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THE SYNTHESIS AND CHARACTERIZATION
OF CYCLOALKOXY-LINEAR PHOSPHAZENES
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The reactions of N-dichlorophosphoryl-P-trichlorophosphazene,
Cl3sP=N—P(0O)Cly with the sodium salts of cyclopentanol, cyclohexa-
nol, 4-methylcyclohexanol, 3-methylcyclohexanol, 3-methylcyclopenta-
nol are discussed. Pentacycloalkoxy-substituted phosphazenes were
obtained from cyclopentanol, 4-methylcyclohexanol, 3-methylcyclo-
hexanol, 3-methylcyclopentanol. Tetrasubstituted derivative also was
obtained from cyclohexanol at the same conditions. The structure of
products was defined by IR, 1H, 13C, 31 P NMR, and mass spectroscopy.

Keywords:  Alcoholysis; alkoxyphosphazenes; cycloalkoxyphos-
phazenes; linear phosphazenes; monophosphazenes

The cyclo- and poly-phosphazenes are probably the best known and
most intensively studied phosphorus-nitrogen compounds because they
are more stable than monophosphazenes.»? Although there are many
publications about cyclo- and polyphosphazenes,® 26 the number is
limited for linear phosphazenes because the short-chain species are
generally difficult to synthesize, isolate, and study. However, phos-
phazenes possess a number of characteristics such as the using
of drug components for chemotherapeutic applications and antibac-
terial activity.?’~2° These compounds are used in the structure of
medical implants and drug delivery systems. N-di(alkoxy)phosphoryl-
P-tri(alkoxy)monophosphazene, especially those with different alkyl
groups are biologically active compounds.3°

N-dichlorophosphoryl- P-trichlorophosphazene 1, ClsP=N—P(O)Cl,,
which is the short-chain linear phosphazene, is a very sensitive
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material to air and moisture. It can be obtained by several different
reactions.31734

The reactions of compound 1 with amines and alcohols have been
reviewed.?>36 The replacement of one chlorine atom by the ally-
loxy group and the partial aminolysis of compound 1 with methy-
lamine, ¢-butylamine.?”3® and diisopyropylamine3® has been reported.
The partial replacement of chlorine atoms has been achieved with
o-dichloro and o-dimethylphenol,*’ 2 4,6-tert-butylphenol, and 2,6-
di-tert-butyl-4-methylphenol.*! Pentasubstituted derivatives of com-
pound 1 with alcohol such as ethyl, pyropyl, n-butyl, i-butyl, pentyl
alcohol,*? 4-phenylphenol,*® benzyl, allyl, tetrahydrofurfuryl alcohol,
2-isopyropyloxyethanol,** 2,4,6-trimethylphenol,*> o-methyl- and p-
methylphenol, a-hydroxynaphthalene,* and amines such as pyrro-
lidine, morpholine, piperidine*” have been obtained. Trisubstituted
derivatives have been obtained from the reaction between 1 and mer-
captans such as ethyl, pyropyl and octyl mercaptans.*® Pentasubsti-
tuted organophosphazenes have been obtained from the reaction of 1
with aryllithium or Grignard reagents.’

Here, we report the reactions of ClsP=N—P(O)Cl; with cycloalcohols
yielding alkoxymonophosphazenes. Tetrasubstituted phosphazenes
have been obtained from the reaction of 1 with cyclohexanol. Pentaal-
koxy derivatives were obtained from cyclopentanol, 4-methylcyclo-
hexanol, 3-methylcyclohexanol, and 3-methylcyclopentanol.

RESULTS AND DISCUSSION

The reaction of 1 with 5 equivalents of sodium cyclopentaoxide,
sodium 4-methylcyclohexaoxide, sodium 3-methylcyclohexaoxide, and
3-methylcyclopentaoxide in toluene gave the pentasubstituted com-
pounds as the main products. As the same way, tetrasubstituted com-
pound was obtained from sodium cyclohexaoxide. They were isolated
from the reaction mixture by column chromatography and character-
ized by 'H, 13C, 31P-NMR, mass spectrometry, and FT-IR. Although the
starting compound 1 is a very sensitive material to air and moisture, the
cycloalkoxysubstituted phosphazenes are stable but fairly hygroscopic.

