through alumina to remove traces of molybdenum salts using pentane as the eluent. Gas—liquid
chromatographic analysis showed that the total yield of isomeric tolylphenylmethanes was 0.29
g (88%).

CONCLUSIONS

The benzylation of aromatic compounds was carried out efficiently under mild conditions
by the action of trimethylbenzylsilane in the presence of MoClg, A1Cl,;, or WCl, with the for-
mation of the corresponding diarylmethanes. The benzylation in the presence of MoCl; conforms
to behavior typical of electrophilic substitution.
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NEW DATA ON THE REACTION OF TRIALKYL TRITHIOPHOSPHITES
WITH ALKYL HALIDES

M. I. Kabachnik, A. N. Pudovik, E. S. Batyeva, UDC 542.91:547.1'118
V. A. Al'fonsov, and G. U. Zamaletdinova

The reaction of phosphonous derivatives of P(III) acid thioesters with alkyl halides
studied by A. E. Arbuzov proceeds in accord with the classical scheme and leads to the predom-
inant formation of phosphine sulfides {1]. However, we have shown that substitution of the
alkylthio group by a halogen at the P(III) atom in trialkyl trithiophosphites is also possible
upon the action of alkyl halide (the products of the Arbuzov reaction were not isolated in
this case) [2]. A subsequent study of the reactivity of P(III) acid thioesters showed that
the reaction in the case of phosphonite derivatives is accomplished both by the Arbuzov reac-
tion and by substitution of the alkyl thio group and is complicated by a series of secondary
processes [3].

Hence, it has become accepted that the reactivity of P(III) acid thioesters relative to
alkyl halides varies depending on the environment of the phosphorus atom. 1In going from phos-
phonous to phosphite derivatives, there is a shift in the direction of the alkylation of the
P—S bond from the phosphorus atom to the sulfide sulfur atom [3-5].

S
- i
RoPSR - R’Hal — [RiSRHal] — RoPR’ - RHal
Rl

A. E. Arbuzov Institute of Organic and Physical Chemistry, Kazan Branch, Academy of Sci-
ences of the USSR. Translated from Izvestiya Akademii Nauk SSSR, Seriya Khimicheskaya, No. 8,
pp. 1871-1873, August, 1987. Original article submitted October 11, 1986.
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However, we have recently shown that under mild conditions P(SEt); reacts with Mel to
form products of the Arbuzov reaction [{6]. In a continuation of these studies, we investi-
gated the reaction of P(SEt), with MeI, EtI, PhCH,Cl, and PhCH,Br at different temperatures
with 1:1 ratio of the starting reagents. The reactions with EtI and PhCH,Cl were studied pre-
viously [2] and the corresponding sulfides and dithichalophosphites were identified.

In addition, we have established that the major products are the corresponding thione-
phosphonates, which are the Arbuzov reaction products (see Table 1), virtually independently
of the temperature

S

I
(EtS)sP - RHal — (EtS),PR -+ EtHal
R = Me, Et, Bz; Hal =1, Br, CL.

The 3!P NMR spectra of the reaction mixtures indicate that the Arbuzov pathway holds for
the alkyl iodides. This pathway accounts for more than 907 of the reaction (the conversion
was determined relative to the relative intensity of the peak of the final phosphonate). Ben-
zyl chloride and benzyl bromide are less reactive toward trithiophosphite but, under more vig-
orous conditions, they also lead, albeit in lower yields, to benzylphosphonate. In addition,
trialkylsulfonium iodides are formed in the reaction of trithiophosphite with alkyl iodides.
However, the yield of these products does not exceed 5%. The 3'P NMR spectra of the low-boil-
ing fractions obtained from the reactions with the benzyl halides indicates trace amounts of
a compound with 8P 160-190 ppm characteristic for P(III) nuclei with a phosphorus—halide bond.
The formation of these compounds may be attributed to the direct substitution of an alkylthio
group by halogen according to the scheme proposed in our previous work [2] and secondary reac-
tions. Thus, a model reaction has shown that triethyl trithiophosphonate reacts with EtI un-
der analogous conditions to give triethylsulfonium iodide.

EXPERIMENTAL

The 3'P NMR spectrawere taken on a KGU-4 NMR spectrum at 10.2 MHz relative to 857 H;PO,.
The PMR spectra were taken on a Varian T-60 spectrometer at 60 MHz for 25-307% solutions rel-
ative to TMS. The IR spectra were taken on a UR-20 spectrometer.

