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Diazotization of 4-fluoroanthranilic acid (V) and the following reaction with sodium disulfide 
gave the dithio diacid VII which was reduced with lithium aluminium hydride to 4-fluoro-2-mer
captobenzyl alcohol (XI). Its reaction with 2-chloro-5-iodothiophene afforded the alcohol XIII 
which was transformed via the chloride XIV and the nitrile XV to [2-(5-chloro-2-thienylthio)
-4-fluorophenyl]acetic acid (XVI). Cyclization with phosphorus pentoxide in toluene resulted 
in 2-chloro-8-fluorothieno[2,3-b ]-1-benzothiepin-4(5H)-one (XVIII) which was converted via 
the alcohol XIX to the chloro derivative xx. The substitution reaction with 1-methylpiperazine 
led to tpe title compound IV which is a long-acting and very potent tranquillizer but did not 
reveal, in the animal tests performed, the properties of a neuroleptic agent. 

Simultaneously with our synthetic investigations in the series of derivatives of the 
tranquillizing and neuroleptic agent 10-( 4-methylpiperazino )-10,1l-dihydrodibenzo
[b',f]thiepin (perathiepin) (ref.!-'4), our attention was paid to their thieno analogues, 
i.e. to the more tediously accessible derivatives of 4,5-dihydrothieno[2,3-b ]-l-benzo
thiepin. The nuclearly unsubstit~ted 4-( 4-methylpiperazino) derivative of this system 
(peradithiepin, I) (ref. 5) revealed a significantly stronger incoordinating action than 
perathiepin and its cataleptic activity was also more intensive. Since the thiophene 
sulfur atom in I substitute:; the grouping -'-CH=CH- present in the perathiepin 
molecule! we presumed that introduction of a chlorine atom to position 2 of the 
skeleton will affect the activity in a similar manner like the introduction of the 
"neuroleptic substituent" in the analogous benzo series into the para-position towards 
the sulfur atom of the central ring. The compound II (ref. 6

) exhibits really cata
leptic action · of a similar intensity like that of the 8-chloro derivative of perathiepin 
(clorothepin, octoclothepin) (ref. 2

); its incoordinating action, however, is nearly 
10 times lower than a similar effe<;t of clorothepin and of the compound I. Compound 
II, in fact, is a more selective neuroleptic agent than the other substances mentio-

. * Part CLVII in the series Neurotropic and Psychotropic Agents; Part CLVI: This Journal 
46, 1808 (1981). 
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ned1
,2,S. More recently, we have carried out the synthesis of the 8-fluoro derivative 

of peradithiepin (III) (ref. 7
) which is an analogue of the 3-fluoro derivative of pera

thiepin 3 ; in comparison with this compound, the thiophene derivative I I I is a little 
more active in the rotarod test (incoordination) and enormously potent in the test 
of catalepsy. It shows further an unusual separation of the cataleptic and antiapomor
phine activity (does not influence the apomorphine stereotypies in rats). After the 
finding of a high degree of neuroleptic activity with the 8-chloro-3-fluoro derivative 
of perathiepin4 we considered useful to investigate also the influence of a combina
tion of the chlorine and fluorine atoms in the corresponding positions in the thieno
-[2,3-b ]-l-benzothiepin series on this type of activity. To this end, the synthesis 
of the title compound IV has been carried out, the description of which is the object 
of the present communication. 

I, Rl = R2 = H 
II, R 1 = Cl, R 2 = H 

III, R 1 = H, R 2 = F 
IV, R 1 = Cl, R 2 = F 

In the synthesis of IV, similar procedure like previously in the synthesis of II 
(ref. 6

) was used. 4-Fluoroanthranilic acid (V) (ref. B
) was the starting material; 

its diazotizatioI1 followed by a reaction with sodium disulfide gave 2,2' -dithiobis
(4-fluorobenzoic) acid (VII) in analogy with the preparation of the non-fluorinated 
compound9

• The acid VII proved very resistant in attempts at its reduction - due 
probably to the very low solubility of its salts in nonpolar solvents. Under the use 
of a large excess of lithium aluminium hydride in boiling tetrahydrofuran and 6 h 
reaction . time, only the reduction of the disulfide bond proceeded in some 15% 
and resulted in 4-fluoro-2-mercaptobenzoic acid (IX). The reduction of carboxyl 
did not tak~ place at all and the prevailing quantity of the starting VII was recovered 
unchanged. Likewise in a attempt at a reduction of the mixed anhydride, prepared 

V, R = COOH 
VI, R = CH2 0H 

COOR F 

P-s-s-9 
F COOR 

VII, R= H 
VIII, R = CH3 
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in situ by reaction of the acid VII with ethyl chloroformate in dioxane (for analogy, 
cj.10), with sodium borohydride, only the reduction of the disulfide bond took place 
and IX wa"s obtained in an excellent yield. Its reduction with 2-chloro-5-iodothio
phene6 in dimethylformamide in the presence of potassium carbonate and copper 
gave the acid XII which, however, did not find further use in our synthesis. 