TI o) OR
Cl—'P=N—|P—CI + (4 or5RMNa+ N Ro—!:>=N—FI>—0R(CI)
cl cl OR R
1 2-6

RO: CsHyO, CeH, O, CeHio(4-CH3)O, CsHyo(3-CH3)O',
CsHg(3-CH;)O"
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SCHEME 1 The structure of compounds 2-6.

The characteristic stretching peaks in the IR spectra of the phosp-
hazenes have been assigned as in Table I. The P=0 and P=N stretch-
ing vibrations, 1263—-1229 cm~! and 1338-1324 cm™!, respectively, are
characteristic of phosphazenes. The nature of the substituents affects
the stretching vibrations. Compared to 1 these peaks, especially P=0
vibrations are shifted to longer wavelengths for 2-6.

The NMR data are presented in Table II-IV. Hydrogen and car-
bon atoms were numbered as shown in Scheme 1. The AB spin pat-
tern in the 3P NMR spectra indicate that the phosphazene skele-
ton is intact. While phosphorus signals of the (RO)3sP=N— unit in the
cycloalkoxide-substituted phosphazenes show the least difference from
1, the signals of the —P(O)(RO)2 unit move to the lower field (Table II).
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TABLE I Characteristic IR Vibrations of 1-6 (cm™')

VC—H VP=N VP=0 VP—N VP—0—C VP—Cl
1 — 1338 1263 770 — 650
2 2871-2961 1330 1234 720 1008 —
3 2943 1324 1254 717 1020 550
4 2942 1330 1236 768 1008 —
5 2937 1330 1229 717 1020 —
6 2954-2863 1337 1242 722 1017 —

When the phosphorus signals in the substituted phosphazenes are
compared to 1, it is observed that these peaks are shifted to high-
field in case of aryloxyphosphazenes,*® and to downfield in case of
arylphosphazenes?® relative to compound 1. But there are little differ-
ences between cycloalkoxy phosphazenes. For example, in the pentasub-
stituted p-methylphenoxy, p-methylphenyl, and 4-methylcyclohexaoxy
phosphazenes, the phosphorus signals for PN and PO appear at —13.8,
—20.7;15.4, 13.8; and —2.9, —5.2 ppm respectively. In the aryloxyphos-
phazenes, the greater shielding may be considered to be a consequence
of the resonance and inductive effects. The localization of the electron
density on the phosphorus atoms causes a higher magnetic shielding
and, thus generates the high field shifts in the position of the resonance
of the phosphorus atoms. In the arylphosphazenes, phosphorus atoms
may be deshielded by the magnetic anisotropy effect and their peaks
will be observed at the lower field.

In the cycloalkoxy-substituted phosphazenes (2-6) (Scheme 1) there
are essentially two sets of proton groups one in the phosphoryl
[-P(O)(OR)s or —P(O)(OR)CI] and the other in the phosphazene
[(RO)3P=N—] moieties. The two environments can be distinguished in
some cases, the latter being more shielded than the former. There are
also two sets of carbon atoms. In the 'H NMR spectra, the 2:3 ratio of
integral intensities for the two sets of protons is observed for 2, 4, 5, and
6. There is the 1:3 ratio for 3. There are also the same ratios between

TABLE II 3!P NMR Data of 1-6

SpN dpo JpNp
1 —-2.6 —-10.6 21.3
2 -3.5 —-6.0 64.8
3 -2.8 —-6.5 62.6
4 -2.9 -5.2 65.6
5 -3.0 -55 65.2
6 —2.2 5.7 63.0




10: 41 28 January 2011

Downl oaded At:

