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The phosphonitrilic chlorides easily undergo nucleophilic substitution reactions. However, an effort to prepare triphos
phonitrilic benzoate by a solid phase reaction of (NPC12)3 with sodium benzoate resulted surprisingly in benzonitrile, benzoic 
anhydride and a phosphorus compound believed to be a precursor of trisodium metaphosphate. Although benzoic acid 
did not give the nitrile, benzoic acid in the presence of pyridine did. Reaction with the sodium salts of acetic, ^-methoxy-
benzoic, lauric and ^-chlorobenzoic acids gave the corresponding nitriles. A mechanism has been developed for these 
reactions and is based on the substitution of oxygen for nitrogen in the phosphonitrile ring. 

I. Introduction 
The chlorine atoms on cyclic tri- and tetraphos-

phonitrilic chloride can be replaced through 
nucleophilic reactions and various investigators 
have combined alcohols,2-4 alcoholates,6 phenols 
and phenolates6 and amines7-10 with them to form 
substitution products. We have been studying 
substitution reactions of the phosphonitriles and, 
as part of this work, treated trimeric phosphonitrilic 
chloride with anhydrous sodium benzoate in the 
absence of solvent hoping to obtain [NP(CeH6-
COO)2] 3- On heating the reaction mixture, how
ever, a vigorous reaction took place with forma
tion of a colorless liquid which, on isolation, was 
found to be benzonitrile. Other reaction products 
were found to be NaCl, benzoic anhydride and a 
phosphorus-containing compound whose identity 
could not be established conclusively. Although 
benzoic acid in the presence of pyridine also gave 
benzonitrile and benzoic anhydride, benzoic acid 
alone gave benzoyl chloride and no benzonitrile. 
Reaction of (NPCU)S with the sodium salts of 
acetic, lauric, ^-methoxybenzoic and ^-chloro-
benzoic acids also gave the corresponding nitriles 
and the acid anhydrides. 

II. Experimental 
The (NPCbJ3, m.p. 114.0," was obtained from Albright 

and Wilson, Ltd. , Birmingham, England. The sodium ben
zoate was anhydrous U.S.P. grade, dried at 105° to constant 
weight before use. 

A mixture of 13.35 g. (0.0384 mole) of (NPCl2)j and 50.00 
g. (0.347 mole) of sodium benzoate (1:9 mole ratio) were 
ground together and placed in a 250 ml. round bottom flask 
fitted to a condenser, drying tube, liquid N2 t rap and a trap 
containing standard NaOH. A precision thermometer was 
suspended in the inner condenser tube with its bulb immersed 
in the reaction mixture. Flask temperature was increased 
gradually by means of a manually-controlled heating man
tle ; mantle and reaction mixture temperatures were recorded 
during the run. No indication of reaction was noted until 
the mantle temperature reached 110-120°. At this point, 
the reaction temperature, which had been about 30° below 
mantle temperature, rose sharply to about 240° and heating 
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was terminated. The reaction temperature spurt occurred 
about 45 minutes after heating was begun and over-all re
action time was 60 minutes. Simultaneously with the tem
perature increase the mixture began to react vigorously and 
a colorless liquid was observed to be forming and condens
ing. It was apparent that the reaction began as soon as the 
(NPCU)3 melted. [A similar reaction with benzoic acid gave 
a temperature rise when 110-120° was reached but one of 
lesser magnitude, the reaction temperature, at its maxi
mum, remaining below mantle temperature.] 

After completion of reaction, no material was found in the 
cold t rap, the normality of the NaOH solution was un
changed, and the flask and contents weighed the same as be
fore reaction. The products were treated with CCl4 and the 
residue was extracted with additional CCU for 90 hr. in a Sox-
hlet extractor. The combined CCl1 solutions were distilled 
up to 77° at atmospheric pressure, the residue transferred to a 
small still pot and again distilled up to 77° at atmospheric 
pressure. A final distillation was then done at 35° and 1-2 
mm. pressure, using a Dry Ice t rap . There resulted 22.91 
g. of residue, 0.49 g. of material in the trap and 6.91 g. of 
benzonitrile, nMD 1.5282, lit. value nwu 1.5289. The benzo
nitrile was further confirmed by infrared analysis. The resi
due was subjected to vacuum sublimation at 60° and 1 mm. 
pressure for 48 hr. to give 19.61 g. of a white, crystalline 
compound m.p . 41.2°, hydrolyzable to benzoic acid, and 
identified as benzoic anhydride, literature m.p. 42°. 

The CCl4-insoluble reaction products were extracted with 
anhydrous methanol to remove NaCl and unreacted sodium 
benzoate. The extract was treated with dilute H2SO4 to 
isolate the latter as benzoic acid. This gave 4.29 g. of a 
crystalline material, m.p. 122°, and identified as benzoic 
acid, indicating that 5.07 g. of sodium benzoate had not re
acted. Also extracted by the methanol was 11.23 g. of a 
white crystalline compound containing no phosphorus, 
57.9% Cl (Cl calcd. for NaCl, 60.3%) and further identified 
by X-ray diffraction as NaCl. The methanol-insoluble 
residue was found to contain some NaCl, which a second ex
traction removed completely giving a white, water-soluble 
residue, which contained no chlorine, and 2.4, 27 and 18.8% 
of N, P and Na, respectively (flame photometry). 

