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therefore that the S-0 bond order may be lowered and 
the Ru-S bond order raised by overlap of empty 
antibonding ?r orbitals on the SOz ligand with the filled 
nonbonding d orbitals of the ruthenium. A molecular 
orbital treatment of the complex would be helpful in 
deciding the validity of this suggestion. 
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The reaction of trisulfur dichloride with methylamine has been investigated. 
leum ether “B” as a solvent, a crystalline compound, Se(NCHa)z, was prepared. 
spectra are reported in support of a 1,5 or symmetrical ring structure. 
eight-membered, cyclic imide is proposed. 

Under conditions of high dilution using petro- 
Infrared and proton magnetic resonance 

A reaction mechanism for the formation of this 

Introduction 
Various investigators have allowed S2C1, and SC12 

to react with primary organic amines to form six- 
and eight-membered heterocyclic sulfur-nitrogen com- 
pounds. 

prepared a series of 
six-membered compounds by the reaction of S2C12 
with primary amines. Configuration I was proposed 
for the primary product isolated 

Becke-Goehring and Jenne2s 

R-N hT-R 

s-s \ /  

I 
( R  = ethyl, n-dodecyl, cyclohexyl, benzyl, and P-phenylethyl) 

A series of eight-membered sulfur-nitrogen hetero- 
cycles, with proposed configurations 11, 111, and IV, 
have been prepared by the reaction of SClz with pri- 
mary amines. Stone and Nielsen4J prepared the 
methyl analogs. Becke-Goehring and Schlotters pre- 
pared the benzyl and P-phenylethyl analogs of 11. 
Ross, Roscoe, and Pace7 prepared the ethyl analog of 
I1 and the benzyl and P-phenylethyl analogs of 111. 

(1) Taken in part from the Ph.D. thesis submitted by J. S. P., June 1964. 
(2) M. Becke-Goehring and H. Jenne, Angew. Chem., 70, 399 (1958). 
(3) M. Becke-Goehring and H. Jenne, Chem. Ber., 92, 1149 (1959). 
(4) B. D. Stone and M. L. Nielsen, J .  Am. Chem. Soc., 79, 1264 (1957). 
(5) B. D. Stone and M. L. Nielsen, ibid., 81, 3580 (1959). 
(6) M. Becke-Goehring and H. A. Schlotter, 2. Naturfovsch., 16b, 622 

(1961). 
(7) L. A. Ross, J. S. Roscoe, and A. Pace, J. Cheiiz. Eng.  Data, 8, 611 

(1963). 
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11, R = methyl, ethyl, benzyl, j3-phcnylcthyl 
111, R = methyl, benzyl, P-phenylethyl 
IV, R = methyl 

No successful cyclizations of the polysulfur dichlo- 
rides (S,C12, where n > 2 )  have been reported, although 
attempts have been implied.8 FehCr, Naused, and 
Weber9 have described the preparation and properties 
of the individual polysulfur dichlorides where n = 
3, 4, 5 ,  and 6. 

Various open-chain condensations of S3Cl2 have been 
reported. FehCr and KruselO have allowed Sac12 
to react with a large excess of H2S to prepare H&. 
Feher and Weber’l have prepared RS02S3S02R (where 
R = $-toluene) by the reaction of S3C12 with RS02Na. 

(8) F. Feher, Chemical Society Symposia, Bristol, 1958, p. 305; Special 
Publication No. 12, The Chemical Society, London, 1958. 
(9) F. Feher, K. Naused, and H. Weber, Z. anwg.  allgem. Chem., 290, 303 

(1957). 
(10) F. Feher and W. Kruse, dbid., 298, 302 (1958). 
(11) F. Feher and H. Weber, Angev .  Chem., 67, 231 (1955). 
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Feher, Krause, and Vogelbruch12 have condensed 
CzHjSH with S3C12 to prepare CZH5S3C2H6. 

