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change process,3 with both processes possibly proceeding via 
isocarbonyl intermediates or transition states ( M — C = O - R h 
— M - C = O - R h — M - O = C - R h ) . 1 6 That is, the unsat
urated metal carbonyl intermediate containing a binding site 
for the CO-labilizing R 3 P=O ligand in this instance is pro
vided by rhodium(I) withdrawal of carbon monoxide with 
concomitant formation of Rh(C8H]4)(CO)Cl. It has not es
caped our attention that the linear bridging carbonyl 
(?72(C,0) CO) illustrated above, in addition to providing the 
first step in the CO abstraction process, also represents a highly 
directional oxygen donor which might itself promote lability 
in either of the metal centers.16 
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The a-Cyano Group as a Substituent in 
Solvolysis Reactions. An Evaluation of Inductive 
Destabilization vs. Mesomeric Stabilization of 
Cations by the Cyano Moiety 

Sir. 

Amazingly little is known about the effect of strong elec

tron-withdrawing substituents on incipient carbonium-ion 
centers. Recently, interest in this area has been increasing.1 

We now report our preliminary results on the influence of the 
a-cyano group on incipient carbonium-ion centers and to 
propose that a-cyano groups are ambivalent in their rela
tionships with attached carbonium-ion centers. Inductively, 
the cyano group is strongly destabilizing. However, much of 
this inductive effect can be balanced by a mesomeric (der 
ealization) effect involving resonance contributors 1 and 2. 

R' R' 
1 2 

Interestingly, the resonance form 2 is a nitrenium ion, which 
should be much less stable than an analogous carbonium ion.2 

Thus, the extent to which 2 contributes to the structure of the 
intermediate cationic species will depend greatly on the nature 
of R and R'.3 

Recently, Koshy and Tidwell have found that an a-trifluo-
romethyl group provides a rate retardation of 106 relative to 
hydrogen in the solvolysis of simple sulfonate esters. 1J Simi
larly, Creary has found an H/a-keto rate ratio of 107. lk On 
the basis of the Taft polar substituent constants [<7*(NCCH2) 
(1.30), er*(CF3CH2) (0.92), and o-*(CH 3 C(=0)CH 2 ) 
(0.60)] ,4 it might be predicted that an a-cyano moiety would 
have a greater rate retarding effect than either the a-trifluo-
romethyl or a-keto group. As shown in Table I, the influence 
of the a-cyano group on the rate of solvolysis of 2-propyl sul
fonates resulted in an H/a-cyano (^3/^4) rate ratio of only 
3.5 X 103. This is considerably smaller than the retardation 
factor expected on the basis of the Taft polar substituent 
constant and even less than the 104-107 rate retardation pre
viously observed for /3-cyano substitution."'5 

A number of different explanations might be suggested for 
the relatively small rate effect resulting from the introduction 
of the a-cyano group. Possibilities are (a) the reaction occurs 
by concerted elimination to give the only observed product 
methacrylonitrile; (b) the reaction occurs via solvent dis
placement followed by fast elimination of 2,2,2-trifluo-
roethanol; (c) the inductive destabilization of the cyano group 
is naturally less than calculated; or (d) the inductive destabi
lization of the cyano group is balanced by some other cation-
stabilizing characteristic of the cyano group, namely mesom
eric stabilization. 

To evaluate the possibility of rate-limiting, concerted (E2) 
elimination, we measured the effect of /3-deuterium substitu
tion on the rate of solvolysis of 2-cyano-2-propyl trifluoro-
methanesulfonate. At 25 0 C, a CH3/CD3 rate ratio6 of 1.48 
was observed. This value is very similar to the value of 1.46 
found for 2-propyl p-bromobenzenesulfonate in trifluoroacetic 
acid.7 More significantly, it is very close to the value of 1.54 
obtained for the CD3 isotope effect observed in the solvolysis 
of 2-trifluoromethyl-2-propyl p-toluenesulfonate.'-i These 
values are too small for a rate-limiting, concerted elimina
tion.8'9 The observation of an isotope effect similar to that 
found in the presence of an a-trifluoromethyl group (which 
provides a lO6 rate retardation) suggests that an a-cyano 
moiety should provide an even greater deceleration. However, 
this is not experimentally true. 

