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a quartz vessel a solution of stilbene, 7.5 g (0.03 mol),in 200 ml of
3,4-dihydropyran was irradiated at 2537 A in a Rayonet photo-
chemical reactor for 48 hr. After removal of the unreacted di-
hydropyran under reduced pressure, the crude reaction mixture
was heated with petroleum ether and then cooled. A white
crystalline product (2.45 g, 249 based on reacted stilbene) was
isolated by filtration and characterized as a mixture of cis,trans,-
cis-1,2,3,4-tetraphenylcyclobutane (I1) and trans,trans,trans-
1,2,3,4-tetraphenyleyclobutane (III): nmr (CDCL), = 2.71,
2.91 (20 H, singlets, aromatic protons), 5.54, 6.33 (4 H, singlets,
methine protons).® The filtrate was subjected to column
chromatography on alumina (80-200 mesh). Elution with
benzene-petroleum ether (bp 30-60°) (5:95) gave two products:
7,8-cis-ezo-diphenyl-2-oxabicyclo[4.2.0]octane (IV) [3.65 g
(43.39,); mp 48-50°; parent peak, 264.1495 (CyHy0); ir
(thin film) 3040 (aromatic CH), 2900 (aliphatic CH), 1610,
1500 (aromatic C=C), 1053 (COC) and 740, 700 em~! (mono-
substituted phenyl); nmr (CDCL) r 2.75-2.83 (10 H, multi-
plet, aromatic protons), 5.75-5.87 (2 H, multiplet, H; and Hy),
6.13-6.38 (2 H, multiplet, H; and Hj,) 6.60-6.80 (1 H, multiplet,
H,), 7.10-7.35 (1 H, multiplet, Hs) and 8.36-8.70 (4 H, multiplet,
H,, Hi, H; and H;)), Ji-s = 4.5 cps, J1-s = 6.5, Je—71 = 6.5,
Jios = 6.5]; T-exo,8-endo-diphenyl-2-oxabicyclo(4.2.0]octane
(V) [1.92 g (23.6%); mp 36-38°; parent peak, 264.1525 (C,e-
H,,0); ir (thin film) 3030 (aromatic CH), 2890 (aliphatic CH),
1600, 1490 (aromatic C=C), 1110 (COC) and 750, 740, 700
em™! (monosubstituted phenyl); nmr (CDCls) = 2.72-2.90 (10
H, aromatic protons), 5.7 (1 H, multiplet, Hs), 6.0 (1 H, mul-
tiplet, Hi), 6.6 (1 H, muitiplet, H;), 6.20-6.32 (2 H, multiplet,
H;, Hir), 7.0 (1 H, multiplet, He) and 8.25-8.50 (4 H, multiplet,
H4, Hu, H5, H{,r), Jl,s = 11 cps, J],g = 10 cps, J7,8 =5 cps,
Je,-; = 3.5 CpS].

The Hydrogenation of 7,8-Diphenyl-2-oxabicyclo{4.2.0]oct-7-
ene (I).—In a Paar hydrogenation vessel 0.2 g of 5% Pt on
charcoal was added to a solution of I, 1.0 g in 35 ml of absolute
ethanol. The solution was then subjected to hydrogenation at
50 1b pressure for 24 hr. The reaction mixture was filtered and
evaporated to a volume of 10 ml. The solution was then analyzed
by glpe. The chromatogram showed the presence of two peaks
with areas in the ratio of 1:4. The retention time of the smaller
peak was identical with that of I and the larger peak corresponded
to IV. The solvent was removed under vacuum and the products
were separated by column chromatography on alumina. The
ir spectrum of the reduction product was identical with that of IV.

Isomerization of 7,8-cis-exo-Diphenyl-2-oxabicyclo[4.2.0]-
octane (IV).—A mixture of 7,8-cis-exo-diphenyl-2-oxabicyclo-
[4.2.0]octane 0.1 and 0.2 g of potassium t-butoxide in 25 ml of
ethanol was refluxed for 12 hr. The solvent was evaporated under
vacuum and the residue was taken up in ether which was than
washed with water and dried over anhydrous MgS80,. The
ether solution was analvzed by glpc. The chromatogram showed
two new peaks with approximately equal areas. The retention
times of one of these components on two different columns was
identical with those of V.

