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as above gave benzamide, 0.17 g; benzophenone, 0.48 g (purified as
the 2,4-dinitrophenylhdyrazone); benzoic acid, 0.12 g; and unreacted
13,0.09 g.

Reaction of N-Benzylhydroxylamine with Potassium Hy-
droxide in tert-Butyl Alcohol, The procedure above was repeated
using 1.00 g of N-benzylhydroxylamine.!3 The neutral fraction was
examined by IR and NMR and found to contain neither benzaldehyde
nor benzyl alcohol.
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Thermal Decomposition of 1-Phenyl-3,3-ethylenetriazenes!
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Upon warming to room temperature, cis- or trans-1-phenyl-3,3-(2,3-dimethyl)ethylenetriazene decomposes to
form cis- or trans-2-butene and phenyl azide with retention of configuration. The decomposition reaction is first
order, with an activation energy of 32 kcal/mol. Low-temperature NMR studies suggest that there is a hindered
rotation in the trans compound with an activation energy of 5.7 kcal/mol. A mechanism has been proposed for the
decomposition reaction that is consistent with orbital symmetry rules.

Ethylenediazene and N-nitrosoaziridine have been re-
ported to be unstable, decomposing below room temperature
to form ethylene and the corresponding inorganic compound.?
In both cases the reaction has been reported to be stereospe-
cific with retention of configuration.2a:3

Woodward and Hoffman4 have considered these two sys-
tems from the viewpoint of orbital symmetry. They concluded
that both reactions proceed by a nonlinear pathway in which
the nonbonding electron pair on the nitrogen atom originally
in the ring comes from the antisymmetric molecular orbital
of the triazene. In the case of the nitrosamine, they recognized
two possible pathways by which this could take place. In the
first pathway (mechanism A), the nitrous oxide molecule was
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Mechanism A

visualized as leaving orthogonal to the plane bisecting the
aziridine ring. In the second pathway (mechanism B), the
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Mechanism B

nitrous oxide molecule was visualized as remaining in the
plane bisecting the aziridine ring.

With little direct experimental data available, Woodward
and Hoffman suggested that mechanism A was more probable
than mechanism B. This suggestion was based on the obser-
vation that the barrier to rotation in dimethylnitrosamine is
23 kcal/mol® while the barrier to decomposition of trans-
2,3-dimethyl-N -nitrosoaziridine is only 16 kcal/mol.22 To the
extent that it is valid to extrapolate from dimethylnitrosamine
to N-nitrosoaziridine, it appears that the compound would
decompose before it could achieve the correct conformation
for mechanism B.

Because of the lack of direct experimental evidence con-
cerning the difference between mechanisms A and B, we felt
that it would be enlightening to investigate another chele-
tropic three membered ring decomposition. We chose the
thermal decomposition of 1-phenyl-3,3-(2,3-dimethyl)ethy-
lenetriazene (I) because it could be isolated and purified, it
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decomposed readily, and no stereochemical or mechanism
work had been reported.

Preparation of 1-Phenyl-3,3-(2,3-dimethyl)ethylene-
triazene. Phenyl-substituted ethylenetriazenes were first
reported by Rondestvedt and Davis,® who found that they
were unstable, decomposing to form ethylene and phenyl azide
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Table 1. 2-Butene Distribution
from the Decomposition of cis- and
trans-1-Phenyl-3,3-(2,3-dimethyl)ethylenetriazene

J. Org. Chem., Vol. 42, No. 7, 1977 1137

Table I1. Rate of Decomposition of cis- and trans-1-
Phenyl-3,3-(2,3-dimethyl)ethylenetriazene

