
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 25 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Macromolecular Science, Part A
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597274

Cyclotriphosphazatriene Derivatives. XXIX. Reaction of
Cyclophosphazatriene Dichloride With Sodium Hydrosulfide
M. Kajiwaraa; H. Saitoa; K. Yamadab; S. Itob

a Department of Applied Chemistry Faculty of Engineering, Nagoya University, Nagoya, shi, Japan b

Government Industrial Development Laboratory Hokkaido, Sappro, shi, Japan

To cite this Article Kajiwara, M. , Saito, H. , Yamada, K. and Ito, S.(1974) 'Cyclotriphosphazatriene Derivatives. XXIX.
Reaction of Cyclophosphazatriene Dichloride With Sodium Hydrosulfide', Journal of Macromolecular Science, Part A, 8:
6, 1023 — 1031
To link to this Article: DOI: 10.1080/00222337408066417
URL: http://dx.doi.org/10.1080/00222337408066417

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597274
http://dx.doi.org/10.1080/00222337408066417
http://www.informaworld.com/terms-and-conditions-of-access.pdf


J. MACROMOL. SCI.-CHEM., A8(6), pp. 1023-1031 (1974) 

Cyclotriphosphazatriene Derivatives. XXIX. 
Reaction of Cyclophosphazatriene Dichloride 
with Sodium Hydrosulfide 

M. KAJIWARA and H. SAITO 

Department of Applied Chemistry 
Faculty of Engineering 
Nagoya University 
Nagoya-shi, Japan 

and 

K. YAMADA and S. IT0  

Government Industrial Development Laboratory 
Hokkaido, Sappro-shi, Japan 

A B S T R A C T  

The chlorine substitution reaction of trimeric dichlorocyclo- 
phosphazene with sodium hydrosulfide has been examined. 
The reaction proceeded easily in dioxane and THF solutions. 
The reaction product, which had the chemical composition 
P3 N3 S sH 6, was examined by P-NMR and IR spectroscopy. 
Further, i t  is suggested that the product was  polymerized by 
heating with hydrogen sulfide, and the polymer (PNS) was 
formed. 
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I N T R O D U C T I O N  

Trimetathiophosphimic acid was first  prepared by Stokes in 1895 
[ 11. Recently, several studies [ 2 1 have been reported on the prepa- 
ration of tr i-  and tetrametathiophosphimic acid by the reaction of 
cyclophosphazatriene and cyclophosphazatetraene chlorides with 
hydrogen sulfide, and the reaction of cyclophosphazatriene in dry 
pyridine with thiourea or  arhmonium thiocyanate, followed by treat- 
ment with EtOH and HC1 a t  pH 1 - 2, gave trimetathiophosphimic 
acid. 

Alternatively, phosphorus thionitride (PNS), has been prepared by 

Glatzel 131 and Stock e t  al. [4] by ammonolysis of phosphorus penta- 
sulfide. In this paper, the chlorine substitution reaction of trimeric 
dichlorocyclophosphazene with sodium hydrosulfide is inrestigated, 
and the structure and polymerization of the product a re  :;eported. 

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

Trimeric dichlorocyclophosphazene (PNC12 )J was  prepared by the 
reaction of phosphorus pentachloride (PCls ) with ammonium chloride 
(N& Cl). Pure trimer can be obtained after several fractional crys- 
tallizations from petroleum. 

ethoxide (EtONa) with hydrogen sulfide (Hz. S) in ethanol. The sodium 
hydrosulfide was  purified by several recrystallizations from ethanol 
and ether. 

IR spectra were obtained for the products using the pressed KBr 
disk technique. "P-NMR spectra were determined for the products 
using nitromethane solvent a t  25°C for 24 MHz. 

Sodium hydrosulfide (NaSH) was prepared by the reaction of sodium 

R E S U L T S  

Trimeric dichlorocyclophosphazene, 3.36 g (0.01 mole), and 
sodium hydrosulfide, 3.48 g (0.06 mole), were reacted together in 
25 ml of dioxane at  30°C for 24 hr. Then the reaction mixture was 
separated by filtration. The residue thus obtained was examined by 
x-ray diffraction analysis, and the results are shown in Fig. 1. It 
was concluded that a part  of the residue was  sodium chloride. 

The conversion was determined by the Volhard method, and the 
results are  given in Table 1. The reaction was also run in dioxane 

The same reaction was run in several  solvents a t  30°C for 24 hr. 
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FIG. 1. X-ray diffraction analysis. 

under various experimental conditions. The results are shown in 
Tables 2 and 3, and Fig. 2. 

under reduced pressure. Pure product was obtained by reprecipita- 
tion from an ethanol/carbon tetrachloride mixture. The chemical 
analysis of the product is given in Table 4. IR and 3'P-NMR spectra 
of the product a r e  shown in Figs. 3 and 4, and the DTA curves are 
shown in Fig. 5. 

