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In marked contrast to the reaction of tetrahydrofuran with TiCI,, tetrahydrothiophene did not afford 
ring-opened products. Instead, small quantities of ring-dimers were produced, possibly via initial 
chlorination and dehydrochlorination to produce 2,3-dihydrothiophene. An improved synthesis of 
2,3-di hydrothiophene is reported. 

Reaction of a wide variety of cyclic ethers with TiCl, has 
been shown to produce mainly dimeric dichloro compounds or 
chloro alcohols, depending on the method of work-up.2 For 
example, tetrahydrofuran readily yields either 1,9-dichloro-5- 
oxanonane or 9-chloro-5-oxanonan- 1-01, together with some 
simple ring-opened 1,4-dichlorobutane or 4-chlorobutan- 1-01. 
Titanium halides also form stable complexes with cyclic 
sulphide~.~ Attempted ring-opening and dimerization of tetra- 
hydrothiophene with TiCl, did not give ring-opened dimers but 
did afford a small quantity of a ring-dimer. 

Merhod-Te t ra h y d ro t hiop hene was refl uxed with TiCl , fo r 
several hours after which water was added and the organic 
product was distilled to yield a small quantity of a dimeric com- 
pound, CSH14S2. By 'H n.m.r. spectroscopy and synthesis this 
dimer of tetrahydrothiophene was shown to be 3-(tetrahydro-2- 
thieny1)tetrahydrothiophene (1) (Scheme); a possible route 
to this compound involves the intermediate, 2,3-dihydrothio- 
phene. The latter was synthesized in good yield by pyrolysis of 
2-benzoyloxytetrahydrothiophene. By introducing 2,3-dihydro- 
thiophene into a reacting mixture of tetrahydrothiophene and 
TiCl,, an increased yield of the dimer (1) was obtained, together 
with a number of other products (2)--(5), some of which were 
synthesized independently. 

bicyclic structure (6). Structure (1) for the dimer was shown to 
be correct by independent synthesis. Refluxing a solution of 
2-chlorotetrahydrothiophene in benzene afforded the known 
dimer of 2,3-dihydrothiophene, uiz. 4-(tetrahydro-2-thienyl)- 
2,3-dihydrothiophene (7).5 Catalytic reduction of sulphur- 
containing compounds is hindered by poisoning effects and so 
the 2,3-dihydrothiophene dimer (7) was reduced to 3-(tetra- 
hydro-2-thieny1)tetrahydrothiophene (1) by use of a mixture of 
triethylsilane and trifluoroacetic acid.6 Analytical g.c. showed 
that the reduced product had been obtained as a mixture (cu. 
1 : 1) of two diastereoisomers which could be separated by 
preparative scale g.c. Similarly, the dimer (1) obtained from the 
reaction of TiCl, with tetrahydrothiophene was also obtained 
as a diastereoisomeric mixture (cu. 2: 3). The 'H n.m.r. and mass 
spectra of both diastereoisomers were very similar. 

Formation of the dimer (1) probably resulted from a small 
amount of radical chlorination of tetrahydrothiophene by TiCl, 
(Scheme) followed by elimination of HCl to give 2,3dihydro- 
thiophene; further radical reaction could give the product (1) as 
shown in the Scheme. A radical process is preferred as an 
explanation because an ionic process would require a hydride 
ion transfer in order to form the fully reduced species (1); ionic 
dimerization of 2,3-dihydrothiophene is known to give the 
unsaturated compound (7).5 In the presence of a strong Lewis 

R 

Results and Discussion 
The molecular formula for compound (1) showed it to be a 
dimer of tetrahydrothiophene formed with loss of two atoms of 
hydrogen. This result, together with the mass and 'H n.m.r. 
spectra suggested that the dimer might have the bicyclic 
structure (1) or an analogous structure, or have the fused 

acid such as TiCI,, 2,3-dihydrothiophene is rapidly polymerized 
but, under radical conditions the polymerization is poor.' Gas 
chromatographic analysis showed that the tetrahydrothiophene 
did not contain either 2,3-dihydrothiophene or thiophene as 
impurities. That 2,3-dihydrothiophene was probably involved 
as an intermediate in the formation of the dimer (1) was 



1862 J. CHEM. SOC. PERKIN TRANS. I 1986 

demonstrated by the increased yield of this dimer obtained 
when 2Jdihydrothiophene was added to a reacting mixture of 
tetrahydrothiophene with TiCI,. With this addition of extra 2,3- 
dihydrothiophene formation of a trimer (2) and a tetramer (3) 
was observed as well as enhanced production of the dimer (1). 

