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CHEMISTRY

Academician Vikt. I. SPITSYN, N. A. AFANAS EVA, A. K. PIKAEV,
I. D. KOLLI and P. Ya. GLAZUNOV

RADIATION METHOD FOR THE SYNTHE-
SIS OF CERTAIN DERIVATIVES OF PHOS-
PHONITRILE CHLORIDE

Among inorganic polymeric compounds possessing plastic properties, phospho-
nitrile chloride (PNCl,),, (17®) is of greatest interest. However, the practical
application of this relatively heat-resistant polymer is hindered by its rather easy
hydrolyzability. The introduction of certain organic substituents (for example,
alkoxy radicals) into the phosphonitrile chloride molecule leads to a consider-
able increase in its stability with respect to hydrolysis (%'19). But to obtain such
derivatives, prolonged heating of a mixture of reagents is usually necessary. At
the same time their yields, as a rule, are low. For example (°), n-butyl phospho-
nitrile ether [PN(OC,Hy),], is formed only after heating at 117° for 13 hours
a mixture of phosphonitrile chloride, n-butyl alcohol, and sodium or potassium
butylate.*

At present, the action of penetrating radiation is finding ever wider use in the
synthesis of organic compounds (1) and in the preparation of inorganic products
(12). We investigated the possibility of synthesizing butyl phosphonitrile ether
by irradiating, with a high-energy electron beam, a mixture of phosphonitrile
chloride tetramer and n-butyl alcohol at room temperature.

The tri- and tetramer of phosphonitrile chloride were synthesized by the pro-
cedure of (13). Butyl alcohol was purified beforehand and absolutized. The
radiation source was a 1.0-1.2 MeV electron accelerator consisting of a verti-
cal sectioned tube for direct acceleration and a cascade valve-capacitor voltage
multiplier (14). The solutions were irradiated in glass cells with a thin glass
membrane. The dose-rate value was monitored by measuring the electron cur-
rent in the solution, which was carried out with the aid of a molybdenum probe
sealed into the cell. In experiments with n-butyl alcohol, for cooling the solu-
tion and uniformly stirring it, air saturated with vapors of n-butanol was passed
through the cell. The course of the reaction was monitored by the change in
the viscosity of the solution with the aid of an Ostwald viscometer, and also by
determining the chlorine content in the compounds formed. It was established
that, under the action of a stream of fast electrons on solutions of phosphonitrile
chloride tetramer in n-butyl alcohol, substitution of both chlorine atoms in the
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phosphonitrile chloride molecule by butoxy radicals occurs.

Below is a description of one of the typical experiments for isolating butyl phos-
phonitrile ether. Eighty ml of a 5% solution of phosphonitrile chloride tetramer
in absolute n-butyl alcohol was irradiated for 6 hours with electrons of energy
0.6 MeV at a current strength in the solution of 3 uA. The integral dose was
1.5-10%2 eV/ml. During irradiation, air was passed through the solution. In the
course of the experiment the temperature did not exceed 30°. After irradiation,
the n-butanol was distilled off in vacuo with heating—

* The author of (?) does not give the yield of the reaction product. We re-
produced the procedure described by him. It turned out that the yield is only
28%.

on a water bath. A viscous brown liquid with an unpleasant odor was found
in the residue. Its analysis corresponded to the phosphonitrile ester of n-butyl
alcohol:

Found, %: C 50.10; H 9.04
[PNOCsHo)olo- (aleulated, %: € 50.26: H 9.42

The yield of the product was 45%, i.e., almost twice as high as by the method
of (9).

Table 1

Change in viscosity and chlorine content in a 5% solution of tetrameric phos-
phonitrile chloride in n-butanol as a function of the integral electron-irradiation
dose (0.6 MeV)

Integral Solution Integral Solution
irradia-  viscos- Chlorine irradia-  viscos- Chlorine
Irradiation  tion ity, con- Irradiation tion ity, con-
time, dose, cen- tent,* time, dose, cen- tent,*
min  eV/ml tipoises % min  eV/ml tipoises %
0 0 3.243 100 10 8.0- 3.274 22.8
1020
2 1.6 - 3.126 24.7 12 9.6 - 3.232 16.2
1020 1020
4 3.2 3.329 23.2 14 1.1- 3.357 14.5
1020 1021
6 4.8- 3.417 27.8 20 1.6 - 3.362 13.8
1020 1021
8 6.4 - 3.550 29.2
1020
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Fig. 1. Change in viscosity of a 5% solution of tetrameric phosphonitrile
chloride in n-butyl alcohol as a function of the integral irradiation dose

Figure 1: Fig. 1. Change in viscosity of a 5% solution of tetrameric phosphoni-
trile chloride in n-butyl alcohol as a function of the integral irradiation dose

* In the unirradiated solution, the chlorine content was taken as equal to 100%.