Registry No.-—cis-Stilbene, 645-49-8; trans-stilbene,
103-30-0; 2,3-dihydropyran, 110-87-2; IV, 18521-18-1;
V, 18521-19-2.

(5) Values reported in ref 2 are the following: - 2.95 and 5.60 for II and
2.79 and 6.37 for ITI.
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The hydrogenolysis of carbon-sulfur bonds has found
extensive use in both structure determination and syn-
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thesis.! However, relatively little attention has been
focused on the hydrogenolysis of trithiocarbonates.
Gibson? reported an unsuccessful attempt to convert
ethylene trithiocarbonate into 1,3-dithiolane, while
McSweeney and Wiggins? reported the reductive desul-
furization of the trithiocarbonate derivatives of carbo-
hydrates with Raney nickel to the corresponding di-
deoxy compound. In 1960, Igbab and Owen* found
cyclic trithiocarbonates, upon treatment with lithium
aluminum hydride, undergo smooth reductive fission
to vicinal dithiols. More recently, Owen and co-
workers®® described the oxidation of trans-1,2-cyclo-
hexane trithiocarbonate (1) with excess per acid in
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I
which the thiocarbonyl is converted into a methylene
group affording the corresponding methylenedisul-
fonyl compound II. We now wish to report the results
of our studies in which the direct catalytic hydrogen-
olysis of trithiocarbonates yield the corresponding 1,3
disulfides (see Table I),

Tasre I
CAaTaryric HYDROGENOLYSIS OF TRITHIOCARBONATES

—Reaction—

conditions Product
Trithio- Time, Temp, 1,3-Di- Yield, Bp, °C
carbonate  hr °C sulfide % (mm) np
I 12 150 v 50 53-55 (0.01) 1.5706 (31°)
111 16 150 v 88 75 (25) 1.5980 (23°)
VI 12 160 VI 12 70-72 (20) 1.5331 (21°)

Contrary to Gibson’s observation? we have found hy-
drogenolysis (2000 psi) of ethylene trithiocarbonate
(ITI) in benzene containing a catalytic amount of mol-

Vo M/
s\[(s — 8.8
S
I v

ybdenum trisulfide at 150° afforded 1,3-dithiolane (IV)
as a colorless liquid in 889 yield. The infrared (1415
em~!) and pmr speetrum [ 3.83 (singlet, 2 H, -SCH,S-),
3.13 (singlet, 4 H, -CH,S-) | are in complete agreement
with IV; both spectra were identical with the spectra of
an authentic sample? of IV. The reaction is clean with
the only other product observed (via glpe) being eth-
ylene dimercaptan in ~29%, yield. Since current syn-
thetic routes’ to 1,3-dithiolane suffer from either low
yield and/or polymer formation this method offers a

(1) G. R. Pettit and E. E. van Tamelen, Org. Reactions, 12, 356 (1862);
H. Hauptmann and W. F. Walter, Chem. Rev,, 62, 347 (1962); R. L. Augus-
tine, “‘Catalytic Hydrogenation,”” Marcel Dekker, Inc., New York, N. Y.,
1965.

(2) D. T. Gibson, J. Chem. Soc., 12 (1930).

(3) G. P. McSweeney and L. ¥. Wiggins, Nature, 168, 874 (1951).

(4) 8. M. Iqbab and L. N, Owen, J. Chem. Soc., 1030 (1960).

(5) A. K. M. Anisuzzaman and L. N. Owen, Chem. Commun., 16 (1966).

(8) T.J. Adley, A. K. M. Anisuzzaman, and L. N. Owen, J. Chem. Soc.,
807 (1987).

(7) E. E. Reid, '“Organic Chemistry of Bivalent Sulfur,” Vol. III, Chemi-
cal Publishing Co., Inec., New York, N. Y., 1958.
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direct, high yield synthesis of IV from readily available
starting material.

To determine whether this hydrogenolysis reaction
was general for a variety of trithiocarbonates, we pre-
pared trans-1,2-cyclohexane trithiocarbonate (I) using
the method of Culvenor, Davies, and Pausacker.® Hy-
drogenation of I under similar conditions {(MoS;, 160°,
1900 psi) afforded trans-methylenedithiocyclohexane
(V)® in 509, yield. The infrared (1439 em—!) pmr

oF

[6 (CCL) 3.78 (singlet, 2 H, -SCH,S~), 2.86 (multiplet,
2 H, >CHS), 1.16-2.36), multiplet (8 H, -CHy—)], and
mass spectrum [m/¢ 160 (M +)] are consistent with our
structural assignment.

