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The compound S4N402 reacts with SO2 under mild conditions to yield (S3N304)& a new 
bicyclic system with a skeleton consisting only of sulphur and nitrogen atoms. Crystals of this 
compound are tetragonal, space group P42,m, with a = b = 1 183.8(2), c = 493.5(1) pm, and 
Z = 4. The structure has been refined to R = 0.027 for 637 unique observed reflexions. The molecule 
possesses crystallographic mm symmetry, with both mirror planes passing through the sulphur atom 
which links the two six-membered rings. The bond lengths and angles are consistent with the 
presence of localised sulphur-di-imide (-N=S=N-) units, the remaining sulphur-nitrogen bonds 
being essentially single bonds. 

While interest in sulphur-nitrogen compounds has been 
maintained for many years,' little effort has been directed 
towards the preparation of sulphur-bridged rings. The only 
derivatives previously described were obtained by coupling 
two S7NH molecules with SCI2, S2C12, S3Cl2, and S5Cl2, in the 
presence of a stoicheiometric amount of pyridine, giving 
(S7N)2S, (S7N)2S2, (S7N)2S3, and (S7N)2S5, respectively.2 

It has recently been shown that tetrasulphur tetranitride 
reacts with SO3 to yield the 1 : 1 Lewis a d d ~ c t . ~  We have there- 
fore studied the analogous reaction between S4N402 and SO,. 

Experimental 
Preparation O ~ ( S ~ N ~ O ~ ) ~ S . - T ~ ~  compound S4N402 was pre- 

pared from S02(NH2)2 and S3N2C12 in carbon tetra~hloride.~ It 
(1.5 g) was then placed in a dried Schlenk apparatus equipped 
with a frit. The apparatus was evacuated and SO, (1.44 g) 
as well as SO2 (30 cm3) condensed in using liquid N2. The 
mixture was warmed slowly to 0 "C and stirred at this temper- 
ature for another hour. Sulphur dioxide and unreacted SO3 
were removed under vacuum. The residue was extracted 
twice with SO2 (30 cm3). A brown solid remained. After 
slowly removing the SO2 from the filtrate, pale yellow needles 
formed, which were purified by recrystallisation from SO2. 
Yield: 60%, m.p. 101-120 "C (decomp.) (Found: N, 19.4; S, 
51.2. N60aS7 requires N, 19.25; S, 51.4%). The i.r. spectrum of 
a Nujol mull was recorded in the range 400-4 OOO cm-I on a 
Perkin-Elmer 257 spectrometer: 1 428vs, 1 405vs, 1 221s, 
1 200vs, 1 I36s, 1 lOOvs, 9 3 0 ~ .  840s, 8Wm, 720vs, 640s, 61 5w, 
546s, 520w, and 450s cm-'. 

X-Ray Structural Analy~is.-Intensities were collected at 
17 "C by a real-time profile-fitting procedure on a Stoe- 
Siemens four-circle diffractometer with graphite-monochrom- 
ated Mo-K, radiation and a crystal of approximate dimensions 
0.6 x 0.2 x 0.2 mm (sealed in a Lindemann-glass capillary). 
2 208 Reflexions were measured in the range 7 < 28 < 50". 
After application of Lorentz, polarisation, and empirical 
absorption corrections (based on 400 measurements of equiv- 
alent reflexions at different azimuthal angles) the data were 

t 2,2'-Thiobis( 1 , I  ,3,3-tetrao~o-lh~,3h~,531~,2,4,6-trithiatriazine). 
Supplementary data available (No. SUP 23366,6 pp.): thermal para- 
meters, structure factors. See Notices to Authors No. 7, J. Chern. 
SOC., Dalton Trans., I98 I ,  Index issue. 

merged to yield 637 unique reflexions with F > 4o(F), which 
were employed for all calculations. The unit cell was deter- 
mined by a least-squares fit to the optimum angles for 40 
strong reflexions, 28 values being determined from o measure- 
ments at f28. 

Crystal data. N608S7, Tetragonal, space group P42,rn, a = 
b = 1 183.8(2), c = 493.5(1) pm, U,= 0.6916 nm3, 2 = 4, 
D, = 2.525 Mg m-3, F(000) = 436, Mo-K, radiation, k = 
71.069 pm, p = 1.14 mm-l. 

