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PROCESS FOR PREPARATION OF
THIOPHOSPHORYL CHLORIDE AND
ACEPHATE

FIELD OF INVENTION

[0001] The present invention relates to an improved pro-
cess for preparation of acephate and intermediates thereof.
More particularly, the present invention relates to a process
for preparation of thiophosphoryl chloride useful for com-
mercial production of pesticides and pharmaceutically
active compounds.

BACKGROUND OF THE INVENTION

[0002] Phosphoramidothioates are known for their excel-
lent insecticidal activity against a variety of insects in
various environments. Acephate, a systemic insecticide, is
one of widely used phosphoramidothioate that controls a
wide range of chewing and sucking insects, e.g. aphids,
thrips, lepidopterous larvae, sawflies, leaf miners, leathop-
pers, cutworms, etc., in fruit (including citrus), vines, hops,
olives, cotton, soya beans, peanuts, macadamia nuts, beet,
brassicas, celery, beans, potatoes, rice, tobacco, ornamen-
tals, forestry, and other crops.

[0003] Thiophosporyl chloride is a useful starting material
for synthesis of organo-phosphorus compounds in agro-
chemical industry.

[0004] German Patent 1145589 discloses that thiophos-
phoryl chloride is obtained by treating phosphorous trichlo-
ride and sulfur in liquid phase at atmospheric pressure, using
aluminum or alloys thereof, either neat or with halogens.
Similar process is disclosed in patents (U.S. Pat. Nos.
2,715,561, 2,850,354, 2,850,354) using metal halides as
catalyst.

[0005] U.S. Pat. No. 5,464,600 discloses a process for
preparing thiophosphoryl chloride by reacting phosphorous
trichloride with sulfur in the presence of tertiary amine
catalyst. The improvement in the process is use of tertiary
amine (aromatic and aliphatic) as catalyst. The tertiary
amine is selected from the group consisting of S-ethyl-2-
methylpyridine, 2-methylpyridine, 2,4-dimethylpyridine,
2,6-dimethylpyridine, 2,4,6-trimethylpyridine, tri-n-pro-
pylamine, tri-n-butylamine, tris-[2-(2-methoxyethoxy )ethyl]
amine and  1,8-diazabicyclo[5.4.0]lundec-7-ene.  As
described in examples the reaction mixture was cooked for
9 hours (via 5-ethyl-2-methylpyridine) or for 14 hours (via
2,6-Lutidine) or for 3 hour 44 min (via Tributylamine) or for
19 hours and 17 min (via N,N-Dimethylaniline) or for 15
hour 6 min via 1,8-Diazabicyclo[5.4.0.]Jundec-7-ene (DBU).
[0006] U.S. Pat. No. 6,251,350 disclose process for pre-
paring thiophosphoryl chloride by reacting phosphorous
trichloride with sulfur in the presence of a catalytic amount
of a tertiary amine, and essentially in the presence of a
catalytic amount of a nitroxide free radical. The nitroso free
radical is 2,2,6,6-tetramethyl-1-piperidinyloxy (“TEMPO”).
Example 1 of this patent disclose reaction in presence of
tertiary amine and TEMPO performed for about 2 hours and
8 minutes to produce thiophosphoryl chloride.

[0007] Activated charcoal is commonly used as solid
phase catalyst to promote the thiolation reaction and
observed to give quantitative conversion. However, while
use, this catalyst process is associated with many issues at
commercial production. Catalyst, while product isolation by
distillation, is carried over with product yielding poor prod-
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uct appearance such as blackening of the product. Other
practical issues such as foaming issues in the reactor pot/
HEEL and flooding in the column with solid catalyst;
catalyst depletion; etc are immediate to list. The disadvan-
tages continue with post sufficient recycles, removal and
disposal of this highly corrosive two-phase highly viscous
slurry mass of HEEL and retained catalyst is often a major
effluent concern to dispose as well as a safety hazard. Thus,
this process is not industrially viable and amenable for
scale-up.

[0008] Thus, there exists a need to develop a simple,
cost-effective, rapid and commercially viable process for the
commercial scale preparation of thiophosphoryl chloride
used as an intermediate for preparation of organo-phospho-
rus compounds in agrochemical industry. The present inven-
tion thus provides an industrially viable and cost-effective
process for the large scale preparation of acephate and its
intermediate thiophosphoryl chloride.

SUMMARY OF THE INVENTION

[0009] In an aspect the present invention provides a com-
mercial and rapid process for preparation of thiophosphoryl
chloride.

[0010] In another aspect the present invention provides
continuous process for preparation of thiophosphoryl chlo-
ride with high yield and high purity.

[0011] In another aspect the present invention provides a
simple and less time consuming commercial process for
preparation of acephate using thiophosphoryl chloride pre-
pared according to the present invention.

[0012] In another aspect the present invention provides a
commercial process for preparation of an intermediate thio-
phosphoryl chloride which is used for preparation of
acephate.

[0013] In another aspect the present invention provides a
continuous process for preparation of acephate.

[0014] Aspects, advantageous features and preferred
embodiments of the present invention summarized as fol-
lows, respectively alone or in combination, contribute to
solving this and other objects of the invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0015] The particulars shown herein are by way of
example and for purposes of illustrative discussion of the
various embodiments of the present invention only and are
presented in the cause of providing what is believed to be the
most useful and readily understood description of the prin-
ciples and conceptual aspects of the invention. In this regard,
no attempt is made to show details of the invention in more
detail than is necessary for a fundamental understanding of
the invention, the description making apparent to those
skilled in the art how the several forms of the invention may
be embodied in practice.

