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room temperature 

< \ „ r , 7 7 ° K 1 ^ / " - S S C6H5 

III I 
+ 

C0H5CHO 
CO2CH, 

(VI).7 The infrared spectrum and the formation of VI 
identify the intermediate as 2-thiobenzpropiolactone 
(I). 

The facile synthesis of 2-thiobenzpropiolactone (I) 
from III led us to attempt the synthesis of the parent 
benzpropiolactone (II). Irradiation of VII at 770K 

C6H3 

,r 

O 
VIII 

CH5OH 
CO2CH, 

OH 

gave rise to a ketene band (2118 c m - 1 ) but no bands 
which could be attributed to the ^-lactone. Irradiation 
of VII in methanol at room temperature gave methyl 
salicylate. This latter result suggests that the ketene 
observed at low temperature may be VII. 
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(7) Ethyl 2-mercaptobenzoate has been observed in the irradiation of 
III at room temperature in the presence of ethanol.2 
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Silver(I) Ion C a t a l y z e d Rearrangements of Strained a 
Bonds . IV. The F a t e of Tr icyc lo [4 .1 .0 .0 2 ' 7 ]heptane 1 2 

Sir: 

Earlier studies in this laboratory have elaborated 
upon the remarkable facility with which Ag+ can induce 
thermally disallowed [ff2a + „2a] skeletal isomerizations 
of homocubyl and l,l'-bishomocubyl systems.1'3 We 

(1) Paper I I I : L. A. Paquette and J. C. Stowell, submitted for pub
lication. 

(2) Acknowledgment is made to the donors of the Petroleum Re
search Fund, administered by the American Chemical Society, for their 
partial support of this research. 

(3) (a) L. A . Paquette and J. C. Stowell, / . Amer. Chem. Soc, 92, 

now report an extension of this fascinating development 
to bicyclo[1.1.0]butane derivatives. 

Despite the fact that the bicyclobutane ring system 
possesses a remarkably high strain energy (63-68 kcal/ 
mol4), thermal reorganization of its derivatives requires 
elevated temperatures, usually in excess of 15O0.6'6 

The activation energy for isomerization to butadiene 
resides in the vicinity of 41-43 kcal/mol.6a'7 Neverthe
less, the highly stereoselective nature of the reaction 
provides compelling evidence that the process is a 
concerted [,,2s + „2a] chemical transposition.6d'e In 
particular, such observations have revealed that 
electronic factors clearly outweigh thermodynamic 
considerations in determining the stereochemistry of 
the diene product. 

A case in point is tricyclo[4.1.0.02'7]heptane (la) 
which affords c/5-bicyclo[3.2.0]hept-6-ene (3a) when 
heated above 300°. cw,?ra«5-l,3-Cycloheptadiene (2a) 
justifiably has been postulated as the requisite inter
mediate.513 The gas-phase pyrolysis of lb, performed 

[r2a + ,2,] 

* 
430° 

conrotatory >o 
2 3 

a , R = H ; b , R = D 

during the course of the present study (Table I), is 

Table I. Pyrolysis0 of Tricyclo[4.1.0.02'']heptane-7,7-rf2 (lb) 

Temp, 0C 

430 
440 
490 
500 

Yield, % 

86 
91 
91 
91 

Composition of pyrolysate, % 

3b 

50 
56 
33 
5 

1,3-Cyclo-
Recovd lb heptadiene6 

32 18 
16 28 
10 57 
10 85 

" Gas-phase conditions under a nitrogen atmosphere at 12-16 mm 
in a quartz tube (28 cm X 16 mm) packed with quartz chips. 
bThe l,3-cycloheptadiene-rf2 had undergone virtually complete 
deuterium scrambling via consecutive [l,5J-sigmatropic hydrogen 
shifts, as established by nmr analysis of the hydrocarbon and its 
maleic anhydride adduct. 

likewise best accommodated by this mechanism. The 
resulting ds-bicyclo[3.2.0]hept-6-ene was deuterated 

2584 (1970); (b) L. A. Paquette, ibid., 92, 5765 (1970); (c) see also W. 
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W. von E. Doering, J. F . Coburn, Jr., and M. Pomerantz, J. Amer. 
Chem. Soc, 90, 4315 (1968); (c) K. B. Wiberg, G. M. Lampman, R. P. 
Ciula, D . S. Connor, P. Schertler, and J. Lavanish, Tetrahedron, 21 , 2749 
(1965); (d) K. B. Wiberg and R. A. Fenoglio, J. Amer. Chem. Soc., 90, 
3395 (1968). 
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90 (1965); (b) W. von E. Doering and J. F . Coburn, Jr., Tetrahedron 
Lett.,991 (1965); (c) K. B. Wiberg and J. M. Lavanish, J. Amer. Chem. 
Soc, 88, 5272 (1966); (d) K. B. Wiberg and G. Szeimies, Tetrahedron 
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Soc, 90, 2452 (1968); (f) W. Mahler, ibid., 84, 4600 (1962); (g) D . M. 
Lemal, F. Menger, and G. W. Clark, ibid., 85, 2529 (1963); (h) R. 
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4612(1969). 
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exclusively as in 3b (absence of vinyl absorption at 
8 5.86 in CDCl8).

