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adjacent difluoromethylene groups toward stabilization of 
1. 

We now wish to report the first example of an isolable flu-
orinated carbanion uncomplicated by d7r-p^ types of inter­
actions. When I is allowed to react with trialkylamines, the 
stable polyfluorinated carbanion, the trialkylammonium-
2,2,3,3,4,4-hexafluorocyclobutane ylide (III), is formed. Ylide 
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HIa is a pale yellow, moisture-sensitive solid, which, except for 
the one missing doublet splitting (due to phosphorus), shows 
a 19F NMR spectrum similar to that of I.7 It exhibits two sets 
of multiplets at <j>* 85.5 (rel area 2) and 122.4 ppm (rel area 
I).8 The spectroscopic data is only consistent with the ylide 
structure III. It is totally inconsistent with the earlier suggested 
ammonium salt structures for the products of these reactions.9 

A derivative of the cyclobutenylammonium structure was 
prepared for spectroscopic comparison purposes. For example, 
when HIa was treated with boron trifluoride etherate, 1-
(pentafluorocyclobutenyl)triethylammonium tetrafluoroborate 
(IV) was formed in quantitative yield. Salt IV is a moisture-
sensitive solid which exhibits the following 19F NMR spectrum, 
0*95.8 (rel area l ,F a ) , 112.4 (rel area 2, Fb), 119.2 (rel area 
2, Fc), and 153.3 ppm (rel area 4, BFzT), in agreement with 
the postulated structure. 
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The hydrolysis of IHa can be carried out sequentially to give 
either a mono (V)10 or bis (VI)11 hydrolysis product. Com­
pound VI is identical with the hydrolysis product isolated by 
Rapp,12 providing corroborative evidence that our compound 
III is the same as reported earlier. 
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Confirmation of our spectroscopic conclusions above has 
been recently provided by an x-ray structural determination 
of HIb.'3 The x-ray determination unequivocally shows the 
ylidic structure, rather than the ammonium salt, to be the 
correct representation of III. To our knowledge, III is the first 
reported example of a stable halogenated nitrogen ylide and 
the first example of a stable fluorinated carbanion system 
stabilized only by inductive effects. 

The ease of formation and stability of III suggests that other 
related polyfluorinated carbanion systems may be similarly 
formed and exhibit inherent stability, even in the absence of 

any d7r-p7r stabilization.14 Sufficient inductive stabilization 
can decrease the ease of the usually favored ^-elimination 
process and permit the formation and isolation and study of 
unusual carbanion systems. Our work continues to explore 
these unusual elusive carbanions. 

References and Notes 

(1) Reported in part at the 8th International Symposium on Fluorine Chemistry, 
1976, Kyoto, Japan. 

(2) M. A. Howells, R. D. Howells, N. C. Baenziger, and D. J. Burton, J. Am. 
Chem. Soc, 95, 5366 (1973). 

(3) Related fluorinated phosphoranes capable of isolation have also been 
reported by Middleton4 and Matthews.5 

(4) W. J. Middleton and W. H. Sharkey, J. Org. Chem., 30, 1384 (1965). 
(5) G. H. Birum and C. N. Matthews, J. Org. Chem., 32, 3554 (1967). 
(6) The phosphorus-carbon bond length of 1.713 A2 was indicative of tiw-pir 

overlap. When halogens other than fluorine were substituted at the position 
a to the ylide carbon, the stability of the ylide decreased, suggesting that 
partial stabilization came from the a-difluoromethylene groups. 

(7) Ylide I exhibits two sets of signals in the 19F NMR at <$>' 86.9 (4 F) and 124.6 
ppm (2 F). 

(8) Ylide lllb shows a similar 19F NMR pattern at 0* 84.1 (4F) and 122.8ppm 
(2F). 

(9) R. L. Pruett, C. T. Bahner, and H. A. Smith, J. Am. Chem. Soc, 74, 1633 
(1952). 

