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The syntheses of 3-phenylthieno[ 3,2-b] thianaphthene and 3-phenylthieno[2,3-h] thianaphthene from thianaphthene are 
described. Their structures are confirmed by eynthesis, using alternate unambiguous routes. 

Tilak and co-workers2 in a series of recent papers 
have prepared two of the three possible thio- 
phthenes, together with a number of their benzo 
derivatives. Their synthetic routes are based on the 
reaction of an a-bromoketone with a 2-, or 3-, 
mercapto-thiophene or -thianaphthene, cyclode- 
hydration of the resulting 8-ketosulfide, and finally 
dehydrogenation to a fuuy aromatised structure, 
equation 1. 

0 psH + bBr NaOH , 

Hortona has described the 

asn o s  
/P,O,/benzene 

reaction of sulfur, 
a t  340", with hydrocarbons as a means of thio- 
phene ring formation, while Harper' has evidence 
for the production of two sulfur-containing rings 
a t  the same time by treating a diary1 olefin with 
sulfur a t  200". 

It was of interest to investigate the scope of the 
use of sulfur as a means of producing, by an alterna- 
tive route, ring structures related to those prepared 
by Tilak et aL2 The preparations of 11, I11 and IV 
were therefore undertaken with a veiw to their 
coiiversioii to the corresponding thienothianaph- 
thenes. 

3-Vinylthianaphthene (11), prepared by dehy- 
dration of 2(3'-thiana~hthenyl)ethanol,~ on treat- 
ment with sulfur at 220" for four hours yielded, 
on distillation, a bright orange oil. Chromatography 
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of the oil on alumina gave only a series of orange- 
yellow oils, instead of the expected crystalline 
thieno [2,3-b]thianaphthene. 2b 
l-Phenyl-l(2'-thianaphthenyl)ethylene I11 was 

obtained as a colorless oil, slowly polymerising a t  
room temperature to  a brown gum, by dehydration 
under mild conditions (iodine-benzene) of the ter- 
tiary alcohol V. The latter was prepared, in high 
yield, by the reaction of acetophenone with 2- 
thianaphthenyl lithium (cf. Shirley and Cameron6). 

KHSO, / / v  b H  
140' s 2203 

VI  

The dehydration of V with potassium bisulfate 
under more vigorous conditions produced only a 
white amorphous solid (VI) of indefinite melting 
point. 

In view of the instability of the olefin I11 further 
investigations were confined to the alcohol V. The 
latter was treated with sulfur under varying condi- 
tions of time and temperature. Under the least 
Yigorous conditions (220" for four hours) &phenyl- 
thieno [3,2-b]thianaphthene (VII) was isolated as 
a white crystalline solid. The latter was character- 
ized as its mono-nitro derivative. 

Q7i;;6H5 s Q-i:-..p \ I l l  

s s  
VI11 IX 

The isomeric tertiary alcohol VI11 was prepared 
by reaction of the Grignard reagent derived from 
3-bromothianaphthene with acetophenone. Direct 
treatment of the alcohol with sulfur gave a 33% 
yield of the expected 3-phenylthieno [2,3-b]thia- 
naphthene (IX). 

The fact that ring closure in both cases occurred 
to  form a thienothianaphthene derivative rather 
than the corresponding thianaphtheiiylthianaph- 
thme was confirmed by the synthesis in each case of 

( 6 )  D. A. Shirley and M. D. Cameron, J. Am. ChPm 
SOC., 74, 664 (1952). 
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TABLE I 

Experiment Temp. Time (hr.) % Yield of VI1 By-product8 

indefinite m.p. 
1 310 ib 0 Polymeric material of 

2 245 15 7 . 5  
3 200-250 16 17 18% of (CiaHioS), 
4 2 20 1.5 16 
5 200 16 0 yellow oils 

- 

- 

an authentic specimen. This was achieved by a routme 
similar to that of Tilak et aL2 3-Mercaptothianaph- 
thene,2a prepared from 3-iodothianaphthene, was 
treated with phenacyl bromide and the resulting 
8-ketosulfide (X) was treated with phosphorus 
pentoxide in refluxing benzene to yield 3-phenyl- 
thieno [3,2-b]thianaphthene, identical in every re- 
spect with that derived from V. 

Similarly, the reaction of 2-mercaptothianaph- 
thene, prepared from 2-thianaphthenyl lithium,2b 
with phenacyl bromide, and subsequent cyclode- 
hydration of the derived p-ketosuifide gave 3- 
phenylthieno[2,3-b]thianaphthene, identical in 
every respect with the product obtained from 
VIII. 