The present work reports investigations on cycliza- 
tion condensation employing S3C12 and primary or- 
ganic amines in attempts to prepare a molecule with 
configuration V. The hydrogen analog (R = H) 

R 
I 
h- 

/ \  s' 's 
I I 
s s  
S ' s  I 
\ /  

A- 
I 
I 
H 

has been isolated from among the products of the 
reaction of NH3 with S2C1z.13-16 

Experimental 
Preparation of Sulfur Dichloride .-Sulfur dichloride was pre- 

pared by bubbling chlorine gas through S2CI2 in the presence of 
dry iron powder according to  the procedure of Jonas and Stohr 
as reported by Brauer.16 Approximately 1500 ml. (2400 9.) of 
SzC12 (Eastman Kodak, Practical Grade) was used. The chlorine 
gas (The Matheson Co., Inc., Technical Grade) was dried by 
bubbling through HzS04 and passing over P20s.  Thc product 
was distilled in the presence of 2 ml. of PC13 to  inhibit decom- 
position. h Raschig ring-filled column 50 cm. long was em- 
ployed in the fractionations. 4 few drops of PCli were added 
to  the receiver. The fraction boiling over the range from 55 to  
62" was retained. Although bumping was excessive during the 
early stages of the distillation, boiling stones were not used due 
to their teiideiicy to  cause decomposition of the SC1,. 

I t  was possible to  store the SC1, for months a t  0' without sig- 
nificant decomposition if a few drops of PCls were added. Im- 
mediately prior t o  each preparation of S3C12 (see below.), the SC12 
was redistilled except that  no PCla was added to  the receiver and 
only the fraction boiling between 59 and 60' was retained. 

Preparation of Trisulfur Dichloride .-Trisulfur dichloride was 
prepared by the reaction of H2S with SC12 in a large excess of the 
latter as solvent according to  the method of Feher, Naused, and 
Weber.gJ6 Approximately 1400 ml. of freshly distilled SClz was 
allowed to  react with about 45 ml. of condensed ( a t  -80") H2S 
(The Matheson Co., Inc., Technical Grade). 

Although the reaction and distillation flasks and traps em- 
ployed were patterned after those of Fehkr, et al., two modifica- 
tions are recommended. The  distillation flask used to  remove the 
large excess of unreacted SCI? from the product was found to  
operate more successfully if equipped with a Claisen-type distil- 
lation head rather than the straight head described by FehCr. 
It was also found that the incorporation of ball-and-socket joints 
in the distillation system minimized breakage at  two points, 
the inlet t o  the samc distillation flask and at  the SCla siphon 
outlet tube on the first trap after the distillation flask. Maxi- 
mum yields obtained by the present authors were 587c compared 
to  7f17~ reported by Feher. 