(10) V shows two triplets in the 19F NMR at $• 102.6 (F") and 122.5 ppm (F") 
with Jf f = 21 Hz. 

(11) Vl shows a singlet in the 19F NMR spectrum at 120.7 ppm and mp 166-167 
°C(lit.12mp 167-167.5 0C). 

(12) K. E. Rapp, J. Am. Chem. Soc, 73, 5901 (1951). 
(13) The x-ray structure of lllb was carried out by Professor Norman Baenziger 

(University of Iowa) and will be reported elsewhere. 
(14) For earlier work with pyridine and pyridine derivatives, see R. L. Pruett, C. 

T. Bahner, and H. A. Smith, J. Am. Chem. Soc, 74, 1638 (1952); S. E. Ellzey 
and W. A. Guice, J. Org. Chem., 31, 1300 (1966); and R. F. Stockel and 
F. H. Megson, Can. J. Chem., 45, 1998 (1967). 

Donald J. Burton,* Richard D. Howells, Paul D. Vander VaIk 
Department of Chemistry, University of Iowa 

Iowa City, Iowa 52242 
Received March 29, 1977 

Comments on Entropy Change in Ion-Molecule 
Equilibria 

Sir: 

In recent years, many investigators have reported quanti­
tative information about the thermochemistry of ion-molecule 
reactions based on the observation of ion-molecule equilibria 
in high pressure or ion cyclotron resonance mass spectrometers. 
Such equilibria have been observed in systems in which hydride 
transfer,1 proton transfer,2 and charge transfer3 reactions occur 
reversibly. In some of these investigations, the equilibrium 
constant is determined as a function of temperature, thus giving 
an experimental determination of the entropy change for the 
reaction. Thus a value for the enthalpy can be obtained: 

-RT\nKeq= AG° = AH" TAS0 (D 
However, in many studies, Keq is determined at a single tem­
perature only. In many such investigations the results are in­
terpreted in terms of enthalpy changes by making the as­
sumption that the entropy change is zero, or can be estimated 
entirely on the basis of the differences in symmetry, moments 
of inertia, vibrational frequencies, and degeneracies of the 
electronic states of the reactant and product species. On this 
basis, scales of "proton affinities" and scales of "adiabatic 
ionization potentials" have been reported which often have an 
estimated accuracy of ±0.1 or 0.2 kcal/mol (1 kcal/mol = 4.18 
kJ = 0.043 eV). In this communication, it will be shown that, 
when eq 1 is used for the derivation of thermodynamic infor­
mation from ion-molecule equilibrium constants, terms must 
be included to account for the effects of the intermolecular 
forces experienced by the ions and molecules which undergo 
reaction. The contribution to the entropy change due to the 
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Table I. Rate Constants of Charge Transfer in the Exothermic Direction in Charge-Transfer Equilibria 

cm3/molecule s X 
1010 

^ e q 

119.0 
28 
12.6 

5.3 
3.5 
3.5 

kf 

14.3 
17 
12.8 
12.8 
11.6 
10.2 

Zf 

16.0 
15 
13.2 
12.6 
11.1 
10.4 

T, °C 

350 
410 
350 
350 
350 
350 

Ref 

This work* 
3d 
This work* 
This work* 
This work* 
This work* 

NO+ + C6D6 *± C6D6
+ + NO 

C6H6
+ + C6H5Cl ^. C6H5Cl+ + C6H6 

C-C4H4O
+ + C6H5CH3 ^ C6H5CH3

+ + C4H4O 
C6H5CH3

+ + C6H5C2H5 ^ C6H5C2H5
+ + C6H5CH3 

C6H5CF3
+ + C6F5H «- C6F5H+ + C6H5CF3 

C6H5F+ + P-C6H4F2 *± C6H4F2
+ + C6H5F 

" Calculated from equations listed in ref 6. Values of a and ^D taken from ref 8. * Determined in the NBS pulsed ICR mass spectrometer 
using the double-resonance ion-ejection technique. Accuracy: ±15%. 

