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Communications to the Editor 

Heterocyclobutanylidenes. A Unique Synthesis of 
Tetramethylallene Episulfide 

Sir: 

In order to assess the possibility of generating ylidic bicy-
clobutanes such as la-c, as well as novel small-ring hetero-
cycles derivable from such ylides (e.g., 1-azabicyclobutanes 
from Ic where X = NH), we have initiated a study of the 
generation of carbene centers at the 3-position of heterocy-
clobutanes and their interaction with heteroatoms having 
nonbonded electron pairs at the 1-position as in 2a and 2b.1 We 
report here some preliminary observations which are of general 
interest. 

XtX xx 
2a, X = S 
2b, X = O la. X = S 

lb, X = O 
Ic. X = NR or NH 

When the dry sodium salt of 3a, the p-toluenesulfonylhy-
drazone2 of 2,2,4,4-tetramethylthietanone,3 was heated slowly 
to 150 0C in vacuo, tetramethylallene episulfide (4a) was the 
only volatile product formed (40-65% yield). The episulfide 
4a was collected in a cold trap (ca. — 70 0C) as an essentially 
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pure and stable colorless liquid:2 NMR (CDCl3) 5 1.70 (s, 6 
H) and 1.85 (s[br], 6 H); NMR (benzene) 8 1.52 (s, 6 H), 1.65 
(s, 3 H) and 1.75 (s, 3 H); ir (CHCl3) 1738 cm"1 (w); uv 
(cyclohexane) 227 nm (e 10 240); MS M+ at m/e 128.4 In 
further accord with its structure, 4a underwent desulfurization 
upon heating with hexamethylphosphoramide in benzene at 
65-75 0C for 72 h to yield tetramethylallene (5) in 45% yield.5 

Treatment of 4a with 70% HCIO4 in ether afforded the crys
talline 1,4-dithiane 6.2 Attempts to generate and observe te-
tramethylthiocyclopropanone by heating 4a, its valence tau-
tomer, in the presence and absence of suitable traps have been 
unsuccessful to date. 

Similar pyrolyses of the sodium salts of the p-toluenesul-
fonylhydrazones2 of 2-benzylidine-3-thietanone6 and dispi-
rocyclohexyl-3-thietanone failed to afford characterizable 
volatile products. 

Pyrolysis (in vacuo) of the dry lithium salt of 3b, the tos-
ylhydrazone2 of 2,2,4,4-tetramethyloxetanone,7 afforded 

3,4-dimethyl-3-penten-2-one (8b) as the major volatile product 
in 54% yield.8,9 No tetramethylallene epoxide (4b) or te-
tramethylcyclopropanone (derivable from 4b)10 were observed 
as volatile products. 
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A logical intermediate in the formation of 8b is tetrameth-
yloxetene (7b)'' which may be formed via preferential methyl 
migration in the initially formed carbene 2b (as opposed to 
oxygen migration which would give 4b). 

Comparing the fates of the intermediate carbenes (or related 
carbenoid species) in the sulfur series (2a) vs. the oxygen series 
(2b), our observations strongly suggest (but do not necessarily 
prove)12'13 that the sulfur ylide la is an important intermediate 
in the formation of 4a whereas the oxygen ylide lb is neither 
necessary nor likely to be involved in the formation of 7b from 
the carbene derived from 3b.13 

We are continuing in our efforts to directly observe ylidic 
species such as 1 and extending these studies to the generation 
of nitrogen and phosphorus analogues of I.14 
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The Temperature Dependence of an Electron Impact 
Induced Stereoselective Rearrangement Reaction 

Sir: 

In spite of the enormous energies utilized in the ionization 
process, rearrangement reactions occurring from organic 
molecular ions in mass spectrometers exhibit remarkable 
stereosensitivity to energetically small conformational dif
ferences.' Moreover, intramolecular transfer of diastereotopic 
hydrogens in parallel rearrangement reactions of chiral sub
strates in mass spectrometers and in solution actually show 
quantitatively similar stereoselectivities.2 The question im
mediately arises as to the source of this similarity. The reacting 
molecules in solution are subject to a Maxwell-Boltzmann 
energy distribution defined by their temperature. On the 
contrary, in the mass spectrometer the molecular ions are not 
only of uncertain energy distribution because of their mode of 
formation by electron impact, but as well the temperature 
cannot be experimentally defined because of the absence of 
intermolecular or wall collisions for the detected ions.3 

