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POTENTIAL NON CATALEPTIC NEUROLEPTIC AGENTS: SYNTHESIS 
AND PHARMACOLOGY OF 7-CHLORO-4-[4-(2-HYDROXYETHYL)
PIPERAZINO]-4,S-DIHYDROTHIENO[2,3-b]-1-BENZOTHIEPIN* 

Zdenek POliVKA, Martin V ALCHAlt and Miroslav PROTIVA 

Research Institllte lor Pharmacy and Biochemistry, I JO 60 Praglle 3 

Received February 9th, 1983 

Heating of 2,5-dichloroacetopheno ne with 2-thiophenethiol, potassium carbonate and copper 
gave 5-chloro-2-(2-thienylthio)acetophenone (V) which wa s subjected to the Willgerodt reaction 
with sulfur and morpholine. The product was a mixture of the thiomorpholide VI and oxothio
morpholide VII. After a partial separation the predominating product VI was hydrolyzed without 
characterization with ethanolic potassium hydroxide to give the acid VIII. Cyc1ization by treat
ment with phosphorus pentoxide in boiling toluene gave 7-chlorothieno[2,3-b]-I-benzothiepin
-4(5H )-one (X) which was reduced with sod ium borohydride to the alcohol XII. A reaction 
with hydrogen chloride in benzene led to the chl o ro derivative XIII whose substitution reaction 
with 1-(2-hydroxyethyl)piperazine afforded the title compound IV. The product has strong 
central depressant and discoordinating ativity. a low cataleptic efficicy but in a relatively high 
dose it does not influence the dopamine metabolism in the rat brain. 

- --.. ------------------------ ----- ------- ---

The searching after noncataleptic neuroleptics, which would possess in full extent 
the desired antipsychotic activity but would be free of the extrapyramidal side effects, 
is being continued. After the very promising c10zapine (1) (ref. l

) two further struc
tural1y related compounds were eliminated due to some unexpected side effects: 
doc1oxythepin (n) (ref. 2

) and thilozepine (Ill) (ref.3.4). On the basis of apparent 
structural relations to the molecules of compounds I - II 1 we have designated the 
4,5-dihydrothieno[2,3-b ]-l-benzothiepin derivative 1 V as a further potential non
cataleptic neuroleptic agent. In the series of compounds delived from the same 
skeleton we have attempted until now at finding incisive neuroleptics having high 
cataleptic and antiapomorphine activities 5 

- 8 . By placing the atom of chlorine 
into a position, which is typical for noncataleptic agents, we believed in arranging 
good conditions for attaining the desired pharmacological profile. 

In the preparation of compound IV we used an analogy of the modified docIoxy
thepin (n) synthesis9 in which 2,5-dichloroacetophenone9 is the starting compound 
and the Wil1gerodt reaction in the Kindler's modification10

-
12 is the crucial step. 

Heating 2,5-dichloroacetophenone9
, 2-thiophenethiol13 and potassium carbonate 
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with a catalytic amount of copper to 130-140°C led to a mixture from which 5-chloro
-2-(2-thienylthio )acetophenone (V) could be iso lated in moderate yield by chromato
graphy on alumina. It s reaction with sulfur and an excess of boiling morphoJine 
gave again a mixture from which chromatography 0 11 silica gel separated a small 

~/s~"'" 
(· I~~ / 

1\ 
~ ;<C1~~CH10H 
\ _-j 

/I 

III IV 

amount of the starting compound Vand from the more polar fraction s there crystal
lized some 40% of a substance which was identified by analyses and spectra as the 
oxothiomorpholide Vll. It was then establi shed that during chromatography on silica 
gel this by-product is eluted before the desired thiomorpholide VI. Tn the next 
experiment, therefore, the mixture was separated in this manner and the noncrystal
lizing thiomorpholide VI was subjected without characterization to hydrolysis 
with a boiling potassium hydroxide solution in ethanol. [5-Chloro-2-(2-thienylthio)
phenyl]acetic acid (VI J 1) was obtained in a moderate yield and from the mother 
liquor after its crystallization there was isolated in a small amount a further acid 
which was identified as 5-chloro-2-(2-thienylthio )benzoic acid (I X) (ref. J 4). The 
source of its formation was the hydrolysis of a small amount of the oxothiomorpho
lide VII which was present in the crude starting thiomorpholide VI. The crude acid 
VII I was cyclized by treatment with phosphorus pentoxide in boiling toluene, 7-chloro 

thieno[2 ,3-b }1-benzothiepin-4(5H)-one (X) was obtained and its identity was cor
roborated by spectra . Chromatography of the mother liquors after the crystalliza
tion of the ketone X gave the lower homologue, i.e. 6-chlorothieno[2,3-b }l-benzo
thiopyran-4-one (XI) (ref. 14