Table II. Rate Constants of Charge Transfer in the Endothermic Direction in Charge-Transfer Equilibria 

cm3/molecule s X 1010 kcal/mol^ 

krb 

1.0 
2.4 
1.3 
2.0 
2.8 

Zf 

9.8 
13.6 
15.0 
11.8 
11.7 

kr = zT e-AH(Lil 

0.9 
2.0 
1.2 
1.7 
3.0 

MRT AH- = RT In (kr/ZT) 

-1 .4 
-1 .0 
-1 .5 
-1 .1 
-0 .86 

A//, l i t / 

-1 .4 
-1 .1 
-1 .5 
-1 .1 
-0.81 

C-C4H4O
+ + C6H5CH3 i=t C6H5CH3

+ + C-C4HO 
C6H5F+ + P-C6H4F2 ^ P-C6H4F2

+ + C6H5F 
1,2,4,5-C6H2F4

+ + NO <=t NO+ + 1,2,4,5-C6H2F4 
C6H5CH3

+ + C6H5C2H5 ?± C6H5C2H5
+ + C6H5CH3 

C6H5CH3
+ + 4-FC6H4CH3 <=! 4-FC6H4CH3

+ + 
C6H5CH3 

" 1 kcal/mol = 4.18 kJ = 0.043 eV. * Determined in the NBS pulsed ICR mass spectrometer using the double-resonance ion-ejection technique. 
Accuracy: ± 15%. c Calculated from equations listed in ref 6. Values of a and ^D taken from ref 8. d Reference 9. 

Table III. Comparison of Experimentally Determined Entropy Changes with Those Calculated from AScon = R In (Zf/Zr) 

ASC ASC Ref 

C6H5Br+-I-C6H5I 
C6H5Br+ + C6H5CH3 *± C6H5CH3

+ + C6H5Br 
C6H5CH3

+ + 1,2-C6H4(CHj)2 ^ 1,2-C6H4(CH3J3
+ + C6H5CH3 

1,2-C6H4(CH3J2 + C6H5OCH3 ^ C6H5OCH3
+ + 1,2-C6H4(CHj)2 

1,3,5-C6H3(CH3J3
+ + C6H5OCH3 *± C6HsOCH3

+ + 1,3,5-C6H3(CHj)3 
CS2

+ + C6H5CN ^ C6H5CN+ + CS2 

H3O+ + H2S ^ H3S+ + H2O 
C2H5OH2

+ + HCO2CH3 x± H2CO2CH3
+ + C2HsOH 

-0 .7 
- 2 
+2 
+2 
+ 2 
+ 2 
- 1 . 0 ± 0 . 4 
+0.1 ± 0 . 4 

0.0 
-0 .5 
+0.2 
+0.2 
+0.2 
+ 2.0 
-0 .4 
+0.1 

3d 
3d 
3d 
3d 
3d 
3d 
2a 
2a 

" Calcd: AScon = R In (Zf/Zr). Zf and Z1. were calculated using equations listed in ref 6. Values of a and ixD taken from ref S 

intermolecular interactions can be estimated from the ratio 
of the ion-molecule collision rates in the forward and reverse 
directions. This contribution is small (<3 eu), but is usually 
ignored and often results in a net change in the calculated en­
thalpy which is greater than the claimed accuracy. 

The existence of such a term in the entropy is inevitable if 
one expresses the forward and reverse rate constants in terms 
of collision theory, as is noted in many textbooks.4 That is, if 
the rate constant of a bimolecular reaction is 

k = ZPe-VRT (2) 

where Z is the rate constant for collision of the reacting pair, 
P is a probability that a collision will be reactive when the ex­
ponential terms approaches unity, and E is an energy barrier, 
then the equilibrium constant, ATeq, must be equal to 

_ f c f _ Z f f t g - g f / * r _ Z f / > f 

^ kt ZrPTe-E</«T Z r P t
e 

- eAS/Re-AH/RT (3) 

