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ABSTRACT. The title compound, 8, 8, 10, 10-tetrachloro-20,21-dihydro-18H, 23H-6, 12-
epiazeno-6A5, 815, 1005, 12A5-[1,3,2] benzoxazaphosphonino [2',3':8,9][1,3,5,7,9,2,4,6,8]
pentaazatetraphosphacyclo undsyno [2,1-b] [1,3,2] benzoxazaphosphonine;
CI16H16CI4N602P4, a cyclotetraphosphazene, has a tetrachloro-2, 4-spiro-ansa-spiro
(tetrachloro-2,4-sas) architecture in which the bicyclic structure has consisted of eight-
membered tetrameric N4P4 and seven-membered ansa (N1/P1/P1/N4'/C8'/C8/N4) rings
fused with a common PNP fragment. The asymmetric unit possesses one-half of the molecule.
P1 and P1’ atoms are stereogenic centres. In addition, there is a mirror plane passing through
the N3 and N1 atoms in the molecule, and therefore, this compound is in meso form (RS/SR).
According to the checkcif result, it is found that the absolute configuration of P1 and/or P1’
phosphorus centers is RS, displaying that in the solid-state there is only one enantiomer in the
unit cell. The space group is P bnm with cell parameters of a = 6.2692(2), b= 15.8111(3),c =
22.9393(4) A.

1. INTRODUCTION

Octachlorocyclotetraphosphazene, also known as tetrameric phosphazene, N4P4CIS, is an
important starting compound in the field of phosphazene chemistry [1,2]. It has been used in
the syntheses of considerable amounts of organocyclotetraphosphazene and polymeric
phosphazene derivatives with different substituents, and the composed products from these
reactions display various chemical and physical properties upon the types and features of the
bonded groups to the four P-atoms [1-3]. Many tetrameric phosphazene derivatives were
synthesized using the mono and bidentate ligands until today [4-7], however, in the literature
the Cl replacement reactions with polyfunctional ligands are limited relatively [8,9].
Tetrameric products with the bidentate ligands can produce spiro, dispiro, trispiro, tetraspiro,
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ansa, spiro-ansa, bino and spiro-bino derivatives, and in addition to these products N4P4Cl18
may also give spiro-ansa-spiro, ansa-spiro-ansa and di(spiro-bino) products with the
polyfunctional ligands depending on the reaction conditions [4-10].

Recently, the stereogenic properties of the cyclophosphazenes have been researched as an
attractive area, and some papers have been published about this topic [11,12]. For the
evaluations of the stereogenic properties of the cyclophosphazenes, were used the different
methods, such as X-ray crystallography, HPLC and 31P NMR spectroscopy in the presence
of (R)-(+)-2,2,2-trifluoro-1-(9’-anthryl)-ethanol (CSA) [13,14].

Organocyclophosphazenes have important and different applications in the technological and
biological areas; eg. ionic liquids [15], advanced elastomers [16], Li-ion batteries [17], the
anti-cancer [18] and antituberculosis [19] agents, the antibacterial and antifungal activity
studies [20,21], and the oxidative cleavage of DNA [22,23].

In this paper, the tetrachloro-2,4-sas cyclotetraphosphazene was synthesized from the
reaction of N4P4Cl18 with N202 donor-type unsymmetrical tetradentate ligand according to
the published paper [24], and it was crystallized from acetonitrile. The aim of the current
paper is to investigate the crystallographic and stereogenic properties of tetrachloro-2,4-sas
cyclotetraphosphazene derivative. Besides, the determination of the absolute configurations
of this compound is an important finding.