-
17); it was formed by cycJization of a small amount 

of the acid IX which was present in the crude acid VIII. Reduction of the ketone X 
with sodium borohydride in a mixture of ethanol and tetrahydrofuran afforded the 

Collection Czechoslovak Chern. Commun. [Vol. 48] [1983J 



2972 Polivka, Valchaf, Prot iva : 

alcohol Xll which was transformed by treatment with hydrogen chloride in benzene 
to the chloro derivative XllI. Its substitution reaction with 1-(2-hydroxyethyl)pipera
zine was carried out in boiling chloroform and the title compound 1 V was obtained 
in a yield of 85%. The base crystallized as a 1 : 6 solvate with benzene and afforded . 
a bis(hydrogen maleate) which was used in the pharmacological tests. Simultaneously 
with the substitution reaction there proceeded in a smaller extent the elimination 
whose product was isolated and identified as 7-chlorothieno[2,3-b ]-l-benzothiepin 
(XIV). 

V, R= COCH, 

~\ 
VI, R= CH2CSN"----I0 

1\ 
VII, R=COCSN 0 

"---I 
VIII, R= CH2COOH 

IX, R= COOH 

ry.SyS~ 

CI~ 
R 

XII, R= OH 

XIII, R=CI 

x 
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XI 
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Compound IV was pharmacologically evaluated in the form of the bis(hydrogen 
maleate) but the following data were calculated for the base. The compound was 
administered orally. In mice, the compound is little toxic; its LD50 is approximately 
500 mg/kg. It has a rather intensive discoordinating effect in the rotarod test; ED 50 = 

= 3·7 mg/kg, Its central depressant activity, likewise, is very high: a dose of 10 mg/kg 
reduced the spontaneous locomotor activity of mice (photo-cell method of Dews) 
to 3'6% of the control value (evaluated 1 h after the administration). In a dose 
of 50 rug/kg it revealed a very mild cataleptic activity in rats (20% of the animals 
in catalepsy) and the same dose was inactive towards the apomorphine stereotypies 
in rats. All the properties mentioned indicated an interesting profile of a noncata
leptic neuroleptic agent. A negative result, however, was obtained in the important 
biochemical test in which the influence of the compound on dopamine metabolism 
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in the ra t brain striatum was evaluated . While docloxythepin (I1) in an oral dose 

of 80 mgjkg increased with stat istical significancy the homovanillic acid level in the 

striatum to 142% of the control value I8
•19, compound IVin the sa me dose is without 

effect. It is thus necessary to conclude that compound 1 Vpossesses rather the character 

of a tranquillizer tha n that of a neuroleptic agent. 

Compound J V showed al so somc antimicrob ial cfTccts in the tests ill l'ifr o. The tested micro
organisms and the minimum inhibitory concentrations of compound I JI in IJg/ ml (un less they 
exceed 100 pg/ ml) are given: Sfrcp fo("o("Cl/s fl- haeJllolyficl/s 25 , Sff"l'pfOC(}("('l/s/oecalis 25, Sfaphylo

COCCIIS pyogel1es al/rel/S < 12· 5; Profells wlgaris 50, Sacc/;aroJllyces pa.llniolllls 50, Trichapyliroll 

l1Iellragr ophy res 25. 

EXPERIMENTAL 

The melting points of analy tical sa mples were determined in Kofler 's block and a re not corrected; 
the samples were dried ill 1:aCI/O of about /iO Pa over P 20 5 at room temperature or at 77°C. 
The UV spectra (in methanol) were recorded with a Unicam SP 8000 spectrophotometer, the 
II-!. NMR spectra (in C 2 HCl 3 unless stated otherwise) with a Tesla BS 487C (80 MHz) spectro
meter and the mass spectra with MCH -1 320 and Va rian MAT 44S spectrometers. The homo
geneity of the compounds and composition of thc mixtures were chcckcd by thin-layer chromato
graphy on silica gc l (Sil ufo l). 

