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Abstract: Gas phase basicities have been determined for 1-phenylpropynes by measurement of proton transfer
equilibrium with a pulsed ion cyclotron resonance spectrometer. The LArSR analysis of the substituent effect gave a p
of -13.3 and an r of 1.12. The r value satisfies the relationship of "resonance demand-carbocation stability” derived for
ordinary sp*-hybridized benzylic carbocations as well as that of phenylacetylene.

Numerous efforts have been done to clarify properties of vinyl cations from the various standpoints in the
last twenty five years."> Recently we could elucidate the thermodynamic aspect of vinyl cations based on gas
phase basicities (GB) of the corresponding acetylenes determined by measuring proton transfer equilibrium,
where it was found that the substituent effect on the stability of 1-phenylvinyl cation was described successfully
in terms of the LArSR Eq. (1) with a p of -14.1 (kcal mol” 6™) and an r of 1.21.* The p value is equal to that for
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ordinary sp*-hybridized benzylic carbocations, indicating the same response of the stability of I-phenylvinyl
cation to the substituent polarity as that of benzylic carbocations. The r value was found to be intermediate
between that of a-phenylethyl and benzyl cations. This feature of I-phenylvinyl cation satisfies the linear
relationship between the r values and the stability of the parent carbocations (ring substituent = H) observed for
a series of benzylic carbocations, i.e., the more stable carbocations have the smaller r value in magnitude and
vice versa.>® From these results, it has been inferred that n-delocalization mechanism in the phenylvinyl cation
is not of specific mode but is merely characterized by a unique position of 1.21 in a continuous spectrum of
resonance demands of benzylic carbocations. It is particularly of interest to examine the dependence of
resonance demand on the stability of vinyl cations for understanding further intrinsic nature of vinyl cations. In
this study, we have therefore studied the substituent effect on the stability of 1-phenylpropenyl cation which must
be more stable than I-phenylvinyl cation by the B-methyl substituent. Furthermore, this would provide a new
insight into whether the hyperconjugative interaction between the vacant p-orbital and the C,-CH, bond plays an
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important role for the determination of the stability of vinyl cations.?

Gas phase basicities have been determined for a series of I-phenylpropynes by measurement of proton
transfer equilibrium (2) using more than two suitable reference bases for each derivative with a homemade
pulsed ion cyclotron resonance mass spectrometer as described previously® Gas phase basicity of 1-
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phenyibutyne has also been measured to determine the effect of B-substituent. Since gas phase basicities of
reference bases used for the present measurement are available in literature, the free energy changes of the
equilibrium (2) can be converted into the relative GB values to the unsubstituted I-phenylpropyne. Those are

summarized in Table 1 together with the corresponding values of a-methylstyrenes and phenylacetylenes.
The GB value of the unsubstituted 1-phenylpropyne is found to be 1.8 kcal mol™ (1 cal = 4.184 J) higher
than that of phenylacetylene, indicating that the introduction of the methyl group at the B-position increases the

Table 1. Relative Gas Phase Basicities of 1-
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Fig. 1. Plots of relative gas phase basicities of 1-

a) This work at 343 K. b) Refs. 4 and 9. ¢) Ref.10. d) GB phenylpropynes against the corresponding o-

values in absolute scale, calculated relative to methylstyrenes and 1-phenylacetylenes.
GB(NH,)=195.6 kcal mol.'V