[0016] The present invention will now be described by
reference to more detailed embodiments. This invention
may, however, be embodied in different forms and should
not be construed as limited to the embodiments set forth
herein. Rather, these embodiments are provided so that this
disclosure will be thorough and complete, and will fully
convey the scope of the invention to those skilled in the art.
[0017] Unless otherwise defined, all technical and scien-
tific terms used herein have the same meaning as commonly
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understood by one of ordinary skill in the art to which this
invention belongs. The terminology used in the description
of the invention herein is for describing particular embodi-
ments only and is not intended to be limiting of the inven-
tion. As used in the description of the invention and the
appended claims, the singular forms “a,” “an,” and “the” are
intended to include the plural forms as well, unless the
context clearly indicates otherwise. All publications, patent
applications, patents, and other references mentioned herein
are expressly incorporated by reference in their entirety.

[0018] Accordingly, Applicants co-pending Indian patent
application 202021004454 titled “A continuous flow process
for preparation of Acephate and its intermediates™ is herein
incorporated in its entirety by reference into the specifica-
tion, to the same extent as if publication, patent or patent
application was specifically indicated to be incorporated
herein by reference. The contents of this patent application
and its publication is incorporated herein by reference.

[0019] Unless otherwise indicated, all numbers expressing
quantities of ingredients, reaction conditions, and so forth
used in the specification and claims are to be understood as
being modified in all instances by the term “about.” Accord-
ingly, unless indicated to the contrary, the numerical param-
eters set forth in the following specification and attached
claims are approximations that may vary depending upon
the desired properties sought to be obtained by the present
invention. At the very least, and not as an attempt to limit the
application of the doctrine of equivalents to the scope of the
claims, each numerical parameter should be construed in
light of the number of significant digits and ordinary round-
ing approaches.

[0020] Notwithstanding that the numerical ranges and
parameters setting forth the broad scope of the invention are
approximations, the numerical values set forth in the specific
examples are reported as precisely as possible. Any numeri-
cal value, however, inherently contains certain errors nec-
essarily resulting from the standard deviation found in their
respective testing measurements. Every numerical range
given throughout this specification will include every nar-
rower numerical range that falls within such broader numeri-
cal range, as if such narrower numerical ranges were all
expressly written herein.

[0021] Additional advantages of the invention will be set
forth in part in the description which follows, and in part will
be obvious from the description, or may be learned by
practice of the invention. It is to be understood that both the
foregoing general description and the following detailed
description are exemplary and explanatory only and are not
restrictive of the invention, as claimed.

[0022] Surprisingly, it was found that process for prepa-
ration of thiophosphoryl chloride improved in a way as
disclosed herein which provides a scalable method that can
safely be handled on a larger scale with reproducible yields
and more efficiently better-quality products, at a lower cost.
[0023] The present invention provides an efficient; effec-
tive and safe process for preparation of thiophosphoryl
chloride as described herein.

[0024] In an aspect the present invention provides a pro-
cess for preparation of thiophosphoryl chloride comprising
reaction of phosphorus trichloride and sulfur in thiophos-
phoryl chloride in the presence catalytic amount of a base.
[0025] In an embodiment the process comprises reaction
of phosphorus trichloride and sulfur in thiophosphoryl chlo-
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ride in the presence of a base, the reaction being carried out
at a temperature in range of 100-150° C.

[0026] In an embodiment, the present process is balanced
and enough to ensure quick conversion into desired product
resulting into low cook time.

[0027] Ithas been surprisingly found that the reaction time
can be substantially and significantly reduced if the reaction
is carried out in thiophosphoryl chloride in the presence of
a base. Without wishing to be bound by theory, the present
inventors believe that the starting thiophosphoryl chloride
acts as a self-solvent for the reaction components to be
brought together, which in the presence of a catalytic base,
therefore accelerates the reaction and significantly reduces
the reaction time.

[0028] Accordingly, the present invention relates to a
process for the preparation of thiophosphoryl chloride com-
prising reacting phosphorus trichloride with sulfur, in thio-
phosphoryl chloride, in the presence a base.

[0029] In an embodiment the reaction of phosphorus
trichloride and sulfur in thiophosphoryl chloride in presence
of a catalytic base is carried out within a period of less than
60 min.

[0030] In an embodiment the reaction is cooked for a
period of 20 to 60 minutes to obtain thiophosphoryl chloride.
[0031] In an embodiment the reaction of phosphorus
trichloride and sulfur in thiophosphoryl chloride in the
presence of a base is carried out for a period of 20 minutes.
[0032] In an embodiment the reaction of phosphorus
trichloride and sulfur in thiophosphoryl chloride in the
presence of a base is carried out for a period of 30 minutes.
[0033] In an embodiment the reaction of phosphorus
trichloride and sulfur in thiophosphoryl chloride in the
presence of a base is carried out for a period of 40 minutes.
[0034] In an embodiment the reaction of phosphorus
trichloride and sulfur in thiophosphoryl chloride in the
presence of a base is carried out for a period of 60 minutes.
[0035] In an embodiment the catalyst is alkyl amine,
preferably trialkyl amine.

[0036] In an embodiment the catalyst is tributylamine.
[0037] Inanembodiment, the catalyst is used in an amount
in the range of 0.01-0.08 mole fraction of Phosphorus
trichloride for first charge.

