
:38.Y-39". Triet hyl t,hionophosphate, the other expected 
product iri this reaction, was obtained in an 89% yield. A 
considerably longer distillation period, 27 hr., was required 
in this case, as compared to that required in the reaction of 
1-methoxyniethylthiirane with triethyl p h ~ s p h i t e . ~ ~  

The slow distillation (27 hr.) of a mixture composed of 24.0 
g. (0.2 mole) of 1-ethoxy-2-mercaptopropane and 33.2 g. 
(0.2 mole) of triet,hyl phosphite gave a 91% yield of ethyl 
propyl ether, b.p. 62-63'/747 mm. Lit.,34 b.p. 63-63.4'/760 
mm. Triethyl thionophosphate was obtained in 83% yield. 

Ctireful distillation (15 hr.) of a mixture composed of 26.8 

g. (0.2 mole) of 1-propoxy-2-mercaptopropane and 33.2 g. 
(0.2 mole) of triethyl phosphite, gave a 65% yield of di- 
propyl ether b.p. 89-90°/742 mm., n? 1.3801. Lit.,34 b.p. 
90-90.5"/768 mm., ny 1.3808. Triethyl thionophosphate 
was also obtained in a 727, yield. Repetition of this reaction 
with 30 hr. of heating gave an 87% yield of the ether and an 
85% yield of the triethyl thionophosphat,e. 

EAST LANSING, MICH. 

(34) A. I. Vogel, J .  Am. Chem. Soc., 617 (1948) 
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The reaction of aniline with sulfur tetrafluoride or with phenyliminosulfur difluoride yields a metathetical product, 
(C&)2?liZS, which is identical with a compound previously obtained through the reaction of thionylaniline with sodium. 
The new synthetic methods indicate that the structure of the product is CsH3N=S=T\TCsH3 and this is supported by addi- 
tional spectral and chemical evidence. 

The first reported compound containing the 
>S2S group is piazthiole, obtained in the reaction 
of thionyl chloride' or sulfur dioxide2 with o-phenyl- 
enediamine. Piazt hiole has generally been formu- 
lated as an o-quinoid compound (I) but its relative 
inertness suggests a resonance stabilization to 
which a benzenoid tetravalent-sulfur structure (11) 
probably contributes. 

In  1956 Goehring and Weiss3 reported the syn- 
thesis of bis(n-buty1imino)sulfur by the reaction of 
n-butylamine with sulfur tetrachloride. A year later 
Leandri and Rebora4 prepared a series of com- 
pounds Containing the group > S ? S  by reaction of n 
variety of aromatic thionyl imines with metallic 
sodium (Equation 1). These compounds were 

4 XCsH,-K=S+O + 2 Na -+ 
2 XC6H,T=NCsH,X + Na&04 ( 1 )  

1 s 
I11 

S = H ;  o-, m-, or p-CH3; o- or p-CH,O; o- or p-CaHsO; 
o-, ne-,  or p-CI; o- or p-C&; p-Br; p-(CHz)?N 

formulated (111) as analogs of azoxybenzene on the 
following evidence : 

(1) il .lIichaelis and A. Buntrock, Ann., 274,253 (1893). 
( 2 )  0.  Hinsberg, Ber., 22, 2899 (1889). 
(3) M. Goehring and G. Weiss, Angew. Chem., 68, 678 

14) G. Leandri and P. Rebora. Gazr. chern. ital.. 87. 503 
(1956). 

(1) Desulfurization of either I11 (X = H) or 
azoxybenzene with zinc yields azobenzene. (2 j 
Reaction of I11 with alumina also gives azobenzene 
apparent'ly by an intramolecular reaction since a 
mixture of homologs (X = H and X = p-C&,) 
yields azobenzene and p,p'-diphenylazobenzene but) 
no phenylazobenzene. (3) React'ion of either I11 
(X = I T )  or azoxybenzene with hydrogen bromide 
produces 2,4-dibromoaniline. Subsequently, Lean- 
dri et aL5 interpreted the infrared absorption spec- 
trum of t'hc prodiict from thionylaniline and sodium 
as supporting structure 111. 