5-Chloro-2-(2-thienylthio)acetophenone (JI) 

A stirred mixture of 18· 3 g 2,5-dichl oroacclOphenone9
, 12· 5 g 2-thiophencthiol 13 and 0 ·4 g Cu 

was slowly treated with 24 g K 2C0 3 and thcn heated without stirring for I h 10 130- 140°C 
(bath tempera ture) under nitrogen. Aftcr cooling thc mixturc was di lutcd with 300 ml bcnzene, 
fi ltered through a I cm layer of silica gcl, the fi ltrate was cvaporated and the residue chromato
graphed through a col umn of 600 g neutral AI20 3 (activity lJ). A mixturc of 80% bcnzene and 20% 
chloroform eluted 3·2 g impure 2,5-dichloroacctophenonc and a I : I mixture of the same solvcnts 
elutcd then 8· 7 g (4 1 %) crude product, m.p. 70 - 74°C. Analytical sa mple, m.p. 74 - 76°C (ben
zene- hexane). UV spectrum: lmax 233 nm (log c 4'48),260 nm (4 '07), 339 nm (3'63). IR spectrum: 
699, 819, 876, 890 (Ar- H), I 490, I 583, 3084 (Ar), I 670 cm - 1 (ArCOR). 1 H NMR spectrum: 
<57·76 (d, J = 3·0 Hz, I H , 6-H), 7·00-7·60 (m, 4 H, 4-H and 3 thiophene H), 6·80 (d, J = 9·0 Hz, 
I H , 3-H), 2·60 (s, 3 H, COCH 3 )· For C 12H 9 C10S2 (268'8) calculated: 53'62% C, 3' 38% H , 
13'19% CI, 23-86% S; found: 53'91% C, 3-36% H, 13'30% CI , 23 '87% S. 

5-Chloro-2-(2-thienylthio)phenylgl yoxy lic Acid Thiomorpholide (JIll) 

A mixture of 4'0 g JI, 0·65 g Sand 2·6 g morpholine was stirred and heated under reflux (nitrogen 
atmosphere) for 15 min to 140°C (bath temperature). After cooling it was diluted with chloro
form, filtered with charcoal, washed with water, I : 9 dilute hydrochloric acid and water, dried 
with K

2
C0

3 
and evaporated under reduccd pressurc. The residue was chromatographed on a co

lumn of 80 g silica gel (Silpearl ). Elution with benzene gave first 1'9 g mixture consisting mostly 
of the starting V. Further elution with benzene gave 3·1 g oil which deposited by standing for 
2 days 2·5 g (42%) VII, m.p. 119- 121 °C. Analytical sample, m.p. 120-123°C (ethanol). UV 
spectrum'}, 237 nm (log e 4'50), 271 nm (4'37), 358 nm (3'84). IR spectrum: 714, 752, 763, 
822, 849, . 869

a
{3 adjacent thiophene H, 2 adjacent and solitary Ar-H), 1 110, I 230, I 250 (ROR), 

1 500, I 537, 1590, 3080 (Ar), I 640 cm- 1 (ArCOCSNR 2 )· 1 H NMR spectrum: <5 7'78 (d, 
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J = 2·0 Hz, I H, 6-H), 7·59 (dd. J = 5'0; 1·5 Hz. I H. thiophene 5-H), c. 7,00-7,40 (m, 3 H, 
4-H and thiophene 3,4-Hz), 6·85 (d, J = 9·0 Hz, I H, 3-H), 3'50- 4·40 (m. 8 H. 2 NCH z and 
2 OCH z of morpholine). For C16H14ClNOzS3 (393'9) calculated: 50'06% C. 3'65% H, 9'24% CI, 
3'65% N. 25 '06% S; found : 50'02% C, 3'71 % H , 9'69% CI, 3'56% N, 25-64% S. 

