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Substitution reactions of 2,11-dichloro-7-fluoro- (series @) and 2,11-dichloro-3,7-difluoro-10,11-
dihydrodibenzo[b, f]thiepin (series b) with 1-(4-fluorobenzyl)piperazine, 1-[2-(4-flucrophenyl)-
ethyl]piperazine, 1-[2-(4-fluorophenoxy)cthyl]piperazine, 1-[2-(4-fluorophenylthio)ethyl]piperazine,
1-[3-(4-fluorobenzoyl)propyl]piperazine and 1-[4,4-bis-(4-fluorophenyl)butylipiperazine gave the
title compounds Ja,b—V1Ia,b. Compounds of the series a are little toxic, have low cataleptic acti-
vity and display a relatively high central depressant activity, being fully developed only after 4 h
and persisting until the 3rd—7th day after the oral administration. Compounds of series b are
less active and the protracted depressant effects are shown only by substances /15 and Vb.

In onc of the recent communications of this series! we described the synthesis of six
2-chloro-11-[4-(4-fluoroaralkyl)piperazino]-10, 11-dihydrodibenzo[ b, f Jthiepins  as
potential tricyclic ncuroleptics in the effort to estimate the influence of the para-fluori-
nated phenyl in the side chain on the activity and its duration. With the exception
of the 4-[3-(4-fluorobenzoyl)propyl]piperazino derivative, these products did not
reveal at all the neuroleptic character. In the present communication, we are de-
scribing the synthesis of similar substances in which we attempted to increase the
intensily and duration of effect by introducing a fluorine atom into position 7 of the
skelcton, or by a simultaneous fluorination in positions 3 and 7, i.e. substances
Ia—VIa and Ib—VIb. The positive influence of fluorination in these positions in the
analogous N-methyl and N-(hydroxyalkyl) derivatives was confirmed”~*,

The acids VIla (refs?+®) and VIIb (ref.*) were the starting products; they have
now been prepared by reactions of (4-fluoro-2-iodophenyl)acetic acid® with 4-chloro-
thiophenol and 4-chloro-3-fluorothiophenol®, respectively, in a boiling aqueous
solution of potassium hydroxide and in the presence of a copper catalyst (for ana-
logy, ¢f.7). Both acids were cyclized with polyphosphoric acid to ketones VIIa and
VIIIb. Using described methods, the ketones VIIIa,b were transformed in two-
steps to  2,11-dichloro-7-fluoro-10,11-dihydrodibenzo[ b, fJthiepin® and  2,11-di-

* Part CXLVTI in the series Neurotropic and Psychotropic Agents; Part CXLV: This Journal
46, 118 (1981).
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TasLe I

Compound /a—Vla and Ib—VIb

Calculated/Found

Compound Method M.p., °C Formula _
(yield, %) (solvent) (mol.wt.) % C %H %4Cl %F %N %S

Ia A1 140—141'57  C,5H,,CIF,N,S 6571 507 776 831 613 7-02
(49)  (acetone) (457-0) 65:54 521 780 819 608 729

§(3 Al T153—156°  C,5H,,CIF3N,S 6322 467 747 12:00 590 675
(50)  (acetone) (475:0) 63-81 484 771 11:50 590 7-27

Ib-M 183—185 C,gH,,CIF;N,0,S 5805 454 591  9:50 467 534

(ethanol) + 0:5H,0 57-86 4:74 597 967 490 563
(600-1)
a2M* A1 150—152f  Cy4H;;CIF,N,04S 58:0B 479 504 540 398 4-56
(49)  (aqueous ethanol) (703-2) 58:12 506 517 521 406 471
IIb-A? A-I" 114—115 Cy6H4CIF3N,S 6386 4:95 7-25 1166 573 656
(66) (cyclohexane— (489-0) 64-07 511 733 1194 571 666
light petroleum)

Jir:y 144—146 Cy6H,4CIF3N,S 6386 4:95 725 11466 573 656
(cyclohexane— (489:0) 63-82 490 731 11-86 578 678
light petroleum)

