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In an attempt to obtain structural analogues of ‘‘clozapine’ (II) in the series of derivatives
of dibenzo[b,f]thiepin, the title compounds Ifla—Iile, IVb, IVe and ¥ were synthesized via the
intermediates VI— XIII. The substituent in the ring of these compounds is shifted from the usual
position 8 to 2. Like clozapine (/I) and the chloro derivative I/l (R = ClI, R? = H), all the
compounds prepared are inactive cataleptically; in contrast with the two, however, they are
less potent as central depressants.

Schmutz and coworkers!*? described for the dibenzo[b,e]-1,4-diazepine derivative I a high
degree of cataleptic and depressant activity; a shift of the chlorine atom from position 2 (nearer
the piperazine residue) to position 8, as carried out in I/, was associated with disappearance
of cataleptic activity while the central depressant activity was preserved. In view of the im-
portance ascribed to the cataleptic effect because of its allowing to predict antipsychotic activity
on the basis of experiments with animals (see ref.s) one could expect compound I7 (“HF-1854")
to be antipsychotically inactive. On the contrary, however, it displaved a useful antipsychotic
activity during preliminary clinical tests* and is being introduced into clinical practice under the
name *‘clozapine” (Leponex®)® ™%, Using relatively high doses, the preparation is reliable in the
treatment of schizophrenia when it causes much less extrapyramidal reactions than all other
neuroleptics used. These surprising results lead to the tendency to consider the cataleptic effect
as correlating rather with the side effects of extrapyramidal character than with the antipsychotic
activity itself and henée to attempts to revise the term “neuroleptic”1®. Clozapine contributed
to the development of neurochemical studies which resulted in the finding of its enhancing the
turnover of dopamine in the brain, which results in an increased level of (4-hydroxy-2-methoxy-
phenyl)acetic acid (i.e. homovanillic acid), the principal product of dopamine metabolism*? -1
It is assumed that these properties might represent more specific predictive indicators of anti-
psychotic activity16 than the hitherto employed demonstration of cataleptic, antiapomorphine
and antiamphetamine activity which clozapine lacks.

Transition from the classical neuroleptic (see I) to the new type of neuroleptic,
i.e. clozapine (II), was accompanied from the structural point of view by the shift
of the typical substituent from the usual position in the skeleton to a “quasi”-sym-

* Part LXXXIV in the series Neurotropic and Psychotropic Agents; Part LXXXIII: This
Journal 40, 1612 (1975).
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metrical one. A similar change is not possible in the molecules of those tricyclic
neuroleptics where the skeleton forms a completely symmetrical formation together
with the side-chain, i.e. in the molecules of phenothiazine and thioxanthene deriva-
tives. On the other hand, in the present series of 10-piperazinodibenzo[b,f |thiepin
neuroleptics, where positions 2 and 8 may also be considered as ‘“quasi”’-symmetrical,
such an approach appears to be feasible. This series includes the well-known neuro-
Jeptically active clorotepin (octoclothepin)'”-'® (III, R' = H, R*> = Cl) charac-
terized pharmacologically by a high degree of central depressant and cataleptic
activity and clinically by its reliable antipsychotic activity. Its 2-chloroisomer (1,
"R'=Cl R?* = H) was prepared some time ago'®-*° when it was evaluated only
from the point of view of central depressant activity in the rotating-rod test in mice
using intravenous application. Although it was closest to clorotepin of all the posi-
tion isomers of perathiepin monochloro derivatives it had only 25% of its activity.
In a recent testing after p.o. application it appeared, however, that on this application
it has an almost two-fold greater depressant activity than clorotepin and that it is
almost inactive cataleptically. This finding led to the view that in the present series
of neuroleptics one will be able to find compounds with the activity profile of cloza-
pine. The present study is the first in a series along these lines. It describes the pre-
paration and orientation pharmacology of 2-methoxy, 2-methylthio, 2-(dimethyl-
sulfamoyl) and 2-trifluoromethyl derivatives of perathiepin (IIIa, IlIc—IIle) and
further of the corresponding 2-methoxy-8-fluoro derivative [IIb, aminoalcohols
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IVb and I'Vc and finally of the enamine V. The molecules of these compounds contain
in position 2 substituents that had been found in position § to affect favourably
the degree of neuroleptic activity?! 23,

The synthesis of these compounds followed the general scheme , i.e. via the
intermediates VI—XIII. Of the starting acids VI, the literature contains data®*
only on 2-(phenyithio)-5-(dimethylsulfamoyl)benzoic acid (¥Id) which was obtained
in a reaction of 2-bromo-5-(dimethylsulfamoyl)benzoic acid**?* with thiophenol
in dimethylformamide in the presence of potassium hydroxide and copper. Analog-
ously (method A) we prepared now acid VIb from 2-bromo-5-methoxybenzoic acid?®
and acid Vic from 2-bromo-5-methylthiobenzoic acid®®. Acid VIa was prepared
by a reaction of sodium thiophenolate with the sodium salt of 2-bromo-5-methoxy-
benzoic acid?® in dimethylformamide in the presence of copper.. Synthesis of acid
VIe proceeded from 3-aminobenzotrifluoride which was brominated?” to 3-amino-4-
-bromobenzotrifiuoride; as by-product there appeared S-amino-2-bromobenzotrifluo-
ride?” and a dibromo derivative which, on the basis of IR and NMR spectra, may
be considered as 5-amino-2,4-dibromobenzotrifluoride (XIV). 3-Amino-4-bromo-
benzotrifluoride was converted according to data in the literature?8-2° to 2-bromo-
S-trifluoromethylbenzonitrile; as by-products of the diazotization and Sandmeyer’s
reaction there appeared two new compounds which, on the basis of analyses and
spectra, were identified as the triazene XV and the azobenzene XVI. 2-Bromo-5-
-trifluoromethylbenzonitrile was condensed with thiophenol in dimethylformamide
in the presence of potassium hydroxide and copper; the main product obtained
was 2-phenylthio-5-trifluoromethylbenzonitrile (X VII) and as a minor product, there
was the amide X VIII. Acid Vie was obtained by alkaline hydrolysis of nitrile X VII.