Synthesis and Characterization of Cycloalkoxy-Linear Phosphazenes 2101

TABLE III 'H NMR Data of 2-6

1.46-1.79 (H2, H3, H%, HY), 4.67 (H'), 4.88 (H*)
1.27 (H7), 1.50 (H®), 1.67 (H*, H®), 1.84 (H2, H3), 4.45 (H!, H?)
0.85 (Hs, Hyp), 0.97 (H®), 1.38 (H*, H”, H), 1.69 (H?), 2.07 (H2), 4.10 (H!), 4.33 (H®)
0.84 (H7, H4), 1.20 (H%, H'2), 1.35 (H3, H1), 1.50 (H!1), 1.64 (H2), 1.87 (HS),
2.04 (H?, H'3), 3.47 (H®), 4.10 (HY)
6 0.80-2.16 (H®, H2, H3, H?, H%, H1°, H2, H5, H8, H1!), 3.81 (H"), 3.88 (H!)

QU W N

(For numbering see Scheme 1).

the integral intensities of similar carbons. These observations indicate
that cycloalkoxy groups have replaced five or four chlorine atoms in 1.
The nearest protons to the phosphorus atoms are very well character-
ized by the 'H NMR spectra that show peaks at the lowest downfield.
Especially they are clearly observed in 2, 4, 5, and 6 (Table III).

The signals of every carbon atom can be seen in the *C NMR spectra
(Table IV). It is noticed that the nearest carbon atoms to the phosphorus
atoms are generally observed at the lowest downfield. In these com-
pounds (2-6), the environments of P(O)(OR); and (RO)sP=N can be
distinguished in some cases. Especially, the nearest carbons to the phos-
phorus atoms in the —P(O)(OR)y are deshielded more than that of the
(RO)sP=N—.

The electron impact MS spectra of 2, 3, and 6 showed the parent
ions at m/z 519 as M + 2, at 520 as M — 3, and at 587 respectively.
The dominant ion is observed at 67 (CsH7, 100%) for 2. The peaks
at m/z values of 43, 57, 69, and 99 correspond to the loss of CsHy,
C4Hy, C5Hg, and CgH110 for 3. In addition, the ratio of (M — 3) +
2/M — 3 = 1/3 shows the presence of one chlorine atom in the structure
of 3. Compound 6 gives the dominant ions at m/z 41 (CgHg, 100%), 43

TABLE IV 3C NMR Data of 2-6

2 23.05(C®), 23.23 (C3), 33.74 (C?, 3Jpocc:5.44 Hz), 33.99 (C2, 3Jpocc:4.93 Hz),
78.23 (C1, 2Jpo:6.15 Hz), 81.63 (C4, 2Jpoc:7.3 Hz)

3 23.62(C?8),24.11 (CY), 25.64 (C7), 25.87 (C3), 33.34 (C8, 3Jpocc:4.71 Hz), 33.70
(C2, 3Jpocc:4.21 Hz), 77.22 (CL, 2Jpoc:6.71 Hz), 78.95 (CP, 2Jpoc:7.5 Hz)

4 22.11(C9), 22.33 (C5), 31.80 (C?), 32.09 (C*), 33.34 (C?), 33.61 (C7, 3Jpocc:
4.66 Hz), 33.75 (C3), 34.23 (C2, 3Jpocc:4.40 Hz), 75.62 (CL, 2Jpoc:6.31 Hz),
78.73 (C8, 2Jpoc:7.0 Hz)

5 22.51(C7), 22.68 (C14), 24.53 (CP), 24.57 (C12), 31.70 (C*), 31.82 (C11), 34.48
(C13, 3Jppcc:4.98 Hz), 34.12 (C2), 34.45 (C3), 34.53 (C?), 35.72 (C10), 42.51
(CS8, 2Jpoct4.5 Hz), 75.37 (Cl, 2Jpoc:6,20 Hz), 78.43 (C8, 2Jpoct6.22 Hz)