In the effort to make the reduction of the acid VII easier by working with some 
of its more soluble derivative, its dimethyl ester VIII was prepared by treatment 
of the acid with dimethyl sulfate in a mixture of acetone and methanol in the pre
sence of potassium carbonate. Its reduction was attempted again with lithium alu- . 
minium hydride but even in this case the reduction of carboxyl did not take place 
and the product obtained was characterized as methyl 4-fluoro-2-mercaptobenzoate 
(X). The reduction of carboxyl in the free diacid VII was " finally achieved under 
the use of a large volume of a mixture of tetrahydrofuran and ether as the medium; 
a chromatographically homogeneous product was obtained (characterized by the 
1 H-NMR spectrum) which could not be induced to crystallize and which decom
posed in attempts at distillation. Its further processing, however, confirmed that 
we were dealing here with the desired 4-fluoro-2-mercaptobenzyl alcohol (XI) which 
was treated in crude state with 2-chloro-5-iodothiophene6 at 125°C in the presence 
of potassium carbonate and copper. The alcohol XIII was obtained in a satisfactory 
yield. · The attempt at finding an alternative procedure, in which the acid V was 
first reduced with lithium aluminium hydride in ether to 2-amino-4-fluorobenzyl 
alcohol (VI) (for analogy, cj.11) which was transformed to the crude thiol XI by the 
aryl xanthate method 12 and this was condensed with 2-chloro-5-iodothiophene, 
gave a less satisfactory result: the product obtained consists mainly of XIII (characteri
nation by thin layer chromatography) but we did not succeed in obtaining it in 
crystalline state. 

F~Sl{ 

~ R 

IX, R= COOH 
X, R = COOCH3 

XI, R= CH2 0H 

FyySySyCI 

~RU 
XII, R = COOH 

XIII, R = CH2 0H 
XIV, R = CH2Cl 
XV, R = CH2 CN 

XVI, R = CH2 COOH 

The alcohol XIII was processed by reaction with thionyl chloride in benzene 
to give the chloro derivative XIV which was treated with potassium cyanide in aque
ous ethanol and afforded the nitrile Xv. Hydrolysis with potassium hydroxide 
in . aqueous ethanol resulted in [2-( 5-chloro-2-thienylthio )-4-fluorophenyl]acetic 
acid (XVI). A neutral substance was isolated as by-product; it crystallized from 
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a mixture of chloroform and hexane and was obtained in two forms differing in melt
ing points (A, 146-148°C; B, 244-246·5°C). Both forms correspond according 
to the analyses to the empirical formula C14H 1oF 2S2 and are chromatographically 
indistinguishable. For the higher melting form, the composition was confirmed 
by the mass spectrum, and the 1 H-NMR spectrum of the lower melting form proved 
the structure of 2,8-difiuoro-6H,12H-dibenzo[b,f]-1,5-dithiocin (XVII). The com
pound must have been formed already in the stage of processing of the crude chloride 
XIV which was evidently contaminated with 4-fiuoro-2-mercaptobenzyl chloride. 

XVlI 

Intermediates of a similar type led in several instances to the unsubstituted 6H,12H
-dibenzo[b,f]-1,5-dithiocin13

- "17; the only derivatives described were the disulfone16
, 

the 6,12-dioxo derivative ("dithiosalicylide") (ref. 18
) and the 6,12-diethoxy-2,8-di

methyl derivative19
• Our two forms of compound XVII are" considered crystal 

modifications. In the case of the unsubstituted 6H,12H-dibenzo[b,f]-1,5-dithiocin, 
the existence of two conformers could be established at low temperatures16

, their 
stability under normal conditions, however, can hardly be expected possible. A fur
ther alternative for the synthesis of the acid XVI, the reaction of (4-fiuoro-2-iodo
phenyl)acetic acid3 with 5-chlorothiophene-2-thiol was taken under consideration: 
the unstability of the latter compound, described in the literature2o

, prevented us 
to attempt at investigating experimentally this approach. 

Cyclization of the acid XVI with phosphorus pentoxide in boiling toluene (method, 
cf. 6

) proceeded smoothly under the formation of 2.:.chloro-8-fiuorothieno[2,3-b]
-1-benzothiepin-4(5H)-one (XVIII); its reduction with sodium borohydride in a mix-

FupS SCI 
I I I 

~ 

F~CI 

o 
XVIII 

F'(J(SpS Cl 
I I I 

~ -
XXI 
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ture of ethanol and tetrahydrofuran resulted in the alcohol XIX. The following 
treatment with hydrogen chloride in benzene led to the chloro derivative XX which 
was treated with an excess of I-methylpiperazine at 100°C. The substitution reaction 
gave the title compound IV; the simultaneously proceeding elimination resulted 
in 2-chloro-8-fluorothieno[2,3-b ]-l-benzothiepin (XXI) which was isolated as the 
neutral by-product. The base IV was transformed for characterization and for the 
purpose of pharmacological testing to salts [bis( methanesulfonate), bis (hydrogen 
maleate)]. . 

