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Abstract: Pentamethylcyclopentadienyllitlfium reacted with trifluoroiodomethane to provide a diene 
bearing a difluoroiodomethyl group and none of the trifluoromethyl diene. This result was consistent 
with insertion of difluoroearbene into the C-I bond of an initially formed iodo-diene. 
© 1997 Elsevier Science Ltd. All rights reserved. 

Trifluoroiodomethane is a common reagent for the introduction of a trilluoromethyl group, l but even 

when this appears to be by formal displacement of iodide, there is evidence that this is a radical process. 2 H3C CH3 H3C CH3 
H3C OH3 H3C CH3 H3C OH3 

1 2 3 

In conjunction with a study of facial selectivity in the Diels-Alder reactions of 5-substituted 1,3-cyclo- 

pentadiene derivatives, 3,4 we wished to prepare diene 1, in which a methyl group would be pitted against a 

trifluoromethyl group. To the pentamethylcyclopentadienyl anion, generated by the action of n-butyllithium in 

THF at 0 *C, was added CF3I. The reaction mixture began to darken rapidly; therefore, instead of attempting to 

isolate the putative diene 1, an equivalent of a dienophile, N-phenylmaleimide, was added. IH NMR analysis of 

the crude reaction mixture revealed signals for only two adducts, in a 2.4 : 1 ratio. These were isolated by flash 

chromatography. The structure of the major one was not unexpected. It was the adduct 4 derived from 5-iodo- 

1,3-cyclopentadiene (2). 4 The molecular formula (C20H22F21NO2) of the minor adduct was established by high 

0 Ph 0 Ph 
4 R = CH 3 5 R = CH 3 
6 R = H  7 R = H  
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resolution MS. The IH NMR spectrum confirmed that this adduct was symmetrical, and the signal for the 

methyl on the methano bridge was split into a triplet (4JF, H = 1.5 Hz). Therefore, the minor adduct must have 

come from diene 3. The stereochemistry of the minor adduct $ became clear from nuclear Overhauser effect 

measurements. Saturation of the two-proton signal at 8 3.10 led to a 5% enhancement of the signal (b 1.18) for 

the methyl on the methano bridge, and saturation of the 6 1.18 signal resulted in a 10% increase in the signal at 8 

3.10. 5 Thus, $ was the product of endo-addition to the face of 3 anti to the CF2I group, an outcome consistent 

with the facial selectivity being the result of the difference in steric hindrance between CH3 and CF21. 

To our knowledge, alkylation with CF3I by the formal displacement of fluoride is unprecedented, but it 

does not seem plausible that nucleophilic substitution on CF3I could lead to diene 3 in a concerted manner. The 

preponderance of adduct 4 showed that, in contrast with enolate chemistry, 2 the preferred reaction pathway was 

by capture of the iodine of CF31 by the 1,2,3,4,5-pentamethylcyclopentadienyl anion, for which the by-product 

would he trifluoromethyllithium. This in turn should give rise to difluorocarbene. (Trifluoroiodomethane gives 

difluorocarbene in the presence of alkyllithiums. 6) There is precedence 7 for the attack by difluorocarbene on the 

iodide in solution to produce CF21-. Therefore, we can suggest that the CF21 group arises by insertion of 

difluorocarbene into the C-I bond of the initially formed iodo-diene: 

CH3 ki+ 6* HaC I H3C CF21 

H z C ~ C H 3  I--CF 3 H 3 C ~ I C H 3  + CF3Li --~ :CF2 H 3 ~ 3 C ~ C ~ : 3  

H3C CH3 H3C CH3 

When the same procedure was used with the unsubstituted cyclopentadienyl anion, CF3I and then N- 

phenylmaleimide, the result was a complex mixture in which we did not detect adduct 6, adduct 7, or any adduct 

containing a trifluoromethyl group. 

Financial support from the Natural Sciences and Engineering Research Council of Canada is gratefully 

acknowledged. 

References and Notes 

(1) For instance: (a) Houston, M. E. , Jr.; Vander Jagt, D. L.; Honek, 3. F. Bioorg. Med. Chem. Lett. 1991, 

1, 623-628. (b) Gassman, P. G.; Ray, J, A.; Wenthold, P. G.; Mickelson, J. W. J. Org. Chem. 1991, 56, 

5143-5146. (c) Koshechko, V. G.; Kiprianova, L. A.; Fileleeva, L. I. Tetrahedron Lett. 1992, 33, 6677-6678. 

(2) lseki, K.; Nagai, T.; Kobayashi, Y. Tetrahedron Lett. 1993, 34, 2169-2170. 

(3) Poirier, R. A.; Pye, C. C.; Xidos, .1. D.; Burnell, D. J. J. Org. Chem. 1995, 60, 2328-2329. 

(4) (a) Burry, L. C.; Bridson, J. N.; Burnell, D. J. J. Org. Chem. 1995, 60, 5931-5934. (b) Wellman, M. A.; 

Burry, L. C.; Letourneau, J. E.; Bridson, .I.N.; Miller, D. O.; Burnell, D..I.J.  Org. Chem. in press. 
(5) For 5: mp 166-167 *C; IR: 1715 cm-l; IH NMR (CDCI3): 8 7.41 (3H, m), 7.06 (2H, m), 3.10 (2H, s), 

1.64 (6H, s), 1.53 (6H, s), 1.18 (3H, t, J = 1.5 Hz); 19F NMR (CDCI3): 8F-28.7; MS m/e (%): 485 (15, M+), 

357 (6), 338 (33), 312 (100), 185 (74), 173 (90), 135 (30); HRMS: calcd for C21H22F21NO2: 485.0664, 

found: 485.0662. 

(6) Miller, W, T., Jr.; Kim, C. S. Y. J. Pan. Chem. Soc. 1959, 81, 5008-5009. 

(7) Cao, P.; Duan, J.-X.; Chen, Q.-Y. J. Chem. Soc., Chem. Commun. 1994, 737-738. 

(Received in USA 22 November 1996; revised 10 January 1997; accepted 13 January 1997) 


