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A STUDY OF THE REACTION OF SULFUR WITH ORGANIC COMPOUNDS
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On the basis of the reaction of elementary sulfur with exo-halogen
derivatives of 1, 1-diphenylethane, 1, 1-diphenylethylene, 1,1,2-
triphenylethane, and 1,1, 2-triphenylethylene, new and simple meth-
ods have been developed for the synthesis of 3-phenylthianaphthene
[from (CgH;s); CHCHCL, or from (CeHs),G=CHCI], thianaphtheno{2,
3-b] -thianaphthene and its previously unknown 3, 8-dihalogen-sub-
stituted derivatives [from (p-XCgHppCHCCL or (p-XCgHy)pG=CCly,

X =H, Cl, Br], 2, 6-dichloro-3-p-chlorophenylthianaphthene [from
(CICgHy,CHCCl], and 2, 3-diphenylthianaphthene [from

(CeHs), CCICHCICgH; or from (C5H5)2C=CC1C5H5] . The hétemcyclic
sulfur compounds synthesized have been oxidized to the corresponding
sulfones.

Continuing our investigation of the reaction of aryl-
haloalkanes with elementary sulfur, affording wide
possibilities for the synthesis of various sulfur-con-
taining heterocycles of the aromatic series [1-5], we
have studied the reaction of sulfur with exo-halogen
derivatives of 1, 1-diphenylethane and 1, 1, 2-triphenyl-
ethane.

1-Chloro-2,2-diphenylethane is an unstable com-
pound and is converted into stilbene even on distilla-
tion [6]. On being heated with sulfur to 235°-240° C,
1,1-dichloro-~2, 2-diphenylchloroethane forms 3-phe-
nylthianaphthene (I) with a yield of 53%.

H —CgH,
MCalls L s e [T %™ s 2na (1)
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An intermediate in Reaction (1) is 1-chloro-2,2-
diphenylethylene, which also forms I with sulfur at
240° C, with a yield of 54%.

(CH),C=CHCI +§ — |+ HCl (2)

On oxidation with hydrogen peroxide, I is converted
into the sulfone.

The reaction of sulfur with 1,1,1-trihalo-2,2-di-
phenylethanes at 260°~270° C leads to the formation
of thianaphtheno[2, 3-b]thianaphthene (II) with a yield

of 40-50% [7].
[/J—*CH e
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Up to now, II has been extremely difficult to obtain
(8].

*For part XV, see [1].
**Delivered 11 May 1966 at the Second Symposium on
Organic Sulfur Compounds at Groningen (Holland).

The halogen derivatives of 1,1, 1-trichloro-2,2-
diphenylethane containing atoms of chlorine or bro-
mine in an aromatic nucleus react with sulfur in a
similar manner to (3). Thus, 1,1, 1-trichloro-2,2-di-
(p-chlorophenyl)ethane and 1,1, 1-trichloro-2,2-di(p-
bromophenyl)ethane, on being heated with sulfur at
260° C and 220° C, respectively, form 3,8-dichloro-
(IIT) and 3,8-dibromothianaphthenof[2,3-bjthianaphthene
(IV) with yields of 50% and 41%.

The mechanism of the formation of II, I, and IV
is envisaged by us in the following way.

T A IO
R x/)'f\x N Ty xS Ny T
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\d s7 Ny v/ 5 Wy (4)

X=Cl, Br;
Y=H, Cl, Br

A confirmation of this is the formation of II, yield
54%, in the reaction of sulfur with 1,1-dichloro-2, 2-
diphenvlethvlene at 240°—280° C.

(CeHy),C=CCl +25 — 11+ HCL, (5)

We have also succeeded in isolating with a yield
of 40% the previously unknown intermediate product
of Reaction (4), 2,6-dichloro-3-p-chlorophenylthiana-
phthene (V), in the reaction of 1,1, 1-trichloro-2,2-
di(p-chlorophenyljethane with sulfur at 235°-240° C.
On oxidation with HyO5, compounds II and V were
converted into the corresponding sulfones. It was im-
possible to obtain sulfones from compounds III and
IV because of their extremely low solubilities. The
product of the reaction of tetrachloro-1,1-diphenyl-
ethane with sulfur at 220°—240° C is also II (yield

41%).
col—F
Ty +s.¢l, 6
©_T/§‘\‘©+ 11+ 5,01, + 2 HOL (6)

Cl Ct

In addition to hydrogen chloride, in Reaction (6) S;Cl,
is liberated, being formed by the dehalogenation of
the tetrachlorodiphenylethane to 1,1-dichloro-2,2-
diphenylethylene, which, on being heated with sulfur,
forms II by Reaction (5).

