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Salt of a Hydroxy-derivative of a Ring System containing the Phosphazene 
Unit; X-Ray Structure of [(NSOCl),NPClO]- [Me,N]+ 

By FRE VAN BOLHUIS, BARTELD DE RUITER, and JOHAN C. VAN DE GRAMPEL* 
(Departments of Ch.emical Physics and of Inorganic Chemistry, Rijksuniversiteit Groningen, 

Nijenborgh 16, 9747 AG Groningen, T h e  Netherlands) 

Summary  Reactions of the ring system cis-(NSOCl),NPCl, 
with water in the presence of [Me4N]C1 or [Ph,As]Cl 
convert it into salts containing the N,PS,O,Cl,- anion; 
31P n.m.r. and X-ray structural data demonstrate that 
substitution takes place at the phosphorus centre. 

ALTHOUGH numerous examples of hydroxy-substituted 
cyclophosphazenes are known,l little attention has been 
paid to  the controlled hydrolysis of the parent chloro- 
cyclophosphazenes.2 In this report we show that the problem 
of the instability of the partly hydrolysed products can be 
avoided by the in situ preparation of salts of these acidic 
compounds. 

Reactions of cis-(NSOCl),NPCl, with tetraphenylarsonium 
chloride hydrate or tetramethylammonium chloride-water 
in acetonitrile readily afford compounds which, according 
to their elemental analyses, can be described as N,PS,O,Cl,- 
MR, (1) and (2). Their 3lP n.m.r. signals, 6 -9 .2  p.p.m. 
for (1) and -8 .5  p.p.m. for (2) (in CD,CN solution at 
40.5 MHz), show a considerable upfield shift compared with 
the usual values for PCI, groupings in cyclophosphazenes 

- +  

and related ring systems. This suggests a structure for these 
compounds in which the introduced oxygen ligand is 
attached to phosphorus, structure (A).  Examples of com- 
pounds of this type are known from previous work.3 
However, as the influence of the introduced negative charge 
is not known, structure (B) cannot be excluded completely. 
Moreover, structures closely related to (B) are known to be 
readily formed under similar  condition^.^ In order to 
establish its structure definitely an X-ray structure de- 
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termination of (2) was undertaken, using crystals grown 
from an  acetonitfile-ether mixture. The crystals tend to 
decompose under radiation conditions. 

Crystal data .- [(XSOCl),NPClO]-[Me,N]+, m.p. 178 "C 
(decomp.), monoclinic, space group P2,/c, a = 9.849(10), 

1442.2 A3, 2 = 4, Dc = 1.68 g ~ m - ~ .  Intensity data were 
collected with a CAD-3 diffractometer using graphite mono- 
chromated Mo-K, radiation. 1584 reflections had I > 3 4 1 )  
and were considered to be observed. Correction for Lorentz 
and polarization factors was applied but not for absorption. 
The structure was solved by direct methods and refined by 
full-matrix least-squares procedures. The final R factor 
was 0.068.t 

The 
phosphorus and sulphur atoms, which are in principle 
indistinguishable in this case, were assigned from considera- 
tion of the observed molecular geometry (see bond lengths 
and angles in the Figure caption). The structure consists 
of distinct [(NSOCI),NPClO]- and [Me,N]+ ions. The ring 
in the anion has a slight chair conformation, the oxygen 
ligands all in equatorial positions. As in ~is-(NS0Cl), ,~ 
which is isoelectronic with the anion, these oxygen ligands 
are all a t  the same side of the ring plane. The shortness 
of the P-0 bond strongly suggests that the negative charge 
is not localized on the oxygen atom, but is spread over the 

b = 13-326(10), c = 11.010(10) A, p = 93*56(3)", U = 

The structure of the anion is shown in the Figure. 

O(2) I Y W J  

O(3) 
FIGURE. Structure of the anion of (2). Some bond distances are : 
S(1)-N(l) ,  1*568(7) ; N(l)-S(2), 1*546(8) ; S(2)-N(3), 1*629(8); 

1.426(8) ; S(2)-0(3), 1.405(8) ; P-0(2),  1-438(9) ; mean N-C 
(cation), 1.504(6) ; some angles: N-P-N, 111.7(4) ; mean N-S-N, 
114.8(7) : S-N-S, 121.7(5) ; mean P-N-S, 123.5(7) ; C1-P-0, 
107.5(3) ; mean C1-S-0, 104.4(5) ; mean C-N-C (cation), 109.5(3). 

N(3)-P, 1*591(8) ; P-N(2), 1*591(8) ; N(2)-S(1), 1*530(8) ; S(1)-O(l), 

ring. This is compatible with the tautomerization observed 
for (neutral) hydroxycyclophosphazenes.6 

The method of preparation of these salts is applicable also 
to other ring systems containing the NPCl, unit. Under 
more forcing conditions [trans-(NSOPh),NPClO]-[Ph,As]+ 
and [(NPCl,),NPClO]- [Ph,As]+ have also been prepared. 

(Received,  13th J u l y  1981; Cow.  815.) 

t The atomic co-ordinates for this work are available on request from the Director of the Cambridge Crystallographic Data Centre, 
Any request should be accompanied by the full literature University Chemical Laboratory, Lensfield Rd.,  Cambridge CB2 1EW. 

citation for this communication. 

E.g. ,  S .  I. Belykh, S. M. Zhivukhin, V. V. Kireev, and G. S. Kolesnikov, Russ .  J .  Inorg. Chem. (Eng l .  Transl.) ,  1969, 14, 668; 
E. J .  Walsh, S. Kaluzene, and T. Jubach, J .  Inovg. Nucl .  Chem., 1976, 38, 397; B. W. Fitzsimmons, C. Hewlett, K. Hills, and R.  A. 
Shaw, J .  Chem. Soc. A ,  1967, 679; H .  R.  Allcock and E. J .  Walsh, J .  A m .  Chem. Soc., 1972, 94, 119. 

H. N.  Stokes, B e y .  Dtsch. Chem. Ges., 1895, 28, 437; F. H.  Pollard, G. Nickless, and R. W. Warrender, J .  Chromatogr., 1962,9, 485. 
A. Iedema and J .  C. van de Grampel, 2. Naturforsch., Tei l  B ,  1977, 32, 873; E. J.  Walsh and J .  Smegal, Inorg. Chem., 1976, 15, 

2565. 
4 T. J .  Maricich and M. H.  Khalil, Inorg. Chem., 1979, 18, 912. 
5 A. C. Hazell, G. A. Wiegers, and A. Vos, Acta Crystallogr., 1966, 20, 186. 

G. J .  Bullen, P. E. Dann, M. L. Evans, M. B. Hursthouse, R. A. Shaw, K.  Wait, M. Woods, and H. S .  Yu, 2. Naturforsch., Ted B ,  
1976, 31, 995; K. S .  Dhathathreyan, S. S .  Krishnamurthy, A. R. Vasudeva Murthy, T. S .  Cameron, C. Chan, R. A. Shaw, and M. 
Woods, J .  Chem. Soc., Chem. Commun., 1980, 231. 