Acids VI were reduced to alcohols VI either with sodium dihydridobis(2-methoxy-
ethoxy)aluminate in benzene (see ref.*®) (method B) or with diborane in tetrahydro-
furan (see ref.>') (method C). To convert alcohols VII to chlorides VIII, thionyl
chloride in chloroform was used in the presence of pyridine (method D); in two cases
the crude products VITIa, Villc were used without characterization for further work.
Preparation of nitriles I1X from chlorides VIII was done in most cases through
a reaction with sodium cyanide in dimethylformamide (mgthod E); in the case
of chloride VI1Ib the reation with potassium cyanide in aqueous ethanol was used.
In the case of preparation of nitrile IXd by method E a mixture resulted which had
to be separated by chromatography on alumina, this yielding about 15%; of a more
polar product which, according to further processing (hydrolysis and cyclization,
see below), is apparently XIX, i.e. has the structure of the alkylation product of the
nitrile IXd by chloride VII1d (analogies and references in ref.*?). Hydrolysis of nitriles
IX to acids X was done with potassium hydroxide in aqueous ethanol (method F)
throughout.

To cyclize acids X to ketones XI polyphosphoric acid in boiling toluene (methad G)
was used throughout. The same method was employed for cyclization of the crude

17,19-23
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acid obtained by hydrolysis of the more polar product of preparation of nitrile 71.Xd
for which the structure XIX was suggested. A conjugated ketone (v(CO) 1665
cm™ ') was obtained which in the mass spectrum contains a molecular ion C3H;N,.
.0,S, in agreement with analysis. On the basis of these facts the product is assigned
the structure of ketone XX. Since method G yields ketone XIe in a low yield (most
of Xe is recovered), an attempt was made to cyclize acid Xe with polyphosphoric
acid alone at 145°C; the cyclization was accompanied under these conditions by hydro-
lysis of the trifluoromethyl group giving the keto acid XXI in a fine yield. When
working in toluene, ketone XIe is formed in mixture with other compounds, two
of which were isolated by chromatography. Both have the formula C,,H,,0,S,
both are conjugated diketones (v(CO) 1650 and 1684, or 1665 and 1676 cm™')
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and apparently the products of interaction of acid XXI with toluene in the sense
of a Friedel-Crafts acylation. On the basis of comparison of intensities of the bands
of IR spectra of both substances belonging to the 4 adjacent Ar—H bonds, the more
polar isomer, formed in a yield of about 7% was assigned the structure of the para
derivative XXII, the somewhat less polar and rather minor one (about 1% yield)
the structure of the ortho isomer XXIII. The patent application®® mentions ketone
Xla.
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Reduction of ketones XI to alcohols XII was done with sodium borohydride
in aqueous ethanol or in a mixture of ethanol and dioxane (method H). To convert
alcohols XII to chlorides XIII, the action of hydrogen chloride in benzene, chloro-
form or a mixture of the two was employed (method J). Only after termination
of the present experimental work, a patent application was published®* where the
preparation of some of our intermediates is described without data on yield or analy-
ses; the references are found in the appropriate sections.

The final products of this work, i.e. the piperazine derivatives IIla —IIT e, IVb and
IVe, were prepared by substitution reaction of chlorides XIII with 1-methylpiperazine
or with 1-(2-hydroxyethyl)piperazine in boiling chloroform (method K). Reaction
of ketone XI¢ with 1-methylpiperazine and titanium tetrachloride in boiling benzene
(see ref.%) yielded the enamine V which was reduced with diborane (method*®)
to the dihydro derivative Illc; this method represents an alternative procedure
for the preparation of IIT and I'V. As by-products of the substitution reactions ac-
cording to method K, the elimination products XXIV were found, only XXIVb being
a novel substance, all the others having been obtained?! ~23 jn the synthesis of ana-
logous 8-substitution derivatives III. All the bases prepared here were characterized
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TaBLE I

2-Substituted 10-Piperazinodibenzo[b, f]thiepins (/I[— V), Intermediates QVI—XIII) and Eli-
mination Products XXIV.

B.p., °C/Torr

c " Method or Formula Calculated/Found
ompound- o/ vieldy m.p., °C (mol.wt.) o C %H %N %S
(solvent)

Via b 153—155 C4H;,058 64:59 465 — 1232
(agueous ethanol) (260-3) 64-38 481 — 1217

Vib A 150—152°¢ C,4H;;FO,S 60-42 398 — 11-52

(78) (benzene-light (278-3) 60-85 412 — 11-63
petroleum)

Vic AP 138-5—139-5 C4H;,0,5, 60-84 438 — 2320
(benzene) 2764) 61-08 428 — 23:08

vid A 216—220¢ — - - - -

(81) (acetonitrile)

Vie b 166—169 C4HoF;0,8 56:37 3-04 19-11° 10-75
(benzene-light (298:3) 5575 2-83 1871 10-46
petroleum)

Vila B 160/0-47 Ci4H 40,8 6826 573 — 1302

95) (246'3) 6816 601 — 13-08

Vi B 185—190/29 C,4H{3FO,8 6361 496 — 1213

93) (264-3) 64:02 514 — 12:20
Vile Bb 190/0-6 Ci4H,,08, 6408 538 — 2444
97 (262-4) 6439 572 — 2418
viid ct 138—139 C,5H{7NO;5, 5571 530 4-33 1993
96) (benzene-light (323-4) 56-33 547 4-34 1935

petroleum)

Vile C 88 89-5" Cy4H,,F;08 59-14 3-90 20-05°11-28

95) (cyclohexane-light (284-3) 59-12 397 2031 1160
petroleum)

VIilh D 165-170/1 C;4H,,CIFOS 59-46 428 12-54° 11-34

(86) (282-8) 59-79 4-32 12:06 11-26

viid Dt 110—111-5 C15H16CIN02S2j 52:69 472 410 1876

(90) (benzene-light (341-9) 53-06 472 398 18-64
petroleum)