[0038] In an embodiment, the molar ratio of phosphorus
trichloride and sulfur is about 1:1.

[0039] In an embodiment the reaction of phosphorus
trichloride and sulfur in thiophosphoryl chloride in the
presence of a base is carried out at a temperature in range of
100-150° C.

[0040] In an embodiment the reaction of phosphorus
trichloride and sulfur in thiophosphoryl chloride in the
presence of a base is carried out at a temperature in range of
110-130° C.

[0041] In an embodiment the reaction of phosphorus
trichloride and sulfur in thiophosphoryl chloride in the
presence of a base is carried out at atmospheric pressure.
[0042] In an embodiment, the phosphorus trichloride and
sulfur are reacted in equivalent ratio.

[0043] In an embodiment, the reaction of Phosphorus
trichloride and sulphur is carried out in presence of catalytic
amount of base and thiophosphoryl chloride for a period of
less than 60 minutes to obtain desired product.

[0044] According to the present invention, the reaction
schematic showing method for synthesizing thiophosphoryl
chloride is represented as follows.



US 2023/0002424 Al

Scheme 1
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[0045] In an embodiment the catalyst is a base. The base

is trialkylamine.

[0046] In an embodiment, the base is tributylamine and is
used in an amount in the range of 0.01-0.08 mole fraction of
phosphorus trichloride.

[0047] Inan embodiment the desired product is PSCI3 and
is obtained in high yield and high purity.

[0048] According to the present invention the product
yield stabilizes between 93-95% post 5-7 recycles of heel.
[0049] Accordingly, the product PSCI; obtained according
to the present invention has purity more than 95%.

[0050] The product PSCl; obtained according to the pres-
ent invention has purity at least 98%.

[0051] The product PSCI; obtained according to the pres-
ent invention has purity at least 99%.

[0052] In an embodiment, the process further comprises
distilling out thiophosphoryl chloride (PSCl;) from the
reaction mixture leaving behind un-distilled residue termed
as “HEEL” which is recycled back for subsequent batches.
Typically, the heel is a un-distilled residue/fluid comprising
thiophosphoryl chloride and catalyst.

[0053] In an embodiment, the process comprising distill-
ing pure thiophosphoryl chloride from the reaction mixture
leaving behind the distillation heel.

[0054] In an embodiment, the process further comprising
recycling the distillation heel to a subsequent batch.
[0055] In an embodiment, the present process is operated
in at least for 20-50 cycles.

[0056] In an embodiment, the present process is operated
for more than 50 cycles

[0057] In an embodiment, the present process is operated
in about 20-30 cycles.

[0058] In an embodiment, the process may be practised in
either batch or semi-continuous mode of operation.

[0059] In an embodiment, the process further comprises
continuous recycling of the distillation heel to the reaction
stage of the phosphorous trichloride and sulfur to produce
thiophosphoryl chloride.

[0060] In accordance with the invention, the process is
highly suitable to either a batch or continuous reaction. In
the continuous reaction, the distillation heel is recycled
continuously to a primary reactor stage, where the sulfur and
phosphorous trichloride are reacted and can be continued
effectively for about 20 to 50 cycles and more.

[0061] Typically, Phosphorus trichloride is treated with
sulfur in solvent comprising of-thiophosphoryl chloride or
un-distilled residue HEEL in the distillation pot; retaining
the catalyst. After completion of the reaction the mixture is
subjected to distillation thereby separating the product in
high yield and purity.

[0062] Typically, the reaction mixture is distilled and two
streams (distillate-1 for recycle to heel and distillate-2
containing thiophosphoryl chloride) as product are col-
lected. The distillate-1 obtained during distillation of reac-
tion mass containing majorly thiophosphoryl chloride is
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about 95-98%, which is used as reaction moderator for the
continuous production of acephate.

[0063] The system is balanced and sufficient enough to
have boiling range of four component reaction mixture high
to ensure quick conversion resulting to low cook time.

Advantages of the Process According to Present

Invention
[0064] 1) Single phase reaction throughout the process.
[0065] ii) No foaming observed in the reaction mass

during reaction or work-up.

[0066] 1iii) Low vapor temperature during Thiophosphoryl
chloride recovery.

[0067] iv) Easy and safe dispose of HEEL commercially
after sufficient recycles.

[0068] V) The product quality is more than 98% as color-
less liquid (zero foreign contamination).

[0069] vi) High product yield between 93-95% post 5-7
recycles of HEEL.

[0070] vii) Catalyst retained in the HEEL is available for
subsequent recycle batches. Its make-up charge can be
required only after 50 cycles. Catalyst depletion by
prominent noted by rise in cook time for reaction comple-
tion.

[0071] wviii) Semi-continuous manufacturing system by
flipping between fresh charges of Phosphorus trichloride;
Sulfur and catalyst (as required) to HEEL under nitrogen
blanketing; giving cook time (30-60 min) & distilling two
streams (Distillate-1 for recycle to HEEL & Thiophos-
phory Chloride as product).

[0072] ix) Post sufficient recycles (>50), HEEL observed
easy to unload into drums for dispose. Finally, for its
disposal, it may be treated with Aq. caustic solution &
scrubbing the off gases.

[0073] x) The improvement comprises use of high boiler
reaction media along with liquid phase base amine as
catalyst resulting in high quality, high yield product,
operational ease, high throughput, industrial hygiene &
safety and easy to unload & dispose residue after suffi-
cient recycles.

