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(U) FOREWORD

‘ This work was conducted under Task 4C08-03-016-07, New Agents
Research (U). The experimental data are contained in notebooks 6531, 6643,
and 6664. The work was started in June 1960 and completed in October 1961,

Notices

This document contains information affecting the nationai detense of
the United States within the meaning of the Espionage Laws, Title 18, U. 5. C.,
sections 793 and 794. The transmission or the revelation of its contents 1n any
manner to an unauthorized person is prohibited by law.

Reproduction of this document in whole or part is prohibited except
with permission of the issuing office; however, ASTIA is authorized to repro-
duce the document for U. S. Governmental purposes.

DilEﬁtion

When this document has served ita purpose, DESTROY in accord-
ance with paragraph 35 of AR 380-5. DO NOT return the document to U. S.
Army Chemical Research and Development Laboratories.
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(o) DIGEST

The preparation of a series of O-alkyl methylphosphonoazidothicates
is described, as well as the preparation of a representative sample of an §-
alkyl analog.
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{C) PREPARATION OF O-ALKYL ALKYLFHOSPHONOAZIDOTHIOATES
OF THE TYPE MeP(S){OR!N3 ()

I. (C} INTRODUCTION.

<) As part of a2 continuing research program attempting to improve
the effectiveness of candidate CW agents, substituted methylphosphonoazido«
RO_\ /S
thioates of the type /P\ where R = alkyl or cycloalkyl, were investigated.
Me
3

These azides rere expected to be more volatile than V agents and possibly re-
tain the high mammalian toxicity of these agents.

(U) The preparation of a series of O-alkyl methylphosphonoazidothioates,
as well as a representative sample of an S-alkyl methylphosphonoaszidodithioate,
is described in this report.

11. (C) EXPERIMENTATION.

A. {U} Materials.

Standard laboratory equipment was used throughout this work. The
methylphosphonothicic dichloride was prepared according to the procedure of
Hoffmann, Wadsworth, and Weiss  from methyldichlorophesphine and sulfur.
The alcohols used were commercial products

B. {(C) Procedures.

1. {C) Preparation of O-Alkvl Methvlshosphonochloridothio-
ates,

a. {C) General Method.

(Q) The O-alky! methylphosphonochloridothioates were prepared ac-
cording to the pracedure of Hoffmann, Wadsworth, and We:ss ‘rom methyl-
phosphonothioic dichloride and the appropriate alcokol. Trey are listed in
table 1. A simiiar procedure was also used for the preparation of 5S-cvclohexyl
methylphosphonochloridodithivate, which is described later.

I. Hoffmann, F. W., Wadsworth, D. H., and Weiss, H. . Organic Phos-
phorus Compounds. 1II. O, O'-Dialkyl Alkylphosphonothisates and O-
Alkyl Alkvlphosphonochloridothioates. J. Am. Chem. S-oc. _E_g 3745 (1958},
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¥
(c) TABLE 1

LIST OF O0-ALKY1l METHYLPHOSPHONOCHLORIDO-

—

RO\ PE-
THIOATES ( P. ) PREPARED (U}
— P ——
Me” cl
R Boiling Range n%S
Temperature Pressure
deg mm
Et 57-8 9.75 1.4921
n-Pr 7 9.5 1.4881
i-Pr 46-8 4.5 1.4865
n-Bu 46-7 0.6 1.4861
n-Am . b4-5 1.25 1.4850 .
n-Hex 70-1 0.5 1. 4805
Pinacolyl 52-5 0.25 1.4839
Cyclopentyl 66-8 0.9 1.5144
Cyclohexyl 70-2 0.35 1.5161

b. (U} Preparation of O-Methyl Methylphosphonochlor-
idothioate.

