in a 3:1 AcOH—HCI mixture and worked up in the usual manner to give 2,4 g of 9-mercapto-m-carborane
(64% when based on starting carborane) and 0.4 g of neutral fractions.
CONCLUSIONS

1. A simple method was proposed for obtaining the bis (9~0- and 9-m-carboranyl) disulfides from the
o- and m-carboranes and S,Cl, in the presence of AlCl;, and also a simple method for reducing the latter to
the 9-0~ and 9-m-carboranylthiols,

2. When the o~ and m-carboranes are reacted with SCI, in the presence of AlCl, the main products are
the bis (0~ and m-carboranyl) disulfides.
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REACTION OF PHOSPHORUS ACID CHLORIDES
WITH DIPHENYLUREA

K. V. Nikonorov, E. A. Gurylev, UDC 542.91:547.1'118
L. A. Antokhina, and Z. Ya. Latypov

The direction of the reactions of carboxylic acid amides with the acid chlorides of phosphorus esters de-
pends on the coordination number of the P atom: phosphorylation occurs in the case of the tricoordinated phos~
phorus atom [ 1], while the derivatives of the tetracoordinated phosphorus atom dehydrate carboxylic acid
amides [2, 3]. It was interesting to determine if this rule extends to carbamic acid amides.

In the present paper we report the results of studying the reaction of the acid chlorides of phosphorous,
phosphonous, and phosphoric esters with symmetrical diphenylurea (DPU) in the presence of HCl acceptors.
2-Alkoxy~4-oxo-1,3-diphenyl- 1, 3-diaza-2-phosphetidin-4-ones (I) were isolated in good yields when DPU is
reacted with the dichlorides of alkylphosphorous acids in the presence of triethylamine.

/Ph
N
VRN
ROPCl, --- HN—CO—NH - 2Et;N ——> ROP C=0 | 2Et,N.HCI
—2HC1 \ /
Fh Ph N
AN
Ph

@
R=Me (Ia), Et (Ib), i~Pr (Ic), n-Bu (Id).

Compound (Ia) is a liquid that can be vacuum-distilled, while (Ib-d) are crystalline compounds. The IR
spectra of the compounds lack the absorption band of the N—H group. The presence of the absorption band of
the C=0 group in the 1760-1770 cm™! region indicates the presence of a ring carbonyl group [4]. The chemical
shift of the signals of the P nuclei of (Ia~-d) lies in the 90-95 ppm region. The PMR spectra of these compounds
have only the signals of the protons of alkoxyl and phenyl groups. Based on the cryoscopy data, (Ia-d) are
monomeric, The vacuum~-distillation of (Ia) leads to partial decomposition and the liberation of diphenylcarbo-
diimide. The thermal decomposition of 2-trichloro~2-phospha-1,3-diazetidin-4-one was observed previously
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5] and went by the following scheme:
/Me
N
VAN .
CLP /czo — [MeNCO - Cl,P=NMe] — MeN=C=NMe - POCI,
AN

N

N
Me

Thermal decomposition by an analogous scheme probably also occurs in the case of (Ia) during distillation,

Ph

S
N

N t
meor” Vg0 [PRNCO 4 MeOP==NPh] — PhN=C=NPh -- [MeOP=0]
~./

N

\Ph

(Ia)

Diphenylearbodiimide was isolated and characterized. Methyl metaphosphite could be neither isolated nor
identified by physical methods due to decomposition under the distillation conditions [{61. The formation of 2~
phenyl-4-oxo-1,3-diphenyl- 1, 3-diaza-2-phosphetidin~4-one with 63'P 97 ppm could be recorded by the 'p
NMR method when phenylphosphonous dichloride is reacted with DPU in the presence of an HCI acceptor,

The reaction of PCl; with DPU gives a complex mixture of reaction products (six according to the 3'p
NMR data), from which pure compounds could not be isolated.

A study of the chemical properties of the phosphetidines (I) disclosed that they are inert in some reac~
tions that are typical for tricoordinated phosphorus derivatives; they do not add sulfur when heated, are not
oxidized by nitrogen oxides, and do not react with chloral and CH;Br. A decrease in the nucleophilicity of the
P atom in these compounds is apparently related to the presence of electron~withdrawing groups (phenyl and
carbonyl) in the four-membered ring. However, when reacted with atmospheric moisture or alcohols both of
the P—~N groups in (Ia~d} are easily cleaved, for example

Ph
N/
4 VAR :
i-PrOP” Q=0 - 2i-PrOH — (i-PrO),P -+ HN—CO—NH
AN | |
N Ph Ph
\Ph
(I¢)

The chlorides of dialkylphosphorous acids react with DPU in the presence of an HCl acceptor to initially give
the phosphorylated urea (II) with 6°'p 136-138 ppm, which after some time rearranges to the phosphorylated
amidine (IV) with 6%'P 2-3 ppm. The rearrangement is accelerated by heat. A similar rearrangement of (II) to
(IV) was observed previously [7] when (II) was obtained from the anilide of diethylphosphorous acid and phenyl
isocyanate.

