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The X-ray crystal structure of heptachloro-
(triphenylphosphazenyl)cyclotetraphosphaza-
tetraene N4P4Cl7(NPPh3) reveals a novel con-
formation (tending to Type III) of the tri-
phenylphosphazenyl group with respect to the 
adjacent ring segment. This observation is 
contrasted with the structure of N3P3Cl5(NPPh3) 
where a Type I conformation is observed. 

Phosphazenylcyclophosphazenes have aroused a 
good deal of attention lately. Basicity studies [1] 
revealed two types of behaviour, which were 
suggested to relate to endocyclic and exocyclic 
protonation. It was deduced that these were 
functions of the relative conformation of the tri-
phenylphosphazenyl substituent with respect to 
the local ring NPN segment, to which they were 
attached. These were called Type I and Type II 
conformations and have been discussed in detail 
elsewhere [2, 3]. Briefly, Type I would be associated 
with the N - P bond of the substituent being 
approximately perpendicular to the axis of the 
adjacent P - X bond (where X is the first atom of the 
other substituent on the same phosphorus atom), 
whilst in Type II it is coplanar with this. The former 
has been recently reported for NsPsC^NPPhs) [4] 
and the latter for NsPsCUPMNPPhg) [5]. Type III 
conformations (intermediate between Types I and 
II) were recently described for geminal bisdimethyl-
amino and diphenyl groupings [3]. We now report 
the X-ray structure of N4P4Cl7(NPPh3) which 
exhibits a conformation tending to Type III. 

The compound, N4P4Cl7(NPPli3), crystallises in 
the triclinic space group P i with a = 8.996, 
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b = 9.804, c = 16.477 Ä, a = 100.72, ß = 91.22, 
y = 100.06° and Z = 2. Intensity data were collected 
on a CAD-4 diffractometer by the co—26 scan 
technique using monochromated MoKa radiation. 
Of the 4199 independent reflections measured, 3301 
reflections were considered to be above the threshold 
[I > 3<r(I)]. The structure has been solved by 
direct methods using Multan [6] and refined by least 
squares to an R-index of 0.043 using anisotropic 
temperature factors for all atoms except hydrogens. 
Hydrogens have been included in the calculations 
by placing them at the positions deduced from 
molecular geometry. 

A view of the molecule down the a-axis and the 
bond lengths are shown in the Figures. The phos-
phazene ring exhibits a conformation intermediate 
between crown and saddle or crown and chair. All 
the four phosphorus atoms lie in a plane, the maxi-
mum deviation from planarity being 0.03 Ä. N(l ) , 
N(2) and N(3) lie on one side of this plane at 
distances 0.48, 0.28 and 0.49 Ä respectively and 
N(4) lies on the other side at a distance of 0.50 Ä. 
This conformation is similar to that of a non-
geminally substituted dimethylamino derivative, 
N4P4Cl4(NMe2)4 [7]. The non-geminal P-Cl bond 
and the two endocyclic P - N bonds adjacent to the 
NPPI13 substituted phosphorus atom are the longest 
bonds of their kind in this molecule. The exocyclic 
P - N bond lengths are not equal, but the difference 
( < 3 e.s.d.'s) may not be significant. The geminal 
bond lengths P(3)-C1(5) and P(3)-C1(4), however, 
are significantly different. Similar differences in 
geminal P-Cl bond lengths have been observed in 
gem-NaPsPhsCU [8] and N3P3Cl4Ph(NPPh3) [5]. 

The most interesting feature in this structure is 
the conformation of the NPPI13 group. In the 
corresponding trimer, N3P3Cls(NPPh3), the N - P 
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bond of the substituent is nearly perpendicular 
(Type I conformation) to the adjacent P-Cl bond, 
the torsion angle Cl(l)-P(2)-N(4)-P(4) being 83°. 

Cltl) 

Bond lengths (A).E. s. d.'s for the bond lengths P-Cl 
0.004, P-N 0.009, P-C 0.01 A. 

(Numbering of atoms is as given in Figure of 
Reference [4].) On considerations discussed pre-
viously [3] one would have expected a similar Type I 
conformation for the NPPI13 group in the present 
compound as well. This is, however, not found to be 
the case, the values for the torsion angles 
N(l) -P(2)-N(5)-P(5) , N(2)-P(2)-N(5)-P(5) and 
Cl(3)-P(2)-N(5)-P(5) being 59°, —172°, —58° 
respectively. The deviation from Type I towards 
Type III conformation appears to be due to steric 
factors. The contact distances P(5) -N(l ) and 
P(5)-C1(3) are 3.52 and 3.71 A respectively, the 
corresponding distances in N3P3Cl5(NPPh3) being 
3.49 and 3.97 A respectively. If the NPPh3 group 
in the present structure were to assume an exact 
Type I conformation [i.e. Cl(3)-P(2)-N(5)-P(5) 
*90°], the contact distance P(5)-N(l ) would have 
been too short. Therefore in order to avoid this 
unfavourable situation, the NPPI13 group has taken 
up a conformation which is sterically more favour-
able. 
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