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Synthesis of Trithiadiazepines from Tetrasulphur Tetranitride and Alkynes 
Peter J. Dunn and Charles W. Rees 
Department of Chemistry, Imperial College of Science and Technology, London S W7 2A Y, U. K. 

The reaction of S4N4 with cyano- and trifluoromethyl-substituted alkynes gives trithiadiazepines (lb-d) in good 
yield; with less reactive alkynes the yields of trithiadiazepines (1) are greatly improved by titanium(iv) chloride 
catalysis, making a range of functional derivatives of this ring system readily available. 

We have shown that 1,3h462,5,2,4-trithiadiazepines are minor 
products in the complex reactions of acetylenedicarboxylate 
esters with S4N4 but the yields are too low to be practically 
useful.1.2 The parent 1,3h462,5,2,4-trithiadiazepine (la) and 
its 6,7-dihydro- and benzo-derivatives can be synthesised in 
practical quantities by high dilution cyclisation of bis-sul- 
phenyl chlorides with bis(trimethylsily1)sulphur diimide,2 but 
this route lacks the simplicity and potential versatility of the 
S4N4 reaction. 

We now show that S4N4 and the alkynes NC-GC-CN, 
NC-GC-CF3, and CF3-GC-CF3, which are highly reactive 
in cycloadditions, give the corresponding trithiadiazepines in 
much higher yield, and that with other alkynes the trithia- 
diazepine yield is much improved either at higher reaction 
temperatures (150--l6O0C) or, better, by the addition of 
titanium(rv) chloride (Table 1). 

Butynedinitrile (2) and S4N4 gave 6,7-dicyano- 
1,3h462,5,2,4- trit hiadiazepine (1 b) and 3,4-dicyano- 1,2,5- 
thiadiazole (3) in almost quantitative yield. The structure of 
(lb) was assigned by comparison of its spectroscopic proper- 

Table 1. Yield of trithiadiazepine (1) in the reaction of S4N4 with 
alk ynes. 

Alkyne Solvent 
NCCZCCN C6H6 
CF3GCCF3 CH2C12 
CF3CXCN CH2C12 
Me02CGCC02Me PhMe 
Me02CC=CC02Me PhBr 
(EtO),CHGCCHO PhMe 
(EtO),CHGCCHO PhBr 
CF3GCCOZEt CH2C12 
CF3CZCCO2Et CHZC12 
HGCCN PhMe 
HCZCCN PhMe 
ButOzC~CCOzBut PhMe 

Temp. 
1°C 
120 
140 
150 
110 
156 
110 
156 
120 
150 
100 
140 
110 

Uncata- 
lysed/% 

90 
52 
40 

5 a  
23 
6 

24b 
4 

10 
0 

10 
4c 

With 
TiC14/% 

- 
30 

a Ref. 1. b Combined yield of (If) and bicyclic diethoxydihydrofuran 
isomers readily formed from it. c Ref. 2. 

a; R1 = R2 = H 
b; R1 = R2 = CN 

d; R1 = CF3, R2 = CN 
e ;  R1 = R2 = C02Me 
f; R1 = CHO, R2 = CH(OEt), 

h; R1 = H, R2 = CN 
i ;  R1 = R2 = C02But 

C; R' = R2 = CF3 

g; R' = CF3, R2 = COZEt 

ties with those of other trithiadiazepines1.2 and confirmed by 
X-ray diffraction.3 The stoicheiometry of this reaction sug- 
gests a simple cycloaddition-cycloreversion mechanism via 
the 2 : 1 adduct (4); this could be formed by 1,3-~ycloaddition 
of the alkyne across nitrogen and 1,5-~ycloaddition across 
sulphur, and could dissociate directly into the aromatic 
products observed. Hexafluoro bu t-2-yne and 4,4,4- tri- 
fluorobutynonitrile were less reactive than butynedinitrile but 
still gave the corresponding trithiadiazepines (lb) and (lc) in 
about 10 times the yield obtained with dimethyl acetylene- 
dicarboxylate (DMAD) . 

