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Solvolysis of triphenyIvi11yl-2-'~C triflate was carried out in HOAc, 97% HCOOH, or 
CF,COOH. The reaction products showed rearrangements of the 14C-label from C-2 to C-1 
averaging about 6.7, 7.7, and 27.0%, respectively, for the acetolysis, formolysis, and trifluoro- 
acetolysis. The presence of the conjugate base of the solvent, added as the sodium salt, did not 
affect the extent of rearrangement. It is suggested that the I,%-phenyl shift across the double 
bond of the triphenylvinyl cation takes place during the ion-pair stage and that the extent of 
rearrangement is related to the lifetime of the ion-pair and the nucleophilicitj of the solvent. 

CHOI CHUCK LEE, ALLAN J. CESSNA, BRUCE A. DAVIS et MITSUO OKA. Can. J. Chem. 52, 
2679 (1974). 

On effectue la solvolyse du triflate du triphenylvinyl I4C-2 dans AcOH, 97% HCOOH ou 
CF,COOH. Les produits de reaction presentent des rkarrange~~lents du I4C marque passant de 
C-2 a C-1 avec des moyennes respectives de 6.7, 7.7 et 27.0% pour I'acetolyse, la forniolyse et la 
trifluoroacetolyse. La presence de la base conjuguke du solvant, ajo~~tCe a I'Clat de sel de sodium, 
n'affecte pas le taux de rearrangement. On suppose que le rearrangement du groupe phenyle de 
1 vers 2 a travers la double liaison du cation triphenylvinyle se produit durant le stade ion-paire 
et que le taux de rearrangement est relie a la duree de vie de I'ion-paire et la nucleophilie du 
solvant. [Traduit par le journal] 

The formation and reactions of vinyl cations, 
including rearrangements, have been the subject 
of recent extensive reviews (1,2). Much of the 
reported rearrangements that arose from 1,2-aryl 
shifts across the double bond of vinyl cations in- 
volved conversion of less stable to more stable 
cations. For example, the decomposition of 
1-phenyl-2,2-di-p-tolylvinyldiazonium ion gener- 
ated from the triazene in HOAc gave 20% of the 
rearranged product, 2-phenyl- 1,2-di-p-tolylvinyl 
acetate (3). According to Stang (2), the first 
example of an aryl migration across the double 
bond of a vinyl cation generated by solvolysis 
was reported in 1970 in the reaction of 1 -methyl- 
2,2-diphenylvinyl triflate in 8 0 z  EtOH to give 
almost exclusively the rearranged phenyl 1- 
phenylethyl ketone (4). Another early example 
was the 1,2-anisyl migration observed in the 
acetolysis in the presence of silver acetate of 
2,2-dianisyl-1-phenylvinyl bromide quoted by 
Hanack (5) as a personal communication from 
Z. Rappoport. Very recently, Rappoport and 
co-workers (6, 7) have carried out extensive 
studies on rearrangements arising from 1,2- 
phenyl or  p-methoxyphenyl shifts during the 

solvolyses of a number of 2,2-diaryl-1-phenyl- 
vinyl bromides in HOAc-AgOAc (6) or in 60"; 
EtOH or 2,2,2-trifluoroethanol (7). On the basis 
of stereochemical and kinetic evidence, these 
workers (6,7) concluded that the initial ionization 
did not involve P-aryl participation. On the 
other hand, solvolytic studies on cis- and trans- 
1,2-dimethyl-2-phenylvinyl triflates by Stang and 
Dueber (8,9) have implicated the phenyl-bridged 
or vinylidene phenonium ion as a reaction inter- 
mediate. Since rearrangements involving de- 
generate cations can be observed only through 
the use of isotopic tracers, Stang and Dueber 
utilized D-labeling of one of the methyl groups 
in order to study the extent of phenyl shifts 
across the double bond in the 1,2-dimethyl- 
2-phenylvinyl system. In  the present paper, ob- 
servations are reported on degenerate rearrange- 
ments arising from 1,2-phenyl shifts in the tri- 
phenylvinyl cation generated from solvolyses of 
triphenylvinyl-2-14C triflate (1-OTf-2-14C). 

Phenylacetic acid-1-14C was converted to the 
ethyl ester and treated with PhMgBr to give 
1,l ,2-triphenylethanol-1-'4C, which on reaction 
with Br, in HOAc gave tr iphenyl~inyl-2- '~C 
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TABLE 1. Data from solvolyses of tri~henylvinyl-2-I4C triflate (1-OTf-2-I4C) 

Solvent 

Specific activity" (d.p.n~./mmol) x 
Rearrangement 

(Ph),CHCH(Ph)OH PhCOPhb from C-2 to C-I, % 
- 

Run 1 Run 2 Run 1 Run 2 Run 1 Run 2 

Dioxane-H20-NaOH 18.1 8.52 
HOAc-NaOAc 18.1 9.18 
HOAc 4.56 3.06 
HCOOH-HCOONa 18.1 10.5 
HCOOH 6.41 3.74 
CF3COOH-CF,COONa 3.63 4.89 
CFaCOOH 6.41 24.8 
-- -- 