2. MATERIALS AND METHODS

2.1. X-ray crystal structure determination

The colourless single crystals of the title tetrachloro-2,4-sas compound was obtained from
acetonitrile at room temperature. The crystallographic details are listed in Table 1, and the
selected bond lengths and angles together with the selected torsion angles are presented in
Table 2. The crystallographic data were recorded on a Bruker Kappa APEXII CCD area-
detector diffractometer using Mo K radiation (A=0.71073 A) at T=100(2) K. Absorption
correction by multi-scan [25] was applied. Structure was solved by direct methods and
refined by full-matrix least squares against F? using all data [26]. All non-H atoms were
refined anisotropically. Hydrogen atom positions were calculated geometrically at distances
0f 0.93 A (CH) and 0.97 A (CH>) from the parent C atoms; a riding model was used during
the refinement process and the Ujso(H) values were constrained to be 1.2Uq(carrier atom).
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2.2. Materials used for syntheses

CRYSTALLOGRAPHY

The starting tetradentate ligand, 2,2'-[1,2-ethanediylbis(iminomethanediyl)]diphenol, and the
tetrachloro-sas cyclotetraphosphazene were prepared according to the published procedures

[24].

TABLE 1. Crystallographic details.

Empirical Formula
Fw

Crystal System
Space Group

Crystal color

Crystal size

4 (mm)

p (caled) (g cm?)

Number of Reflections Total
Number of Reflections Unique
Rint

(MO max

(Ap)max
(Ap)min

C16H16CLiNgO,P4
590.03
orthorhombic

P bnm

6.2692(2)

15.8111(3)

22.9393(4)

90.00
90.00

90.00
2273.81(9)

4

100(2) K

colourless
0.18x0.28x0.29 mm
0.832 (Mo K,)
1.724

12173

2883

0.0565
<0.001
0.607 ¢ A3
-0.838¢ A
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26hax (°) 56.64

Tonin/ Trnax 0.896/0.920
Number of Parameters 148

R [F?>206(F?)] 0.0466

wR 0.1226

TABLE 2. The selected bond lengths (A) and angles (deg) with the selected torsiyon angles (°).

PI-NI  1.5605(14) NI-PI-N4 118.86(17) N4-PI-NI-PI' -81.2(3)
PI-N4 1.580(3) N5-P1-01  103.53(16) N4-P4-N3-P4' -65.8(4)
PA-N3  1.5641(14) N5-PI-N1  112.37(14) NI1-PI-N4-P4  39.4(4)
P4-N4  1.543(3) N4-P1-0O1  103.45(15) N3-P4-N4-P1  7.0(5)
PI-N5 1.61503) N3-P4-N4  122.55(17)

P4-CI3  2.0010(10) N5-PI-N4 111.1Q2)

P4-Cl4 2.0107(11) P4-N3-P4' 137.8(2)

PI-0O1 1.5882(19) PI-NI-PI' 132.6(2)

PI-N4-P4  133.8(2)
N3-P4-CI3  105.99(12)

N3-P4-Cl4 109.98(13)

N4-P4-CI3  107.48(13)
N4-P4-Cl4 107.57(16)

3. RESULT AND DISCUSSION

The title cyclotetraphosphazene (Fig. 1) has consisted of a 2,4-spiro-ansa-spiro fashion with
the N,O tetradentate ligand bonded to the phosphorus atoms. The asymmetric unit of the
title cyclotetraphosphazene, CisHisClaNgO2P4, (Fig. 2) contains only one-half of the
molecule. It has a tetrachloro-2,4-spiro-ansa-spiro (tetrachloro-2,4-sas) architecture in
which the bicyclic group contains the eight-membered tetrameric, N4P4, ring and the seven-
membered ansa, (N1/P1/P1'/N4'/C8'/C8/N4), ring fused through a common PNP fragment,
and the two symmetry related benzoxazaphosphonine groups. The oxygen atoms (Ol and
O1’) bonded to the phosphorus atoms (P1 and P1’) are in cis fashions [symmetry code: (°) :
X, Y, %2 - z]. There is a mirror plane passing through the atoms N1 and N3. The tetrachloro-
2,4-sas cyclotetraphosphazene structure has two equivalent stereogenic P centers (P1 and
P1'). It was clearly determined that the absolute configuration of these P1 and P1' atoms is
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RS with respect to the checkcif data, showing that in the unit cell there is only one enantiomer
in the solid-state (Figs. 1 and 2).
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FIGURE 1. Chemical diagram and the meso forms of tetrachloro-2,4-spiro-ansa-spiro
cyclotetraphosphazene.based on the ORTEP diagram via stick diagrams and spatial views.