1,2-Dichloro-1,1,2-triphenylethane reacts with
sulfur at 230°-240° C to give a 52% yield of 2,3-di-
phenylthianaphthene (VI).

CCl—C.H S = C—CH,  +S - ~CeHs
fi—cn, Tha W dw | (7)
CI/cn—csns N cfc_c"Hs N
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CHEMISTRY OF HETEROCYCLIC COMPOUNDS

A confirmation of the intermediate formation of 1-
chloro-1,2,2-triphenylethylene is the fact that when
the latter is heated with sulfur at 240° C, VI is formed
with a yield of 54%. VI has been obtained previously
by the thermal decomposition of 1-chloro-1,2,2-tri-
phenylethylene sulfide [9], and it may be assumed that
an intermediate in this reaction is 1-chloro-1,2,2-
triphenylethylene which reacts with the sulfur liber-
ated and forms VI in accordance with Scheme (7). The
oxidation of VI with H,O, led to the sulfone.

The reaction of sulfur with 1,1,2-trichloro-1,2,
2-triphenylethane at 230°—-250° C was accompanied by
pronounced resinification. It was impossible to isolate
any individual reaction products from the mixture
(including S,Cl,).

Thus, the formation of the thianaphthene or the
thianaphtheno[2, 3-b]-thianaphthene ring in the reaction
of exo-halogen derivatives of 1,1-diphenylethane and
1,1,2-triphenylethane with sulfur takes place in all
cases via the dehydrohalogenation of the aliphatic
part of the molecule and the formation of the corre-
sponding halogen-substituted olefin with the subse-
quent splitting out of halogen hydride from the mole-
cule of the latter (with the participation of the hydro-
gen in the ortho position of an aromatic nucleus),
this being accompanied by cyclization through the
sulfur atom in accordance with the following gen-
eral scheme.

R’

(IZH
S 1
= O = Ol
—HX ,\

R=aryl; R’=H, halogen
aryli’X =Cl Br

The conditions of performing the sulfuration reac-
tion and the melting points, analytical data, and yields
of the compounds obtained are given in Table 1. The
products of the oxidation of the sulfur-containing het-
erocycles synthesized are given in Table 2.
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EXPERIMENTAL

The methods of obtaining the initial halogen derivatives that have
been described in the literature and their melting points are given in
Table 3.

8-Phenylthianaphthene (I)- A mixture of 25.1 g (0.1 mole) of 1, 1-
dichloro-2, 2~-diphenylethane, 10 ml of 1, 2-dichloroethylene, and
8.2 g (0.1 g~atom) of sulfur was charged into a two-necked flask fit~
ted with a reflux condenser and thermometer and was heated at 235°~
240° C until the evolution of HC1 had ceased completely (about 8 hr).
After this, the reaction mixture was distilled in vacuum. The yield
of I with mp 189°-193° C (11 mm), nﬁ’ 1.6748, was 11.1 g (63.0%).
Compound I was obtained similarly from 1-chloro-2, 2-diphenyl-
ethylene (yield 54%),

Thianaphtheno{2, 3-b]thianaphthene (I). A mixture of 14.3 g
(0.05 mole) of 1, 1, 1-trichloro-2, 2-diphenylethane, 2 ml of 1, 2-di-
chlorobenzene, and 8.2 g (0.1 g-atom) of sulfur was charged into a
two-~necked flask fitted with a reflux condenser and thermometer and
was heated at 260°-270° C for 8 hr. The cooled solidified reaction
mixture was ground and extracted with isopropanol. Small crystals
of II deposited from the alcoholic solution after cooling. After re-
crystallization from a mixture of ethanol and benzene (with the ad-
dition of 1.5% of activated carbon), the yield of pure II with mp
138°~139° C was 5.25 g (52.1%). The picrate of Il had mp 147.5° C
(literature data [8], 145° C).

Compound II was obtained similarly from 1, 1-dichloro-2, 2-di-
phenylethylene (yield 54%), from 1,1, 1, 2-tetrachloro-2, 2-diphenyl-
ethane (41%), and from 1, 1, 1-tribromo-2, 2-diphenylethane (37%).

8, 8-Dichlorothianaphtheno[2, 3-b] thianaphthene (II). A mixture
of 17.72 (0.05 mole) of 1, 1, 1-trichloro-2, 2-bis(p-chlorophenyl)eth-
ane, 2 ml of 1, 2-dichlorobenzene, and 3.2 g (0.1 g-atom) of sulfur
was charged into a two-necked flask fitted with a reflux condenser and
thermometer and was heated at 270°-280° C for 6 hr. The reaction
mixture was cooled, ground, and extracted with dimethylformamide.
On cooling, the solution deposited microcrystalline III, which was
purified by sublimation. The yield of pure III with mp 268° C was
7.6 g (49.3%). Compound IV was obtained from 1,1, 1-trichloro-2, 2-
(p-bromophenyl)ethane similarly (yield 41%).