[5-Chloro-2-(2-thicny lthio)phenyllacetic Acid (V///) 

A mixture of 26 ·1 g V, 5·0 g Sand 18·6 g morpholine was ~tirred and heated under reflux under 
nitrogen for 2 h to 140°C. Afte r cooling to 60°C it was diluted with chloroform and filtered with 
charcoal. The filtrate was wa shed with water, 5% hydrochl oric acid and water. dried with K2C03 
and evaporated under reduced pressu re. The residue was chromatographed on a column of 300 g 
silica gel (Silpearl). Elution with a mixture of 60% benzene an d 40% light petroleum removed 
the sta rting Va nd most of the oxothiomorpholide VII. The following elution with benzene gave 
27·7 g not completely homogeneous oily substance considered to be [5-chloro-2-(2-thienylthio)
phenyllacetic acidthiomorpholide (VI). This product was stirred and refluxed for 2·5 h with a solu
tion of 20·8 g KOH in 42 ml etha nol. It was then diluted with 230 ml water and the solution 
was ac idified after cooling with 50 ml hydrochloric ac id under stirrin g. The sepa rated acid was 
extracted with benzene. the extract was washed with water. dried with Na2S04- MgS04 and 
evaporated. The residue was crystallized first from a mixture of dichloromethane a nd hexane 
and thc product then from ethanol- hexa ne, m.p. 133 - 136°C. After processing the mother 
liquo rs by chromatography on 120 g silica gel and crystallization of the benzene eluates from 
ethanol- hcxane. the total yield of VIII was 9·4 g (34% calculated per start ing V). Analytical sam
ple, m.p. 134 - 138°C (ethanol). UV spectrum: )' ll1ax 251 nm (log e 4'20), infl. 285 nm (3. 71). IR 
spectrum: 719. 811, 870, 89 1 (3 adjacent thiophene H, 2 adjacent and solitary Ar- H), 1217. 
1238. 1270.1700.2630, 2720, infl . 3 120 (RCOOH). I 520, 1580 cm- 1 (Ar). 1 H NMR spec
trum (CzH 3S0CzH 3 ): () 7·75 (dd. J = 5'0; 1·5 Hz, I H, 5-H of thiophene), 6,90 - 7,50 (m. 5 H, 
remaining Ar- H and thiophene H), 3·80 (s, 2 H, ArCH 2CO). Fo r C12H9CIOzSz (284,8) 
ca lculated: 50'61 % C, 3'19% H. 12·45% CI, 22'52% S; found : 50·74% C, 3' 18% H. 12'99/~ CI, 
22'29% S. 

Eva pora tion of the mother liquor and crystallization of the residue from a mixture of toluene 
and hexane gave 2·9 g a nother acid which was identified as 5-chloro-2-(2-thienylthio)benzoic 
acid (IX), m.p. 190 - 191 °C. Mass spectrum, m/z (%): 269·9560 (M+ corresponding to C 11 H 7 . 

. Cl0 2 S2 , calculated 269'9577 , 100%). 252, 237. 224 (36). 190 (22), 171 (27). 115 (27). 71 (70). 
UV spect rum: }' ll1 ax 257 nm (log E 4'18). 323 nm (3' 59). IR spectrum: 810, 831, 857, 890 (2 adjacent 
and solitary Ar-·H). 923. I 247, I 309. 1 690 , 2535. 2600, 2630, 2665, 2728, infl. 3 140 (Ar. 
.COOH), J 548cm- 1 (Ar). IH NMR spectrum (C2H 3S0C2H 3 ): 0 7·90 (d , J = 2·5 Hz, I H, 
6-H). 7·85 (dd, J = 5'0; 1·5 Hz, J H, 5-H of thiophene), 7·10- 7·50 (m, 3 H, 4-H and thiophene 
3,4-Hz), 6· 75 (d, J = 9·0 Hz, J H. 2-H ). For C II H 7 C10 zS2 (270'8) calculated: 48'80% C, 2·61 % H, 
13-09% CI, 23-68% S; found: 48'69% C, 2'56% H, 13'11 /~ CI, 23'50% S. 