8 

In dramatic contrast, exposure of dilute CDCl3 
solutions of la to catalytic amounts of silver fluoro-
borate at nmr probe temperatures (~40°) results 
within minutes in quantitative conversion to cis,cis-\,3-
cycloheptadiene (4a). Bicyclic hydrocarbon 3a was 
readily dismissed as a possible intermediate, since it is 
stable to the reaction conditions for long periods of time. 
Additionally, the intervention of 2a was shown to be 
unlikely on the basis of the observation that cis,trans-
1,3-cyclooctadiene is not subject to trans ->• cis isomer -
ization under entirely comparable circumstances, but 
rather is deposited as a stable complex.9 No complex 
formation is visible during the Ag+-catalyzed rearrange
ment of 1. 

When lb was rearranged in this manner, cis,cis-
l,3-cycloheptadiene-fi?2 was similarly produced in high 
yield. However, because the four vinyl protons of 4a 
appear as a pseudosinglet at 5 5.74 in CDCl3, the 
deuterium substitution pattern had to be deduced 
indirectly. To this end, this diene was photolyzed 
in ether solution.11 The isolated 3 was shown to be 
labeled exclusively as 3b, thus unequivocally identifying 
the diene as 4b. Further confirmation of the assign-

R R 

thermodynamic sense, it invokes a role for Ag+ very 
similar to that observed in the rearrangements of cubyl 
systems.1 •3 The first step of the second alternative con-

AgBF,t / \ _h 
CDCl, ether 

R-D 

»,R = H; b ,R = D 

ment was derived by epoxidation of the 3b so produced. 
As anticipated, the resulting epoxide (5) was devoid of 
>CHO- absorption at S 3.47 (CDCl3).

12 

In view of these data, it is clear that the rearrangement 
of 1 under conditions of Ag+ catalysis is not governed 
by the same electronic considerations which control its 
thermal isomerization. Rather, the conversion of 1 to 
4, if concerted, is required to be the formal result either 
of a direct symmetry disallowed [„2S + „2J bond 
reorganization, or of a two-step process involving initial 
thermally allowed [„2S + ff2a] rearrangement to trans-
bicyclo[3.2.0]hept-6-ene (6) and subsequent [„2S + ,2a] 
ring opening. The first alternative is very attractive 
for, in addition to being eminently feasible in the 

(8) In addition, the ratio of bridgehead allylic protons to methylene 
hydrogens was precisely 1:3. 

(9) The stability of the silver nitrate complexes of cis.trans-l.'i-cydo-
octadiene10* and c;s,(ranj-l,3-cyclononadiene10b has previously been 
recognized. The corresponding cis,cis isomers do not give rise to such 
complexes. 

(10) (a) A. C. Cope and C. L. Bumgardner, / . Amer. Chem. Soc, 78, 
2812 (1956); (b) R. W. Fawcett and J. O. Harris, J. Chem. Soc, 2673 
(1954). 

(11) (a) W. G. Dauben and R. L. Cargill, Tetrahedron, 12, 186 
(1961); (b) O. L. Chapman, D. J. Pasto, G. W. Borden, and A. A. 
Griswold, / . Amer. Chem. Soc, 84,1220 (1962). 

(12) The preparation of nonlabeled 5 has been reported: L. A. 
Paquette, A. A. Youssef, and M. L. Wise, ibid., 89, 5246 (1967). 

stitutes an example of a long recognized, but previously 
unrealized, thermally allowed rebonding pathway for 
bicyclobutanes.4a,ls Unfortunately, thermodynamic an
alysis of this step is not possible in the present instance 
because of the unavailability of 6. The purely thermal 
conversion of severely twisted 6 to 4 under very mild con
ditions would not be unexpected. 

The capability of deciding between these alternatives 
exists and is presently .under active investigation. 
Although the ultimate resolution of this question is of 
considerable direct importance to an understanding of 
the mechanistic role played by Ag+ in this and other14 

bicyclobutane rearrangements, it is now evident that 
the observed dramatic lowering of transition-state 
energies is associated not only with relief of strain but 
also in a very fundamental way with interaction be
tween the strained a bonds and the atomic orbitals of the 
noble metal ion. 

(13) R. B. Woodward and R. Hoffmann, "The Conservation of Or
bital Symmetry," Academic Press, New York, N. Y., 1970, p 77. 

(14) G. R. Allen, Jr., unpublished observations. 
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1969-1970; (b) National Science Foundation Graduate Trainee, 
1970-1971. 
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Organosilicon Compounds Containing 
Monovalent Gold 

Sir: 
The current interest in the coordination chemistry of 

gold in its lower valency state1'2 and of organogold 
species3-7 prompts us to report some recent results on 
the organosilicon chemistry of gold.8 The findings in 
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