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Sulphur Nitrides in Organic Chemistry. 
sulphur Tetranitride with Oximes and lmines 

Part 5.l The Reaction of Tetra- 

By Shuntaro Mataka, Kazufumi Takahashi, Seimi Ishi-i, and Masashi Tashiro,‘ Research Institute of 
Industrial Science, Kyushu University 86, Hakozaki, Higashi-ku, Fukuoka 81 2, Japan 

The reaction of tetrasulphur tetranitride (N,S4) (1) with oximes (2a-d) and imines (3a and b) was carried out 
under refluxing condition in toluene. It was found that the N-0 bond in benzophenone oxime (2a) or fluorenone 
oxime (2b) was cleaved by (1 ) to afford the corresponding imino-sulphides such as bis(diphenylmethy1eneamino) 
sulphides (4) or bis(fluoreny1ideneamino) sulphides (7) together with benzophenone (5) and benzanilide ( 6 ) ,  or 
fluorenone imine (3a), fluorenone (8), and fluorenylideneaminosulphenamide (9), respectively. The reaction of 
(1) with (3a) was carried out under the same conditions to give the expected bis(fluoreny1ideneamino) mono- 
sulphide (7a) together with the trisulphide (7b), (8), and (9). Similarly phenanthrenequinone monoimide (3b) 
afforded the bis(oxophenanthreny1ideneamino) monosulphide (1 3) in 83% yield. From these results, it can be 
concluded that imines are probably an intermediate in the formation of the imino-sulphides (4) and (7). In 
contrast to (2a and b), cyclohexanone oxime (2c) afforded only large amounts of tarry materials. It was also found 
for the reaction with benzil monoxime (2d) that not only the N-0 bond but also the C-C bond of (2d) was cleaved 
with (1 ) to afford benzamide (1 0) and benzonitrile (1 1) together with 3,4-diphenyl-1,2,5-thiadiazole (1 2). 

THE N-N bond cleavage of hydrazines and the oxidation Reaction of (1) with Oximes (2a and b).-The reaction 
of liydrazones to give the corresponding amines and of (1) with (2a) gave a mixture of bis(diphenylmethy1ene- 
azines, respectively, on treatment with tetrasulphur amino) sulphides (4) together with benzophenone ( 5 ) ,  
tetranitride (N4S4) has previously been reported.2 As a and benzanilide (6). The mono- (4a) and tetra-sulphide 
logical extension, the formation of imines by N-0 bond (4b) were separated by fractional recrystallization. The 
cleavage in oximes with N4S4 (1) is expected and we now formation of (5) can easily be understood in terms of the 
report the reaction of (1) with oximes (2) and imines (3). hydrolysis of (Za), (4), and/or benzophenone imine which 
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RESULTS AND DISCUSSION 

The reaction of (1) with benzophenone oxime (2a), 
fluorenone oxime (2b), cyclohexanone oxime (2c), benzil 
mono-oxime (2d), fluorenone imine (3a),3 and phen- 

might be an intermediate in the formation of (4). How- 
ever, the pathway for the formation of (6) is obscure at  
present. 

Similarly the reaction of N4S4 with (2b) afforded bis- 

( 1 )  t RN-sx -Na + kNH + + N-SNH, 

(7a )  x = l  
(7b) x = 3  

anthrenequinone monoimine (3b) 
the results are summarized in the Table. 

was carried out and 

Reaction of N,S, ( 1 )  with oximes (2a-d) and imines 
(3a and b) in refluxing toluene a 

Substrate t / h  Products (mol 7 6 )  
24 

5 
( 4 4  (51, (4b) (31, ( 5 )  (341, (6) (1 )  
(7a) (22), (7b) (lo), (34 (4), (8)  (14), 

(10) (23), (11) (9), (12) (4) 
( 7 4  (411, (7b) (14), (8 )  (251, (9) (0.6) 

The molar ratio of (1) and substrate is 1 : 2 unless otherwise 
indicated. Isolated yields; calculated on the basis of sub- 
strates used. 

(2a) 
(2W 

(2d) = 

( Jb) 5 (13) (83) 

(9) (10) 
(2c) 5 Intractable tar 

6 
5 ($4 

The molar ratio of (1) and substrates is 1 : 4. 

(fluorenylideneamino) mono- (7a) and tri-sulphide (7b) 
together with (3a), fluorenone (S), and fluorenylidene- 
aminosulphenamide (9). 

Although (7a) is stable in ethanolic hydrochloric acid 
at  room temperature for 24 h,  it is easily hydrolysed under 
refluxing conditions to give fluorenone in 7094 yield. 
Compound (9) gave (7a) in quantitative yield on heating 

( 9  ) *Oo0 & (7a) 
ref lux  

in toluene A 
at 200” for 5 min, but not in refluxing toluene. These 
results show that (9) is not an intermediate in the 
formation of (7a) in the reaction of (1) with (2b). 