The molecular and crystal structure of tetrachloro-2,4-sas compound along with the atom-
numbering scheme is depicted in Fig. 2. The P atoms are non-coplanar and the N atoms are
displaced above (+) and/or below (—) of the best least -squares plane passing through the P
atoms by the following distances: N1 [-0.2957(1) A], N3 [+0.3112(1) A] and N4 [-0.0932(1)
A]. The conformation of the macrocyclic cyclotetraphosphazene ring is given by the torsion
angles of the ring bonds (Table 2), and tetrachloro-2,4-sas compound comprises of a
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symmetric non-planar cyclic tetrameric phosphazene ring, A
(P1/N1/P1°/N4°/P4°/N3/P4/N4), in sofa conformation (Fig. 3a) with the puckering amplitude
[27] Or of 0.5926(21) A, while the seven-membered ansa ring, B
(N1/P1/N5/C8/C8’/N5°/P1"), and the six-membered spiro ring, C (P1/O1/N5/C1/C6/C7),
adopt flattened-boat (Fig. 3b) and twisted-boat (Fig. 3c) conformations with the puckering
amplitudes [31] Orof 0.4622(32) A and 0.5016(29) A, respectively.

The bicyclic part of the molecule contains the eight-membered tetrameric phosphazene, A
(P1/N1/P1°/N4°/P4°/N3/P4/N4), ring and the  seven-membered ansa, B
(N1/P1/N5/C8/C8’/N5°/P1"), precursor fused through a common PNP fragment, and it
resembles the stable “adamantane” structure, with a V-shaped conformation (Fig. 4a). The
orientations of the A, B and C rings constituting the spiro-ansa-spiro cyclic system is shown
in Fig. 4b.

In the tetrameric, N4P4, phosphazene ring, the endocyclic P—N bond lengths are in the ranges
of 1.580(3)-1.543(3) A, and the average endocyclic P—N bond length is 1.562(3) A. This
value is shorter than the average exocyclic P—N bond lengths of 1.602(2) A (Table 2). In
the cyclophosphazenes, the P—N single and double bonds are generally in the ranges of
1.628-1.691 A and 1.571-1.604 A, respectively [28], and the obtained values of tetrachloro-
2,4-sas compound are in consistent with these values. Besides, the exocyclic P1—NS5 bond
lengths is 1.615 (3) A, and is very close to the double bond length. The shortening in this
bond is probably due to the electron transfer from the N5 atom to the phosphazene ring. This
value can be compared with the reported value of 1.613 (5) A in the sas trimeric phosphazene,
Ci6H16C1aNsO2P3 [29].

Additionally, while the endocyclic P—N—P bond angles are in the ranges of 132.6(2)-
137.8(2)°, and the average value is 134.7(2)°, the endocyclic N—P—N bond angles are
118.86(17)° and 122.56(17)°, and the average value is 120.71(17)°. In the standard
compound, N4P4Cls, the endocyclic P—N—P and N—P—N bond angles are 131.3° and
121.2° [30]. These variations of the endocyclic P—N—P and N—P—N angles may reflect
the steric hindrances of the bulky N,O; tetradentate ligand and ought to be referred to the
negative hyperconjugation [31].

On the other hand, the sum of the bond angles around the N5 atom [359.8(3)°] indicates that
the N5 atom is in trigonal planar geometry. Thus, although the N5 atom bonds to three
different groups, it can not be a stereogenic center. Moreover, the sum of the bond angles
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around the P1 atom [438.21(17)°] can be compared with the reported value [434.4(3)°] in sas

trimeric phosphazene [29].