[0074] xi) The use of adjunct catalysts such as TEMPO is
avoided in order to avert hazardous free radical side-
reactions.

[0075] xii) The reaction time to completion is significantly
reduced.
[0076] In another aspect the present invention provides a

process for the manufacture of the insecticide, namely
acephate  (N-(Methoxy-methylsulfanylphosphoryl) acet-
amide) and its intermediates.

[0077] In an embodiment, the present invention provides
a process for preparation of acephate comprising reaction of
phosphorus trichloride and sulfur in thiophosphoryl chloride
in the presence a base to obtain thiophosphoryl chloride.
[0078] In an embodiment the present invention provides a
process for preparation of acephate comprises:

[0079] 1) preparing thiophosphoryl chloride by reacting
phosphorus trichloride and sulfur in thiophosphoryl
chloride in the presence catalytic amount of a base;

[0080] 2) preparing O-methyl phosphorodichloridoth-
ioate (monoester) using the thiophosphoryl chloride of
step (1);

[0081] 3) preparing O,0-dimethyl phosphorochlorido-
thioate (diester) using the monoester of step (2);
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[0082] 4) preparing O,0-dimethylphosphoramidothio-
ate (DMPAT) using the diester of step (3); and

[0083] 5) preparing acephate using the DMPAT of step
4

[0084] The process as described in step 4) comprises
treating DMPAT with catalytic alkyl sulfate for example
dimethyl sulphate to form methamidophos, and the meth-
amidophos formed is subjected to acetylation reaction using
acetic anhydride to form N-(methoxy-methylsulfanylphos-
phoryl) acetamide.

[0085] Accordingly, in an embodiment the process for
preparation of acephate comprises reaction of phosphorus
trichloride and sulfur in thiophosphoryl chloride in the
presence of tributyl amine catalyst to obtain thiophosphoryl
chloride in high yield and purity.

[0086] In an embodiment, the reaction of phosphorus
trichloride and sulfur in thiophosphoryl chloride is carried
out at a temperature in range of 100-150° C.

[0087] In an embodiment the process for preparation of
acephate is characterized in that reaction of phosphorus
trichlorideand sulfur in thiophosphoryl chloride is carried
out in presence of tributyl amine catalyst at temperature in
the range of 120-150° C. for about less than 60 minutes to
obtain thiophosphoryl chloride in high yield and purity.
[0088] According to the present invention the reaction
schematic showing method for synthesizing acephate is
represented as follows.
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[0095] In an embodiment, the conversion in step b) com-
prises at least one step selected from

[0096] (i) treating thiophosphoryl chloride with metha-
nol to obtain O-methyl phosphorodichloridothioate,

[0097] (ii) treating O-methyl phosphorodichloridothio-
ate with methanol to obtain O,0-dimethyl phosphoro-
chloridothioate; or

[0098] (iii) treating O,0-dimethyl phosphorochlorido-
thioate with base to obtain O,0-dimethyl phosphorami-
dothioate.

[0099] In an embodiment the process further comprises
acetylating O,0-dimethyl phosphoramidothioate in presence
of acetic anhydride to obtain acephate.

[0100] In an embodiment the process for preparation of
acephate comprises:

[0101] a) reacting phosphorus trichlorideand sulfur in
thiophosphoryl chloride in the presence of tributyl
amine catalyst to obtain thiophosphoryl chloride; and

[0102] D) using the thiophosphoryl chloride prepared in
step (a) to prepare acephate.

[0103] In an embodiment the process for preparation of
acephate comprises:

[0104] a) reacting phosphorus trichloride and sulfur in
thiophosphoryl chloride in the presence of tributyl
amine catalyst to obtain thiophosphoryl chloride; and

Scheme 2
S Ve
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[0089] In an aspect the present invention provides a pro- [0105] D) reacting thiophosphoryl chloride with metha-

cess for preparation of acephate comprising

[0090] a) Preparing thiophosphoryl chloride and
[0091] b) Converting thiophosphoryl chloride to
acephate
[0092] In an embodiment the step a) comprises treating

phosphorus trichloride, thiophosphoryl chloride and sulfur
in presence of tributyl amine catalyst to obtain thiophos-
phoryl chloride.

[0093] In an embodiment the process further comprising
distilling pure thiophosphoryl chloride from the reaction
mixture leaving behind the distillation heel.

[0094] In an embodiment the process further comprising
recycling the distillation heel to a subsequent reaction stage
of the phosphorous trichloride and sulfur to produce thio-
phosphoryl chloride.

nol to prepare O-methyl phosphorodichlorodithioate
(monoester); and
[0106] c) using the O-methyl phosphorodichlorodithio-
ate (monoester) prepared in step (b) to prepare
acephate.
[0107] In an embodiment, thiophosphoryl chloride is
reacted with methanol in a continuous mode.
[0108] In an embodiment, thiophosphoryl chloride is
reacted with methanol in a batch mode.
[0109] Inanembodiment, other alcohols instead of metha-
nol, preferably a lower alcohol, may also be used.
[0110] In an embodiment the process for preparation of
acephate comprises:
[0111] a) reacting phosphorus trichloride and sulfur in
thiophosphoryl chloride in the presence of tributyl
amine catalyst to obtain thiophosphoryl chloride; and
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[0112] b) reacting thiophosphoryl chloride with metha-
nol to prepare O-methyl phosphorodichlorodithioate
(monoester); and

[0113] c¢) reacting the O-methyl phosphorodichlorodi-
thioate (monoester) with methanol to prepare O,0-
dimethyl phosphorochlorodithioate; and

[0114] d) using the O,0-dimethyl phosphorochlorodi-
thioate prepared in step (c) to prepare acephate.