Half-
Starting % % cis- % trans- Temp k X 102, life,
Solvent material yield 2-butene 2-butene Compd °C min~! min
Carbon Trans triazene 95 2.2 97.8 Trans triazene 20.0 0.77 £ 0.01 90
tetrachloride Cis triazene 91 944 5.6 Trans triazene 25.1 2.09 £ 0.02 33
p-Xylene Trans triazene 5 34 96.6 Trans triazene 29.7 434 +£0.11 15.5
Cis triazene 92 94.2 5.8 Cis triazene 19.8 2.69 + 0.22 25
Acetone Trans triazene 82 6.8 93.2
Cis triazene 80 93.8 6.2
NN 'D‘m‘?thyl' Trans triazene 71 égg 84.1 The rate studies were conducted in methylene chloride
g);mamlde ,c[:,ls miz?ne . 72 17'3 ;;é solvent containing 4% Me,Si as a reference. The field was
p-Uicxane rans triazen ‘ ‘ locked to the methylene chloride band to prevent drift, and
Cis triazene 5 80.7 19.3 .. :
9-Propanol Trans triazene 66 201 79.9 spectra were taken at 5- or 10-min mteryals. T_he temperature
Water Trans triazene 77 23.3 76.7 was calibrated by measuring the chemical shift in methanol.

Cis triazene 74 87.8 12.2

upon warming to room temperature. They did not investigate
the mechanism of the reaction, however.

\ ; - CH2=CH2 + PhNg

Ph

In the present study, stereospecific cis- and trans-1-phe-
nyl-3,3-(2,3-dimethyl)ethylenetriazenes were prepared from
the corresponding cis- and trans-2,3-dimethylaziridines” and
benzenediazonium chloride by a modification of the procedure
of Rondestvedt and Davis.® While the compounds appeared
to be completely stable at —78 °C, they were unstable at room
temperature. As a consequence, structure proof was limited
to instrumental techniques. All of the compounds studied
exhibited consistent infrared, nuclear magnetic resonance,
and ultraviolet-visible spectra.

Stereochemical Course of Decomposition, The thermal
decomposition of cis- and trans-1-phenyl-3,3-(2,3-di-
methyl)ethylenetriazene was carried out in several solvents
by adding the compounds to the cooled solvent and then
heating the mixture to reflux temperature. The gaseous bu-
tenes were collected in a dry ice trap, and analyzed by gas
chromatography. The results are shown in Table I.

The decomposition reaction was stereospecific with re-
tention of configuration in nonpolar solvents. Some loss of
stereospecificity was observed in polar solvents. The loss of
stereospecificity was probably caused by a competing ionic
reaction. This competition was suggested by the lower 2-
butene yields in the polar solvents. A reproducible low yield
of butene was also observed for cis-1-phenyl-3,3-(2,3-di-
methyl)ethylenetriazene in p-xylene. This phase of the
problem will be explored further in a later paper.

Rate of Decomposition. The rate of decomposition was
followed using NMR spectroscopy by observing the rate of
disappearance of the starting material. Other techniques such
as ultraviolet spectroscopy and polarography could not be
used because the products formed interfered with the mea-
surement of the starting materials. The methyl doublet in
trans-1-phenyl-3,3-(2,3-dimethyl)ethylenetriazene occurred
at 6 0.98 ppm from Me,Si, which was adequately separated
from the trans-2-butene doublet at 6 1.28 ppm. Similarly, the
methyl doublet in cis-1-phenyl-3,3-(2,3-dimethyl)ethyl-
enetriazene occurred at 6 0.84 ppm while the methyl doublet
in cis-2-butene occurred at 6 1.30 ppm.

The results are shown in Table II.

As expected, the decomposition reaction was first order in
triazene. Based on the rate constants in Table II, the Ar-
rhenius activation energy for the decomposition of trans-1-
phenyl-3,3-(2,3-dimethyl)ethylenetriazene was 32 keal/mol.
The entropy of activation was 29 eu, an unexpectedly large
value.

Low-Temperature NMR Studies. At low temperature
the alkyl portion of the NMR spectrum of ¢rans-1-phenyl-
3,3-(2,3-dimethyl)ethylenetriazene was observed to split into
two sets of bands which coalesced at —45 °C. Spectra were
taken from ~76 to —45 °C, and by measuring the splitting and
utilizing the method of Gutowsky and Holm,? the activation
energy for the process was calculated to be 5.7 kcal/mol. The
corresponding cis compound did not exhibit this phenome-
non.