Attempt's in this laboratory to learn if aniline and 
sulfur tetrachloride would yield Leandri's "azo- 
thiobenzene" (111) resulted inconclusively in ex- 
tensive chlorination of aniline. When sulfur tet'ra- 
fluoride and, subsequently, phenyliminosulfur di- 
fluoride became conveniently accessible through 
synt,heses developed by Tullocks and Smith' and 
their eo-workers, t'hese compounds were used in re- 
actions analogous to the Goehring and Weiss syn- 
t,hesis of bis(n-buty1imino)sulfur (equations 2 and 
3). 

2 CsH5KH2 + SFa + 4(CH3)3N + 
CsHsK\'=S=NCsH, + ~ ( C H ~ ) I N . H F  ( 2 )  

CsHsS=SF* + CsHsNHz $. 2(CH,),N ---f 
CsH,jK=S=NCsH3 + 2(CHa)3N*HF (3) 

The products of t'hese reactions had infrared ab- 
sorpt,ion spectra identical with the product from re- 
action of thionylaniline and sodium; the spectra are 

( 5 )  A. Foffani, G. Leandri, I. Zanow, and C. Carpanelli, 
Tetrahedron Letters, No. 11, p. 21 (1959). 

(6) C. 'T. Tullock, F. S. Fawcett, 'A'. C. Smith, and D. D. 
Coffman, J .  Am. Chem. Soc., 82, 539 (1960). 

17) W. C. Smith, C. 5V. Tullock, R. D. Smith and 5'. 4. 
, I  

(165f) .  Engelhardt,, J .  Anz.'Chene. Soc. 82, 551 (1960). 



compared in Table I. It is proposed that the 
products are properly formulated as bis(pheny1- 
imino)sulfur. Although the product of reaction 1 
might reasonably be expected to be a sulfur analog 
of nzoxybenzene, it is believed that reactions 2 and 
3 are much morc likely to  lead to bis(pheny1imino)- 
sulfur. 

TABLE: I 
ABSORPTIOS SPECTRA OF ( CaH&K;sS 

A. Iiifrared (cm.-l) 
From C&N=8P2: 6349, 731m, 758s, 803ni, 828w, 900rn, 

H13m, 057m, 9 i h ,  997m, 1025m, lOiOs, 1152m, 1170m, 
12188, 12658, 1298s, 14488, 1480s, 1589s, 1680w, 1730w, 
1795~7, 18801~~ 195Ow, 2080u7, 3080v.s. 

From C,H5N-S+Oa: 1070, 1448 

B. Ultraviolet (mp) 
From C6H&=SF2: 220 (shoulder, log E = 3.98); 245 

(shoulder, log t ,  3.89); 350 (shoulder, log E ,  3.89); and 410 
(peak, log E ,  3.98) (ethanol solution) 

From C6HaS=fi+Clb: 410 (peak, log e, 3.99) (n-hexane 
solution) 

a Results giwn in ref. 5. * G. Leandri and P. Rehora, 
Ezperientia, 13, 70 (1957). 

Analogous products are obtained in the reaction 
of ammonia or amines with sulfur monochloride,Ba 
sulfur dichloride,8b thionyl chloride,8c thionyl fluo- 
ride,8d or sulfuryl fluoride.8e 

It is noteworthy that nitrogen compounds in 
which sulfur replaces oxygen-e.g., sulfur analogs of 
amine oxides, nitroso compounds, or, even, non- 
polymeric nitrogen oxides-are nonexistent. It may 
seriously be doubted that sulfur is sufficiently elec- 
tronegative to form a dative bond with nitrogen as 
does oxygen in azoxybenzene. 

