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COMPLETE SPECIFICATION

Production of Dialkylamidophosphoryl Halides, Hexa-Alkyl
Phosphorylamides and Octa-Alkyl Pyrophosphorylamides

We, Monsanto CHEMIcAL COMPANY, &
corporation organized and existing under
the Laws of the State of Delaware, United
States of Ameriea, of 1700, South Second
Street, City of St Louis, State of
Missouri, United States ¢f America, do
hereby declare ‘the invention, for which
we pray that a patent may be granted
to us, and the method by which it is to
be performed, to be particularly described
in and by the following statement :—

This invention relates to the produc-
tion of dialkylamido phosphoryl halides
and hexa-alkyl phosphoryl amides hav-
ing the general formula

POCLy + 4(CHy),NH ~——

Although this method is used, it is ex-
pensive, time-consuming and inefficient.
Amine hydrochlorides are bulky hygro-

{CHN /

scopic solids. Large volumes of solvent

must be used or the reaction mixture can-
not be mixed properly. Subsequent re-
moval of the hygroscopic solids is ex-
tremely troublesome. Furthermore, it is
essentia] ‘that they be removed and the
amine recovered since amines are expen-
sive reagents, ,

It is an object of the present invention
to provide an improved process for the

. manufacture of 'dialkylamide phosphoryl

halides and hexa-alky]l phosphoryl amides
and a more efficient and economical pro-
cess -for the manufacture of octa-alkyl-

[Piice 3 0d] = - -

in which R* and R? are both alkyl groups,
X is an oxygen or sulphur atom, Y is a
halogen atom or a group having the
general formula —NR®R* and Z is a
halogen atom or a group having the
general formula —NRR® in which R?,
R* R® ang R® are alkyl groups. The in-
vention also relates to the production of
octaalkylpyrophosphorylamides.

Big(dilalkylamido)phosphoryl ‘halides
are important intermediates for the manu-
facture of insecticidal compositions. They
have been made by reacting a phosphoryl
halide with a dialkylamine in a molar
ratio of 1:4 and separating the product
from. by-product dialkylamine hydro-
chloride. The chemical equation for this
reaction employing phosphoryl chloride
and dimethylamine is as follows:

(CH,\zN\??

P—Cl + 2(CHy),NHHCL

pyrophosphorylamides. A ‘further object -

is to provide a process for the manufac-
ture of octa-alkylpyrophosphorylamides
direct from. phosphoryl halides and
secondary amines and which yields phos-

phorylamides of satisfactory commercial”

grade without necessitating purification
steps. , ‘
According to. the present invention
there is provided a process for producing
dialkylamido phosphoryl halides and
hexa-alkyl phosphoryl amides having the
above general formula which comprises
treating a phosphoryl halide or a  thio-

phosphoryl halide with at least a stoichio-

metric proportion of dialkylamine for

each dialkylamido group desired in the
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- produch-and.either simultaneously o sub::
gequently introducing an inorganic acid

aceeptor <info the reaction mixture in

amount at least sufficient 'to combine

with the hydrogen halide generated by
the reaction,

The present invention also-provides a
process of producing an octa-alkylpyro-
phosphorylamide having the general
formula

R RING ) *NRR®

7 F£3 R"N/ 7 \NRBRE&

in which R*, R*, B* and B* are alkyl

groups and each X is oxygen or sulphur
which comprises treating a = phosphoryl’

halide or -a thiophosphoryl halide with
substantially two mols of a dialkyl

amine for each mol of halide and either.

simultaneously or subsequently introduc-

_ing at least three equivalents of an in-

organic acid acceptor into the reaction

- mixture.. . -

" The inorganic acid acceptor may be an
hydroxide or a salt of a metal which is
decomposed by a hydrogen halide, for

example, a salt of a weak or easily dis-

- placed acid of a metal above yitrium in
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the electromotive series. The acid acceptor
should be present in an amount at least

substantially equivalent fo the hydro-.

gen halide generated by the reaction.
The product formed depends upon the
respeciive proporfions in which the
phasphoryl or thiophosphoryl halide, the
secondary alkylamine and - the acid
acceptor are employed. o
Examples of hydroxides . and salts
which may be used include sodium car-
bonate, sodium bicarbonate, potassium
carbonate, trisodium phosphate, lithium
hydroxide, barium hydroxide calcium
hydroxide, sodium hydroxide, stron-
“tium hydroxide, magnesium hydroxide
and mixtures 'thereof. Probably the most
satisfactory results have been” obtained
with sodium. carbonate and with mixtures
of sodium hydroxide and calcium
hydroxide in molar proportioms of
approximately 2:1. The amount of bass

used should be at least substantially-
equivalent to the total hydrogen halide’
. expected in ‘the desired reaction. It -1s.