EXPERIMENTAL' 

The reaction of 3-vinylthianaphthene uith su(fur. A mixture 
of 3-vinylthianaphthen@ (6.5 g., 0.039 mol.) and sulfur 
(2.6 g., 0.081 mol.) was heated a t  220' for 3 hr. The resulting 
black oil was distilled to give a bright orange distillate (2 g.), 
b.p. 110-130'/0.5 mm. Elution of the latter from 100 g. of 
alumina with petroleum-benzene gave only unreacted sulfur 
and a series of red-yellow oils. 
Methylphenyl-Bthianaphthenylcarbinol V .  Thianaphthene 

(17.9 g., 0.133 mol.), dissolved in dry ether (40 ml.), was 
added at  - 10' to a solution of butyllithium, prepared from 
butyl bromide (29.5 g., 0.217 mol.) and lithium (3.61 g., 
0.535 mol.), in ether (100 ml.), followed by the addition of a 
solution of acetophenone (16.0 g., 0.33 mol.) in ether (40 
ml.) a t  room temperature. The mixture was stirred for 1 hr. 
and then hydrolyzed by pouring onto iced ammonium chlo- 
ride. The ethereal extracts (2 X 100 ml.) were combined, 
dried over magnesium sulfate and distilled to give methyl- 
pheny1-2-thianaphtheny1carbino1, (26.15 g., 770/,) b.p. 
168-170°/0.1 mm. ny 1.6466. The distillate slowly crystal- 
lized and an analytical sample, recrystallized from petroleum, 
melted a t  56.558". 

Anal. Calcd. for C1&rOS: C, 75.57; H, 5.55; S, 12.62. 
Found: C, 75.64; H, 5.60; S, 12.90. 

The dehydration of methylphenyl-&thianaphthenylcarbinol. 
(a) With iodine-benzene. A solution of methylphenyl-2- 
thianaphthenylcarbinol (1.0 g., 4 m. mol.) and iodine (0.2 
9.) in benzene (200 ml.) wm boiled under reflux for 2 hr., 
washed with a 10% aqueous solution of sodium sulfite (two 
20-ml. portions), dried magnesium sulfate and the solvent 
was then evaporated to leave a dark brown oil (0.5 g.). The 
latter was eluted from a column of alumina (40 g.) with 
petroleum and the solvent evaporated to leave the olefin as 

(7) Petroleum denotes petroleum ether of b.p. 60-68'. 

a colorless mobile oil (0.3 g.) ( n y  1.6809). The infrared spec- 
trum had a strong band at  895 cm.-1, indicative of a terminal 
methylene group. 

Anal. Calcd. for C1fiHItS: C, 81.34; H, 5.12; S, 13.54. 
Found: C, 81.15; H,  5.14; S, 13.37. 

(b) With potassium bisulfate. A mixture of the carbinol 
V (5.0 g.) and freshly fused potassium bisulfate (1.0 9.) was 
heated on an oil bath a t  140' for 20 min. The cold residue 
was extracted with ether (two 50-ml. portions) and the com- 
bined extracts were washed with 10% aqueous sodium car- 
bonate (50 d.) and a saturated sodium chloride solution 
(50 ml.), dried potassium carbonate, and the solvent then 
evaporated to leave a viscous oil (4.7 9.). The latter was 
distilled to give a semi-solid glass (b.p. ca. 185O/4 mm.). 
The distillate was extracted with petroleum and recrystal- 
lized from the same solvent to give a white amorphous solid 
(0.45 g.) m.p. 170-180'. Further recrystallization of this 
solid had no effect on the melting point. 

Anal. Calcd. for C16112S: C, 81.34; H, 5.12; S, 13.54. 
Found: C, 81.19; H, 5.68; S, 13.11. 

The reaction of methylphenyl-&thianaphthenylcarbinol with 
sulfur. The carbinol V (5.0 g., 0.02 mol.) and sulfur (2.0 g., 
0.062 mol.) were mixed and heated in an atmosphere of 
nitrogen, under the conditions stated in Table I. 

The residual dark oil was dissolved in the minimum quan- 
tity of benzene and placed on a column of alumina (150 g.). 
Unchanged sulfur was eluted first with 10% benzene-petro- 
leum ether, followed in later fractions by 3-phenyfihieno- 
[3,2-b] thianaphthene melting at 90-100°. Recrystallization 
of these fractions from benzene-petroleum gave a solid 
m.p. 103.5-104.5'. A mixed melting point with an authentic 
sample of 3-phenylthieno[3,2-b] thianaphthene (see later) 
showed no depression. 