(where the subscript f refers to the forward or exothermic di­
rection of reaction, and the subscript r refers to the reverse or 
endothermic direction). Then, since e~(Er~E'^RT can be 
equated to e~^H/RT (for ion-molecule reactions, Ef is usually 

zero and Ex is just —AH), it follows that 

AS = R[lnTr
 + ]"9] (4) 

In the case of ion-molecule reactions, there are numerous 
examples in the literature5 of reactions for which P is close to 
unity. That is, for many exothermic ion-molecule reactions 
k( = Zf, within experimental error. For ion-molecule collisions, 
the collision rate constants, Z, can be readily calculated.6 Table 
I shows that, even under conditions such that the reaction in 
the reverse direction can occur, P may be unity. Table Il shows 
that P may be unity in the endothermic direction also, so that 
in many ion-molecule equilibria the enthalpy of reaction may 
be predicted simply from the rate constant of the reverse re­
action. 

This implies that eq 4 is valid for ion-molecule reactions. 
The results given in Tables I and II demonstrate that it is not 
the case that the mechanism of the equilibrium might include 
some compensating occurrence such that the ratio Zf /Z r in 
eq 3 and 4 would be effectively cancelled by components of the 
ratio Pf/PT. 

Thus it can be concluded from these results that, in any 
ion-molecule equilibrium in which the entropy is not experi­
mentally determined, the estimation of the intermolecular 
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entropy term can be based on the term R In (Zf/Z r) . Most 
calculations of entropy changes in ion-molecule equilibria have 
been based on ratios of partition functions expressing the dis­
tributions of internal energy in the separated reactant and 
product species. These partition functions are derived from a 
model of the system which assumes that interactions, such as 
those taken into account in calculating Zf and Z1-, do not exist. 
The inclusion of a term R In (Zf/Z r) in the entropy merely 
reflects the fact that, in the particular case of equilibria in­
volving ions, such interactions do play a role. According to 
thermodynamics, the calculation of AS from statistical me­
chanics involves two parts, that arising from the ratios of in­
ternal partition functions (the "ideal" contribution) and that 
arising from the effects of the intermolecular forces on the 
configuration integral. The latter contribution is generally 
expressed in terms of the fugacity, which is usually derived 
from the experimentally observed pressure-volume-temper­
ature relationships of a gas or from van der Waals constants. 
Obviously the fugacities of ions are not experimentally ac­
cessible in these ways. However, a calculation7 of the contri­
bution to AG° by intermolecular interactions is based on a 
consideration of the same potential functions which are the 
basis for the calculation of Z. Hence, it is to be expected that 
a statistical mechanical derivation of AS for ion-molecule 
equilibria would result in expressions which are equivalent to 
those derived here from kinetic considerations. 

Table III lists some values of AS which are derived from the 
results of Meot-Ner and Field,3d who determined AG0 for 
charge-transfer equilibria in aromatic systems at 450 and 600 
K. Since the changes in AC° over this temperature range are 
small (±0.3 kcal/mol), these authors concluded that the en­
tropy change for charge-transfer equilibria in these systems 
is zero. The comparisons shown in Table III demonstrate that, 
for all the reaction pairs studied by those authors in which there 
should be no other contributions to the entropy, the sign of the 
entropy change is always correctly predicted from the collision 
contribution. (In these measurements the experimental error 
is of approximately the same magnitude as the entropy change 
being determined.) Table III also shows the only entropy de­
terminations in the literature23 for proton-transfer equilibria 
in which it is predicted there should be no other contributions 
to the entropy change. The collision contribution correctly 
predicts the sign and approximately the magnitude of the 
measured entropy change. 

Acknowledgment. The authors would like to acknowledge 
helpful conversations with Dr. Robert N. Goldberg, Mr. 
Donald D. Wagman, Dr. David Garvin, Dr. J. L. Beauchamp, 
Dr. C. E. Klots, and Dr. William Saunders. They would also 
like to thank Drs. M. Meot-Ner and F. Field for access to their 
data before publication. 