Compound IV was pharmacologically evaluated in the form of the bis(hydrogen. 
maleate) using similar methods as mentioned in the preceding communications1

- 4; 

it was administered orally and the doses given were ,calculated for the base. Acute 
toxicity in mice, LDso = 91 mg/kg. The incoordinating activity was, evaluated by the 
rotarod test in mice with following the time-course of this effect after a single ad
ministration of various doses. The medium effective dose in 2 h after the administra
tion, EDso = 0·61 mg/kg; the optimum effect was reached in3 h after the administra
tion, EDso = 0·54 mg/kg. The effect is significantly protracted: in 24 h after the 
administration, EDso = 1·1 mg/kg; in 48 h, EDso = 2·5 mg/kg; after 72 h ataxia 
appeared in 10% mice after the highest dose used. In the test of catalepsy, a dose 
of 10 mg/kg brought about the cataleptic state in 20% animals, a dose of 50 mg/kg 
in 40%; a dose of 100 mg/kg was lethal for 50% rats (the used strain of rats was 
evidently less sensible towards the cataleptic action than that used in the preceding 
investigations). When evaluating the anti apomorphine effect in rats it was established 
that doses of 20 and 40 mg/kg are inactive (evaluated in 4 h after the administration) 
and a dose of 80 mg/kg inhibits mildly the apomorphine stereotypies and inhibits 
1:0 50% the apomorphine agitation (simultaneously perishing of 10% animals). 
In comparison with the previously described 8-fluoro analogue III (ref.7

), compound 
IV has similar toxicity, a similar intensity of the incoordinating activity in the short . 
time interval (2- 3 h) - which, however, is importantly protracted, cataleptically 
is substantially less active (partly due to a change of the used strain of rats) and similar
ly like compound III it is inactive in the test of antiapomorphine activity in rats. 
It reveals thus surprisingly the character of a long-acting tranquillizer or of a non
-cataleptic neuroleptic. 

The compound IV was also tested for antimicrobial activity in vitro (Dr J: Turinova, bacterio
logical department of this institute); microorganisms and the minimum inhibitory concentrations 
in j.lg/ml (unless they exceed 100 j.lg/ml) are given: Streptococcus B-haemolyticus, 6-25; Strepto
coccus jae ca lis , 12'5; Staphylococcus pyogenes aureus, 12'5; Escherichia coli, 12'5; Proteus vulgaris, 
50; Trichophyton mentagrophytes, 50. 

EXPERIMENTAL 

The melting points of analytical preparations were determined in Kofler's block and are not 
corrected; the samples were dried in vacuo of about 60 Pa over P2 0 S at room temperature or 
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at 77°C. The UV spectra (in methanol) were recorded with a Unicam SP 8000 spectrophotometer, 
the IR spectra (mostly in Nujol) with a Unicam SP 200G spectrophotometer, the IH-NMR 
spectra (in CDCl3 unless stated otherwise) with a Tesla BS 487C (80 MHz) spectrometer, 
19F-NMR spectra (in CHCI3, 0CFClJ = 0) with the same instrument, and the mass spectra with 
MCH-1320 and Varian MAT 311 spectrometers. The homogeneity of the compounds and com
position of the reaction mixtures was checked by chromatography on thin layers of silica gel 
(Silufol). 

2-Amino-4-fiuorobenzyl Alcohol (VI) 

A solution of 15'5 g 4-fiuoroanthranilic acids in 450 ml ether was added dropwise over 30 min 
to a stirred suspension of 8'35 g LiAIH4 in 150 ml ether and the mixture was stirred and refiuxed 
for 3 h. After cooling it was decomposed by a slow addition of 8·5 ml water, 8·5 m115% NaOH 
and 25 ml water, the precipitated solid was filtered off, washed with ether, the filtrate was dried 
with K2C03 and evaporated; 14·2 g (100%) crude product. Crystallization from a mixture 
of benzene and hexane gave 70% product melting at 103-103·5°C. Further crystallization 
did not change the melting point. IR spectrum: 815, 850 (2 adjacent and solitary Ar-H), 1 511, 
1600 (Ar), 1615 (ArNH2), 3270 (OH), 3260,3345 cm- 1 (NH2). 1H-NMR spectrum (CD3 . 
. SOCD3): 07·00 (t, JH - H = JH - F = 8·0 Hz, 1 H, 6-H), 6'10-6'50 (m, 2 H, remaining Ar-H), 
5·20 Cbs, 2 H, NH2), 4'99 (t, J = 5·5 Hz, 1 H, OlI), 4'35 (d, J = 5'5 Hz, 2 H, ArCH20). For 
C7 HgFNO 041'2) calculated: 59'56% C, 5'71% H, 13'46% F, 9'92% N; found: 59'69% C, 
5'68% H,. 13'57% F, 10'18% N. 