Trisulfur dichloride was analyzed by iodometric determination 
of chlorine according to the method of Bohme and Schneider.9817 
Approximately 0.3 g. of Sac12 was sealed in a thin-walled glass 
ampoule. The ampoule was shattered in a mixture of 10 ml. of 
CS2 and 3 g. of KI in 20 nil. of water. The liberated iodine 

~~~ 

(12) 12. I'ehbr. C,. Krnuse,  and K Vogelbruch, Cheiii .  B e y . ,  90, 1570 (1967). 
(13) J. Weiss, A n g e 7 ~ .  Cliewz., 71, 246 (1950). 
(14) J. Weiss, Z. u ? z o ~ ~ .  ellgem. Chem.,  305, 100 (1960). 
(15) H. Heal, Nature,  199, 371 (1963). 
(16) G. Brauer, "Handbuch der Priparativen Anorganischen Chemie," 

(17) H. Bohme and E. Schneider, Chem. Be?., 76 ,  483 (1943). 
\'ol. I, Ferdinand Enke Verlag, Stuttgai-t, 1060, pg .  336, 338. 

Figure 1.-The proton magnetic resonance spectrum of 
10% CS2 solution with 1% Si(CH& as an internal Ss(NCH3)z; 

reference. 

was titrated with 0.1 N Na2S203. Chlorine results arc rcportetl 
for three samples analyzed by this proccdure in terms ol the S: C1 
stoichiometry. 

Anal. Calcd. for S3Cl2: S, 57.56; C1, 42.44. Found: C1, 
42.40; 42.39; 42.60 (or Sz.alC12; S3.azC12; S2.,,C12). 

Reaction of Trisulfur Dichloride with Methylamine .--Trisul- 
fur dichloride and methylamine, CH3XHe, were allowed t o  re- 
act under conditions of very high dilution to  favor the process of 
cyclization over chain polymerization. Three liters of petro- 
leum ether "B" (boling range 60-70°), maintaiiied a t  0' through- 
out the reaction, served as the reaction medium. A solution of 75 
ml. (43 g.)  of Sac12 in 200 ml. of solvent was added dropwise with 
vigorous stirring to  the reaction flask over a period of about 4 hr.  
After about 10 ml. of the SaC12 solution had been added, CH8NHz 
(The Matheson Co. Inc., anhydrous) was bubbled into the 
reaction solvent a t  a rate of 50-60 ml./min. After addition 
of the S3C12 was complete, admission of the CH3NH2 w-as con- 
tinued until the off-gases tested basic, a t  which time it  was as- 
sumed that  the reaction was complete. 

Insoluble polymeric materials and CH3NH2. HCI were re- 
moved by filtration. This mixture of insoluble solids was initially 
white but changed rapidly through yellow to a red-brown color. 
The faintly yellow filtrate was reduced in volume by means of a 
rotating evaporator under reduced pressure achieved by water 
aspirator. The  evaporator flask was thermostated at 30", a 
temperature which permitted a reasonable rate of evaporation 
without excessive thermal decomposition of the product. The  
volume was reduced to  approximately 130 ml. 

Column chromatography was found to  be suitable as a means 
for isolating the reaction product. An absorption column 36 
cm. long and 46 mm. in diameter was prepared with a packing of 
680 g. of acid-washed alumina (Merck and Co., Inc.). This 
size and capacity of the column permits processing 60-65 nil. 
of the concentrate per run. The success of the column separa- 
tion was found to  be very dependent upon the thoroughness of 
the acid wash of the X1203. The  column was eluted with petro- 
leum ether "B." The first 2.5 l .  of eluate contained the white 
crystalline product, SO( NCHa),. I t  was purified by repeated 
recrystallization from either petroleum ether "B" or acetone. 
I t  is worthy of note that the latter solvcnt would be unaccept- 
able for the cyclic imide S7ic-H due to decomposition (blue inter- 
mediate species being formed). The material was dissolved a t  
room temperature and slowly cooled to 0'. Yellow, trans- 
lucent, well-formed, rhombohedral crystals formed. If cooled 
rapidly to  -80' fine, nearly white, needlelikecrystalswereformecl. 
Yields ranged from 3.5 to  5.5Y0 based on the total S3CL used. 
The purified material melted in the range 72-77' with decom- 
position. 

Anal. Calcd. for Se(NCH3)2: C, 9.59; H, 2.41; S, 11.19; 
S, 76.81; mol. wt., 250.48. Found: C, 9.92; H, 2.43; N, 10.82, 
11.19; S, 78.66, 75.98; mol. nit. (cryscopic in benzene), 260.7, 
254.5. 

Processing of succeeding eluted fractions yielded only a yellow 
oil. The oil rapidly decomposed into a red-brown tar even a t  
reduced temperatures. The decomposition was accompanied 
by the cvolutiori of metliylamine, ideiitifiablc by its odor. 
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TABLE I 
INFRAREDSPECTRA 

C-H stretch C-N stretch 
2991 m 1148 W 

2958 S 1117 S 

2917 S 1053 vs 
2881 S S-N stretch 

769 vs 
2850 m 
2780 m 