(7a) 4 /’ 
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It should be noted that (3a), which seems a probable 

intermediate in the formation of (7) and (9), was isolated 
in the reaction of (1) with (2b). 

Reaction of (1) with Irnines (3a and b).-It has been 
reported that the reaction of (1) with pyrrolidine gave 
dipyrrolidinyl sulphide, though the reaction pathway is 
not clear. Therefore, the reaction of (1) with imines 

(3a and b) was investigated in order to clarify whether 
the imines (3) were intermediates in the formation of the 
imino-sulphides. 

As expected, the reaction of (1) with (3a) afforded the 
same products, (7a and b), (S), and (9), as for the reaction 
of (1) with (2b). When the molar ratio of (1) to (3a) 
was changed from 1 : 4 to 1 : 2, the yield of (7a) increased 
from 41 to  58%. 

The reaction with (3b) afforded the expected bis(oxo- 
phenanthrenylideneamino) monosulphide (13) in 83 yo 
yield. The structure of (13) was established by an 

(3b1 (13)  

alternative preparation involving the reaction of (3b) 
with sulphur dichloride in the presence of triethylamine 
(yield 32%) and by the reaction with 2,4-dinitrophenyl- 
hydrazine (2,4-DN P) . 

These results suggest that the reaction of (1) with 
imines is a useful method for the preparation of imino- 
monosulphides such as (7a) and (13). 

There are two possible structures involving one or two 
partial bonds 6 9 7  between sulphur and oxygen in (13). 
In the i.r. spectrum of (13), two weak peaks ascribable to 
Y G O  appear at  1640 and 1 6 0 0  cm-l. This seems to  
support the presence of partial bonds. 

Reaction of (1) with Oximes (2c and d).-In contrast to  
(2a and b), the reaction with (2c) afforded only a large 
amount of intractable tar, while the reaction with (2d) 
gave benzamide (lo), benzonitrile (1 l ) ,  and 3,4-diphenyl- 

1,2,5-thiadiazole (12). The formation of (10) and (11) 
suggest that  not only the N-0 bond but also the C-C 
bond of (2d) was cleaved with (1) under the conditions 
used. 

(13 1 

tl 

Reaction Pathway.-Based on the above results, the 
Scheme is postulated to rationalize the reaction of (1)  
with oximes (2a, b, and d). Nucleophilic attack by the 
oxygen atom of (2a and b) on the sulphur atom of (1) 
gives the intermediate A and a subsequent hydrogen 

( 1  I + O = N o H  + ta r  

( 2c 1 

r-iIph 
Ph 

( 1  1 t phxo + PhCONH, t PhCN t N,~,N 

( 10 1 ( 1 1 )  
Ph NOH 

( 2 d  1 ( 1 2 )  

shift affords the intermediate B and/or C, from which 
the imines are formed. In the reaction with (Zd), the 
intermediate A' is formed initially; however, the 
products are produced through the complex reaction 
pathway shown in the Scheme. 

EXPERIMENTAL 

CAUTION.-N4S4 i s  explosive and should be handled with 
care. 

M.p.s were determined on a Yanagimoto micro-apparatus 
and are uncorrected. 1.r. spectra were measured as KBr 
pellets on a Nippon Bunko I R  spectrophotometer. Mass 
spectra were obtained on a Hitschi R-4 mass spectrometer 
at 70 eV using a direct-inlet system. 

Reaction of (1) with (2a).-A mixture of (2s) (1 970 mg) 
and (1) (920 mg) in toluene (20 ml) was refluxed and then 
subjected to column chromatography on silica gel (Wako 
gel C-300), using benzene as eluant, to afford the sulphides 
(4), benzophenone (5) (617 mg, 34y0), benzanilide (6) (28 
mg, lye), and a large amount of tar. Pure samples of (4a 
and b) were obtained by fractional recrystallization in 5% 
(103 mg) and 3% (74 mg) yields, respectively: (4a), yellow 
prisms (from hexane), m.p. 167" (lit.,O 162a) (Found: C, 
79.55; H, 5.1; N, 7.05. Calc. for C,,H,,N,S: C, 79.55; 
H, 5.15; N, 7.1%) ; bis(diphenylmethyZeneamin0) tetra- 
sulplride; (4b), pale yellow prisms (from hexane), m.p. 
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108-109" (Found: C, 63.95; H,  4.1; N, 5.7. C,,H,,N,S, 
requires C, 63.95; H, 4.15; N, 5.75%); rn/e 488 (M+) ,  
456, 424 (M+ - 2S, m* 368.3), and 392. 

