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SHORT COMMUNICATION 

THE ACIDITY OF FLUORINATED BICYCLOALKANES. 

1. III-UNDECAFLUORO- AND lH,4H-DECAFLUOROBICYCLOHEPTANES - 

IAN W. PARSONS 

Chemistry Department, The Unlverslty of Blrmlngham, P-0. Box 363, 

Blrmlngham B'15 2TT (Great Brltaln) 

SUMMARY 

CND0/2 Calculations have been performed on the title compounds and on 

the anIons derived from them. The results lndlcate that in the anion 

there 1s slgnlflcant transannular transfer of charge to the kposltlon. 

The amount of such transfer 1s effectively Independent of the 4- 

substltuent. It 1s concluded that the effect of the substltuent upon the 

stablllty of the acid must be an Important factor. 

INTRODUCTION 

Ever since the fvst controlled fluorlnatlon of blcyclo[2,2,11 

heptadlene cl] over cobalt (III) fluoride showed that substantial amounts 

of 1 and 2 are Isolable from the fluorlnatlon mixture, the unusually high 

acldlty of the brldgehead hydrogen atoms In these compounds has attracted 

the interest of both synthetic and physical organic chemists. 

The synthetic uses of the acldlty of these materials 1s well 

documented, with e.g. the carbanlons la or 2a showing good propertles as 

a nucleophlle and hence glvlng rise to a range [21 of brldgehead- 

substituted materials. Further reactlons of some of these also give 1,4- 

dlsubstltuted materials from 1. 

More quantltatlve studies have estimated 131 that the pKA of 

cyclohexylamlne) 1s 22.3 and that for 2 1s 20-5, whilst synthesis 

1~-~-tr~fluoromethyldecafluoroblcyclo~2,2,1~heptane has permltted 

measurement of It's pKA as 20.7 [31. 

1 (In 

c41 of 

the 
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1 X=H 

la x=0 

F 

2 X=H 

2a x=0 

The present paper presents the results of a CND0/2 [51 study of some 

factors which may be concerned ln this icldlty. TWO main factors may, 

clearly, operate here: firstly, the heavy fluorine substltutlon (3 to the 

acldlc hydrogen must act to stablllse the anIonIc charge by lnductlve 

delocallsatlon; and secondly there 1s the posslblllty of Important 

delocallsatlon of anlonlc charge 'through space' from the 1 to the 4 

posltlon, possibly using the smaller lobe of the relevant sp3 hybrid 

orbital of the anlon. 

This latter process would lead to a strong dependence of the gas 

phase acldlty and, because of the remoteness of the change In the molecule 

at C4 from the anlonlc site at Cl and Its probable small effect on 

solvatlon, of the llquld phase acldlty on the nature of the 4-substltuent. 

The pKA valves mentloned, and others [31, tend to support this. It 1s 

hoped that the present study ~111 shed some light on this. 

DETAILS OF CALCULATIONS 

Calculations were performed using a modlfled version of QCPE 91 Cbl 

on the Unlverslty's ICL 1906~ computer. The geometry used 1s largely an 

experImenta one c71, slightly modlfled to take account of the dlfflculty 

of locating hydrogen atoms in a heavy molecule. The C-H bonds were 

assumed to be 1.08 A 151 and the bond angles were assumed to be the same 

for 111 as for IF substltutlon. The axis system used 1s shown In figure 1. 
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X7 Plane XY Plane C91 

Figure 1. Electron densltles In 1 and la C81 
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TABLE : 

Calculated energies,* and energy differences 

0 6 (j) 6 

H 0 H 0 

-329.1659 -328.3500 -356.1303 -355.3295 

Differences -8153 - 8008 

Difference between the two lonlsatlon energies, Q = -0151 

A 9Kcal 

*Hatree unless otherwlre stated. 

TABLE 2 

Calculated charges on various atoms In the molecules dlscussed 

H F 

0 

F 

0 

F 

II H 

Posltlon* Acid Anlon Differences Differences Acid Amon 

Cl 
C2 

"C; 

C7 
F2eq 
F2W 

F3eq 
F3ax 

E7 
Acldlc H 

-.I31 

+*377 

+*435 
-.186 
-.181 

-*321 -*313 
+-004 +.005 

--018 +.005 
+.008 --005 
-.Olj --008 
--054 -.055 
-*052 -.053 
-so44 --045 
-.041 -.044 

-.189 
+-083 
+-083 

-.452 
+.381 
+-359 
-*I23 
+*422 
-.240 
_.233 

-*230 
-*225 
-*242 
+*013 

--053 

/I 

--053 
-.070 -.061 

-*I37 
+378 
+*35O 
i-086 
+-411 
-.180 
-.I76 
-.172 
-.I72 
--I79 
-*I50 
+.og1 

-.450 
+.'83 
+-335 
+-081 
+-403 
-.235 
-.229 
-.217 
-*2?6 
-.232 
--211 

*numbering as In 

R 

F2eq 
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RESULTS 

Calculations were performed for four molecular species 1, la, 2 and 

2a. The energies calculated and the relevant differences are shown an 

Table 1. From these differences It may be estimated that 1 should have a 

PKA 
7 units higher than 2. Although this difference 1s apparently much 

too large, the difference between the protonatlon energies calculated (Q) 

1s reasonable (experImenta pK difference gives -7 Kcal, Q ~9 Kcal) so 

that the calculated propertles of the molecules may be assumed to be good 

approxlmatlons to nature. 

The major point here 1s that the behavlour of 1 and 2 on deprotonatlon 

1s very slmllar with regard to redlstrlbutlon of charge. Table 2 displays 

the calculated charges on the atoms of the species studled, and It 1s 

easily seen from the 'differences' columns that the reorganlsatlon of 

charge 1s very slmllar In both cases - at least at this rather crude level 

of analysis. In particular, only small amounts of charge are delocallsed 

onto the 4H or 4F respectively (allbelt these bothacqulremore charge on - 

lonlsatlon than any other atom except Cl). 

The bulk of the redlstrlbuted charge, however, remains on Cl or 1s 

moved onto the fluorine atoms. This redlstrlbutlon 1s illustrated for the 

highest occupied molecular orbltals In 1 andla in figure 1 . The results 

for 2 and 2a are slmllar. The three plots are, ln descending order, for 

the anIon (A) the acid (AC) and the difference (A-AC) between them. The 

geometry of the molecule 1s shown In the small Inset, with axes marked also 

on the plots. 

In summary, the acldlty of these compounds 1s calculated to be mainly 

due to the powerful lnductlve effect of the fluorine atoms p to the anIonIc 

centre, but there 1s slgnlflcant transfer of charge onto C4 and It's 

substltuent. Surprlslngly, the quantity of charge transfered, upon 

deprotonatlon, to (C4+ substltuent) 1s InsensItIve to the nature of the 

substltuent. This cast doubt upon the easy explanation of the role of the 

4-substltutent In stablllslng the anlon, and suggests that destablllsatlon 

of the acid by an electronegative group at C4 IS the more Important factor 

in promulgating changes In acldlty wlthln this series of compounds. 
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