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The possibility of a pronounced ylid character for sulfur diimines
has been suggested'. We have found that these compounds do indeed react
with 8 number of reagents to give products whose formation is, in some
cases, consistent with the general mechanistic pattern of the Wittig and
related reactions2. Thus, heating of a mixture of 10.3 g. (0,036 mole)
of di-t-octylsulfur diimine and 3.8 g. (0.036)mole of benzaldehyde at
125-130° for two hours followed by direct distillation of the reaction
mixture gave 3.7 g. (60%) of N-t-octylbenzaldimine, b.p. 126-130° (10 mm),
n2Ds 1.5096 (1it.2® b.p. 129-131° (8 mm), nﬁ5 1.5130) and 1.7 g. (30%)
of t-octylthionylamine, b.p. 61-62° (10 mm), n% 1.4513. Anal, Caled.
for CgH1,NOS: C, 54.81; H, 9.78; N, 7.99; O, 9.13; S, 18.29. Found:
¢, 54.91; H, 9.66; N, 7.97; 0, 9.05; 8, 18.19).
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The course of this reaction (eq. 1) parallels that of benzaldehyde

with phosphinimines", phosphoramidate anionsS, and thionylamines®.

1491



1492 No.20

In a similar manner, reaction of di-t-octylsulfur diimine with
furfural for 9 hours at 125° gave some t-octylthionylemine and an 87%
yield of N-t-octylfurfuraldimine, b.p. 132-135° (24 mm), n$® 1.kgho

(11t.% bop. 138-141° (30 mm), n2%  1.4965).

In the reaction of di-t-butylsulfur diimine with phenyl isocyanate,
a surprising result was obtalned. The products which might be predicted
by anelogy to previous reportst,5 (and to eq. 1) are t-butylthionylamine
end the mixed carbodiimide (eq. 2a). However, heating of 10,5 g. (0.05
mole) of di-t-butylsulfur diimine with 7.1 g. (0.06 mole) of phenyl iso-
cyanate to 118° (held at reflux for 30 minutes) followed by distillation
gave (eq. 2b) 3.6 g. (T1%) of t-butyl isocyanate, b.p. 86-90°, n%s 1.3856
(11t.7 b.p. 85-87°, ng> 1.3824) and 6.65 g. (68%) of N-phenyl-N'-t-butyl-
sulfur diimine, b.p. 75-T7° (1 mm), ngs 1.5966. Anal. Caled. for CioHyeNz2S:
¢, 61.81; H, 7.26; N, 1k.k2; 8, 16.50. Found: C, 61.89; H, 7.13;
N, 14,08; S, 16.39. The n.m.r, spectrum of the latter consisted of a
sharp singlet at 78,52 and a complex multiplet centered at 72,51,
It seems likely that an equilibrium is involved between the resctants and
the products of eq. 2b and that the reaction is driven to completion by

distillation of the more volatile t-butyl isocyanate.

RN = S—N-R RN =§-—NR RN = §~0
® 0 —_— ‘ )( > ® 0 (2a)
0=C = NAr Ar-N==C==0 + RN =C= NAr

R
U_'RN =@ KR t
| + | (2v)
ArR© C=0

Sindlerly, di-t-butylsulfur diimine reacted with two equivalents of

p-chlorophenyl isocyasnate to give t-butyl isocyenate (75%) and a T0% yield
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of di(p-chlorophenyl)sulfur diimine®, m.p. 60.5-61°. Apal, Calcd. for
CioHeCloNoS: C, 50.89; H, 2.85; C1, 25.0%; N, 9.90; S, 11.32. Found:
¢, 50.77; H, 2.81; C1, 24.84%; N, 9.98; §, 11.10.

