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A further observation which is in conformity with 
our conclusions involves the pK& values of the 
secondary phosphoryl dissociation of the isomeric 
nucleotides. I t will be noted that the pKn values 
in question are higher for the a isomers. This de­
creased acid strength is most probably due to an 
intramolecular interaction, probably involving hy­
drogen bonds between the secondary hydroxyl group 
of the phosphoric acid group and the purine or py-
rimidine ring. The group closest to the ring will 
exhibit a higher degree of hydrogen bonding and 
thus have a higher pK* value, or a decreased acid 

Introduction 
While the chemistry of organic pyrophosphates 

has become well established during the past three 
decades, the chemistry of the higher organic poly­
phosphates is still at its beginning. In recent years 
the following compounds have been described: 
adenosine 5'-triphosphate,1 thiamin triphosphate2 

hydroxythiamin triphosphate,3 homo thiamin and 
2'-desmethylthiamin triphosphate,4 0,N-di-(tri-
phospho)-thiamin,6 pyridoxamine-5'-triphosphate,6 

uridine triphosphate,7 inosine triphosphate8 and 
decamethyltriphosphoramide.9 In view of the 
chemically interesting and biochemically important 
reactions of adenosine-5 '-triphosphate we have at­
tempted to synthesize simple organic derivatives 
of the polyphosphoric acids 
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strength. This also leads to a formulation of 2'-
and 3'-phosphates for the a and b isomers, respec­
tively. That the melting point of adenylic acid b 
is higher than that of a4-19'20 is a further confirmation 
of our conclusion. 
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It is well-known that attempts to synthesize neu­
tral esters of these parent structures have not been 
successful.10 I t was therefore decided to investi­
gate the synthesis of their neutral dimethyl amides, 
i.e., of decamethyltriphosphoramide and the two 
isomeric dodecamethyltetraphosphoramides. 

Decamethyltriphosphoramide.—The synthesis of 
this compound was carried out on the basis of the 
reaction (X = dimethylamido group) 
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Xv f f / X f 

>PO-P< + C l - P : X 2 — > 
X / X)C2H5 

0 0 0 
X x t t t / X 

) P - 0 - P - 0 - P < + C2H5Cl 
x / x X x 

In this reaction only one reaction product was 
theoretically to be expected. The preparation of 
the starting products necessary has been described 
recently.u An equimolar mixture of O-ethyl hexa-
methyltriamidopyrophosphate and tetramethyldi-
amidophosphoryl chloride [(CHs)2N ̂ POCl was 
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found to react at 130° with release of ethyl chloride 
in an almost quantitative amount, on the basis of 
the equation stated. Analysis of the product ob­
tained gave values agreeing closely with those for 
the theoretically expected main product and dif­
ferent from those for the starting product. 

A second synthesis was carried out on the basis of 
the equation12 

O O 
t t 

X-P(OC2Hs)2 + 2C1-P 
O O 

0-PO-P< + 2C2H5Cl 

The reaction product from this synthesis was 
found to have a molecular weight of 386. Its ana­
lytical data were in good agreement with those re­
quired theoretically. The infrared patterns of the 
reaction products from both syntheses were identi­
cal and the products showed the same degree and 
range of systemic activity toward insects and plants. 
The triphosphate formed represents therefore in all 
probability decamethyltriphosphoramide, which is 
reported to have a boiling range of 180-190° under 
a pressure of 0.4 mm. and a refractive index of »2SD 
1.466.12 

Synthesis of Dodecamethyltetraphosphoramides. 
—It appeared possible to prepare the two isomeric 
dodecamethyltetraphosphoramides in a manner 
analogous to the first synthesis described for deca­
methyltriphosphoramide, i.e., to operate on the 
basis of the equations 
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The amidopyrophosphates necessary for this 
procedure were prepared as described in the lit­
erature.11 I t is known that unsymmetrical pyro-
phosphoric esters frequently symmetrize at higher 
temperature.13-14 The amidopyrophosphates syn­
thesized, however, did not show thermal rearrange­
ment when individually heated at 130°. Their 
boiling points under a pressure of 1 to 2 mm. are 
eleven degrees apart. The isomerism of the two 
pyrophosphate starting materials could thus reap­
pear in the final tetraphosphate products and, theo-
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retically, yield two isomeric tetraphosphates repre­
senting the two different structural forms men­
tioned for tetraphosphoric acid derivatives. 

The actual reaction of one mole of either starting 
product, I and II, with two moles of tetramethyldi-
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amidophosphoryl chloride at 130° yielded ethyl 
chloride in an almost quantitative amount, and the 
product was found to have the expected composi­
tion and molecular weight. 

