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Experience has shown that some imidophosphates have herbicidal and defoliant activity [1-3]. In
conducting a systematic study of the relationship of this activity to structure, we synthesized a series of
N-dialkoxyphosphonylimidophosphates [4] and N-dialkoxythiophosphonylimidophosphates [5].

In the present work we described a series of imidophosphates of the following types: (RO);P = NP(X)-
(NRy')p (Ry N);P(OR) = NP(X)(NR,"),, (Ry'N)P(OR;) = NP(X)(NR,")y, (R;N);P=NP(X)(NRy'), (where X = O
or 8). Obviously, these compounds contain from two to five dialkylamino groups or zero, one, two, or
three alkoxy groups. Imidophosphates are obtained from the corresponding trivalent phosphorus com-
pounds and tetraalkyldiamidoazidophosphates (and —thiophosphates); for example,

(RO)sP + (R,/N),P(S)N; — (RO),P=NP(S)}(NR,'),
Compounds of the first type (where X=0) have been described earlier [6]. The phosphites were added to
the reaction mixture in excess, in order to ensure completion of the reaction. Reactions were carried out
in benzene at 50-60°C. In the reaction with tetraalkyldiamidoazidophosphates, a decrease in reactivity in
comparison to the dialkylazidophosphates was observed. In the case of the tetraalkyldiamidoazidothiophos~
phates, the decrease in reactivity was still greater. Constants and yields are presented in Table 1.

During; distillation of the imidophosphates containing alkoxy groups, imide—imide rearrangement is

possible [6]:
(RO)PY,=NP(X)(NR,"), » Y,P(O)N=P(XR}NR,'),
X=0 or 8, Y=0R or NR,

However, IE spectra of the reaction mixtures prior to distillation were identical to the IR spectra of the
distillates. The identities of all products were confirmed by TLC. In the IR spectra of imidophosphates
I-V, there is an absorption band in the region of 1260-1290 cm~! (P =N); for N-thiophosphonylimidophos-
phates VII—XIV the band appears in the region of 1250-1300 cm'l, in agreement with data for N-phosphony-
imidophosphites [ 7] and N-thiophosphonylimidophosphates {5]. The structures of imidophosphates I—V were
confirmed by *' P~NMR spectra. Correlation of the chemical shifts was accomplished by reference to available
data [6, 8]. The results of analyses by the methods of IR and ¥ P-NMR spectroscopy are included in Table 1.

In the synthesis of the tetraalkyldiamidoazidophosphates (and —thiophosphates), we introduced some
changes in the described methods, allowing us to obtain these azides under milder conditions or to obtain
them free of unreacted acid chlorides. The synthesis of tetraethyldiamidoazidophosphate [9], as well as
that of tetramethyldiamidoazidophosphate [10], was carried out in pyridine; the indicated method was
simplified by treating the initial acid chloride mixture with NaN; at ~ 20°, rather than boiling for several
hours, Tetramethyldiamidoazidothiophosphate, described in [10], and tetraethyldiamidoazidothiophosphate
were obtained by the method of [5], based on displacement of chlorine in the tetraalkyldiamidophosphoric
acid chlorides by the azido group in DMF. It must be noted that tetraethyldiamidoazidothiophosphate, as
obtained in [¢] by boiling an acetone solution of the initial acid chloride with NaNj, is impure and contains
2% chlorine. Constants and yields of the synthesized phosphoric acid azides are given in Table 2,
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TABLE 2

c bp,°C( MRT
om- - ; p, C(p 20 20
Formula Yield, % s np dy calcu-
) 10- d
pound 1-10~*mm) foun lated
XV Et2N)eP(0)Ns a8 76 1,4670 | 1,0504 | 64,66 61,76
(§(VI; éMezl\I))zP(S)Na 96 62 1,5188 | 1,1628 | 50,42 | 50,78
(XVII) | (EtzN)P(S)Ns 89 84 1,5058 | 41,0812 | 69,89 74,25

* Satisfactory elemental analyses obtained for P.
+The AR value of Nj is assumed to be 9.61 {11].

EXPERIMENTAL METHOD

IR spectra were taken on a UR-20 instrument. 3 p—_NMR spectra were obtained on a "Bruker HX-90"
instrument under impulse conditions, with high-field suppression of spin—spin interaction between
phosphorus nuclei and protons, operating at a frequency of 36,43 MHz (external standard, 85% H3PO,).
The purity of the compounds obtained was verified by TLC (silufol-250; eluant hexane-acetone, 7: 3).

Tetrzethyldiamidoazidophosphate (XV). A mixture of 45.4 g (0.2 mole) tetraethyldiamidochloro-
phosphate [9] and 17.6 g (0.27 mole) NaN; in 90 ml anhydrous pyridine was stirred at ~ 20° for 20h. The
pyridine wzs evaporated under vacuum, 50 ml benzene was added, the precipitated solid was removed by
decantation, and the benzene was then evaporated under vacuum. After distillation, 41.0 g (XV) was ob~
tained,

Tetraethyldiamidoazidothiophosphate (XVII). To 26g (0.4 mole) NaN; in 70 ml DMF was added with
stirring 48.5 g (0.2 mole) tetraethyldiamidochlorothiophosphate [9]. After addition of the entire quantity
of acid chloride, the mixture was stirred at ~ 20° for 15 min, and then at 60° for 2h, The reaction mass
was mixed with 550 ml cold water and extracted with ether, and the extract was then dried over Na,SO,.
The ether was evaporated under vacuum; after distillation, 44.4 g (XVII) was obtained.

Trietayl-N-(tetramethyldiamidothiophosphonyl)imidophosphate (VII). To a solution of 5.8 g (0.03
mole) tetramethyldiamidoazidothiophosphate in benzene at 50° was added dropwise 4.86 g (0.036 mole)
triethylphosphite. The mixture was kept at 55-60° until nitrogen evolution was complete (10h), Completion
of the reaction was ascertained by disappearance of the band absorption VN, of the initial azide from the
IR spectrum of the reaction mixture, The benzene was evaporated under vacuum, and 9.1 g (VII) was iso-
lated by distillation.

The cther imidophosphates were obtained analogously.

Triphenyl-N- (tetraethyldiamidophosphonyl)phosphinimine (VI). To 3.28 g (0.014 mole) tetraethyldi-
amidoazidophosphate was added 3.71 g (0.014 mole) triphenylphosphine. The reaction mixture was allowed
to stand overnight, The crystalline substance which formed was recrystallized twice from hexane; yield
6.3 g, mp 95°,

CONCLUSIONS

By reaction of phosphites with tetraalkyldiamidoazidophosphates (and —thiophosphates), a series
of N-tetraalkyldiamidophosphonyl{and —thiophosphonylyimidophosphates was obtained.
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