It remains to consider the chemical and spectral 
evidence supporting Leandri's proposed structure. 
It is true that desulfurization (with zinc or alumina) 
would require less structiiral reorganization of "azo- 
thiobenzene" than of bis(pheny1imino)sulfur. 
However, it is quite possible that desulfurization in- 
volves an intramolecular rearrangement of which 
there are many examples including the rearrange- 
ment of sulfonium ions to sulfides.q Cleavage by 
hydrogen halides to yield aniline hydrohalides, the 
third reaction mentioned a\  supporting an "azo- 
thiobenzene" structure also occurs with thionyl 

RS=S=O. As the bisiminosulfur com- 
pounds are formally derived from thionyl imines by 
replacement of the oxygen of the latter compounds 
by an imino group, a chemical similarity of thionyl 
imines arid bisiminosulfurs is not unexpected. 

(8) (a )  H. R.  Van Valkenburgh and J. C'. Bailar, J. Ani  
Chem. SOC., 47, 2134 (1925); (b )  0. Ruff and E. Geisel, Ber., 
37, 1573 (1904); (c )  A. Michaelis, Ann.,  274, 200 (1893); 
(d )  11. Goclhring and G.  Voigt, Rei-., 89, 1050 (1956); ( e )  
W. Traube and E. Reubke, Ber., 56,  1661 (1923). 

(9) C. R. Hausrr, S. vc'. Kantor, and W. R .  Rrnsrn, J .  
.4nz. Chem Soc , 75, 2660 (1953). 

(10) A.  Xfichaelis and G. Jmghans, .inn , 274, 233 
( 1803). 

Accordingly, hydrogen halidc (1le:iviLge is compat'ible 
with both formulations. 

The hydrolytic behavior of RzNzS resembles that 
of thionylimines and, consequently, supports their 
formulation as RS=S=SR. Lower alkyl thionyl 
imines and Goehring's bis(n-buty1imino)sulfur are 
both very water sensit'ive. Aromatic thionyl imines 
and bis(pheny1imino)sulfur are hydrolyzed more 
slowly. Azoxybenzene is not' sensitive to n-:iter and 
its sulfur analog might, be expertcd t,o resist hy- 
drolysis. 

Turning tto thc spectral cvidmw 1,rlatiiig to thr. 
structure of (CsH5)sS,S, Foffani et aL5 report only 
two strong absorpt,ioii bands viz. 1070 and 1448 
cm. -I;  other absorptions (of undisclosed frequency) 
are ascribed to ring vibrations. The 1070 cm.-' 
absorption was identified wit,h the symmetrical 
st'retching vibration of X-0 in azoxybenzenes 
(1325 *10 cm.-l) on the assumption that the cor- 
responding S-S frequency can be calculated by 
a simple mass effect. The ratio between carbonyl 
and tmhincnrbonyl frcqucncics ranges from 1 .G to 
1.1411 so t'hc frequency expected for S-S 
would be 830 to 1160 cm.-' The 1448 cm.-' absorp- 
tion was identified with tmhe asymmetric. stretching 
vibration of S-0 in azoxybenzcncs (14ti5 + 
15 cni.-l) with no correction for a mass effcct', 
allhough the aut,hors point oiit that t'his absorption 
falls near to a ring vibration. 

The infrared absorption of (CcH&FZS ascribed 
to vibrat.ions of the > S z S  group appears to resemble 
the absorption of sulfiir dioxide more closely than 
it does azoxybenzene and thus to correspond more 
closely to freqiiericies expected for 

C6Hs S CsH, C6Hj 

k! 

', ,/ \\ / ? : s  than for > = NCsHj. 