[0115] In an embodiment, the step of reacting O-methyl
phosphorodichlorodithioate (monoester) with methanol to
prepare O,0-dimethyl phosphorochlorodithioate is carried
out for 1 to 5 hours, preferably 2 to 3 hours.

[0116] In an embodiment the process for preparation of
acephate comprises:

[0117] a) reacting phosphorus trichloride and sulfur in
thiophosphoryl chloride in the presence of tributyl
amine catalyst to obtain thiophosphoryl chloride; and

[0118] b) reacting thiophosphoryl chloride with metha-
nol to prepare O-methyl phosphorodichlorodithioate
(monoester); and

[0119] c¢) reacting the O-methyl phosphorodichlorodi-
thioate (monoester) with methanol to prepare O,0-
dimethyl phosphorochlorodithioate (diester);

[0120] d) reacting the diester with ammonium hydrox-
ide and sodium hydroxide to produce the DMPAT
(0,0-dimethylphosphoramidothioate); and

[0121] e) using the DMPAT produced in step (d) to
prepared acephate.

[0122] In an embodiment, the DMPAT is subjected to an
acetylation reaction to prepare acephate.

[0123] In an embodiment the process for preparation of
acephate comprises:

[0124] a) reacting phosphorus trichloride and sulfur in
thiophosphoryl chloride in the presence of tributyl
amine catalyst to obtain thiophosphoryl chloride; and

[0125] D) reacting thiophosphoryl chloride with metha-
nol to prepare O-methyl phosphorodichlorodithioate
(monoester); and

[0126] c¢) reacting the O-methyl phosphorodichlorodi-
thioate (monoester) with methanol to prepare O,0-
dimethyl phosphorochlorodithioate (diester);

[0127] d) reacting the diester with ammonium hydrox-
ide and sodium hydroxide to produce the DMPAT
(0,0-dimethylphosphoramidothioate); and

[0128] e) subjecting DMPAT to isomerisation using
alkyl sulphate followed by acetylation reaction to pre-
pare acephate.

[0129] The reaction products obtained in above steps are
isolated or separated from the reaction or carried forward
without additional processing by the techniques known to a
skilled person. Thus, the compounds described herein can be
recovered from reaction mixtures and purified in a conven-
tional manner.

[0130] The process as described above where the reaction
may proceeds by isolating each step product or without
isolating each step product and proceed as continuous pro-
cess.

[0131] In an embodiment, the process for preparation of
acephate comprises treatment of phosphorus trichloride and
sulfur in thiophosphoryl chloride in presence of tributyl
amine catalyst to obtain thiophosphoryl chloride and further
converting into acephate.
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[0132] The process according to the present invention
provides thiophosphoryl chloride with purity at least 95%,
preferably at least 99%.

[0133] In an embodiment, the present invention provides
the conversion of thiophosphoryl chloride, as described
herein, into acephate, as described herein, according to steps
of described method. In an embodiment, the conversion of
thiophosphoryl chloride to acephate comprises the following

steps
[0134] Step 1: Preparation of thiophosphoryl chloride.
[0135] Step 2: Preparation of O-methyl phosphorodichlo-

ridothioate (monoester).

[0136] Step 3: Preparation of O,0-dimethyl phosphoro-
chloridothioate (diester).

[0137] Step 4: Preparation of O,0-dimethylphosphorami-
dothioate (DMPAT); and

[0138] Step 5: Preparation of acephate.

[0139] The sequence of steps outlined above can be inte-
grated into an overall scheme for the production of acephate.
Such an integrated process is generally comprised of the
following steps under suitable reaction conditions described
herein:

[0140] Step 1: The first step is formation of thiophospho-
ryl chloride by treating phosphorus trichlorideand sulfur in
thiophosphoryl chloride in presence of alkyl amine for
example tributyl amine catalyst.

[0141] In an embodiment, the reaction is carried out for
about 60 minutes, preferably 30 to 40 minutes at temperature
in the range of from 100-150 degrees.

[0142] Inan embodiment, the alkyl amines such as triethyl
amine, n-propyl amine, tri n-butyl amine, diisopropyl ethyl
amine can also be used.

[0143] Step 2: In this step O-methyl phosphorodichlori-
dothioate is prepared by treating thiophosphoryl chloride
with methanol at low temperature between -10 to 0° C. for
about 1 to 5 hours.

[0144] Step 3: In this step O-methyl phosphorodichlori-
dothioate is treated with methanol in presence of base at
temperature between —-10 to 0° C. for about 1 to 5 hours to
obtain O,0-dimethyl phosphorochloridothioate (diester).
[0145] The base is selected from group comprising of
lithium hydroxide, sodium hydroxide, potassium hydroxide,
sodium carbonate, potassium carbonate, sodium bicarbon-
ate, potassium bicarbonate, or mixture thereof.

[0146] Step 4: In this step O,0-dimethyl phosphorochlo-
ridothioate (diester) obtained in step 3 is treated with ammo-
nium hydroxide to get DMPAT. The reaction is preferably
carried out at temperature in the range of 20-30° C. for 1 to
3 hours in presence of base and the base is selected from
group comprising of lithium hydroxide, sodium hydroxide,
potassium hydroxide, sodium carbonate, potassium carbon-
ate, sodium bicarbonate, potassium bicarbonate, or mixture
thereof. DMPAT thus obtained is isolated from the mixture
by extracting with suitable solvent such as methylene chlo-
ride.