A mixture of 96 gm (3 moles) of methanol and 303. 6 gm (3 moles)
of triethylamine was added dropwise over a 3-hr period to a solution of 445.8
gm (3 moles) of methylphosphonodichloridothioate in ether. The heat of reac-
tion was sufficient to keep the ether refluxing during the addition. After stand-
ing overnight, the mixture was filtered, the filter cake was washed with ether,
and the combined filtrate and washings were dried over calcium sulfate. Af-
ter removal of the solvent, the residual light-yellow oil was kept under 15 to
20 mm pressure at room temperature for 7 hr, then distilled twice in vacuo
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tu give a crude yleld of 260.4 gm z(60%) of O-methyl methylphosphonochlorido-
thioate, bp 50 %o 51° {13 mm), 51.5036. A center cut was sabmitted for

analysis.
Calcd for CZH60FSCI: C., 16.61; H, 4.18; P, 21.43; S, 22.18:
Cl, 24.53
Found: C, 16.2; H, 4.0; P, 2).68; S, 22.32;
Cl1, 25.00
c. (C} Preparation of S-Cyclohexyl Methylphaosphono-
chloridodithioate.

A mixture of 58.1 gm (0.5 mole) of cyclohexylthiol and 51 gm
(0.5 mole) of triethylamine was added over a 45-min period to a solution of 74
gm (0.5 mole} of methylphosphouothio:c dichloride in 100 ml of ether. The
reaction mixture was kept at 15°43° during the addition and then stirred at
room temperature for 4 hr. Water was then added, with cooling, until all the
triethylamine hydrochloride dissolved. The layers were separated. The aque-
ous layer was extracted several times with ether, the combined organic layer
and extracts were dried, the solvent was removed under reduced pressure, and
the residual oil was distilled in vacuo to give 59 2 gm (52% yield) of S-cy.clo-
hexyl methylphonphonochlor:dodithtoate, bp 92° 10 95° {0.15 mm)}, nD 1.5781.

Caled for C_H, ,PS,CL: C, 36.75; H. 6.17; P, 13.54; S, 28.04;
1472 1. 15.50

Found: C, 37.02; H, 6.18; P, 13.48; 5, 28.83;
Cl, 15.52

2. (C) Preparation of O-Alkyl Methylphosphonoazidothioates.

a. (U} The preparation of O-isopropyl methylphos-
phonoazidothioate is described below as a general example of this method.

A solution of 94.1 gm (0. 55 mole) of O-isopropyl methviphos-
phonochloridothicate in 300 ml of dioxane was added over ! hr, with stirring,
to a solution of 71 gm (1. 09 moles) of sodium azide in 200 m] of water. The
temperature of the reaction mixture rose to 37 during the addition and an oilv
upper layer formed. After it was stirred for 3 hr, ‘e mixture was extracted

N
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several times with chloroform, the combined extracts were dried over anhy-
drous calcium sulfate, the solvent was removed at reduced pressure, and the
crude product was distilled twice in vacuo to give 75.4 gm of O-isopropyl
methylphosphonoazidothioate. Physical and analytical data for this and other
azides are reported in table 2.

b. {U) A similar procedure was used to prepare S-
cyclohexyl methylphosphonoazidodithicate from the chloridothicate; however,
the crude material was not distillable. From 55 gm (0. 24 mole) of the appro-
priate chloridothioate compound, 49 gm (87%) of a light-yellow 0il were ob-
tained that iurned red-brown on standing.

Calcd for 071114N3P52: :. ::;53. H, 6.00; N, 17.86; P, 13.16;

C, 36.2; H, 5.7: N, 17.4;: P, 13.28:
S, 28.18

Found

1]

m. (U DISCUSSION.

In the preparation of compounds of the phosphonoazidothicate
series, the addition of a chloridothioate to the sodium agzide molution, described
in the experimental part, seemed to give somewhat better yields than the re-
verse addition of the azide to the chloridothicate. For example, the yields of
the n-propyl and isopropyl compounds were higher than the yields of the ethyl,
butyl, or amyl homeologs.

All the products, however, were contaminated with a chlorine-
containing impurity, even though excess azide was used and the rmaterials
were redistilled. In fact, the pinacolyl azide showed an increase in chlorine
content with repeated distillation. The complete removal of the final traces
of chlorine-containing impurity was made difficult by the close similarity be-
tween the boiling point of the phosphonochloridothioates and their correspond-
ing azides. Attempts to prepare O-methyl methylphosphonoazidothioate from
the corresponding phosphonochloridothioate gave only small amounts of mix-
tures that could not be separated.

This is a part of a continuing research program. No conclusions
were reached.
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