Fig. 5 displays the packing diagram of title compound. The molecules are elongated along
the b-axis and stacked along the a-axis. Van der Waals interactions may be considered to be
effective in the unit cell packing.

The crystallographic data of the compound has been deposited with the Cambridge
Crystallographic Data Centre, CCDC 1953257.

FIGURE 2. An ORTEP-3 [32] drawing of title compound with the atom-numbering scheme.
Displacement ellipsoids are drawn at the 30% probability level.
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FIGURE 3. The conformations of the (a) cyclic tetrameric phosphazene ring, (b) the seven-
membered ansa ring and (c) the six-membered spiro ring.
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DETERMINATION OF ABSOLUTE CONFIGURATION OF 8,8,10,10-TETRACHLORO-20,21-DIHYDRO- 9
18H,23H-6,12-EPTAZENO-6A5,8A5,10A5, 12A5-[1,3,2]BENZOXAZAPHOSPHONINO[2 ,3 :8,9][1,3,5,7.9,2,4,6,8]
PENTAAZATETRAPHOSPHACYCLOUNDSYNO[2,1-B][1,3,2] BENZOXAZAPHOSPHONINE USING X-RAY
CRYSTALLOGRAPHY

FIGURE 5. The packing diagram of tetrachloro-2,4-spiro-ansa-spiro cyclotetraphosphazene viewed
down the a-axis direction.

4. CONCLUSON

In this paper, the structure of the title tetrachloro-2,4-sas cyclotetraphosphazene was
verified using single crystal X-ray diffraction technique. It has two equivalent chiral
phosphorus (P1 and P1’) centres with respect to the X-ray structure analysis results. In
addition, the molecule is a symmetric structure, and so it is in the meso form. It is undoubtedly
detected that the absolute configuration of P1 and P1’ atoms is RS with checkcif data,
showing that in the solid-state there is only one enantiomer in the unit cell.

Besides, the partly substituted tetrachloro-2,4-sas tetrameric phosphazene may be useful as
the starting compounds for the preparation of the new chiral/non-chiral multi-heterocyclic
cyclotetraphosphazene derivatives. All of the obtained new products may be as biologically
active compounds and/or chemotherapeutic agents.
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OZET

Bir siklotetrafosfazen olan 8,8,10,10-tetrakloro-20,21-dihidro-18H,23 H-6,12-epiazeno-
63,8)°,1023,122°-[1,3,2]benzoksazafosfonino[2',3":8,9][1,3,5,7,9,2,4,6,8]
pentaazatetrafosfasiklound sino [2,1-b][1,3,2] benzoksazafosfin; CisH1sClaN¢O2P4 bilesigi,
ortak bir PNP parcasi ile kaynagmig sekiz iiyeli N4P4 tetramerik ve yedi iiyeli ansa
(N1/P1/P1'/N4'/C8'/C8/N4) halkalarindan olusan bisiklik yapidaki tetrakloro-2,4-spiro-ansa-
spiro (tetrakloro-2,4-sas) yapisina sahiptir. Asimetrik birimde yarim molekiil mevcuttur. P1
ve P1’ atomlar1 stereojenik merkezlerdir. Ayrica, molekiil igindeki N3 ve N1 atomlarindan
gecen bir ayna diizlemi vardir ve bu nedenle bu bilesik mezo formundadir (RS/SR). Checkeif
sonucuna gore, kat1 halde P1 ve/veya P1’ fosfor merkezlerinin mutlak konfigiirasyonunun RS
oldugu bulunmus olup bu durum kat1 halde birim hiicrede sadece bir enantiyomer oldugunu
gostermektedir. Uzay grubu, hiicre parametreleri a = 6.2692(2), b = 15.8111(3), ¢ =
22.9393(4) A olan P bnm'dir.
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