Furthermore, the compounds prepared were 
found16 to undergo transphosphorylation reactions 
which are characteristic of organic polyphosphates. 
Thus, the formation of tetraphosphoramides evi­
dently occurred in either reaction described. 

Isomerism of Dodecamethyltetraphosphor-
amides.—The phosphorylation products prepared 
from I and II should have the structure 
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(CHs)2N/ 0 NNT(CH8), 

(CHs)2N-P-N(CHj)2 

O 
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Infrared analysis showed that the compounds 
synthesized, III and IV, are not identical. They 
have different absorption bands between 14 and 15 
H. Compound III has a band at 14.9 p. and no band 
at 14.23 p. Compound IV has a unique band at 
14.23 n and no band at 14.9 JX. 

Entomological tests showed that compound III, 
in a concentration of one-thirtieth of a pound per 
100 gallons of spray, gives 90% control of tetrany-
chus bimaculatus. Compound IV requires a con­
centration of one-half of a pound per 100 gallons of 
spray to achieve 85% control of this insect. Com­
pound III is almost twice as active as compound IV 
in the control of aphis fabae. 

The compounds III and IV yielded different deg­
radation products when treated with phosphorus 
pentachloride. Compound III reacted according to 
(X = dimethylamino group) 

X2 

X X 
O O 
t t 

2X2=PCl + 2X-PCl2 + 3POC1, 
Compound IV reacted according to the equation 

O O O 
t t t 

(X 2 P-O) 3 =P + 3PCl6 —*- 3X1=PCl + 4POCl8 
(15) H. Tolkmith, paper II , ibid,, 7S, 5273 (1953). 
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Finally, the reaction of 3 moles of tetramethyldi­
amidophosphoryl chloride with one mole of triethyl 
phosphate according to 

O 
t 

3Xo=P .Cl + (C2H5O)3PO — > 
O 
t 

(X 2P-O) 3=PO + 3C2H5Cl 

gave a tetraphosphoramide the analytical and ento­
mological data of which were nearly identical with 
the data of compound IV. 

The experimental evidence obtained supports 
the assumption that the phosphorylation of the py­
rophosphates I and II resulted in the synthesis 
of two new and isomeric tetraphosphoramides, III 
and IV. Linear and pyramidal dodecamethylte-
traphosphoramide are suggested as tentative names 
for these compounds. 

Experimental 
Starting Products.—Triethyl phosphate, (C2H5O)3PO: 

» M D 1.4060, dw
t 1.0692, b .p . 89° (10 mm.) ; 0,0-diethyl 

dimethvlamidophosphate, (CH3)2NP0(0C2H5)2 : »20D 
1.4231, d*>i 1.0473, b .p . 93° (10 mm.) ; tetramethyldiamido­
phosphoryl chloride, [(CH3)2N]2P0C116: » » D 1.4670, dm

t 
1.1823, b .p . 110° (10 mm.) ; sym-0,0-diethyl tetramethyl-
diamidopyrophosphate,16 [(CHs)2N](C2H5O)P(O)OP(O) 
(OC2H5)[N(CHs)2], C8H22N2O5P2: W"D 1.4413, <226

4 1.1602, 
b .p . 129° (1.5 mm.) ; asym-0,0-diethyl tetramethyldi-
amidopyrophosphate,16 [(CHs)2N]2P(O)OP(O)(OC2H5 )2, 
C8H22N2O5P2: »25D 1.4379, d*h 1.1623, b .p . 140° (1.5 mm.); 
O-ethyl hexamethyltriamidopyrophosphate,18 [(CH3)2N]2-
P(O)OP(O)(OCsH6)[N(CH,),,], C8H23N3O4P2: »2 5D 1.4505, 
<Z26

4 1.1417, b .p . 138° (2 mm.) . 
Syntheses of Decamethyltriphosphoramide.—A mixture 

of 21 g. (0.073 mole) of the triamidopyrophosphate C8H23N3-
O4P2 with 12.5 g. (0.073 mole) of tetramethyldiamidophos­
phoryl chloride was heated two hours with agitation at 130°. 
The gas released was absorbed in ethanol and identified by 
infrared as ethyl chloride. Its quantity amounted to 4.25 
g. (90.5% of theory). The residue was heated to 130° 
under a pressure of 15 mm. in order to remove any unre­
ached monophosphate. The remaining yellow-brown oil 
was analyzed as to its identity with the triphosphate de­
sired. 

