
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 27 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

Organic Preparations and Procedures International
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t902189982

SURFACE MEDIATED SYNTHESIS OF O-PHOSPHOROTHIOATES
K. Ramadasa; N. Janarthanana; D. Meera Rania

a SPIC Science Foundation, Centre for Agrochemical Research, Madras, INDIA

To cite this Article Ramadas, K. , Janarthanan, N. and Rani, D. Meera(1998) 'SURFACE MEDIATED SYNTHESIS OF O-
PHOSPHOROTHIOATES', Organic Preparations and Procedures International, 30: 4, 469 — 472
To link to this Article: DOI: 10.1080/00304949809355314
URL: http://dx.doi.org/10.1080/00304949809355314

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=t902189982
http://dx.doi.org/10.1080/00304949809355314
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Volume 30, No. 4,1998 OPPI BRIEFS 

Morton and J. D. Albright, J. Heterocyclic Chem., 23, 1071 (1986). 

9. a) D. Wenkert and R. B. Woodward, J. Org. Chem., 48, 283 (1983); b) J.-C. Plaquevent and I. 
Chichaoui, Bull. Soc. Chim. Fr., 133, 369 (1996); c) W. Sont and H. Alper, Org. Prep. Proced. 
Int., 12,243 (1980). 

******** 

SURFACE MEDIATED SYNTHESIS OF 0-PHOSPHOROTHIOATES 

Submitted by 
( 10/27/97) 

K. Ramadas*, N. Janarthanan and D. Meera Rani 

Centre for Agrochemical Research, SPIC Science Foundation 
11 0, Mount Road, Guindy, Madras 600 032, INDIA 

Malathion, parathion, quinalphos, chlorpyrifos, edifenphos, monocrotophos, phosphamidon, 
and phorate are widely used organophosphorus compounds for pest control in India. Parathion is 
manufactured industrially by a laborious procedure involving the treatment of 0,O-diethyl thiophos- 
phoryl chloride withp-nitrophenol at 10" in a 20% solution of sodium ethoxide in ethanol.] 

(Me0)2P(S)SCHC02Et 
Malathion I Edijinphos (PhS)2(P(S)OEt 

CH2C02Et 

CI 
I 

Parathion ( E t O ) 2 P ( S ) e N O 2  Phosphamidun 
(Me0)2P(O)OC = CC(O)NEt2 

I 
Me 

Phorate (OEt)2P(S)SCH2SEt 

OP(S)(OEt)2 

Quinu1pho.s 

Distillation of solvent, followed by dilution with water, filtration and subsequent steam 
distillation provides the product. Finally the product is dried by heating at 110" under vacuum. Similar 
aqueous work-up and vacuum distillation are necessary to manufacture chlorpyrifos2 monocrotophos, 
phosphamidon and malathion. 

The general method of reacting a hydroxy compound with thiophosphoryl chloride at 
elevated temperatures in the presence of an acid binder in ketones suffers from disadvantages such as 
(a) liberation of hydrogen chloride gas which leads to corrosion in industrial production, (b) formation 
of side-products at high temperatures, and (c) hydrolysis of the organophosphorus compounds during 
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aqueous w~rkup .~ - ’  Attempts to overcome these difficulties by the use of a two-phase system 
consisting of toluene and the sodium salt of the hydroxy compounds using tetra-n-butyl ammoni- 
umbisulfate (Bu4NHS04) as a phase transfer catalyst,* may also lead to possible hydrolysis of the 
phosphorylated ester in the presence of water and the requirement of another co-catalyst such as 1- 

methylimidazole to increase the reaction rates. Polymer-supported reagents, such as Amberlyst A-26, 
have been used to synthesize triaryl phosphates at room temperature. The use of polymer-supported 
reagent avoids aqueous work-up, and the resin can be processed for re-use? Amberlite IRA-400 was 
used for the synthesis of thiophosphonates. However, owing to the low exchange capacity of the resin 
(lg/l mmol), even an excess of the resin did lead to a good yield of the product. Polyethyleneglycols 
(PEG) function as efficient phase-transfer catalysts in a variety of reac t ion~. I~- ’~  Termed as poor 
man’s PTC, PEG’S are comparable to crown ethers in their ability to complex and transport alkali 
metal cations from an aqueous medium to the organic phase.I5 Complete solubility in water, ready 
availability and low cost make PEG an excellent medium for a variety of organic reactions. The 
present work details the reaction of dialkyl thiophosphoryl chloride with hydroxyaryl compounds in 
the presence of basic alumina containing PEG-400. 