Solvent participation in a S N 2 manner could be considered. 
2,2,2-Trifluoroethanol is a relatively nonnucleophilic solvent 
which has been used widely for the study of solvolytic reactions 
because of this property. In addition, the isotope effect-of 1.48 
argues against such involvement.9 To strengthen the basis for 
ruling out S N 2 involvement by solvent,10 we solvolyzed the 
highly hindered 1-cyano-1-cyclooctyl tosylate (7) in 100% 
2,2,2-trifluoroethanol. Cyclooctyl p-toluenesulfonate has been 
reported to solvolyze without nucleophilic solvent assistance 
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Table I. Rates of Solvolysis of 2-Propyl Sulfonate and 2-Cyano-2-propyl Sulfonates in 100% 2,2,2-Trifluoroethanol 
Buffered with 2,6-Lutidine 

compd 
temp, 0C 

(+0.020C) rate,s 
AH*, 

kcal/mol 
AS*, 

eu 

N=CC(CHj)2OTs (3) 

HC(CHj)2OTs (4) 

N=CC(CHj)2OTf (5) 

N=CC(CD3)2OTf(6) 

170.00 
155.00 
140.00 
25.0" 

110.00 
95.00 
80.00 
25.0° 
65.00 
50.00 
35.00 
25.0" 
65.00 
50.00 
35.00 
25.0° 

(1.21 ±0.04) X 10"3 

(5.19 ±0.01) X 10-4 

(1.22 ±0.02) X 10-4 

2.24 X 10-'° 
(1.32 ±0.02) X 10-3 

(4.57 ±0.10) X 10-4 

(1.45 ±0.03) X 10-" 
7.89 X IO"7* 

(2.81 ±0.01) X 10-3 

(6.61 ±0.10) X IO"4 

(1.26 ±0.13) X IO"4 

3.86 X IO"5 

(1.17 ±0.03) X IO"3 

(2.88 ±0.01) X IO"4 

(5.60 ±0.01) X IO"5 

1.77 X IO"5 

27.5 ± 1.5 

19.1 ±0.2 

21.4 ±0.5 

20.3 ± 0.2 

-10.5 ±3.6 

-22.3 ±0.5 

, 9 ± 1.6 

-12.0 ±0.7 

" Extrapolated from higher temperatures. * The rate of 2-propyl p-toluenesulfonate has previously been measured in 97% 2,2,2-trifluoroethanol: 
6.4 X IO-7 s-', Schadt, F. L.; Schleyer, P. v. R. Tetrahedron Lett. 1974, 2335. 6.66 X IO"7 s"1, Schadt, F. L.; Bentley, T. W.; Schleyer, P. 
v. R. J. Am. Chem. Soc. 1976, 98, 7667. See also Shiner, V. J., Jr.; Fisher, R. D.; Dowd, W. Ibid. 1969, 91, 7748. 

CN 

OTs cr 
7 8 

even in such solvent systems as aqueous ethanol." As shown 
in Table II, comparison of 71 2 with cylooctylp-toluenesulfo-
nate (8) gave an H/CN rate ratio of 1.87 X 103. This value was 
almost identical with the H / C N rate ratio observed in the 
2-propyl system.13 This supports the contention that nucleo-
philic solvent participation is not the source of the relatively 
small H / C N rate ratio. 

On the basis of the data provided, it might be proposed that 
the inductive effect of an a-cyano group on an incipient car-
bonium-ion center is actually much smaller than predicted on 
the basis of a* values. In an approach to evaluating this pos
sibility, we decided to study a system where major dereali
zation of the developing positive charge would occur through 
neighboring-group participation. If neighboring-group par
ticipation resulted in an H/CN rate ratio significantly greater 
than those observed for the 2-propyl and cyclooctyl systems, 
it could be concluded that the natural inductive destabilization 
by the cyano group is greater than those indicated by the data 
in Tables I and II. Solvolysis of 9 in 2,2,2-trifluoroethanol 
buffered with 2,6-lutidine resulted in an H / C N rate ratio of 
~10 6 when compared with literature values for 10. While ex
trapolations are (of necessity) involved in this comparison,14 

we feel that there is little doubt but that the H / C N rate ratio 
for this pair (9 and 10) is considerably larger than those listed 

9 IO 
in Tables I and II. Thus, this represents a minimal inductive 
effect. This indicates that, in situations where charge de r 
ealization is extensive, the mesomeric effect of the cyano 
moiety is significantly decreased while the inductive effect 
remains impressively strong. 

In view of the data presented above, we believe that an 
a-cyano group can be at the same time inductively destabi
lizing and mesomerically stabilizing on an incipient carbo-
nium-ion center. We are continuing to investigate the gener
ation and reactions of electron-deficient cationic centers. 

Table H. Rates of Solvolysis of Cyclooctyl /7-Toluenesulfonate and 
1-Cyanocyclooctylp-Toluenesulfonate in 100% 2,2,2-
Trifluoroethanol Buffered with 2,6-Lutidine 

compd 
temp 0C 

(+0.020C) rate, s 
AH* 

kcal/mol 
AS*, 

7 95.00 

80.00 

65.00 

25.0" 

8 25.00 

0.00 

" Extrapolated from i 

(3.79 ±0.03) 
X IO"3 

(1.02 ±0.01) 22.1 ±0 .1 -10 .0 ± 0 . 4 
x 10-3 

(2.40 ± 0.04) 
X 10"4 

2.54 X IO - 6 

(4.76 ±0.01) 
x i o - 3 b 

(3.31 ±0.02) 
X IO"4 

higher temperatures. * A rate of 5.16. X 10 - 3 

s _ 1 has been reported for 8 at 25 0 C in 97% 2,2,2-trifluo
roethanol." 
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Solvolytic Reactivity of a-Trifluoromethylcarbinyl 
Sulfonates. Correlation of Rate Retardation by 
Electron-Withdrawing Substituents and Solvent 
Participation in Tertiary Substrates1 

Sir: 

We report here that the trifluoromethyl group is enormously 
deactivating relative to hydrogen as an a substituent in sol
volysis reactions and that a tertiary sulfonate ester bearing this 
group shows evidence for strong nucleophilic solvent partici
pation. 