Table 1 gives the results of measuring the viscosity of irradiated 5% solutions of
the tetramer in n-butyl alcohol and of determining the chlorine content in the
products obtained. Mean values of 2-4 measurements are given. The error in
determining the viscosity did not exceed 1%.

Figure 1 shows the characteristic change in viscosity of a 5% butanolic solu-
tion of the tetramer as a function of the integral irradiation dose. It may be
concluded that the process of radiolytic interaction of phosphonitrile chloride
with n-butyl alcohol is complex in character. The sharp decrease in chlorine
content and the decrease in viscosity at the initial moment of irradiation are
apparently due to the occurrence of a chain substitution reaction. In this case,
the dissolved substance is probably acted upon chiefly by hydrogen atoms aris-
ing during radiolysis of n-butyl alcohol (for example, according to the scheme
CH;CH,CH,CH,0OH — CH;CH,CH,CHOH + H). As a result of interaction
with atomic hydrogen, the tetramer ring is cleaved, radicals of the monomer
and dimer are formed, and chlorine atoms are eliminated in the form of HCI

Fig. 1. Change in viscosity of a 5% solution of tetrameric phosphonitrile chloride
in n-butyl alcohol as a function of the integral irradiation dose

4H + (PNCL,), — 2(PNCl), + 4HCl (1)
or
4H + (PNCL,), — 4PNCI + 4HCI, (1a)
H + PNCI — PN + HC, (2)
PNCI + C,H,0H — PN(OC,H,), + HCl, (3)
PNOC,H, + C,H,0H — PN(OC,H,), + H, (4)
PN + 2C,H,0H — PN(OC,H,), + 2H. (5)
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The hydrogen atoms obtained by reactions (4) and (5) again react with the
tetramer, etc.

However, upon further irradiation, owing to the high concentration of the hydro-
gen chloride being formed, along with cyclization the reverse reaction between
HCI and the butoxy derivatives is also possible. This is indicated by the results
of chlorine analyses (Table 1). Therefore a maximum appears on the curve in
Fig. 1. The second minimum, apparently, is due to suppression of the reverse re-
action. The increase in the viscosity of the solution at high values of the integral
irradiation dose is probably explained by cyclization of the butoxy-substituted
compound with subsequent formation of polymeric chain molecules.

The radiation method for obtaining butyl phosphonitrilic ether has a number of
advantages in comparison with the usual methods of its synthesis: higher yield,
ease of isolation from the reaction mixture, and a low reaction temperature.

The influence of ionizing radiation on a 2% solution of the phosphonitrile chlo-
ride trimer in absolute dioxane was also studied. Upon irradiation with electrons
of energy 0.8 MeV, the viscosity of the dioxane solution at first increased con-
siderably; then the formation of a white flocculent precipitate was observed.
Prolonged standing (for 3 months) of the initial solution also led to an analo-
gous result. After removal of dioxane by distillation in vacuo, the residue was
analyzed (Table 2).

Table 2

Analysis of compounds obtained from the dioxane solution of the phosphonitrile
chloride trimer

Experimental
conditions:
Concentration integral Experimental
of trimer irradiation conditions: Results of  Results of

Experiment in dioxane, dose, reaction analyses, analyses,

No. % eV/ml duration %: C %: H

1 3 — 3 months 26.71 4.52

2 2 1.6 - 10?2 2 h 26.82 4.34

Calculated Calculated Calculated Calculated 28.48 4.75
for for for for

(PNCIC, HyO§PNCIC, Hy O4PNCIC, H O4PNCIC, H O,) .

According to the analyses, the substance formed in dioxane has the composition
(PNCIC,HgO,),, i.e., it is the product of substitution of one chlorine atom of
phosphonitrile chloride by a dioxane molecule. This compound is characterized
by considerable resistance to hydrolysis: it does not decompose even on boiling
with alcoholic alkali. The structure of the compound obtained is subject to
further study.
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