advisable to employ a quantity in the

range of 106—110% of the  calculated -

quantity. Any free acid present rapidly

attacks the phosphorylamido -groupings.
“-The total amount of acig acceptor used

depends on how far the reaction ig to be
carried. Tf the reaction is to be *termin-

_ated at-the - bis - (dialkylamido) phos-

~ - phoryl- halide stage instead of after

60

. formation of an  octa-alkyl pyrophos-

: phiorylamide, less acid ateeptor--sheuld

be used. The acid acceptor may.be incor-
porated into the reaction mixture: in
solid form or in aqueous solution or sus-
pension but excessive quantities of water
-should be avoided. -
In general reaction is facilitateq and

-.carried out much more conveniently if

an inert organic solvent or diluent 1is
used, The most satisfactory results have
‘been obtained with halogenated hydro-
carbon solvents, as for example tri-

- chloroethylene, ethylene dichloride and
- chloroform; those possessing a favour-

able partition coeficient with respect to
water are especially preferred. Other
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suitable inert water immigcible solvents -

__are toluene, kerosene and benzene. Tt is

preferred to add the amine to the phos-
phoryl halide gradually ang then add the
acid acceptor to the -mixture of amine
and phosphoryl halide although the
‘order of mixing is subject: to _variation.
When carbonates are employed, carbon
dioxide is evolved so the gradual addi-
tion of the acid ‘acceptor is desirable in
order to control foaming..
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.. The conditions of reaction Wﬂl vary’

depending upon the product ‘desired. For
the preparation  of bis(dialkylamido)
phosphoryl halides having alkyl groups

90

of one to four carbon atoms a reaction”

temperature of 0 -to 10° C. iz desirable
© throughout. The reason is to avoid loss

of amine since the corresponding dialkyl-

amines are highly volatile, For example,”

only a small yield of his(dimethylamide)
phosphoryl chloride was obtaineq at 50°
C., the main constituent being ‘dimethyl-
amido phosphoryl dichloride. However,
reaction in an autoclave or other closed
system will avoid the difficulty. In

. general reacting the phosphoryl halide

_and amine 4t a temperature within the

--range of —15 %o 50° C. is fcasible, For

the subsqquent reaction in the presence
of the acid acceptor temperatures of -10

o5

100

105

t0.30° C. proved: satisfactory in an open.

system. . -

- The secondarquﬁi; should be em-

ployed in proportion substantially equal
to that theoretically. required by the de-
sited reaction Dbut ‘the amine is prefer-
ably used in slight excess since reactions
carried -out with the - phosphoryl halide
instead of the amine in-slight extess have
given less satisfactory results. Especially
suitable ~are secondary dialkylamines
containing ome to four carbon atoms in

amine, diethylamine, ~ dipropylamine,
di-isopropylaimine,- ' '
methylethylamine, - .
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- the alkyl group, as for example dimethyl--
“1206
dibutylaming - and

- Fot preparation of '.th'e""jbcta.-'alkylpﬁou‘

phosphorylamides only substgnt_mlly two
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mols of amine per mol of phosphoryl
halide should be used but at least three
equivalents of an inorganic acid acceptor
are required. The water of neutralization
formed is sufficient to emable the con-
version of the intermediate to the pyro-
phosphorylamide although additional
water may be added if desired. It has
been found, however, that the addition of
more water than is produced by the
neutralization of the hydrogen halide is
unnecessary, The hydrolysis and conden-
sation of ‘%the bis(dialkylamido) phos-
phory] halides is greatly speeded by heat-
ing, The reactions can be finished in 2
short time by gentle heating, A mix-
ture of two moles of phosphoryl chloride
and 'four mols of dimethylamine and
three mols of sodium carbonate rapidly
evolves carbon dioxide at 0—5° C. The
evolution of carbon dioxide substan-
tially ceases and then becomes rapid
again at 30—40° C., indicating that con-
version of the intermediate to the desired
pyrophosphorylamide is taking place
rapidly.

The following examples illustrate the
nature of the invention and the manner
in whieh it may be carrieq out.