The rates of reaction of a-trifluoromethylcarbinyl sulfonates 
I 2 were measured in various solvents as summarized in Table 
I. The only product observed for la was the alkene 
CF 3CMe=CH2, whereas Ic and Id led predominantly to the 
solvolysis product CFaCMePhOY and lesser amounts of al
kene.3 

Me 

I CF 3 COSO 2 R' 

I 
R 

la 
l b 
Ic 
Id 

Me 

CHJ 

CH3 

CH3 

CD3 

R 

CH3 

CH3 

Ph 
Ph 

R' 

p-Tol 
CH3 

p-Tol 
p-Tol 

The reactivities of the CF3-substituted sulfonates 1 are 
greatly depressed compared with those of the corresponding 
hydrogen substituted compounds. Thus, rate ratios for a 
substituents, /CHMCF3 , are 1.1 X 105 to 2.3 X 106 from com
parisons with rates for Me2CHOTs4 '5 and derived rates for 
PhCHMeOTs6 in various solvents. These ratios approach that 
of 107 which we have measured7 for the rates of protonation 
of the styrenes P h C R = C F h in aqueous acid. 

Recently substituent parameters have been derived for the 
influence of a substituents R in solvolysis reactions (eq I).8 

TFA 

HFIP ( 

HCO2H 

TFEo 

' o HOAc 

-LOG k 2-AdOTs 

Figure 1. Comparison of the effect of solvent variation on the reactivity 
OfCF3CMePhOTs (Ic) and 2-adamantyl tosylate at 25 0C. 

CH, 

R — C — O X 

CH3 

,CH3 

(D 
CH3 

This approach was originally discussed by Traylor and Ware 8 a 

and has been extended by Pe te rs 8 b and by Harr i s and 
M c M a n u s , 8 0 and the designation of y + for these parameters 
seems destined for general acceptance. Application of their 
t reatment leads to a y + parameter of 3.0 for CF 3 , 9 establishing 
this as the most deactivat ing group examined by this method. 
For comparison, 7 + paramete rs for H, Me, and Ph are 2.56, 
0.63, and 0.0, respectively. 

Recent s tudies 5 3 ' ' ° of the effect of solvent on solvolytic re
activity have established that nucleophilic solvent participation 
is involved in some but not all secondary sulfonates5 3-1 0 '1 1 3 '0 

and may even occur in tert-butyl hal ides.1 0 e 

In the case of C F a C M e P h O T s ( I c ) a linear free-energy 
relat ionship (Figure 1) exists for rates in various solvents 
compared with those for 2-adamantyl tosylate 5 3 with a slope 
corresponding to an WOTS value for I c of 1.11. This result in
dicates tha t I c reacts by ra te-determining formation of a 
ca rbonium ion (kc process) and the magni tude of WOTS indi
cates a grea t demand for solvation induced by the electron-
withdrawing CF3 group. The isotope effect k(CH3)/k(CD3) 
= 1.54 for I c is also character is t ic 1 1 of a kc process (cf. 
A ^ C H 3 ) M ( C D 3 ) = 1.48 for 2-methyl-2-adamantyl chlo
ride).1113 

For l a and lb , reactivities in the more nucleophilic solvents 
H2O and acetic acid are enhanced relative to trifluoroacetic 
acid suggesting significant nucleophilic solvent part icipation 
in the former. A quant i ta t ive measure of the degree of sol
vent par t ic ipat ion, 1 0 a namely the ratio [k(ROTs)/k(2-
AdOTs)]soivent/[k(ROTs)/k(2-AdOTs)]TFA, gives values for 
la of 200 in H2O and 4200 in acetic acid. These values are even 
higher than those for 2-propyl tosylate and indicate major 
solvent assistance in la. 

The reactivities of la-d are interpretable in terms of the 
generally accepted10 ion-pair mechanism of solvolysis: 

CF3CMeROTs ; = * CF3CMeR+OTs" 
YOH 

• products (2) 
k-\ k2 

For Ic £ ] is ra te determining, but for l a kj, involving solvent 
assisted elimination, is evidently the slow step. Similar behavior 
has been suggested for tert-butyl hal ides. 1 0 a ' e 
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