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The importaye of carbon-insertion methods for the homolo- 
gation of aldehydes and ketones in organic synthesis and the 
limitations of the existing procedures are evidenced by the 
widespread and continuing interest in the development of new 
approaches.'-12 Especially highly desired are methods which 
(i) are capable of introducing a variety of substituents at the 
carbon atom inserted; (ii) are of general applicability to diverse 
aldehydes and ketones; (iii) are highly regioselective; (iv) are 
one-step; and (v) avoid the use of diazo compounds. 

In the course of our investigation on the use of benzotriazole 
derivatives in organic synthesis,I3 we found that the benzotria- 
zolyl moiety is both a good anion-stabilizing group and a good 
leaving group. These properties, coupled with the ready 
availability of its derivatives, suggested its potential to provide 
general and efficient carbon-insertion methods. We herein 
report that a wide variety of benzotriazolyl-stabilized anions 
are excellent reagents for regioselective insertions into aliphatic 
and aromatic aldehydes and cyclic and acyclic ketones, which 
all furnish one-carbon-homologated a-aryl, a-alkenyl, a-alkoxy, 
and a-phenylthio alkyl ketones in simple one-pot operations 
(Scheme 1). 

Our preliminary results are summarized in Table 1. The lithio 
derivatives of 1-(arylmethy1)benzotriazoles (entries 1 -4), a 
1-(alkenylmethy1)benzotriazole (entry 5 ) ,  1-(alkoxymethy1)- 
benzotriazoles (entries 6-9), and 1-[(phenylthio)methyl]ben- 
zotriazole (entries 10, 1 l), generated with n-butyllithium in THF 
at -78 "C, reacted with carbonyl compounds smoothly. The 
intermediates thus produced (Scheme 1) underwent in situ 
rearrangement, promoted by a ca. 3-fold molar excess of zinc 
bromide upon heating, to afford chain-extended or ring- 
expanded ketones with various a-functionalities in good to 
excellent yields. Each case, except for entry 4, afforded a single 
regioisomer by migration of the group which can best stabilize 

( I )  Krow, G. R. Tetrahedron 1987, 43, 3. 
(2) Trost, B. M.; Mikhail, G. K. J .  Am. Chem. Soc. 1987, 109, 4124. 
(3) Montana, J. G.; Phillipson, N.; Taylor, R. J. K. J .  Chem. Soc., Chem. 

Commun. 1994, 2289. 
(4) Katritzky, A. R.; Yang, 2.; Moutou, J.-L. Tetrahedron Lett. 1995, 

36, 841. 
( 5 )  Loeschom, C. A.; Nakajima, M.; McCloskey, P. J.; Anselme, J.-P. 

J .  Org. Chem. 1983, 48, 4407. 
(6) (a) Satoh, T.; Mizu, Y.; Kawashima, T.; Yamakawa, K. Tetrahedron 

1995, 51, 703. (b) Satoh, T.; Itoh, N.; Gengyo, K.; Yamakawa, K. 
Tetrahedron Lett. 1992, 33, 7543. (c) Satoh, T.; Hayashi. Y.; Mizu. Y.; 
Yamakawa, K. Tetrahedron Letr. 1992, 33, 7181. (d) Satoh. T.; Fujii, T.; 
Yamakawa, K. Bull. Chem. Soc. Jpn. 1990, 63 ,  1266. 

(7) (a) Maruoka, K.; Concepcion, A. B.; Yamamoto, H. J .  Org. Chem. 
1994, 59. 4725. (b) Maruoka, K.; Concepcion, A. B.; Yamamoto, H. 
Synthesis 1994, 1283. 

(8) Kim. S.; Lee, S. Tetrahedron Lett. 1991, 32. 6575. 
(9) Holmquist, C. R.; Roskamp, E. J. Tetrahedron Lett. 1992, 33, 1131. 
(10) (a) Labar, D.; Laboureur, J. L.; Krief, A. Tetrahedron Lett. 1982, 

23, 983. (b) Laboureur, J. L.; Krief, A. Tetrahedron Lett. 1984, 25, 2713. 
( I  1) (a) Cohen, T.; Kuhn, D.; Falck, J. R. J .  Am. Chem. Soc. 1975, 97, 

4749. (b) Abraham, W. D.; Bhupathy, M.; Cohen, T. Tetrahedron Lett. 
1987, 28, 2203. 

(12) Uemura, S.: Ohe, K.; Sugita, N. J .  Chem. Soc.. Chem. Commun. 
1988. 111. 