S 
The 1448 em.-' absorption is assumed to be a ring 
vibrahion. In  addit>ion t,o t'he absorption at' 1070 
cm.-l, we have found in all samples of bis(pheny1- 
imino)sulfur an absorpt'ion at' 1265 cm.-' which is 
believed to correspond to an S-IX vibraticn. 
(Since Foffani, et al. did not, report, the frequencies 
of all ahsorpt,ions they, t'oo, may have observed this 
band.) Corresponding to absorptions of 1070 rm.-' 
and 1265 c1n-l for bis(phenylimino)sulfur, sulfur 
dioxide absorbs at 1151 cm.-' and 1361 cni.-'.'? 
It will be noted t8hatj t,he differences between corre- 
sponding absorptions of these two compounds are of 
the same order of magnitude. 

a% comparison of tbe electronic spectra of azoxy- 
benxenel3 (max. 261 mp; log E, 3.87) and bis(pheny1- 
imino)sulfur (max. 410 mp; log E, 3.95) suggests 

(11) I,. J. Bellam-, The Zit , frar~rl Spectra of Conipl fr  
Xoleculm, 2nd c d . ,  John Wilry and  Sons, In? . ,  New Tork,  
1057, p. 356. 

( I ? )  G .  Hrrxlmg, Z?i.frar,rtE cind Ir'arrian Spectra uf Palp- 
atomic . l f o l ~ o d ~ a ,  Van Tostrand, S m v  York, 1045, p. 285. 

(13) H. I):ihri  a n d  H. v .  C'astrlmrir. H P ! ~ . .  f ' h i n i .  A c t t r ,  36, 
638 (I9,53). 

.__~.___ 
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they do not have a similar structural relationship to 
a~obenzene '~  (max. 442 mp; log E ,  2.73). 

The color of his(pheny1imino)sulfur may he at- 
tributed to resonance forms such as IV. 

@ = S - N a  0 : 0 

IV 

EXPERIMENTAL 

Synthesis of bis( pheny1imino)sulfur f r o m  phenyliminosulfur 
dijfuoride and aniline.  A 500-ml. flask fitted with a solid car- 
bon dioxide-cooled condenser, a jacketed dropping funnel, 
and a magnetic stirrer was charged with 16.1 g. (0.1 mole) 
phenyliininosulfur difluoride' and 100 ml. (liquid) trimethyl- 
amine. A solution of 9.3 g. (0.1 mole) aniline in 10 ml. tri- 
methylamine was added during a period of 0.75 hr. from the 
jacketed dropping funnel. After the mixture had stood a t  the 
reflux temperature of trimethylamine for 20 hr., the liquid 
product was decanted from insoluble trimethylamine hydro- 
fluoride and concentrated a t  25" to give 18 g. of red liquid. 
This material distilled in a molecular still a t  a pressure of 0.3 
mm. when the temperature of the heating block of the still 
was '37'. As ebullition occurred, this temperature is believed 
to  be the approximate boiling temperature a t  0.3 mm. The 
yield was 15 g. or 70% of theory. The product is a bromine- 
colored liquid with a density dZ5 = 1.190. 

Anal .  Calcd. for CI2H10N2S: 6, 14.96; N, 13.08; mol. wt. 
214. Found: 8, 15.03; N, 13.43; mol. wt. 218. 

The infrared spectrum of the liquid was recorded on a 
Perkin-Elmer model 21 double beam instrument with sodium 
chloride optics. The electronic spectrum of ethanol solutions 
of bis(pheny1imino)sulfur was measured on a Cary Model 14 
double beam spectrophotometer. 

Prom aniline and sulfur tetrajfuon'de. A solution of 42 g. (0.5 
mole) anilinc in 125 ml. trimethylamine was stirred a t  reflux 
temperature and 27 g. (0.25 mole) gaseous sulfur tetra- 
fluorides was introduced during 1 hr. A moderately exother- 
mic reaction occurred and after 3 hr. the trimethylamine solu- 
tion was decanted and concentrated a t  25". The residue was 

distilled through a 6 in. Vigreux column. After 6.4 g. aniliue 
had distilled, 16.0 g. (37% yield) bis(pheny1imino) sulfur was 
collected. It boiled a t  114" a t  0.8 mm. and had an infrared 
absorption spectrum identical with the product from phen- 
yliminosulfur difluoride and aniline. 

