OPENING OF THIIRANE RING BY HYDROGEN HALIDES
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‘ Based 031 the data given in [L-5], epithio compounds react unambiguously with hydrogen halides, in
which connection the thiirane ring is cleaved at the least hydrogenated carbon atom, i.e., contrary to the
Krasuskii rule,
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Later [6, 7], employing GLC and NMR, it was shown that the propylene, isobutylene, and chloropropylene
sulfides [6], and «,3-epithioglycidic acids [7] are cleaved by hydrogen chloride to give a mixture of products
with a ™ormal" and "abnormal" structure. The "normal" cleavage of the C —S bond at the most hydro-
genated C atom prevails (66-96%). The secondary or tertiary thiols that are formed here tend to isomerize
under the reaction conditions to the primary thiols, which explains to a certain degree the reasons for the
opposite results given in [1-5] and [6, 7].

The reactions of anhydrous HCI and HBr with thiiranes are second order [8]. In the opinion of the
authors, this testifies to the formation of carbonium cations during reaction. Similar theories were also
expressed earlier [2] ’
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The possibility of similar reactions proceeding by the carbonium mechanism via the step of forming epi-
sulfonium cations is also discussed in [6].

The concept that. the carbonium mechanism holds for the opening of the thiirane ring by hydrogen
halides contradiots certain experimental data, Thus, cyclohexene sulfide stereospecifically undergoes
trans-cleavage by HC1 [9]. Ethylene sulfide is polymerized in dilute HC! solution [10, 11}, where the for-
mation of the carbonium cation is most probable in view of the efficient solvation of the chlorine anion,
Substituted thiiranes are formed under these conditions, apparently via the step of the episulfonium cation
6, 7]
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Sulf;.lric acid, which cleaves three-membered heterocycles to-carbonium cations, initiates the polymeriza-
tion of epithioalkanes [10, 11].

We studied the transformations of ethylene sulfide when it is reacted with HCI in the presence of
acid anhydrides, For comparison we used THF in similar reactions, the cleavage of which by the carbon-
jum mechanism is considered to be the most probable. It was shown that the reactions of THF with HCl
in Ac,O, or in a mixture of Ac,0 and AcOH, is always accompanied by the insertion of the acetoxy group.
From THF and HCI under these conditions we obtained and identified 4-chlorobutyl acetate, 1,4-diacetoxy-
butane, and the 4-chloro-4'-acetoxy- and 4,4'-diacetoxydibutyl ethers. Similar results were also obtained
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in the reactions with HBr., The ratio of the formed products depends on the order of mixing the reactants.
When THF is added to a saturated solution of HCl in Ac,0O the main product is 4-chlorobutyl acetate. The
slow addition of HCI to 2 mixture of THF, Ac,0O, and AcOH leads mainly to 1,4-diacetoxybutane. This char-

acter of the process testifies {o the carbonium mechanism of cleaving the furanidine ring by hydrogen
halides
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Entirely different results are obtained when ethylene sulfide is reacted with hydrogen halides in the
presence of Ac,0. Irrespective of the order of mixing the reactants, only the 2-haloethylthiol acetates
are formed in this case

CH;—CHa
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The diacetate of monothioethylene glycol was not isolated even in trace amounts, The reaction of ethylene
sulfide with HCI in the presence of Acy,O and AcOH is accompanied by oligomeric transformations

CH.—CH: AcOH
\S /4 HCl + CHsC(0)0C(0)CHy —— CH:C(0)SCH2CHACl -+ CH3C(0)SCH2CH2SCH2CHaCl

The obtained data testify to the fact that in low-polar media the cleavage of the thiirane ring by
hydrogen halides does not proceed via the step of forming the carbonium cation, The ambiguous trans-
formations of the thiiranes when reacted with hydrogen halides are probably related to the existence of
several mechanisms, which lead to ring opening. The appearance of ™ormal® cleavage products in sol-
vents that are inert toward hydrogen halides can be due to the formation and nucleophilic cleavage of the
episulfonium ring by the halide anion from the state of an intimate ion pair
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The "abnormal" opening of the ring in this case can proceed by the trimolecular mechanisin via the inter-
mediate m-complex
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The possibility of cationic catalysis of the reaction in solvents that are inert toward hydrogen halides
(water, ether) cannot be excluded
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These concepts are in agreement with the data on the extremely low basicity of the sulfur atom of thi-
iranes, the high p-character of the heterobonds, and the similarity in the structure of their two~-carhon

skeleton to the double bond of alkenes. The latter apparently determines the similarity in the mechanisms
of adding hydrogen halies to thiiranes and alkenes in nonpolar media.

