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As was established previously [1, 2], the isothiocyanates of secondary arsines react with ethylene
oxide (EO) and ethylene sulfide (ES) to give the 2-thiocyanatoethyl esters of arsinous and thioarsinous
acids,

P\zASNCS{—C\Hg~CHg — ReAsXCH:CH2SCN (X =0, S)
7

Similar transformations were also observed in the reaction of EO with organylisothiocyanatosilanes [3, 4]
and the isothiocyanates of phosphorus acids [5].

(CHj)sSiNCS - C\Hz—/CHz — (CHs)3 SiOCH2CH.SCN

":\/ITINCS-}-C\Hz—/CHz - NDPJ’}OCHzCHzSCN
0 0 0

In the process of forming the condensation products the isothiocyanato group of the starting com-
pounds is isomerized to the thiocyanato group in all of the enumerated cases, which from the standpoint
of structural chemistry seems anomalous and can be explained only by the peculiarities in the behavior
of the isothiocyanato group, attached to a nonmetal atom, and (or) the specifics of the catalysis mechanism,
In an attempt to ascertain the reasons for such unusual transformations we made a more detailed study of
the reactions of the isothiocyanates of secondary arsines with olefin oxides and thiiranes.

It proved that the dialkylisothiocyanatoarsines and the chromatographically pure olefin oxides (or
thiiranes) do not react with each other if the reaction mass is carefully protected from atmospheric mois-
ture, A necessary condition for reaction is the presence of even trace amounts of either hydroxyl-contain-
ing or thiol compounds. Dimethylisothiocyanatoarsine condenses with EO at 40-50°C, and with ES at 20-
25°, with slight heat evolution, in the presence of 1 mole % of water, alcohol, or n-butylmercaptan, Di-
phenylisothiocyanatoarsine reacts with somewhat greater difficulty. However, in the presence of cafalysts
the processes are completed at 60~-80° in the case of both EO and ES.

The most efficient catalyst of the discussed reactions is pyridine thiocyanate hydrate, which can be
replaced by 2 mixture of alcohol and pyridine, and by pyridine alone if traces of moisture are pre-
sent, In the presence of 1 mole % of pyridine thiocyanate hydrate, dimethylisothiocyanatoarsine
reacts smoothly with EO even at ~20°, while with ES the reaction must be run under cooling in order to
avoid isomerization of the laiter. When catalyzed by pyridine thiocyanate hydrate, propylene sulfide and
propylene oxide react just as easily as EOQ and ES. Here the end products are formed in at least 80% yield.

The obtained data make it possible to assume that in the discussed reactions the three-membered
ring of the olefin oxides (or thiiranes) is not opened by the dialkylisothiocyanatoarsine molecule, but rather
by the thiocyanic acid that is formed in the presence of the hydroxyl-containing or thiol compound. The
subsequent exchange reaction of the alkanol thiocyanate or alkanethiol thiocyanate with the dialkylisothio-
cyanatoarsine gives the end product and HSCN, which enters into the subsequent transformations.

Translated from Izvestiya Akademii Nauk SSSR, Seriya Khimicheskaya, No. 2, pp. 406-410, Febru-
ary, 1975. Original article submitted May 8, 1974.
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RaAsNCS ++ R'XH 2 ReAsXR/+HHSCN
CH>—CH2-+HSCN — HXCH2CH,SCN
NS
X
R2AsNCS+HXCH:CGH2SCN — R2AsXCHoCH2SCN - HSCN
(X=0,5)

As a result, the anomalous transformations in the discussed systems are caused by the catalytic
nature of the progressing processes. The formation of thiocyanate-containing compounds from isothio-
cyanatoarsines is the result of two consecutive nucleophilic substitution reactions: that of the NCS™ anion
with the C atom of the oxirane or thiirane ring, and then of the alkoxide or mercaptide anion with the arse-
nic atom,

It is interesting to mention the higher reactivity of the thiiranes when compared with their oxygen
analogs in the reactions with dialkylisothiocyanatoarsines, This fact can be explained only by the difference
in the energies of forming the transition states that involve the arsenic atom. In this case, the same as
in the other reactions of tricoordination arsenic compounds with thiol compounds, there is a substantial
energy gain if conditions exist for additional 3 p, —4 dy interaction in the reaction complex.

The 2-thiocyanatoalkyl esters of the arsinous and thioarsinous acids formed in the discussed reac-
tions are heat stable compounds. They are converted to secondary haloarsines when treated with acyl
halides and phosphoryl halides, The second products of these exchange reactions are the thiocyanatoalkyl
esters of carboxylic (or thiocarboxylic) acids or phosphorus acids. The IR spectra of the latter have ab-
sorption bands with a maximum at 2185 em™ (V¢ = N), which confirms the thiocyanate structure of these
compounds and of the starting thiocyanatoalkyl esters of the arsinous (thioarsinous) acids,

While studying the exchange reactions of the 2-thiocyanatoalkyl esters of the arsinous and thioarsi-
nous acids with acyl halides and phosphoryl halides it was shown that they belong among the typical equili-
brium processesz, and in many respects resemble the analogous reactions of 2-thiocyanatoethoxytrimethyl-
silane [4].