Two other products of the reaction between tetrahydro- 
thiophene and TiCI, to which 2,3dihydrothiophene had been 
added were the thiophene compounds (4) and (5). The presence 
of these compounds provided further evidence for the inter- 
mediacy of 2chlorotetrahydrothiophene because the most 
likely route to their formation is a Friedel-Crafts reaction 
induced by TiCI, between the 2-chloro compound and the 
small amount of thiophene occurring as an impurity from 
the synthesis of 2,3dihydrothiophene. 24 2-Thieny1)tetrahydro- 
thiophene (4 R = H) has been reported' as a by-product in 
the synthesis of 5-(2-thienyl)tetrahydrothiophen-2-one but the 
disubstituted thiophene (5) has not been reported previously. 
The fully aromatic analogue of compound (5), viz. 2,2':5',2"- 
terthienyl, has been isolated from a variety of African marigold 
and 2,4-bis-(2-thienyl)tetrahydrothiophene has been isolated 
from the reaction of thiophene with orthophosphoric acid. 

Compounds (4) and (5) were synthesized independently in 
good yields from the reaction between 2-chlorotetrahydrothio- 
phene4 and thiophene in the presence of TiCI,. This synthesis 
was conducted in CCI, at room temperature with an excess of 
thiophene, under which conditions none of the dimer (l), trimer 
(2), or tetramer (3) was produced; the result tends to confirm the 
radical mechanism suggested in the Scheme because, under 
these ionic conditions, formation of 2,3-dihydrothiophene, a 
necessary intermediate in the Scheme, is not favoured. 

Several methods for the synthesis of 2,3-dihydrothiophene 
have been described.' 1-13*15 In our hands, these methods either 
gave mixture of 2,3- and 2,5-dihydrothiophene, which were 
dimcult to separate or gave poor yields. Thus, reduction of 
thiophene with sodium in liquid ammonia" gave a mixture 
of dihydrothiophenes from which 2,3-dihydrothiophene was 
obtained in only about 1oo/o yield. Pyrolysis of the tosyl- 
hydrazone of 3-oxotetrahydrothiophene is reported to yield a 
mixture of dihydrothiophenes.' 2*1 The Pummerer reaction on 
tetramethylene sulphoxide has been reported l 2  to yield 2,3- 
dihydrothiophene, but we found no evidence for its formation 
in keeping with a similar earlier finding." Thermal elimin- 
ation of benzoic acid from 2-benzoyloxytetrahydrothiophene, 
an attractive synthetic route to 2,3-dihydrothiophene, gave only 
a 5-100/, yield under the reported l 5  conditions for its prepar- 
ation; the product was contaminated with thiophene and tetra- 
hydrothiophene, presumably formed by disproportionation. 

We found that flash pyrolysis of the benzoyloxy compound, 
under nitrogen, at a closely controlled temperature gave con- 
sistently high yields of readily purified 2,3-dihydrothiophene, 
with little contamination from products of disproportionation. 

Conclusions 
Reaction of tetrahydrothiophene (THT) with TiCI, did not 
give ring-opened products and dimers, typically found in the 
reaction of cyclic ethers (such as tetrahydrofuran) with TiCI,. 
Instead, a small yield of a diastereoisomeric mixture of the 
dimer (1) was formed, suggesting that TiCI, could act as a weak 
radical-type achlorinating agent to give a small amount of 
2chlorotetrahydrothiophene, some of which was dehydrohalo- 
genated to 2,3-dihydrothiophene. Extended refluxing of THT 
with TiCI, did not increase the yield of the dimer (1); this could 
imply the presence of a small quantity of an impurity respon- 
sible for the chlorination rather than TiCI, itself. Several new 
thiophene compounds are reported, together with an improved 
synthesis of 2,3-dihydrothiophene. 

