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The title compound, C16H16Cl2N5O2P3, a cyclotriphosphazene,

has a spiro±ansa±spiro architecture in which the bicyclic

system is in the sofa conformation. Two P atoms and one N

atom are capable of representing stereogenic centres.

Comment

Trimeric phosphazene, also known as hexachlorocyclo-

triphosphazene, N3P3Cl6, can be considered as the `standard'

compound in the ®eld of phosphazene chemistry (Bullen,

1971). It has potential use in the preparation of many small

organocyclophosphazene and polymeric phosphazene deriv-

atives with inorganic skeletons and various side groups

(Allcock et al., 1992; Allen, 1994).

In the reactions of N3P3Cl6 with bidentate ligands, e.g. diols

and diamines, four possible reaction pathways have been

observed: (i) replacement of two geminal Cl atoms to give

spiro derivatives, (ii) replacement of two non-geminal Cl

atoms to give ansa derivatives, (iii) intermolecular reactions

between Cl atoms of phosphazene rings to give bino deriv-

atives or (iv) intermolecular condensation reactions to yield

cyclolinear or cyclomatrix polymers (Dez et al., 1999; Mathew

et al., 2000).

To the best of our knowledge, until now the reactions of

N3P3Cl6 with N2O2-donor type aminopodands (tetradentate

ligands) have only been investigated by our group (Bilge et al.,

2004). The reactions of N3P3Cl6 with 2-[({2-[(2-hydroxy-

benzyl)amino]ethyl}amino)methyl]phenol (Bilge et al., 2004)

in dry tetrahydrofuran afford both spiro±ansa±spiro and

spiro±bino±spiro architectures. The title compound, (I), is the

®rst example of a spiro±ansa±spiro phosphazene derivative.

Fig. 1 shows the molecular structure of (I), with the atomic

numbering scheme. The phosphazene ring (A) is not planar,

with a total puckering amplitude of QT = 1.684 (15) AÊ

(Cremer & Pople, 1975). Atoms N1, N2 and N3 are displaced

from the plane through the P atoms by 0.044 (6), 0.558 (5) and

0.033 (6) AÊ , respectively. As expected, benzene rings B (C1±

C6) and F (C11±C16) are planar. Ring C (P3/O1/C1/C6/C7/

N4), ring D (P3/N4/C8/C9/N5/P2/N2) and ring E (P2/O2/C16/

C11/C10/N5) are not planar, with total puckering amplitudes

(Cremer & Pople, 1975) of 0.462 (5), 0.735 (6) and 0.471 (7) AÊ ,
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respectively. The bicyclic system made up of rings A and D is

in a sofa conformation (Fig. 2a). This bicyclic system resem-

bles the very stable `adamantane' structure. Each ring is V-

shaped, with one of the two halves (P2/N1/P1/N3/P3) being

essentially planar, while the other half (P2/N5/C9/C8/N4/P3) is

not. The dihedral angle between the least-squares planes P2/

N1/P1/N3/P3 and P2/P3/N4/N5 is 68.0 (2)�; this can be

compared with the reported values of 62.2 (2) and 62.3 (2)� in

the bicyclic phosphazene, [N4P4(NC4H8)5(NHnPr)-

(NnPr)] (OÈ ztuÈ rk et al., 2002).

In the bicyclic system, the maximum separations between P

and C atoms are P1� � �C9 = 3.893 (4) AÊ and P1� � �C8 =

4.240 (4) AÊ . All P� � �P distances are in the range 2.658 (2)±

2.738 (2) AÊ . The sums of the bond angles around atoms N4

and N5 (356.8 and 346.6�) show a change in the hybridization

of atom N5 from trigonal planar towards pyramidal. Thus,

atom N5 may represent a stereogenic centre. The planarity of

N4 and the pyramidality of N5 especially may depend on the

conformation of ring D (Fig. 2b). Furthermore, atoms P2 and

P3 each have four different attachments and thus are also

expected to be stereogenic.

In the phosphazene ring, the PÐN bond lengths are in the

range 1.554 (5)±1.621 (6) AÊ and exhibit a regular variation

with the distance from P1: P1ÐN1 ' P1ÐN3 < P3ÐN2 '
P2ÐN2 < P3ÐN3 ' P2ÐN1. The phosphazene ring PÐN

bonds (Table 1) show double-bond character. However, P3Ð

N4 [1.613 (5) AÊ ] and P2ÐN5 [1.648 (5) AÊ ] are at the lower

limit of the single-bond length. In phosphazene derivatives,

the PÐN single and double bonds are generally in the ranges

1.628±1.691 and 1.571±1.604 AÊ , respectively (Allen et al.,

1987). The shortening in the P3ÐN4 and P2ÐN5 bonds may

possibly depend on electron release from the N atoms to the

phosphazene skeleton.

