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Abstract: Treatment of  ThIS ethers o f  l-alkenyl-l-cycloalkanols with thallium trifluoro acetate in 
acetonitrile affords the ring expanded a-exo-methylenec.vcloalkanones. 
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Oxythallation of  alkenes with thallium(III) acetate, a reaction which closely resembles the well-known 
oxymereuration, is a simple and unique method for the direct preparation of organothalliurn compounds. 
Organothallium compounds constitute very useful intermediates in organic synthesis because they can be 
produced with a high degree of regio- and stereosclectivity, and, because the thallium moiety undergoes 
facile substitution by various other functional groups? In connection with our continuing interest in ring 
expansion reactions, 2 our attention was focused on how thallium ion mediated ring expansion of 1-alkenyl- 
1-cycloalkanols might differ from mercurinium ion mediated ring expansions. 3 We envisioned that the 
cationic species (TI(CF3COO)2+), generated from thallium(HI) trifluoroacetate (TTFA), would undergo an 
electrophilic attack on the carbon-carbon double bond generating a thallium intermediate, which would 
subsequently rearrange to the ring-expanded cyclic ketone having ct-exo-methylene group as shown in 
Scheme 1. 

R T I ( O C O C F 3 ) 3  LTI(OCOCF3)2 
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la: R=H, lb: R=TMS 2 3 

Scheme 1 
Treatment of  la  with TTFA in acetonitrile at room temperature resulted in the slow consumption of  

the starting material. The resulting product, ct-methylencyclopentanone (3), was isolated in 72% yield after 
16 h. When the reaction was carried out in dichloromethane or tetrahydrofuran, lower yields were realized, 
yielding the desired product in 57% and 61% yield, respectively. Furthermore, repeating the reaction in 
acetonitrile under the same conditions using an equimolar mixture of TTFA and triethylamine gave 3 in 
only 31% yield along with the recovery of  I a (57%). 

To solve the problem of strongly acidic conditions, the hydroxy group of la  was trimethylsilylated to 
give lb. The use of the substrate lb  gave much better result, yielding 3 in 82% yield, after treatment with 
aqueous sodium bicarbonate. The remaining reactions were, therefore, carded out with 1-trimethylsilyloxy- 
1-alkenylcycloalkanes in acetonitrile. Table 1 summarizes some experimental results and illustrates the 
efficiency and scope of the present method. The ring expansion of  4-membered ring systems was complete 
within 30 min, whereas that of 5- and 6-membered ring systems required 2 h for completion of  the reaction. 
Most of  the substrates with exception of entries 6 and 7 derived from cyclic ketones underwent ring 
expansion reactions, yielding synthetically important ct-exo-methylenecycloalkanones in good yields. 
Although ring expansion proceeded smoothly in entry 5, it is somewhat surprising that the reaction did not 
occur in the case of  entries 6 and 7. It has been reported that the kinetic effect ofolefin structure on the rate 
of  oxythallation decreases in the order of  isobutene>but-l-ene, propylene>but-2-ene>ethylene. 4 It is, 
therefore, assumed that ring expansion did not take place because of the relatively low reaction rate of  the 
but-2-ene type olefin structure in the molecules. In entry 7, even though the more reactive vinyl group was 
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Table 1. Synthesis of e-methylenecycloalkanones 

entry substrate product yield (%)a entry substrate b product yield (%)b 

TMSO o 

I Ph ~ Ph ~ 82% 

0 TMSO 
2 ~ 92% 

Ph Ph 

3 ~ @ 0 7 3 %  

TMSO B ~ u ,  O 

4 [~B 93% 

u t t 

O 
TMSO~ [ ~ R  5 ~ , R  84% 

TMSO~ 
6 no reaction 

TMSO 
7 [~1-( no reaction 

8 ~ ~ O  74% 

a isolated yields b R=n-C9H19 

TMSO , - -  TI(OCOCF3)3 ~ C F 3 ) 2  

0oc-- - rt 

4 (cisffrans=9:l) 5 6 (c/s/tran~9:l) 
70% 

introduced in a six-membered ring, ring expansion did not take place. This is probably due to insufficient 
energy compensation for the larger ring strain energy in the seven-membered ring and the low migratory 
aptitude of  the secondary carbon in the ring. Alternatively, when an aromatic ring, having much better 
migratory aptitude than the secondary carbon, was inserted at the C-2 and C-3 position of six-membered 
ring system (entry 8), the ring-expansion reaction occurred smoothly. Furthermore, when 4 was treated with 
TTFA in acetonitrile for 2 h, 6 was obtained in 70% yield as a result of participation of the benzene ring via 
intramolecular assistance. 

As compared with mercurinium mediated ring expansion reaction, 3 the present method is less efficient 
and works well only with 4-membered ring systems, indicating that the thallium intermediates are much 
less reactive than mercurinium ion intermediates. Furthermore, it is noteworthy that the thallium mediated 
reaction underwent electrophilie aromatic substitution in 5, whereas the mercurinium mediated reaction did 
not undergo the same type of the reaction. 5 
Acknowledgment. We thank KAIST and OCRC for financial support of our research programme. 
References  and Notes  
1. McKillop, A.; Taylor, E. C. In Comprehensive Organometallic Chemistry; Wilkinson, G.; Stone, F. G. 

A.; Abel, E. W.; Eds.;Pergamon Press: New York, 1982, Vol. 7, p 465-513. 
2. Kim, S.; Park, J. H. Tetrahedron Lett. 1989, 30, 6181-6184.; Kim, S.; Uh, K. H.; Lee, S.; Park, J. H. 

Tetrahedron Lett, 1991, 32, 3395-3396.; Kim, S.; Lee, S. Tetrahedron Lett. 1991, 32, 6575-6578. 
3. Kim, S.; Uh, K.H. Tetrahedron Lett. 1992, 33, 4325-4328. 
4. Henry, P. M.J. Am. Chem. Soc. 1965, 87, 4423-4428. 
5. A typical procedure is as follows. The substrate lb  (88mg, 0.36 mmol) was added to a solution of  

TTFA (170 mg, 0.40 mmol) in acetonitrile (5 ml) and the reaction mixture was stirred at room 
temperature for 30 min, quenched with saturated aqueous NaHCO3 and extracted with ether. The 
organic layer was washed with brine, dried, and evaporated to dryness. The crude product was purified 
by silica gel column chromatography to give 3 (45 rag, 82%). 

(Received in Japan 9 February 1996; revised 1 April 1996; accepted 12 April 1996) 