(RO),PCL 4 HN~-CO~-NH - EtgN —=—> (R0);PN—CO—NH -
- |

Ph Ph Ph Ph
(n
H NPh
[ | y
— | (RO);*P—N—Ph | — (RO),POH 4 PhAN=C=NPh — (RO),PC
=0—C=NPh : b \NHPh

(I (Iv)
R = Et (IVa), i-Pr (IVD)
Apparently, the intermediate bipolar ion (III) is formed in the first step, which decomposes on the type of the

Staudinger—Wittig reaction to the dialkylphosphorous acid and diphenylcarbodiimide; their reaction leads to
(IV); the yields are low and the reaction is ill-defined.

The chloride of diethylphosphoric acid reacts with DPU in the presence of pyridine the same as with
carboxylic acid amides, i.e., with the formation of tetraethyl pyrophosphate (VI) and diphenylcarbodiimide by
the following scheme:
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N—Ph
2EL0),PCl 4- IIN—CO—NII - Py —— R T PhN=C=-NPh -L (Et0),POII
. ~ : I

6 P b 0 poom,
5 | +CIP(O)OE): + Py
- (E10);P—0-—P(OEt), <~ Py.HCl
(V) 1] II
o 0
(V)

Apparently, the reaction proceeds with the iso form of DPU; the unstable phosphorylated isourea (V) is formed
here, which decomposes to diphenylecarbodiimide and diethylphosphoric acid. The latter reacts with a second
mole of diethyl chlorophosphite and gives (VI).

EXPERIMENTAL

The IR spectra were recorded on a UR-20 spectrophotometer, the PMR spectra on a Varian T-60 instru-
ment (60 MHz, internal standard = TMS), and the 3'P NMR spectra on a KGU~4 NMR instrument (10,2 Mliz,
standard = 85% H3PO,).

2-Ethoxy-4-oxo-1,3-diphenyl-1,3-diaza~2-phosphetidin-4-one (Ib). To 6.36 g of DPU and 4.4 g of ethyl
dichlorophosphite in 30 ml of dry ether was added at ~20°C an ether solution of 6,46 g of Et;N, The tempera-
ture of the reaction mixture rose to 35°. After separating the precipitate and removing the solvent we obtained
6 g [70% of crude (Ib)]. The crystals were dissolved in CCl,, the solution was decanted from the insoluble tar,
and the solvent was removed in vacuo. The residuc was dissolved in ether, the solution was cooled in liquid
nitrogen, and the obtained crystals of (Ib) were filtered, mp 79-80°. Found: P 10.73; N 9.51%. Cyz;HzN,0,P,
Calculated: P 10.84; N 9.79%. Infrared spectrum (v, cm !): 1500, 1605, 3040 (C¢H;), 1765 (C=0). 5 3P 93 ppm.

2~Isopropoxy-4-oxo-1,3-diphenyl-1,3-diaza-2-phosphetidin-4-onc (Ic). The compound was obtained and
purified the same as (Ib). Yield 55%, mp 74-75°, Found: P 9.92; N 9,42%. C{H;;N;O,P. Calculated: P 10,33;
N 9.33%. Infrared spectrum (v, cm !): 1500, 1600, 3050 (CgHg), 1760 (C=0). & *P 92 ppm.

2-n-Butoxy-4-oxo- 1, 3-diphenyl- 1,3-diaza-2-phosphetidin-4-one (Id). Obtained and purified the same as
(Ib). Yield 50%, mp 40-42°. Found: P 10.11; N 8.75%. C;HgN,O,P, Calculated: P 9.87; N 8.91%. Infrared
spectrum (v, cm” 1)z 1500, 1605, 3045 (C4l5), 1765 (C=0), 6 *'P 93 ppm.,

Methoxy~4~oxo0-1,3-diphenyl- 1, 3-diaza-2-phosphetidin~4-one (Ia). Obtained the same as (Ia), Two frac-
tions were isolated when distilled in vacuo. The first fraction (26%), bp 168-170° (11 mm) and IR spectrum
(v, em™ 1): 2140 em™! (N = C = N), is diphenylcarbodiimide [8]. DPU is obtained quantitatively when this frac-
tion is treated with water. The mixed melting point with an authentic specimen was not depressed. The second
fraction (25%), bp 128-130° (0.03 mm), is (Ia). Found: P 10.72; N 9.44%. Cy4H3N,0,P. Calculated: P 11.39;
N 10.29%. Infrared spectrum (v, cm '): 1480, 1595, 3010 (C4Hs), 1755 (C = O). According to the IR spectrum,
(Ia) is contaminated with a small amount of diphenylcarbodiimide. ¢ 3P 95 ppm.