In the phosphazene ring, the endocyclic angles N2ÐP3ÐN3

and N1ÐP2ÐN2 [114.8 (3) and 114.4 (3)�] are decreased and

the exocyclic angles O1ÐP3ÐN4 and O2ÐP2ÐN5 [104.0 (3)

and 104.4 (2)�] are increased, with increased electron donation

and withdrawal by the substituents, relative to the `standard'

compound N3P3Cl6 (Bullen, 1971). In the latter compound, the

corresponding angles are 118.3, 118.5 and 101.2, 101.6�,
respectively. The angles P2ÐN2ÐP3, P1ÐN1ÐP2 and P1Ð

N3ÐP3 [114.1 (3), 119.1 (3) and 119.3 (3)�] increase with

increasing electron supply to the N3P3 ring (KõlõcË et al., 1996).

They are all smaller than the average value reported for

N3P3Cl6, viz. 121.4 (3)�.
As can be seen from the packing diagram (Fig. 3), the

molecules are elongated parallel to the c axis and stacked

along the a axis. Dipole±dipole and van der Waals interactions

are also effective in the molecular packing.

Experimental

K2CO3 (3.00 g, 22.0 mmol) was added to a stirred solution of

2-[({2-[(2-hydroxybenzyl)amino]ethyl}amino)methyl]phenol (3.00 g,

11.0 mmol) in dry THF (200 ml). The mixture was re¯uxed for 2 h

and then cooled. A solution of N3P3Cl6 (1.90 g, 5.50 mmol) in dry

THF (75 ml) was added dropwise to the stirred mixture at 263 K over

a period of 1 h. After the mixture had been allowed to reach ambient

temperature, it was stirred for a further 23 h, with argon passing over

the reaction mixture. The precipitated amine hydrochloride and

excess of K2CO3 were ®ltered off and the solvent was evaporated

under reduced pressure. The residue was dissolved in a dichloro-

methane±benzene mixture (5:1) and subjected to column chromato-

graphy [silica gel: 30 g, eluant: dichloromethane±benzene (5:1)], then

crystallized from dichloromethane±n-heptane (4:1) (m.p. 553 K; yield

0.55 g, 21%).

Crystal data

C16H16Cl2N5O2P3

Mr = 474.15
Monoclinic, P21=n
a = 15.8433 (12) AÊ

b = 6.6557 (14) AÊ

c = 20.1339 (10) AÊ

� = 112.814 (5)�

V = 1957.0 (5) AÊ 3

Z = 4

Dx = 1.609 Mg mÿ3

Mo K� radiation
Cell parameters from 25

re¯ections
� = 10±18�

� = 0.60 mmÿ1

T = 293 (2) K
Rod, colourless
0.40 � 0.15 � 0.10 mm

Data collection

Enraf±Nonius CAD-4
diffractometer

Non-pro®led ! scans
Absorption correction: none
3747 measured re¯ections
3559 independent re¯ections
1687 re¯ections with I > 2�(I)
Rint = 0.038

�max = 25.8�

h = 0! 19
k = ÿ8! 0
l = ÿ24! 22
3 standard re¯ections

frequency: 120 min
intensity decay: 1%

Figure 1
An ORTEP-3 (Farrugia, 1997) drawing of the title molecule, with the
atom-numbering scheme. Displacement ellipsoids are drawn at the 50%
probability level.

Figure 2
The conformations of (a) the bicyclic system and (b) ring D in (I). The
substituents have been omitted for clarity.



Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.057
wR(F 2) = 0.165
S = 0.98
3559 re¯ections
253 parameters

H atoms treated by a mixture of
independent and constrained
re®nement

w = 1/[�2(Fo
2) + (0.0823P)2]

where P = (Fo
2 + 2Fc

2)/3
(�/�)max < 0.001
��max = 0.83 e AÊ ÿ3

��min = ÿ0.73 e AÊ ÿ3

Table 1
Selected geometric parameters (AÊ , �).

