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W) FOREWORD 

This work was conducted under Task 4CO8-03-016-07. New Agents 
Reoearch (U). The experimental data are contained in ~tebO0)u 6531. 6643. 
and 6664. The work was started in June 1960 and completed in October 1061. 
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DIGEST 

The preparation of a series of 0-awl methylphasphonouidothioates 
is described, as  well as  the preparation of a reprcsenutive srmple of aa S- 
alkyl analog. 
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(c) PREPARATION OF 0-ALKYL ASXTLPHO~PHONOAZIDOTHIOATES 
Of THE TYPE MeP(S)(OR)Nj (U) 

I .  ( C )  INTRODUCTION 

(C) A. part of a continuing research program attemping to improve 
the effectiveners of candidate CW agents, substituted methylphosphonaazido- 

thioates of the type  
S Ro, / 

,P,. where R = awl or cycloalkyl. were investigated. 

N3 Me 

These vaides were expected to be more volatile tlum V agents and possibly re- 
Cain the high mammalian toxicity uf theme agents. 

(W 
as well as a representative rample of an S-alkyl methylphosphonouidodithiortc. 
is dercribed in this report. 

11. (C)  EXPERIMENTATION. 

A. (U) Mlterials. 

The preparation of a meries of 0-alkyl met~lphosphonouidothhste~ 

Standard laboratory equipment was used throughout this work. The 
methylphosphonothioic dichloride was prepared according to the procedure of 
Hoffmann, Wadsworth, and Wei.8 from mcthytdichlorophQrphine and sulfur. 
The alcohols used w e r e  commercial products 

1 

B. ( C )  Procedures. 

1. (C) Preparation of 0-Alkyl Methvlohosphonochloridothio- 
ater .  - 

a. ( C )  General Method 

(W 
cording to the pmcedure of Hoffmann. Wadsrorth. and Wctss from methyl- 
phosphonothioic dichloride aad the appropriate alcoho!. 
table 1. 
rnethylphosphonochloridodithirute. wiiich is described la ter .  

The 0-alkyl methylphosphonoch!oridothioaterr were prepared ac- 

The\- are listed in 
A mimiiar procedure was also used for the prepara?ion of S-cvclohexvl 

1 .  Hoffmann. F. W . ,  Wadsanrth, D. H., and Weiss. H. D .  Organic Phos- 
phorun Compound.. IC. 0. O'-DiaUryl AUlylphospl..or.ot:-;v:ec 2-3 0- 
Alkyl AlkvlphoJphonochloridothioates. J. Am. C h e n .  Sqc. - i3. 3'45 (1958).  
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TABLE 1 

9.5 
4.5 
0.6  
1.25 
0.5 
0.25 
0.9 
0.35 

R 

1.4881 
1.4865 
1.4861 
1.4850 
1.4805 
1.4839 
1.5144 
1.5161 

Et 
n-Pr 
i -Pr 
n-Bu 
n-Am 
n-Hex 
Pinacolyl 
C y e l o p t y l  
Cyclohaxyl 

Boil3 

Temperature 

de# 
57-8 

71 
46-8 
46- 7 
64- 5 
70- 1 
52-5 
66-8 
70-2 

b. (U) Reparation of 0-Methyl Methvlphosphonochlor- 
idothioate . 

A mixture of 96 gm (3 molt.) of methanol and 303.6  g m  ( 3  moles) 
of triethylamine w8s added d r o p i s e  over a 3-hr period to a solution of 445.8  
gm (3 moles) of methylphompbonodiehloridotbioate in ether. The heat of reac- 
tion was sufficimnt to keep the ether refluxing dnriag the addition. After stand- 
ing overnight. the mfrhrre warn filtered, the filter cake was washed with ether, 
urd the combhod filtrate and wrshingm were dried over calcium sulfate. Af- 
ter  r e m m l  of the molvent. the res idd  light-yellor oil was kept under 1 5  to 
20 mm presmare 8t room temper8tnre for 7 hr. then distilled twice -- in vacuo 



to give a crude yield of 260.4 gra 60%) of 0-maby1 metbylpbomphonocblorido- 
thioate, bp SOOto SIo (13 mm). “r, J5 1.5036. A center cut was submitted for 
analysis. 