Reaction of Diphenylurea with Chloride of Diethylphosphorous Acid. To a mixture of 10.6 g of DPU and
9.22 g of the chloride of diethylphosphorous acid in dry ether was added at ~20° an ether solution of 5.05 g of
EtsN, The mixture was stirred for 1 h at 25-30°. A thick liquid was obtained after removal of the precipitate
and solvent, The *'P NMR spectrum of this liquid has intense signals at 137-139 ppm and a signal at 2 ppm.
The peak with 6 137 ppm decreases with time, while the peak with 6 2 ppm increases. The liquid deposited 4 g
(25%) of diethylphosphoryl-N,N'-diphenylformamidine (IVa), mp 107-108° (from xylene). Found: P 9.25; N
N 8.52%. Cy;HyNyO3P. Calculated: P 9.63; N 8.43%. Infrared spectrum (v, em™): 1255 (P = 0), 1630 (C = X),
3260 (N — H). 6 3'P 2 ppm; cf. [7]. The peak with 6 139 ppm does not change with time, but the substance to
which this peak belongs could not be identified due'to decomposition when vacuum-distilled.

Diisopropylphosphoryl-N,N'~diphenylformamidine (IVb) was obtained in a similar manner. Yield 23%,
mp 105-107° (hexane—benzene). Found: P 9.07; N 7.36%. CigHysN,05P. Calculated: P 8.61; N 7.77%. Infrared
spectrum (v, cm 1): 1240 (P = O), 1635 (C = N), 3260 (N —H). 6 *'P 3 ppm,

Reaction of Diphenylurea with Chloride of Diethylphosphoric Acid. To 10.6 g of DPU and 9.6 g of pyri-
dine in dry ether was added 17.25 g of the chloride of diethylphosphoric acid. The mixture warmed up slightly
and a dark-redoil deposited. The mixture was heated for another 30 min at 30-35°. The obtained oil was sep-
arated from the ether solution to give 21.9 g of product, which represented a mixture of Py HCI and diphenyl-
carbodiimide, contaminated with a small amount of tetraethyl pyrophosphate (VI). The IR spectrum of the oil

has bands at 2150 (N=C=N) and 2500 cm_! (-41r\1~<0f pyridine); the P NMR spectrum of the oil has a signal
at —15 ppm, which belongs to (VI). Diphenylcarbodiimide was identified as DPTU; treatment of the oil with water
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gave 8.2 g (74%) of DPU. The solvent was removed from the ether solution in vacuo and the residue was dis-
tilled to give 3.8 g of (VI), bp 127-129° (0.2 mm), nﬁ 1,4270. Found: C 32.93; H 6.45; P 20.76%. CzHy0;Ps.
Calculated: C 33.10; H 6.85; P 21.40%. 6 *'P; —15 ppm. (cf. [9]).

CONCLUSIONS

1, The reaction of diphenylurea with the chlorides of phosphorous and phosphonous esters gives phos~
phorylated urea derivatives, whereas reaction with the chloride of diethylphosphoric acid leads to tetraethyl
pyrophosphate and diphenylcarbodiimide.
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THERMAL DECOMPOSITION OF TRIMETHYLSILYL
tert-BUTYL PERSUCCINATE

G. A. Razuvaev, G. V. Basova, TDC 541.11:542,92:547,17128
O. S, D'yachkovskaya, V. A. Dodonov,
and S. V. Krasnodubskaya

As a continuation of studying the reactivity of silicon-containing radicals, formed during the thermal de-
composition of trimethylsilyl tert-butyl perphthalate (I) and trimethylsilyl tert-butyl permaleate (II), we made
a study of the thermal decomposition of trimethylsilyl tert-butyl persuccinate (II) without a solvent and in
either benzene or cumene. The purpose of the study was to ascertain the effect of varying the hydrocarbon
fragment in the acyl portion of the peroxide on the behavior of the formed radicals. The complete decomposi~
tion of (III) proceeds at 110-115°C in 25 h, On the basis of the kinetic studies and the thermal decomposition
products (Table 1) it may be concluded that the initial reaction act is homolysis of the peroxyester at the O—
O bond. '

MezSi0CCH,CH,CO0CMes — MegSiOCTCH,CH,CO™ -} "OCMeg
f I ) i
0 0 0
(11D vy
The formed Si-containing acyloxy radicals (IV) are unstable and mainly undergo fragmentation with the

elimination of CO,, whose yield reaches 79-88%, Only a small part of (IV) cleaves hydrogen and is converted
to the acid trimethylsilyl succinate,

Me,SiOCCHLCH, - CO,
1
0

vy~
RH

L Me;SiOCCH,CIT,COH

| i
: 0 )
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