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Reaction of Chlorophosphazenes with 1,2-Epoxides 

B. LASZKIEWICZ and H. STRUSZCZYK 

Institute of Man-Made Fibers 
Technical University of Lodz 
Lddi, Poland 

A B S T R A C T  

Studies on the reaction of chlorophosphazenes with 1,2- 
epoxides with a catalyst, in the presence or absence of solvent, 
a re  discussed. The physicochemical properties of the ob- 
tained chlorophosphazenes a re  described as well as the results 
of infrared spectroscopic measurements and examination of 
thermal properties. 

Phosphazenes a re  included among phosphorus-containing com- 
pounds extensively used for many applications from biologically 
active agents to thermally stable plastics [ 1-71. There is consider- 
able interest in this group of compounds, as a consequence of the 
high reactivity of the chlorophosphazenes, 

c1  

which a re  parent substances for many syntheses [ 1, 2, 41, giving 
products with very valuable properties. The reaction of chlorophos- 
phazenes with alcohols and phenols is of great importance in industry 
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2 144 USZKIEWICZ AND STRUSZCZYK 

[ 1, 7- 141. Alkoxy- and aryloxyphosphazenes obtained in this reaction, 
owing to the presence of the P-0-C group which is relatively resist-  
ant to hydrolysis, are used as flame retardants for lastics and man- 
made fibers, particularly viscose fibers [ 11, 15-17f. 

Chlorophosphazenes have special importance among the agents 
designed for viscose fibers, This is due to the synergism arising 
from the presence of chlorine atoms in the molecule containing 
phosphorus atoms [ 18, 191. Up to now, some of these compounds 
have been obtained by prolonged reaction of phosphazenes with suit- 
able halohydrines in the presence of a hydrogen chloride acceptor 
111 [Eq. (I)]. 

c1  
2nCsH5N I 

(PNC12)n + 2nHWH2-CH-R 0 [ PN(OCH2-CH-R)2] 
I 
c1  

Based on the literature on the reactions of 1,a-epoxides with 
orthophosphoric acid [ 20-221, phosphonyl chlorides [ 23, 241 
phosphorus oxychloride [ 25, 261 and phosphorus trichloride or tri- 
bromide [ 27-29], one can conclude there is a possibility of reaction 
between chlorophosphazenes and 1,2-epoxides according to the scheme 
shown in Eq. (2). 

cat. 

where 

O < X % 2  

R =-H, -CHS, -CH2C1, -CsH5 

In our Institute we have confirmed the possibility of this reaction 
[ 30-321 and have prepared a ser ies  of chloroalkoxyphosphazenes. 
References which appeared recently [ 33, 341 have supported our 
research results. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
4
4
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



REACTION OF CHLOROPHOSPHAZ ENES 2145 

The present paper is concerned with the reactions of chlorophos- 
phazenes with 172-epoxides by use of anhydrous aluminum chloride 
as catalyst in the presence or absence of solvent. The properties of 
the products obtained are  also described. 

E X P E R I M E N T A L  

Chlorophosphazene oligomers obtained in the reaction of phos- 
phorus pentachloride with ammonium chloride [ 351 were used for 
synthesis of chloroalkoxyphosphazenes. The properties of the start-  
ing materials are given in Tables 1 and 2. 

Anhydrous aluminum chloride (BDH Chem. Ltd., England) was 
used as catalyst. Synthesis of chloroalkoxyphosphazenes was per- 
formed both in the presence of organic solvents, of which 1,1',2,2'- 
tetrachloroethane appeared to be most suitable, and without solvents. 
The reaction between chlorophosphazenes and 172-epoxides was 
carried out in a four-necked flask equipped with liquid-sealed s t i r rer ,  
a dropper (or a bubbler for the introduction of ethylene oxide), a 
thermometer and a reflux condenser. Chlorophosphazenes, anhydrous 
aluminum chloride, and solvent, i f  used, were introduced into the 
reaction flask. The contents of the flask were mixed for 15 min and 
then a suitable 1,a-epoxide was introduced. The reaction was stopped 
after a specified time of heating, and the product was washed suc- 
cessively with dilute aqueous hydrochloric acid, sodium carbonate, 
and water to neutrality. Then the solution was dried with anhydrous 
sodium sulfate and the solvent was distilled off under a reduced 
pressure. The chloroalkoxyphosphazenes thus obtained were purified 
with activated carbon in carbon tetrachloride. The solvent was re- 
moved by distillation after the purification, and the residue constitut- 
ing the reaction product was dried at 60-70°C under a pressure of 
9.8 X lo4 N/m2. 