7-Chlorothieno[2,3-b l-j-benzothiepin-4(5H )-one (X) 

A mixture of 6·4 g VIII, 8·0 g P20S and 65 ml toluene was stirred and refluxed for 3 h, after 
cooling it was washed with 5% KOH solution and with water. Acidification of the washings 
recovered 2·0 g starting acid VIII (m.p. 133 - 136°C). The toluene solution was dried with K 2C03 

and evaporated. The residue gave by crystallization from a mixture of 20 ml benzene and 10 ml 
hexane 2·8 g X, m.p. 154- 157°C. Evaporation of the mother liquor and chromatography on a co
lumn of 30 g silica gel (elution with benzene) gave first further 1·0 g X, m.p. 153-156°C; the total 
yield is thus 3·8 g (92% per convenion). Analytical sa mple, m.p. 156-157°C (benzene- hexane). 
UV spectrum: }'max 258 nm (log Ii 4'33), 313 nm (3·95). IR spectrum: 812, 880, 900 {2 adjacent 
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and sol itary Ar- I-I }. 1502. 1557. 1 577,30:;0.3085.3 100 (.Ar). 1666 cm - J (ArCOR). J H NMR 
spectrum: <5 6·80 - 7·50 (m. 5 H. ArH). 4·1 0 (5.21-1. ArC H 2 CO). Fo r C J 21-1 , ClOS (266'8) ca lcul
ated: 54'03% C. 2'64~<' H. 13'29~{, CI. 24'04°;, S: found: 54·21 ~~ C. 2'6 1 ~<. 1-1, 13' 54% C I. 23·91 % S. 

Continued elution in the ch ro matography of the mother liqu o rs gave 0'3 g 6-chlorothieno
[2,3-b]-I-benzothiopyran-4-one (X/). m.p. 180 - 184°C (benzene). Mass spectrum. nI/ Z (%): 
251·9495 (M + corresponding to C J J H 5 CIOS 2 in agrec ment with thc analysis. ca lculated 251'9471 , 
100%),224 (50), 189 ( IO), 145 (12). UV spectrum: )' n':I ' 263 nm (l og I: 4'44), 366 nm (3'86». in
flexes at 288 nm (3'97) an d 307 nm (3'67). IR SpeCll'lllll : 77 1. 820,909 (2 adjacent and solitary 
Ar- H ). 1502, 1585.3069.3 100 (Ar). 161 3cm - J (ArCOA r). Lit J4

.
J7 , m .p. 180 - 182, a nd 

174°C, respec tively. 

7-Chloro-4,5-dihydrothieno[2,3-b ]-I-benzo thiep in-4- 01 (XlI) 

A stirred soluti on of 4·1 g X in a mixt ure o f 40 ml ethan o l a nd 20 ml te trahydrofuran was trea ted 
with 0·45 g NaBH4 a nd reflu xed fo r 10 min . It was evaporated ill l'(J(,1I0, the residue was treated 
with 60 ml water and extracted with ben zene. The extract wa s wa shed with water. dried with 
K 2C03 and evaporated under red uced pressur~. The residue wa s crysta llized fro m etha nol- hexane 
and the mother liqu o r was processed in the usual way: 3·5 g (80%), m .p. 133 - 134°C (ethanol). 
IR spectrum: 8 14, 833 , 88 1 (2 adjacent a nd soli ta ry AI" H). 10<)0 (CI-IOH in the cycle), 1555. 
1580 (Ar). 3 100, 3 190. 3 250.cm - J (OH ). J H NMR spectrum (C1H 3S0C 1 H3 ) : ,5 6'90 - 7'60 
(m, 5 H, ArH), 5· 60 (bd, J occ 5·0 I-I z, di sa ppears aJ'ter 1 H 20 . I H. O H), 4'85 (bq, .I ~= 5'0 Hz, 
I H , Ar- CH- O). 3-40 (d. J ~ ' 5·0 Hz. 2 H, ArC H 2 ). Fo r CJ2 H9 C10S 2 (268'!l) ca lcu lated. 
53-62% C, 3'38% H, 13 ' 19% C I, 23-86% S; fo und 53-85 ~;' C. 3'34% H , 12'98~~ CI, 23'68/;' S: 

4, 7-Dichloro-4,5-dihydrothieno[2,3 -b]- 1 -benzothiepin (X III ) 

A soluti on of 3·5 g XlI in 35 ml benzene was treated with 1'3 g powdered CaCl 2 and the sus
pension was saturated for 2 h with HCI at 10 - 15°C. After sta ndin g overnight the mixture was 
filtered , the Illtratc was evaporated and the residue crystalli zed from benzene- hexane; 3·5 g 
(94%), m.p. 145 - 147·5°C (benzene). Fo r C

J 
l HHCI2S2 (2S7'2) calculated: 50'1 8% C, 2'8 1%H, 

24'69% C I, 22'33~~ S; found: 50'70% C. 2' 80 ~ ;' H , 24·43 % CI. 22'13 % S. 