Experimental 
Reaction of Tetrahydrothiophene with TiCI,.-To a stirred 

excess of freshly distilled tetrahydrothiophene (40 ml), cooled 
to 0 "C, was added dropwise TiCI, (10 g, 0.053 mol). A deep 
red solution, containing some red solid, was formed which was 
heated under reflux for 3 h. Water (100 ml) was added to the 
cooled reaction mixture and the organic reaction products were 
extracted with diethyl ether. Distillation of the ether and the 
excess of tetrahydrothiophene afforded a dark brown oil (40 
mg) which was distilled to give 3-(tetrahydro-ZthienyI)tetra- 
hydrothiophene (I), b.p. 102-105 "C/0.65 mmgH, as a mixture 
(ca. 2:3) of diastereoisomers (Found: C, 55.4; H, 7.9. C8Hl,S2 
requires, C, 55.1; H, 8.1%) (see below for the separation of 
diastereoisomers). Repetition of the reaction with the reflux 
period extended to 72 h did not increase the yield of the dimer 
(1). 

Reaction of Tetrahydrothiophene with TiCI, in the Presence 
of 2,3-Dihydrothiophene.-To a stirred excess of tetrahydrothio- 
phene (1 30 ml) cooled to 0 "C was added dropwise TiCI, (40- g, 
0.21 mol). When the addition was complete, 2,3dihydrothio- 
phene (20 g, 0.23 mol; prepared as described below) was added 
slowly with stirring and then the mixture was warmed to 90- 
100 "C for 2 h. Water (200 ml) was added to the cooled reaction 
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mixture whereupon a solid (S) was precipitated and filtered 
off. The filtrate was extracted with diethyl ether. The dried 
(MgSO,), extracts were evaporated to give a brown gum (9 g) 
which was distilled to give two fractions: (i) b.p. 90-105 "C/0.7 
mmHg (1.52 g) and (ii) b.p. 190-220 "C/0.7 mmHg (3.55 g). 
These fractions and the solid (S) were investigated further: 

The Solid (S). The solid (12 g), thought to be a polymer,' was 
insoluble in the usual organic solvents [Found: C, 50.1; H, 6.9 
(metallic residue, 5.8% by wt). A simple polymer of 2,3-dihydro- 
thiophene would require C, 55.8; H, 7.0%]. 

Fraction (i). Column chromatography on silica gel, eluting 
with pentane-benzene (4: l), gave two components (A and B) 
with R, values 0.74 and 0.32 respectively by t.1.c. on Si02 
with pentane-benzene (4: 1). Component A was distilled to 
give 2-(2-thienyl)tetrahydrothiophene (4; R = H) (0.16 g), b.p. 
62 -65  OC/O.O7 mmHg (lit.,8 b.p. 72 "C/O.1 mmHg) (Found: C, 
56.1; H, 5.9. Calc. for CEH10S2: C, 56.4; H, 5.9%); m/z 170 (M"); 
G,(CDCI,) 7.15 (1 H, dd, J 5,  1 Hz), 6.96 (1 H, dd, J 3, 1 Hz), 
6.90(1 H, dd, J5, 3 Hz),4.78 (1 H, t, J6.6 Hz), 3.14 (1 H, m), 
2.95 (1 H, m), 2.37 (1 H, m), 2.23 (1 H, m), and 2.04 (2 H, m). 
Component B was distilled to give 3-(tetrahydro-2-thienyf)- 
tetrahydrothiophene (1) (1.24 g), b.p. 80-82 "C/O. 1 mmHg, as a 
mixture of diastereoisomers in a ratio of ca. 1: 1. The latter 
was separated by preparative scale g.c. following independent 
synthesis (see below). Analytical data for the mixture of 
diastereoisomers were identical to those for the mixture 
obtained from the reaction of tetrahydrothiophene with TiCl,, 
m/z 174 (80%; M+*), 141 (12), 127 (25), 114 (13), 113 (42), 99 
(14), 87 (loo), 86 (1 l), 85 (19), and 45 (20); GH(CDC1,) 3.30 (1 H, 
m), 2.85 ( 5  H, complex m), 2.58 (1 H, m), 2.1 5 (4 H, complex m) 
1.86 (1 H, m), and 1.60 (2 H, m) (Found: C, 55.4; H, 7.9. C,H,,S, 
requires C, 55.1; H, 8.1%). 

