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Abstract: Dialkyl arylphosphate esters have been synthesized in improved yields by the reaction 
of dicyclohexylamine salts of substituted phenols with dialkyl hydrogen phosphite and carbon 
tetrachloride. The reaction proceeds through the corresponding phosphorochloridates. 

Dialkyl arylphosphate esters form an important class of insecticides and are synthesized 

by well known methods 172 . Reaction between phosphorochloridate and sodium salt of substituted 

phenols is the most attempted method, but isolation of sodium salt of phenols having pka above 

7.15 are not readily accessible. 

Recently we observed that a wide variety of phenols having pka values between 7.15 

and 10.26 react with dicyclohexylamine (DCHA) to give the crystalline salts, which are soluble 

in organic solvents. We investigated the reactivity of these salts with dialkyl phosphorochlori- 

dates and dialkyl phosphites in benzene and carbon tetrachloride respectively. In both cases 

dialkyl arylphosphates are obtained in pod yields (equation I). 
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la:R=CH3 

lb:R=C2H5 

Za:Ar=C6H5 , 2b:Ar=XH3C6H4 

2c:Ar=4-C1C6H4 , 2d: Arr4-N02C6H4 

2e:Ar=6-Cl-2-C5H3N , 2f:Ar=2,4-C12C6H3 

In a typical experiment, phenol (9.4g, O.lmol) and DCHA (19g,-O.lrrol) were refluxed 

in acetone (50ml) for an hour. The reaction mixture was cooled, diluted with hexane (200ml) 

and allowed to crystallize. Crystallized salt 2a gave yield 8% and mp 66°C. Salts 2b-f were 

prepared by similar procedure, their yields and melting points are described as follows: 2b:7W 

mp 58OC; 2c:7%, mp 90-92°C; 2d: 98%. mp 156-57“C; 2e:88%, mp 129-30°C; 2f:9@%, mp 180°C. 

To la (2.4g,~O.Olmol) and carbon tetrachloride (50ml), 2a (5.5Og, 0.02mol) was added 

at room temperature with stirring. The resulting solution was refluxed with stirring upto 3-4 

hours. The reaction mixture was then cooled, filtered and solvent removed under vacuum. 

The residual liquid on distillation at 120°C (1.0 Torr) yielded dimethyl phenyl phosphate ester 

(entry 3a). Representative esters of this series (entry 3b-i) were prepared by similar procedure. 

The reaction conditions and results are summarised in the table. 
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Table: Synthesis of Dialkylarylphosphate Esters, (R0)2P(O)OAr 

-- 

Entry R AI Reaction conditions t,pe Yieldb 

PC/Tarr) (3) 
---____~- --___ 

30 CH 
3 c6H5 

CCI 
4’ 

reIlux, 3.5h 120/1.0 55(30) 

3b 
%“5 

CH 
6 5 

CC t4,reftux, 3.5h lOl3/0.2 65(37) 

3c 
c2H5 

3-CH3C6H4 CCI 
4’ 

reftux, XOh 106-tl/0.1 58(25) 

3d CH 
3 2-c 1oH7 

CCI 
4’ 

reflux, 4.0h 142/0.2 50(3fJ) 

Se CH 
3 

4-C IC6H4 CCt4~eftuw, 4.Ob lOZ/O.l 63(36) 

If 
CH3 4+02C6H4 

CCI 
4’ 

reflux, 4.Oh 144-46/0.1 6200) 

3g 
C2H5 4+02C6H4 

CC14,reflux, s.Otl 156/0.1 70(46) 

3h CH 
3 

2,4-c12(C6H3) ccl 
4’ 

reflux, 4.Ob 116/0.2 65(40) 

31 CH 
3 

eCl-FC5H3N CC14,reflux, 4.Oh IWO.1 60(25) 
-- 

a 
uncorrected 

b 
The titruc:urt! of these esters were confirmed by IR rayd 

1 
H IJMR spectra and comparison with authentic 

sampk?s. Yields obtalned from syntlrwl:! by known methods WC given tn parenthesis. 

These results suggest that the transformation of pt-osphites occurs exclusively through 

generation of phosphorochloridates 495 . The catalytic amounts of base needed for the progress 

of reaction was obtained from the decomposition of salts. All salts decomposed fast under 

chromatographic conditions: TLC,on silicagel with benzene-acetone (8:2); GLC,on OV-17 column, 

temperature 200°C and detector FID. 

A likely reaction path based on these observations is as follows: 

(C6H, f)2 iH2 ?%r --- (C~H,~)~NH + ArOH . . . (2) 

0 

_j (Ro)2 ';J-cl + (~6ti~~)~~-1 + CHC~~ . . . (3) 

0 0 

(RO)2 F-Cl + ArOH + (C6Hf1)2NH -4 (ROj2 bOAr + (C6HII)2NH.HCI . . . (4) 
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