The low-temperature NMR spectra suggest that there is
a barrier to rotation about the N-N single bond in the trans
triazene. This barrier is probably best explained by a rapid
equilibrium between conformations 1 and 2. The barrier is

probably due to significant contribution from resonance
structures related to 3. Marullo, Mayfield, and Wagener® have
observed a similar barrier to rotation in 1-phenyl-3,3-di-
methyltriazene of 12.7 kcal/mol.

Discussion

Since product formation is stereospecific, and the reaction
is first order in triazene, the transition state probably involves
a concerted cleavage of the two C-N bonds. A mechanism
similar to either mechanism A or B would be appropriate for
this system.

The principle of least motion would suggest that a mecha-
nism like B should be preferred over mechanism A since the
large PhN==N- group would have to move further to form an
orthogonal activated complex than to form a linear activated
complex. Since the activation energy for inversion (5.7 kcal/
mol) is considerably smaller than the activation energy for
decomposition (32 kcal/mol), the molecule may be expected
to pass through a linear conformation many times before de-
composing. Also, the high entropy of activation for the de-
composition reaction suggests that no significant reorgani-
zation is required in going from the ground state to the tran-
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sition state. These reasons, while not conclusive, suggest to
us that the following mechanism may not only be possible, but

Ph
N \ / N—Ph N=N=N{_
-+

actually be preferred. This mechanism is similar to mechanism
B for the decomposition of N-nitrosoaziridine.

Woodward and Hoffman preferred mechanism A for the
decomposition of N-nitrosoaziridine because the barrier to
rotation in dimethylnitrosamine (23 kcal/mol), which they
hoped was similar to N-nitrosoaziridine, was greater than the
barrier to decomposition of trans-2,3-dimethyl-N-nitroso-
aziridine (16 kcal/mol). In an effort to check this assump-
tion, we prepared a sample of trans-2,3-dimethyl- N-nitro-
soaziridine and studied its NMR spectrum between —20 and
—80 °C. No evidence could be seen for hindered rotation at
any temperature studied. For this reason, we have concluded
that there is no significant barrier to rotation in the N-nitro-
soaziridine system, and that mechanism B is possibly the
correct mechanism for both the N-nitroso and triazene sys-
tems.

Experimental Section

Pure (99%) cis- and trans-2-butenes were obtained from Matheson
Gas Products, La Porte, Texas. cis- and trans-2,3-dimethylaziridines
were prepared from the corresponding butene via the epoxide using
the procedures of Dickey, Fickett, and Lucas.” This sequence has been
shown?®a7 to be greater than 99% stereospecific.

NMR spectra were run on a Varian Model T-60A nuclear magnetic
resonance spectrometer equipped with a lock decoupler and for
variable temperature operation. Gas chromatographic analyses were
run on either a Beckman Model GC-2 or a Carle Model 8000 gas
chromatograph.

