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The mode of the subsequent rearrangement of II to
the methylnaphthalenes III and IV, analogous to the
rearrangement of tropilidene to toluene?—® and meth-
yltropilidene to ethylbenzene,'? is also uncertain.
The formation of 1-methylnaphthalene (III), the major
isomer, and 2-methylnaphthalene (IV) can be, how-
ever, most readily rationalized in terms of the benzo-
norcaradiene intermediate VII. The methylnaphtha-
lenes were observed to be thermally stable at 575°
and do not equilibrate.

Experimental Section

Pyrolysis of Benzonorbornadiene (I).—The pyrolysis of freshly
distilled benzonorbornadiene (I)!* was accomplished by the
dropwise addition, at a rate of about 5 ml./hr., of a 109, benzene
solution of I onto a 0.25 X 12 in. Pyrex column filled with glass
helices which was heated to the desired temperature. A slow
stream of dry nitrogen was continuously passed through the
column during pyrolysis. The pyrolysates were collected in a
Dry Ice trap at the bottom of the column and the benzene
was removed under vacuum. The material recovery was es-
sentially quantitative and the product distribution was deter-
mined by v.p.c. and/or n.m.r. spectroscopy. At 500° the product
ratio was 289 1, 689, 11, 49, III, and only a trace of IV. The
benzocycloheptatriene fraction II was separated by preparative
v.p.c. and the ultraviolet spectrum was determined, Aoer 278
my (log € 3.8). The structures of the methylnaphthalenes were
determined by v.p.c. and n.m.r. comparisons with authentic
samples, the chemical shifts for the methyl signals of III and IV
occurring at = 7.57 and 7.72, respectively. With a column tem-
perature of 575° the product distribution was 229, II, 66%
I1I, and 129% IV. Column temperatures between 425 and 575°
produced the expected transition in product ratios. The iso-
meric methylnaphthalenes III and IV were shown to be ther-
mally stable at 575° and noninterconvertible at this temperature
by passing authentic samples through the pyrolysis column.

Analytical Methods.—N.m.r. spectra were obtained in carbon
tetrachloride with tetramethylsilane as the internal standard
using a Varian Associates Model A-60 spectrometer. The gas
chromatographic analyses were performed on a 2-m. silicone 710
column (30%) on Chromosorb, 35-80 mesh, at a column tem-
perature of 164° and a helium flow rate of about 110 cc./min.
The retention times for I, II, III, and IV were 7, 13, 14.5, and
13.5 min., respectively. For the preparative-scale separation of
11, a 5-m. flucrosilicone, QF-1-0065, column (209,) on Anakron
ABS, 70-80 mesh, at a column temperature of 185° and a helium
flow rate of about 120 cc./min. was employed. The retention
times for I, II, III, and IV on the fluorosilicone column were
24, 33, 46, and 37 min., respectively.
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Treatment of 2-(2-chloroallylthio)ethanol (1) with
base gives only one cyclic product, 2-methyl-1,4-
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oxathiene (5), which is formed by cyclization of 2-
(1-propynylthio)ethanol (4).2 In water, most of the 4
is formed from 1 by dehydrochlorination to 2-propargyl-
thioethanol (2) followed by prototropic rearrangement
of 2 to 4 via 2-allenylthioethanol (3). As allenyl-
amines® and allenyl ethers* undergo intramolecular
nucleophilic addition of alkoxide at the internal allenic
carbon to give vinyl-substituted heterocycles, the fact
that 1 gives no 2-vinyl-1,3-dithiolane indicates that
prototropic rearrangement of an allenyl thio ether to a
1-propynyl thio ether occurs much more rapidly than
addition of alkoxide to the internal allenic carbon.

Cl

HzC=éCH280H20H20H —> HC=CCH,SCH,CH,OH —>
1 2

H,C=C=CHSCH,CH,0H —» H;CC=CSCH,CH;0H —>
3 4
0._-CH;
(I
S
5

It appeared that substitution of more nucleophilic
thiolate® for alkoxide in 1 would increase considerably
the likelihood of bringing about an intramolecular
nucleophilic addition to the internal allenic carbon.
Consequently, we prepared the 2-chloroallylthioalkane-
thiols 6 and 7 and determined their mode of base-
induced cyclization.