To compare the nucleophilic properties of the thiirane ring and an activated double bond we studied
the competing veactions in the system: ethylene sulfide —acrylonitrile—~HCl, Of the possible reaction pro-
ducts only 2~chloroethyl mercaptan and 2-chloro-2'-cyanodiethyl sulfide were isolated in high yield

CH;—CHz
N/ 4 CH:=CHCN - HCl — CICH;CHsSH -+ CICHzCH:SCH:CH:CN

.The latter testifies to the fact that the nucleophilic properties of the thiiranes are higher than those of an
activated double bond.

595



EXPERIMENTAL METHOD

Reaction of THF with HCl. With stirring, dry HCI was bubbled at a slow rate into a mixture of 36 g
of THF, 51 g of Ac,0, and 60 g of AcOH to a weight increase of 15-16 g, with maintenance of the tempera -
ture at 45-60°C. Then the mixture was heated at 60° for 2 h and fractionally distilled. We obtained 8,3 g
(11%) of 4-chlorobutyl acetate [12], bp 85-86° (14 mm); di® 1.0267; nf§ 1.4356, and 55.7 g (64%) of 1,4-'

diacetoxybutane, bp 117-119° (14 mm); df° 1.0454; 3 1.4226. Found: C 55.23; H 7.87%. CgH;;0,. Calcu-
lated C 55.10; H 8.05%.

From the residue by a double fractional distillation we isolated 7.9 g of 4-chloro-4'-acetoxydibutyl
ether, bp 156-158° (14 mm); dﬁ" 1.0465; n"’]g 1.4427 (Found: C 53.78; H 8.34; C1 15.62%. C,H;,Cl0;. Calcu-
lated C 58.64; H 8.55; Cl 15.76%), and 1.5 g of 4,4'-diacetoxydibutyl ether, bp 174-176°; d3° 1.0298; n¥!
1.4341, Found: C 58.64; H 9.12%. CyyHyOs. Calculated: C 58.53; H 9.35%. D

4-Chlorobutyl Acetate, With stirring, to a solution of 8-10 g of HCI in 51 g of Ac,O at 0° was added
36 g of THF in drops, with the simultaneous bubbling in of dry HCl. At the end of exothermic reaction the
mixture was slowly heated up to 55-60°, maintained at this temperature for 1 h, and then fractionally dis-
tilled, We isolated 56 .4 g (75%) of product, bp 85-86° (14 mm),

2-Chloroethylthiol Acetate. Dry HC1 was bubbled into a mixture of & g of ethylene sulfide and 20 g
of Ac,O at such a rate that the temperature of the reaction mass did not exceed 40-42°, At the end of
exothermic reaction the mixture was heated at 45° for 1 h and then fractionally distilled. We isolated
10.4 g (74.9%) of product, bp 79-80° (20 mm); 20 1.1730; nzﬁ’ 1.4988, Found: Cl 25.37; S 23.21%. C,H,CIOS.
Calculated: Cl 25.60; S 23.10%.

Under similar conditions were obtained g-bromoethylthiol acetate [13] in 799 yield, bp 92-93° (20
mm); d3° 1.5328; o) 1.5228, and g-bromethylthiol-2, 4-dichlorophenoxyacetate in 68% yield, mp 34°.
Found: § 9.42%. C;HgBrCl,0,S. Calculated: S 9.30%.

2-Chloroethyl Mercaptan and 2-Chloro-2'-cyanodiethyl Sulfide. With stirring and cooling, dry HC1
was bubbled into 2 solution of 6.0 g of ethylene sulfide and 5.3 g of acrylonitrile in 30 ml of benzene to a
weight increase of 3.5-3.6 g, maintaining the temperature of the reaction mass below 20°, Then the mix-
ture was stirred at 20°for 1h, at 60-70° for 3 h, and fractionally distilled. We obtained 3.67 g (38%) of 2-chloro-~
ethyl mercaptan [14], bp 38-39° (40 mm); n]Z:‘)’ 1.5824 and 6.31g (42.3%) of 2-chloro-2'-cyanodiethyl sulfide,
bp 130-132° (4 mm); d® 1.1998; nd) 1.5346. Found: N9.15; Cl 23.29; 8 21.28%. C;HgNCI1S. Calculated:
N 9.38; Cl 23.42; 8 21.37%.

CONCLUSIONS

A study was made of the reactions that proceed in the systems: THF —hydrogen halide —acetic an-
hydride and ethylene sulfide —hydrogen halide —acetic anhydride. The cleavage of the THF ring most pro-
bably proceeds via the step of forming carbonium ions, The data on the transformations of ethylene sul-
fide are in agreement with the concepts of bi- and trimolecular processes for the cleavage of either the
episulfonium ring or the activated thiirane ring by either hydrogen halide or halide anion from the state
of an intimate ion pair,
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