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EXEMPLARY CLAIM
1. A method of preparing compounds of the formula

[o] R?
1
R—P—S—CH,—CH,—N

R2

which comprises the steps of reacting a compound of
the formula R—PX, with an alcohol of the formula
R!—OH to produce a compound of the formula R—P-
(OR"), reacting this compound with an aminoalcohol
of the formula

R
- _N—CH,—CH,—OH

to produce a compound of the formula

OR!
O—CHz—CHz—N<

~

R—P R?

R2

reacting this compound with sulfur to produce a com-
pound of the formula

S
! .
R—P\—ORl R?
O—CH,—CH,—N

R2

which is then isomerized at a temperature in the range
70°-200°C. to produce a compound of the formula

O

1
R—P—OR!
-~ R?
S-—-CH.;—CHZ—N\
R,

wherein X is selected from the group consisting of
chloro, bromo, and iodo radicals, R, R!, R? are lower
alkyl radicals.

3 Claims, No Drawings
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PREPARATION OF
ALKYLPHOSPHONOTHIOLATES

The invention described herein may be manufac-
tured and used by or for the Government of the United
States of America for governmental purposes without
the payment to use of any royalty thereon.

This invention relates to the manufacture of S-(2-
dialkylaminoethyl) O-alkyl alkylphosphonothiolates.
These compounds have the formula

[0}

,_

R?

RP—S—CH,—CH,~N

p
l
o
I
RI
wherein R, R! and R? are lower alkyl groups. R is pref-
erably methyl or ethyl, R! is preferably methyl, ethyl,
isopropyl, n-propyl or butyl, and R? is preferably
methyl, ethyl or isopropyl. Of all the compounds, S-(2-
diisopropylaminoethyl) O-ethyl methylphosphonothio-
late is regarded as the most important. The compounds
have extremely high percutaneous toxicity to mammals
and are useful as chemical warfare agents.

Our method involves the addition of sulfur to a 2-
dialkylaminoethyl alkyl alkylphosphonite of the for-
mula

RP--O—CH,—CH;—N
. -

l
R!

giving an O - (2-dialkylaminoethyl)-
O - alkyl alkylphosphonothioate of the formula

R®

—> N

RE—O—CH,—CHy—N

o)
&
which is isomerized by heating to give our desired com-
pounds.

We have found that if certain precautions are taken
it is possible to sccurc consistent yields, in the range
95-98% of the theoretical, in the sulfur isomerization
steps and the product is of such purity that no subse-
quent purification step is required.

The required precautions are: ,

1, The phosphonite must have a purity of at least 95%
and should approach 98%. It is highly desirable, to se-
cure the absence of harmful impurities, that it be pre-
pared by certain steps which will be described later.
The presence of water, the “half ester”, CH;P(OH),
and alcohol are especially to be avoided.

2. The sulfur must be moisture and acid free and in
the rhombic form. Amorphous sulfur is unsatisfactory
and flowers of sulfur is undesirable. ‘

3. The theoretical amount of sulfur should not be ex-
ceeded. ]

4. The temperature and time during the isomeriza-
tion step must be carefully controlled and correlated.
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2

(High temperatures for short periods may give better
results than lower temperatures for longer periods.) 5.
The exclusion of moisture and oxygen is essential. To
this end, the process is conducted in an atmosphere of
nitrogen or one of the inert gases.

To obtain phosphonite of the desired purity, it should
be prepared in the following manner:

1. An alkydihalidephosphine RPX,, preferably
methyldichlorophosphine, CH;PCl; or ethyldichloro-
phosphine, C,H;PCl,, is reacted with an alcohol R? OH
in the presence of a tertiary amine base to give a dialkyl
alkylphosphonite, RP (OR?!),. A similar process step
using anhydrous ammonia as the acid acceptor and a
neutral reaction mixture results in high yields of a high
purity product as is disclosed in the copending applica-
tion of Donald H. Antonsen and Sigmund R. Eckhaus,
Ser. No. 62,304, entitled “Preparation of Organic
Phosphonites™ filed on Oct. 12, 1960, now abandoned.
As stated above, R! is preferably methyl, ethyl or iso-
propyl and X is selected from the group consisting of
chloro, bromo and iodo radicals.

2. The dialkyl alkylphosphonite is next subjected to
transesterification by heating with not more than (pref-
erably less) equimolar quantities of a 2-dialkylamino-
ethanol

R2
N\ N—CH,—CH,—OH
RZ

distilling off the alcohol R! OH and forming the mixed
phosphonite

R‘.’
R—P—OCH,—CH,—N
o R
ILI

This is an equilibrium type reaction and the equilibrium
mixture can be predicted based on random distribu-
tion. It is carried out in a manner similar to the transes-
terification of dialkyl alkylphosphonites with 2-
alkylthio ethanols described by Friedrick W. Hoffman
and Thomas R. Moore in U.S. Pat. No. 2,907,787, and
also described by them in the Journal of the American
Chemical Society, Vol. 80, pages 1050-1054 (1958).
This series of steps produces a 2-dialkylaminoethyl
alky! alkylphosphonite which is ideally adapted for use
in our process in that it is singularly free of impurities
which lower the yield in our process.

