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Synopsis. The reaction of dibenzylthiocarbamoyl
chloride with sodium nitrite in acetonitrile at room tem-
perature yields N-nitrosodibenzylamine, dibenzylcarbamoyl
chloride, bis(dibenzylcarbamoyl) disulfide, benzaldehyde, and
benzyl isothiocyanate; possible mechanisms for the forma-
tion of these products are suggested.

The quantitative formation of N-nitrosodibenzyl-
amine (4) from the nitrosative decarboxylation of di-
benzylcarbamoyl chloride (5) with sodium nitrite in
acetonitrile was recently reported.)) In the interest
of exploring the use of related systems for the for-
mation of nitrogen-nitrogen bonds, the study of the
action of sodium nitrite in dibenzylthiocarbamoyl
chloride (1) was undertaken.

Although the NMR spectrum of the reaction mix-
ture of equimolar amounts of 1 and sodium nitrite
in dry acetonitrile indicated that the reaction was
not as clean as that of 5 with sodium nitrite,}) the
presence of benzaldehyde and N-nitrosodibenzylamine
(4) in the crude reaction mixture was established;
beside carbonyl bands at 1645, 1675, 1695 cm=, the
IR spectrum displayed absorptions at 2180—2100
cm-! which suggested the presence of a compound
with a cumulative bond system. Chromatography of
the mixture on silica gel led to the isolation and charac-
terization on benzaldehyde, N-nitrosodibenzylamine,
dibenzylcarbamoyl chloride (5) and the compound
which displayed the absorption at 2180—2100 cm™!;
in addition an unknown soild, mp 132.5—133 °C, was
isolated; its elemental analysis indicated the empirical
formula to be C;;H,,NOS; the presence of a carbonyl
group,? its NMR and mass spectra,® established the
structure of bis(dibenzylcarbamoyl) disulfide (8). The
compound displaying the strong absorption at 2180—
2100 cm—! was shown to be benzyl isothiocyanate (6)
by comparison with an authentic sample.*) Once the
identity of the products was established, the reaction
was repeated and the yield of each product (except
for 8 which was isolated and weighed) was determined
by the integration of the NMR spectrum of the crude
reaction product.

The formation of 8 may be understood in terms
of an oxygen to sulfur migration of the nitroso group
of 2, followed by the loss of nitrogen monoxide from
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3 and generation of the carbamoylthio radical (7)
which could then dimerize to 8. Although N-nitro-
sodibenzylamine (4) may be formed by loss of COS
from 2 as anticipated, it could also arise from the
action of nitrite ion on 3 and on 5. However, control
experiments showed that 8 did not react either with
chloride or nitrite ions. A reaction run with a 1.4
excess of sodium nitrite for four days showed a dra-
matic increase in the yield of 4 (399,) with a concur-
rent decrease in the yield of 8 (439,); the yield of 5
was unchanged. The same reaction carried out over-
night gave 8 as the major product (639,) with 4 and
5 being formed in only minor amounts. Similarly
the formation of 5 could be rationalized by displace-
ment of chloride ion on 3. Although direct displace-
ment of nitrite ion on 1 may account for the forma-
tion of benzyl isothiocyanate (Scheme 2, path a),
an alternate path involves 2 as the intermediate which
undergoes an internal displacement via a six-membered
ring transition state leading to benzyl isothiocyanate
(6) and benzyl nitrite (Scheme 2, path b); the latter
compound is known to decompose to benzaldehyde;5
authentic benzyl nitrite reacted with chloride ion to
give benzaldehyde. Scheme 3 summarizes the pos-
sible paths leading to the observed products.

Experimental

All mps and bps are uncorrected. Infrared spectra were
obtained on a Perkin-Elmer Infracord and NMR spectra
were determined on CCl; or CDCl,; on a R-24 Hitachi-
Perkin Elmer Spectrometer using TMS as an internal stand-
ard. Mass spectra were obtained at Chemical Spectrometry
Laboratory of Massachusetts Institute of Technology and
taken on Varian Mat 44 mass spectrometer. A low energy
(50 eV) spectrum was obtained on a Hitachi-Perkin Elmer
mass spectrometer model RMU-6L.

Dibenzylthiocarbamoyl Chloride (1). To a solution of
859, (w/w) thiophosgene (10.5g, 77 mmol) in anhydrous
ether (75 ml) at —5 °C, was added a solution of dibenzyl-
amine (30.5 g, 155 mmol) in anhydrous ether (75 ml) with
a mechanical stirring. An additional 50 ml of anhydrous
ether was added, and the mixture was stirred at ambient
temperature overnight. The precipitated dibenzylamine hy-
drochloride was collected, and the filtrate was evaported
to dryness at room temperature iz vacuo. The solid residue
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was crystallized from chloroform-ligroin mixture to yield
10.6 g (53%) of 1, mp 43—45 °C, lit,® mp 49 °C.