PEG-400 on 

basic alumina 
RT 

ArONa + CIP(S)(OEt)2 - ArOP(S)(OEt)2 + NaCl 

Organic reactions on solid supports have elicited considerable recent interest.16 The effec- 
tiveness of alumina may be due to the combination of several factors such as (a) an increase in the 
effective surface for the reaction, (b) the presence of pores which contain both substrate and reactant 
lowers the entropy of activation of reactions, and (c) a synergistic effect resulting from bringing the 
electrophile and nucleophile into proximity, while at the same time enhancing the nucleophilicy and 
basicity of the latter.16The procedure involves intimate blending of the sodium salt of the hydroxyaryl 
compound with diethyl thiophosphoryl chloride (DETC) on basic alumina containing PEG-400 for a 
short duration. The advantage lies in avoiding the usual cumbersome work-up procedure and hydrol- 
ysis of the product. This simple methodology which could be exploited effectively for large scale 
preparations, is envisioned to yield the phosphonochloridothioates in impressive yields. Incidentally, 
the above strategy provides a facile pathway to quinalphos, a commercially important insecticide. 

EXPERlMENTAL SECTION 

Commercial sample of PEG-400 was obtained from Fischer (India) Chemical Co. The compounds 
synthesized are known in the literature and their identities were established by IR, IH NMR, and mass 
spectra. 

Synthesis of 0-Phosphorothioates. General Procedure.- Sodium hydroxide (0.48 g, 12 mmol; for 
entry no 3, 24 mmol) was added to a stirred mixture of the hydroxyaryl compound (10 mmol) in 
methanol (8 mL) and water (2 mL). After 30 minutes, the solvent was distilled off under reduced pres- 
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sure to afford the sodium salt. In the meantime basic alumina (15 g) was added (in 1 g portions) to 
polyethyleneglycol-400 (5 mL) and mixed throughly. Then 5 g of the above solid mixture of alumina- 
PEG-400 was added to a mixture of sodium salt of the hydroxyaryl compound (10 mmol) and 0,O- 
diethylthiophosphoryl chloride (1.89g, 10 mmol, 1.57 mL). The resultant mixture was ground up 
using a mechanical grinde?, (heavy duty mixer grinder) for an hour up to 300 mesh size. The reaction 
mixture was then extracted with chloroform (3x25 mL) and dried (sodium sulfate). Chloroform and 
0,O-diethylthiophosphoryl chloride were removed by distillation under low pressure to leave the pure 
product (Table 1). 

Table 1. Solid Surface Mediated Synthesis of Phosphorothioates 
Ar- Yield PMR mp. (bp.) "C 

(%) (CCl,/TMS, 6)  Observed lit. 

P-NO&H, 

2-Quinoxalyl 

p-OHC,H, 

p-AcC,H, 

p-AcOC,H, 

79 8.32-8.16 (d, Ar, 2 H), 7.39-7.28 (d, 2 H, mp. 6.0 mp. 6.1 
Ar  H), 4.54-3.97 (q, 4 H, 2~ -OCH,), 
1.5 1-1.25 (t, 6 H, 2~ -CH,) 

67 8.63(s,IH,-CH),7.71(rn,4H,ArH), 
4.46 (q, 4 H, 2~ -OC&), 1.41 (t,  6 H, 
2~ -CH,) 

77 7.03 (rn, 4 H, Ar H) 4.20 (4.8 H, 
4~ -OCH,), 1.31 (t,  12 H, 4 X- CH,) 

93 8.09-7.94 (d, 2 H, Ar H), 7.25-7.14 
(d, 2 H, A r  H), 4.25 (q, 4 H, 2x -OCH,), 
2.30 (s, 3 H, -C(O)CH,), 1.33 (t,  H, 
- 2 ~  -CH,) 

95 8.04-7.91 (d,2H,ArH),7.28-7.18 
(d, 2 H, Ar H), 4.26 (q, 4 H, 

1.33 (t,  6 H, -2 x CH,) 
2~ -OCH,), 2.51 (s, 3 H, -OC(O)CH,), 

mp. 32.0 mp. 31-32 l8  

d,, 1.18 d,, 1.1822 
127- 130 

nf 1.5280 l 9  

d,, 1.13 4, 1.1420 
bp, 155-156 
nf 1.112620 

d,, 1.11 ny 1 .245,l 
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