[0147] Step 5: In this step DMPAT is isomerised using
alkyl sulphate for example dimethyl sulphate to form meth-
amidophos. The reaction is performed in suitable solvent for
example methylene dichloride at temperature in the range of
30-50° C. for 2-5 hours. The reaction mixture containing
methamidophos in solvent is used as such for converting
into acephate by acetylation. The acetylation reaction is
carried out using acetic anhydride and suitable acid for
example sulphuric acid to obtain desired product acephate in
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high yield and high purity. The acetylation is carried out at
temperature in the range of 30-50° C. for 2-5 hours. The final
product acephate thus obtained can be crystallized using
suitable solvent for example ethyl acetate or methylene
dichloride.

[0148] Advantageously, the process for preparation of
acephate comprising treating phosphorus trichlorideand sul-
fur in thiophosphoryl chloride in the presence of tributyl
amine catalyst to obtain thiophosphoryl chloride in less than
60 minutes and further converting into acephate by the
processes as described herein or in a conventional manner
understood by those skilled in the art.

[0149] The process scheme of the present invention
advantageously increases yields and purity of the final
product.

[0150] The overall scheme for the production of acephate
according to the present invention is rapid, simple, cheap,
robust, fast e.g., short cycle times and commercially and
industrially viable.

Jan. 5, 2023

of 130° C. and cooked for about 1 h post attaining steady
mass temperature of 130° C. Post confirmation of conver-
sion >95% of phosphorus trichloride, the reaction mixture
was subjected to atmospheric distillation. The first cut
(distillate-1, Forecut -5% of reaction mass; 45-50 g) of
phosphoryl trichloride was collected and then the main
product stream of thiophosphoryl chloride (400-405 g) was
collected as distillate-2 with purity >98%. The residue (heel,
430 g) remained in the bottom of reactor is used for
subsequent recycle batches.

[0153] In the subsequent recycle batch, distillate-1 from
above batch is admixed with heel in the reaction flask as
solvent/reaction moderator and charging sulfur and phos-
phorus trichloride in the same manner as above to initiate the
reaction. The reaction mass was cooked for 1 h post addition
at 130° C.; monitored by GC for reaction completion and
distilled.

[0154] The reaction experimental details are represented
in below table 1.

TABLE 1
Moderator/reaction
media Sulfur, PCl;, Cook
PSCl; HEEL + g/mol  g/mol  time Distillat-1

Batch # (g/mol) Distillate-1 (g) g/mol  g/mol  (h) (g) Yield (%)

Heel 450/2.65 — 81/2.53 350/2.54 1 50 92.7

formation

Recycle-1 — 430 +50  81/2.53 350/2.54 1 46 94.7

Recycle-2 — 430 +46  81/2.53 350/2.54 1 45 97.3
[0151] The invention will now be described in more [0155] Table 2 shows results of the reactions.
details with reference to the following examples and they
should not be considered as limiting the scope of the
disclosure in any way, as these examples and other coun- PSCl; Cut-1 & Cut-2 Composition
terparts thereof will become apparent to those skilled in the . .
art in the light of the present disclosure. The skilled person Parameters 7 Unreacted PCl3 % of PSCIs
will appreciate that the general synthetic routes detailed Distillate-1 <2.0% 95-99%
above show common reactions to transform the starting Distillate-2 <0.5% 98-99.5%
materials as required. The specific reactions that are not (Product)
provided are known to the skilled person and such reactions
are well known to those skilled in the art and appropriate
conditions considered to be within the skilled person’s Example 2
common general knowledge. [0156] In a 1 litre four-neck Kettle fitted with addition

EXAMPLES
Example 1

Preparation of Thiophosphoryl Chloride According
to the Present Invention

[0152] In a 1L four necked round bottom flask with
overhead stirrer, reaction mass temperature sensor, oil bath
with temperature sensor; vapor temperature; condenser
cooled to 0° C., nitrogen blanket, adaptor and collection
flask and 5-10% caustic scrubber for quenching off-gases
was charged with sulfur (2.53 mole, 81 g); and thiophos-
phoryl chloride (450 g). Tributyl amine (5 g) was then
charged into the flask. The reaction mixture was gradually
heated to reflux under continuous agitation. Phosphoryl
trichloride (2.54 mole, 350 g) was added dropwise into this
mixture. The reaction was monitored by mass temperature
sensor; allowed gradually to attained constant temperature

funnel, TP, reflux divider and condenser, Thiophosphoryl
chloride (430 g), tributylamine (9 g, 0.048 mole) and sulfur
(90 g, 2.81 mole) were charged and the reaction mass was
gradually raised to 120° C. Phosphorus chloride (350 g, 2.55
mole) was added at reflux condition and further cooked at
this temperature for 30 minutes. The reaction progress was
monitored by GC chromatograph. The reaction mass was
then subjected to atmospheric distillation. The unreacted
phosphorus chloride was distilled in 1% fraction and the
product thiophosphoryl chloride was distilled in the second
fraction at the temperature range of 120-125° C. The Heel
residue containing thiophosphoryl and tributylamine
remained in the mixture was used as such for next recycle
reaction as provided in example 1. The distilled product was
analysed as thiophosphoryl chloride (429.5 g, 99.6%).