Vilie D 40-5—41-5% Cy4H,(,CIF;8 55-54 3-33 18:83°10-59

(95) (light petroleum) (3027 5568 3:36 19-10 10-46

IXa E 181—183/0-8 C,sH 3NOS 70-55 513 549 12:56

@sn" (255-3) 70-44 536 5-46 12-54
1Xb b 170—175/1 C,sH,,FNOS 6591 443 512 11'73
(273-3) 66:04 445 504 11-90
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TaBLE I
(Continued)
B.p., °C/Torr . lated/ q
C e Method or Formula Caleu awfii‘ﬂ‘f B
O 0 M O o
mpoun (% yield) m.p., °C {mol.wt.) %C %H %N %S
(solvent)

IXc E® 48—49 C,sH3NS, 66-38 4-83 516 2363
(benzene—~ (271-4) 6592 499 509 23-78
cyclohexane)

1Xd E® 105—-106 Ci¢H{¢N,0,5, 57-80 4-85 843 1929
(ethanol) (332-5) 57-96 4-86 8-57 19-58

IXe E 146—148/0-5" C;sH oF;NS 61-42 344 478 10-93

(60} (293-3) 60-94 3-48 448 11-02

Xa F 114—116° C,sH,,0;8 65-67 514 — 11-69

(90) (aqueous ethanol) (274-3) 6521 486 — 11-80
Xb F 88 —907 C{sH;,FO;8 61-63 448 — 1097
(89) (aqueous ethanol) (292-3) 61-:68 452 — 1077

Xc F* 132—134 CsH,,0,8, 62-04 486 — 2208
(benzene-light (290-4) 62-50 5-13 - 2222
petroleum)

Xd¢ F 148-5—149-57 CioH;gNO, 5S, 53-31 503 3-89 1779

(85) (aqueous ethanol) (360-5) 53-61 501 401 1816

Xe F 106—109° C,sH,F;0,S 57-68 3-55 18-25°10-27

(87) (aqueous ethanol) (312-3) 57-63  3-59 18-31 10-28
Xla G 131-5—132-5¢ C,5H,,0,8 7028 472 — 1251
(75) (cyclohexane) (256-3) 70-21 480 — 12:23
X1 G’ 167—169 C,sH{{FO,8 6567 404 6:93°11:69
(86) (benzene) (274-3) 6538 392 664 11:85
Xle G 130—131% C5sH,,0S8, 66-14 444 — 2354
(90) (ethanol) (272-4) 66:57 467 — 2343
XlId G 168—169-5Y C,¢H,;sNO;S, 3764 453 420 1923
(60) (benzene—~ethanol) (333-4) 5774 472 4-09 1928

Xle feld i11-5—113-3 C,sHoF,08 6421 3:08 19:37°10-90
(cyclohexane; (294-3) 60-73 313 19-07 11-44

Xlla HY 91--92-5° C,sH,;,0,8 69-74 546 — 1241

(87) (benzene-light (258-3) 69-90 576 — 12-13
petroleum)

XIIb HY 83— 85” C,sH,,FO,S 6520 474  688°11-60

(74) (benzene-light (276-3) 6509 495 667 11-61
petroleum)

XIIc 7 L 122--124 C,sH,,08, 6565 514 — 2337
(benzene-light (274-4) 6571 529 — 2318

petroleum)
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TasLE 1
(Continued)
B.p., °C/Torr
. Method or Formula Calculated/Found
Compound® ,, . "
(% yield) m.p., °C (mol.wt.) v C %H %N %S
(solvent)
XIid H*? 1391414 CysH,,NO;S, 57-31 511 418 19-10
(80)  (benzene- (335-3) 5724 519  3-85 1884
cyclohexane) ,
Xlle HY 127°% C,sH,,F;08 60-80 374 19-24° 10-82
(95)  (benzene-light (296:3) 60-43 3-59 1907 11-15
petroleuin)
Xiila J? 113—114 C,sH,;CIOS 6509 473 12:81° 11:59
(cyclohexane) (276-8) 6543 484 1260 11-59
XItb Jee 105—107% C,sH,,CIFOS 61-12 410 6-44° 10-88
(95)  (benzene-light (294-8) 6140 396 630 10:66
petroleum) )
XHie Jee 82— 83 C,sH,5CIS, 61-52 447 12:11. 2190
(90)  (cyclohexane-light (292:9) 6173 438 1247 21-62
petroleum)
x1id Jee 141-5—142:57  C, H,(CINO,S, 5430 456 3.96 1812
(80)  (benzene- (353-9) 5451 474 378 1799
cyclohexane)
XlIIe J9? 76:5—785"  C,sH,,CIF;S 5723 320 18-11°10-19
(80)  (light petroleum) (314:8) 5737 328 18-29 10-21
Hla K 140— 14273 CyoH,,4N,08 70-54 711 823 942
(82)  (zthanol) (340-5) 70-56 7-46 819 940
Hla-2MS** 147-5—149°5 C,,H 4 N,0,5S, 4798 622 509 1747
, - (acetone) (550-7) 4776 623 500 17-12
I1ib K 12t —123""  C,,H,,FN,08 6701 647 782 894
(80)  (ethanol) (3585) 6720 661 787 860
115-2MS 194—195™ C,,H,, FN,0,8;, 4798 567 509 17:47
(ethanol—ether) (550-7) 4800 571 498 17-36
Hie K® 102—103 CaoH,4N,S, 6737 678 786 1799
(80)  (ethanol) (356-6) 67-6% 687 790 1814
Ie-2HM 126—128 Cy3H3,N,048, 5713 548 476 10-89
(ethanol—ether) - (588-7) 56-97 552 481 1078
i K 155—157°° C,,H;,N;30,S, 60-40 652 1006 1536
(80)  (methanol) (417-6) 60-33 679 9-80 1526
H1d-MSPP 125—127 Cp4Hys N, OS5 5149 666 751 17-19
and 245246 (559-8) 5124 667 721 1749
(ethanol-ether)
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TABLE I
(Continued)
B.p., °C/Torr
. Method or Formula Calculated/Found
Compound (% yield) m.p., °C (mol.wt.) o C %YH %N %S
(solvent)
Ille-M K 151—1529 C,y4H,5F3N,0,8 5829 510 567 648
(80) (acetone-ether) (494-5) 58:00 512 575 647
Ive K? 102—103 C,{H,5FN,0,8™" 6492 649 721 826
(86) (cyclohexane) (388-5) 6512 696 7-18 793
IVe-M1 142—143% C,sH30FN,O4 58S 5846 589 545 o624
(ethanol-ether) (513-6) 58-73 5-88 513 6-35
IVe-2HM K 154—156 C,yH34N,048, 56-30 554 4-53 10°36
(82) (ethanol-ether) (6187) 5640 561 460 10-32
14 b 146— 147 C,oH,5N,S, 67-76 625 7-90 18-09
(ethanol) (354:5) 6818 636 750 1825
V-MS 269—271 Cp HygN,058, 5597 582 622 21-35
(ethanol) 4507 56-21 585 6°16 21-43
XXIVa K 103 — 106" — — — — —
a0 (ethanol)
XXIVh K? 81—83 C,sH,,FOS 6974 429  7-36° 1241
(light petroleum) (258-3) 6953 408 708 12-40
XXIVe K 8991 — — — — -
(15) (benzene-light
petroleum)
XXxivd K 153—156% — — — — —
15) (ethanol)
XX1Ve K 56:5—57-5%" C,;H,F;S 64-73 326 20-48°11-52
(19) (methanol) (278-3) 6501 3-46 20-68 11-60