Hla-2 M®  A-II" 148—149 C34H;3CIF,N,008 5678 463 493 528 3:90 4:46

(39) (ethanol-ether) (719-2) 5679 4-66 502 510 3-72 4-57

HIb-M¢ A1 181—1841  CyqH,3CIF;N,0,S 5802 4-54 570 918 451 516

(72)  (acetonc) (621°1) 58:25 4-62 589 9:38 4-55 5-20
IVa-M® AT 170—172%  C3oH,4CIF,N,0,4S, 5820 472 573 614 4521036
(41 (ethanol) (619-2) 5819 461 600 612 4-5910:37
Vb-M®  A-l 189—192'  CyyH,yCIF3N,0,S, 5655 443 5:56 895 4-4010:06
(48)  (acctone) (637-3) 5641 433 586 969 4-4810-20
1Va-M°® Al L 169—173™  C3,H5,CIF,N,0,S 61-09 4:97 564 604 445 510
(53) (aqueous ethanol) (629-1) 61-21 516 580 577 442 511
Vb A-11 129—132" C,gH,(CIF;N,08 6333 494 668 10-73 528 604
(57)  (cyclohexane) (531-0) 63-08 4:86 690 1067 541 622

Vb-M*© 181—183 C3,H;(CIF;N,04S 5939 4-67 548 8:81 433 495
(ethanol) (647-1) 60-00 512 525 858 477 493

Via2M® AT 152154 C4,H,oCIF;N,04S 61-12 4-89 430 691 3-39 3-89

(38) (ethanol-ether) (825-3) 61-21 498 410 698 3-43 3-82

VIb-2 M® A-11 161—163° C4,H3oCIFyN,0gS 59-82 466 420 901 3-32 3-80

(50) (acetone—ether) (8433) 59:86 484 440 920 3-40 408
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chloro-3,7-difluoro-10,11-dihydrodibenzo[ b, f Jthicpin®. These chloro dcrivatives were
processed by substitution reactions with 1-(4-fluorobenzyl)piperazine?, 1-[ 2-(4-fluoro-
phenyl)cthylpiperazine’, 1-[2-(4-fluorophenoxy)ethy! |piperazine’, 1-[2-(4-fluorophe-
nylthio)ethylpiperazine', 1-[3-(4-fluorobenzoyl)propyl]piperazine® and 1-[4,4-bis(4-
fluorophenyl)butylpiperazine' (used in an excess of 100%) in boiling chloroform
(method A-I); the products were the compounds Ia,b—VIa,b which, in some cases,