2,2'-Dithiobis(4-fiuorobenzoic) Acid (VII) 

A solution of 170 g 4-fiqoroanthranilic acid g in a mixture of 1 100 ml water and 220 ml hydro
chloric acid was diazotized at O°C with a solution of 76 g NaN02 in 310 ml water, added drop
wise. The solution was stirred for 1 h at O°C .and then added to a solution of Na2S2· (prepared 
by heating 285 g Na2S.9 H20 and 37 g Sin 340 ml water, treating the clear solution with 43·5 g 
NaOH in 110 ml water and cooling) containing 600 g ice. The mixture was allowed to stand 
for 3 h at room temperature, acidified with 200 ml hydrochloric acid and the precipitated crude 
product was filtered. It was dissolved in a warm solution of 140 g Na2C03 in 2 I water, filtered 
with charcoal and the filtrate acidified again with hydrochloric acid. The precipitated product 
was filtered, washed with water, dried in vacuo and crystallized from a mixture of chloroform 
and ethanol; 136 g (73%), m.p. 311- 312°C. Further crystallization from the same mixture did not 
change the melting poin~ . UV spectrum: Amax 256 nm (log e 4'26), 297 nm (3'78). IR spectrum: 
771, 783, 833, 869, 877 (2 adjacent and solitary Ar- lI), 918, 1 260, 1 684, 2500, 2 545, 2635, 
2700, 2790. (ArCOOH), 1 480, 1 569, 1 580, 1 600, 3 035 cm -1 (Ar) \ 1 H-NMR spectrum (CD3 . 
. SOCD3):o 8·01 (dd, JH - H = 8'5 Hz, JH - F = 6·0 Hz, 2 H, 6,6'-H2), 7'28 (mcd, JH - F = 8·5 Hz, 
J H - H = 2·5 Hz, 2 H, 3,3'-H2), 7'10 (mct, JH - H = 8'5; 2'5 Hz, JH - F = 8·5 Hz, 2 H, 5,5'-H2), 
For C14HSFz04S2 (342'3) calculated: 49'12% C, 2'36% H, 11'10% F, 18'73% S; found: 49'02% C, 
2'30% H, 11'21% F, 18'63% S. 

Dimethyl 2,2'-Dithiobis( 4-fiuorobenzoate) (VIII) 

A suspension of 5·0 g VII in a mixture of 40 ml methanol and 25 ml acetone was stirred and 
treated with 4·2 g dimethyl sulfate and 4'6 g K ZC03 • The mixture was stirred and refiuxed 
for 6·5 h, allowed to stand overnight at room temperature, the solvents were evaporated in vacuo, 
the residue was diluted with 50 ml 5% NaHC03 and extracted with chloroform. The extract 
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was washed with water, dried (MgS04) and evaporated under reduced pressure; 4·3 g (80%) 
crude product. Crystallization from a mixture of ethanol and benzene gave the pure substance, 
m.p: 115-116°C. UV spectrum: Amax 222 nm (log e 4'64), 255 nm (4'27), 298 nm (3'89). IR 
spectrum (KBr): 771, 855, 871, 899 (2 adjacent and solitary Ar-H), 1 265, 1 710 (ArCOOR), 
1480,1570,1580, 1600cm- 1 (Ar). 1H-NMR spectrum: 08·12 (dd, JH - H = 8'5 Hz, JH - F = 
= 8'5 Hz, 2 H, 6,6'-H2), 7·50 (mcd, JH - H = 2'5 Hz, J H - F = 10·0 Hz, 2 H, 3,3'-H2), 6·92 

, . 19 
(mcdd, JH - H = 8'5; 2'5 Hz, J H - F = 10'0 Hz, 2 H, 5,5 -H2), 4'05 (s, 6 H, 20CH3). F-NMR 
spectrum: 0 -104'75 (m). For C16H12F204S2 (370'4) calculated: 51'88% C, 3'27% H, 10'26% F, 
17'31% S; found: 52'07% C, 3'20% H, 10'00% F, 17'08% S. 

4-Fluoro-2-mercaptobenzoic Acid (IX) 

A) A solution of 20·0 g VII in 110 ml tetrahydrofuran was added dropwise to a stirred sus
pension of 10·6 g LiAIH4 in 120 ml tetrahydrofuran over 75 min. The"mixture. was stirred and 
refluxed for 6 h and allowed to stand overnight at room temperature. It was decomposed by a slow 
addition of 30 ml water under stirring and external cooling and finally treated with a mixture 
of 110 ml hydrochloric acid and 160 ml water. The mixture obtained was extracted with benzene 
and the extract was shaken with 200 mI5M-NaOH. The alkaline aqueous layer was separated and 
acidified with 1 : 1 dilute hydrochloric acid; the acids released were extracted with a mixture 
of benzene and ether. The extract was dried with MgS04 and evaporated. The residue was heated 
in vacuo of 1'73 kPa in a bath of 190°C; there were obtained 2'8 g (14%) sublimate crystallizing 
from benzene and melting at 169-172°C in a sealed capillary. The non-sublimating residue 
(17'2 g, 86%) was recrystallized from ethanol and found identical with the starting VII, m.p. 
309-312°C. The sublimate was identified as IX. UV spectrum: Amax 252 nm (log e 3'97), 282 nm 
(3'46), infl. 300 nm (3'40). IR spectrum: 772, 860 (2 adjacent and solitary Ar---H), 910, 1 238, 
1265, 1 324, 1 670, 2550, 2625, 2720, 2795, infl. 3 160 (ArCOOH), 1 570, 1 598 cm -1 (Ar). 
For C7 H 5F02S (172'2) calculated: 48'83% C, 2'93% H, 11'03% F, 18'62% S; found: 49'02% C, 
2'89% H, 1'1 '27% F, 18'43% S. 