6 82.6 (C7, 2Jpoc:7.09 Hz), 14.53-42.29 (C8, C12, ¢4, €1, C3, 9, C2, C8, CP, c11)

(For numbering see Scheme 1; coupling constants, </, Hz).
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(CsHY, 100%), 55 (C,H;, 100%), 57 (C,H{, 100%), 67 (CsH., 100%),
69 (C5Hy, 100%), 81 (CeHy, 100%), and 97 (C¢HoO ™", 100%). In the MS
spectra of 4 and 5, the molecular ion peaks are not observed. But the
M-62 (62:C5HJ), M-96 (96: C;H;],) peaks which form the degradation
products of 4-methylcyclohexaoxy group are observed for 4. The base
ion peak is at m/z 177 (100%, probably C13H;, and/or C;;H;70%). The
dominant ion peaks are at m/z 41 (CsH}, 100%), 52 (C4H}, 100%), 65
(C5HZ, 100%), 78 (CgHy, 100%), and 95 (C;H{,, 100%) for 5. The peak
at m/z 177 (97%) is also important. This shows the similar cleavage for
4 and 5.

EXPERIMENTAL

General

Solvents were dried by conventional methods. All reactions were mon-
itored by using Kieselgel 60 F254 (silica gel) precoated TLC plates and
the separating conditions were determined. The separation of products
was carried out by flash column chromatography using Kieselgel 60
(60-230 mesh).

IR spectra were recorded on an ATI Unicam Mattson 1000 FTIR spec-
trophotometer. 'H, 13C, 3 P-NMR spectra were recorded using a Bruker
DPX-400 High Performance Digital FT-NMR spectrometer operating at
400.13,100.63, and 161.98 MHz, respectively. All data were recorded for
solutions in CDCls. The 'H and 3C chemical shifts were measured us-
ing SiMe4 as an internal standard, the 3P chemical shifts, using 85%
H3PO,4 as an external standard. Chemical shifts downfield from the
standard are assigned positive § values. Electron impact mass spec-
tra were obtained by Micromass UK Platform-II spectrometer. Micro-
analysis was carried out by LECO 932 CHNS-O apparatus. The starting
material 1 was prepared by the method of Emsley, Moore and Udy and
purified by vacuum distillation.?!

Synthetic Procedures

The cycloalkoxymonophosphazenes were sythesized as follows:

(C5H90O)3P=N—P(0)(C5Hg0)2, 2: To form the alcoholate, small pieces of
metallic sodium (0.644 g, 28 mmol) were slowly added to cyclopen-
tanol (2.41 g, 28 mmol) in 150 ml of toluene by stirring at ambi-
ent temperature with argon being passed over the reaction vessel.
After the alcoholate reaction was complete, the solution of sodium
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cyclopentaoxide was cooled to 0°C. Compound 1 (1.5 g, 5.56 mmol) in
150 ml of toluene was slowly added dropwise to the reaction vessel by
stirring during 90 min, and the mixture was allowed to warm to 25°C
and the reaction was continued for 36 h at 25°C. The precipitated salt
(NaCl) was filtered and the solvent was removed under vacuum. The
oily residue was examined by TLC using chloroform/acetone (7:1,
Rf =0.61). It was separated by column chromatography. The vis-
cous compound 2 was obtained in 77% yield.
(CgH110)5P=N—P(0O)CI1(CsH;10), 3: Conditions as for 2 using 1.06 g
(46 mmol) of metallic sodium, 4.60 g (46 mmol) of cyclohexanol, and
2.50 g (9.3 mmol) of compound 1, eluent chloroform/n-hexane (10:1,
Rf = 0.55). The viscous compound 3 was obtained in 63% yield.
(4-CH3CgH190)3P=N—P(0O)(4-CH3CsH190)2, 4: Conditions as for 2 us-
ing 1.06 g (46 mmol) of metallic sodium, 5.25 g (46 mmol) of 4-
methylcyclohexanol, and 2.50 g (9.3 mmol) of compound 1, elu-
ent chloroform/ethylacetate/n-hexane (6:2:1, R f = 0.55). The viscous
compound 4 was obtained in 73% yield.
(3-CH3CgH190)3P=N—P(0O)(3-CH3CsH190)3, 5: Conditions as for 2 us-
ing 1.06 g (46 mmol) of metallic sodium, 5.25 g (46 mmol) of 3-
methylcyclohexanol, and 2.50 g (9.3 mmol) of compound 1, elu-
ent chloroform/ethylacetate/n-hexane (6:2:1, R f = 0.60). The viscous
compound 5 was obtained in 67% yield.
(3-CH3C5HgO)3P=N—P(O)(3-CH3C5HgO)2, 6: Conditions as for 2 us-
ing 0.46 g (20 mmol) of metallic sodium, 2.00 g (20 mmol) of 3-
methylcyclopentanol, and 1.10 g (4.0 mmol) of compound 1, elu-
ent chloroform/ethylacetate/n-hexane (6:3:1, R f = 0.66). The viscous
compound 6 was obtained in 46% yield.