Preparation of cis- and trans-1-Phenyi-3,3-(2,3-Dimethyl)-
ethylenetriazene. Sodium nitrite (5.2 g, 0.075 mol) dissolved in 15
ml of distilled water was added dropwise to aniline (7.0 g, 0.075 mol)
which had been dissolved in 75 ml of 3 N hydrochloric acid (0.225 mol)
at 0-5 °C. The reaction mixture was maintained at 0-5 °C during the
addition. Sodium acetate (12.5 g, 0.15 mol) was then added and the
reaction mixture cooled to —5 to —10 °C. trans-2,3-Dimethylaziridine
(9.0 g, 0.15 mol) was added dropwise and immediately followed by the
addition of 12.3 g (0.15 mol) of sodium acetate. While maintaining the
reaction mixture at about —10 °C, 35 ml of cold (about 5 °C) pentane
was added to the reaction mixture. After stirring, the pentane layer
was decanted off and the reaction mixture extracted twice more with
pentane. The pentane extracts were immediately cooled in a dry
ice-2-propanol bath. The resulting yellow crystals (8.7 g, 0.050 mol,
66% yield) were separated by filtration at 0-5 °C and stored in a Dewar
filled with dry ice: 'H NMR (CDCl3) 4 0.98 (6 H, d), 2.01 (2 H, m), 7.10
(5 H); IR 1605 (s) (Ph), 1596 (s) (Ph or N=N), 1478 (s), 1445 (s), and
1380 cm~! (s). The triazene system lacks characteristic bands. As the
compound decomposed, the characteristic bands of phenyl azide, 2150
(s), 2140 (m), and 1250 cm™1 (s), appeared.

The trans compound absorbed strongly in the visible region at 354
nm and had bands in the ultraviolet region at 300 (sh), 225 (sh), and
230 nm. Literature values!® for the ultraviolet spectral bands of 1-
phenyl-3,3-dimethyltriazene were 308 (sh), 285, and 225 nm.

Using the above procedure, the cis-1-phenyl-3,3(2,3-dimethyl)-
ethylenetriazene was prepared using the cis-2,3-dimethylaziridine.
The triazene was obtained in a 66% yield (8.7 g, 0.050 mol): \TH NMR
(CDClg) 6 0.84 (d, 6 H) 2.38 (m, 2 H) 7.13 (5 H).

Decomposition of 1-Phenyl-3,3-(2,3-dimethyl)ethylenetri-
azene,. In a typical run, 1.5 g (0.0086 mol) of cis- or trans-1-phenyl-
3,3-(2,3-dimethyl)ethylenetriazene were dissolved in 25 ml of reagent
grade carbon tetrachloride. The two-necked flask was fitted with a
magnetic stirrer and a condenser leading to a collection tube immersed
in a dry ice-2-propanol bath. The reaction mixture was heated at
reflux for 30 min during which time the yellow solution darkened and
0.46 g (0.0083 mol, 95%; lower yield for cis compound) of 2-butene was
collected. The products collected were analyzed for cis- and trans-
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Table III. NMR Splittings at Various Temperatures for
trans-1-Phenyl-3,3-(2,3-dimethyl)ethylenetriazene

Temp, °C dco Log (1/7éw)

-76 48

—69 46.5 -0.762
—67 46.5 ~0.762
-61 45 -0.606
-57.5 42.0 —0.466
-51 32 -0.278
~49 27 -0.232
—-46.6 18 —-0.184
—45 0

2-butene by gas chromatography (25 ft 30% GESF-96 Silicone Oil on
firebrick at room temperature).

The same procedure was used in decomposing cis- or trans-1-
phenyl-3,3-(2,3-dimethyl)ethylenetriazene in the other solvents listed
in Table 1. All were heated at reflux or at 50-60 °C for 30 min or until
no more butene could be collected.

Low-Temperature NMR Spectral Studies. Low-temperature
NMR studies were carried out using a 4-mm NMR tube and liquid
nitrogen cooling. The same methylene chloride solvent containing 4%
Me4Si that had been prepared for the kinetic studies was used. The
field was locked to the methylene chloride band to prevent drift and
facilitate tuning at low temperature.

Spectra were run at various temperatures from about —20 °C to —80
°C. Only the trans triazene showed any observable temperature effect
as already described. The splittings at various temperatures are given
in Table III.

Kinetic Studies. The rate of decomposition of cis- and trans-1-
phenyl-3,3-(2,3-dimethyl)ethylenetriazene was determined from the
alkyl region of the NMR spectrum. Spectra of this region were run
at either 5- or 10- min intervals, and the change in area of the methyl
doublet of the triazene determined as a function of time. The reaction
followed a first-order rate law, and the rate constant was determined
via computer analysis of the data.

