Nov. 5, 1953

ALIPHATIC AMIDO POLYPHOSPHATES AND POLYMETAPHOSPHATES

5273

[CONTRIBUTION FROM THE PHYSICAL RESEARCH LABORATORY OF THE Dow Cmrmicar CoMpaNy]

Organic Polyphosphorus Compounds.

II. Phosphorylations with Aliphatic Amido

Polyphosphates and Polymetaphosphates

By HENRY TOLKMITH
RECE1VED MARCH 7, 1953

The thermal degradation of some aliphatic polyphosphoramides was investigated.

1t yields aliphatic pyrophosphoramide.

The non-catalytic phosphorylation of hexamethylphosphoramide by aliphatic polyphosphoramides was investigated.

They phosphorylate hexamethylphosphoramide thermally with formation of octamethylpyrophosphoramide.

This type of

non-enzymatic phosphorylation fundamentally is analogous to the enzymatic phosphorylation of mononucleotides by ATP,

but evidently has a different reaction mechanism.

Introduction

Adenosine-53'-triphosphate (ATP) is capable,
among other biochemically important phosphoryla-
tion reactions, of converting certain monophos-
phates to pyrophosphates. Transfer of the termi-
nal energy-rich phosphate group of ATP to adeno-
sine monophosphate, in the presence of myokin-
ase, yields the pyrophosphate ADP.! Reaction of
the other high energy phosphate bond of ATP with
nicotinamide ribose phosphate, riboflavin phos-
phate and pantethine phosphate yields, in the pres-
ence of specific enzymes, the pyrophosphate co-
enzymes DPN,? FAD? and A,*% respectively. The
by-product in each of the last three reactions is
free pyrophosphoric acid.

The reversible character of these reactions and
their dependence on the presence of magnesium
ions suggests that the ATP reactions mentioned
may involve the formation of certain tetraphos-
phate intermediates, like
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adenosine, B = nicotinamide ribose, riboflavin and
pantethine, respectively
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If two of the three energy-rich bonds shown in I

and II are protected by chelation, hydrolytic cleav-
age of the remaining high energy bond may yield
the reaction products, or again the reactants.
k. In view of the enzymatic ATP reactions cited it
appeared interesting to investigate potential non-
catalytic reactions of some organic polyphosphor-
amides with an organic monophosphoramide. The
investigation described in the following was carried
out with the compounds
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pyramidal dodecamethyltetraphosphoramide, V
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(0]

)
[(CH;):N];=P, hexamethylphosphoramide, VI

Before treating these phosphate donor-acceptor
systems at higher temperature it was necessary to
investigate the thermal behavior of the phosphate
donors themselves. .

Thermal Degradation of Polyphosphoramides.—
The compounds III, IV and V decompose at tem-
peratures not much higher than their formation
temperature in thermal synthesis. This degrada-
tion was investigated at about 160° and the mix-
ture of the degradation products separated by
molecular distillation. The triphosphoramide III
and the linear tetraphosphoramide IV were found to
give a distillate consisting essentially of a single
product, octamethylpyrophosphoramide (VII)
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It was obtained in a quantity of 0.31 and 0.28 mole
per mole polyphosphate III and IV, respectively.
No volatile products other than VII and a small
amount of VI were found. Thus, it appears
the thermal degradation of III and IV, respectively,
essentially follows the equation
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The thermal degradation of the pyramidal tet-
raphosphate V at 155° was found to give the same
distillate VII in a slightly lower yield. The vola-
tile products formed consisted of VII, a small
amount of VI and traces of P¥0s. In analogy to
equation (a) the following over-all equilibrium equa-
tion appears suitable to characterize the degrada-
tion of V
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Phosphorylations with Polyphosphoramides and
Polymetaphosphates.—One mole of dimethyl-
amidopolymetaphosphate (VIII) and one mole of
hexamethylphosphoramide (VI) can, theoretically,
form one mole of octamethylpyrophosphoramide
(VII)
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The reaction of these components at 150° actually
gave the expected compound VII in a yield of 30%,.
The first intermediate in this reaction probably is a
linear tetraphosphoramide, already known (IV)
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This intermediate forms the pyrophosphoramide
VII according to equation (a).
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The reaction of one mole of P;0s and four moles
of hexamethylphosphoramide could, theoretically,
yield three moles of octamethylpyrophosphoramide
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The product resulting from the thermal reaction of
these components contained the pyrophosramide
VII in an amounts corresponding to a yield of 25%,.
An analogous reaction with triethyl phosphate in
place of hexamethylphosphoramide has been dis-
closed in the patent literature.® Although an ex-
act proof was not possible, it appeared that the tri-
meric metaphosphate VIII is an intermediate in
this reaction, 2.