B) A suspension of 5·0 g VII in 30 ml dioxane was treated over 15 min with a solution of 3·2 g 
ethyl chloroformate in 10 ml dioxane. The mixture was stirred and refluxed for 3 h, allowed 
to stand overnight at room temperature, heated to 60-70°C and treated under stirring with 
4·35 g NaBH4' added in small portions over 6 h. It was then stirred for 3 h at 100°C, cooled 
and decomposed by addition of 30 ml water and 25 ml 1 : 1 dilute hydrochloric acid. After 
30 min stirring, the product was extracted with chloroform, the extract was dried with MgS04 
and evaporated under reduced pressure. The residue was crystallized from 20 ml benzene; 4'3 g 
(92%) IX melting at 169-172°C (sealed capillary) and sublimating at 184'-185°C. The product 
is identical with that obtained under A. 

Methyl 4-Fluoro-2-mercaptobenzoate (X) 

A solution of 3·2 g VIII in a mixture of 50 ml ether and 10 ml tetrahydrofuran was added over 
60 min to a stirred suspension of 1·25 g LiAIH4 in 30 ml ether and the mixture was stirred and 
refluxed for 12 h. After standing for 24 h, the mixture was cooled and decomposed by a slow 
addition of 10 ml water and 35 ml 2Q% hydrochloric acid. It.was extracted first with ether and 
then with chloroform, the combined extracts were dried with MgS04 and evaporated under 
reduc.ed pressure. Distillation of the residue gave 1'9 g (70%) X boiling at 2'0 kPa in a bath 
of 145-150°C. The distillate solidified on standing, m.p. 45-47°C. UV spectrum: Amax 223 nm 
(log e 4'33), 252 nm (3'94), 300 nm (3'39). IR spectrum (film): 771, 860 (2 adjacent and solitary 
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Ar-H), 1 265, 1 710 (ArCOOR), 1 487, 1 571, 1 602, 3040 (Ar), 2530 cm -1 (SH)_ For CaH7-
_F02 S (186-2) calculated: 51-60% C, 3-79% H, 10-20% F, 17-22% S; found: 51-52% C, 3-90% H, 
10-52% F, 17-55% S_ 

2-(5-Chloro-2-thienylthio)-4-fluorobenzoic Acid (XII) 

A solution of 2-45 g IX in 15 ml dimethylformamide was stirred and treated with 2-95 g K 2 C03 , 

5 ml water, 50 mg Cu, and with a solution of 3-50 g 2-chloro-5-iodothiophene6 in 5 ml dimethyl
formamide, added dropwise over 15 min_ The mixture was stirred for 2 h at room temp.erature 
and for 3 h at 100-ll0°C_ After standing overnight the solid was filtered off, washed with di
methylformamide and the filtrate was diluted with water. It was washed with chloroform and 
evaporated in vacuo_ The residue was dissolved in 20 ml water and the solution acidified with 
10% hydrochloric acid_ The separated product was extracted with ether; processing of the ex
tract gave 2-4 g (59%) XII, m.p. 220-222°C_ Analytical sample was obtained by crystallization 
from ethanol, m.p. 221-223°C. UV spectrum: Amax 223 nm (log e 4-39),254 nm (4-29), 290 nm 
(3-78)_ IR spectrum (KBr): 792, 865, 905 (2 adjacent and solitary Ar-H) , 920, 1 260, 1 678, 
2540, 2 625 (ArCOOH), 1 478, 1 568, 1 600 cm -1 (Ar). For C11 H6 ClF02 S2 (288-8) calculated: 
45-75% C, 2·09% H, 12·28% CI, 6-58% F, 22-21% S; found: 46-06% C, 2-07% H, 12-32% CI, 
6·90% F, 22-50% S. 

4-Fluoro-2-mercaptobenzyl Alcohol (XI) 

A solution of 34-2 g VII in a mixture of 400 ml tetrahydrofuran and 1 300 ml ether was added 
dropwise to a stirred suspension of 24-7 g LiAIH4 in 300 ml ether over 75 min and the mixture 
was refluxed for 6 h. After standing overnight it was decomposed under stirring by successive 
addition of 75 ml water (added dropwise), 550 mIl: 2 dilute hydrochloric acid and 75 ml con
centrated hydrochloric acid. The organic layer was separated, the aqueous one extractt:d with 
benzene and from the combined organic layers the product was extracted into 160 ml10% NaOH. 
The aqueous solution of the thiolate was acidified with dilute hydrochloric acid and the released 
thiol was extracted with benzene. The extract was dried (MgS04) and evaporated under reduced 
pressure; 29- 5 g (93 %) oily XI which was chromatographically homogeneous_ 1 H-NMR spectrum: 
J 6·60-7-20 (m, 3 H, Ar-H), 4-52 (s, 2 H, ArCH2 0), 3-72 and 2-65 (2 bs, 2 H, OR and SH). 
The attempts at crystallization were unsuccessful and distillation of a sample proceeded with 
d:!composition. The compound was used without further purification. 