Reaction of (1) with (2b).-A mixture of (2b) (980 mg) and 
(1) (460 mg) in toluene (20 ml) was heated a t  reflux for 5 h, 
and allowed to stand overnight at room temperature to give 
bis(jhoreny1ideneamino) monosulphide (7a) (455 mg, 22%). 
The filtrate was further allowed to stand overnight to 
afford a solid which, on washing with cold 10% NaOH 
aqueous solution, gave the imine (3a) (38 mg, 4%). The 
filtrate was evaporated and the residue was chromato- 
graphed on alumina using benzene as eluant to give 
fluorenone ( 8 )  (134 mg, 14%) and bis(fEuorenyZideneamin0) 
trisulphide (7b) (227 mg, 10%). Fluorenylideneamino- 
sulphenamide (9) was obtained using CHC1, as eluant. 
Compound (7a) gave dark green prisms (from toluene), 
m.p. >300° (Found: C ,  80.05; H, 4.2; N, 7.2. C2,H16N,S 
requires C, 80.05; H,  4.15; N, 7.2%); rn/e 388 ( M + ) ;  
(7b) formed pale yellow prisms (from toluene), m.p. 205- 
207" (decomp.) (Found: C, 68.85; H, 3.55; N, 6.15. 
C2,Hl,N,S, requires C, 69.0; H,  3.55; N, 6.2%); (9) 
afforded yellow needles (from benzene), m.p. 170" (Found: 
C, 68.9; H,  4.4; N, 12.25. C,,H,,,N,S requires C, 69.0; 
H, 4.45; N, 12.4%); m/e  226 ( M + ) ;  VNH (KBr) 3 360 and 
3 200 cm-l. 

Hydrolysis of (7a).-Compound (7a) (100 mg) was heated 
to  reflux in concentrated hydrochloric acid (3 ml) and 
ethanol (7 ml) for 1.5 h, the mixture was left overnight a t  
room temperature, and then poured into water (100 ml) to 
give fluorenone (65 mg, 70y0), which was collected by 
filtration. 

Reaction of (1) with (2d).-A mixture of (1) (230 mg) and 
benzil mono-oxime (2d) (1 120 mg) in toluene (20 ml) was 
refluxed for 6 h and then chromatographed on silica gel 
using benzene as eluant to afford benzamide (10) (141 mg, 
23y0), benzonitrile (1 1) (40 mg, 9%), and 3,4-diphenyl- 
1,2,5-thiadiazole (12) (49 mg, 4%) which formed prisms 
(from hexane), m.p. 83-84" (lit.,* 85-86O). 

Reaction of (1) with (3a).-A mixture of imine (3a) 
(684 mg) and (1) (176 mg) in toluene (10 ml) was refluxed 
for 5 h and then left overnight a t  room temperature. The 
precipitate of (7a) (310 mg, 41%) was collected by filtration. 
Column chromatography of the filtrate on alumina using 
benzene as eluant gave (7b) (120 mg, 14y0), (8 )  (170 mg, 
(25%), and (9) (5 mg, 0.6%). When a mixture of (3a) 
(950 mg) and (1) (460 mg) was treated and worked up as 
above, (7a) (600 mg, 58%) was obtained. 

Reaction of (1) with (3b).-A mixture of (3b) (1 000 mg) 
and (1) (440 mg) in toluene (10 ml) was refluxed for 5 h 
and left a t  room temperature. The precipitate of bis- 
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( 10-oxophenanthren-9-ylideneamino) sulphide ( 13) was col- 
lected by filtration, dark green needles (from toluene), 
m.p. >300"; VGO (KBr) 1 640 and 1 600 cm-l (Found: C, 
75.5; H, 3.65; N, 6.35. C,,H,,N,O,S requires C, 75.65; 
H, 3.65; N, 6.3%). 

Preparation of (13) from (3b) and Sulphur Dich1mide.-To 
a stirred mixture of (3b) (446 mg) and triethylamine (0.2 
ml) in CCl, (10 ml) was added dropwise a t  room temperature 
a solution of SCl, (0.14 ml) in CC1, (2 ml). The mixture 
was stirred for an additional 1 h and the precipitate was 
filtered off and then washed with water to afford (1 3) (152 

Reaction of ( 13) with 2,4-Dinitrophenylhydrazine.-A 
mixture of (13) (500 mg) and 2,4-dinitrophenylhydrazine 
(435 mg) in ethanol (50 ml) was refluxed for 4.5 h and was 
allowed to stand a t  room temperature. The precipitate 

mg, 32%). 

of phenanthrequinone mono-2,4-dinitrophenylhydrazone 
(575 mg, 67%) was collected by filtration. 

[8/1723 Received, 2nd October, 19781 
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