Anal. Calcd. for Ci0H30N5O5P3: N , 17.81; P , 23.6; 
mol. wt., 393.4. Found: N, 17.2; P , 23.2; mol wt., 405 
(in benzene, lowering of freezing point); n20D 1.4644; d20

4 
1.1931; yield, 29.2 g. (theor. 28.8 g.). 

A mixture of 13.3 g. (0.073 mole) of 0,0-diethyl dimethyl-
amidophosphate with 25.0 g. (0.146 mole) of tetramethyl­
diamidophosphoryl chloride reacted as described; re­
covered ethyl chloride, 8.3 g. (87.9%). 

Anal. Found: N, 17.25; P , 22.9; mol. wt. , 386; yield, 
30.0 g. (theor. 28.85 g.); » M D 1.4639; d*>t 1.1938. 

The rate of formation of decamethyltriphosphoramide 
from one mole of ( C H S ) 2 N P O ( O C 2 H S ) 2 and two moles of 
[(CHs)2N]2POCl was studied at 100 and 130° by measuring 
the amount of C2H5Cl released. 

Ethyl chloride formed, % 
Reacn. temp., 0C. After one hour After 2 hours 

100 10 19 
130 72 88 

Synthesis of Linear Dodecamethyltetraphosphoramide 
(III).—A mixture of 14.4 g. (0.05 mole) of sym-0,0-diethyl 
tetramethyldiamidopyrophosphate with 17.1 g. (0.1 mole) 
of tetramethyldiamidophosphoryl chloride was heated for 
two hours at 130° with agitation; amount of gas released, 
5.8 g. (90%). The reaction product was heated to 130° 
under a pressure of 15 mm., to give a brownish oil, which 
was analyzed. 

Anal. " Calcd. for C12H36N6O7P4: N, 16.76; P , 24.76; 
mol. wt., 500.4. Found: N, 16.2; P , 24.0; mol. wt. , 510 
(in benzene, lowering of freezing point); yield, 25.6 g. 
(theor. 25.02); » M D 1.4719; #»«1.2561. 

Syntheses of Pyramidal Dodecamethyltetraphosphora­
mide (IV). A.—A mixture of 14.4 g. (0.05 mole) of asym-
0,0-diethyl tetramethyldiamidopyrophosphate with 17.1 g. 
(0.1 mole) of tetramethyldiamidophosphoryl chloride was 
heated for two hours at 130° with agitation; ethyl chloride 
released, 5.9 g. (91.6%). The reaction product was heated 
to 130° under a pressure of 15 mm. to produce a brownish 
oil which was isolated and analyzed. 

Anal. Found: N, 16.0; P , 24.3; mol. wt., 487, vield 
25.5 g., »2»D 1.4681, d*>i 1.2471. 

B.—A mixture of 87.0 g. (0.51 mole) of tetramethyldi­
amidophosphoryl chloride with 31.0 g. (0.17 mole) of tri­
ethyl phosphate was heated with agitation for three hours 
a t 130°. A mixture of the same composition was heated 
under analogous conditions at 150°. These should yield, 
theoretically, 33 g. of ethyl chloride and 85 g. of a tetra­
phosphate with a molecular weight of 500.4. Actually, 
the following results were found: 

Reacn. time, C2H5CI released, g. MoI. wt. of reacn. prod, 
hr. 130° 150° 130° 150° 

1 19.8 28.4 397 504 
l 2 / 3 25.4 29.0 421 550 
3 29.0 29.0 514 450 

The run at 130° was repeated without taking out samples. 
After three hours the product was put under a reduced pres­
sure of 15 mm. A total of 30.5 g. (92.3%) of ethyl chloride 
was released. The amber, oily polyphosphate residue was 
analyzed. 

Anal. N, 16.5; P , 24.2; Cl, 0.4; mol. wt., 457, n*>o 
1.4690, d^i 1.2485; yield 87 g. 

Reaction of III and IV with P C l 5 . - F i v e grams (0.01 mole) 
of the compounds I I I and IV, respectively, were dissolved in 
15 cc. of carbon tetrachloride. The solutions were sepa­
rately added to two portions of 6.5 g. of phosphorus penta-
chloride (0.031 mole) under CCl4 and then refluxed. Infra­
red analysis of the clear solutions revealed the following: 
The linear tetraphosphate I I I gave a product containing 
[(CH3)2N]2P0C1 and (CHs)2NPOCl2 in the mole ratio of 
about 1:1. The pyramidal tetraphosphate IV yielded a 
product which contained [(CH3)2N]2P0C1 only. 
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