The gas formed by heating a t  162°C was examined by gas chro- 
matography. It was found to contain large amounts of hydrogen 
sulfide. 

The heat-treated material w a s  investigated by IR spectra. I t  
showed a diffuse band in the 1250 cm-' region and the band charac- 
teristic for the S-H group in the range of 3450 to 3300 cm-'  had 
disappeared. 

980 cm-' and 500 to 540 cm-'  [ 51. 

After termination of the reaction, the filtrate was evaporated 

The P-S and P=S frequencies were detected in the region 930 to 

DISCUSSION 

Since sodium chloride was detected by x-ray analysis and the 
product was investigated by IR, "P-NMR spectra, and chemical 
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TABLE 1. Reaction Percent Obtained for the Reaction of Phos- 
phazatriene Chloride with Sodium Hydrosulfide in Several Solvents 
at  30°C for 24 hr 

~ 

Solvent 

~ ~~ ~~ ~~ ~ ~ 

Dielectric Specific Dipole 
constant, conductivity, moment, Reaction 
E P K percent 

Methanol 

Ethanol 

Acetone 

Methyl ethyl ketone 

Acetonitrile 

Dioxane 

Ether 

THF 

Carbon tetrachloride 

Carbon disulfide 

Chloroform 

Benzene 

Toluene 

Nitr omethane 

Cyclohexane 

n-Buthylamine 

78.5 
24.3 
20.7 
18.5 

37.5 
2.21 
4.34 

2.23 

4.8 
2.27 
2.4 
35.9 
2.02 
5.3 

1.84 
1.68 

2.72 
2.75 
3.37 
0.45 
1.15 

0 

1.15 

0 
0.39 
3.17 
0 

1.4 

4.41 x lo-' 14.58 

1.5 x lo-' 41.58 
5.8 X lo-' 63.36 
1 x lo-' 70.24 

5-9 x lo-' 57.86 
5 X 86.29 
1 X 59.05 

51.58 
4 x lo-= 4.59 

3.62 
1 x 10-l' 3.88 
1 x 1 0 - l ~  3.93 
1.4 x lo-" 2.62 
5-9 X lo-' 73.91 
- 3.63 
- 68.08 

TABLE 2. Reaction Percent at  Various Temperatures when the 
Molar Ratio of NaSH to (NPC12)s Was  6 

Reaction temp 
("0 Reaction percent 

20 
30 
55 
75 

74.85 

86.29 
75.64 
70.83 
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TABLE 3. Relationship between Molar Ratio of NaSH/(NPC12)3 and 
Reaction Percent at 30°C for 24 hr  

~~ 

Molar ratio 
NdH/  (NPC12 )3 Reaction percent 

6 

10 
12 

18 

24 

86.27 

87.35 
88.00 

95.12 
100.00 

- 100 I J 

Reaction time (hr )  

FIG. 2. The relationship between time and reaction percent at 30°C. 

TABLE 4. Chemical Analysis of the Product 

Chemical Calcd (%) Found (%) 
composi- Molecular Molecular 
tions P N S  weight P N S  weight 

p~N3SsHs 27.78 12.98 59.35 330 28.12 12.81 58.90 359 
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FIG. 3. IR spectra of the product and sodium hydrosulfide. 

FIG. 4. "P-NMR spectra of the product. 
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FIG. 5. DTA of the product. In open air, 5"C/min. 

analysis, the substitution reaction of the cyclophosphazene with 
sodium hydrosulfide can be written as 

(PNC12)3 + 6NaSH - [ NP(SHhI3 + GNaC1 

I 

This reaction proceeded readily in dioxane or THF. Structure II is 
proposed as the structure of the product [NP(SH)2Is: 

N 
HS' I 

N 

II 
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KAJZWARA ET AL. 1030 

The product was soluble in polar solvents but not water, and was 
surprisingly soluble in nonpolar solvents. It had a melting point of 
about 98°C. On the other hand, i t  was reported by Yanik and 
Zheshutko that the product they obtained was soluble in water and not 
soluble in most organic solvents. Further, the S-H frequency was 
detected in the range of 2535 to 2485 cm-'. This absorption is more 
probable for an N-H group than for S-H [ 61. 

[ 2 ] was Structure 111. 
It is suggested that the product obtained by Yanik and Zheshutko 

H 
I 

I 

H-N N-H 

'P' 

HS 

I11 

When Structure I1 was  heated at  162"C, hydrogen sulfide was 
evolved and the product has a band in the region 500 to 550 cm-', 
corresponding to the PS group. It is proposed that this resulted 
from condensation polymerization of Structure II: 

II[NP(SH)~ - [ PNSIn + nH2 S 

IV 

Product IV did not melt, was stable to over 400°C, and was insoluble 
in most organic solvents and water. It was therefore very similar in 
properties to the compound (PNS), obtained by Glatzel [3] .  
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