2-(5-Chloro-2-thienylthio)-4-fluorobenzyl Alcohol (XIII) 

A) A mixture of 29-0 g crude XI, 37-2 g 2-chloro-5-iodothiophene6, 0·8 g Cu and 25·6 g 
K 2 C03 was stirred and heated in a nitrogen atmosphere for 2-5 h to 120-130°C_ It was allowed 
to stand overnight at room temperature, diluted with 100 ml chloroform, the solid was filtered 
off and washed with chloroform. The filtrate was evaporated under reduced pressure; 37-0 g 
(89%) oil. A sample was distilled, bop. 192-196°Cj40 Pa, and the distillate crystallized. The 
crystals were used to induce crystallization of the remaining part of the product by inoculation, 
m.p. 57-61°C_ Analytical sample, m.p. 59-61°C (hexane-chloroform). IR spectrum: 800, 860, 
900 (2 adjacent and solitary Ar-H), 1 052 (CH2 0H), 1 215 (Ar-F), 1 453, 1 480, 1 515, 1 575, 
1 587, 1 600, 3030, 3040 (Ar), 3. 200, 3280 cm -1 (OH). For C11 H aCIFOS2 (274-8) calculated: 
48-08% C, 2-94% H, 12-90% CI, 6·92% F, 23·34% S; found: 48·07% C, 2-93% H, 12-73.% CI, 
6-94% F, 23.·00% S_ 
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B) A solution of 15·3 g VI in a mixture of 26'3 ml hydrochloric acid and 235 ml water was 
diazotized over 25 min with a solution of 8·2 g NaN02 in 20 ml water at O°C. The mixture was 
stirred for 30 min and then added over 45 min to a stirred solution of 17'3 g potassium ethyl 
xanthate in 100 ml water at 60-70°C. The stirring was continued for 30 min, the mixture was 
cooled and extracted with ether. The extract was washed with 2M-NaOH, 5% hydrochloric acid 
and water, dried (Na2 S04 ) and evaporated. The residue was refluxed for 10 h with 16 g KOH, 
90 ml ethanol and 6 ml water, the mixture was evaporated in vaCllO, the residue was diluted 
with 150 ml water and washed with ether. The aqueous layer was acidified with 10% hydrochloric 
acid and the intermediate extracted with ether. Processing of the extract gave 11·8 g crude Xl 
which was reacted with 13·9 g 2-chloro-5-iodothiophene6 , 9·4 g K 2 C03 and 0·2 g Cu in 20 ml 
dimethylformamide and 5 ml water similarly like under A. Similar processing led to 9'05 g in- . 
homogeneous product which was chromatographed on a column of 450 g Al2 0 3 (activity III). 
Benzene and first fractions of chloroform eluted 4·1 g less polar impurities; the main chloroform 
fractions contained 4·8 g (16%, calculated for the starting VI) XIl[.·which, according to TLC 
contains a minor amount of a less polar impurity and does not crystallize even after distillation. 

2-( 5-Chloro-2-thienyl thio )-4-fiuoro benzy 1 Chloride (XIV) 

A stirred solution of 71· 5 g XIII in 700 ml benzene was treated dropwise over 10 min with 65' 5 g 
SOCl2 and the mixture was refiuxed for 45 min. After standing overnight, the volatile components 
w~re completely evaporated in vacuo, the residue was dissolved in 60 ml benzene and the solu
tion was filtered through a column of 40 g silica gel. Benzene eluted 75 g (98%) homogeneous 
product, m.p. 57-62°C. Analytical sample, m.p. 61-63°C (hexane). For Cl1 H 7 Cl2 FS2 (293'2) 
calculated: 45'06% C, 2'41% H, 6'48% F, 21'87% S; found: 45'44% C, 2'64% H, 6'90% F, 
21'75% S. 

[2-( 5-Chloro-2-thienylthio )-4-fluoro phenyl] acetoni trile (XV) 

A solution of 73·5 g XIV in 400 ml ethanol was treated with a solution of 33·8 g KCN in 55 ml 
water and the mixture was stirred and refluxed for 5· 5 h. After cooling, the solid was filtered off, 
washed with ethanol, the filtrate was evaporated under reduced pressure, the residue diluted 
with 600 ml water and extracted with benzene. The extract was dried with MgS04 and evaporated 
in vacuo. The residue was dissolved in 100 ml benzene and chromatographed on a column of 35 g 
silica gel. Elution with benzene gave 64·9 g (92%) product which crystallized from ethano], 
m.p. 78-82°C. Analytical sample, m.p. 81-82°,C (hexane-chloroform). IR spectrum: 808, 863, 
900 (2 adjacent and solitary Ar- H), 1 480, 1 515,1 587,3020,3050 (Ar), 2 230 cm -1 (R-CN). 
For C12H 7CIFNS2 (287'8) ca~culated: 50'79% C, 2'49% H, 12'49% Cl, 6'70% F, 4'94% N, 22'60% 
S; found: 51'05% C, 2'68% H, 12'48% CI, 6'82% F, 4'82% N, 22'68% S. 