The temperature range studied was determined by the practical
limitations of the experimental method. At temperatures much lower
than 20 °C, the reaction was so slow that it was impossible to keep
both the temperature and the tuning of the instrument constant over
the length of the run. At temperatures much above 30 °C, the reaction
was so fast that the peaks could not be scanned fast enough to get
accurate area data. A wider temperature range would have been de-
sirable.

Methylene chloride was selected as the solvent so that the field
could be locked to the solvent band to prevent drift. Me4Si (4% by
volume) was added to the solution as an internal integration standard.
The instrument was found to be so stable, however, that correction
of the data was not necessary.

Acknowledgments. The authors wish to thank the Insti-
tute of Research at New Mexico Highlands University for fi-
nancial support of this project. We also wish to thank Dr.
Mohamed Alei at the Los Alamos Scientific Laboratories and
Dr. William Litchman and Mr. Charles Milner at the Uni-
versity of New Mexico for assistance with some of the pre-
liminary NMR spectra. We are also indebted to the National
Institutes of Health Minority Biomedical Support Program
for purchasing the NMR instrument which made the com-
pletion of this project finally possible.

Registry No.—cis-1-Phenyl-3,3-(2,3-dimethyl)ethylenetriazene,
61268-03-9; trans-1-phenyl-3,3-(2,3-dimethyl)ethylenetriazene,
61268-04-0; trans-2,3-dimethylaziridine, 930-20-1; cis-2,3-di-
methylaziridine, 930-19-8; aniline, 62-53-3.

References and Notes

(1) Presented in part at the First Rocky Mountain Regional Meeting of the
American Chemical Society, Fort Collins, Colo., June 28, 1972.

(2) (a) R. D. Clark and G. K. Helmkamp, J. Org. Chem., 29, 1316 (1984); (b)
C. L. Bumgardner, K. J. Martin, and J. P. Freeman, J. Am. Chem. Soc., 85,
97 (1963).

(3) J. P. Freeman and W. H. Graham, J. Am. Chem. Soc., 89, 1761 (1967).

(4) R. B. Woodward and R. Hoffmann, Angew. Chem., int. Ed. Engl., 8, 781-853
(1969).



0-(2,4,6-Trihalophenyl) N,N-Dimethylthiocarbamate Rearrangement

(5) C.E. Looney, W. D. Phillips, and E. L. Reilly, J. Am. Chem. Soc., 78, 6136
(1957).

(6) C. S. Rondestvedt and S. J. Davis, J. Org. Chem., 22, 200 (1957).

(7) F. H. Dicky, W. Fickett, and H. J. Lucas, J. Am. Chem. Soc., 74, 944
(1952).

J. Org. Chem., Vol. 42, No. 7, 1977 1139

(8) H. S. Gutowsky and C. H. Holm, J. Chem. Phys., 24, 1228 (19586).
(9) N.P.Marulio, C. B. Mayfield, and E. H. Wagener, J. Am. Chem. Soc., 90,
510-511(1968).
(10) R. J. W. Le Fevre and T. H. Liddicott, J. Chem. Soc., 2743-2748
{1951).
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The conversion of phenols to benzenethiols via the N,N-dimethylthiocarbamates has been applied to the 2,4,6-
trihalophenols. Results were highly dependent on whether the halogen was Cl, Br, or 1. The pyrolysis of 0-(2,4,6-
trichlorophenyl) N,N-dimethylthiocarbamate (1) yielded S-(2,4,6-trichlorophenyl) N,N-dimethylthiocarbamate
(2) which on hydrolysis gave 2,4,6-trichlorobenzenethiol (3). The pyrolysis of 0-(2,4,6-tribromophenyl) N,N-di-
methylthiocarbamate (4) gave 78% of S-(2,4,6-tribromophenyl) N,N-dimethylthiocarbamate (5) and 22% of N-
(5,7-dibromo-1,3-benzoxathiol-2-ylidene)methanamine (6). Hydrolysis of this reaction mixture gave 2,4,6-tribro-
mobenzenethiol (7) and bis(3,5-dibromo-2-hydroxyphenyl) disulfide (8). Compound 6 was shown to arise from N-
(5,7-dibromo-1,3-benzoxathiol-2-ylidene)-N-methylmethanaminium bromide (9), which was isolated as an inter-
mediate. The pyrolysis of 0-(2,4,6-triiodophenyl) N,N-dimethylthiocarbamate (13) gave 80% of N-(5,7-diiodo-
1,3-benzoxathiol-2-ylidene)-N-methylmethanaminium iodide (14). A mechanism is described.