—
2 "H-NMR spectrum: & 7:60 (mcs, J = 2-5 Hz, 1 H, 1-H), 727 (4, J = 8:0 Hz, 1 H, 4-H),
6:70—7-20 (m, 8 H, remaining Ar—H), 3:00—4-00 (m, 3 H, ArCH,CHAX), 3-40 (s, 2 H, ArCH, N)
2:60 (m, 4 H, CH,N'CH, of piperazine), 245 (m, 4 H, CH,N*CH, of piperazine). * 'H-NMR
spectrum: & 7-70 (d, Jy _g = 8:0 Hz, 1 H, 1-H), 6:70—7-40 (m, 8 H, remaining Ar—H), 3-00 to
400 (m, 3 H, ArCH,CHAI), 3-45 (s, 2 H, ArCH,N), 2:60 (def. t, 4 H, CH,N' CH, of piperazine),
2:45(m, 4 H, CHZN"CHz of piperazine); *°F-NMR spectrum: 6 —1164 (dt, Jro-ny = 80 Hz;
Je(m-Hy = 55 Hz, 1 F, 7-F), —116'6 (m, F of fluorophenyl), —118:6 (dd, Jro—ny = 8'5 Hz;
Je(m-n) = 65 Hz, 3-F). Maleate. ? Hemihydrate. © Bis(hydrogen maleate). / ' H-NMR spectrum
of the base released from the pure salt: § 7-64 (mcs, J = 2-5 Hz, 1 H, 1-H), 6:70—7-40 (m, 9 H,
remaining Ar—H), 3-00—4-00 (m, 3 H, ArCH,CHA), ¢. 2:55 (m, 12 H, 5 NCH, and ArCH,).
9 Crystal modification 4. "See Experimental. ’ Crystal modification B. / !H-NMR spectrum
of the base released from the pure salt: § 7-70 (d, J, _y = 8:0 Hz, 1 H, 1-H), 6:70-—-7-30 (m, 8 H,
remaining Ar—H), 4-05 (t, J = 6:0 Hz, 2 H, CH,0), 3-:00—4:00 (m, 3 H, ArCH,CHAr), 2-78
(t, J= 60 Hz, 2 H, NCH, in the chain), 215 (bs, 8 H, 4 NCH, of piperazine). kfH-NMR
spectrum of the base released from the pure salt: 6 7-62 (mcs, J = 2-5 Hz, 1 H, 1-H), 6:70—7-40
(m, 9 H, rcmaining Ar—H), 2:80—4-00 (m, 5 H, ArCH,CHAr and CH,S), ¢. 255 (m, 10 H,
5 NCH,); 19F_NMR spectrum: 6 —116:3 (m, F in fluorophenyl), —116-6 (dt, Jeo-m = 9-0 Hz;
Jem-n) = 55 Hz, 7-F). ITH-NMR spectrum of the base released from the pure salt: § 7-70
(d, Jy—g = 80Hz, | H, 1-H), 6:70—7-50 (m, 8 H, rcmaining Ar—H), 3-00--4-00 (m, 3 H,
ArCH,CHAI), 300 (t, 2 H, CH,S), 2-30—2:80 (m, 10 H, 5 NCH,). " 'H-NMR spectrum
of the base released from the pure salt: § 7-98 (m, 2 H, 2 Ar—H in the fluoropheny! adjacent
to CO), 760 (mcs, J = 2-5 Hz, 1 H, 1-H), 6:70—7-40 (m, 7 H, remaining Ar-- -H), 3:00—4-00 (m,
3 H, ArCH,CHATr), 292 (t, 2 H, CH,CO), c. 255 (m, 10 H, 5 NCH,), 195 (m, 2H, CH, in the
middle of the propane chain); 1*F-NMR spectrum: 6 —106:5 (m, F in the fluorophenyl), —116:6
@4, Jpo— gy = 90 Hz; Jp gy = 55 Hz, 7-F). " TH-NMR spectrum: & 8:00 (m, 2 H, 2 Ar—H
in the fluorophenyl adjacent to CO), 7-71 (d, J = 80 Hz, 1 H, 1-H), 7-16 (d, J="10-0 Hz, 1 H,
4-H), 6:80--7-40 (m, 5 H, remaining Ar—H), 3:00—4-00 (m, 3 H, ArCH,CHAr), 2:98 (t, J =
== 7-0 Hz, 2 H, CH,CO), 2:50 (m, 8 H, 4 NCH,, of piperazine), 2:45 (t, J = 80 Hz, 2 H, NCH,
in the chain), 2:00 (m, 2 H, CH, in the middle of the propane chain); 19F_NMR spectrum:
3 -—1065 (m, F in the fluorophenyl), —116:3 (dt, Jg(y—my = 8:0 Hz, Jp(g—yy = 55 Hz, 7-F),
~=118-7 (dd, Jr(o~-ny = 85 Hz; Je(m-n) = 65 Hz, 3-F). ° TH-NMR spectrum of the Abgse
releascd from the pure salt; & 7-62 (mcs, J — 2:0 Hz, 1 H, 10-H), 6:80—740 (m, 13-H, remaining
Ar—H), 3-00—4-00 (m, 4 H, ArCH,CHAr and Ar,CH), 260 (m, 4 H, CH,N'CH, of pipera-
zine), 2:38 (m, 6 H, remaining 3 NCH,), 198 (m, 2 H, C3H2 in the buty! chain), 1:45 (m, 2 H,
C2H, in the butyl). » '"H-NMR spectrum of the base released from the pure salt: § 7-70 @,
Jy—g = 8:0Hz, 1 H, 1-H), 6-70—7-40 (m, 8 H, remaining Ar—H in the tricycle and 4 Ar—H
in 2,6,2',6’-positions of benzhydryl), 6:90 (t, 4 H, 4 Ar—H in benzhydryl adjacent to F), 3-00 to
4:00 (m, 4 H, ArCH,CHAr and Ar,CH), 2:60 (def. t, 4H, CHZNICHZ of piperaéine)i 2:40
(m, 6 H, remaining 3 NCH,), 2:00 (m, 2 H, CJHZ in the butyl chain), 1:40 (m, 2 H, C*H, in the
butyl).
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had to be separated [rom the starting monosubstituted piperazines by chromatography
(method A-I1). The final products are assembled in Table I with the experimental data.