stability of the conjugate acid ion, 1-phenylpropenyl cation. Similarly, I-phenylbuteny] cation is more stable by
3.3 kcal mol than I-phenylvinyl cation, since the GB value of 1-phenyl-1-butyne is 194.9 kcal mol™. The effect
of the B-alkyl group on the stability of phenylvinyl cation appears to be larger than that observed for ordinary
sp*-hybridized carbocations, e.g., the stability of a-ethyl-o-methylbenzyl cation is only 0.4 kcal mol” higher
than o-cumyl cation and their resonance demands is equal.'? This trend is also in accord with our recent results
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of solvolysis. The solvolysis rate of 1-phenyl-2-methylpropeny! triflate in 80 % aqueous EtOHVis ten fold faster
than the corresponding 1-phenylvinyl triflate'®, while a,a-di-alkylbenzyl chlorides have similar or even slower
rate than o-cumyl derivatives.'” These results imply two possibilities, hyperconjugation and/or field/inductive
effect . The hyperconjugative interaction between the vacant p-orbital and the C,-CH, bond might not play a
major part, to explain the large stabilization by the ethyl group. Therefore, transmission of field/inductive effect
through the double bond of vinyl cations to the cationic center seems to be intrinsic as similar as the one through
aromatic ring observed in the dissociation of substituted benzoic acids.

In Fig. 1 are plotted the relative GB values of 1-phenylpropynes against those of a-methylstyrenes and
phenylacetylenes. Meta substituents (dark points in Fig. 1) and para-n acceptors provide an excellent linear
relationship with a slope of unity against both GB values of a-methylstyrenes and phenylacetylenes, suggesting
that there is no essential difference in the response to the substituent field/inductive effects among these three
systems. On the contrary, para n-donor substituents give systematic deviations from the line mentioned above,
i.e., the stronger n-donor substituents show the greater deviations. Such deviation patterns are observed
whenever there is difference in resonance demand between two systems of interest.'® The upward deviations of
para nt-donors observed for the plots versus o-methylstyrenes in Fig. 1, therefore, would be indicative of exalted
resonance stabilization by these substituents in the 1-phenylpropenyl cation system compared with that in the o.-
cumyl one. In addition, since the GB values of a-methylstyrenes have been correlated excellently with ¢*
substituent constants, the substituent effect on the GB value of phenylpropyne is expected to have greater
resonance demand than unity for a-cumyl cation. For the plots versus the GB values of phenylvinyl cations, one
can find an opposite situation, i.e., para n-donor substituents deviate downward from the line of the meta and
para-T acceptor substituents, suggesting reduced resonance stabilization by these substituents in the 1-
phenylpropenyl cation compared with that in the phenylvinyl cation. Consequently, it is inferred from Fig. 1 that
the resonance demand of 1-phenylpropenyl cation must be intermediate between that of phenylvinyl cation
(1.21) and o-cumyl cation (1.00). Indeed, application of LArSR Eq. (1) to the substituent effect for stability of 1-
phenylpropenyl cations gives anr of 1.12 and a p of -13.3 (kcal mol* '). The p value is equal to that of a-cumyl
cation and 1-phenylvinyl cation as expected from Fig. 1, indicating the same response to the substituent field/
inductive effects for these three systems regardless of the 1.6
different stability of the respective parent carbocations (ring
substituent = H). This is in accord with our previous
observations for a series of sf-hybridized benzylic
carbocation.* & 17 1 Regarding the change in the r value
with the system, we have found in previous studies that its
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change in magnitude is related to the change of the intrinsic
stability of parent carbocation of respective systems, i.e., the
more unstable carbocation has the greater r value.> 9 The 11
magnitude of the r value of 1-phenylpropenyl cation seems
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Resonance Demand (r)
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to be also reconciled with the variation of the r value
depending on the stability of the parent carbocations (ring 0ol—— Pz 1 1 1
substituent = H). Indeed, there exists a good linear -20 -15 -10 -5 0

. . Relative Stability of Parent Carbocation / kcal moI-l
relationship between resonance demands (r) and stability Fig. 2. Relationship between resonance demand

(AG°(H)) of the parent carbocations including a- (r) and stabilities of carbocations
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phenylvinyl cations as shown in Fig. 2. This strongly supports our conclusion that the resonance demand is a
function of structure of a carbocation, and suggests that n-delocalization mechanism in vinyl cations is not
characteristic mode but is merely characterized by a specific position in a continuous spectrum of resonance
demands of a series of carbocations stabilized by an o:-aryl group.* Further study should be required for clarify
the effect of B-alkyl group on stability of vinyl cations.
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