¢ M maleate, 2 HM (di(hydrogen maleate), MS methanesulfonate, 2 MS dimethanesulfonate.
b See Experimental. © IR spectrum: 835, 880 (Ar—H), 930, 1260 (COOH), 1035, 1240, 1480
(Ar—O—CHj), 1565, 1600, 1610 (Ar), 1688 (Ar—CO), 2600 cm ™! (COOH). ¢ Ref.?* describes
the preparation of the substance in the same way and reports a m.p. of 215—217°C (benzene).
¢ Content of fluorine. ¥ IR spectrum (CHCl,): 82C, 830, 868 (Ar—H), 1030 (CH,O0H), 1240
(Ar—0O—CHj;), 1480, 1575, 1600 (Ar), 2857 (OCH,), 3618 em™! (OH). ? IR spectrum (film):
830, 870 (Ar—H), 1032 (CH,OH), 1237 (Ar—O—CH,), 1495, 1600 (Ar), 3400 cm™1 (oH).
BIR spectrum; 692, 719, 751, 826, 843, 894 (Ar—H), 1038, 1066 (CH,OH), 1141, 1176, 1333
(CF3), 1478, 1608 (Ar), 3245, 3310 cm™! (OH); patent application34 describes the preparation
of the compound by reduction of methyl ester of acid ¥Ie with LiBH, in tetrahydrofuran and
reports a m.p. of 84°C for the product. f Content of chlorine. 4 Calculated: 10-37% Cl; found:
10-15% Cl. ¥ Calculated: 11-71% Cl; found: 11-44%, Cl; patent application34 describes the pre-
paration of the compound through a reaction of VIle and SOCI, in benzene and characterizes
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the product as a brown-yellow oil. ™ Yield referred to the starting V/ia since Villa was used
without characterization as a crude product. " Calculated: 19-43% F; found: 19-58%, F; patent
application34 describes the preparation of the compound by a reaction of VIile and NaCN
in dimethylsulfoxide and characterizes the product as a dark-red oil. ° IR spectrum: 687, 738,
825, 858 (Ar—H), 952, 1242 (COOH), 1482, 1592 (Ar), 1700 cm ™! (R—COOH). ? IR spectrum:
830, 863 (Ar—H), 966, 1035, 1317 (COOH), 1245 (Ar--OQ-—CH;), 1500, 1600 (Ar),1710
(R—COOH), 2600, 3000 cm ™~ ! (COOH). ? Hemihydrate. " IR spectrum: 700, 735, 758, 830, 893
(Ar—H), 1160, 1345 (NSO,), 1592 (Ar), 1707 (R—COOH), 2660 and 3000 em™! (COOH
and H,0); NMR spectrum: 8 10-60 (bs, disappears after D,0, 1 H, COOH), 7-55(d, J = 2-0 Hz,
1 H, 6-H of phenylacetic acid), 7-40 (g, J = 8-5; 20 Hz, 1 H, 4-H of phenylacetic acid), 7-26
(s, SH, C4H;), 7-02 (d, J = 85 Hz, 1 H, 3-H of phenylacetic acid), 3-84 (s, 2 H, ArCH,CO),
2:60 (s, 6 H, CH3;NCH,;). * IR spectrum: 694, 733, 752, 826, 886 (Ar—H), 934 (COOH), 1139,
1170, 1340 (CF3), 1237 (COOH), 1614 (Ar), 1696 (R—COOH), 2650, 2920, 3620 cm ™ Tcoony;
patent application34 reports a m.p. of 102—103°C for a similarly prepared product. * UV spec-
trum: 2. 229 nm (log ¢ 4-:34), 249 nm (4:22), 337 nm (3-52); IR spectrum: 754, 823, 874 (Ar—H),
1253, 1288 (Ar—O—CH,), 1570, 1588, 1598 (Ar), 1670 cm ™' (Ar—CO); NMR spectrum
6 815 (m, 1 H, 9-H), 7-42 (d, J = 9-0 Hz, 1 H, 4-H), 7-05—7-50 (m, 3 H, 6,7,8-Hj), 6-92 (d,
J=30Hz 1 H, 1-H), 6:65(q, J = 9-0; 3:0 Hz, 1 H, 3-H), 4-25 (s, 2 H, ArCH,CO0), 3-70 (s, 3 H,
OCHy,;); the compound is mentioned in the patent application?3 without experimental details,
a m.p. of 131-5°C being given. * UV spectrum: 1,.,, 226 nm (loge 4-38), infl. 240 nm (4-32),
263 nm (4-22), 281 nm (4-30), 340 nm (3-60); IR spectrum: 773, 810, 828, 871 (Ar—H), 1555,
1592 (Ar), 1670 cm ™! (Ar— CO); NMR spectrum: é 815 (m, 1 H, 9-H), 7-15—7-60 (m, 4 H,
1,6,7.8-Hy), 742 (d, J= 9-0 Hz, 1 H, 4-H), 695 (q, J = 9-0; 2.5 Hz, 1 H, 3-H), 4:25 (5, 2 H,
ArCH,CO), 2:40 (s, 3 H, SCH3). "IR spectrum: 700, 730, 778, 815, 900 (Ar—H), 1160, 1355
(NSO,), 1595 (Ar), 1680 cm~ ! (ArCO); NMR spectrum: & 8-12 (m, 1 H, 9-H), 7-00— 7-90 (m,
6 H, remaining aromatic protons), 4:34 (s, 2 H, ArCH,CO), 3-63 (s, 6 H, CH;NCH;); patent
ap]:)lication34 describes the preparation of the compound from the corresponding 2-aminoketone
via the 2-(chlorosulfonyl) ketone but does not characterize the product. * Reaction carried out
in ethanol. * IR spectrum: 753, 816, 870 (Ar—H), 1028 (CHOH in a cycle), 1278 (Ar—O—CHj),
1571, 1600 (Ar), 3320, 3380 cm™ ! (OH); NMR spectrum: & 7-40 (d, J = 9:0 Hz, 1 H, 4-H),
7-00—7-50 (m, 4 H, 6,7,8,9-H,), 6:80 (d, J= 3-0Hz, 1 H, 1-H), 6:60 (q, /= 9-:0; 3-0 Hz, 1 H,
3-H), 5-18 (g, J = 8-5; 40 Hz, 1 H, Ar—CH—O0), 3-68 and 3:25 (2dd, J = 14-0; 4-0 and 14-0;
8-5Hz, 2 H, ArCH,), 3:66 (s, 3 H, OCHj;), 2-15 (s, disappears after D,0, | H, OH). Y IR
spectrum: 814, 869, 879 (Ar—H), 1027 (CHOH in a ring), 1051, 1212 (Ar—0O—CH,),
1569, 1590 (Ar), 3340 em ™t (OH). © Reaction conducted in a mixture of ethanol and dioxane.
4 IR spectrum: 716, 729, 768 (Ar—H), 1050 (CHOH), 1155, 1340 (NSO,), 3280, 3350 cm~?
(OH); NMR spectrum: é 7:00—7-70 (m, 7 H, aromatic protons), 540 (m, 1 H, Ar—CH—O0),
3-66 and 3-29 (2dd, J = 14-0; 40 and 14-0; 8-0 Hz, 2 H, ArCH,), 2:62 (s, 6 H, CH,;NCHj3);
patent application3* describes the preparation of the compound by reduction of ketone with
NaBH, in aqueous dioxane but the product is not characterized. b% IR spectrum: 755, 817, 834,
872 (Ar—H), 1083 (CHOH), 1124, 1167, 1326 (CF,), 1587, 1603 (Ar), 3300, 3350 cm™ ! (OHY:
patent application34 describes a similar procedure of preparation and reports a m.p. of 122 to
123°C for the product. °° Reaction conducted in benzene. 94 NMR spectrum: é 7-35 (d, 7 = 9-0
Hz, 1 H, 4-H), 6:95 (q, J = 12:0; 2-5 Hz, 1 H, 9-H), 7-10—7-40 (m, 2 H, 6,7 H,), 6:72 (d, J =
= 2-5Hz, 1 H, 1-H), 6:57 (g, J= 9:0; 2-5Hz, 1 H, 3-H), 565 (dd. J= 8:0; 40Hz, | H,
Ar—CH ~-Cl), 3-87 and 3-55 (2 dd, J = 14-0; 4-0 and 14-0; 8:0 Hz, 2 H, ArCH,), 3-70 (s, 3 H,
OCH,;); calculated: 12:03% Cl; found: 12:08%; Cl. *® Reaction conducted in chloroform. II cal-
culated: 10:02% CI; found: 9-67%; Cl; patent application34 describes the preparation in a similar
way in benzene but does not characterize the product. % Reaction conducted in a mixture of ben-
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by their spectra and were converted to crystalline salts. All the compounds falling
within the basic synthetic scheme, i.e. Il — XIII and XXV, are summarized together
with the usual experimental data in Table 1.