In addition, we have found noneyclic trithiocarbon-
ates can also be converted into the corresponding 1,3-

disulfides. Thus dimethyl trithiocarbonate (VI), pre-
S
CH,SCCH; — CH,SCH,SCH,
VI viI

pared from methyl chloride and sodium trithiocarbon-
ate, was reduced using cobalt sulfide and molybdenum
disulfide as catalyst at 2500 psi and 150°. In addition
to recovered starting material, 2,4-dithiapentane (VII)?®
[infrared spectrum 1435, 1421 em™!; § (neat) 3.65
(singlet, 2 H, -SCH,S-), 2.13 (singlet, 6 H, -SCHj,)]
was isolated in ~10-159 yield.

Experimental Section

All boiling points are uncorrected. Infrared spectra were
recorded with a Perkin-Elmer Infrared or Model 21 spectro-
photometer. Pmr spectra were determined at 27° (probe tem-
perature) with a Varian Associates Model A-60A spectrometer
using tetramethylsilane (TMS) as an internal standard. For
each compound, chemical shifts cited are the centers of the
multiplet. Numbers in parentheses refer to the multiplicity of
the observed resonance.

Reagents.—Ethylene trithiocarbonate, molybdenum di- and
trisulfide, cobalt sulfide and hydrogen (CP grade) were obtained
from commercial sources and used without further purification.
trans-1,2-Cyclohexane trithiocarbonate?! and dimethyl trithio-
carbonate!® were prepared by known literature methods.

General Procedure.—The experimental conditions for the hy-
drogenations are recorded in Table II. A typical laboratory pro-
cedure for the preparation of 1,3-dithiolane follows.

TasLE 11
Catalyst Benzene, Ho,
Compd Amt, mol (g) ml psi
I 0.37 MoS; (5) 200 2000
II1 0.11 MoS; (3) 50 1900
VI 0.36 MoS; (5) 100 2500
CoS (5)

(8) C. C. J. Culvenor, W. Davies, and X. H. Pausacker, J. Chem. Soc.,
1050 (1946).

(9) H. Bohme and R, Marx, Ber., 74, 1667 (1941).

(10) E. Wertheim, J. Amer. Chem. Soc., 48, 826 (1926); 63, 4037 (1931).
This compound was kindly provided by Professor N. Remes.
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1,3-Dithiolane.—Ethylene trithiocarbonate (50 g, 0.37 mol)
dissolved in 200 ml of benzene and 5.0 g of molybdenum tri-
sulfide were placed in a 300-ml stainless steel autoclave. The
autoclave was pressured to 2000 psi with hydrogen and heated
to 150° for 12 hr while maintaining a constant hydrogen pressure
of 2000 psi. After cooling to 25°, the autoclave was vented
through a 209 sodium hydroxide solution; filtration of the clear
solution followed by removal of the solvent at 15 mm afforded
37.0 g of 1,3-dithiolane (937, purity). Distillation yielded a
malodorous, colorless liquid: bp 75° (25 mm); =2p 1.5980
[lit.2 bp 61° (11 mm), n'%p 1.5975]; infrared 2960, 2919, 1415,
1270, 858, 728, 680 cm~!; pmr (CS;) 6 3.83 (SCH.S, 1), 3.13
(CH,S, 1).

Registry No.—I, 16166-42-0; TIII, 822-38-8; IV,
4829-04-3; V, 5673-01-8; VI, 2168-84-5; VII, 1618-26-4.
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Classical chemical studies have shown that the re-
actions of many 2-chloroethylamines in aqueous solvent
systems proceed through the formation of reactive
ethyleneimonium ion intermediates.®*
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Levins and Papanastassiou® have recently shown
that, for a number of primary and secondary 2-halo-
ethylamines and for one tertiary amine, methylbis-
(2-chloroethyl)amine (HN-2), nmr studies in 2H,O
can be useful for studying the rate of formation and
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