The conditions of the reaction of chlorophosphazenes with 1,2- 
epoxides a re  given in Table 3. 

The obtained phosphazene compounds were subjected to a quanti- 
tative microanalysis. The carbon and hydrogen content was determined 
by the Praegl method, phosphorus content by the PUschell method, and 
nitrogen content according to the Dumas method. The obtained prod- 
ucts were also examined by infrared spectroscopy with the use of 
a Specord 71 IR instrument. 

To determine the thermal behavior of the products, examinations 
were performed in the temperature range 20- 500°C in air, a t  a heating 
rate  of 10"C/min by use of a MOM instrument (Budapest, Hungary) 
based on the system of F. Paulik, I. Paulik, and L. Erdey. 
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TABLE 4. Effect of Anhydrous Aluminum Chloride Catalyst on the 
Properties of Reaction Product of Chlorophosphazene Cyclic 
Oligomers with Propylene Oxide (Synthesis Conditions Type I) 

Product 

Amount of AlCb Analysis 
(mole/mole of 
PNC12) Melting point ( C) c (%I H (%) 

0 87-88 - - 
0.4345 Thick liquid 7.6 1.1 
1.738 Thick liquid 16.4 2.6 

R E S U L T S  AND DISCUSSION 

The reaction of chlorophosphazenes with l,2-epoxides and proper- 
ties of the resulting products depend on a number of factors: the 
amount of catalyst used, time and temperature of the reaction, and 
the ratio of reacting substances. The catalyst, i.e., anhydrous 
aluminum chloride, exerts a great influence on the synthesis of 
chloroalkoxyphosphazenes. The effect of the amount of anhydrous 
aluminum chloride on the properties of the product obtained in the 
reaction of chlorocyclophosphazene oligomers with propylene oxide, 
is shown in Table 4. The results confirm that the extent of reaction 
of cyclic oligomers with propylene oxide is greatly affected by the 
amount of anhydrous aluminum chloride. 

phosphazene oligomers. Linear oli omers, as is well known, a re  
more reactive than the cyclic ones f361. Therefore, a higher extent 
of reaction should be expected for liquid chlorophosphazene oligomers 
with 1,2-epoxide than for the cyclic oligomers. This assumption was 
confirmed experimentally, and the results a r e  shown in Table 5. The 
results of elementary analysis confirm the higher reactivity of liquid 
chlorophosphazene oligomers, as products containing relatively large 
amounts of carbon were obtained with much lower content of the 
catalyst in the reaction medium. The other parameters of this process 
have less  influence [ 321 on the reaction. 

were obtained in the course of these experiments. Their properties 
are given in Table 6. Solubility of the reaction products in typical 
organic solvents was also ascertained. 

A characteristic of the reaction of chlorophosphazenes with 1,2- 
epoxides, a s  is evident from the data given in Tables 3 and 6, is the 
relatively short duration of the reaction and the high yield of the 
product. 

The amount of catalyst depends first of all on the type of chloro- 

Several reaction products of chlorophosphazenes with 1,2-epoxides 
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In this respect the reaction is superior to the synthesis of chloro- 
alkoxyphosphazenes from chlorophosphazenes and halohydrins. An 
additional advantage is the lack of by-products. Based on the experi- 
ments, it can be also stated (Table 6) that the properties of the 
product obtained in the reaction of liquid chlorophosphazene oligomers 
with epichlorohydrin without solvent do not differ greatly from these 
of the product obtained in the presence of solvent. However, carrying 
out the synthesis in the presence of solvent shows several technologi- 
cal advantages: among them, the greater yield of reaction under the 
same operational conditions, 

The general empirical formula of the obtained chloroalkoxyphos- 
phazenes, when liquid oligomers were used, was calculated from the 
results of elementary analysis a s  P6N5Cln( OR) 14-n, where the 
R group depends on the 1,a-epoxide used, and n is a quantity depend- 
ent on the conditions of the process, 0 s n < 14. 

It must be pointed out that the above general empirical formula 
is an approximation of the real  state, even more so as cyclic chloro- 
phosphazenes appear together with the linear ones in the liquid 
oligomers. Thus, the obtained product contains cyclic products as 
well as linear chloroalkoxyphosphazenes. 

A mixture of the chlorophosphazene oligomers was used as a 
starting material in the experiments. The separation of liquid 
chlorophosphazenes (mainly linear oligomers) and cyclic oligomers 
from this mixture requires additional technological operations and 
is justified only i f  the cyclic oligomers were to have different appli- 
cation from the liquid oligomers. It is advisable for economical 
reasons to use a mixture of oligomers, when the products of the 
reaction of chlorophosphazenes with 1,a-epoxides are used as flame 
retardants. 