PiOp + 2X;PO —> 2(XPO,)s

This cyclic metaphosphate VIII forms the pyro-
phosphoramide VII according to equation (c).

The reactions of the polyphosphoramides III and
V, respectively, with the monophosphate VI gave
the following results.

One mole of the triphosphoramide III and 1.5
moles of hexamethylphosphoramide (VI) reacted
at 155° with formation of octamethylpyrophos-
phoramide (VII). It could be isolated in a yield
of 609, based on the equation
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One mole of the pyramidal tetraphosphoramide
V and two moles of hexamethylphosphoramide at
about 150° also formed the pyrophosphate VII.
Tts yield amounted to 499, based on the equation.

O O 0

1 1
(Xz=11;—0)3EP + 2X=P
0 (0]

1 }
3X,—P—0—P=X, (f)

Conclusions

The aliphatic amidopolyphosphates and poly-
metaphosphates investigated react with an amido-
monophosphate in essentially the same manner as
adenosine triphosphate and ribose monophosphates,
i.e., in either case an equilibrium reaction results
in the formation of pyrophosphates. Non-cata-
lytic as well as enzymatic transphosphorylations
evidently represent the same type of reaction.

Enzymatic as well as non-catalytic transphos-
phorylations favor a redistribution of energy-rich
phosphate bonds accumulated in the polyphos-
phate. This redistribution tendency is caused
probably by opposing resonance and electrostatic
repulsion at the site of the P-O-P bonds accumu-
lated in the phosphate donor molecule.% This
does not imply, however, the same reaction mech-
anism in either kind of transphosphorylation.
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Experimental
B.p. (5
mm.),
Starting products 720D a2, °C.
Hexamethylphosphoramide 1.4582 1.0253 102
[(CH;):N],PO
O-Methyl dimethylamidochloro-
phosphate 1.4430 1.2510 72
(CH;):NP(O)(OCH;)Cl
Mol.
wt.
Decamethyltriphosphoramide 1.4644 1.1931 405
{ [(CH;):N,P(0)0},P(O)N(CHj),
Linear dodecamethyltetraphos-
phoramide 1.4719 1.2561 510
{ [((CH3);:N],P(O)OP(O)N(CHj), }:0
Pyram. dodecamethyltetraphos-
phoramide 1.4681 1.2471 487

{ [(CH,):N1:P(0)0O};PO

Thermal Degradation of Polyphosphates.—Fifteen grams
of decamethyltriphosphoramide was heated for two hours
at 155° with agitation. The weight and nitrogen content
of the mixture (15.0 g. and 17.2%, respectively) did not
change, but the molecular weight decreased from 405 to 371
and the refractive index (b line at 20°) increased from 1.4644
to 1.4680.

The infrared spectrum of the heated product was different
from that of the starting product and indicated the presence
of octamethylpyrophosphoramide.

The heated triphosphate (11.8 g.) was subjected to mo-
lecular distillation. The distillate weighed 3 g. and con-
tained according to infrared analysis about 90%, pyrophos-
phate VII (31.49%) besides hexamethylphosphoramide;
weight of the distillation residue, 8.7 g.