Calcd for CtH60PSCk C. 16.61; H. 4.18: P. 21.43; S. 22.18: 
C1. 24.53 

F ~ t ~ n d :  C. 16.2; H. 4.0; P. 21.68; S. 22.32; 
c1; 25.00 

c .  fC) P r e ~ ~ a r 8 t i a  d S-Cyclohayl Methylphosphono- 
chloridodithioate. 

A mixture of 58.1 gm (0 .5  mole) of cyclohaylthiol and 51 gm 
( 0 . 5  mole) of triethylamine -8s 8dded mer 8 45-min period to 8 solution of 74 
gm ( 0 . 5  mole) of m e t h y l p h o s p h e o i c  dichloride in 100 ml of ether. The 
reaction mixture W 8 I  b p t  8t 15 t 3  during the 8ddition and then stirred at 
room temper8ture for 4 hr. W8te r  was then added. with cooling. until all the 
triethylamine hydrochloride dissolved. The laprs were  separated. The 8-e- 
ous layer was extracted several times r i t h  ether. the combined organic layer 
and ed r rc t a  were dried, the solvent was remwed under reduced pressure, -ana 
the residual oil was distilled in VACUO to give 52.2 gm (52% yield) of S-cyclo- 
hexyl methylphosphonoehloridodithi~te. bp 92 to 95O (0 .  15 mm). $5 1.5781. 

-- 
C8lcd for C,H PS Ck C. 36. 75; H. 6.17; P. 13. 54; S. 28.04; 

I4 CI. 15.50 

Found: C. 37.02; H. 6.18: P, 13.48; S. 28.83; 
CI. 15. 52 

2. (6) Preparation of 0-Alky I Methylphosphonoazidothioates . 

. .  a. (U) fhe preprat ion of 0-isopropyl methylphos- 
phonoaridothioate is described below 8s a general example of this method. 

. .  A solution of 94.1 g m  (0 .55  mole) of 0-isopropyl methylphos- 
phonochloridothioate in 300 ml of di-e was added over 1 ht, with stirring. 
to a solution of 71 gm (1.09 moles) of sodium azide in ZOO ml of water. 
temperature of the reaction mixture rose to 37 during the addition and an oilv 
upper layer formed. 

The 

After it was mtirred for 3 hr .  :ke rnifiure -was extracted 
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several time. with cbloroform. th8 combined extract8 were dried over mnhy- 
drour calcium sulfate. the solvent was removed at reduced presmre. and the 
crude product was distilled twice -- in v&zW to give 75.4 gn of 0-hop-owl 
methylphorphonoazidothioate. Physical and analytical data for t h i m  and other 
azides arc reported in table 2. 

b. (U) A similar procedure w a s  used to prepare S- 
cyclohexyl methylphosphonorsidoithioPte from the ehloridothiorte: horcver. 
the crude material was not distillable. From 55 p (0.24 mole) of the rppro- 
priate chloridothioate compoond, 49 g m  (87%) of a light-yellow oil  were ob- 
tained that iurned red-brown on standing. 

Calcd for C e l r  N P!3 2: C. 35.73: H. 6.00; N. 17.86: P. 13.16; 
S. 27.25 

Pound: C, 36.2;H. 5 . t ; N ,  17.4:P, 13.28; 
S. 28.18 

III. (U) mcussIoN. 
In the propr8tior. of compmnds of the phosph-zidothioate 

series. the addition of a chloridothioate to the sodium u i d e  solution. described 
in the experimental prt .  seemed to give somwht batter ytelds than the re- 
verse addition of the u M e  to the chloridotbioate. For example. the yields of 
the n-propyl a d  isopropyl compounds were higher than the yields of the ethyl, 
butyl, or amyl homolo@. 

All the product*. however. were contaminated with a chlorine- 
containing impurity. even though excess azide was used and the materials 
were redistihd. fn fact. the piMCOly1 u i d e  s h d  an increase in chlorine 
content with repeated distillation. 
of chlorine-containin# imprity was made difficult by the close similarity be- 
tween the boiling point of the phosphoaochloridotates and the i r  correspond- 
ing asides. Attempts to prepare 0-methyl methylpbosphonoazidothioate from 
the correrponding phospbonochloridothioate gave only small amounts of mix- 
tures that could not be 8eparated. 

The complete removal of the final traces 

Thim is a prt of a continuing research program. S o  conclusionr 
were reached. 
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