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ABSTRACT 

Pl~osphorisocyani~tidic difl~~oride and phosphorisocyanatidic chloride fluoriclc were prepared. 
Addition reactions with alcohols (phenol) and amines were investigated, leading to carbamato- 
phosphorodifl~~oridates and ~~reidophosphorodiR~~oriclates. 

Phosphorus oxyllalides are used as starting illaterials for the preparation of many 
organopl1osphorus compounds. The reactive halogens call be easily replaced by allcoxy, 
amiclo, ~uercapto groups, etc. The replacement of one of the l~alogens with an isocyanate 
group in the pl~osplloryl halicles increases the versatility of these compou~~ds  and eilables 
the preparatioil of illany new groups of organophosphorus conlpouilds. 

Pl~osphorisocyanatidic clichloride was prepared by Kirsailov ( 2 )  by the interaction of 
ethylcarbarnate and pl~ospl~orus pentacl~loride: 

0 0 
/ // 

CM2-CM?-0-C-NI-I? + PClj  + C1-P-SCO + CrHZCI + SIICI. 
I 

C I 

Phospl~orisoc~a~~atidic  dichloride partially deco~nposes \v11en distilled a t  at~nosplleric 
pressure or when stored a t  rooin teillperat~ire over loilg periods of time. I t  was hoped that 
by prepariilg the corresponding difl~loridate or cl~lorofluoridate lllore stable coinpounds 
would be obtained. These could be useful new polyfunctional reagents for the prepnration 
ol derivatives of fluoropl~osplloric acid (3).  

Phospl~orisocyanatidic dichloride readily reacts with antimony trifluoride, i l l  the 
absence of catalyst, to  give a 90% yield of the correspoildiilg difluoride, without inter- 
acting with the isocyailate group: 

// / - 
GC1-I-'-SCO + 4SbI;s + GF-P-NCO + 4SbC13. 

I 
C 1 

I 
F 

The reaction is fast and exotl~ermic; therefore the antimony trifluoride is added in s!llall 
portions to the phosphorisocyanatidic dichloride. The lower-boiling difluoride distills 
out from the reaction vessel as it forins. Pl~osphorisocyanaticlic difluoride is a colorless 
liquid which fu~lles if exposed to  moist air. I t  boils a t  atmospheric pressure a t  68-68.5O. 

I t  is readily soluble in solvents like metl~ylene chloride, chloroforin, carbon tetra- 
chloride, benzene. 

' C o n t ~ i b z ~ t i o n  No .  64. 
?For Part  I X ,  see reference 1. 
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The infrared spectrum shows maxima a t  2247, 1458,1351,952,905, 752 cm-l, indicating 
the presence of the isocyanate group and P-F bonds. (See Fig. 1.) 
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FIG. 1. Infrared spectrum of phosphorisocyanatidic difluoride. 

Phosphorisocyailatidic difluoride call be distilled a t  atmospheric pressure and kept a t  
rooill temperature for a long time without decomposition. I t  hydrolyzes, however, very 
rapidly with water. Therefore all operations must be carried out under dry conditions. 
In the halogen exchange reaction, in additioil to the inail1 product, about 10% phosphor- 
isocyailatidic chloride fluoride, OCNPOFC1, b.p. 101-103", is formed. 

Phosphorisocya~~atidic difluoride reacts easily with alcohols (phenol), yielding alkyl 
carbamatopl~osphorodifluoridates: 

0 0 0 
// // // 

F-P-NCO + ROH + F-P-NM-C-OR. 
I 
F 

I 
F 

The carbamate derivatives are stable solid compounds and can be distilled under reduced 
pressure without decomposition. Table I lists the new carba~nates that have been pre- 

TABLE I 

II 
CarbamatophosphorodiAuoridates, RO-C-NH-POFz 

% N % P 
% B.P., M.p., - 

R yield "C/mm Hg "C Calc. F o ~ ~ n d  Calc. Found 

A'IethyI 90 95/5 51-52 8.80 8.74 19.44 19.31 
Ethyl 94 91-92/3 35-36 8.09 7.97 17.91 17.80 
Isopropyl 93 101-102/6 54-55 7.48 7.52 16.57 16.42 
Phenyl 94 - 80-83 6.33 6.28 14.01 14.14 

pared. lATit11 an excess of alcohol the fluorides can be replaced by allcoxy groups only with 
difficulty. The use of sodium alcol~olates is more advantageous. 
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Primary and secondary anlines react with phosphorocyanatidic difluoride to  give 
substituted allcyl (aryl) ureidophosphorodifluoridates: 

0 0 0 
// // // 

F-P-NCO + RNHl  + F-P-XH-C-NH-R 
I I 

F F 

  able' I1 summarizes data of the prepared ureiclophosphorodifluoridates. 