Experiment 2 was modified in that the carbinol V (10.0 g.) 
was treated with a solution of iodine in benzene, as described 
above, and the crude product (7.4 9.) was then treated with 
sulfur (3.0 g.). 

In experiment 3, elution of the chromatographic column 
with a 30% benzene-petroleum mixture, after removal of 
3-phenylthieno[3,2-b] thianaphthene asd escribed, yielded 
0.05 g. (180/0) of a white solid (m.p. 2@0-201.5°) correspond- 
ing to the formula (ClfiHloS),. 

Anal. Calcd. for CMHIOS: C, 82.04; H, 4.30; S, 13.66. 
Found: C, 81.87; H, 4.29; S, 13.47. 

IMethylpheny1-S-thianaphthenylcarbinol (VIII). A solution 
of Sbromothianaphthene (40.25 g., 0.188 mol.) and methyl 
iodide (26.8 g., 0.188 mol.) in ether (150 ml.) was added to a 
stirred suspension of magnesium (9.2 g., 0.376 mol.) in ether 
(50 ml.) and the mixture was boiled under reflux for 1.5 hr. 
Acetophenone (45 g., 0.376 mol.), dissolved in ether (100 
ml.) was then added slowly. The mixture was stirred a t  room 
temperature for 30 min. and then hydrolyzed by pouring 
onto ice-ammonium chloride. The ethereal layer was sepa- 
rated and the aqueous phase extraeted with ether (two 
200-ml. portions). The combined ethereal solutions were 
dried magnesium sulfate, the solvent was evaporated under 
reduced pressure and the mixture then heated on a steam 
bath a t  1.5 mm. pressure for 30 min. The solid obtained on 
cooling the residue was recrystallized from benzene- 
petroleum to yield methylphenyl-3-thianaphthenylcarbinol 
(29.4 g., 61.5y0) m.p. 118.5-120.5°. 

Anal. Calcd. for C&,rO: C, 75.57; H, 5.55; S, 12.62. 
Found: C, 75.77; H, 5.59; S, 12.60. 
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The reaction of methylpheny1-3-fhianaphthenylcarbinol with 
sulfur. A mixture of methylphenyl-3-thianaphthenylcarbinol 
(5.0 g., 0.02 mol.) and sulfur (2.0 g., 0.062 mol.) was heated 
a t  240' for 4 hr. The residual oil was dissolved in a minimum 
of methylene chloride and placed on a column of alumina 
(previously activated by heating a t  200" for 4 hr.). Develop- 
ment of the column with petroleum (500 ml.) separated 
unchanged sulfur. Elution with a 10% solution of methylene 
chloride-petroleum (350 ml.) yielded a colorless oil (2.05 
gm.) which subsequently became crystalline. Recrystalli- 
zation of this solid from petroleum ether and finally from 
methanol gave 3-phenylthieno[2,3-b] thianaphthene ( 1.73 
g., 33%) as needles m.p. 75-77.5". An analytical sample 
melted at  76.5-77.5'. 

Anal. Calcd. for CleHloSz: C, 72.18; H, 3.79; S, 24.04. 
Found: C, 72.53; H, 3.64; S, 24.09. 

Phenacyl-3-thianaphthenyl sul@e (X). Phenacyl bromide 
(16.1 g., 0.081 mol.) was added, during 10 min., to a solution 
of 3-mercaptothianaphthenezz (13.2 g., 0.08 mol.) dissolved 
in 20 g. of 20% aqueous sodium hydroxide and cooled to 
20'. The mixture was stirred for a further 2 hr., diluted 
with water and then extracted with ether (three 100-ml. 
portions). The ethereal extracts were dried (magnesium sul- 
fate) and the solvent evaporated. The residue was recrys- 
tallized from ethanol to yield phenacyl-Sthianaphthenyl 
sulfide (13.75 g., 57%) m.p. 82-85'. An analytical sample 
melted a t  85.5-86.5'. 

Anal. Calcd. for ClcHI2OS2: C, 67.60; H, 4.26; S, 22.51. 
Found: C, 67.62; H, 4.38; S, 22.51. 

The d,/-dinitraphenyEhydrazone (orange needles from ethyl 
acetate) melted a t  153-183.5'. 

