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The thermodynamic acidity of 6,6-dimethylfulvene and 6-phenyl-6-methylfulvene in dimethyl sulphoxide have been 
determined to be 22.7 and 22.1, respectively. 

We report the determination of the equilibrium acidity 
constants for 6,6-dimethylfulvene, (la), and 6-phenyl-6- 
methylfulvene, (lb), in dimethyl sulphoxide (DMSO) solvent. 
Despite the growing importance of fulvenes in theoretical and 
synthetic studies, we are not aware of any previous study of 
the energetics of deprotonation in these systems. 

Using the method of Bordwel1,l the pK, values of (la) and 
( lb)  in DMSO were determined to be 22.7 _+ 0.1 and 22.1 _+ 

0.3, respectively at room temperature. Fluorene, (2), (pK, = 
22.6)' was used as the indicator and the equilibrium in 
equation (1) was followed by u.v.-visible spectroscopy. 
Equilibrium absorbances appeared essentially on mixing and 
no further spectral changes were observed for periods ranging 
from 0.5 to 2 hours. By analogy with reports on other 
delocalized systems,l we assume that ion-pairing effects do 
not interfere with equilibrium (1). 

Alkyl fulvenes are known to react with appreciably basic 
nucleophiles by at least two different mechanisms.2J As 
shown in Scheme 1, deprotonation by base gives rise to 
delocalized anions such as (3), while nucleophilic addition to 
the exocyclic double bond affords anions of type (5). In our 
study in DMSO we have found no evidence for the existence 
of (5). The u.v.-visible spectrum of the anion produced in 
DMSO by treatment of (1) with the fluorenyl anion (4) is 
clearly similar to the spectrum of the same anion that forms on 
treatment of (1) with potassium t-butoxide in t-butyl alcohol.3~ 
In the latter case, n.m.r. and mass spectral studies of H-D 
exchange in (la) discount the intermediacy of ( 5 ) .  

The difference in acidity between fulvenes (la) and (lb) is 
comparable with that of indene, (6), (pKa = 2O.l2),4 and 
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Table 1. pKa values of methyl hydrogens in DMSO.a 

Acid PKa 
MeCN 31.3 

Me2S02 31.1 
PhS02Me 29.0 
Me,CO 26.5 

PhCOMe 24.7 
(la) 22.7b 
(1b) 22. l b  

MeN02 17.2 

a Ref. 1. b This work. 

2-phenylindene, (7), (pK, = 19.37).4 In the cases of both (lb) 
and (7), the dominant effect of the phenyl is that of induction 
and not direct conjugation. Such an effect on pK, is smaller 
than that seen when direct conjugation is possible, as is the 
case in 3-phenylindene, (€9, (pK, = 17.3).4 

As can be seen from Table 1, the methyl hydrogens of (la) 
and (lb) are quite acidic. It appears that the acidifying power 
of the cross-conjugation in these fulvenes lies between that of 
a benzoyl group and a nitro group. Lo and Whiteheads have 
calculated *electron densities in the anion derived from 
6-methylfulvene. Their calculations indicated that extensive 
delocalization of charge (about 85%) into the ring occurs. It is 
reasonable to expect that similar delocalization of charge into 
(3) also occurs. This extensive delocalization may account for 
substantial stabilization in (3), and thus the marked acidity of 
(la) and (lb) is not surprising. 

In our original report on the isomerization of dimethylful- 
vene,3a we estimated that the equilibrium mixture was 
comprised of 98% (la), 1.4% (9), 0.6% (lo), and less than 
O.O0lo% (11). If we consider the equilibrium cycle shown in 

R +N" 

( 5 )  

Scheme 1 

(6) R' = R Z =  H 
( 7 )  R' = Ph, R2= H 

( 8 )  R '  = H R Z  = Ph 

( 3 )  

Scheme 2 
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Scheme 2, we can say that K 1  = K2K3. From our present work 
in DMSO, K1 = 1.99 x 10-23. From our estimate of the 
relative stabilities of (la) and ( l l ) ,  K3 = 1 X 10-5. Thus K2 is 
1.99 x 10-18, from which we can estimate the pKa of (11) to be 
17.7 or less. Bordwell has shown that in DMSO, the pKa of 
cyclopentadiene is 18.0.6 Thus it appears that the effect of the 
isopropenyl substituent in (11) is to increase the acidity of 
cyclopentadiene by at least 0.3 pK, units. 

Financial support from the North Carolina Board of Science 
and Technology is gratefully acknowledged. 

Received, 13th August 1986; Corn. 1143 

References 
1 W. S. Mathews, J. E. Bares, J .  E. Bartmess, F. G. Bordwell, F. J. 

Cornforth, G. E. Drucker, Z. Margolin, R.  J. McCallum, G. J. 
McCallum, and N. R. Vanier, J .  Am.  Chem. SOC.,  1975,97,7006. 

2 K. Ziegler, H. G. Gellet, H.  Martin, K. Nagel, and J. Schneider, 
Liebigs Ann. Chem., 1954, 589, 91; K. Ziegler and W. Schafer, 
ibid., 1934, 511, 101; W. Schlenk and E. Bergmann, ibid., 1930, 
479, 58; W. F. Little and R. C. Koester, J .  Org. Chem., 1961, 26, 
3247; V. I. Koshutin, Zhur. Org. Khim., 1975, 11, 1771; D. W. 
Macomber, W. P. Hart, M. D. Rausch, R. D. Priester, and C. U. 
Pittman, Jr., J .  Am.  Chem. SOC. ,  1982, 104,884; N. E. Schore and 
B. E. LaBelle, J .  Org. Chem., 1981, 46, 2306; S. Courturier, B. 
Gautheron, P. Renaut, and C. Tainturier, C. R.  Hebd. Seances 
Acad. Sci., Ser. C., 1977, 284, 323; J. A. Harrelson, M.S. Thesis, 
University of North Carolina at Greensboro, 1981; Georges A. 
Bou-Saba, M. S. Thesis, University of North Carolina at Green 
boro, 1984. 

3 (a) J. Hine and D. B. Knight, J .  Org. Chem., 1970, 35, 3946; (b) 
D. B. Knight, R. L. Hartless, and D. A. Jarvis, ibid., 1972,37,688; 
(c) J. Hine and D. B. Knight, ibid., 1980, 45, 991. 

4 F. G. Bordwell and G. E. Drucker, J .  Org. Chem., 1980,45,3325. 
5 D. H. Lo and M. A. Whitehead, Tetrahedron, 1969,25, 2615. 
6 F. G. Bordwell, G. E. Drucker, and H. E. Fried, J .  Org. Chem., 

1981, 46, 632. 