(13) (a) Katritzky. A. R.; Rachwal, S.; Hitchings, G. J. Tetrahedron 1991, 
47, 2683. (b) Katritzky, A. R.; Yang, Z.; Cundy. D. J. Aldrichimica Acta 
1994, 27, 3 1. (c) Katritzky, A. R.; Lan, X.; Fan. W.-Q. Syzthesis 1994, 
445. (d) Katritzky, A. R.; Lan, X. Chem. Soc. Rev. 1994, 363. 

0002-7863/95/1517-12015$09.00/0 

Scheme 1" 

( I  Bt = benzotriazol-1-yl; X = aryl, alkenyl, RO, PhS; R = H, aryl. 

an electron deficiency in the transition state.14 For 2-methyl- 
cyclohexanone (entry 4), two regioisomers were isolated, in 
yields of 81% and 3%, and the GC analysis of the crude reaction 
mixture indicated that they were formed in a ratio of 11:1, 
revealing a preferential migration of the most substituted alkyl 
group. The selectivity compares well with previous work: 
although ring expansion of 2-methylcyclohexanone with 
-CH(SPh)SOZPh was reported2 to give a single isomer, it was 
isolated in a yield of 69%; no information regarding the other 
31% was provided in the preliminary communication, and no 
full paper has yet appeared. When -CH(SPh)2 was used, both 
regioisomers were isolated'Ib in yields of 67 and 14%: again, 
no full experimental data are yet available. 

The generality of our methodology is exemplified by the 
successful insertions of disubstituted methylene groups into 
carbonyl compounds (entries 8,9): such insertions do not appear 
to have been previously reported. For vinyl-substituted meth- 
ylene homologation, a stabilizing group such as phenyl (entry 
5 )  at the vinylic terminal was found to be essential since the 
simple allyl analog 1 -allylbenzotriazole failed to give homolo- 
gation products. 

In accordance with our previous  observation^,'^ zinc bromide 
played a vital role in assisting the departure of the benzotriazolyl 
group. The reaction temperatures necessary for the rearrange- 
ment vary as listed in Table 1. As expected, the more the X 
group (Scheme 1) stabilizes the transient cation, the lower is 
the temperature needed to complete the rearrangement. In those 
cases where the required temperature was higher than the boiling 
point of THF, the THF was distilled off and an appropriate 
solvent (or no solvent in the case of entry 1) was added in the 
rearrangement stage. 

Aryl-substituted methylene homologations of aldehydes and 
ketones5.I5 and vinyl-substituted methylene homologations of 
ketones' have previously been accomplished by direct insertion 
of the corresponding diazo compounds, but this procedure is 
severely limited by low regioselectivity, multiple homologation, 
and handling difficulties. Another vinyl-substituted methylene 
homologation of cyclic ketones was achieved via a rather 
complex radical process.8 The elegant insertions of alkoxy- 
methylene and (pheny1thio)methylene to form a-alkoxy and 
a-phenylthio alkyl ketones introduced by Trost et ~ l . , ~  originally 
limited to cyclic ketones, were recently extended for alkoxy- 
methylene insertion into monocyclic and acyclic  ketone^.^ 
However, such insertions into aldehydes remain unreported. 

In summary, we have shown that 1-(arylmethy1)-, I-(het- 
eroarylmethy1)-, 1-(alkenylmethy1)-, 1-(alkoxymethy1)-, and 
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Table 1. Carbon Insertion into Aldehydes and Ketones 
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Conditions for the in situ rearrangement step. All new compounds have been fully characterized by 'H and I3C NMR spectra and elemental 
analyses as recorded in the supporting information. Overall yield of the isolated pure product from the carbonyl compound. For preparation, see 
ref 16. e For preparation, see supporting information. f For preparation, see ref 17. 9 Total yield of cis and trans isomers. ' I  For preparation, see ref 
18. ' For preparation, see ref 19. 

1-[(phenylthio)methyl]benzotriazoles are excellent insertion 
reagents for the preparation of a-functionalized ketones. The 
significant features of the present benzotriazole-mediated meth- 
odology include its wide generality, its excellent regioselectivity, 
and the ready availability of starting materials.*O More detailed 
studies of this methodology and its further extension to other 
functionalized benzotriazole derivatives are currently being 
pursued. 

Supporting Information Available: Typical experimental proce- 
dures and characterization data for all new compounds (6 pages). This 
material is contained in many libraries on microfiche, immediately 
follows this article in the microfilm version of the journal, can be 
ordered from the ACS, and can be downloaded from the Internet; see 
any current masthead page for ordering information and Intemet access 
instructions. 
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