Cm -1 Intensitya Cm.-1 Intensitya 

a s, strong; m, medium; w, weak. 

Infrared Spectrum.-Data derived from the infrared spectrum 
are found in Table I. A Perkin-Elmer Model 421 spectro- 
photometer was used. Assignments are those of Bellamy (C-H 
and C-N),’8 Crawford, Fenton, and Potts (C-H),’9 Heal (S-N),I5 
and Lippincott and Tobin (S-N).20 Carbon disulfide was em- 
ployed as the solvent and measurements were made in a 129-p 
cell. 

Proton Magnetic Resonance Spectrum.-The proton magnetic 
resonance spectrum was measured using a Varian DP-60 spec- 
trometer with a 65.44-Mc. signal and 564.4-cycle side band. 
Measurements were made in a carbon disulfide solution approxi- 
mately 10 vol. % in the cyclic imide and 1 vol. yo in Si(CH3)4 
as the internal reference. Line positions are given in terms of 
T, the proton nuclear resonance shielding value, wherea1 

A[Si(CH3)4] X lo6 
oscillator frequency (c.P.s.) 

7 (p.p.m.) = 10 - __ 

A single sharp peak was observed for the CH3 group of Sg(N- 
CH,), a t  a T value of 6.88 p.p.m. 

Discussion 
Configuration V is proposed for the isomer of So- 

(NCH3)Z isolated by the described procedure on the 
basis of its method of preparation and its physical 
properties. Other possible configurations are VI, 
VII, and VIII. 

CHI CH3 CHd CHs 

N 
I 

/ \  
1 

N 
I 
N 

I 
N 

I 

N-CHI S ’\s s / \s  s s’ ‘s 
s s  I 1 S I s  I s  1 I s  N-CH3 S 

I I I 

I 
I I I I I 

CHI 

v VI VI1 vm 
Configuration V would be expected to arise from a 

cyclization condensation in which the three-membered 
sulfur chains of S3Cl2 remain intact. 

(18) L. J. Bellamy, “The Infra-red Spectra of Complex Molecules,” John 

(19) B. Crawford, S. W. Fenton, and W. J. Potts, “Interpretation of 

(20) E. R. Lippincott and M. C. Tobin, J .  Chem. Phys. ,  21, 1559 (1953). 
(21) L. M. Jackman, “Applications of Nuclear Magnetic Resonance Spec- 

troscopy in Organic Chemistry,” Pergamon Press, New York, N.  Y., 1959, p. 
47. 

Wiley and Sons, Inc., New York, N. Y., 1958. 

Infra-red Spectra,” University of Minnesota, Minneapolis, Minn., 1960. 

H 
/H c1-s-s-s-c1 \ 

CH3-N + + N-CHI+ 
c1-s--ss-c1 / 

H 

\ / s-s-s 
Such a cyclization is analogous to that proposed for 

the formation of S4(NR)2 (configuration I) (from S2ClZ 
and R N H Z . ~ , ~  Configuration V is analogous to that 
determined for the 1,5- isomer of &(NH)z by X-ray 
crystallography. l4  The suggested name for configura- 
tion V is N,N’-dimethylcyclohexasulfur-1,5-diimide. 

Configurations VI and VI1 might arise as the result of 
sulfur chain propagation and degradation. Their hy- 
drogen analogs are known.16 It is difficult to imagine 
how configuration VI11 might arise; however work 
is continuing utilizing sym-dimethylhydrazine and 
S2C12 as well as S3C& in attempts to prepare N-N 
members of the series. Replacement of CH3NH2 
by C6HSCH2NHz has as yet not produced a dibenzyl 
compound analogous to the dimethyl 1,5- isomer. 

The infrared spectral data are consistent with con- 
figuration V. A single S-N stretching band is ob- 
served. The analogous 1,5- isomer of So(NH)z also 
shows a single S-N band. In  contrast, the 1,4- and 
1,3- isomers of show splittings of the S-N 
band.5 

The proton magnetic resonance spectrum strongly 
supports configuration V. The single sharp resonance 
band would be expected from methyl protons sym- 
metrically located. The symmetric molecule, S4- 
(NCH3)4, has also been shown to have a single peak in 
the same region. The nonsymmetric 1,3,5- and 1,4,6- 
isomers of S5(NCH3), each show two peaks in the 7 
p.p.m. region which are attributed to two types of 
chemical environment about the protons of each i ~ o m e r . ~  
It does not seem reasonable to predict different chemi- 
cal environments about the protons of configurations 
VI or VII. Presumably, isomers with configurations 
V, VI, and VI1 would each show a single band which 
would differ from that of the other isomers in position 
only. 

The melting point range (72-77’) suggests a pos- 
sible mixture. We are of the opinion, however, that i t  
is more reasonable to account for the range in terms of 
the thermal instability of the compound than as a 
result of a mixture. It was observed that the com- 
pound decomposes a t  a significant rate even a t  room 
temperature. The decomposition is accelerated as 
the temperature is elevated. The presence of de- 
composition products would increase the melting 
range and lower the observed melting point. 