Fraction (ii). Column chromatography on silica gel, eluting 
with a pentane-benzene (1 : 1) gave three components (C, D, and 
E) with R, values 0.56, 0.31, and 0.17 respectively by t.1.c. on 
Si02 with pentane-benzene (1 : 1). Component C was distilled 
to give 2,5-bis-(tetrahydro-2-thienyl)thiophene (5) as a viscous, 
yellow oil, b.p. 172-1 76 "C/0.3 mmHg (0.35 g), m/z 256 (M"); 

2.94 (2 H, m), 2.25 (4 H, m), and 2.01 (4 H, m) (Found: C, 55.7; 
H, 6.2. C,2H,6S3 requires C, 56.2; H, 6.3%). Component D 
was distilled to give a viscous yellow oil, b.p. 188-191 "C/0.2 
mmHg (0.83 g), the analytical data for which suggested it was 
the trimer (2),m/z260(12%; M+*), 173 (lo), 87(100), 85 (13), 59 
(1 l), 53 (14), and 45 (40); G,(CDCI,) 3.42 (1 H, m), 3.23 (1 H, m), 
2.98-2.60 (8 H, complex m), 2.40-1.98 (6 H, complex m), and 
1.97-1.40 (4 H, complex m) (Found: C, 55.5; H, 7.7. C12H20S3 
requires C, 55.4; H, 7.7%). Component E was isolated as a 
gummy red solid (10 mg) and may be the tetramer (3), m/z 346 
(2%; Ad+*), 188 (75), 149 (78), and 87 (100). By analogy with 
component B in fraction (i), components D, E were probably 
mixtures of diastereoisomers. 

6,(CDCl,) 6.72 (2 H, s), 4.69 (2 H, t, J 6.7 Hz), 3.10 (2 H, m), 

Synthesis of Diustereoisomers of 3-(Tetrahydro-2-thienyf)- 
tetrahydrothiophene (l).-A solution of 2-chlorotetrahydrothio- 
phene (0.18 mol) in benzene (200 ml) was refluxed for 6 h, after 
which time no more HCl was evolved. The solution was cooled, 
washed with water, dried (MgSO,) and evaporated to give a 
residue which was distilled to afford 4-(tetrahydro-2-thienyl)- 
2,3-dihydrothiophene (7) (4.8 g), b.p. 85-100 OC/O.l mmHg 
(lit.," b.p. 89 "C/O.l mmHg), m/z 172 (100%; M"), 139 (23), 

(1  H, s), 4.17 (1 H, t, J6.7 Hz), 3.21 (2 H, m), 3.03-2.58 (4 H 
complex m), and 2.20-1.68 (4 H complex m). A mixture 4- 
(tetrahydro-2-thienyl)-2,3-dihydrothiophene (4.5 g, 0.026 mol), 
triethylsilane (1  5.0 g, 0.1 3 mol), and trifluoroacetate acid (26.9 g, 
0.26 mol) was heated at 50 "C for 6 days. The reaction mixture 
was diluted with diethyl ether (50 ml), washed with aqueous 

125 (77), 11 1 (36), 98 (23), 97 (63), and 91 (23); GH(CDC1,) 5.98 

Na2C0, and dried (MgSO,). After concentration of the ether 
solution, the residue was distilled to give 3-(tetruhydro-2- 
thienyf)tetruhydrothiophene (1) (3 g), b.p. 119-121 "C/1.5 
mmHg as a mixture of diastereoisomers (Found: C, 55.2; H, 8.1. 
CEH,,S2 requires C, 55.1; H, 8.1%). The isomers were separated 
by preparative scale g.c. on Celite coated with 10% Reoplex 100. 
Isomer 1: m/z 174 (89%; M+*), 141 (14), 127 (27), 114 (15), 113 
(47), 99 (16), 87 (loo), 85 (20), and 45 (20); GH(CDCl,), 3.32 
(1 H, q), 2.92 (1 H, m), 2.83 (4 H, m), 2.60 (1 H, t), 2.15 (4 H, 
complex m), 1.84 (1 H, m), and 1.58 (2 H, m). Isomer 2: m/z 174 
(73%; M"), 141 (ll),  127 (21), 114 (12), 113 (37), 99 (14), 87 
(loo), 85 (19), and 45 (19); 6,(CDC13) 3.25 (1 H, td), 2.84 (5 H, 
complex m), 2.53 (1 H, t), 2.14 (4 H, complex m), 1.86 (1 H, m), 
1.62 (2 H, m). The 'H n.m.r. spectra of these isomers were so 
complex that even at 360 MHz with proton decoupling, we were 
unable to assign proton resonances fully. 