If the required conditions listed above are main-
tained, there is no need for purification between the
sulfur addition and isomerization steps.

3. The O-alkyl O-dialkylaminoalkyl alkylphosphonite
is next subjected to a step of sulfurization. The amount
of rhombic sulfur used should be about 98% of the the-
oretical amount. The temperature during the addition
of sulfur can range from 5°-150°C. The range from
20°-40°C. is the preferred temperature range. The tem-
perature:is kept within the above ranges by immersing
the reaction vessel in a cooling medium.

4. The product of the above step can be used in the
final isomerization step without purification. The reac-
tion vessel is heated up to the range 70°-200°C. for a
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period of time limited to the minimum necessary to se-
cure isomerization. For example, at 150°C. isomeriza-
tion is substantially complete in 5 minutes and is like-
wise substantially completed in 45 minutes at 125°C.
for one of the typical products.

The over-all process is illustrated by the following
equations:

1. R—PX, + 2R'—OH - R—P(OR'),+ 2HX

4
ethyl methylphosphonite, b.p. 47°¢/50 mm., n;, 1.4173
(82.0% yield). Anal. caled. for CsH;3O,P: C, 44,115 H,
9.62; P, 22.75. Found C, 44.5; H, 9.7; P, 22.78.

EXAMPLE 1l

Diethyl methylphosphonite 75g. (0.552 mole) was
weighed into a 500 ml. round bottom flask fitted with
a thermometer and mixed with 40.2g. (0.276 mole) of

R? R?
(2) 2R—P(OR'); +3 > N—CH,—CH,—OH — R—P(O—CH,—CH,—NZ{ )2+
Rz/ « SSR2
OR!
R—P _R?
™ O—CH,—CH,—N__ +3R!-OH
R2
OR!
3)R—P7 R, OR!
™~ O—CH,—CH,—N +S—R—P _R,
~ N O—_CH,—CH,—N
R,
? OR!
s
(4) R—P “ o
1
g _OR

O—CH,—CH,—N~" = R— R,
SR, ~s—cH,—CH—N
R

wherein the definitions for X, R!, R? are the same as
above.
The following examples illustrate our invention:

EXAMPLE 1

Ethyl ether (1,000 ml) previously dried over sodium
or calcium hydride and 234g. (2 moles) of redistilled 35
dichloromethylphosphine were added to the reaction
flask which has been previously flushed with dry nitro-
gen. A mixture of 193.2g. (4.2 moles) of absolute ethyl
alcohol and 627.0g. (4.2 moles) of N,N-diethylaniline
in the dropping funnel was added dropwise with stirring 40
to the mixture of dichloromethylphosphine and ethyl
ether. During addition of the alcohol, the reaction tem-
perature was maintained between 20° to 30°C. by an
ice bath, the system was flushed with dry nitrogen, and
the exit gas line of the condenser was connected to a 45
mercury bubbler. After the alcohol was added, the mix-
ture was stirred for an additional 3 hours. The flask was
removed from the reaction apparatus and was flushed
with nitrogen, and the contents were poured into a
Blichner funnel. The reaction flask was rinsed with 300
ml of dry ethyl ether, which was then added to the fun-
nel. The liquid portion was separated from the solid
N,N-diethylaniline hydrochloride using the vacuum
produced by a water aspirator (a Dry Ice-acetone trap
was located between the filtration flask and the water
aspirator). The filter cake was washed with two 300 ml
portions of dry ether.

The liquid reaction product was transferred to a 2 L.
flask which had been previously flushed by dry nitro-
gen. The flask was connected to a 10-in. packed col-
umn surmounted by a stripping head, and the ethyl
ether was distilled off at a spot temperature of approxi-
mately 60°C. During the removal of the ether, the exit
gas line was sealed by a mercury bubbler to prevent en-
trance of atmospheric oxygen into the system. The re-
maining liquid was transferred to a 500 ml flask, and
distillation in vacuo gave 223.2g. (1.64 moles) of di-
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2-diisopropylaminoethanol. The reaction flask was
then flushed with dry nitrogen and heated slowly with
a Glas-Col heating mantel for 55 minutes from 23° to
110°C., the reflux temperature of the reaction mixture.
The ethanol formed in the reaction with continuously
removed, During the removal of ethanol, the head tem-
perature varied from 75° to 78.5°C. with the greater
portion distilling at the higher temperature. An addi-
tional 65 minutes was required to complete the re-
moval of ethanol. The temperature of the reaction mix-
ture was 150°C. at the completion of the removal of al-
cohol. The reaction yielded 12.6g. (.374 mole) of etha-
nol (99.3% yield). Heating was discontinued, and dry
nitrogen was flushed through the system while the pot
cooled to 50°C. The distillation of the reaction mixture
was continued in vacuo and gave the following yields:

