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Abstract- An efficient and operationally simple method is developed for the synthesis ofN, yV-dialkyl phosphoramidic
dichloride from dialkyl amine and phosphoryl chloride using basic anion exchange polymer resins/beads. In the
reaction, polymer resin acts as a scavenger for HC1 produced as by-product and desired product is distilled under
vacuum. Reaction afforded N, JV-dialkyl phosphoramidic dichloride in 3-4 hours with excellent yields from
corresponding dialkylamine and phosphoryl chloride.
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Introduction- Nerve agents are extremely toxic chemical warfare agents (CWAs) that impair the conduction of nerve
impulses by irreversibly reacting with the enzyme acetylcholinesterase in tissue fluid (1-2). The nerve agents are mainly
of three types, namely O-alkyl alkylphosphonofluoridates (e.g. sarin), O-alkyl N, W-dialkyl phosphoramidocyanidates
(e.g. tabun) and O-alkyl 5-2-diisopropylaminoethyl alkylphosphonothiolates (e.g. VX); these have been reported to
have been used in the recent past (3-8). The proliferation of CWAs is prohibited by an international treaty known as the
Chemical Weapons Convention (CWC) that has been in force since April 1997 (9-10). The annex listing in the
chemicals of the CWC consists of three schedules based on the toxicity, past use as CWAs, and commercial
applicability of chemicals (9-11). The nerve agents sarin, tabun and VX and their analogues are placed respectively in
schedules I.A.I., I.A.2., and I.A.3. of the CWC (12-13).
The important synthones of nerve agents are N, /V-dialkylphosphoramidic dihalides (Fig. 1), which are placed in the
CWC as schedule 2.B.5. chemicals, respectively (9-10).
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Ν, N-dialkylphosphoramidic Dichlorides (DAPCs)
R1 = CH3, C2H5, n-C3H7 and iso-C3H7

R2 = CH3, C2H5, n-C3H7 and iso-C3H7

Figure 1. Synthones of nerve agents.
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Since the CWC confines the alkyl groups in these dihalides to only methyl, ethyl, isopropyl and n-propyl, only those
synthones that fall within the purview of the CWC were considered in this work. Since these compounds have been
placed in the CWC text and are important synthones of nerve agents, they are extremely important from the synthesis
viewpoint of the CWC.
Several methods (14-15) described in the literature for the preparation of N, W-dialkylphosphoramidic dihalides. Among
these procedures, only a few can be considered as convenient laboratory methods for the synthesis of N, N-
dialkylphosphoramidic dihalides. Most of these reported methods either use reagents or produce undesired by-products,
which are difficult to remove from the moisture sensitive N, JV-dialkylphosphoramidic dihalides, while others are time
consuming, involve expensive and unstable reagents, and require harsh conditions. Prompted by these limitations of the
aforesaid methods and our interest in exploring new synthetic routes of the synthesis of dialkylphosphoramidic
dihalides we present herein an efficient route for their synthesis.
In recent years, the use of recyclable reagents (16-17) has received considerable interest in organic synthesis. This
prompted us to explore the possibility of using the stable, nontoxic, recyclable, basic anion exchange polymer resins, N,
JV-dialkyl functionalised poly(styrene-co-divinyl benzene) beads.
The important aspect of this method is its simplicity and clean reaction condition. To a stirred and cooled (-5°C)
solution of an N, N-dialkylamine (0.1 mol) and N, ^V-dialkyl functionalised poly(styrene-co-divinyl benzene) beads
(containing 0.1 mol of active base) in dry benzene, a solution of phosphorus oxychloride (0.1 mol) in dry benzene was
added over a period of 1 h. The mixture was stirred at room temperature for 3-4 h in excellent yields (Scheme 1). After
completion of the reaction the mixture was decanted off and solvent was removed by distillation. N, N-
Dialkylphosphoramidic dichlorides were purified by distillation under vacuum. The yields and boiling points of the
products are summarized in Table 1.

ο οCl\ll R ·-< C.H. Cl\|| /R /
XP-C1 * H< — P-N + φ-N'HCI-

c/ R -Λ.·*·« c/ \ \

φ = PS-DVB resins

Scheme 1. N, W-Dialkylphosphoramidic dichlorides prepared from dialkylamine and phosphoryl chloride using the
polystyrene divinylbenzene (PS-DVB) bound reagent.

It is interesting to note that these strongly basic anion exchange resins/beads called were recovered and reused several
times after suitably treating by reported method (18) for the synthesis of different N, W-dialkyl phosphoramidic
dichloride. Thus the added advantages of this method are simplest possible workup, room temperature reactions, and
recyclability of the reagent.
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Table 1. Boiling points under reduced pressure of N, W-dialkylphosphoramidic dichlorides

Entry

1.

2.

3.

4

5.

6.

7.

8.

9.

10.

Compound

N, JV-dimethylphosphoramidic dichloride

N, jV-diethylphosphoramidic dichloride

N, TV-dipropylphosphoramidic dichloride

N, ΛΓ-diisopropylphosphoramidic dichloride

W-methyl-JV-ethylphosphoramidic dichloride

A^-methyl-yV-propylphosphoramidic dichloride

W-methyl-W-isopropylphosphoramidic dichloride

W-ethyl-Af-propylphosphoramidic dichloride

7V-ethyl-W-isopropylphosphoramidic dichloride

W-propyl-/V-isopropylphosphoramidic dichloride

mmHg

21

2

1

1

1.5

2

1.5

1

1

1

bp(°C)

90

76

89

86

82

78

88

80

92

82

Conclusion- we have described an efficient reagent for the rapid and convenient synthesis of N, JV-dialkyl
phosphoramidic dichloride under mild conditions using N, W-dialkyl functionalised poly(styrene-co-divinyl benzene)
polymeric beads as a stable, non-toxic and recyclable reagent at room temperature.
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