[2-(5-Chloro-2-thienylthio)-4-fluorophenyl]acetic Acid (XVI) 

A solution of 59·8 g XV in 130 ml ethanol was treated with a solution of 56'7 g KOH in 55 ml 
water and the mixture was refluxed for 4 h. After cooling it was diluted with 600 ml water and the 
neutral components were extracted with benzene. The aqueous layer was filtered with charcoal 
and the filtrate acidified with 1 : 1 dilute hydrochloric acid. The separated product was extracted 
with chloroform, the extract was dr-ied with MgS04 and evaporated; 55'0 g (87%) homogeneous 
XVI, m.p. 99-102°C. Analytical sample, m.p. 102-103°C (hexane-ethanol). IR spectrum 
(KBr): 805, 853 (2 adjacent and solitary Ar-H), 902, 1 230, 1 690, 2610 (R- COOH), 1 478, 
1 572, 1 600 cm- 1 (Ar). For C12H SCIF02 S2 (302'8) calculated: 47'60% C, 2'66% H, 11'71% Cl, 
6'28% F, 21'18% S; found: 48'25% C, 3'11% H, 11'81% CI, 6'40% F, 20'80% S. 
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The benzene extract, containing neutral compounds, was dried and evaporated. The residue 
(10'4 g) crystallized from a mixture of chloroform and hexane and was identified as 2,8-difluoro
-6H,12H-dibenzo[b,f]-1,5-dithiocin (XVII), m.p. 142-147°C. Analytical sample (modification 
A), m.p. 146-148°C. 1 H-NMR spectrum: 06'60-7·20 (m, 6 H, Ar-H), 4'30 (s, 4 H, 2 ArCH2S). 
For C14Hl0F2S2 (280'4) calculated: 59'98% C, 3'60% H, 13'55% F, 22'87% S; found: 60'03% C, 
3'55% H, 13'84% F, 22'76% S. In another experiment, a single crystallization of the crude pro
duct was connected with a change of crystal modification and with a raise of the melting point 
by 100°C; the final m.p. of the modification B was 244-246'5°C (chloroform-hexane). Mass 
spectrum, m/z: 280 (M+ corresponding to C14HIOF2S2)' 247, 233, 214, 171, 152, 140 (base 
peak), 96. For C14Hl0F2S2 (280'4) calculated: 59'98% C, 3'60% H, 13'55% F, 22'87% S; found: 
60'35% C, 3'72% H, 13'96% F, 22·76% S. 

2-Chloro-8-fluorothieno [2, 3-b ]-I-benzothiepin-4(5H)-one (XVIII) 

A solution of 55·0 g XVI in 450 ml toluene was stirred and treated with 64·5 g P20 S and the 
mixture was refiuxed for 3 h. After standing overnight the solid was filtered off and washed with 
toluene, the filtrate was washed with 5% KOH, dried with K 2C03 and evaporated under reduced 
pressure. The inhomogeneous residue was dissolved in benzene and chromatographed on a co
lumn of 45 g silica gel. Elution with benzene gave 30·2 g (58%) of a product melting at 
140-145°C. Analytical sample was obtained by crystallization from a mixture of ethanol and 
benzene, m.p. 146·5-148·5°C. UV spectrum: Amax 236 nm (log e 4'2~), infi. 265 nm (3'88), 
315 nm (3'71). IR spectrum (KBr): 810, 835, 860 (2 adjacent and solitary Ar-H), 1 482, 
1 512, 1 591 (Ar), 1 670 cm -1 (ArCO). 1H-NMR spectrum: 06,90-,-7'50 (m, 3 H, 6,7,9-H3), 7·30 
(s, 1 H, 3-H), 4'20 (s, 2 H, ArCH2CO). 19F-NMR spectrum: 0 -114,36 (dt, JF(o-H) = 8·5 Hz, 
JF(m-H) = 6·0 Hz). For C12H 6 CIFOS2 (284'8) calculated: 50'61% C, 2'12% H, 12'45% Cl. 
6'67% F, 22'52% S; found: 50'89% C, 2'07%H, 12'46% Cl, 6'95% F, 22'25% S. 

2-Chloro-8-fiuoro-4,5-dihydrothieno[2,3-b ]-1-benzothiepin-4-01 (XIX) 

A solution of 18'0 g XVIII in a mixture of 300 ml ethanol and 70 ml tetrahydrofuran was stirred 
and slowly treated with 1'7 g NaBH4. The mixture was refiuxed for 10 min, cooled, evaporated 
under reduced pressure, the residue diluted with 500 ml water and extracted with benzene. The 
extract was dried with K 2C03 and evaporated in vacuo. The residue was crystallized from 400 ml 
cyc!ohexane; 13·0 g (72%), m.p. 126-127·5°C. Further crystallization from the same solvent 
did not change the melting point. IR spectrum: 790, 830, 839, 875 (2 adjacent and solitary Ar-H), 
1 D50 (CHOH), 1227 (Ar-F), 1485,1 537,1 580,1 598,3020 (Ar), 3300 cm- 1 (OH). IH-NMR 
spectrum: 0 6'95-7'40 (m, 3 H, 6,7,9-H3), 6·88 (s, 1 H, 3-H), 4,80 (bm, after D 20 dd, 1 H, 
Ar-CH-:-O), 3·68 and 3·30 (2 dd, 2 H, ArCH2 ), 2'05 (bd, disappears after D 20, 1 H, OH). 
19F-NMR spectrum: 0 -115'19 (dt, JF(o-H) = 8'5 Hz, JF(m-H) = 6·0 Hz). For C12H sCIFOS2 

(286'8) calculated: 50'26% C, 2'81% H, 12'36% Cl, 6'63% F, 22'36% S; found: 50'58% C, 2'82%H, 
11'96% CI, 6'65% F, 21'67% S. 