"Ion-Molecule Reactions. Their Role in Radiation Chemistry", American 
Chemical Society, Washington, D.C., 1975. 

(6) The collision rate constants, Z, are usually calculated using the Langevin-
Gioumousis-Stevenson formalism (P. Langevin, Ann. Chim. Phys., 5, 245 
(1905); G. Gioumousis and D. P. Stevenson, J. Chem. Phys., 29, 294 (1958)) 
for reactions involving nonpolar molecules, Z = 27re(a7/i)1'2. or the Su-
Bowers A. D. O. formalism (T. Su and M. T. Bowers, Int. J. Mass Spectrom. 
Ion Phys., 12, 347 (1973); T. Su and M. T. Bowers, J. Am. Chem. Soc, 95, 
1370 (1973); M. T. Bowers and T. Su in ref 2d, p 163) for reactions involving 
molecules having a permanent dipole moment, Z = 2ire/M1/2[a1 '2 + 
c^2/TkT)1/2], (where a is the polarizability of the molecule, e is the charge 
on the electron, n is the reduced mass of the colliding pair, jtD is the per­
manent dipole, and c is a parameter having values between 0 and 1 which 
is a function of nD/aV2) or the alternative approach recently proposed by 
Barker and Ridge (R. A. Barker and D. P. Ridge, J. Chem. Phys., 64, 4411 
(1976)). All of these models are based on a calculation of the attractive 
potential existing between the ion and molecule because of interactions 
between the charge and the induced dipole or permanent dipole of the 
molecule. Although these calculations do not take into account certain terms 
in the ion-molecule potential of interaction (such as quadrupole moments, 
for instance), more complete calculations, as well as comparisons with 
experimentally determined ion-molecule collision rates, indicate that these 
equations predict the value of Z correctly, within 15-20%. 

(7) See, for instance, R. Fowler and E. A. Guggenheim, "Statistical Thermo­
dynamics", Cambridge University Press, New York, N.Y., 1952, Chapter 
VII. 

(8) A. A. Maryott and F. Buckley, Natl. Bur. Stand. {U.S.) Circ, 537 (1953). 
(9) H. M. Rosenstock, K. Draxl, B. Steiner, and J. Herron, J. Chem. Phys. Ref. 

Data, 6, in press. 

S. G. Lias,* P. Ausloos 
Institute for Materials Research 

National Bureau of Standards, Washington, D. C. 20234 
Received February 21, 1977 

A Nickel Catalyst for the Arylation and 
Vinylation of Lithium Ester Enolates 

Sir: 

a-Aryl and a-vinyl carbonyl groupings are structural fea­
tures of a large number of biologically important molecules. 
A method for the direct arylation or vinylation of enolate an­
ions would greatly simplify the synthesis of such molecules. 
Progress to this goal has been reported by a number of work­
ers,1 with perhaps the most promising approach to date being 
the trapping of photogenerated aryl radicals with ketone en­
olates (the S R N I reaction).2 

We wish to report that the addition of rt-butyllithium to 
suspensions of nickel(II) bromide in tetrahydrofuran (THF) 
at dry ice temperature forms material which catalyzes an ef­
ficient substitution reaction of lithium ester enolates (1) with 
aryl or vinyl halides (2) (eq 1). The reaction occurs with clean 

W 
OLi 

OR 

X CCO.R 

n-CH.Li + LiX (1) 
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retention of stereochemistry at the halogen-bearing carbon, 
as judged from results obtained with the configurational iso­
mers of /3-bromostyrene (eq 2, 3).3 

The reaction with the lithium enolate of ethyl crotonate (5) 
occurs at the y carbon to give chain extended vinylation or 

C6H, Br 
\ / 

C = C + LiCXCH3)XO1CH, 
/ \ " ' 

H H 
C6H5 CXCH;,)2COAH;, 

NiBr2 \ „ / 

— ^ r * C = C 2) 
B-C1Ht1Li y V 

H H 

3, 50#> ( < 1 % trans isomer, GLC) 
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