F 7 N R a, R=H
/w/ by R=F
X

N cl
7\ .
N\ /N—(CHZ),,—X E
I, n=1, X=- 1V, n=2, X=§
I, n=2, X=- V., n=3 X*\CO —
ni, n=2, X=0 VI, n—3, X= CH— F
NS
R
DT UK
s — cl ( T
\_/ SN ‘\/ i
CH,COOH Y
vir Vi

The compounds Ja,b—VIa,b were pharmacologically evaluated as potential
neuroleptics in the form of salts described in the Experimental and in Table I. Results
are summarized in Table II; the doses given were calculated for bases. The Table II
includes for comparison data on octoclothepin® and chlorpromazine. All compounds
were administered orally. The acute toxicity was estimated in mice and is expressed
as the usual LDso. The Table 1L shows further the medium effective doses (EDs,)
bringing about ataxia in the rotarod test in mice and the medium effective doses
(EDs,) exhibiting catalepsy in rats. The new compounds are less toxic and less active
than octoclothepin®. Compounds of the series a (7-fluoro derivatives) are more
active than compounds of the series b (3,7-difluoro derivatives): the p-fluorophenethyl
compound Ila and the p-fluorobenzoylpropyl compound Va arc ncuroleptics with
strong tranquillizing and mild cataleptic (chlorpromazine-like) activity. Both activities
show a high degree of prolongation; the incoordinating effect persists until the
4th-7th day after the administration, thc catalepsy is still apparent after 48 ~-72 h
after the administration. Even the incoordinating effect of the less active compounds
(Ia, 11la, 111b, IVa, Vb) is clearly protracted and lasts for 3—4 days. This is an
important difference in comparison with octoclothepin®, the effect of which disap-
pears within the first 24 h.

The compounds were also tested for antimicrobial activity in vitro (Dr L. Lang3adl and
Dr J. Turinov4, bacteriological department of this institute). The used microorganisms, numbers
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of compounds and the minimum inhibitory concentrations in pg/ml (unless they exceed 100 pg/ml)
are given: Mycobacterium tuberculosis H3TRv, Ib 50, 1la 6:25, 111a 25, 1116 50, IVa 100, Va 312,
Vb 12-5, V1a 100; Trichophyton mentagrophytes, Ib 50, I1a 50, 111a 50, 1Va 50, Va 50, Vla 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 P,05 at room temperature or at
77°C. The IR spectra were recorded with a Unicam SP 200G spectrophotometer, 'H-NMR
spectra (CDCly) with a Tesla BS 487C (80 MHz) spectrometer and the 'F-NMR spectra

TasLE IT

Pharmacological Properties of Compounds Ja,b—Via,b
Oral administration, doses in mg/kg, numbers in parentheses are percent of animals responding
to the dose given.

Acutc toxicity  Ataxia rotarod Catalepsy
Compound Code number D4 EDsy° ED.,
la VUFB-12.430 >1000 (10) 31° >>100°
Ih VUFB-12.483 >1 000 (40) >100 >100
Ha VUFB-12.431 340 < 10 (60%) 15¢
b VUFB-12.484 s >100 =100
la VUFB-12:432 370 659 =100°
11b VURB-12:485 ! 3s? >100
IVa VUFB-12.433 660 245" >100¢
Vb VUFB-12.486 ! >100 >100
Va VUFB-12.434 410 54! 197
Vb VUFB-12.487 ! 88* >100
Via VUFB-12.435 >1000 (0) =100 (4) >100°
Vib VUFB-12.488 >1000 (0) 100 =100
Octoclothepin® 78 2:2 43
Chlorpromazine 198 82 16