The reactions of P(SEt),; with alkyl halides were carried out in sealed ampules. The
conversion was determined by °!P NMR spectroscopy. The products were isolated from the reac-
tion mixtures by fractionation. The physical indices and spectral characteristics of the
products isolated are given in Table 1.

Reaction of Triethyl Trithiophosphonate with Ethyl Jodide. A mixture of 8.7 g triethyl
trithiophosphonate and 6.4 g ethyl iodide was heated in a sealed ampul for 4 h at 150°C.
Crystals appeared upon maintenance of the reaction mixture for several days. The liquid por-
tion was decanted off and the crystals were washed and recrystallized from ether to give 0.1
g (1%7) triethylsulfonium iodide which decomposes at 143°C [9]. The IR spectrum of this sam-
ple was identical to that of the product obtained from the reaction of triethyl trithiophos-
phite with ethyl iodide. Fractionation of the liquid portion %ave 7.2 g (83%) trigthyl tri-
thiophosghonate with bp 117°C (0.2 mm), nDZO 1.5983 and 4.7 g (74%) ethyl iodide with bp 70-
72°GC, np%° 1.5150.

CONCLUSIONS

The major pathway for the reaction of trialkyl trithiophosphites with alkyl halides is
alkylation of the phosphorus atom with the formation of alkylthionephosphonates.
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35C1 NQR SPECTRUM OF WS,SeCl,

N. I. Timoshchenko, S. I. Kuznetsov, UDC 543.422:541.67:541.49:546.78
V. L. Kolesnichenko, and E. V. Bryukhova

In our previous studies, we investigated the NQR spectra of MoS5,SeCly, MoS,SeBr;, and
WS,SeBr; and showed that these compounds are complexes of metal thiohalides with selenium di-
halides [1, 2]. In a continuation of this work, we studied the NQR spectrum of their chloride
analog, tungsten thioselenium chloride, WS,SeCls (TTC). The results obtained are given in
Table 1. The spectrum for the analogous molybdenum compound is given for comparison.

The spectrum of TTC, similar to that for molybdenum thioselenium chloride, consists of
two groups of lines: a high-frequency doublet and a low-frequency triplet. The high-frequen-
cy doublet is located closer to the frequencies of the chlorine atoms at selenium in the com-
plexes of metal chlorides with selenium chloride (36-38 MHz) than at sulfur (41-43 MHz) in
the analogous complexes with sulfur chlorides [3-5] and was assigned to the chlorine atoms
at selenium. The slight splitting is the result of crystallographic inequivalence. The low-
frequency triplet is assigned to the chlorine atoms at tungsten and shifted toward higher val-
ues in comparison with the 35C1 NQR frequencies in tungsten chlorides and oxochlorides (9-

15 MHz) [6]. According to x-ray diffraction structural analysis [7], the structure of tung-
sten thioselenium bromide (TTB) is insular and consists of centrosymmetric [WS,Br,{SeBr,)I],
dimers. The tungsten atoms are noncoordinated. Three crystallographically independent bro-
mine atoms are bound to tungsten and two are bound to selenium. Two bromine atoms at tungsten
are bridging atoms which link W and Se and one bromine atom is in a terminal position. TTC
has analogous structure since the spectra of TIC and TIB are similar. We then understand the
large splitting in the low-frequency component of the spectrum. The line at 21.182 MHz corre-
sponds to the terminal chlorine atom, while the lines at 16.182 and 15.956 MHz correspond to
the bridging atoms which link W and SE.

Comparison of the NQR spectra of all four tungsten and molybdenum thiohalides indicates
that their structures are analogous and may be represented as [MS,Hal,(SeHal,)], complexes
(M = Mo, W; Hal = C1, Br) with sharply inequivalent halide atoms at the metal.

EXPERIMENTAL

The NQR spectra were taken on a pulse spectrometer. A sample of tungsten thioselenium
chloride was obtained by an exchange reaction from thioselenium bromide in selenium chloride.

A. N. Nesmeyanov Institute of Heteroorganic Compounds, Academy of Sciences of the USSR,
Moscow. Translated from Izvestiya Akademii Nauk SSSR, Seriya Khimicheskaya, No. 8, pp. 1873-
1875, August, 1987. Original article submitted October 14, 1986.
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