In the form of salts, the compounds were subjected to pharmacological tests, the administra-
tion being usually per os, only occasionally parenterally. The acute toxicity for mice was estimated
(the mean lethal dose LD,). The incoordinating effect in the rotating-rod test on mice was also
studied and expressed by the mean effective dose ED 5, this being taken as the indicator of central
depressant effect. Finally, the cataleptic effect on rats (for pharmacological methods see ref.2%)
considered as an indicator of neuroleptic activity was studied. With the newly prepared com-
pounds it has never been possible to determine the mean effective dose for the practical inactivity
of these compounds in this test. The numerical data on toxicity and activity (in mg/kg) are sum-
marized in Table IT and represent values referred to the bases. For reference, the table contains
also clozapine37, further clorotepin18 and its 2-chloro isomer (/1/, R! = Cl, R?= H)?°.

Table II shows that the new compounds resemble clozapine and the 2-chloro
derivative of perathiepin (II1, R' = CI, R* = H) in their inactivity in the catalepsy
test but differ from them in their relatively weak central depressant activity. The
negative effect of the methoxy, methylthio and trifluoromethyl groups on the central
depressant activity was observed by Schmutz and coworkers! in the series of direct
clozapine analogues. The effect of the individual substituents in the *‘quasi”’sym-
metrical positions 2 and 8 on the individual parameters of pharmacodynamic activity
is thus not the same.