“ The data given refer to the maximum activity in the interval of 3—4 h after the administra-
tion. ® The effect of a dose of 100 mg/kg persits until the 3rd day after the administration. © This
dose brings about a strong depression persisting over 24 h. 4 The effect of a dcse of 100 mg/kg
persists until the 7th day after the administration. € After 24 h, EDso = 36 mg/kg; after 48 h
and a dose of 100 mg/kg, 20% animals are still in the cataleptic state. J Not estimated. ¢ The
effect of a dose of SO mg/kg persists until the 4th day after the administration. P The effect of a dose
of 100 mg/kg persists until the 4th day after the admir_iistrntion. i The effect of a dose of 25 mg/kg
persists until the 4th day after the administration. J After 24 h, ED5, = 85 mg/kg; after 4§ h
100 mg/kg; after 72 h >100 mg/kg (30%). ¥ After 24 h, EDo = 130 mg/kg; the effeet persists
until the 4th day after the administration.
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(in CHCly, é¢cpc), = 0) with the same instrument. The homogeneity of the compounds was
checked by thin layer chromatography on silica gel (Silufol). The column chromatography was
carried out on neutral alumina (activity II).

[2-(4-Chlorophenylthio)-4-fluorophenyl]acetic Acid (V/la)

A solution of 220 g 4-chlorothiophcenol, 38-4 g (4-fluoro-2-iodophenyl)acetic acid® and 20 g KOH
in 300 ml water was treatcd with 1-5 g Cu and refluxcd for 12 h. The warm solution was filtered,
acidified with hydrochloric acid and extracted with benzenc. The extract was washed with water,
dried (MgSO,) and evaporated. The residue crystallized from a mixture of benzene and light
petroleum; 29-3 g (73%), m.p. 118—123°C. A sample was recrystallized from aqueous ethanol,
m.p. 121~ -124°C (fit?, m.p. 124—125°C).

[2-(4-Chloro-3-fluorophenylthio)-4-Auorophenyl]acetic Acid (V/1b)

A mixture of 520 g (4-Aluoro-2-iodophenylacetic acid®, 35:0 g 4-chloro-3-fluorothiophenol®,
52 g 85% KOH, 400 ml water and 1-0 g Cu was refluxed for 12 h, filtered, the filtrate acidified
with hydrochloric acid and extracted with dichloromethane. Processing of the extract and crystal-
lization of the residue {rom cyclohexane gave 386 g (66%) crude V7ib, m.p. 83— 87°C. Analytical
sample, m.p. 84—88°C (cyclohexane). IR spectrum (Nujol): 810, 831, 867, 883, 903 (2 adjacent
and solitary Ar—H), 932, 1239, 1700, 2553, 2665, 2745 (COOH), 1488, 1579, 1600, 1610, 3083,
3092, 3110 cm ™~ ! (Ar). For C, ,H,CIF,0,S (314-7) calculated: 53-43% C, 2:88% H, 11-26% Cl,
12:07% F, 10-17% S; found: 53-58% C, 2:92% H, 11:70% Cl, 12:41% F, 10-44% S. The literature®
described a different procedure and the product was not characterized.

8-Chloro-3,7-difluorodibenzol[b, f]thiepin-10(11 H)-one (VIIIb)

A mixture of 386 g VI7b and 250 g polyphosphoric acid was stirred and heated for 8 h to 120 to
130°C. After cooling it was decomposed with 1 kg ice and water and extracted with benzene.
The extract was washed with 59, NaOH and water, dried (MgSO,) and evaporated; 32:3 g (88%),
m.p. 129—133°C (lit.4, m.p. 131—133°C).