2,4-Dichloro-8-fiuoro-4,5-dihydrothieno[2,3-b ]-l-benzothiepin (XX) 

A solution of 3,5 g XIX in 35 ml benzene was treated with 0·8 g CaCl2 powder and saturated 
for 30 min with anhydrous HCI. After standing overnight, CaCl2 was filtered off, washed with 
benzene and evaporated to a small volume; 3'3 g (89%), m.p. 138-139°C. Analytical sample, 
m.p. 139-141°C (benzene). IH-NMR spectrum: 07,00-7'50 (m, 3 H, 6,7,9-H3), 6·90 (s, 1 H, 
3-H), 5·40 (dd, 1 H, Ar-CH~CI), 3·85 and 3·61 (2 dd, J3 = 14'0 Hz, 2 H, ArCH2). 19F_NMR 
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spectrum: 0 -114,58 (dt, JF(o-H) = 8'5 Hz, JF(rn-H) = 6·0 Hz). For C12H 7CI2FS2 (305'2) 
calculated: 47'22% C, 2'31% H, 23'23% CI, 6'23% F, 21'01% S; found: 47'08% C, 2'35% H, 
22'89% CI, 6'23% F, 20'82% s. 

2-Chloro-8-fluoro-4-( 4-methylpi perazino )-4,5-dihydrothieno[2,3-b ]-l-benzothiepin (IV) 

A mixture of 4'7 g XX and 4'5 ml1-methylpiperazine was stirred and heated for 2 h to 95-105°C. 
After standing overnight it was diluted with 70 ml water and extracted with benzene. The ex
tract was washed with water and the base was transferred into the aqueous layer by shaking 
with 70 m15% H 2S04 , The benzene solution of the neutral components was washed with water, 
dried with MgSO 4 and evaporated. The residue (1'1 g, 27%) was identified as 2-chloro-8-fluoro-' 
thieno[2,3-b]-1-benzothiepin (XXI). After several recrystallizations from a mixture of hexane 
and chloroform it melted at 83-85°C. UV spectrum: Am3x 218 nm (log e 4'47), 262 nm (4'32). 
IR spectrum: 830, 869 (2 adjacent and solitary Ar-H), 1 488, 1 5·3.1, 1 597, 3010, 3 080 cm- 1 

(Ar). For C12H 6CIFS2 (268'8) calculated: 53'63% C, 2'25% H, 13'19% CI, 7'07% F, 23'86% S; 
found: 53'83% C, 2'39% H, 13'77% CI, 7'27% F, 23'38% S. 

The aqueous solution of the sulfate was made alkaline with dilute NH4 0H and the base 
extracted with benzene. The extract was dried with K 2C03 and evaporated; 3·7 g (65%) IV, 
m.p. 138-143°C. Analytical sample, m.p. 146'5-147'5°C (ethanol). 1H-NMR spectrum: 
o 6,90-7'50 (m, 3 H, 6,7,9-H3), 6·96 (s, 1 H, 3-H), 3'00-4'00 (m, 3 H, ArCH2CHAr), 2·70 
(bm, 4 H, CH2N 1CH2 of piperazine), 2·45 (bm, 4 H, CH2N 4 CH2 of piperazine), 2'30 (s, 3 H, 
NCH3). 19F-NMR spectrum: 0 -116'41 (dt, JF(o-H) = 8'5 Hz, JF(rn-H) = 6,0 Hz). For; 
C17H1SCIFN2S2 (368'9) calculated: 55'35% C, 4'92% H, 9'61% Cl, 5'15% F, 7'59% N, 17'38% S; 
found: 55'98% C, 4'84% H, 9'56% Cl, 5'06% F, 7'58% N, 17'22% S. 

Bis(methanesu/fonate) , m.p. 196'5-197'5°C (ethanol). For C19H26CIFN206S3 (529'1) 
calculated: 43'13% C,4'95% H, 3'59% F, 5'30% N; found: 43,40% C, 4'71% H, 3'36% F, 5'28% N. 

Bis(hydrogen maleate), m.p. 144'5-145'5°C (ethanol). For C2SH26CIFN20sS2 (601'1) cal
culated: 49'96% C, 4'36% H, 5'90% CI, 3'16% F, 4'66% N, 10'67% S; found: 49'87% C, 4'38% H, 
6'11% CI, 3'49% F, 4'49% N, 10'38% s. 

The authors are indebted to Drs M. Ryska and J. Schlanger for the mass spectrum of compound 
XVIII and to Mrs A. Hradkova (physicochemical department of this institute) for recording the UV . 
and IR spectra. Mr M. Palka was, very helpful with the synthesis of intermediates. The analyses 
were carried out by Mrs J. Komancova, Mrs V. 8,midova, Dr Z. Volkova a Mr M. Cech (analytical 
department of this institute). 
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