Cl
H2C=JJCH28(CH2),.SH

6,n =2

7\n=3

S<_-CH; S\ -CH;
J
8 9

The only cyclic product obtained from 2-(2-chloro-
allylthio)ethanethiol (6) on treatment with less than
1 equiv of potassium ¢-butoxide in ¢-butyl alcohol or,
in poorer yield, with aqueous sodium hydroxide was
2-methyl-5,6-dihydro-1,4-dithiin (8). Similarly, 3-(2-
chloroallylthio)propanethiol (7) gave 2-methyl-6,7-
dihydro-5H-dithiepin (9) as the only cyclic product.
Structural assignments to 8 and 9 were based on their
infrared, ultraviolet, and nmr spectra, details of which
are given in the Experimental Section.

Failure to observe any vinyl-substituted heterocyclic
product from reactions of 6 and 7 with base indicates
that nucleophilic addition to the internal allenic carbon
of an allenyl thio ether capable of rearranging to a
1-propnyl thio ether is an extremely unlikely reaction.
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Experimental Section®

Compounds 6~9 have particularly offensive odors.

2-(2-Chloroallylthio)ethanethiol (6).—A solution was prepared
from 375 ml of ethanol, 60 g (1.5 moles) of sodium hydroxide, and
141 g (1.5 moles) of ethanedithiol. The solution was stirred
and cooled with an ice bath, and 111 g (1.0 mole) of 2,3-dichloro-
propene was added dropwise in 1 hr. Stirring was continued
for 2 hr, and 909 of the ethanol was removed by distillation.
The residue was allowed to cool, and 300 ml of water and 200
ml of ether were added. The phases were separated, and the
aqueous phase was extracted twice with 100-ml portions of ether.
The ether extracts were combined, washed with saturated sodium
chloride solution, dried with magnesium sulfate, and distilled.
Compound 6 (65 g, 38%,) was collected at 85-100° (1 mm) and
had n2¢p 1.5645. The nmr spectrum consists of bands centered
at 322 and 316 cps (CH,=), a narrow band at 208 cps (=C—
CH:), a multiplet from 157 to 180 cps (SCH.CH.S), and a
triplet (J = 8.1 cps) at 97 cps (SH).

Anal. Caled for CsH(CIS,: Cl, 21.00. Found: Cl, 21.09.

When 1 mole of ethanedithiol instead of 1.5 moles was used,
the yield of 6 was only 27 g (16%,).

3-(2-Chloroallylthio)propanethiol (7) was prepared from 1,3-
propanedithiol and 2,3-dichloropropene following a procedure
similar to that used for 6. The yield was 49 g (279,), bp 100~
108° (0.5 mm), n%*p 1.5481. The nmr spectrum consists of
bands centered at 324 and 318 cps (=CH,), a narrow band at
208 cps (=CCH:), a multiplet from 182 to 158 cps (SCH,-
CCH,S), an apparent quartet (Ja., = 6.6 cps) centered at 138
cps (C-CH-C), and a triplet (J =~ 8.0 cps) at 95 cps (SH).

Anal. Caled for CgH,ClS,: C, 39.44; H, 6.07; Cl, 19.40;
S, 35.09. Found: C, 39.51; H, 5.94; Cl, 19.26; S, 34.88.

2-Methyl-5,6-dihydro-1,4-dithiin (8).—Of several procedures
used, the following gave the best yield of 8. To a stirred solu-
tion of 16.8 g (0.10 mole) of 6 and 20 ml of {-butyl alechol at 75°
was added dropwise in 2 hr a solution of 7.8 g (0.068 mole) of
potassium {-butoxide and 60 ml of ¢-butyl alcohol. The reaction
mixture was allowed to cool, and it was added to a mixture of 150
ml of water and 100 ml of ether. The phases were separated,
and the aqueous solution was extracted twice with 70-ml por-
tions of ether. The ether solutions were combined, dried with
magnesium sulfate, and distilled to give 2.3 g (259%,) of 8, bp
73-74° (4 mm), n22p 1.5972, Amax 278 mu (¢ 3020), Anin 256
my (e 1380), A 1600 cm ™! (C==C). The nmr spectrum consists
of a quartet (J = 1.5 cps) at 318 cps (==CH), a multiplet at
187-157 cps (SCH,CH:S), and a doublet (J = 1.5 eps) at 104
cps (CH,).