Exavery 1. -

206 parts by weight (substantially
1.34 mols) of phosphoryl chloride is ad-
mixed with 777 parts by weight of tri-
chloroethylene in a reaction wvessel and
thereto is slowly added with agitation at
~5 to 5° C. 135 parts by weight (sub-
stantially 3.0 mols) of dimethylamine.
After completion of the amine addition
the reaction mixture is agitated for 5 to
10 minutes at 0—5° C. Thereupon, while
maintaining the temperature at 0—5°
5., 4.9 parts by weight (substantially
0.74 mol) of calcium bydroxide is added
over a 40 minute period with agitation.
Then 116.4 parts by weight (substan-
tially 1.48 mols) of 50.9% aqueous sodium
hyvdroxide is incorporated in the reaction
mixture with stirring over a 20 minute
period while maintaining the temperature
at 0—35° C. The organic layer is then de-
canted and filtered. TUpon 'fractionating
the filirate a yield of 80.5% of bis(di-
methylamido)phosphoryl  chloride  of
97.19, purity is obtained. :

Employing the same reagents, the same
proportions thereof, and the same reac-
tion conditions but replacing the total
metal hydroxide reactant with an equiva-
lent proportion of potassium hydroxide
in the form of a 609 aqueous solutionm,
an excellent yield of bis(dimethylamido)
phosphoryl chloride of high purity is-
obtained. o

ExaMrin 2, -
- 807 parts by weight (substantially 2.0

mols) of phosphoryl chloride is admixed
with 1000 parts by weight of ethylene
dichloride in a reaction vessel and there-
to ig slowly added with agitation at —5
to 5° O, 201 parts by weight (substan-
tially 4.46 mols) of dimethylamine.
Thereupon, while maintaining the tem-
perature at about 10—156° C., 870 parts.
by weight (substantially 4.40 mols) of
potassium. hydroxide (91.5% pure) in the
form of a 58.59 aqueous solution is in~
corporated in the mixture with stirring
over a 55 minute period while maintain-
ing the temperature at 10—15° C. After
stirring 'the mixture at approximately
10° C. for one-half hour, the organic
layer ig decanted and filtered through
Attapulgus clay. Upon fractionating the
filtrate a yield of 72.99% of bis(dimethyl-
amido)phosphoryl chloride of 88.3%
purity is obtained.

Employing the same reagents, the
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same proportions thereof, ang the same

reaction conditions but replacing: di~

methylamine with an equimolar amount

of diethylamine, a good yield of bis(di--

ethylamido)phosphoryl chloride of high

purity is obtained. -
ExAMPiE 3.

921 parts by weight (substantially 6.0
mols) of phosphoryl chloride is admixed
with 8500 parts by weight of trichlore-
ethylens in a reaction vessel and there-
to is slowly added with agitation at
0—5° €. 600 parts by weight (substan-
tially 13.53 mols of dimethylamine. 1090
parts by weight of aqueous 48.89, sodium
hydroxide solution (substantially 13.3
mols) are then incorporated in the mix-
ture with stirring over a 67 minute
period while maintaining ‘the ‘tempera-
ture at 10—15° C. The mixture iy then
stirred for 30' minutes at 10—15° €. and
the organic -layer decanted and fraction--
ateq to give a yield of 85% of bis(di-
methylamido) phosphoryl “chloride of
86.59,. purity, ' —

Exameis 4.

677.6 parts by weight (substantially
4.0 mols) of thiophosphoryl chloride is
mixed with 1349 parts by weight of
chloroform in a reaction vessel, Gaseous
dimethylamine is then fed into the stirred
mixture, a total of 892 parts by weight
(substantially 8.7 mols) being added
below 30° C., the time of addition depend- -

ing upon the efficiency of cooling: The"

reaction mixture i then cooled to 10—
15° C. and 645 parts by weight (substan-
tially 8.0 mols) of 49.69% aqueous spdium
hydroxide added gradually thereto with
stirring, The reaction becomes strongly

~ exothermic after about two-thirds of the
caustic soda solution is added but the - .
130

temperature is kept below 15° by cooling,-

%

95

100

105

110

115

120

125



i .

744,484 -

15

20

25

30

35

45

50.

55..
~ distillation.-

60 .
> mols) of phosphoryl chloride is admixed-

&

The caustic soda solution is added over a
penod of about 95 minutes, The organic
layer is then decanted from the salt cake-
water mixture and the solvent removed:
by distillation under reduced pressure.
The crude product, free from solvent, is
filiered and fractionated under reduced
pressure. A 79.59% yield of bis(dimethyl-
amido)thiophosphonyl chloride based on
the thiophosphonyl chloride is obtained.

Crystallizing point is 21.6> C.; b.p. 80—

82° C./2 mm.  and refractlve index
Np* =1.6209. Chlorme found by analysis
is 19.39% as compared with ﬂle ea.lcu—
lateq value of 19.0%. -

ExAMPLE 5.

