DIPHENOXYTHIOPHOSPHORYLIMIDOPHOSPHORUS TRICHLORIDE,
ITS THERMAL ISOMERIZATION AND REACTION
WITH PHENOL AND DIMETHYLAMINE
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Previously [ 1] we had shown that the reaction of diphenylphosphoramide with PCI; proceeds to give di~
phenyl (dichlorophosphorylimido)chlorophosphate, and not diphenoxyphosphorylimidophosphorus trichloride,
i.e., rearrangement involving the O atom takes place.

% (PhO),P(O)N=PCl,

P(O PCl,—
(PhO):P(O)NH. + PCls - — (PhO),CIP=NP(0)Cl,

A similar rearrangement was studied previously by other authors {2, 3].

The analogous rearrangement involving the thiono sulfur atom in the series of thiophosphorylimidophos-
phorus compounds of type

s ca s
I | i
—P—N=PCly — —~P=N—PCl,
| | |

is unknown up to now.

It was shown by us on the example of diphenoxythiophosphorylimidophosphorus trichloride (1) that the S

atom migrates at high temperature:
220% 810 b
(PhO),P(S)N=P(ly ————> (PhO},C1P'=N—"P(S)Cl,
] an :

Imidophosphate (I) was obtained as described in [4], and its structure was proved by the P NMR and 1R
spectral data. The *'P NMR spectrum has signals at 43.4 and —6.9 ppm, which confirms the presence of the
(Ph0,),P (S)N—and ClyP =N—groups in the molecule. The constants of (I) are given in Table 1.

Imidophosphate (I) can be distilled in a high vacuum, but the 3'P NMR spectrum of the distillate has, be~
sides the intense signals of the starting (I), signals at 13.1 and 30.8 ppm (JpNp =31.7 Hz), which are character-
istic for diphenyl (dichlorophosphorylimido)chlorophosphate (IT), a compound that we had obtained previously | 5].
When (I) is heated at 220°C for 8~10 h, it is converted completely {data of 1P NMR spectra) to imidophosphate
(1), which was isolated in satisfactory yield from the reaction mixture and whose structure was confirmed by
the *'P NMR and IR spectral data, and also by direct comparison with the previously obtained (IT) 51.

Imidophosphate (II), obtained by the thermal isomerization of (1), reacts with phenol, taken in a 1:1 ratio,
to give triphenyl (dichlorothiophosphorylimido)phosphate (III), whose constants coinclde with the constants of
the triphenoxy derivative of (IIf), which had been obtained from dichlorothiophosphorylimidophosphorus tri-
chloride and phenol using a 1:3 ratio of the reactants [51.

Cl;P=NP(S)Cl, -+ 3PhOH

s (PhO),P=NP()CL,
an

Besides the thermal isomerization, we studied the reaction of (I) with phenol and dimethylamine using a
variable ratio of the reactants. The Cl atoms in (I) are successively replaced by the phenoxy group when a mix~
ture of (I) and phenol, taken in a ratio of 1:1, 1:2, and 1:3, is heated, in which connection each successive
insertion of the phenoxy group into (I) requires more drastic conditions, similar to the replacement of the Cl
atoms in the "thiopentachloride® by the phenoxy group [5].
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PhOH; 140—150°
O . (PRO),P(S)N=PCL(OPh)

(Iv)
(PROY,P(S)N=PCL{OPh),
V)
~ (PRO),P(S)N=F(OPh)s
(VD)

(Iy— 2PhOH; 170—180°

! 3PhOH; 480--200°

The reaction of () with dimethylamine, using a reactant ratio of 1:2 and 1 :4, is also accompanied by
the replacement of either one or two Cl atoms, as is shown below.

(1) + 2nMe,NH — (FhO),P(S)N=PCl,_ (NMe,),
n=1 (VII); n=2 (VIII)

The reaction of acid chloride (VIII) with excess dimethylamine gave hexamethyltriamido({diphenoxythiophos-
phorylimido)phosphoric acid (IX), which was also obtained independently from hexamethylphosphorous triamide
and diphenyl azidothiophosphate.

MeoNH NsP(S)(OPh):
R (PhO),P(S)N = P(NMey)y e (Me;N)sD
(IX)

(VIIL)

EXPERIMENTAL

The IR spectra were obtained on a UR-20 instrument as a film, and for imidophosphates (VI) and {IX)
as KBr pellets; the PMR spectra were obtained on a Perkin—Elmer R-12 instrument in CCl, solution relative
to TMS; the P NMR spectra were obtained on a Brucker HX-90 instrument (operating frequency 36.43 MHz),
with suppression of the spin—spin coupling of the P and H atoms, and using 85% H;PO; as the external standard.
The characteristics of compounds (I) and (IV)~(IX) are given in Table 1.