OMeasured by a liquid scintillation counter. 
*Assayed as the oxime. 

bromide (1-Br-2-14C), presumably via bromina- 
tion of triphenylethylene (10). The 1-Br-2-'"C 
was converted to the Grignard reagent and re- 
acted with 1, to give 1-I-2-14C (1 I), which in turn 
was treated with AgOTf in a nonpolar solvent, 
pentane, to give 1-OTf-2-14C (12). That all the 
14C-label was located at  the C-2 position was 
demonstrated by the conversion of 1-OTf-2-I4C 
to isotopically unrearranged u,x-diphenylaceto- 
phe~ione-a-14C upon reaction with a 60:40 
mixture of dioxane and 5% NaOH solution (see 
Table 1). 

The solvolyses were carried out by treating 
about 5.0 mmol of 1-OTf-2-14C in 10 1n1 of 
HOAc, 9 7 7  HCOOH, or CF,COOH, with or 
without the presence of a lO'",xcess of NaOAc, 
HCOONa, or  CF,COONa, respectively. The 
acetolysis and formolysis were effected a t  reflux 
temperature for 2 h and it was subsequently 
noted that refluxing the reaction mixture for 24 h 
did not materially affect the degree of isotopic 
scrambling in these reactions. The trifluoro- 
acetolysis was carried out at  room temperature 
for 2 h and changing the conditions to heating 
the reaction mixture at  40' for 24 h also did not 
significantly change the extent of scrambling. 
From n.m.r. analyses, the products from reac- 
tions in HOAc and CF,COOH were the expected 
esters, 1-OAc and 1-OAcF,, whereas formolysis 
in 9 7 7  HCOOH gave as product %,a-diphenyl- 
acetophenone (2) instead of the formate. 

All of the products from the active runs 
were converted to 1,2,2-triphenylethanol (3-"C) 
which, in most cases, was isolated with the aid 
of added carrier. When the product was 2-'"C, 
LiA1 H, reduction directly gave 3-'"C, whereas 
in the case of 1-OAc-14C or 1-OAcF,-14C, re- 

duction with LiAIH, first gave a mixture of 
2-14C and 3-14C which was treated once more 
with LiA 1 H, to give pure 3-14C. Each sample of 
3-14C was oxidized with alkaline KMnO, to 
benzophenone (4-I4C) and the difference in speci- 
fic activity between 3-14C and 4-14C gave the 
extent of scrambling of the isotopic label from 
C-2 to C-I .  The results are summarized in 
Table I .  

When the formation of products was followed 
by n.m.r., it was found that at  the n.Ii1.r. probe 
temperature of about 34", the time required for 
complete reaction was about 10 h, 5 h. and less 
than 3 min for acetolysis, formolysis, and tri- 
fluoroacetolysis, respectively. The kinetics of 
acetolysis of a number of triphenylvinyl sulfon- 
ates, including the triflate, have been studied by 
Jones and Maness (13) and it was concluded 
that the reaction followed an S,1 mechanism. 
The reported specific rate constant for the ace- 
tolysis of 1-OTf in the presence of an excess of 
NaOAc at  25' was 1.12 x lo-%-'  (13). This 
was an extrapolated value based on kinetic data 
determined at  higher temperatures by u.v. Be- 
cause the u.v. absorptions of 1-OTf and 1-OAc 
overlap extensively, we measured the acetolysis 
rate by titration with NaOAc in HOAc and 
found a somewhat lower value of 0.78 x lo- '  
s 1  for the unbuffered acetolysis of 1-OTf at  24'. 
The specific rate constant for the formolysis, also 
a t  24', was determined by u.v. at  3 10 nm and was 
found to be 0.86 x lo-' s - ' .  These kinetic 
results, together with the qualitative n.m.r, ob- 
servations, indicate that the rates of acetolysis, 
formolysis, and trifluoroacetolysis d o  parallel the 
extents of isotopic scrambling as recorded in 
Table 1. 
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The data in Table 1 definitely demonstrate the 
occurrence of degenerate rearrangements arising 
from I ,2-phenyl shifts across the double bond of 
the triphenylvinyl cation. The extent of isotopic 
scrambling from C-2 to C-1 averaged about 
6.7, 7.7, and 27.0%, respectively, for the aceto- 
lysis, formolysis, and trifluoroacetolysis of 
1-OTf-2-'4C.1 Before discussing any possible 
mechanistic explanations of these rearrange- 
ments, it may be of interest to compare the 
present data with the magnitudes of 1,2-phenyl 
shifts in similar solvolyses of isotopically labeled 
2-phenylethyl tosylate (5-OTs). Rearrangements 
of the '"C- or D-label from C-l to C-2 amounted 
to  about 6, 45, and 502,  respectively, in solvo- 
lyses of 5-OTs-I-'"C or 5-OTs-1-d2 in HOAc, 
HCOOH, and CF,COOH, buffered by the 
presence of the conjugate base of the solvent 
(14, 15). The relative rates for the acctolysis, 
formolysis, and trifluoroacetolysis, respectively, 
of 5-OTs at  75' were 1 : 137: 1 1 18 (1 5). Thus it 
appears that both in the extents of rearrangement 
and in relative rates, a change in solvent did 
not show parallel effects on the vinyl system, 
1-OTf, and on the saturated system, 5-OTs. The 
similarity in the rates of acetolysis and formo- 
lysis of 1-OTf at  24', with the formolysis being 
faster than the acetolysis only by a factor of 
about 1.1, is contrary to expectation on the basis 
of the higher ionizing power of HCOOH. A full 
explanation of this anomaly is not apparent from 
the present work, although a contributing factor 
may be that in the Grunwald-Winstein 171 Y 
correlation (16), the 177 value is reported to be 
low for solvolyses of triarylvinyl systems (17). 

