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Trichloroisocyanuric acid: an efficient reagent for the synthesis of
dialkyl chlorophosphates from dialkyl phosphites
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Abstract—A mild and operationally simple method for the synthesis of dialkyl chlorophosphates is described. Trichloroisocyanuric
acid is used as an effective reagent for the rapid conversion of dialkyl phosphites to their corresponding dialkyl chlorophosphates

under mild conditions.
© 2005 Elsevier Ltd. All rights reserved.

Organophosphorus compounds are important both in
living systems and in commercial applications such as
pesticides, fungicides, fire retardants and lubricants.
Dialkyl halophosphates are also important intermedi-
ates for the synthesis of various bioactive compounds
such as phosphoramidates, phosphates, enol phos-
phates and phosphorohydrazides.!"'® Recently, diethyl
chlorophosphate has been used as an efficient reagent
in cyclization reactions® and in regioselective ring open-
ing of epoxides.” Because of their wide utility and our
interest in their properties, we intended to reinvestigate
their synthesis. A plethora of effective chemical ap-
proaches have been devised from the corresponding
phosphites (dialkyl phosphates/trialkyl phosphates)
with various reagents such as chlorine,!! phosgene,'?
sulfuryl chloride,'® sulfur monochloride and dichlo-
ride,'*1> CCly,'° chloramines,!” CuCl,'® and N-chloro-
succinimide.!® Among these methods, only a few can
be carried out as convenient laboratory methods for
the syntheses of the title compounds. Most of these
reported methods use reagents that are either toxic or
produce undesired by-products, which are difficult to re-
move from the sensitive chlorophosphates.!'~!® Another
major drawback of these methods is that they require
harsh reaction conditions, long reaction times'®!> and
also have limited scope in the synthesis of P-N com-
pounds.*d Our aim in undertaking this work was to
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overcome the limitations and drawbacks of the reported
methods.

Herein, we report a rapid, efficient, economic, and easy
to scale-up method for the effective conversion of dialkyl
phosphites to their corresponding dialkyl chlorophos-
phates at room temperature using trichloroisocyanuric
acid as the chlorinating agent. The reagent is less toxic
and within acceptable limits in comparison to that of
other known chlorinating agents and is also an efficient
chlorine releasing agent. This reagent is available com-
mercially and has found infrequent application in syn-
thetic organic chemistry. The developed method has
allowed us to obtain quantitative yields of the products
in reduced reaction times. The room temperature (20—
25°C) reaction of various dialkyl phosphites with
trichloroisocyanuric acid afforded the corresponding
dialkyl chlorophosphates in 10-15 min with excellent
yields (Table 1).2°

The important advantage of this reaction is its occur-
rence at room temperature. Further observation
revealed that reaction completion is indicated by precip-
itation of cyanuric acid, within 10 min, from the homo-
geneous reaction medium. Another advantage is that the
cyanuric acid 4 is formed in quantitative yields and can
be recycled after reaction with elemental chlorine. An-
other positive feature of this reaction is that it requires
only one mole of the reagent 2 to chlorinate three moles
of the phosphites. Furthermore, the reaction does not
require any base to scavenge the proton as it is picked
up by the nitrogen of 2. We also studied the reproduc-
ibility and scale-up feasibility of the developed protocol.
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Table 1. Preparation of dialkyl chlorophosphates
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él 10-15 min |'_|
1 2 3 4
Entry R Yield? (%) Bp (°C/(mm/Hg)) 3P NMRP® (ppm)
1 CH; 9 75-77120 6.34
2 C,H; 98 85-87/10 4.14
3 C;H; 94 102-103/10 5.48
4 i-C3H; 98 90-92/10 2.76
5 C4H, 95 120-122/9 4.58
6 i-C4H, 92 122-124/10 4.16
7 sec-C4Hy 9 95-97/2 4.71
8 CsHy, 95 129-132/1 4.59
9 i-CsHy; 94 133-135/1 3.58
10 CeHi5 96 Undistilled 425
11 CeHy, 9 130-132/1 5.46
11 C¢HsCH, 94 Undistilled 4.7
12 CeHs 9 133-135/0.5 —6.2

All the products gave satisfactory IR, NMR and GC-MS data.
#Isolated yield of pure products.

®31p NMR spectra were recorded in CDCl; using 400 MHz instrument.

To prove the concept, 1 mol of diethyl phosphite was
treated with 0.33 mol of the reagent 2 to give diethyl
chlorophosphate in excellent yield (90%).

In conclusion we have described an efficient reagent for
the rapid and convenient conversion of dialkyl phosph-
ites to dialkyl chlorophosphates under mild conditions.
Study of a further application of this reagent to detoxify
chemical warfare agents is in progress. Preliminary
experiments have confirmed that the reagent detoxifies
sulfur mustard, a potential chemical warfare agent, com-
pletely, and the by-products produced are under investi-
gation. Details of this study will be reported in due
course.
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