From thionylaniline. A suspension of sodium metal (3.2 
g., 0.14 g.-atom) in 3.2 g. toluene was added to a solution of 
10 g. (0.1 mole) thionylaniline in 75 ml. toluene and the 
stirred mixture was heated. At the reflux temperature there 
was a vigorous reaction which subsided quickly. The mixture 
was heated 1.5 hr. more, filtered and distilled through a 6 in. 
Yigreux column. Bis(pheny1imino)sulfur distilled a t  100°/2 
n ~ m .  The yield was 2.1 g., 20%. The infrared absorption 
spcctruni was identical with that of the product from phenyl- 
iminosulfur difluoride and aniline. 

Chemistry of bis( pheny1imino)suljur. Hydrolysis. Samples 
(0.1 ml.) of bis(pheny1imino)sulfur were added to test tubes 
containing: (1) 0.5 ml. water, (2) 0.5 ml. aqueous 10% sodium 
hydroxide, (3) 0.5 ml. aqueous 10% hydrogen chloride, (4) 
0.4 ml. dioxane + 0.2 ml. water, ( 5 )  0.4 ml. dioxane + 0.2 ml. 
aqueous 10% sodium hydroxide, and (6) 0.4 ml. dioxane + 
0.2 ml. aqueous 10% hydrogen chloride. All of the mix- 
tures initially contained two phases but after 20 hr. almost 
all the bis(pheny1iniino)sulfur in solutions 4 and 6 had dis- 
solved and aniline sulfate crystallized from the solution. 
A.fter 5 days all the niixtures except 1 and 2 had reacted. 

Aniline sulfate was identified by comparison of its in- 
frared absorption with an authentic sample. 

Bromination. A solution of 1.6 g. ( i . 5  mmoles) of bis- 
(pheny1imino)sulfur in 10 ml. carbon tetrachloride waa 
treated with 5 g. (30 mmoles) of bromine in 20 ml. carbon 
t,etrachloride. A solid, presumably 2,4,6-tribromoaniline hy- 
drobromide, precipitated immediately and after 15 min. was 
filtered and washed with carbon tetrachloride. 

Anal .  Calcd. for CBNSNBrl: Br, 77.82, S, 0. Found: Br, 
75.59, S <0.1. A broad infrared absorption in the range 3.5 
to  4.0 p with peaks a t  3.60 p and 3.92 p indicates an amine 
salt. 
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Schlichter of this laboratory. 
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Reactions of N,iV-disubstituted sulfamyl chlorides and of sulfamide with aliphatic primary and secondary diamines have 
been employed to prepare sulfamide derivatives of the types RZNSO*NH( CH2) ,KHSOZNRz and H2XS02NH( CHz) .NH- 
S02NH2. Further deammonation to yield a linear polymer of the composition (--NH(CHp)sNHSO~-) has been noted 
when sulfamide and 1,6-hexanediamine are allowed to react under apprcpriate ronditions. The n M e ,  rr? stalline com- 
pounds obtained have been characterized in terms of analyses and melting points. Cross-linking in the pol) meric material 
is precluded by the presence of a strong N H  stretching absorption a t  3280 cm.-' In the aromatic series, the only charac- 
terizable product has been obtained from the reaction of p-phenylenediamine Nith h',A'-dimethylsulfamyl chloride. 

A number of striking analogies between sulfamide 
and urea can be distinguished, It might be antici- 
pated, on this basis, that  treatment of sulfamide 
with sufficiently basic amines should lead to deam- 

monation and the formation of various substituted 
sulfamidcs. Indeed, several compounds of the gen- 
eral types R1JHS02KHZ1 RNHSOzNHR, R2KS02- 
XH2, RzNSO&HR, and RzKSO2KR2, where the R- 