Preparation of 2,3-Dihydrothiophene.-A simple pyrolysis 
apparatus was constructed, consisting of a vertically mounted 
Pyrex glass tube (14 mm.id) packed loosely with glass wool 
and heated by a furnace for about 300 mm of its length. ' ' The 
furnace was held at 300 "C. Crude 2-benzoyloxytetrahydro- 
thiophene" (160 g), prepared from t-butyl perbenzoate and 
tetrahydrothiophene, was added dropwise down the centre of 
the heated vertical glass tube over a period of about 2 h. The 
products of pyrolysis were swept out of the reaction zone in a 
fast stream of N, and were collected in a trap at -65 "C. The 
products were taken up in diethyl ether and the extracts were 
washed repeatedly with aqueous Na,CO, to remove benzoic 
acid. The ether layer was dried (MgSO,) and most of the ether 
was removed by distillation through a Vigreux column; the 
residual oil was fractionally distilled to give 2,3-dihydrothio- 
phene (35 g, 53% yield), b.p. 110-1 15 "C/760 mmHg (lit.,' b.p. 
112 "C/760 mmHg). This product contained very small 
amounts of thiophene and tetrahydrothiophene as impurities 
and was used without further purification. 

Synthesis of 2-(2- Thienyf )tetruhydrothiophene (4) and 2,5-Bis- 
(tetrahydro-2-thienyf )thiophene (5).-TiCl, (8.0 g, 0.042 mol) 
was added dropwise with stirring to a solution of thiophene (10 
g, 0.12 mol) in CCl, (100 ml) at 0 "C. A solution of 2-chloro- 
tetrahydrothiophene in CCl, (cu. 0.09 mol) [prepared, from 
tetrahydrothiophene (8.0 g, 0.09 mol) and N-chlorosuccinimide 
(12.0 g, 0.09 mol) in CCI, (100 ml) at 20-25 "C] was added 
slowly, with stirring, to the cooled mixture of TiCl, and thio- 
phene. The reaction mixture was stirred at room temperature 
for 96 h and then hydrolysed by the addition of water (100 ml). 
The organic layer was separated, dried (MgSO,), and 
evaporated to yield an oil which was chromatographed on silica 
gel (325 x 25 mm), using pentane-benzene (4: 1) as the eluant, 
to give two fractions (1 and 2). Fraction 1, a yellow oil (2.96 g), 
was shown by analytical g.c.-m.s. to consist of 2-(2- 
thieny1)tetrahydrothiophene (4; R = H) (64% yield), m/z 170 
(We), together with the cis- and trans-isomers of 3-chloro-2- 
(2-thieny1)tetrahydrothiophene (4; R = Cl); one isomer (29% 
yield) had m/z 206 (32%), 204 (78, M+'; Cl), 169 (50), 168 (36), 
157 (32), 142 (57), 141 (42), 135 (41), 127 (44), 123 (23), 97 (loo), 
69 (25), and 45 (83) and the other (7% yield) had m/z 206 (30"/,), 
204 (79, M+'; CI), 169 (52), 168 (38), 157 (29), 142 (51), 141 (42), 
135 (42), 127 (49), 123 (23), 97 (loo), 69 (28), and 45 (84). The 
latter two isomers resulted from the presence of some 2,3- 
dichlorotetrahydrothiophene in the crude 2-chlorotetrahydro- 
thiophene.' Fraction 2 was distilled to give, 2,5-bis-(tetra- 
hydro-2-thieny1)thiophene (5) (1.35 g) as a viscous yellow oil, 
b.p. 170 "C/0.35 mmHg; G,(CDCI,) 6.72 (2 H, s), 4.69 (2 H, t, 
J 6.7 Hz), 3.10 (2 H, m), 2.94 (2 H, m), 2.25 (4 H, m), and 2.01 (4 
H, m). 
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Analytical Gas Chromatography.-This was carried out on a 
column (3.1 m x 2 mm) of Celite (60-80 mesh) coated with 
10% (w/w) of Reoplex 100 with a N, flow of 60 ml min-' at 
200 "C. Under these conditions, the two diastereoisomers of 
compound (1) had retention times of 16.4 and 17.7 min. The 
three components of fraction 1 obtained (see above) in the 
synthesis of 2-(2-thienyl)tetrahydrothiophene had, respectively, 
retention times of 10.5, 23.0, and 33.3 min. 
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