Example 3

[0157] Under a similar procedure to that described in
Example 2 except that the product thiophosphoryl chloride
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is distilled directly by increasing cooking time by 30 min-
utes and avoided the first distillate to obtain thiophosphoryl
chloride (429.4 g, 99.5%).

Example 4

[0158] Thiophosphoryl chloride (6330 Kg) and
tributylamine (300 kg) were charged into the reactor and the
temperature of reaction mass was gradually raised to 120° C.
Molten sulfur (2083 kg) and phosphorus chloride (8495 Kg)
were added at reflux condition into the reactor and further
cooked at this temperature for 40 minutes. The reaction
progress was monitored by GC chromatograph. The reaction
mass was then subjected to atmospheric distillation. The
unreacted phosphorus chloride was distilled in 1% fraction
and the product thiophosphoryl chloride (10469 Kg, 99.7%)
was collected in the second fraction at the temperature range
of 120-127° C. The Heel residue containing thiophosphoryl
and tributylamine remained in the reactor was kept as such
for recycle batch reaction.

Example 5

[0159] Under a similar procedure to that described in
Example 5 except that the product thiophosphoryl chloride
is distilled directly by increasing cooking time to 90 minutes
and avoided the first distillate to obtain thiophosphoryl
chloride (10470 kg, 99.5%).

Example 6

[0160] In a one Ltr four-neck Kettle fitted with addition
funnel, reflux divider and condenser, Thiophosphoryl chlo-
ride (430 g), tributylamine (9 g, 0.048 mole) and Sulfur (90
g, 2.81 mole) were charged and the reaction mass was
gradually raised to 120° C. in 30 minutes. 350 g (2.55 mole)
phosphorus chloride at reflux condition and further cooked
at this temperature for 45 minutes. The reaction progress
was monitored by GC chromatograph. The reaction mass
was then subjected to atmospheric distillation. The unre-
acted phosphorus chloride was distilled in 1st cut and the
product was distilled at the temperature range of 120-125°
C. to get thiophosphoryl chloride (429.5 g, 99.6%). The Heel
residue containing thiophosphoryl and tributylamine was
kept as such for recycling.

Example 7
Comparative Example 1

Synthesis of Thiophosphoryl Chloride

[0161] Thiophosphoryl chloride (430 g) was added as a
heel to a 1 Ltr four neck Kettle fitted with addition funnel,
TP, Reflux divider and condenser. Activated carbon (10.5 g)
and Sulfur (90 g, 2.81 mole) was charged into the kettle and
the reaction mass was gradually raised to 120° C. Phospho-
rus chloride (350 g, 2.55 mole) was added at reflux condition
and further cooked at this temperature for 60 minutes. The
reaction progress was monitored by GC chromatograph. The
reaction mass was then subjected to atmospheric distillation.
The unreacted Phosphorus chloride was distilled in 1%
fraction and the product was distilled at the temperature
range of 120-125° C. in the second fraction to obtain
thiophosphoryl chloride. Thiophosphoryl chloride obtained
with black colour. Also foaming during PC13 addition and
distillation of product was observed.
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Comparative Example 2

Synthesis of Thiophosphoryl Chloride

[0162] To a 1 Ltr four neck Kettle fitted with addition
funnel, TP, Reflux divider and condenser etc. 350 g (2.55
mole) phosphorus chloride and Sulfur (90 g, 2.81 mole) was
charged. Added Tributylamine (9 g, 0.048 mole) resulting
slight exotherm and reaction mass was gradually raised to
120° C. in 90 minutes and further cooked at this temperature
for 240 minutes to complete the reaction. The reaction
progress was monitored by GC chromatograph. The reaction
mass was subjected to atmospheric distillation. The unre-
acted Phosphorus chloride was distilled in 1st cut, in main
cut product thiophosphoryl chloride was distilled at the
temperature range of 120-125° C. to obtain thiophosphoryl
chloride (429 g). xii). It was observed that the reaction time
is significantly higher and thus commercially not viable.

Example 8

Industrial Process for Preparation of Acephate
According to Present Invention

[0163] Step 1—Thiophoshporyl Chloride Preparation:
[0164] Thiophosphoryl chloride (6.33x10° Kg) was
charged into the reactor. Tributylamine (0.3x10° Kg) was
added into the reactor and the reaction mass was gradually
raised to 120° C. Molten Sulfur (2.083x10° Kg) was then
added into the reactor and phosphorus chloride (8.495x10°
Kg) addition was started at reflux condition. The mixture
was cooked at this temperature for 60 minutes. After
completion of reaction, the reaction mass was subjected to
atmospheric distillation. The unreacted phosphorus chloride
was distilled in 1st cut and thiophosphoryl chloride (10.47x
10° Kg) was collected as distillate-2 (99.7%) at the tem-
perature range of 120-127° C. and used in next step for the
preparation of o-methyl dichlorothiophosphate in a continu-
ous process. The Heel residue containing thiophosphoryl
and tributylamine was used as such for recycle batch.

[0165] Step 2—O-Methyl Dichlorothiophosphate Prepa-
ration:
[0166] A continuous stirred tank reactors (CSTR) was

charged with thiophosphoryl chloride (flow rate of 1.309x
10° Kg/h) from step 1) and methanol (flow rate of 1.129x10°
Kg/h) at temperature -5£3° C. maintaining the residence
time of the reaction 3 hour. After completion the reaction
mass was quenched over chilled water, separated the product
and stored to use in next step for the preparation of O,0-
dimethyl chlorothiophosphate.

