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Available evidence(l) indicates that under normal SN~ solvolytlc condltlons a vinyl cation 

of linear configuration 1s the thermodynamically favored intermediate. The stereochemical course 

of the reaction path from product-forming intermediate to product is thus described At this 

time no lnformatlon is available on the stereochemistry of the first-formed intermediate (be it 

the same as the product-forming one or not) or of the transltlon state. Therefore the stereo- 

cnemlcal course leading from vinyl reactant to the oroduct-forming intermediate has not been re- 

solved. Examination of this sequence would add much to the basic knowledge and understanding of 

these lnterestlng, reactive intermediates. 

Rate constants involving hyperconJugatlve effects are quite sensitive to transition state 

stereochemlstry.(2) The maximum s-deutenum isotope effect 1s observed ln SNI solvolyses of sat- 

urated systems when a dihedral angle of lBO" 1s maintained between the developing "p" orbital 

and the hyperconJugatlng group. Extrapolating to unsaturated systems, the maximum effect would 

be expected when a trans penplanar relatlonshlp exists between the leaving group and the hyper- 

conJugating group. 

6-deutenum isotope effects have been reported ln SNI solvolyses ln unsaturated systems (I), 

but were used only to substantiate the lntermedlacy of a vinyl cation In one Instance, a posi- 

tional influence on the isotope effect was found for monodeuterated cls-trans isomers of 1,2-dl- 

methylethenyl tnflate (3) However, the difference in the B-isotope effect was attributed to a 

change ln mechamsm. Stereochemlcal requirements for the isotope effect in solvolyses leading 

to vinyl cations 1s unknown, and thus the conflguratlon of the transition state can only be a 

matter of conJecture. 

To investigate transition state geometry and its effect on solvolyses of vinyl systems, the 

R-deutenum isotope effect was measured in a model system, I-phenylethenyl fluorosulfonate (la). 

This compound and the 50 50 mixture of cls-trans monodeuterated fluorosulfonates were prepared -- 
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by the addition of fluorosulfunc acid to ethynyl benzene and ethynyl-d-benzene respectively, 

as previously reported (4) These compounds were SubJected to SN~ acetolysls conditions, which 

led exclusively to the appropriate 1-phenylethenyl acetates The reactions were followed by nmr, 

"\ / 

0S02F 

la, RI = R2 = H 

b, 

C, 

RI = 0, R2 = H 

RI = H, R2 = D 

and the rate data obtained from the peak 

termination of the rate constants of the 

mixture The deuterated 1-phenylethenyl 

areas in the vinyl region This method enabled the de- 

two deuteno-isomers without prior separation of the 

fluorosulfonates(5) possessed vinyl signals at 4 45 T 

(s) and 4 63 T (d, 3 = l.OHz) The product acetates (cis-trans deuteno-isomers) exhibited vinyl 

signals at 4 63 'I (s) and 5 13 T (s). Integration of the vinyl region made it possible to deter- 

mine the relative amounts of the fluorosulfonates at any time during the reaction Overlap of 

reactant and product peaks at 4 63 T in no way hlndered kinetic determinations, since the rela- 

tive amount ot fluorosulfonate remaining was given by dividing the respective fluorosulfonate 

vinyl peak area by one-half of the sum total of all vinyl peak areas This analysis depended 

upon production of equlmolar amounts of the two monodeuterated 1-phenylethenyl acetates, which 

was demonstrated by allowing the reaction to proceed for approximately one half-life, further 

reaction after addition of an equal volume of water to remove unreacted fluorosulfonate, and fl- 

nally, nmr analysis of the vinyl peak area of the two acetates on a carbon tetrachlonde extract 

The kinetic data on the three vinyl fluorosulfonates are reported in Table I A substan- 

tial difference in the B- eutenum Isotope effect between the two deuteno-isomers is observed 
e 

The rate constants for compound lb and lc may be designated as kD_cls and kD_trans respectively 

Similar to saturated systems, it 1s apparent that a trans penplanar relationship 1s required for 

the maximum isotope effect to be observed The 1OW kH/kD_c,s value (1 10 f 0 02) for lb and the 
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lW3e kH/kD-trans value (1 57 ? 0 07) for lc argues for a bent transition state However, the 

Table I. 

Rate Constants for Acetolyses of 1-Phenylethenyl 
Fluorosulfonates a 

Compd k x 105, set -Ibyc kla/k 

la 
lb 
lc 

8 43 + 0 33 1 
7 70 + 0 14 1.10 + 0 02 
5 38 + 0 27 1 57 + 0.07 

a Conditions for acetolysis were 52 9oC, about 
0 3 M in ester, and buffered with slight excess 
of sodium acetate b Acetolysls kinetics fol- 
lowed by nmr c At least three determinations 
for each rate constant 

observation of a kH/kD_cls value larger than unity may indicate some movement in the transition 

state in the direction of linear structure The extent of this movement cannot be evaluated 

from these data, since it 1s not certain deutenum incorporation in the E position would re- 

quire movement in the direction of linearity to exert an isotope effect 
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