All the products obtained were investigated by infrared spectros- 
copy. An absorption band was observed at  1040- 1020 cm- 'which is 
characteristic for the stretching vibrations of the aliphatic P-GC 
bonds. 

The products obtained in the reaction of 1,2-epoxides with chloro- 
phosphazenes a re  usually straw-colored or yellow-brown, viscous 
liquids showing neutral or acid reaction for the compounds containing 
free chlorine atoms. 

The obtained chlorophosphazenes were soluble in organic solvents 
such as carbon tetrachloride, chloroform, tetrachloroethane, benzene, 
tetrahydrofuran, and insoluble in methanol and partly in acetone. 

I n f r a r e d  S p e c t r o p h o t o m e t r i c  M e a s u r e m e n t s  
The frequencies of absorption bands, characteristic for the funda- 

mental vibrations of the arrangements of atoms existing in the obtained 
derivatives were determined to define the chemical structure of the 
products obtained in the reaction of chlorophosphazenes with 1,2- 
epoxides. Table 7 shows results of these measurements. Daasch, 
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Smith and others [ 4, 37-41] have shown that the absorption band typi- 
cal for the P-0-C aliphatic stretching vibrations occurs at the fre- 
quency 1088-950 cm-', while the absorption bands of most compounds 
occur at  1030 cm- '. The absorption band typical for the stretching 
vibrations of the chloroalkoxyphosphazenes occurs at  1040- 1030 cm- ' 
[ 4, 371. In our case, the absorption band occurs at 1040- 1020 cm-l .  

Cyclo- and polyphpsphazenes exhibit two typical absorption bands: 
one at  1100-1200 cm-' corresponding to asymmetric P=N stretching, 
and another one at 950-700 cm- ' corresponding to symmetric stretch- 
ing of P = N  [ 41. 

The absorption band corresponding to asymmetric stretching 
vibrations of P=N and arising from a cyclic trimer, is situated at  
1240- 1220 cm- '. The bands are at  1305- 1260, 870, and 840 cm- ' for 
higher oligomers, symmetric stretching vibrations for the cyclic 
tr imer and for higher oligomers, respectively. The shift towards 
higher frequencies of the absorption band typical for P=N of the 
cyclic trimer as compared with hexachlorocyclotriphosphazene can 
be considered a confirmation of the course of reaction between 
chlorophosphazenes and 1,2-epoxides. 

ucts, It can be concluded from the data given in Tables 6 and 7 and 
Figs. 1 4  that 2-chloroalkoxyphosphazenes were obtained. 

Figures 1-4 show infrared spectra for some of the obtained prod- 

T h e r m a l  P r o p e r t i e s  of C h l o r o a l k o x y p h o s p h a z e n e s  

Thermal examination of chloroalkoxyphosphazenes is necessary 
to show the effect of heat on the properties of these compounds, 
which can be vital for establishing their applicability as flame re-  
tardants. The results a r e  given in Table 8. Figure 5 shows the 
curves of thermal changes occurring during the heating of these 
compounds. For (2-ch1oropropoxy)- and (2,3-dichloropropoxy)phos- 
phazenes, a relatively small endothermic effect is observed prior 
to a clear exothermic effect which results from thermal decomposi- 
tion of these compounds. The presence of the endotherm is probably 
related to isomerization of chlorophosphazenes [ 4, 421. 

of chlorophosphazenes with styrene oxide, which is probably due to 
decomposition of the compounds under investigation. Because of 
possible use of the compounds in question as flame retardants, it is 
very important to know the weight loss corresponding to the evolution 
of volatile products during thermal decomposition. Such information 
was provided by TG analysis (Table 8). The maximum weight loss 
in the temperature range 250-400°C, i.e., in the temperature range 
for the cellulose decomposition, was shown by (2,3-dichloropropoxy)- 
phosphazenes. 

A distinct exotherm is observed in the case of the reaction product 

Infrared spectra and the results of elementary quantitative analysis 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
4
4
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



I L 

FI
G

. 
2.