Explanation to Table 1

zene and chloroform. ™ NMR spectrum: 6 6:95—7-70 (m, 7 H, aromatic protons), 5-70 (dd,
J = 80; 40 Hz, | H, Ar—CH—Cl), 3-95 and 3-61 (2 dd, J == 14-0; 4-0 and 14-0; 80 Hz, 2 H,
ArCH,); calculated: 11-26%; Cl; found: 11289 CI; patent application34 describes the preparation
in a similar way in benzene and characterizes the product as yellow crystals. 7/ IR spectrum:
751, 827, 862 (Ar—H), 1246 (Ar—0-—CH,;), 13590 (Ar), 2735 em ™! (NCH3); NMR spectrum:
8 6:90—7-60 (m, 4 H, 6,7,8,9-H,), 7-35 (d, J = 90 Hz, 1 H, 4-H), 6:77(d, J = 3:0 Hz, 1 H, 1-H),
652 (g, J = 9:0; 3-0 Hz, 1 H, 3-H), 2-90—4-00 (m, 3 H, ArCH,CHAr), 3:67 (s, 3 H, OCH,),
2:58 (m, 4 H, CH,NCH, of piperazine), 2-35 (m, 4 H, CH,N*CH, of piperazine), 2-20 (s, 3 H,
NCH3). ¥ Monohydrate. ™" NMR spectrum: § 6-40—7-50 (m, 6 H, .aromatic protons), 2-30 to
4-00 (m, 3 H, ArCH,CHAI), 370 (s, 3 H, OCH,), 266 (t, 4 H, CH,N!CH, of piperazine),
2:35 (t, 4 H, CH,N*CH, of piperazine), 225 (s, 3 H, NCH,). " Calculated: 3-45% F; found:
3-63% F. °° NMR spectrum J 6-80—7-60 (m, 7 H, aromatic protons), 3-00—4-00 (m, 3 H,
ArCH,CHAr), 2:60 (s, 6 H, CH;NCH3), 2:55 (m, 4 H, CHzNICH2 of piperazine), 2-40 (m, 4 H,
CH,N*CH, of piperazine), 2:20 (s, 3 H, NCH,). ?? Solvate with C,H;OH. IR spectrurm:
762, 833, 870 (Ar—H), 1116, 1164, 1336 (CF,), 1450—1620 and 2200~ 3000 em™! (COO™
NH™); calculated: 11-53% F; found: 11-57% F. " Calculated: 4:89% F: found: 4:97% F. % Cal-
culated: 3-70% F; found 3-64% F. ® A m.p. of 105—106-5°C was reported previously?! for this
compound. " The same m.p. was found in a previous study?!. " A m.p. of 156—158°C was
reported previously?? for this compound. ¥¥ NMR spectrum: 8 7-05—-7-60 (m, 7 H, aromatic
protons), 6:96 (s, 2 H, CH=-CH); the compound was described before?? as an oil boiling at
137°C/0-3 Torr.
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The compounds prepared were tested for antimicrobial activity ir vitro (Dr J. Turinova
and Dr A. Capek); Table III shows the minimum inhibitory concentrations against several
typical microorganisms. Mention should be made of the pronounced antibacterial, particularly
antituberculosis activity of the trifluoromethyl derivative I/e.

EXPERIMENTAL

The melting points of analytical preparations were determined in Kofler’s block and are not cor-
rected; the samples were dried in vacuo of about 0-5 Torr over P,O5 at room temperature or at
a temperature suitably raised (at most 100°C). The UV spectra (in methanol) were recorded
in a Unicam SP 700 spectrophotometer, the IR spectra (in KBr unless stated otherwise) in an
Infrascan (Hilger and Watts) or in a Unicam SP 200G spectrophotometer, the NMR spectra
(in CDCI; unless stated otherwise) in a ZKR-60 (Zeiss, Jena) spectrometer, the mass spectrun
on a MS 902 (AEI) mass spectrometer. The homogeneity of the compounds was checked on a thin
layer of silica gel. Preparative chromatography was done on alumina of activity I1. The analyses
of compounds I/1— X1II and XXIV are shown in Table I.

TaBLE I
Pharmacological Effects of the Compounds Prepared (mg/kg)

Acute Rotating

Compound Adm.mlstra- toxicity rod Catalepsy
tion LD., EDs, EDjsqg
Hla p.o. 93 14 > 502
Hib p.o. 180 10-5 = 50°
Iile p.o. 185 14 ~>100°
i p.o. 300 =200¢ =>100°¢
Hid i, 19-5 16 —
IIle p.o. 310 12:5 =>100?
ile iv. 52 8 —
IVb p.o. 600 28 > 500
Ive p.o. 370 33 > 50°
v p.o. 1507 — ~>1007
Clozapine'®7 p.o. 210 3-8 = 50°
i, R' = ¢1, rR? = p?° p.o. 70 12 100"
i, 36 0-23 —
Clorotepin18 p.o. 78 22 4-3
i 463 0-06 2.4k

“ The dose brings about catalepsy in 2 out of 10 rats. ¥ The dose brings about catalepsy in 3 out
of 10 rats. © The dose has no cataleptic effect. 4 The dose brings about ataxia in 4 out of 10 mice
90 min after application. “ The dose has an excitatory effect. I The testing was complicated
by difficulties with the preparation of a suitable suspension. ¢ The dose brings about catalepsy
in 1 out of 10 rats. " Intraperitonecally. ‘
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TasLE 111
Antimicrobial Activity of the Compounds Prepared in vitro (ug/ml)

Microorganismb

Compound ¢ 1 2 3 4 5 [ 7
HIa-MS 50 50 12-5 — — — —
HIb-MS 25 25 25 - 125 — —
Il{c-2 HM 25 25 25 125 — — —
H1d-MS 50 50 25 — — — —
I1le-M 12-5 12:5 625 125 125 — —
1V6-M — — — — 125 -
IVe-2 HM 25 25 25 125 125 —
V-MS — — 25 62:5 1625 125 62-5

4 MS Methanesulfonate, M maleate, 2 HM di(hydrogen maleate). b1 Streprococcus P-haemo-
Iyticus, 2 Staphylococcus pyogenes aureus, 3 Mycobacterium tuberculosis H3TRv, 4 Saccharomyces
pasterianus, 5 Trichophyton mentagrophytes, 6 Candida albicans, 7 Aspergillus niger.