The reactions with the sodium salts of acetic, ^-methoxy-
benzoic, lauric and p-chlorobenzoic acids were carried out in 
similar fashion. In all cases, the corresponding nitrile and 
acid anhydride were positively identified by infrared spectra 
and refractive index. 

III. Discussion 
The following reactions are proposed as leading 

to the observed formation of nitriles. The first 
step involves the usual nucleophilic substitution 
reaction, (NPC12)3 + 6C6H6COONa -*• [NP-
(OOCC6H6)2]3 + 6NaCl. The presence of two 
groups, oxygen-bonded to phosphorus, results in 
a tautomeric rearrangement to O O 

- N x Il Il 
>P-0 -C-C 6 H 5 

- N < 

O = C - C 6 H 6 (I) 

Such a rearrangement has been shown12 to take 
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place when (NPCl2) 3 is hydrolyzed. The product, 
instead of being the anticipated triphosphonitrilic 
acid, [NP(OH)2] 3, is instead trimetaphosphimic 
acid, [HNP(O)OH]3. 

The presence of the = P - 0 group in (I) en
hances the dissociation of the —OCOCeH6 group 
which, together with excess sodium benzoate, 
will split out benzoic anhydride and leave a substi-
tuted-metaphosphimate structure. We believe 
that this will rearrange to split out benzonitrile 
with concurrent formation of a P-O-P bond in 
place of the P-N-P, all without rupture of the ring 
structure. 

This type of reaction has been shown to occur 
by Narath, Lohman and Quimby13 who studied 
the hydrolysis of trimetaphosphimate ion and 
found the reaction to proceed largely through 
intermediate ring compounds with oxygen re
placing the original imide linkages successively and 
at decreasing rates. 

The nitrile formation mechanism presented 
above would give, if occurring for all NPCl2 
units, the stoichiometry 
(NPCl2)a + 9C6H6COONa >• 
3C6H6CN + 3(C6H6CO)1O + (NaOP02)3 + 6NaCl (1) 
The sodium benzoate reaction was studied care
fully and efforts were made to isolate and identify 
all reaction products. The reaction mixture, 
13.35 g. (0.0384 mole) of (NPC12)S and 50.00 g. 
(0.347 mole) of sodium benzoate represented a 
1:9 mole ratio. For complete reaction in accord 
with (1), there should have been formed 0.115 mole 
each of benzonitrile and benzoic anhydride, 0.038 
mole of sodium trimetaphosphate and 0.230 
mole of NaCl. Actually, 0.035 mole of sodium 
benzoate (about 10% of the starting weight) was 
recovered, indicating incompleteness of some re
action. However, 0.192 mole of NaCl and 0.090 
mole of benzoic anhydride were found, quantities 
quite close to those expected. The amount of 
benzonitrile isolated (0.067 mole) was approxi
mately 2/3 of theoretical, indicating that the elimi
nation-rearrangement to give this compound did 
not occur for the third nitrogen in the ring. This 
finding, too, is in accord with the results obtained 
by Narath, Lohman and Quimby, who found that 
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hydrolysis of the third nitrogen takes place very 
slowly. 

The phosphorus-containing reaction product 
which, for complete reaction, would be sodium 
trimetaphosphate, could not be identified as such. 
Thus, X-ray diffraction showed it to be amorphous 
and its infrared absorptions did not correspond with 
those reported by Corbridge and Lowe14 for various 
metaphosphates. The compound was found to 
contain 2.4% nitrogen, further confirmation of the 
fact that substitution by oxygen was not complete. 
It is probable that greater reaction time would give 
complete conversion to the metaphosphate. 

The fact that reaction of phosphonitrilic chlo
ride with benzoic acid did not give benzonitrile 
can be attributed to the HCl formed as a by
product of the nucleophilic substitution reaction. 
The use of pyridine as an acid acceptor precludes the 
formation of benzoyl chloride as a secondary 
reaction and leads to the nitrile. 

Recently, Burg16 reported a reaction between 
(NPCl2) 3 and silver perfluoroacetate in which 
CF3CN and (CF3CO)2O were formed. Burg gave 
for this reaction the equation 

135° 
(NPCl2)J + 3AgOOCCF3 >- 3AgCl + 

suddenly 

3A(CF3CO),0 +- [(NPCl)2O]x 
x 

and 10% yield of CF3CN, together with minor 
amounts of some other products. This differs 
somewhat from our results in several respects. 
We found substantially all the chlorine present as 
NaCl, our acid anhydride was in accord with equa
tion 1, the nitrile was a major reaction product, 
and our results indicate that at completion of re
action, the phosphorus will exist as a trimetaphos
phate. 
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