 
IE
€ s

pe
ct

ra
 o

f 
th

e 
pr

od
uc

ts
 o

f 
re

ac
ti

on
 o

f 
pr

op
yl

en
e 

ox
id

e 
w

it
h

 (
a)

 he
xa
ch
lo
ro
cy
cl
ot
ri
ph
os
ph
a-
 

ze
ne

; 
(b
) c

hl
or

op
ho

sp
ha

ze
ne

 c
yc

li
c 

ol
ig

om
er

s;
 (

c)
 ch

lo
ro

ph
os

ph
az

en
e 

liq
ui

d 
ol

ig
om

er
s;

 (
d)

 ch
lo

ro
ph

os
- 

ph
az

en
es

 m
ix

tu
re

. 
- 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
4
4
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



REACTION OF CHLOROPHOSPHAZENES 2159 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
4
4
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



FI
G.
 3

. 
IR
 s

p
ec

tr
a 

of
 t

he
 p

ro
du

ct
s 

of
 r

ea
ct

io
n 

ep
ic

hl
or

hy
dr

in
 w

ith
: 

(a
) 
he
xa
ch
lo
ro
cy
cl
ot
ri
ph
os
ph
a-
 

ze
ne

; 
(b
) c

hl
or

op
ho

sp
ha

ze
ne

 l
iq

ui
d 

ol
ig

om
er

s.
 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
4
4
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



N
 
c
 

03
 
c
 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
4
4
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



T
A

B
L

E
 8

. 
T

he
rm

al
 P

ro
pe

rt
ie

s 
of

 C
hl

or
oa

lk
ox

yp
ho

sp
ha

ze
ne

s 

N
 

h
3 5
 

T
em

pe
ra

- 
T

em
pe

ra
tu

re
 o

f 
T

em
pe

ra
tu

re
 o

f 
M

as
s 

de
cr

em
en

t a
t 

R
an

ge
 o

f 
tu

re
 o

f 
m

ax
. 

en
do

th
er

m
ic

 
ex

ot
he

rm
ic

 e
ff

ec
t 

va
ri

ou
s 

te
m

pe
ra

- 
vi

ol
en

t 
ra

te
 o

f 
ef

fe
ct

 (
"C

) 
( "

C
) 

tu
re

s 
(7

6)
 

w
ei

gh
t 

w
ei

gh
t 

PN
C

lz
 

lo
ss

 
lo

ss
 

M
ax

i-
 

M
ax

i-
 

10
0 

20
0 

30
0 

40
0 

50
0 

C
om

po
un

ds
 

ol
ig

om
er

s 
("

C
) 

("
C

) 
B

eg
in

 
m

um
 

E
nd

 
B

eg
in

 
m
u
m
 

E
nd

 
"C

 
"C

 
"C

 
"C

 
OC

 

(2
-C

hl
or

o-
 

M
ix

tu
re

 
-1

45
- 

23
0 

22
5 

23
0 

23
9 

23
9 

24
8 

38
0 

1
 

20
 

51
 

52
 

54
 

pr
op

ox
y)

ph
os

- 
25

0 
ph

az
en

es
 

(2
,3

-D
ic

hl
or

o-
 L

iq
ui

d 
19

0-
 

25
5 

27
8 

30
0 

pr
 0p

ox
y)

ph
os

- 
3 1

8 
ph

az
en

es
 

(2
,3

-D
ic

hl
or

o-
 M

ix
tu

re
 

22
5-

 
25

3 
20

3 
22

0 
pr

op
ox

y)
ph

os
- 

32
5 

ph
az

en
es

 
(2

-C
hl

or
o-

2-
 

L
iq

ui
d 

17
5-

 
23

3 
- 

- 

et
ho

xy
)p

ho
s-

 
ph

az
en

es
 

ch
lo

ro
ph

en
yl

- 
25

5 

30
8 

30
8 

31
8 

35
7 

2 
13

 
56

 
59

 
65

 

!z ;;" 3 m
 

N
 

22
8 

22
8 

31
5 

38
0 

3 
12

 
63

 
69

 
72

 

c
)
 

- 
23

0 
24

8 
30

5 
1

 
12

 
31

 
33

 
35

 
N

 8 $ c m N
 

n
 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
4
4
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



REACTION OF CHLOROPHOSPHAZENES 2163 

248 
a1 

- 
Temp. I°C) 

!O 100 200 300 400 500 

FIG. 5. Thermograms of the products of reaction: (a) chlorophos- 
phazenes mixture with propylene oxide; (b) chlorophosphazene liquid 
oligomers with epichlorhydrin; (c) chlorophosphazenes mixture with 
epichlorhydrin; (d) chlorophosphazene liquid oligomers with styrene 
oxide. 

lead to the conclusion that 2-chloroalkoxyphosphazenes are formed 
during the reaction of chlorophosphazenes with 1,2-epoxides. The 
amount of catalyst used in the reaction has great effect on the course 
of this reaction. The obtained products are usually straw-colored or  
yellow-brown viscous liquids which a re  water-, alkali-, and acid- 
resistant. 
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