[0167] Step 3—0O,0-dimethyl chlorothiophosphate Prepa-
ration:
[0168] Methanol (2.85x10° Kg) was charged into the

CSTR and O-methyl dichlorothiophosphate (4.482x10° Kg)
obtained in step 2 was added to reactor at temperature —10°
C. Sodium hydroxide solution (32% solution, 3.75x103 Kg)
was added to the mixture by maintaining the temperature
-5+3° C. After completion, the reaction mass was diluted
with water, separated the product and used in next step for
the preparation of O,0-dimethyl phosphoramidothioate.

[0169] Step 4—0,0-Dimethyl Phosphoramidothioate
Preparation:
[0170] CSTR was charged with O,0-dimethyl chlorothio-

phosphate obtained in step 3) (flow rate of 1.058x10> Kg/hr)
and addition of a premix (flow rate of 1.821x10° Kg/h:
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premix is 766x103 Kg/h, 32% caustic and 1.055x10°> Kg/h
Ag. ammonia solution (17%)) at 23+2° C. was continued for
residence time of 1.5 hrs. The reaction progress was moni-
tored by GC chromatograph. After completion the reaction
mass was extracted with dichloromethane to recover O,0-
dimethyl phosphoramidothioate (825 kg/h) and used in the
next step.

[0171] Step 5 Preparation of Acephate

[0172] O,0-dimethyl phosphoramidothioate (4.54x10°
Kg) obtained in step 4) above was taken in methylene
dichloride (3.17x10® Kg) for isomerisation and treated with
dimethyl sulfate (0.546x10°> Kg) in two lots to the solution
at 35-49° C. and the reaction mass was cooked for 4 hours
at 45-48° C. to form O,S-dimethyl phosphoramidothioate.
The isomerized product was then transferred into another
reactor for acetylation.

[0173] A precooled mixture of acetic anhydride (3.103x
10° Kg) and sulphuric acid (0.094x10° Kg) was then added
in the reaction mixture at 35-45° C. over a period of 1.5 Hrs
and continued cooking for 1 hr at same temperature. The
obtained mass was neutralised using liquid ammonia and the
product was extracted with dichloromethane to obtain
desired product acephate (4.826x10> kg) as a white solid
with 98% purity.

1. A process for preparing of thiophosphoryl chloride
comprising reacting phosphorus trichloride with sulfur, in
thiophosphoryl chloride, in the presence a base.

2. The process as claimed in claim 1 wherein said base is
a trialkylamine.

3. The process as claimed in claim 2 wherein said
trialkylamine base is tributylamine.

4. The process as claimed in claim 2 wherein said base is
in an amount in the range of 0.01-0.08 per mole fraction of
phosphorus trichloride.

5. The process as claimed in claim 1 wherein a molar ratio
of phosphorus trichloride and sulfur is about 1:1.

6. The process as claimed in claim 1 wherein said reaction
is carried out at a temperature in range of 100-150° C.

7. The process as claimed in claim 1 wherein said reaction
is carried out within a period of less than 60 min.

8. The process as claimed in claim 1 wherein said reaction
is carried out at normal atmospheric pressure.

9. The process as claimed in claim 1 further comprising
distilling pure thiophosphoryl chloride from the reaction
mixture leaving behind a distillation heel.
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10. The process as claimed in claim 9 further comprising
recycling the distillation heel to a subsequent reaction stage
of the phosphorous trichloride and sulfur to produce the
thiophosphoryl chloride.

11. The process as claimed in claim 10 wherein said
recycling after a first stage is operated for more than 50
cycles to produce pure thiophosphoryl chloride.

12. A process for preparing acephate comprising phos-
phorus trichloride and sulfur in thiophosphoryl chloride in
the presence a base to obtain thiophosphoryl chloride.

13. The process as claimed in claim 11 wherein said
reacting is carried out at a temperature in range of 100-150°
C.

14. A process for preparing acephate comprising

a) preparing thiophosphoryl chloride, and

b) converting the thiophosphoryl chloride to acephate.

15. The process as claimed in claim 13 wherein said step
a) comprises treating phosphorus trichloride, thiophosphoryl
chloride and sulfur in presence of tributyl amine catalyst to
obtain the thiophosphoryl chloride.

16. The process as claimed in claim 14 further comprising
distilling pure thiophosphoryl chloride from the reaction
mixture leaving behind a distillation heel.

17. The process as claimed in claim 15 further comprising
recycling the distillation heel to a subsequent reaction stage
of the phosphorous trichloride and sulfur to produce the
thiophosphoryl chloride.

18. The process as claimed in claim 13 wherein said
conversion in step b) comprises at least one step selected
from

(1) treating thiophosphoryl chloride with methanol to
obtain O-methyl phosphorodichloridothioate,

(i) treating O-methyl phosphorodichloridothioate with
methanol to obtain O,0-dimethyl phosphorochlorido-
thioate; and

(ii1) treating O,0-dimethyl phosphorochloridothioate with
base to obtain O,0-dimethyl phosphoramidothioate.

19. The process as claimed in claim 17 further comprises
acetylating O,0-dimethyl phosphoramidothioate in presence
of acetic anhydride to obtain acephate.

20. The process as claimed in claim 13 wherein reacting
proceeds by isolating each step product, without isolating
each step product, or as continuous process.

21. The process as claimed in claim 1 wherein thiophos-
phoryl chloride is obtained with a purity of at least 95%.
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