On the other hand, reaction of 6.8 g. (0.039 mole) of di-t-butyl-
sulfur diimine with 10.4 g. (0.078 mole, 2 equiv.) of phenyl isothiocyanate
for 4 hours at 120° gave 9.9 g. (72% based on phenyl isothiocyanate) of
N-phenyl-N' -t-butylearbodiimide, b.p. 90-92° (4.0 mm), n3> 1.5382, (Anal.
Caled. for CiiHisN2: C, 75.82; H, 8,10; N, 16.08. Found: C, 75.13;

H, 8,00; N, 15.51.) as the sole reaction product in addition to sulfur

and recovered starting materials. The formation of the mixed carbodiimide
and the observed stoichiometry may be rationalized on the basis of a two-
stage process involving fragmentation of the intermediate betaine (eq. 3a),
followed by decomposition of the other product to form sulfur and regenerate

sulfur diimine (eq. 3b).

® (O]
RN = S—NR RN = S—NR RN =S8 NR
® 0 - — . |+l (3a)
S=C = NAr S==C=NAr 2 c-=mr
5~ 6"
® © ® 0O
2RN=8-§ ——+ FRV=S-NR + 38§ (3b)

Isothiocyanates react readily with phosphinimines to give carbo-
diimides in unspecified yield?, but reportedly do not react with phosphor-
amidate anions "under ordinary conditionsS."

The difference in the course of the reaction of isocyanates (eq. 2b)
and isothiocyanates (eq. 3a) 1s striking and may be related to greater nucleo-
philicity of nitrogen over oxygen in the former case, and of sulfur over

nitrogen in the latter.
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Surprisingly, di-t-butylsulfur diimine also reacts readily with
thiourea. Thus, heating a mixture of 4.7 g. (0.027 mole) of di-t-butyl-
sulfurdiimine and 4,15 g. (0.054 mole, 2 equiv.) of thiourea at 86°C.
resulted in distillation of 2.0 g. (50%) of t-butylamine. Washing the
remaining solid with carbon disulfide removed 2,45 g. (94%) of sulfur
and left 2.2 g. (97%) of dicyandiamide, m.p. 206-208°C. (1it.® m.p. 209°).
Although the organic products might conceivably arise by decomposition
of t-butylguanidine (expected on the basis of a "Wittig-type" mechanism)
we feel that the result is better rationalized in terms of an initial
attack of the nucleophilic sulfur atom of thiourea on the positive sulfur

atom of the sulfur diimine (eq. ¥).
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The observed stoichiometry 1s again explained by decomposition of
one of the products to sulfur diimine and sulfur (ef. eq. 3b). Fragmenta-
tion of the proposed intermediaste to produce cyenamide (which dimerizes)
finds precedent in the conversion of methyl isothiuronium sulfate to

methyl mercaptan and dicyandiamide by the action of basel©,



No.20 1495

1.

2.

3.

9.
10.

REFERENCES

D.H. Clemens, A.J. Bell and J.L. O'Brien, Tetrahedron Letters,
Preceding commmnication.

S. Trippett, Quart. Revs., 17, 406 (1963).

M.D, Hurwitz, U.8, Patent 2,582,128 (Jan. 8, 1952). Cf. also
Rolm & Heas Company, Special Products Department, Bulletin SP-33,
page 46, July, 1963.

H. Staudinger and E. Hauser, Helv. Chim, Acta, L 861 (1921).
W.S. Wadsworth, Jr., and W.D. Bmmons, J. Org. Chem., 2, 2816 (1964).

G. Kresze and R. Albrecht, Angew., Chem. Eng, Bd.. 1, 595 (1962).

N. Bortnick, L.S. Luskin, M.D. Hurwitz and A.W. Rytina,
J._Am. Chem. Soc., 8, 4358 (1956).

This compound was found to be identical to the "azothiobenzene"
derivative prepared from p-chlorothionylaniline and sodium according
to G. Leandri and P. Reboras, Gazz. Chim. Ttal., g_}; 505 (1957). The
sulfur diimine structure for Leandri's products alsa been suggested
by R. Cremer, J. Org. Chem., 2—6-’ 3476 (1961).

ANV, Dox, J. Am. Chem. Soc., 39, 1011 (1917).
F. Arndt, Ber., 54B, 2236 (1921).