2, 6-Dichloro-8-(p~chlorophenyl)thianaphthene (V). A mixture
of 17.9 g (0.05 mole) of 1, 1, 1-trichloro-2, 2-bis(p-chlorophenyl)-
ethane, 8 ml of 1,2-dichlorobenzene, and 1.6 g (0.05 g-atom) of
silver was charged into a two-necked flask fitted with a reflux con-
denser and thermometer, and was heated at 235°~240° C for 5 hr.
The solvent was distilled off in vacuum and the residue was cooled,
ground, and extracted with isopropanol. The microcrystalline V
isolated from the extract was recrystallized from ethanol. The yield
of pure V with mp 116°~117° C was 6.3 g (40.4%).

Table 2

Sulfones obtained by the Oxidation of the Sulfur-containing Hetero-
cyclic Compounds Synthesized

= Color

=

Q of the
Eg‘ Sulfone Mp, ° C
o8 crys-
BO tals

Empir-
ical %
formulajc | H | s c|luis

Found, % {Calculated, %)

Yield,

-
[/ r‘l !‘Cu"s

k)

1 NN

161— 162%*| white

0%y
P Y e
N g]' \S/© 224227 | pale
0430 ) (decomp. )| yellow
[/: I/—csu.u-p
VIO l SJ“C' 216 yellow
7% (decomp, )
©Ij—csu;
VI U™ lie—173 | whise

*New compound.

*Literature data [10], mp 161°~162° C.

C14H 4S50, [69.55| 4.38 13.30169.42] 4.13 [13.22 90.8

C1aH3sS,0,(61.90{ 2.92 23.3661.77} 2.94 P3.54| 61.3
CiH,C1S0, 48.74 2.12] 9.50 148.65( 2.03 | 9.25{ 54.7

CxoH14S0,|75.46{ 4.57| 9.78(75.46| 4.43 10.05/81.3
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Table 3

Melting Points and Methods of Preparation of the Initial
exo~Halogen Derivatives of 1,1-Diphenylethane, 1,1-Di-
phenylethylene, 1,1,2-Triphenylethane, and 1,1,2-Tri-

phenylethylene

Halogen derivative Mp, °C Method of preparation
(CgHs),CHCHCl, 80 C1,CHCH (OC;Hj5) 3+ CgH,!!
(CeHs),C=CHCI 42 (CeHs) ,CHCHCl,—HCI
{CqHs) 2CHCCl, 64 C1,CCH (OH) »+ CeHs'2
(p-CIC¢H.):CHCCl; 105 Cl;CCH (OH) o +CsH;C112
(p-BrCgH,)sCHCCly 139 -—140 CI,CCH(OH) o+ CgHsBr'?
(Csﬂs) 2CHCB1’3 89 BI':;CCH (OH)z—f—CsHs“
(C6H5) 2C=CC12 80 (CsHs) 2CHCC13*HC]'2
(CeHs}2CCi—CClsy 85 {CgHs5) sC=CClz+ClI5*
(CGHS} 2CCl—CHCICsH; 110 —111, (CgHj5) 2C==CHCeHg+Cl,!7
(CsHs)2C=CCICsH; 1175118 (CgHs)2CCICHCICH; ~HCIY”
(CsHs) ,CCICCI,CeHs . 122 (CgHs) ,C=CCICeH;+Cl,®

2, 3-Diphenylthianaphthene (VI). A mixture of 32.7 g (0.1 mole)
of 1, 2-dichloro-1, 1, 2-wriphenylethane, 10 ml of 1, 2-dichloroben-
zene, and 3.2 g (0.1 g-atom) of sulfur was charged into a two-necked
flask fitted with a reflux condenser and thermometer and was heated
at 280°-240° C for 8 hr. The reaction mixture was cooled and washed
with hexane. The resulting powder was extracted with isopropanol.
The VI isolated from the alcoholic solution was recrystallized from
ethanol (with the addition of 1% of activated carbon). The yield of
pure VI with mp 114.5° G was 15.0 g (52.4%).

Compound VI was obtained similarly with a yield of 53% from
1-chloro~2, 2, 2~triphenylethylene.

Preparation of the sulfones. The sulfones of 3-phenylthianaphthene,
thianaphtheno{2, 3-b] thianaphthene, 2, 6-dichloro-3-phenylthianaph-
thene, and 2, 3-diphenylthianaphthene (Table 2) were obtained by
oxidation with hydrogen peroxide in glacial acetic acid at 100° C by
the procedure described previously [2].
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