REFERENCES

[1] H. R. Allcock, Phosphorus-Nitrogen Compounds, Cyclic, Linear and High Polymeric
Systems (Academic Press, London, 1972), chap. 1.

[2] H. R. Allcock, S. R. Pucher, R. J. Fitzpatrick, and K. Rashid, Biomaterials, 13, 857
(1992).

[3] H.R. Allcock, M. Diefenbach, and S. R. Pucher, Inorg. Chem., 33, 3091 (1994).

[4] M. T. R. Laguna and M. P. Tarazona, Polymer, 42, 1751 (2001).

[5] A. Kilig, Z. Kili¢, and R. A. Shaw, Phosphorus Sulfur and Silicon, 57, 111
(1991).

[6] A.Kili¢c and R. A. Shaw, Phosphorus Sulfur and Silicon, 57, 95 (1991).

[7] T. Hokelek, A. Kili¢, S. Begeg, Z. Kili¢, and M. Yildiz, Acta Cryst. C, 52, 3243 (1996).

[8] T. Hokelek, Z. Kili¢, and A. Kili¢, Acta Cryst. C, 50, 453 (1994).

[9] S. Kartikeyan and R. H. Neilson, Inorg. Chem., 38, 2079 (1999).

[10] H. R. Allcock, C. A. Crane, C. T. Morrissey, and M. A. Olshavsky, Inorg. Chem., 38,

280 (1999).



10: 41 28 January 2011

Downl oaded At:

A. I Ozturk et al.

C. S. Reed, J. P. Taylor, M. M. Coleman, and H. R. Allcock, Polymer Engineering and
Science, 40(2), 465 (2000).

R. Prange and H. R. Allcock, Macromolecules, 32, 6390 (1999).

H. R. Allcock, R. Ravikiran, and S. J. M. O’Connor, Macromolecules, 30, 3184 (1997).
H. R. Allcock, and R. Prange, Macromolecules, 34, 6858 (2001).

H. R. Allcock, R. Prange, and T. J. Hartle, Macromolecules, 34, 5463 (2001).

H. R. Allcock, W. R. Laredo, C. R. deDenus, and J. P. Taylor, Macromolecules, 32,
7719 (1999).

S. Forster and E. Kramer, Macromolecules, 32, 2783 (1999).

L. Pemberton, R. de Jaeger, and L. Gengembre, Polymer, 39, 1299 (1998).

Y. M. Sun, C. L. Lin, Y. K. Chen, and C. H. Wu, J. Membrane Science, 134, 117
(1997).

M. B. McIntosh, T. J. Hartle, and H. R. Allcock, J. Am. Chem. Soc., 121, 884 (1999).
H. R. Allcock, T. J. Hartle, J. P. Taylor, and N. J. Sunderland, Macromolecules, 34,
3896 (2001).