7-Chloro-4- [4-(2-hyd roxyet hyl)pipe razin oj-4,5-dihyd rot hienol2,3-b ]-I-bcnzothiepin (J V) 

A mixture o f 3'2 g Xlll, 2·9 g 1- (2-hyd roxyethyl)piperazine and 3·0 ml chl o rofo rm wa s stirred 
and refiuxed unde r nitrogen for 5 h. After sta ndin g ove rnight the mi xture wa s treated with 100 ml 
water and extracted wit h dichl o romethane. The ext ract wa s wa shed with water and shaken 
with 50 ml 5% hydroch loric ac id. The precipitated hydrochloride was dissolved by the addition 
of 100 ml water, the aqueous layer was sepa rated, made alkaline with NH4 0H and the base 
was isolated by extrac tion with dichloromethan e; 3·6 g (S5 %) c rude J V. Crysta lliza tion from 
ethanol gave a solvate meltin g un sharpl y at 11 6- 126°C. It was cry~ta lli zed from benzene- hexane 
but the different substance obtained appears to be a 6: I solva te with benzene, m.p. 130 - 136°C. 
Mass spectrum, m/z (%): 380'0772 (M + corresponding to C J 8 1-12 J CIN 20S2' calculated 380'0785, 
18%), 251 (45), 250 (38), 21 8 (21), 216 (22). 129 (29), 100 (100). 58 (35), 56 (60). UV spectrum: 
inflex at 265 nm (log e 3'90). IR spectrum : 8 15, 822, 876, 900 (2 adjacent and solitary Ar- H), 
1049 (CH 20H), 1 555, I 580 (Ar), 2 820 (CH 2- N), 3 130 cm - I (OH). J H NMR spectrum: 
<5 7'00-7' 40 (m, 4 H, 6,8 ,9-H3 and 1/ 6 C6 H6 ), 7'05 (d, J = 5'0 Hz, 1 1-1 , 2-H), 6·90 (d , J = 

= 5-0 Hz, 1 H, 3-H), 3'00 - 4'00 (m, 3 H, ArCH1CHAr), 3'60 (t, J = 7'0 Hz, 2 H, CH20), 
3·12 (s, I H, OH), c. 2·55 (bm, 10 H, 5 NCH2 )· For C J 8 H 21 CIN 20S2 + 1/ 6 C6H6 (394'0) 
calculated: 57-92% C, 5'63% H, 9 '00% CI, 7· 11 % N, 16'28% S; found: 58'23% C, 5·81 % H, 9· 10% 

Cl, 6'99% N, 16'09% S. 
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Bis(hydrogell maleate), m.p. 129 - 130°C with decomposition (ethanol- ether). For C26 H z9 . 
. ClN 2 0 9S2 (613'1) calculated: 50'93% C. 4'77% H, 5·78% Cl. 4'57% N. 10'46% S; found: 
51'10% C. 4·79% H. 5'95% Cl. 4·77% N. 10'50% S. 

The organic layer. from which the basic product was removed by extraction with dilute hydro
chloric acid. was washed with water. dried with NazS04- MgS04 and evaporated. The oily 
residue was chromatographed on a column of 15 g silica gel. Elution with benzene gave 0-40 g 
(14%) homogeneous 7-chlorothieno[2.3-b]-I-benzothiepin (X/V). m.p. 50 - 51 °C (cyclohexane
- hexane). J H NMR spectrum: (5 6·70-7'30 (m, ArH and CH= CH). For C I2 H 7 ClS2 (250'8) 
calculated: 57'47% C. 2'81 % H. 14'14% Cl. 25·57% S; found: 57'95% C. 2'95% H. 13·80% CI. 
24'95% S. 

The spectra were recorded and interpreted by Drs E . Svatek. 1. H olubek . M. Ryska. I . Koruna. 
1. Schlanger and Mrs A. Ifradkova (departmelll a/physical chcrnistry a/ this institute). The microbiol
logical screening was carried alit by Dr V. Hola and coworkers (department a/microbiology). The 
authors are illdebted to Mrs 1. Komancovti and !drs V. Smideva /01' carryillg alit the analyses 
(allalytical departmelll). 
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