The structure was solved by multisolution tangent refine- 
ment, all the atoms being present in the best E map, although 
because of the special positions involved the molecule was not 
immediately recognised. Least-squares refinement, with all 
atoms anisotropic, complex neutral-atom scattering factors, 
and the weighting scheme w = [02(F) t- 0.0002 F2r1, converged 
to R' = Xw*lAl/Zw)lF'l = 0.028 and R = 0.027. A final 
difference map showed no peaks higher than 0.42 x lod e 
nm-3. The results are given in Tables 1 and 2 and the Figure. 
Calculations were performed using the SHELXTL program 
system (written by G. M. S.). 

Table 1. Atomic co-ordinates ( x  104) 

X 

5000 
4 204( 2) 
2 885( 1) 
2 650(2) 
2 820(3) 
2 077(2) 
2 421(1) 

Y 
0 

796(2) 
379(1) 

463(3) - 
- 647(2) 

1 348(3) 
2 579( 1) 

z 
4 219(3) 
2 108(8) 
1 136(2) 
2 455(6) 
1697(5) 
2 436(6) 
3 002(3) 

Table 2. Bond lengths (pm) and angles (") 

S( 1 )-N( 1) 169.1(2) N( 1)-S( 1) 170.7(3) 
S(2)-0(1) 140.5(3) S(2)-0(2) 140.4(3) 
S(2)-N(2) 162.5(3) N(2)-S(3) 153.9(3) 

N(1)-S(1)-N(1a) 104.0(2) S(1) -N(1) -S(2) 121 3 2 )  
S( 1 ) -N( 1 ) -S(2a) 1 2 1.5(2) S(2)-N(l)-S(2a) 116.8(1) 
N(1)-S(2)-O(1) 107.5(1) N( 1 ) -S(2) -2) 108.0(2) 
O( 1 )  -S(2)-0(2) 120.8(2) N( 1) -S(2)-N( 2) 102.9( 1 ) 
O( 1 ) -S(2) -N(2) 108.1(2) O(2) -S(2) -N(2) 108.1(2) 
S(2) -N(2)-S(3) 125.8(2) N(2) -S( 3) -N(2a) 1 1 7.9(2) 
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Figure. The molecule of (S3N30&S showing 50% probability 
thermal ellipsoids 

Results and Discussion 
We reported recently that the reaction of S4N402 with excess 
of SO3 at room temperature results in the formation of S3Nz+ - 
S3N304‘ and S3NzOS. The present study shows that at lower 
temperature and with a smaller quantity of SO3 the primary 
product isolated is (S3N30&S, in which two six-membered 
rings are linked by a sulphur atom. This intermediate may 
provide a convenient route to the preparation of organometal- 
lic derivatives containing the S3N304 ring. 

The (S3N304)2S molecule exhibits crystallographic mm 
symmetry. The six-membered rings lie perpendicular to one 
mirror plane, and the bridging sulphur atom lies on the line 
of intersection of the mirror planes. There are thus seven 
crystallographically independent atoms, two of which lie on 
special positions of m symmetry and one on a special position 
of mrn symmetry. The sulphur atom [S(3)] furthest from the 
bridge makes the shortest S-N bonds [153.9(3) pm] and has 
the largest N-S-N angle [117.9(2)”], and as a first approxim- 
ation may be considered to take part in a sulphur-di-imide 
system with localised S=N double bonds, as shown below. 

//N-S02 \ /So2-N +?S 

// 
SO2- N 

/N-s-N \ 
S 
\\ 

N- 502 

//N-S02 \ N-S-N /So2-N +?S s 
\\ / \ // 

SO2- N N- 502 

Conjugation of the sulphur-nitrogen bonds is then broken by 
the ‘saturated’ sulphurs of the SOz groups. However, the 
triply connected nitrogen lies only 5.7(6) pm out of the plane 
of the three sulphur atoms to which it is bonded, which might 
also be taken to imply some degree of N-S IT bonding. This 
nitrogen atom lies 73.1(5) pm out of the plane of the other five 
ring atoms, which themselves are effectively coplanar (root- 
mean-square deviation 1.1 pm). This distortion from planarity 
and the accompanying rotations of the SO2 units enables the 
molecule to increase the 0(1) O(1’) distance between the 
rings, which would otherwise be very short, to 285.3(4) pm. 
At the same time the distance O(2) * O(2”) across the ring 
is reduced to 287.3(4) pm. It is likely that these short 0 * * 0 
contacts impose a relatively rigid and symmetrical conform- 
ation on the molecule. 
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