
Hexachlorocyclotriphosphazene, N3P3Cl6, and octachlorocyclo-
tetraphosphazene, N4P4Cl8, have attracted great interest in the
synthesis of new, small-molecule organocyclophosphazenes and
phosphazene polymers with inorganic backbones.1 Some of the
aminophosphazene derivatives are thought to be useful as
cancer chemotherapeutic agents.

A relationship has been observed between the structures of the
aminocyclophosphazenes and cytostatic activity and for

effective tumor growth inhibition, electron-donating groups
(e.g. aziridine, and pyrrolidine) in the P-N ring skeletons appear
to be essential.2 The crystal structures of some N4P4Cl8

derivatives, such as [N4P4Cl4(Net2)4]3, [N4P4Cl7(OC6H2-2,6-tBu2-
4-Me]4, [N4P4(NC4H8O)6(NHEt)2]5, [N4P4(NC5H10)6(NHEt)2]6,
have been determined.

The title compound, [N4P4(NC4H8)6(NHPrn)2] (Prn: n-propyl-
amino), was prepared from the reaction of trans-2,6-
N4P4Cl6(NHEt)2 (3.20 g, 6.40 mmol), triethylamine (10.4 g, 102
mmol) and pyrrolidine (18.2 g, 256 mmol) in acetonitrile (100
ml).

The compound was recrystallized from acetonitrile; m.p., 379
K.  The results of an X-ray structure determination are given in
Tables 1 – 3.

The title molecule (Fig. 2) consists of a chair-shaped cyclic
tetrameric phosphazene ring with two n-propylamino (in 2,6-
trans positions) and six pyrrolidino side groups.  The four P
atoms are coplanar and the four N atoms are displaced above
(+) and below (–) their plane by equal amounts [N1 –0.570(4)
and N6 –0.311(5)Å].4 The conformation of the macrocyclic
ring is indicated by the torsion angles of the ring bonds in which
the symmetry operation reverses the sign of a torsion angle
(illustrated in Fig. 3).  From the distribution of the endocyclic
torsion angles, it seems that in the central ring there are two
local pseudo-mirrors, one running along the midpoints of the
N1–P1 and N1i–P1i bonds, the other along the midpoints of the
P2–N6i and P2i–N6 bonds [i: 1–x, –y, –z].
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Formula: C30H64N12P4

Formula weight = 716.82
Crystal system: triclinic
Space group: P1       Z = 1
a = 9.102(2)Å
b = 10.664(1)Å
c = 10.926(3)Å

 = 72.70(2)˚
 = 85.30(2)˚
 = 79.50(1)˚

V = 995.2(4)Å3

Dx = 1.196 g/cm3

(Mo Kα) = 0.227 mm–1

T = 293 K
Colorless
Crystal size: 0.15 × 0.20 × 0.30 mm

(Mo Kα) = 0.71073 Å
Rint = 0.036
R = 0.1811      wR = 0.1490 [for all reflections]
R = 0.0568      wR = 0.1108 [for I > 2 (I)]
No. of reflections measured = 3244
No. of reflections used = 1209
[I > 2 (I)]
No. of parameters = 240
Goodness-of-fit = 0.844
(∆/ )max = 0.000
(∆ )max = 0.137
(∆ )min = –0.172
2 max = 51.3˚
Measurements: Enraf-Nonius CAD-4 diffractometer
Program system: CAD-4 EXPRESS Software
Structure determination: MolEN
Treatment of hydrogen atoms: geometrical calculation
Refinement: full matrix least-squares

Table 1 Crystal and experimental data
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Fig. 1 Chemical diagram.



The ranges of the endocyclic P–N–P and N–P–N bond angles
are 130.0(2) – 133.2(2)˚ and 117.7(2) – 121.6(2)˚, respectively,
which can be compared with the corresponding ones.3–6

Although the average value of the macrocyclic ring P–N bond

distances is 1.584(3)Å, the average value of the other P–N bond
lengths is 1.643(4)Å.

In tetrameric phosphazenes, the P–N bond lengths may be
correlated with the orbital electronegativities of groups of
atoms.  The short bonds in the ring have an appreciable double-
bond character.  The bulky pyrrolidino groups may be highly
effective in determining the shape of the molecule.
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Table 2 Final atomic coordinates with isotropic and 
anisotropic thermal parameters

Atom U(11) U(22) U(33) U(23) U(13) U(12)

Table 3 Bond distances (Å) and angles (˚)

    Symmetry code: (i) 1–x, –y, 1–z.

Fig. 2 Molecular structure of the title compound along with the
atom-numbering scheme [symmetry code: (i) 1–x, –y, –z].  The
thermal ellipsoids are drawn at the 30% probability level.

Fig. 3 Shape of the phosphazene ring along with the torsion angles
(˚).  Symmetry code: (i) 1–x, –y, –z.