In 1966, Newman and Karnes2 described a general meth-
od for the conversion of a phenol to the corresponding thio-
phenol which involved (a) reaction of the phenol with potas-
sium hydroxide and dimethylthiocarbamoyl chloride to give
the O-(aryl) N,N-dimethylthiocarbamate, (b) thermal rear-
rangement of the O-(aryl) NV,N-dimethylthiocarbamate to the
S-(aryl) N,N-dimethylthiocarbamate, and (c) hydrolysis of
the S-(aryl) N,N-dimethylthiocarbamate to the thiophenol
{eq 1).3 More recently, this reaction sequence was applied to

; S
(CH,),NCCI "
ArOH === ArOCN(CHy),
i
0]
2 ASCN(CH), 3o ArSH (1)

the preparation of the three isomeric tetrachlorobenzenethiols
by Goralski and Burk* and to the synthesis of 2-mercapto-
phenol by Dodson and Hanson.? In this paper we discuss the
thermal rearrangement of O-(2,4,6-trihalophenyl) N,N-
dimethylthiocarbamates.

Pyrolysis of O-(2,4,6-trichlorophenyl) N,N-dimethylthio-
carbamate (1) at 190 °C in a nitrogen atmosphere for 3 h af-
forded an 82% yield of S-(2,4,6-trichlorophenyl) N,N-di-
methylthiocarbamate (2).6 Hydrolysis of 2 with sodium hy-
droxide in methanol afforded 2,4,6-trichlorobenzenethiol (3)
in 94% yield (eq 2). In contrast, heating O-(2,4,6-tribromo-

a g a o,
" 10°c “
al CN(CH), 25 a SCN(CH.)
N,
1 2
al
s SH @)
a
3

phenyl) N,N-dimethylthiocarbamate (4) at 180 °C in a ni-
trogen atmosphere for 26 h afforded 78% S-(2,4,6-tribromo-
phenyl) N,N-dimethylthiocarbamate (5) and 22% N-(5,7-
dibromo-1,3-benzoxathiol-2-ylidene)methanamine (6, eq 3).

Br
|
Br CN(CH,),
Br
4
3
Br ?l) Br
180 °C
N_—’Z‘ 26 h BI“Q»SCN(CHs)z + /dOFNCHS
Br S
Br 6

5

Subsequent hydrolysis of this product mixture with sodium
hydroxide in methanol and fractional recrystallization of the
acidified product gave 2,4,6-tribromobenzenethiol (7) in 69%
yield, and bis(3,5-dibromo-2-hydroxyphenyl) disulfide (8) in
8% yield (eq 4). The structure of 8 was proven by reduction to

5+ 6
Br Br
1 NaOH, CH,0H
—_——
—_ Br SH + BrQ—OH
Br S 5
7 8

4)

2,4-dibromophenol with Raney nickel. When the rearrange-
ment of 4 was run at 170 °C, an insoluble material, isomeric
with 4, was isolated and shown to be N-(5,7-dibromo-1,3-
benzoxathiol-2-ylidene)-N-methylmethanaminium bromide
(9). The structure of 9 was confirmed by hydrolysis with 1 N
sulfuric acid to give 5,7-dibromo-1,3-benzoxathiol-2-one (10a),
and by hydrolysis in basic solution to give 2,4-dibromo-6-