2-Chloro-3,7-difluoro-11-[4-(2-[4-fluorophcnyllethyl)piperazino]-
-10,11-dihydrodibenzol[b, f]thiepin (1Ih) (Method A—I)

A mixture of 5-0g 2,11-dichloro-3,7-difluoro-10,11-dihydrodibenzo[h, f]thiepin®, 8:5 g 1-[2-(4-
-fluorophenyl)ethyl]piperazine! and 10 ml chloroform was stirred and refluxed for 8 h. It was
then diluted with chloroform, washed with 10% NaOH, the organic solution was dried with
K,CO; and evaporated. The residue was dissolved in ether and the solution treated with a slight
excess of anhydrous HCl in ether. The precipitated hydrochloride was filtered, suspended in warm
water, filtered after cooling, decomposoed with 20% NaOH and extracted with cther. Processing
of the extract gave 51 g (66%) base crystallizing from ethanol. For analysis, the sample was
crystallized from a mixture of cyclohexane and light petroleum, modification 4, m.p. 114—115°C.
IR spectrum (KBr): 770, 822, 870, 900 (2 adjacent and solitary Ar—H), 1236, 1240 (Ar—F),
1480, 1492, 1512, 1535, 1600, 3050, 3073 cm ™! (Ar). 'H-NMR spectrum: & 7-70 (d, Jy—f =,
= 8:0 Hz, | H, 1-H), 6:70—7-30 (m, 8 H, remaining Ar—H), 3-00—4-00 (m, 3 H, ArCH,CHAr),
2:30—2-90 (m, 12 H, 5 NCH, and ArCH,). 19E.NMR spectrum: 6 —116-3 (dt, Jp(,—yy = 8:0Hz;
Jp(momy = 55 Hz, 7-F), —118:0 (m, F in fiuorophenyl), —118:6 (dd, Jpp—yyy = 8-5 Hz
JE(m-H) = 6-5 Hz, 3-F). Crystallization of another sample from a mixture of cyclohexane
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and light petrolcum and standing for 2 days led to modification B, m.p. 144—146°C. The IR
spectrum (KBr) shows differences in comparison with that of modification A: 770, 820, 861, 874
(2 adjacent and solitary Ar-—H), 1219, 1236 (Ar—F), 1472, 1490, 1512, 1581, 1599, 3045,
3073 cm ™! (Ar). In CCly, the IR spectra of both modifications are identical. Analyses in Table I.

2-Chloro-7-fluoro-11-[4-(2-[4-fluorophenoxyJethyl)piperazino]-
-10,11-dihydrodibenzo[b, f]thiepin (/1) (Method A—IT)

A mixture of 3-0 g 2,11-dichloro-7-fluoro-10,11-dihydrodibenzo[b, f1thiepin?, 4-5 g 1-[2-(4-fluoro-
phenoxy)ethyl][:vipel‘azil:lt:1 and 5 ml chloroform was stirred and heated under reflux to 70°C
for 8 h. It was diluted with chloroform and shaken with a saturated solution of K3CO,. The
organic layer was washed with water, dried with K,CO, and evaporated under reduced pressure.
The residue was chromatographed on a column of 250 g alumina. Elution with light petroleum
removed the least polar components. Elution with benzene gave 1+9 g (39%) homogeneous oily
basc. Neutralization with 1-0 g maleic acid in ethanol gave 2:1 g bis(hydrogen maleate), m.p.
148—149°(cthanol-ether). Decomposition of a sample with NH,OH and extraction with ether
gave pure oily basc I/]a, used for recording the spectra. TH-NMR spectrum: & 7-60 (mcs, J =
= 2-5 Hz, 1 H, I-H), 6:70—7:40 (m, 9 H, remaining Ar—H), 4:00 (t, J = 6'0 Hz, 2 H, CH,0),
3-00—4-00 (m, 3 H, ArCH,CHAr), 278 (t, J = 6:0 Hz, 2 H, NCH, in the chain), 2:60 (m, 8 H,
4 NCH, of piperazine). 19F.NMR spectrum: § —1166 (dt, Jr-ny = 9O Hz, Jp(m-n) =
— 5:5 Hz, 7-F), —124+6 (m, F in fluorophenyl). Analysis in Table I.

The authors are indebted to Drs J. Holubek and E. Svdtck (department of physical chemistry
of this institute) for the measurement and interpretation of the spectra and to Mrs J. Komancovd,
Mrs V. Smidovd, Mr M. Cech and Mrs J. Kropdéovd (analytical department of this institute) Sfor
carrying out the analyses.
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