P3ÐN2 1.588 (5)
P3ÐO1 1.590 (4)
P3ÐN3 1.602 (5)
P3ÐN4 1.613 (5)
P1ÐN1 1.554 (5)
P1ÐN3 1.564 (5)
P1ÐCl2 2.008 (2)
P1ÐCl1 2.026 (2)
P2ÐO2 1.574 (4)

P2ÐN2 1.579 (5)
P2ÐN1 1.621 (6)
P2ÐN5 1.648 (5)
O2ÐC16 1.413 (6)
O1ÐC1 1.406 (7)
C10ÐN5 1.480 (8)
N4ÐC8 1.454 (8)
N4ÐC7 1.475 (7)
N5ÐC9 1.450 (9)

N2ÐP3ÐO1 108.9 (3)
N2ÐP3ÐN3 114.8 (3)
O1ÐP3ÐN3 105.9 (3)
N2ÐP3ÐN4 109.7 (3)
O1ÐP3ÐN4 104.0 (3)
N3ÐP3ÐN4 112.8 (3)
N1ÐP1ÐN3 119.9 (3)
N1ÐP1ÐCl2 108.4 (2)
N3ÐP1ÐCl2 109.3 (2)
N1ÐP1ÐCl1 109.6 (2)
N3ÐP1ÐCl1 108.1 (2)
Cl2ÐP1ÐCl1 99.60 (11)
O2ÐP2ÐN2 108.0 (3)
O2ÐP2ÐN1 106.8 (3)
N2ÐP2ÐN1 114.4 (3)
O2ÐP2ÐN5 104.4 (2)
N2ÐP2ÐN5 110.2 (3)

N1ÐP2ÐN5 112.3 (3)
C16ÐO2ÐP2 123.8 (4)
C1ÐO1ÐP3 118.3 (4)
P2ÐN2ÐP3 114.1 (3)
P1ÐN1ÐP2 119.1 (3)
P1ÐN3ÐP3 119.3 (3)
N5ÐC10ÐC11 110.2 (6)
C8ÐN4ÐC7 117.7 (5)
C8ÐN4ÐP3 123.0 (4)
C7ÐN4ÐP3 116.1 (4)
C9ÐN5ÐP2 118.9 (4)
C10ÐN5ÐP2 114.8 (4)
N4ÐC7ÐC6 112.5 (5)
C6ÐC1ÐO1 122.9 (5)
C2ÐC1ÐO1 115.3 (6)
C9ÐC8ÐN4 125.7 (7)
C8ÐC9ÐN5 121.3 (7)

N2ÐP2ÐO2ÐC16 138.6 (5)
N5ÐP2ÐO2ÐC16 21.3 (5)
N2ÐP3ÐO1ÐC1 ÿ158.6 (4)
N4ÐP3ÐO1ÐC1 ÿ41.7 (5)
O2ÐP2ÐN2ÐP3 166.1 (3)
N5ÐP2ÐN2ÐP3 ÿ80.5 (4)
O1ÐP3ÐN2ÐP2 ÿ165.5 (3)
C16ÐC11ÐC10ÐN5 ÿ26.6 (10)
O1ÐP3ÐN4ÐC8 ÿ145.9 (5)
O1ÐP3ÐN4ÐC7 54.9 (5)
C11ÐC10ÐN5ÐC9 ÿ165.1 (6)
C11ÐC10ÐN5ÐP2 54.2 (8)
O2ÐP2ÐN5ÐC9 171.1 (5)

C10ÐC11ÐC16ÐO2 ÿ2.4 (10)
P2ÐO2ÐC16ÐC11 3.3 (8)
C8ÐN4ÐC7ÐC6 157.8 (6)
P3ÐN4ÐC7ÐC6 ÿ41.9 (7)
C1ÐC6ÐC7ÐN4 12.2 (9)
C7ÐC6ÐC1ÐO1 0.1 (10)
P3ÐO1ÐC1ÐC6 17.7 (8)
C7ÐN4ÐC8ÐC9 123.1 (8)
P3ÐN4ÐC8ÐC9 ÿ35.7 (10)
N4ÐC8ÐC9ÐN5 69.7 (11)
C10ÐN5ÐC9ÐC8 163.0 (7)
P2ÐN5ÐC9ÐC8 ÿ58.1 (9)

Atoms H101 and H102 were located in a difference synthesis and

re®ned isotropically, with CÐH = 0.88 (6) and 0.97 (7) AÊ , respec-

tively. The remaining H atoms were positioned geometrically at

distances of 0.93 (Csp2ÐH) and 0.97 AÊ (Csp3ÐH) from the carrier

atoms; a riding model was used during the re®nement process. The

Uiso values were constrained to be 1.2Ueq of the carrier atom.

Data collection: CAD-4 EXPRESS (Enraf±Nonius, 1994); cell

re®nement: CAD-4 EXPRESS; data reduction: XCAD4 (Harms &

Wocadlo, 1995); program(s) used to solve structure: SHELXS97

(Sheldrick, 1997); program(s) used to re®ne structure: SHELXL97

(Sheldrick, 1997); molecular graphics: ORTEP-3 for Windows

(Farrugia, 1997); software used to prepare material for publication:

WinGX (Farrugia, 1999).
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Figure 3
Packing diagram of (I). H atoms have been omitted.
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