R XCHoCH:SCN
ReAsXCHaCH2SCN -1 R’C(0)CI = >As‘/ }C(O)R’ZB’C(O)XCIIzCHzSCN—%RzAsCl
R ol

Formation of the end products is determined mainly by the polarity of the acyl halide bonds. *M Substi-
tuents on the carbonyl or phosphoryl group exert a negative effect on the course of the process. In the
general case the equilibrium is shifted to the right when reaction is with acyl chlorides under moderate
heating, while in the case of ethyl chloroformate and phosphoryl(phosphonyl) chlorides only if the dialkyl-
chloroarsines are removed from the reaction sphere. The esters and amides of chlorophosphates do

not react with the 2-thiocyanatoethyl esters of arsinous acids.

It should be mentioned that the esters of arsinous acids are completely inert toward acyl fluorides,
with which the 2-thiocyanatoethoxysilanes react most easily [4]. The esters of thioarsinous acids enter
into exchange reactions with substantially greater difficulty than their oxygen analogs, and acceptable
yields of the end compounds can be obtained only by the efficient removal of the haloarsines from the reac-
tion sphere. The above enumerated characteristics of the studied reactions reflect the general regularity
in the course of the exchange reactions of a nonmetal atom, which is manifested in a2 maximum reaction
effect if the condition exists for (n—1)p, —nd; conjugation between the nonmetal atom and the heteroatom
in the transition complex.

EXPERIMENTAL METHOD

2-Thiocyanatoalkyl Esters of Dialkylarsinous Acids (typical experiment). With stirring, to a mix-
ture of 0,05 mole of the dialkylisothiocyanatoarsine and 0.01 g of pyridine thiocyanate hydrate (or 0.1 ml
of alcohol and 0.1 ml of pyridine) was added 0.05 mole of the olefin oxide. The reaction mass was kept at
20° for 12-15 h, heated at 40-50° for 1-2 h, and then fractionally distilled. The 2-thiocyanatoalkyl esters
of the dialkylarsinous acids (I)-(IV) were obtained in 82-95% yields.

2-Thiocyanatoalkyl Esters of Dialkylthioarsinous Acids. The indicated compounds were obtained in
a similar manner from 0.05 mole of the dialkylisothiocyanatoarsine, 0.1 g of pyridine thiocyanate hydrate,
and 0.05 mole of the thiirane, with the only difference that the reactants were stirred under cooling, main~-
taining the temperature of the reaction mass below —5°. The yields and some of the properties of the ob-
tained compounds (V)-(IX) are given in Table 1.
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2-Thiocyanatoalkyl (Alkylthiol) Esters of Carboxylic Acids. a) A mixture of 0.05 mole of the 2-thio-
cyanatoalkyl ester of dimethylarsinous (or dimethylthioarsinous) acid and 0.075-0.1 mole of the carboxylic
acid chloride was heated at 60-80° for 1-3 h, the unreacted acyl chloride and formed dimethylchloroarsine
were removed in the vacuum of a water-jet pump, and the residue was fractionally distilled at 1-3 mm of
Hg. The yields and properties of the obtained compounds (X), (XI), (XIV), and (XV) are given in Table 2.

b) A mixture of 0.05 mole of the carboxylic acid chloride and 0.05 mole of the 2-thiocyanatoalkyl ester
of dimethylarsinous or dimethylthioarsinous acid was heated at 40-60° and a residual pressure of 50-60 mm
Hg of until the calculated amount of dimethylchloroarsine was evolved, The residue was fractionally dis-

tilled in vacuo at 1-3 mm or else it was recrystallized to give the product in 60-95% yield. The compounds
obtained by this method are given in Tables 2 [(XII), (XII), (XVI)] and 3.

The 2-Thiocyanatoethyl Esters of the Phosphorus Acids were obtained under the same conditions from

0.05 mole of the chlorophosphate (or chlorophosphonate) and 0.05 mole of 2-thiocyanatoethoxydimethyl-
arsine. The obtained results are given in Table 4,

CONCLUSIONS

1. A study was made of the reactions of dialkylisothiocyanatoarsines with ¢-oxides and thiiranes. A
mechanism was proposed for the formation of the 2-thiocyanatoalkyl esters of arsinous (thioarsinous) acids.

2. Some characteristics of the exchange reactions of the 2~thiocyanatoalkyl esters of arsinous and
thioarsinous acids with acyl halides and phosphoryl halides were established.

LITERATURE CITED

1, A. F. Kolomiets, G. S. Levskaya, and N, K. Bliznyuk, USSR Patent 210,154 (1956); Byull. Izobr.,
No. 6, 24 (1968).

2. A. F. Kolomiets, G. S. Levskaya, and N, K, Bliznyuk, USSR Patent 192,809 (1966); Byull. Izobr.,
No. 6, 26 (1967).

3. British Patent 923,582 (1963); C. A., 60, 3011 (1964).

4. A. V. Fokin, A. F. Kolomiets, Yu. N. Studnev, A. I. Rapkin, and V. 1. Yakutin, Izv. Akad, Nauk
SSSR, .Ser. Khim., 1972, 1406.

5. N. A, Razumova, A, A, Petrov, and Zh. L. Evtikhov, Zh. Obshch. Khim., 38, 2542 (1967).

338