Reactions of I with Sodium Nitrite. A mixture of di-
benzylthiocarbamoyl chloride (3.2 g, 12 mmol) and sodium
nitrite (1.0 g, 14.5 mmol) in dry acetonitrile (40 ml) was
stirred overnight in a flask covered with aluminum foil and
connected to a gas bubbler. The insoluble inorganic ma-
terial was filtered, and the acetonitrile solution was evaporat-
ed in vacuo to leave a residue, which was deposited on a pre-
parative column chromatography (silica gel mesh 60—200,
g). Elution with a mixture of benzene and hexanes (I:2
v/v, 150 ml) gave benzyl isothiocyanate (20 mg) whose IR
and NMR spectra were superimposable upon those of an
authentic sample.#?) Further elution (200 ml) afforded di-
benzylcarbamoyl chloride (566 mg, 2.2 mmol, 19%), iden-
tical to an authentic sample.) Continued elution with the
same mixture (100 ml) and with a mixture of benzene and
hexanes (1:1 v/v, 100 ml) yielded N-nitrosodibenzylamine (4,
425 mg, 1.9 mmol, 16%) and trace amounts of benzaldehyde;
their structures were established by their spectra data and
by addition of authentic samples to the NMR samples.
Elution with benzene-hexane (I1:1v/v, 100ml) and with
benzene (200 ml) gave crude bis(dibenzylcarbamoyl) di-
sulfide (797 mg, 1.6 mmol, 31%) mp 130—I131.5 °C. The
crude disulfide was recrystallized from dichloromethane—
hexane mixture to afford colorless crystals, mp 132.5—
133°C. IR (KBr): 1675cm~! ()C=0); NMR (CDCl,):
§ 7.30 (s, ArH, 20H), ¢ 4.60 (s, PhCH, 8H); mass spectrum
[m/e, (relative intensity)]: 512 (very weak), 256 (0.05),
224 (6), 196 (0.3), 91 (100). Found: G, 70.38; H, 5.75;
N, 5.33 S, 12.46. QCalcd for GC;3H,ysN,0,S,: G, 70.28;
H, 5.50; N, 547; S, 12.51.

The reaction was repeated using 11.7 mmol of 1 and 11.7
mmol of sodium nitrite. After overnight stirring, the acetoni-
trile was evaporated in vacuo to leave a solid residue which
was stirred with a mixture (20 ml) of ether and petroleum
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ether (1:3v/v). The insoluble solid left after the first ex-
traction was stirred with dichloromethane (25 mlx2). Eva-
poration of dichloromethane from the second extract gave
bis(dibenzylcarbamoyl) disulfide (1.97 g, 3.8 mmol, 659%,).
Evaporation of the solvents from the first extract gave a
residue (0.7 g), which was chromatographed on silica gel
(mesh 60—200, 20 g). Elution with benzene-hexane mix-
ture (1:1v/v, 150 ml) gave a mixture of dibenzylcarbamoyl
chloride (1.2 mmol, 10%) and N-nitrosodibenzylamine (0.1
mmol, 0.89) whose molar ratio was estimated by the NMR
integration under benzyl protons. Continued elution with
the same mixture (150 ml) yielded N-nitrosodibenzylamine
(0.9 mmol, 7.79%). Elution with benzene (200 ml) afforded
bis(dibenzylcarbamoyl) disulfide (38 mg, 0.07 mmol, 1.2%).

The same reaction was carried out using 6.2 mmol of
dibenzylthiocarbamoyl chloride and 8.7 mmol of sodium
nitrite for 4d. The acetonitrile was evaporated under
reduced pressure to give a solid residue. The solid was
stirred with ether (25 ml), and the solid left after the first
extraction was stirred with dichloromethane (25 mlx2).
Evaporation of dichloromethane from the second extract
afforded bis(dibenzylcarbamoyl) disulfide (411 mg, 0.8 mmol,
269%,). Evaporation of ether from the first extract gave a
residue (1.06 g) which was stirred with a mixture (25 ml)
of petroleum ether and ether (2:1 v/v) to leave a mixture
(322 mg) of the disulfide (0.48 mmol, 15.5%) and N-nitroso-
dibenzylamine (0.34 mmol, 5.59%). The extract was con-
centrated under reduced pressure to yield a mixture of di-
benzylcarbamoyl chloride (0.6 mmol, 10%) and N-nitroso-
dibenzylamine (2.1 mmol, 339%) whose molar ratio was
estimated by the NMR integration under benzyl protons.

Control Experiments. Reaction of Bis(dibenzylcarbamoyl)
Disulfide with Sodium Chloride: A mixture of the disulfide
(200 mg) and sodium chloride (1.0 g) in a mixture of ace-
tonitrile (20 ml) and dichloromethane (5 ml) was stirred
at room temperature overnight. Inorganic material was
filtered, and filtrate was concentrated on a rotary evaporator
to give a quantitative recovery of the disulfide.

Reaction of Bis(dibenzylcarbamoyl) Disulfide with Sodium Ni-
trite: A mixture of the disulfide (76 mg) and sodium nitrite
(1.0 g) in acetonitrile (30 ml) was stirred at room temperature
for 3d. The mixture was filtered, and washed with di-
chloromethane (50 ml). The acetonitrile filtrate and the
dichloromethane solution were combined and concentrated
under reduced pressure to afford the unreacted disulfide
(66 mg) in 869 recovery.

References

1) M. Nakajima and J. -P. Anselme, Tetrahedron Lett.,
1979, 3831; this is the eighth in a series of papers dealing
with N-nitrosoamines and related compounds; for previous
paper, see M. Nakajima and J. -P. Anselme, J. Chem. Soc.,
Chem. Commun., 1980, 796.

2) E. C. Gregg, J. Am. Chem. Soc., 74, 3691 (1952);
L. A. Spurlock and P. E. Newallis, /. Org. Chem., 33, 2073
(1968).

3) J. @. Madsen, S. -O. Lawesson, A. M. Duffield, and
C. Djerassi, J. Org. Chem., 32, 2054 (1967). The parent peak
could only be observed at low voltage.

4) W. Schneider, D. Clibbens, G. Hullweck, and W.
Steibelt, Ber., 47, 1248 (1914).

5) A. Baeyer and V. Villiger, Ber., 34, 755 (1901).

6) E. Lieber, C. N. R. Rao, C. B. Lawyer, and J. P.
Trivedi, Can. J. Chem., 41, 1643 (1963).

7) M. L. Moore and F. S. Crossely, Org. Synth., Coll.
Vol. III, 59 (1955).