Tnto a reaction vessel is charged 888. 8
parts by weight of thmphosphm vl chlor-
ide and 800 par‘cs by weight of tnchloro-
ethylene. 92 parts by Weloht of gaseous
dimethylamine are fed in “while keeping
the reaction mixture below 8G° €. and
106 parts by weight of finely divided
sodium carbonate arve ‘then gradually
added-to the stirred mixture at 0—5° C.
After carbon dioxide evolution from the
cold reaction mixture ceases ‘the salt is
removed by filtration, The solvent is re-
moved by -distillation under reduced
pressure ang the crude product distilled
at 16 mm, - absolute pressure. There is
obtained approximately at 83.49% yield
of dimethylamidothiophosphoryl (iléhlor-
ide_ b.p. 89—90° C./16 mm. Analysis for
chlorine gives 39.79 as compared to the
calcula‘ted value of 39.9%.

Exavers 6. -

3{}7 pa1ts by weight (substantially 2. O
mols) of phosphoryl chloride is mixed
with - 1000 parts by weight of ethylene
dichloride. Gaseous dlmethylamme is
slowly run into the mixture at —5 to 5°
C., a total of 99 parts by weight (2.2
mols)  being added. Thereupon, while-
mamtamlno the temperature of 0—5°
C., 127 parts by weight (1.2 mols) of
ﬁnely powdered sodium ~carbonate are
added ang the mixture stirred for a short
time- to complete the neutralization of
t]le amine salt and reaclion of the released
amine, -The reaction. mixture is ‘then
filtered - the cake washed with ethylene di-
chloride and the solvent-removed from:
the filtrate and washings by distillation-
and the crude product fracticnated by

auudophosphoryl dichloride is obtamed
bp 90—91° ' C./22 mm, .-
ExAMPLE 7.
307 parts by weight (subs%antlally 2.0

with. 2000 parts by weight of-trichloro-.
ethylene in a reaction fvessel and ‘thereto
is slowly added with agitation -at a tem-
. perature below 36 G 19(' parts by welght

A goog yield of dimethyl--

(substa,ntmlly 42 mo]s) of dlmethyl-
amine, 22.6 parts by weight (substantially-
2.0 mols) of finely powdered scdium car-
bonate are then added over a period of one-
half hour while keeping the temperature
at about 10° 0. The reaction mixture is
stirred at not more than 50° C. for 4
hours -or until carbon dioxide is mno
longer evolved and then filtereq and the
salt cake washed with trichloroethylene.

The combined filtrate and- washings are
stripped of solvent by distillation “under-
reduced pressure. A good yield of bis(di-
methylalmdo)phosphoryl * chloride is
obtained, ‘b.p. 93—99° C./6 mm. con-
taining 20 7% chlorine by analysis as
compare'd to - the calculated value of

20‘ L/
: EMMPLD 6 :
3068 parts by weight of pho»phoryl
chloride and apprommately 880 parts by
weight of trickloroethylene are weighed
into a reactor equipped with a gas m]et
tubs, agitator, thermometer, -and valve
for release of -excess presqure 190 parts
by weight of gaseous dimethylamine are
passed “into- the closed flask (vented by
the valve) above the surface of the well-
agitated contenis over a period of one
]10111' the temperature being held below
36° C. by appropriate- coohn@ The - re-
action mixture 15 cooled to 0-—10“ C., the
g‘aq inlet tube removed, and the addition
of 340 parts by weight of sodium -carbon-
ate becrun During thls addition, which-
requires 50 minutes, the tempera‘cure is
held at 0—10° C. A steady evolution of
carbon-dioxide beging during the carbon-
ate feed. The reaction mixture is then
agitated at 0—10° C. for 2 hours; over
the next 2% hours it is heated frradually
to-70° C. and it is maintained at 70—80°
C. for 4 additional hours during which
time- the . carbon - dioxide evolu‘tlon sub-
sides, - The reaction mixture is cooled to
room temperature ang ﬁltered with suc-
tign. The salt cake residue iy washed with
trichloroethylene, Fltrate and washings-

are combined and freed from solvent by-

stripping to a pot- femperature of 110°
C./30 mm. The product is filtereq with 2
small- amount of Attapulgus -elay for
clarification. The -filtrate is a clear, yel-
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low liquid. A yield of 87:5%, based on

the phosphoryl chloride, of -technical
octamethylpmophosph01vlam1dc~ ie
obtained.