Thermal Isomerization of Diphenoxythiophosphorylimidophosphorus Trichloride (I). Compound (1) 9.5 g
wss heated in an argon stream for 8~10 h at 220°. Distillation gave 2.9 (31%) of (i) with bp 120-122° (0.003 mm);
n2) 1.5943; i 1.4400. Found: P 14.9; S 8.1%. CppHyCl3NO,P;S. Calculated: P 15.4; S 8.0%. Ip NMR spec-
trum (6, ppm): —13.1 (P"; 30.8 ("P); Jpnp =31.7 Hz, cf. [5].

Triphenyl (Dichlorothiophosphorylimido)phosphate (III). A mixture of 9.5 g of (IT), obtained by thethermal
isomerization of (1), and 2.5 g of phenol was heated for 5 h at 180-200° until the gas evolution ceased. Dis~
tillation gave 6.4 g (58%) of (IIT) with bp 165-168° (0.003 mm), nf 1.5976, di’ 1.3591. Found: CI 15.4; P 13.5%.
CyH;sC1,NO;P,S. Caleulated: C1 15.5; P 13.5%, cf. [5].

Phenyl (Diphenoxythiophosphorylimido)di chlorophosphate (IV). A mixture of 10 g of (I) and 2.5 g of
phenol was heated at 140~150° until the HCL evol ution ceased. Distill ation gave 7.4 g of (IV].

Dipheunyl {Diphenoxythiophosphoryl imido) chl orophosphate (V). A mixture of 8.8 g of (1) and 4.6 g of
phenol was heated at 170-180° until HClevolution ceased. Distillation gave 6.0 g of (V).

Triphenyl {(Diphenoxythiophosphorylimido)phosphate {VI). A mixture of 7.1 g of (I) and 5.0 g of phenol
was heated for 7-10 h at 180-200° until the HCI evolution ceased. Then the mixture was cooled, 10 ml of MeOH
was added, and 4.2 g of crystalline (VI) was isclated.

Dimethyl amido (diphenoxythiophosphorylimido)dichlorophosphoric Acid (VIT). With stirring, to a solu~
tion of 16.6 g of (I) in 100 ml of abs. ether at 0~5° was added 3.8 g of Me,NH in 50 ml of ether, after which
the mixture was stirred for 2 h at ~20°, the precipitate was separated, the filtrate was evaporated, and the
residue was distilled to give 9.6 g of (VII).

Tetramethyldiamido (diphenoxythiophosphorylimido)chlorophosphorie Acid (VII). With stirring, foa
solution of 20.9 g of (I) in 100 ml of abs. ether at 0~-5° was added 9.5 g of Me,NH in 50 mi of ether. The mix~
ture was stirred for another 2 h at ~20°, the precipitate was separated, the filtrate was evaporated, and the
residue was distilled to give 13.1 g of (VIII).

Hexamethyltriamido (diphenoxythiophosphorylimido)phosphoric Acid (IX). a} Reaction of {VII) with
Me,NH. To a solution of 3.8 g of (VIIL) in 5 ml of abs. ether at ~20° was added a 2~ to 3~fold excess of Me,NH
and the mixture was let stand at 20-22° in an airtight closed flask for 2 days. The hydrochloride was separated,
the filtrate was evaporated, the volatiles were removed by distillation, and the residue was recrystallized
from a 1 :1 heptane —CCl, mixture to give 2.9 g of (IX).

b) Reaction of hexamethylphosphorous triamide with diphenyl azidothiophosphate. To a solution of 3.0 g
of hexamethylphosphorous triamide in 5.0 ml of abs. benzene at 40-50° was cautiously added 2.9 g of diphenyl
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azidothiophosphate in 5 ml of benzene. Immediately after adding the first drops of the azide a yellor color
appears (formation of the triazene) and nitrogen is evolved vigorously. At the end of reaction the volatiles
were vacuum-distilled and the residue was distilled to give 3.1 g of imidophosphate (IX).

CONCLUSIONS

1. Diphenoxythiophosphorylimidophosphorus trichlori‘de undergoes thermal isomerization to diphenyl
(dichlorothiophosphorylimido)chlorophosphate.

2. The reactions of diphenoxythiophosphorylimidophosphorus trichloride with phenol and dimethylamine
were studied.
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REGIOSELECTIVE SYNTHESES
OF a-FUNCTIONALLY SUBSTITUTED KETONES

S. 1. Zavtyalov, G. I. Ezhova, UDC 542.91 : 547.841
T. K. Budkova, O. V. Dorofeeva,
and O. K. Taganova

a~Functionally substituted ketones (FK) serve as important synthones for obtaining heterocyclic com-
pounds. The most widely used method for synthesizing FK is based on the @-halogenation of ketones. Aserious
disadvantage of this method is the formation of mixtures of @-halo derivatives in the case of unsymmetrical

ketones [ 1].

In the present paper we studied regioselec‘cive paths for the synthesis of FK using Meldrum's acid (I) [ 2].
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