Eighteen grams of linear dodecamethyltetraphosphora-
mide was heated for 1.5 hours at 160°. The weight and
nitrogen content were not altered (18.0 g., 16.29, re-
spectively) but the molecular weight decreased from 510
to 397. The refractive index remained fairly constant (#%p
1.4719 — 1.4712). Infrared analysis of the heated product:
result analogous to that of the heated decamethyltriphos~
phoramide.

Molecular distillation of 14.5 g. of the heated tetraphos-
phate gave 2.9 g. of a distillate which contained about 809,
pyrophosphate VII besides hexamethylphosphoramide, ac-
cording to infrared (yield 289%,); weight of the distillation
residue, 11.4 g.

Seventy-five grams of pyramidal dodecamethyltetraphos-
phoramide was heated for 2.5 hours at 155°. Weight and
nitrogen content were found to be unchanged by this treat-
ment. The molecular weight was 487 before and 376 after
heating. The infrared pattern of the heated product pointed
to the presence of the pyrophosphate VII. The insecticidal
activity of the heated product was found to be different
from that of the unheated one.
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Molecular distillation of 45 g. of the heat-treated product
yielded 11.5 g. of a distillate containing 75%, of pyrophos-
phate VII, besides hexamethylphosphoramide and traces
of P20, according to infrared analysis; pyrophosphate
vield 22.3%,; weight of the distillation residue, 32.8 g., con-
ditions of the molecular distillations carried out: pressure
1.0 to 0.5 mm., temperature 70 to 120°.

Phosphorylations with the Polymetaphosphates VIII and
IX.—To investigate the reaction between the trimeric di-
methylamido polymetaphosphate [(CH;).NPQ.]; (VIII)
and hexamethylphosphoramide (VI), according to equation
¢, the compound (CH;)NPO(OCH;)Cl was used. Accord-
ing to Michaelis,® this amido chlorophosphate forms the
trimer [(CH,3%LNPO,l; plus methyl chloride when heated.

A mixture of 13.5 g. (0.0857 mole) of O-methyl dimethyl-
amidochlorophosphate with 15.4 g. (0.086 mole) of hexa-
methylphosphoramide (VI) was heated with agitation for
two hours at 150°. Amount of methyl chloride released,
3.8 g. (87.5%), molecular weight: found 291, theory 286.
Infrared analysis of the dark brown, liquid reaction product:
309, of pyrophosphate VII present. An insecticidal test
of this crude material showed an activity similar to that of
commercial octamethylpyrophosphoramide.

Four grams (0.0282 mole) of phosphorus pentoxide was
added to 20.3 g. (0.113 mole) of hexamethylphosphoramide
(VI). This mixture was heated at 145° with agitation.
After about 50 minutes the insoluble pentoxide had dissolved.
The homogeneous mixture was heated an additional hour at
160°; product yield, 24.3 g. (theory 24.3 g.). Infrared
analysis of the dark brown liquid: about 259%, of pyrophos-
phate VII present; molecular weight found, 304 (theory
286.3). The insecticidal activity of this product was
found to be only slightly different from that of commercial
octamethylpyrophosphoramide.

Phosphorylations with the Polyphosphates III and V.—
A mixture of 78.7 g. (0.02 mole) of decamethyltriphosphoram-
ide (I1II) with 53.8 g. (0.03 mole) of hexamethylphos-
phoramide (VI) was heated for five hours with agitation at
150°. The dark brown reaction mixture obtained was sepa-
rated by vacuum distillation. The residue consisted of
32 g. of an unidentifiable polyphosphate mixture. The
distillate weighed 98 g. and contained according to infrared
analysis 709, of the pyrophosphate VII. This represented
a yield of 60%,.

A mixture of 60 g. (0.12 mole) of pyramidal dodecamethyl-
tetraphosphoramide (V) with 43 g. (0.24 mole) of hexa-
methylphosphoramide was heated 2.5 hours with agitation
at 155°, separated and analyzed as already described; resi-
due, 26 g. The distillate (75 g.) contained 67.5%, of pyro-
phosphate VII, by infrared; product yield, 49%,. Condi-
tions of the vacuum distillations carried out: pressure 2 to
1.0 mm., temperature 85 to 130°.
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