
J. Am. Chem. Soc. 1985, 107, 5285-5286 5285 

Scheme IIa 

OMe 
79% 

HO OH O 

37% 98% 

10 R=Me 

11 R=H 

12 

13 

55% 
OMe 

14 

i , i , h , k , l 

42% 

/=\/VAc 
X=A=AV 

15 
a 16, BuLi, THF/HMPA 4 : 1 , - 7 8 - 23 0C, 12 h. " 5%Pd/C, 1 

atm H2. EtOH, 2 h. c HCO2H, MCPBA, THF/H20 3:1, 35 h; 
Me2S, 30 min. d Me2SO4, NaHCO3, 23 0C, 10 h. e HCO2H, 
THF/H,0 1:1, 65 0C, 2.5 h. f 17, LiN(SiMe3)2, THF/HMPA, 
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(THF/HMPA 4:1,-78 to 23 0C over 12 h) with the ylide from 
dodeca-(Z,Z)-3,6-dien-l-yltriphenylphosphonium bromide20 (17), 
anhydrous methanol quench (23 0C, 2 h), and chromatography 
secured methyl 5(i?),6(7?)-dihydroxyeicosatrienoate16 (12) (37%). 
Differentiation of the diol by lactonization to 13 (98%), tosylation, 
and treatment with Et3N/MeOH afforded methyl 5(.R) ,6(S)-
epoxyeicosatrienoate (14)16 (55%). 

Lactone 13 was also exploited for the preparation of methyl 
5(S),6(./?)-epoxyeicosatrienoate16 (15) by the sequence: tetra-
hydropyranylation, lactone methanolysis, tosylation, THP removal, 
and epoxide closure under the influence of NaOMe (42% from 
13). 

The foregoing syntheses provide ready access to sufficient 
quantities of the epoxygenase metabolites for pharmacological 
and biological testing. Investigations into their possible physio­
logical role and metabolic fate will be reported in due course. 
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Aryl cations 1, have attracted considerable experimental12 and 
theoretical interest.3,4 In solution, 1 can be generated by the 
decomposition of arenediazonium ions,1 but the numerous attempts 
to generate these species by the solvolysis of aryl precursors have 
failed.2 These failures result from the inherent low stability of 
the phenyl cation (la), which in the gas phase is 21-25 kcal/mol 
less stable than the 2-propenyl cation (2).5 Ab initio calculations6,7 
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give an energy difference of 27 kcal/mol at MP2/6-31G*.8a,b 2 
is among the least stable vinyl cations that can be generated by 
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solvolysis.9 It is therefore reasonable to expect that aryl cations 
which are comparable in stability to 2 can be produced via sol­
volysis.10 

To achieve this goal one should design a substituted aryl cation 
that is more stable than la by at least 25 kcal/mol. The major 
difficulty in reaching such large stabilization energies is obvious: 
The most effective substitution site—the a-position—is blocked. 
1 can be stabilized only by the /3- or the 7-substituents. It was 
suggested that meta electron-donating substituents can stabilize 
the phenyl cation substantially by "through bond interactions".4 

Disappointingly, aryl triflates which were prepared according to 
this theoretical proposal failed to produce the desired l.2b It was 
concluded that "substituents are not very effective in providing 
significant stabilization of singlet aryl cations".2b 

We use here ab initio calculations to point out two substitution 
patterns that stabilize the phenyl cation sufficiently to allow its 
generation by solvolysis.10 One of these theoretical predictions 
has been verified as described in the accompanying paper11 and 
the other is under active investigation. 

Hyperconjugation between the empty 2p(C+) orbital and the 
,3-C-R bonds is the key to stabilizing the phenyl cation. According 
to PMO theory the hyperconjugative stabilization (AE) is pro­
portional to S2ZAe, where Ae is the energy difference between the 
interacting orbitals and 5 is their overlap.12 A ,8-C-R orbital 
that lies higher in energy than a C-H orbital is expected (due 
to a smaller Ae) to stabilize the phenyl cation. In agreement with 
this qualitative argument lb is more stable than la by 10 kcal/mol 
at 3-21G.5a C-Si bond orbitals are generally higher in energy 
than C-C bond orbitals so that /3-silyl substituents are likely to 
be even more stabilizing than /3-alkyl groups.13'14 Indeed, Ic is 
more stable than lb by 15 kcal/mol and comparable in stability 
to 2 (3-21G). Furthermore, correlation energy (CE) stabilizes 
#-silyl cations (e.g., H3SiCH=CCH3

+) relative to the corre­
sponding /3-alkyl cations (e.g., H 3CCH=CCH 3

+ ) by 7-10 
kcal/mol. Using this correction for the CE, we conclude that Ic 
is by a few kilocalories per mole more stable than 2, and it is 
therefore amenable to generation by solvolysis.10 This prediction 
has recently been verified by Sonoda et al. who showed that the 
solvolysis of 2,6-bis(trimethylsilyl)phenyl triflate in TFE proceeds 
via an aryl cation intermediate.11'15 The same should hold also 
for the corresponding tin derivatives.16 2-(Trimethylsilyl)- and 
2,6-dimethylaryl triflates (yielding lb) are unreactive" in complete 
agreement with the calculations. 

Alternatively, the phenyl cation can be stabilized through hy­
perconjugation with high-lying strained carbon-carbon bonds17 

as in 3. The major stabilizing interaction, that between the empty 
2p(C+) orbital and the highest occupied Walsh orbital of the fused 
cyclopropene ring, is shown schematically in 6. The resulting 
stabilization is indeed large; 3 is more stable than la by 23 
kcal/mol at 3-21G*.8c Similarly, 3 is by 22 kcal/mol (3-21G*) 
more stable than the isomeric 4 where hyperconjugation with the 
cyclopropene ring is prohibited. Experience with the analogous 
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5 suggests that the addition of correlation energy should stabilize 
3 further. As 5 is more stable than 2 by 8 kcal/mol at 6-3IG* 
but by 14 kcal/mol at MP2/6-31G* we estimate that 3 is by 5 
kcal/mol more stable than 2. Thus, 3 is well within the stability 
range which is suitable for solvolytic generation. Interaction 6 
induces interesting structural deformations. Relative to the 
corresponding bonds in cyclopropabenzene18 the C1-C6 bond in 
3 is drastically elongated (by 0.34 A), while the C1-C2 bond is 
shortened by 0.14 A.19 The exceptionally long C1-C6 distance 
of 1.67 A stabilizes 3 because it partially relieves the strain in 
the cyclopropabenzene skeleton.18 Severe distortions in the bond 
angles, such as flatening at C2, also occur. Experiments aimed 
at generating 3 by solvolysis, in superacid media and in the gas 
phase, are in progress. 
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Note Added in Proof. While this paper was in press an im­
portant paper on the magnitude and origin of the /3-silicon effect 
on carbenium ions was published.20 The reader is refered to this 
paper for a more complete discussion (than possible in a com­
munication) on the hyperconjugative stabilization by silicon. The 
conclusions of Jorgensen et al. regarding the magnitude and the 
effect of correlation on the /3-silicon effect are similar to ours. 
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The solvolytic generation of aryl cations has long been an 
unrealized goal. The method of generating these cations in solution 
so far is restricted (except for a novel example of the solvolysis 
of dienynyl triflates2) to the dediazoniation of arenediazonium 
ions.3 Several research groups have attempted to generate these 
cations in the solvolysis of aryl substrates by using various "super" 
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