Thus, we; (a) Venkatachalam, M.. Deshpande, M. N.; Jawdosiuk, M.:
have been able to demonstrate the utility of easily accessible Kubiak, G.: Wehrli, S.; Cook, J. Metrahedronl986 42, 1597.
TiClJIn system as a convenient reagent for effecting (b) Kimpe, N.; Stanoeva, E.; Boeykens, $ynthesid994 427.
chemoselective coupling of acyl cyanides. Although the role 6- (&) Chen, W. X.; Zhang, J. H.; Hu, M. Y.; Wang, X.Synthesis

of titanium tetrachloride is not clear at the present stage, it is 1882 37212'3(:?3 Chen, J. X.; Jiang, J. P.; Kao, THeterocycles
likely that reduction of titanium tetrachloride with indium 7 voq B_’W_; cHoi, K. H.: Lee, S. J.: Ko, J. J:: Choi, K. I.: Kim, J.
provides low valent titanium specisyhich reacts with the H. Tetrahedron Lett200Q 41, 8097.

acyl cyanidel to give the corresponding diketoze We 8. A typical procedure for the coupling of acyl cyanide is as follows:
speculated that analogous to carbonyl coupling reaction, the ndium powder (172 mg, 1.5 mmol) was added to titanium
acyl cyanide coupling probably would also proceed through ~ tetrachloride (569 mg, 3.0 mmol) in THF (15 mL) at room

inal | f hanisi | radical temperature under nitrogen atmosphere. The contents were stirred
a single electron transfer mechanisma an acyl radica for 30 minutes at the same temperature and a dark-blue solution of

intermediate. In principle, the intermediate R@an under- the low-valent titanium-indium complex was obtained. To this
go dimerization to diketones by bimolecular process or can solution, benzoyl cyanide (66 mg, 0.5 mmol) in THF (1 mL) was
be quenched by a facile delivery of Hom the medium added and the reaction mixture was stirred for 30 minutes at room

(THF) to give unimolecularly reduced aldehydes. It is also ~ [8mperature under nitrogen. The resulting mixture was poured
into water and the organic phase was separated and the aqueous

probable that the acyl radicals produced undergo decarbon- ,pase was extacted with ether. The combined organic extract was
ylation before their dimerizatiol. The lower yields (entries washed with brine, dried over anhydrous Mg®@d concent-

7, 8 and 9) may be due to concomitant formation of al- rated. The residue was chromatographed on a silica gel column
dehydes, as a result of competitive unimolecular reduction of ~(hexane : ethyl acetate=10:1) to afford 1,2-diphenyl-ethane-1,2-
acyl cyanides. The notable advantages of this methodology, ngsfgf’sémg_ ?ri(?%%as S Gynthesid984 1027

are mild reaction condition, fast reaction time, simple oper-jg (a) unazzi, L.. Ingold, K. U.: Scalano, J.JCPhys. Chen983
ation, and tolerance of other sensifivactional groups. 87,529. (b) Turro, N. J.; Gold, I. R.; Baretz, B.H.Phys. Chem.

In conclusion, we believe the procedure using JiCl 1983 87, 531.
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