Anal. Caled for CsHgS;: C, 45.41; H, 6.10; S, 48.49.
Found: C,45.33; H,6.13; S, 48.66.

Before the preceding procedure was carried out, a similar re-
action was run in which 11.2 g (0.10 mole) of potassium ¢-
butoxide was used and the time for addition was 5 hr. During
this run, gas-liquid partition chromatograms were taken to
follow the course of the reaction. After 709, of the theoretical
amount, of potassium t-butoxide had been added, the intensity
of the elution band due to 8 decreased relative to the height of
the elution band due to #-butyl alcohol. The yield of 8 was 1.3
g(10%).

2-Methyl-6,7-dihydro-SH-dithiepin (9).—Treatment of 12.8
g (0.07 mole) of 7 with 7.8 g (0.07 mole) of potassium ¢-butoxide
as described for the preparation of 8 gave 1.2 g (129%) of 9,
bp 73-75° (0.5 mm), n%p 1.5881, Amax 285 mpu (e 4800), Amia
255 mu (e 935), A 1590 em~! (C=C). The nmr spectrum con-
sists of a quartet (J = 1.3 cps) at 308 cps (=CH), two apparent
triplets, both with J., = 6.0 cps, at 186 and 188 cps (CHe-
CCH_.), an apparent quintet (J.p = 6.0 cps) centered at 116
cps, and a doublet (J = 1.4 cps) at 101 cps (CH,).

Anal. Caled for CiHioSe: C, 49.27; H, 6.89; S, 43.84.
Found: C,49.19; H,6.82; S, 43.88.

(6) Boiling points are uncorrected. Infrared spectra were obtained witha
Beckman IR-4 spectrophotometer, Nmr spectra were determined of com-
pounds as 20% solutions in carbon tetrachloride at 56.4 Mc with a Varian
Associates HR-60 system equipped with electronic integrator and base-line
stabilizer. Resonance frequencies in nmr spectra were determined relative
to internal tetramethylsilane (TMS) using the side-band technique with a
Packard CD-200 audiooscillator and are reported in cycles per second down-
field from the TMS resonance. Ultraviolet spectra were obtained of ethanol
solutions using a Cary Model 14 recording spectrophotometer. Gas-liquid
partition chromatograms were obtained using a Loe Model 1 Chromat-O-
Flex with & 0.25 in. X 6 ft column packed with Silicone No. 550 on firebrick.
Microanalyses were performed by Mr. V. H. Tashinian, Berkeley, Calif,
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In previous work?® in which the relative stabilities
of some carbomethoxyl and nitro bieyclic compounds
were examined, it was assumed that the nitro and
carbomethoxyl groups are sterically equivalent in
systems which do not contain other substituents with
nonbonded electrons. While the assumption appeared
to be reasonable, there exists no definite experimental
verification of the equivalence of the two groups.

Whereas the carboethoxyl and carbomethoxyl groups
has been investigated by several techniques,* the nitro
group has been little investigated save for its bond
angles and bond lengths.® The necessary 4-t-butyl-
nitrocyclohexanes are known, but base equilibration
has not been carried out.® The nmr resonance signal
for the a-hydrogen of the cts and trans isomers are
r 5.57 and 5.77, respectively. The corresponding
resonance for nitrocyclohexane occurs at = 5.72.7 On
the basis of agreement with a calculated spectrum it
has been concluded that the nitro group is completely
equatorial in nitrocyclohexane,” although the previous
work of Huitric was apparently overlooked. While
the experimental results of two groups of workers
should not be used to calculate the conformational
preference of the nitro group, it appears that nitrocyclo-
hexane exists to a small extent in the axial conforma-
tion. Indeed, from the available experimental values
the conformational preference of the nitro group is in
the order of magnitude anticipated. Recently it has
been reported that the agreement between calculated
and experimental spectra for nitrocyclohexane is actually
due to mathematical errors.® The details of the pre-
liminary report will be outlined later.® Utilizing
band widths, the caleulated conformational equilibrium
constant of 5.7 = 1.5 at 26° is that anticipated for the
nitro group.

We now report the determination of the conforma-
tional preference of the nitro group by direct equi-
libration. The nmr method is limited as the —AG
for the nitro group is approximately 1.0 kcal/mole
and the 12-cps difference between equatorial and
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