And. Calcd. for CZ2Hl~N~0&: C, 56.90; H, 3.47; N, 
12.07. Found: C, 57.04; H, 3.47; N, 11.77. 
S-Phenylthieno[S,%b]Ihianaphthene (VII). Phosphorus 

pentoxide (50 g.) was added to a solution of phenacyl-3- 
thianaphthenyl sulfide (12.65 g., 0.045 mol.) in benzene 
(200 ml.) and the mixture waa separated and the residue 
washed with further benzene (two 100-ml. portions). The 
solvent was evaporated from the combined benzene solu- 
tions to  leave a light yellow semi-crystalline residue. The 
latter was dissolved in a minimum quantity of benzene and 
placed on a column of alumina (150 g.). Elution of the 
column with 30% benzene-petroleum (400 ml.) yielded 3- 
phenylthieno[3,2-b]thianaphthene (3.70 g., 35%) m.p. 
range 93-100". An analytical sample melted a t  104-105". 

Anal. Calcd. for Cl,&tl~S2: C, 72.18; H, 3.79; S, 24.04. 
Found: C, 72.12; H, 3.91; S, 23.94. €30,110, A'$: 

The product was found to be identical (mixed melting 
point-no depression, infra-red spectrum) with the product 
derived from methylphenyl-3-thianaphthenylcarbinol. 

Further elution of the column with 70y0 benzene-petro- 

~16,490, ~10,090; Ag,' €7,223, €5,042. 

leum yielded some unchanged phenacyl-3-thianaphthenyl 
sulfide (1.50 g.) m.p. 80-84'. 

&Nitro-S-phenyZthieno[S,2-b] thianaphlhene. To a solution 
of 3-phenylthieno[3,2-b]thianaphthene (2.45 g., 9.2 m. 
mol.) in acetic anhydride (25 ml.) a t  -10' was added 2 
ml. of a solution prepared from nitric acid (3 ml. d. 1.42) 
and acetic anhydride (10 ml.). The mixture was stirred a t  
0' for 40 min. then poured onto ice and ammonium hicar- 
bonate and the resulting yellow solid extracted with ben- 
zene, The benzene extract was evaporated to leave a yellow 
solid. The latter was placed on a column of alumina (160 
g.). Elution of the column with 60% benzene-petroleum 
(1200 ml.) yielded 2-nitro-3-phenylthieno [3,2-b] thianaph- 
thene as a bright yellow solid, m.p. 215-216". An analytical 
sample (needles from benzene-petroleum) melted a t  215.5- 
217'. 

Anal. Calcd. for CldI~NOzS~: C, 61.74; H, 2.91; N, 4.50. 
Found: C, 61.78; H, 3.05; N, 4.40. 

Phenacyl-&thianaphthenyl sulfide (XI). Phenacyl bromide 
(17.1 g., 0.086 mol.) was added, during 10 min., to a solution 
of 2-mercaptothianaphthene2b ( 14.2 g., 0.086 mol.) and so- 
dium hydroxide (3.5 g.) in water (20 ml.), cooled to 20". 
The mixture was stirred for 1 hr., diluted with water and 
extracted with ether (three 100-ml. portions). The ethereal 
extracts were dried (magnesium sulfate) and the solvent 
evaporated. The solid residue was recrystallized from 
methanol to give phenacyl-2-thianaphthenyl sulfide as 
white needles (15.6 g., 64%), m.p. 53-55.5". An analytical 
sample melted a t  55-56'. 

Anal. Calcd. for C16H120S2: C, 67.60; H, 4.26; S, 22.51. 
Found. C, 67.90; E, 4.13; S, 22.77 

3-Phenylthieno [6,S-b] thianaphthene (IX). Phosphorus pent- 
oxide (40 g.) was added to a solution of phenacyl-2-thia- 
naphthenyl sulfide (10.0 g.) in chlorobenzene (150 ml.) and 
the mixture boiled under reflux for 3 hr. The chlorobenzene 
layer was separated, and the residue was cautiously dissolved 
in water and then extracted with benzene (two 100-ml. 
portions). The combined organic solutions n ere washed 
with water, dried and (magnesium sulfate), solvent was 
evaporated on a steam bath a t  reduced pressure to leave a 
brown crystalline residue. The latter was dissolved in a 
minimum of benzene, placed on a column of activated 
alumina (200 g.), and eluted with 15yo benzene-petroleum 
to yield 3-phenylthieno[2,3-b]thianaphthene (4.90 g., 
52y0), m.p. 74-77'. Recrystallization of the product from 
methanol gave the pure material of m.p. 76.5-77.5'. 

The above product was found to be identical (mixed 
melting point-no depression, infrared spectrum) with the 
product obtained from methylphenyl-3-thianaphthenyl- 
carbinol VIII. 
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