5-Amino-2,4-dibromobenzotrifluoride (X71V)

According to ref.27, 198 g 3-aminobenzotrifiuoride was brominated at 0—10°C with 155 g
bromine in a mixture of 600 ml acetic acid and 120 ml ether in the presence of 12 g iron. Distilla-
tion of the crude product regenerated 58-5g of the starting 3-aminobenzotrifluoride; 83-3 g
(40% referred to conversion) 3-amino-4-bromobenzotrifluoride was obtained, b.p. 58—64°C:
:1 Torr (ref.?” gives a b.p. of 81—82°C/5 Torr), further 66'5 g (32% referred to conversion)
S5-amino-2-bromobenzotrifluoride, b.p. 80—86°C/1 Torr, m.p. 46—49°C (ref.?” gives a b.p.
of 81—84°C/0-5 Torr and m.p. 55—56°C) and finally 16-8 g (6% referred to conversion) dibromo
derivative which, according to spectra, has the structure of XIV; b.p. 86— 96°C/0-6 Torr, m.p.
47—48°C (light petroleum). Ref.?” reports a b.p. of 113—115°C/3 Torr and m.p. 45—47°C
and designates it as 5-amino-2,4-dibromo or 3-amino-2,4-dibromobenzotrifluoride. IR spectrum
838 (solitary Ar—H), 1133, 1174, 1304 (CF3), 1482 (Ar), 1620 (Ar—NH,), 3365 cm ™! (NH).
NMR spectrum: é 7-62 and 695 (25, 2 H, aromatic protons), 4-16 (bs, disappears after D,0O,
2 H, NH,). For C,HBr,F;N (319:0) calculated: 26:362; C, 1-26% H, 50-11% Br, 17-87% F,
4-40%, N; found: 26:329; C, 1-36%, H, 50-14%, Br, 17-89%; F, 4:33% N.

2-Bromo-5-trifiuoromethylbenzonitrile?®:2%

A mixture of 83-3 g 3-amino-4-bromobenzotrifluoride, 900 g ice with 70 ml concentrated H,50,
was diazotized in the usual way with a solution of 24:2 g NaNO, in 40 ml water. The solution
of the diazonium salt was filtered with the yield of 15-6 g yellow crystalline compound which was
dissolved in chloroform, the solution was washed with a solution of soda and evaporated. The resi-
due was recrystallized from benzene; m.p. 171—172°C. According to spectra and analysis we are

”

dealing here with 1,3-bis(2-bromo-5-trifluoromethylphenyi)triazene (XV). UV spectrum: 4

Ynax

240 nm (log ¢ 4-13), 301 nm (4-14), 348 nm (4-25). IR spectrum: 830 and 88S (2 adjacent and soli-
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tary Ar—H), 1125, 1174, 1375 (Ar—CF3), 1509, 1590, 1610 (Ar), 3310 cm” ! (NH). NMR
spectrum: & 10-22 (bs, disappears after D,0, 1 H, NH), 779 (d, J = 2:0 Hz, 2 H, aromatic
protons in positions 6,6°), 7-66 (d, J= 90 Hz, 2 H, aromatic protons in positions 3,3"), 7-22
(g, J = 9-0; 2-0 Hz, 2 H, aromatic protons in positions 4,4"). For C; H,;Br,F4N; (491-1) cal-
culated: 34-24%; C, 1-44%; H, 32-55%, Br, 23-21% F, 8-56% N; found: 34-30% C, 1-39%; H, 32-55%
Br, 23-45%, F, 8-79% N.

Besides this a solution of 160 g NaCN was prepared in 320 ml NH,OH, combined with a cold
solution of 200 g CuS0,4.5 H,O in 480 ml water, with 240 ml toluene and, at a temperature
below 10°C, the solution was slowly combined with a filtered solution of the diazonium salt.
The mixture was stirred for 4 h at room temperature and, after standing overnight, it was steam-
-distilled. The distillate (4-litres) was extracted with a mixture of benzene and ether. Usual
processing vielded 31:2 g (36%) 2-bromo-5-trifluoromethylbenzonitrile, b.p. 107—115°C/10 Torr,
m.p. 50— 51°C, in agreement with reported data?®.

Recrystallization of the distillation residue from benzene yielded 0-2 g red substance identified
as 5.5-bis(trifluoromethyl)-2,2’-dibromoazobenzene (XVI), m.p. 200—201°C (benzene). UV
spectrum: A, 325nm (log & 423), 240 nm (4-20), 217 nm (4-42). IR spectrum: 829 and 910
(2 adjacent and solitary Ar—H), 1117, 1192, 1326 (Ar—CFy), 1596 (Ar), 1657 cm™! (N=N).
For Cy4HgBr,FgN, (476:1) calculated: 35-32% C, 1-27% H, 33-57% Br, 23-95% F, 5899 N;
found: 35-56%; C, 1:33% H, 33-26% Br, 24-56%; F, 5-84% N.

2-(Phenylthio)-S-trifluoromethylbenzonitrile (X VII)

A mixture of 64-2 g 2-bromo-5-trifluoromethylbenzonitrile, 33-0 g thiophenol, 18 g KOH, 3 g Cu
and 500 ml dimethylformamide was refluxed under nitrogen with stirring for 16 h. The solvent
was distilled off in vacuo, the residue was separated between water and benzene, the mixture was
filtered, the benzene layer separated from the filtrate, dried and treated by distillation; 66-4 g
(93%4) b.p. 127—130°C/0-15 Torr. During redistillation, the b.p. was 135—137°C/0-6 Torr. Even
then the compound is not completely pure. For C; ,HgF;NS (279-3) calculated: 60-21%; C, 2:89%
H, 502 N; found: 60-91% C, 3-04%; H, 4-48%; N. Patent application (ref.34) describes the pre-
paration of this compound by Sandmeyer’s reaction from 3-amino-4-(phenylthio)benzotri-
fluoride and the product is described as a dark oil.

Besides this product, 2:8 g of a higher-boiling fraction (b.p. 178—200°C/0-6 Torr) was ob-
taired which crystallized and was purified by crystallization from benzene, m.p. 177—177-5°C.
1t i 2-(phenylthio)-5-trifluoromethylbenzamide (XVIII). IR spectrum: 689, 713, 752, 800, 825,
858 {5 and 2 adjacent and solitary Ar—H), 1122, 1176, 1323 (Ar—CF,), 1619 (Ar), 1645
(CONH,), 3185 and 3390 cm ™! (NH,). NMR spectrum (CsD3sN): § 9-07 and 8-72 (2 bs, 2 H,
NH, 1. 809 (d, 1 H, aromatic proton in position 6 of benzamide), 6:80—7-55 (m, 7 H, remaining
aromatic protons). For C,4H,;,F3;NOS (297-3) calculated: 56:56%; C, 3-39%; H, 19-18% F,
4719, N, 10-78% S; found: 56-53%, C, 3-509¢ H, 19-43% F, 4-57%; N, 10-84%{ S.