The source of this kinetic similarity2 may be understood by 
a few simple considerations centered around the quasi-equi-
librium theory of mass spectrometry.4 The theory predicts, and 
experiments bear out, that rearrangement reactions in mass 
spectrometers occur from molecular ions of the lowest internal 
energies.5 Photoelectron spectroscopy demonstrates that in 
molecules with nonbonding electrons these lowest internal 
energy ions, in focus here, are produced by removal of an 
electron from these nonbonding orbitals and furthermore that 
such ionization gives rise to discrete and relatively narrow 
bands often separated by an energy space from the broader 
bands involving higher energy ionization of bonding electrons.6 

As has been pointed out by Turner7 such promotion of non-
bonding electrons will produce an ionized state which within 
reasonable approximation will have the same bonding pa
rameters as the neutral precursor. This is a key point with re
gard to our inquiry because it follows from the Franck-Condon 
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Figure 1. Measured on an MS-902 mass spectrometer at 70 eV beam en
ergy. The construction of this instrument allows varying in consort the 
temperature of the inlet, ion chamber, and source walls. The temperature 
is accurate to ±2 0C. The experiments were conducted four times over a 
period of 6 months and gave the same line within experimental error. Each 
experiment consisted of at least five measurements at each temperature 
of 2-butylacetate and the two deuterated diastereomers necessary to cal
culate ka/kt,.2 The data were handled by a computer program written here 
which yielded the stereoselectivities and the accuracy. Each point was 
calculated to 95% confidence (2a) and then used to generate the linear 
least-squares line shown. The line has a correlation coefficient of 0.991. 
Another experiment varying only the ion chamber temperature and leaving 
the inlet system at ambient temperature gave the same line as above with 
the lowered correlation coefficient of 0.968. The elimination of acetic acid 
is known not to be pyrolytic under these conditions.12 The experimental 
data here show no time dependency at the temperatures reported and as 
well we have subjected 2-butylacetate to gas chromotography on steel 
columns and throughout this temperature range there is no evidence for 
pyrolysis. 

principle that such a circumstance of equivalent potential 
surfaces for the ion and its neutral precursor will lead to pro
ducing the ionized molecule with the same vibrational and 
rotational energy as the neutral.7,8 In other words, the tem
perature of the ion produced by removal of a nonbonding 
electron, within the limits of the above approximations, will 
be the same as the temperature of the neutral from which it is 
formed.9 It thereby becomes clear why quantitatively similar 
rearrangement stereoselectivities2 are observed in solution and 
in mass spectrometers. We can, though, go a step further. 

If the temperature of the neutral is an accurate measure of 
the immeasurable temperature of the ions produced it would 
follow that the rearrangement rate constant for the electron 
impact induced reaction should depend on the temperature of 
the neutral precursor in the form of the Arrhenius expression. 
The precision of the Arrhenius dependency would moreover 
constitute a measure of the assumptions leading to the pre
diction of temperature equivalence in the ionization process 
producing the rearranging ions. Because a stereoselectivity 
involves a rate ratio which cancels out temperature dependent 
instrumental parameters10 and also obviates the otherwise 
extreme difficulty of measuring an absolute rate constant in 
a mass spectrometer, we were placed in a position to test for 
Arrhenius temperature dependency.1' The reaction chosen for 
this purpose was the stereoselective rearrangement elimination 
of acetic acid from electron impact produced 2-butylacetate 
cation radical.2 Figure 1 shows this process as well as a plot of 
the stereoselectivity (&a/fcb) as a function of the temperature 
of the precursor neutral. 

The Arrhenius equation may be derived from Boltzmann's 
law13 and thus the clear Arrhenius dependency exhibited in 
Figure 1 is strong evidence that the rearranging molecular 
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