Dicyanotrithiadiazepine (lb) and bis(trifluoromethy1)tri- 
thiadiazepine (lc) had previously been isolated from the same 
reactions but assigned the incorrect structures (5a,b) ,4 which 
are inconsistent with the thermal stability and spectroscopic 
properties of the compounds. 

For less reactive alkynes with substituents such as formyl, 
acetyl, or diethoxymethyl, the S4N4 reaction gave several 
products in very low yield, similar to that with DMAD.l 
However, the yield of trithiadiazepine from these could be 
increased by activating the S4N4, either by thermolysis or by 
Lewis acid catalysis. In either case the tight S4N4 cage 
structure is disrupted by thermal dissociation into S4N2, S3N3, 
and S2N2,5a or by formation of a 1 : 1 Lewis acid adduct;sb the 
latter are known to have an approximately planar S4N3 unit 
with the remaining nitrogen atom and co-ordinated catalyst 
above the plane. 

When S4N4 was added to DMAD in boiling bromobenzene 
the yield of trithiadiazepine (le) increased nearly 5-fold 
(Table 1). Increases in the yield of trithiadiazepines (lf-h) 
were also observed with 4,4-diethoxybut-2-ynal, ethyl 4,4,4- 
trifluorobut-2-ynoate, and monocyanoacetylene. However, 
the very low yield of trithiadiazepine (li) from di-t-butyl 
acetylenedicarboxylate, like that from DMAD, was not 
improved at 156 "C since the acetylenic ester was decomposed; 
we therefore turned to catalysed reactions. 

With S4N4 and DMAD in boiling toluene, addition of 
aluminium chloride, boron trifluoride, or iron(rr1) chloride 

CN 

t 
"nf 
'S' 

CN 

(4) 

( 5 )  a; R = CN 
b ;  R =CF3 
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had little effect on the trithiadiazepine yield though the 
formation of methyl 1,3h462,5,2,4,6-trithiatriazepine-7- 
carboxylatel was suppressed, showing some selectivity. 
However, titanium(1v) chloride (0.1 equiv.) caused a marked 
increase in reaction rate and in trithiadiazepine yield (Table 
l), with a compensating reduction in yield of the 1,2,5- 
thiadiazole and elimination of the trithiatriazepine. The 
trithiadiazepine (le) and thiadiazole yields were remarkably 
constant in different solvents (C&16, PhMe, PhBr, MeCN) at 
temperatures from 80 to 156 “C. Titanium(1v) chloride was 
almost as beneficial in the reactions of di-t-butyl acetylenedi- 
carboxylate and ethyl 4,4,4-trifluorobut-2-ynoate (Table 1). 

Thus alkynes which are highly reactive in cycloadditions, 
and others at elevated temperatures or with TiC14, react with 
S4N4 to give the 10melectron aromatic trithiadiazepines (1) in 
preparatively useful amounts, making a range of these with 
functional substituents readily available for the first time. 

We thank the S.E.R.C. for a studentship (to P. J. D.), and 

Dr. D. J. Williams and Mr. R. Jones for the X-ray structure 
determination. 

Received, 12th September 1986; Com. 1310 

References 
1 S .  T. A. K. Daley and C. W. Rees, J .  Chem. SOC., Perkin Trans. 1 ,  

1987, 1,203 and 207. 
2 J. L. Morris and C. W. Rees, J .  Chem. SOC., Perkin Trans. 1,1987, 

1, 211. 
3 R. Jones and D. J. Williams, Department of Chemistry, Imperial 

College, unpublished results. 
4 A. D. Josey, Abstracts, 155th National Meeting of the A.C.S., San 

Francisco, 1968, p. 14. 
5 ‘Gmelin Handbook of Inorganic Chemistry,’ 8th Edn., Sulfur- 

Nitrogen Compounds, Part 2, Springer-Verlag, Berlin, 1985, (a) p. 
160, (b) p. 210. 