H. R. Allcock, E. C. Kellam, III, and M. A. Hofmann, Macromolecules, 34, 5140
(2001).

I. I. Selvaraj and V. Chandrasekhar, Polymer, 38, 3617 (1997).

G. A. Carriedo, F. J. G. Alonso, P. A. Gonzalez, and J. L. Garcia-Alvarez, Macro-
molecules, 31, 3189 (1998).

J. M. Nelson, A. P. Primrose, T. J. Hartle, and H. R. Allcock, Macromolecules, 31,
947 (1998).

Y. W. Chen-Yang, J. J. Hwang, and A. Y. Huang, Macromolecules, 33, 1237 (2000).
V. Konar, O. Yilmaz, A. 1. Oztirk, S. Kirbag, and M. Arslan, Bioorg. Chem., 28, 214
(2000).

A. 1. Ozturk, O. Yilmaz, S. Kirban, and M. Arslan, Cell Biochem. Funct., 18, 117
(2000).

0. Yilmaz, F. Aslan, A. 1. Ozturk, N. S. Vanly, S. Kirbag, and M. Arslan, Bioorganic
Chemistry (in press).

S. Riesel, A. Herrmann, A. Pfiitzner, J. Steinback, and B. Thomas, Phosphorus
Chemistry Proceedings of the 1981 International Conference, Am. Chem. Soc., 297
(1981).

J. Emsley, J. Moore, and P. B. Udy, JJ. Chem. Soc. A, 2863 (1971).

M. Becke-Goehring, T. Mann, and H. D. Euler, Chem. Ber., 94, 193 (1961).

M. Becke-Goehring, A. Debo, E. Fluck, and W. Goetze, Chem. Ber., 94, 1383 (1961).
M. Becke-Goechring and E. Fluck, Inorg. Synth., 8, 92 (1961).

R. A. Shaw, Pure Applied Chem., 52, 1063 (1980).

R. A. Shaw, J. Organomet. Chem., 341, 357 (1988).

J. Heubel, A. Mazzah, and R. de Jaeger, Phosphorus Sulfur, 40, 53 (1989).

G. Bulloch and R. Keat, Inorganica Chemica Acta, 33, 245 (1979).

Z. Kilig, N. Giindiiz, M. Yildiz, et al., Heteroat Chem., 5, 349 (1994).

H. R. Allcock, D. C. Ngo, M. Parvez, and K. J. Visscher, J. Chem. Soc. Dalton Trans.,
1687 (1992).

A. Kilig, S. Begeg, Z. Kili¢, and T. Hokelek, J. Mol. Struc., 516, 255 (2000).

A. A. Khodok, V. G. Gilyanov, I. Shcerbina, and M. I. Kabachnic, Izvest Akad Nauk
S.S.S.R. Ser Kim., 1884 (1979).

H. R. Allcock, D. C. Ngo, M. Parvez, R. R. Whittle, and W. 1. Birdsall, /. Am. Chem.
Soc., 113, 2628 (1991).

A. 1. Ozturk, A. I. Master Thesis, Firat University, Elzig, Turkey (1995).

T. Hokelek, N. Akduran, S. Bege¢, A. Kili¢, and Z. Kili¢, Acta Cryst. C, 56, 1404
(2000).



10: 41 28 January 2011

Downl oaded At:

Synthesis and Characterization of Cycloalkoxy-Linear Phosphazenes 2105

[46] E. Cil, M. Arslan, F. Aslan, and A. 1. Ozturk, Phosphorus, Sulfur, and Silicon
(accepted).

[47] A. Kilig, Z. Kili¢, and A. Shaw, Phosphorus, Sulfur, and Silicon, 56, 157 (1991).

[48] A. Maracek, Collect. Czech. Chem. Commun., 55, 2453 (1990).

[49] M. Arslan, F. Aslan, and A. I. Ozturk, Heteroatom Chem. (in press).