Diethyl methylphosphonite, 33.7g. (.248 mole), b.p.
48°/50 mm. np, 1.4176 (recovery 45%). Ethyl 2-
diisopropylaminoethyl methyl phosphonite, 45.6g
(.207 mole) b.p. 54°/100u, n,* 1.4488 (yield 75%).
Anal. calcd: for C;H,sO,NP: C, 56.14; H, 11.14; N,
5.95; P, 13.17. Found: C, 55.9; H, 11.4; N, 6.06; P,
13.6.

Bis(2-diisopropylaminoethyl) methylphosphonitee,
11.0g.(0.033 mole) b.p. 105°/100u, n,*® 1.4598 (yield
12%).

The desired product ethyl 2-diisopropylaminoethyl
methylphisphonite was then separated by fractional
distillation under a nitrogen atmosphere for use in the
following example:

EXAMPLE I

This example was performed in a three neck 41.
pyrex flask with agitator, thermocouple well, addition
tube for sulfur and addition line for nitrogen. The flask
was immersed in a battery jar of ethylene glycol which
was used as the heating bath. Cooling was controlled by
adding dry ice to the glycol bath and heating was ac-
complished by a submerged electric heat coil.
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The reaction flask was charged with 3221 grams
(1.37 moles) of ethyl 2-diisopropylaminoethyl methyl
phosphonite (99% purity) and a nitrogen purge was
then started to maintain an inert atmosphere in the
flask. Then 435g. (1.36 moles) of ground rhombic sul-
fur was slowly added using a vibrating feeder to regu-
late the flow rate. The heat of reaction was removed by
the dry ice cooled bath. The reaction temperature was
kept at approximately 30°C. by visual examination of
the temperature recorder connected to the thermo-
couple and controlling the sulfur feed. The time for the
completion of the sulfur addition was 60 minutes. Ten
minutes was then allowed for completion of the reac-
tion. The reactor was then heated as quickly as possible
to 120°C. with the immersion heater and maintained at
this temperature for 90 minutes. The reaction flask was
then cooled, sampled and drained. The S-(2-
diisopropylaminoethyl )-O-ethyl methylphosphonothio-
late produced was analyzed as 97.6% pure.

In a manner similar to the above examples, other O-
lower alkyl-S-di(lower alkyl) aminoethyl-lower alkyl
phosphonothiolates may be prepared.

It is obvious that various changes may be made by
persons skilled in this art. It is our intent that the inven-
tion herein described be limited only by the scope of
the following claims.

We claim:

1. A method of preparing compounds of the formula

o
R——.%——S-—CH._,—CH._.—-N
e}
|
R

which compriscs the steps of reacting a compound of
the formula R-—PX, with an alcohol of the formula
R'—OH to produce a compound of the formula R—P-
(OR'"), reacting this compound with an aminoalcohol
of the formula

N-CH,—CH,—OH

R?

to produce a compound of the formula
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OR!

/
R—P R?

™ 0—CH,—CH,—N""
R2
reacting this compound with sulfur to produce a com-
pound of the formula

S

R—P_OR! R?
| S
O—CH,—CH,—N \

R'Z

which is then isomerized at a temperature in the range
70°-200°C. to proudce a compound of the formula

o
R—P—OR!

S—CH,—CHy,—N~" R

AN R,

wherein X is selected from the group consisting of
chloro, bromo, and iodo radicals, R, R!, R? are lower
alkyl radicals.

2. A method of preparing S-(2-diisopropylaminoe-
thyl)-O-ethyl methylphosphonothiolate which com-
prises the steps of reacting dichloromethylphosphine
with ethyl alcohol to produce diethyl methylphospho-
nite, reacting this compound with 2-
diisopropylaminoethanol to give ethyl 2-
diisopropylaminoethyl methylphosphonite, reacting
this compound with sulfur to produce O-(2-
diisopropylaminoethyl) O-ethyl methylphosphonoth-
ionate which is then immediately heated to the range
70°-200°C. and isomerized to produce S-(2-
diisopropylaminoethyl)-O-ethyl methylphosphonothio-
late.

3. In the preparation of O-alkyl S-dialkylaminoalkyl
alkylphosphonothiolates the steps which consist in add-
ing sulfur to alkyl dialkylaminoalkyl alkylphosphonnite
and keeping the temperature within the range
20°—40°C., thereafter heating said reactants to the tem-
perature range 70°-200°C. to produce O-alkyl-S-
dialkylaminoalkyl alkylphosphonothiolates.

* * * * %