The different extents of rearrangement ob- 
served in the different solvents as recorded in 
Table 1 conceivably could be attributed to dif- 
ferent degrees of P-phenyl participation during 
the solvolysis of 1-0~f-2- l"C in the various sol- 
vents. Although strong evidence for phenyl par- 
ticipation has been observed in the 1,2-dimethyl- 
2-phenylvinyl system (8, 9). kinetic arid stereo- 
chemical results have indicated that P-aryl par- 
ticipation is not important in solvolyses of 
triarylvinyl systems (6, 7, 17). It is of interest to 
note from Table 1 that the presence of the con- 
jugate base of the solvent, added as the sodium 

'Quoting from a private conimunication, Rappoport 
and Houn~iner  (7) reported that B. IM. Benjamin and  
C. J .  Collins have noted a 3.6% degenerate P-phenyl re- 
arrangement during the acetolysis of 1-OTf. 

salt, did not materially affect the extent of iso- 
topic scrambling. This finding is contrary to the 
observation that in the decomposition of 1 -  
(triarylviny1)-3-phenyl-I-triazene in HOAc, the 
extent of rearrangement was suppressed by the 
addition of an  excess of KOAc (3). This differ- 

\ ,  

ence may be due to the possibility of ion-pair 
formation under the conditions of the present 
experiments, while in the decomposition of tri- 
azenes, no counter ion was present to give rise to 
ion-pairs. I t  may be suggested that under sol- 
volytic conditions where the presence of the 
conjugate base does not affect the amount of 
rearrangement, the rearrangement takes place in 
the ion-pair ~ t a g e . ~ , ~  The longer the lifetime of 
the ion-pair, the greater will be the extent of 
rearrangement. It may also be pointed out that 
the presently observed rearrangements, aver- 
aging about 6.7, 7.7, and 27.0";,, respectively, for 
acetolysis, formolysis, and trifluoroacetolysis, 
appear to be related to the nucleophilicity of the 
solvents, the nucleophilicity of HOAc and 
HCOOH being quite similar, and that of 
CF,COOH being much lower (IS, 19). Such a 
relationship suggests a competition between 
rearrangement via 1,2-phenyl shifts in the ion- 
pair and reaction of the ion-pair with solvent to 
give the product. Consequently, the highest re- 
arrangement was observed in the solvent of 
lowest nucleophilicity. When 1-OTf-2-'"C was 
hydrolyzed in aqueous dioxane in the presence 
of NaOH, apparently 1,2-phenyl shift could not 
compete with product formation and no re- 
arrangement was found in the hydrolysis 
product. 

Experimental 
/ , / ,2-Tri~~/len) /ethirt~o/-/-I4C 

A solution of 1.64 g (0.01 mol) of ethyl phenylacetate- 
1-I4C (froni esterification of pl~enylacetic ac id-1- 'T)  in 
10 ml of ether Mas added slowly to a solution of PhMgBr 
(from 0.02 mol of PhBr) in 20 ml of ether. The mixture 
was gently re f l~~xed  for 1 h and then 30 ml of 3 '11 NH,CI 
was added. The product was recovered by ether extraction 
and the extract was hashed h i th  ha te r  and dried ocer 
MgSO,. The ether Lvas then removed and the colorless 

2The ion-pair nlechanisni was suggested to  us by 
Prof. 2. Rappoport. 

31n the solvolysis of D-labeled c0-1.2-dimethyl-2- 
phenyl\.inyl triflate in 6 0 z  ethanol, which did not involve 
phenyl participation, a 34.5% l,2-phenyl shift was ob- 
served and it was suggested that this rearrangement arose 
from the initial formation of a n  ion-pair with a classical 
vinyl cation which suhuequently rearranged to  the phenyl- 
bridged vinyl cation (8). 
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