- The forefromg' procedule is 1epeatec1—
‘rhroutrh the addition of the dimethyl-

amine and the reaction amixture cooled

to 87 C; 285 parts by weight of 40. 9% -
agueous..sodium hydlomde solution is -
added gradually while keeping the tem-"

perature below 15° C. 143 parts by weight
of ﬂake sodium hydromde is’ thep added

120
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and the reaction mixture heated at 78—
79° C, for 3 hours and then cooled, The
salg is removed by filtration and the com-
bined filtrate and washings stripped of
solvent to a pot temperature of 110°
C../80 mm. "The residue is then filtered
from by-product solids leaving the crude
liquid octamethylpyrophosphorylanide.
However, a much higher yield is cbtained
when sodium carbonate is employed
instead of sodium hydroxide.
ExaMprr 9.

206 parts by weight of phosphoryl
chloride (substantially 1.34 molecular
proportions) and 1000 parts by weight of
chloroform are charged into a suitable
reaction vessel and thereto is slowly
added 218 parts by weight (substantially
4.83 molecular proportions) of dimethyl-
amine. 4.82 molecular proportions of
sodium hydroxide are then added gradu-
ally as a 509 aqueous solution while
keeping the temperature at 13-—16° C.
Stirring is continued for an hour during
which ~time 'the reaction mixture is
allowed to come to room temperature and
stirring continued for another hour. The
salt is removed by filtration, %he filtrate
and washings combined and the solvent
stripped by distillation to 93° C.[25 mm.
There is obtained 185 parts by weight of
hexamethylphosphorylamide, b.p. 94—
96° C.[6 mm., Ny* 1.4569,

‘While the reactions have been de-
scribed in detail with reference to phos-
phoryl chloride and thiophosphoryl
chloride since these are preferred for
reasons of economy, other phosphoryl
halides may be empleyed. Thus, ‘ halo-
gen ”’ unless otherwise specified may be
chlorine, bromine, iodine or fluorine.

What we claim is:— )

1. A process of producing a dialkyl-
amidophosphoryl halide or a hexa-alkyl

phosphorylamide having the general
formula
I?'R?f»a\g_“\(
27

in which R* and R*® are both alkyl
groups. X is oxygen or sulphur, Y is a
halogen atom or a group having the
general formula —NR‘R* and Z 1s a
halogen atom or a group having the
general formula —NR'R’, R?, R, R’ and
R® being alkyl groups, which comprises
treating a phosphoryl halide or a thio-
phosphoryl halide with at least a
stoichiometric proportion of a dialkyl-
amine for each dialkylamido group de-
sired in the product and either simul-
taneously or subsequently introducing
an inorgenic acid acceptor imfo the re-

action mixture in an amount at least
sufficient to combine with the hydrogen
halide gemerated by ‘the reaction,

2. A process according to claim 1 in
which the acid acceptor is sodium car-
bonate, sodium bicarbonate, potassium

carhonate, trisodium phosphate or ‘the’

hydroxide of lithium, magnesium, cal-
cium,_ strontium or barium or a mixture
thereof,

3. A process according to either of the
preceding claims in which the reaction is
carried out in solulion in an inert organic
solvent.

4, A process according to claim 3 in
which the solvent is trichloroethylene,
ethylene dichloride, chloroform, ben-
zene, toluene or kerosene,

8. A process according ‘to any of ‘the
preceding claims in which the dialkyl-
amine is one having not more than four
carbon atoms in each alkyl group.

6. A process according te any of the
preceding claims for the preparation of
a  bis(dialkylamido)phosphoryl halide
having one to four carbon atoms in each
of the alkyl groups in which the reaction
between the phosphoryl or thiophosphoryl
halide and secondary alkylamine 1is
carried out at a temperature of 0 to 10°

.7, A process of producing an octa~
alkyl pyrophosphorylamide having the
general formula

any X X \
R R N\ i “/NR R*
g P ~P,

R’R"N/ \NR"R‘*

in which R!, R?, R®and R* are alkyl
groups and each X is oxygen or sulphur
which comprises treating a phosphoryl
halide or a thiophosphoryl halide with
substantially two mols of a dialkylamine
for each mol of halide ang either simul-
taneously or subsequently introducing
into the reaction mixture at least three
equivalents of an inorganic acid acceptor.

8. A process according to claim 7 in
which formation of the octa alkyl pyro-
phosphorylamide is completed by gentle
heating.

9. A process for 'the production of a di-
alkylamidophosphoryl halide or a hexa-

. alkyl phosphorylamide according to claim

1 and substantially as hereinbefore de-
scribed and illustrated with reference to
any of Examples 1—7 or 9.

10, A process for the production of an
octa~alkyl pyrophosphorylamide accord-
ing to elaim 7 and substantially as here-
inbefore described and illustrated with
reference to Example 8.

11. A dialkylamidophosphoryl halide
or a hesza-alkyl phosphoryl amide when-
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