TABLE I1 

0 
/ I  

l!reidophosphorodifl~~oridates, R,R1-N-C-NH-POF? 

G;ij N % P 
50 M.P., 

R I i  ' yield "C Calc. Found Calc. Found 

CqHs I-I 9 1 66-67 16.28 16.1G 18.00 17.85 
C?HI C?H5 90 Visc. oil 14.00 13.95 15.48 15.52 
CsH; H 94.4 111-112 12.73 12.64 1 4 0 8  14.15 
CGHbCH3 CH3 92 87 11.96 11.87 13.23 13.30 

EXPERIMENTAL 

Preparation of Pl~nsphotisocyanatidic Dichloride (2)  
One mole of PClj  and 1 mole of ethylcarbalnate were placed in a I-liter round-bottomed flask equipprcl 

with a reflux condenser and drying tube, and kept a t  lo0 by means of esternal cooling. In a few mint~tes 
HCl formation begins. The temperature of the bath \\?as kept 10" for 45 minutes, then it was carefully raised 
a t  a rate of l 0 / G  minutes LIP to 50°, then by 1°/2 minutes up to 80' (5.5 hours total reaction time). The  
by-product HCI and ethyl chloride escaped through the reflux condenser. Fractionation of the residual 
liquid product gave 140 g of pure POCI?NCO (87.5y0), b.p. 64-60" a t  50 mm. CCl?SO?P: found: P 19.5, 
C1 4-1.3, l' 8.6; Calc.: P 19.4, C1 44.37, S 8.75%. 

Prcparatiol~ of Pl1ospl~orisoc3~a?1cl~idic Difl~roride 
Phosphorisocyanatidic clichloride (160 g, 1 mole) was placed into a two-necked flask eqliipped with 

powder feeder and condenser. SbF3 (150 g) was added in 6-10 portions to  the chloride. The reaction is 
exothermic and the product distills out as  it forms. After the addition of the SbF3 the flask was heated to  
remove all the remaining product. Liquid product (130 g) was obtained, which after fractionation through 
a 300-mm \Vidmer column gave two fractions: POF2NCO: b.p. 68-68.5"; 115 g (goy0 yield); no2' 1.3381; 
d.: 1.5899 (CF2NO.P (127): calc.: S 11.0, P 24.4, F 29.9; found: N 10.80, P23.9, F29.7%) and POFCIPNCO: 
b.p. 101-103"; 10 g ;  1 1 ~ ~ :  1.4024 (calc. S 9.76, P 21.0, CI 24.7; found: Z\T 9.78, P 21.4, CI 24.6y0). 

Reactio~z of Pl~osphorisoryc~~~atid ic DifE~ror ide 7ozth Alcohols 
POF2NC0 (0.25 mole) was dissolved in 50 rnl of CHzCl? and into the stirred solution 0.25 mole of alcohol 

in 20 ml of CHzCI? \\-as added dropwise a t  0'. The reaction is conlpleted in a few minutes. Methylene chloride 
was pumped off and the residual liquid product fractionated under reduced pressure. 

The reaction with phenol was carried out in essentially the same manner, but due to  decon~position the 
product could not be distilled and n a s  purified by recrystallization from chloroform or benzene. 

Reaction of Plzosphorisocyanatidic DifEuoride wit12 Artzines 
POF2NCO (0.25 mole) was dissolved in 50 ml of CHzCI:! and into the stirred solution 0.25 mole of amine 

in 20 ml of CH?CI? was added dropurise, while the temperature of the mixture was kept around 0". The  
reaction is completed in a few minntes. The methylene chlorided \bras removed by distillation and hnally 
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by purnpiilg the product in vacuum. :-\ttemptecl distillation of the products, even urlcler pressure, resulted 
in decomposition. The  products, which are essentially pure after renloval of the solver~t, a t ~ d  any possible 
volatile starting materials were recrystallized fro111 cl~loroforln or CC14. 
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