2-{Phenylthio)-5-methoxybenzoic Acid (Via)

A sojution of sodium methoxide which was prepared from 100 ml methano!l and 7-5 g Na, was
combined with 18:0 g thiophenol and 342 g 2-bromo-5-methoxybenzoic acid®® (m.p. 159 to
160-5°C) in 150 ml methanol. Methanol was then distilled off from the mixture, the remnants were
remeoved in vacuo at 130°C. The solid residue was combined with 6 g “molecular’ copper (washed
with dimethylformamide) and 250 ml dimethylformamide and the mixture was refluxed under
stirring for 12 h. The dimethylformamide was then distilled in vacuo, the residue was dissolved
in 600 ml water and, after filtration, the filtrate was acidified with hydrochloric acid; 25:8 g
67%,3. m.p. 149—152°C. The analytical sample melted at 153—155°C (aqueous ethanol).
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2-(Phenylthio)-5-(methylthio)benzoic Acid (Vic) (Method A)

A mixture of 120 ml dimethylformamide, 17-0 g 2-bromo-5-(methylthio)benzoic acid?® (m.p.
144—145°C), 8'5 g thiophenol, 10 g 90%; KOH and 3 g Cu was heated for 14 h on a 150°C bath.
Dimethylformamide was distilled off in vacuo, the residue dissolved in 300 ml water, the solution
was filtered for removing copper and the filtrate acidified with hydrochloric acid. The separated
oil was extracted with a mixture of benzene and ether and, after evaporation of the solvents,
it crystallized from a small amount of benzene: 15-3 g (80%), m.p. 138-5—139-5°C (benzene).

2-(Phenylthio)-5-trifluoromethylbenzoic Acid (Vie)

A mixture of a solution of 66:4 g X¥/II in 350 ml ethanol and a solution of 70 g KOH in {00 ml
water was refluxed for 4 h. After evaporation of ethanol the residue was diluted with water and
the solution acidified with hydrochloric acid. The separated product was recrystallized from a mix-
ture of benzene and light petroleum: 57-6 g (81%;), m.p. 166—169°C. IR spectrum: 681, 704, 831,
875 (5 and 2 adjacent and solitary Ar—H), 917, 1257, (COOH), 1124, 1183, 1342 (CF3), 1564,
1609 (Ar), 1695 (Ar—COOH), 2500, 2560, 2640 cm ™! (COOH). Patent application34 reports
a m.p. of 140—145°C for a similarly prepared product.

2-(Phenylthio)-5-(imethylthio)benzyl Alcohol (¥Vifc) (Method B)

A 55% benzene solution of sodium dihydridobis(2-methoxyethoxy)aluminate (84-5 g) was added
under stirring to a suspension of 22-4 g Vic in 140 ml benzene over a period of 1-5 h. After standing
overnight, the mixture was decomposed with 200 ml 15%; WaOH, the benzene layer was washed
with water, dried with MgSO, and evaporated; 20-7 g (977;) oily product, a sample of which was
redistilled for analysis; b.p. 190°C/0-6 Torr.

2-(Phenylthio)-5-(dimethylsulfamoyl)benzyl Alcohol (VIId)
(Method C)

Sodium borohydride (1:2 g) was added to a solution of 2:-82 g VId in 10 ml tetrahydrofuran under
nitrogen. Under cooling and with stirring, a solution of 4 ml boron trifluoride etherate in 10 ml
tetrahydrofuran was added dropwise (at below 20°C). The mixture was stirred for 5 h, left to stand
for 48 h, decomposed with 30 ml 109 hydrochloric acid and extracted with benzene. The extract
was washed with 109 NaOH and water, dried with MgSO, and evaporated; 2-59 g (967;) product
of m.p. 138—139°C which did not rise ‘on recrystallization from a mixture of benzene and light
petroleum. IR spectrum: 705, 740, 763, 827 (Ar—H), 1045 (CszH), 1160, 1330 (NSO,),
1590 (Ar), 3500 cm ™1 (OH).

2-(Phenylthio)-S-(dimethylsulfamoylybenzyl Chloride (VIIld) (Method D)

A warm-prepared solution of 33-2 ¢ VIId in a mixture of 60 ml chloroform and 10 m! pyridine
was cooled to 20°C and, during an hour, 13-3 g SOCI, was added dropwise at 20— 25°C. The mix-
ture was stirred for 2 h, left to stand for 24 h, washed with water, 5% NaOH and again with water,
dried with MgSO, and evaporated; 31-7 g (50%), m.p. 108-5—110-5°C. A sample was recrystal-
lized for analysis from a mixture of benzene and light petroleum, m.p. 110—111-5°C. IR spectrum:
708, 1743, 770, 835, 900 (5§ and 2 adjacent and solitary Ar—H), 1174 and 1345 (NSO,), 1590
cm” © (Ar).
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2-(4-Fluorophenylthio)-5-methoxyphenylacetonitrile (1Xb)

A solution of 18-:0 g VIIib in 32 ml ethanol was added to a solution of 8-3 g KCN in 13 ml water
and the mixture was refluxed for 7 h under stirring. After cooling, it was diluted with 250 ml
water and extracted with ether. The ether solution was washed with water, dried with K,CO,
and evaporated. The residue was distilled: 15-5 g (89%), b.p. 170—175°C/1 Torr. NMR spectrum:
8 7-40 (d, J == 85 Hz, | H, 3-H of phenylacetonitrile), 6-:60—7-10 {m, 7 H, remaining aromatic
protons), 3:74 (s, S H, OCH; and CH,CN).

2-(Phenylthio)-5-(methylthio)phenylacetonitrile (/X¢) (Method F)

Crude VI/Ilc which was prepared by method D from 19-8 g VIIc was dissolved in 50 ml dimethyl-
formamide, 5-5 g NaCN was added and the mixture was heated for 4 h on a boiling-water bath.
Most of the solvent was then evaporated in vacuo, the residue was diluted with water and extracted
with benzene. Washing, drying and distillation of the extract yielded 15-1 g (74%,) product boiling
at 180°C/0-3 Torr, m.p. 48-—49°C (benzene~cyclohexane).

2-(Phenylthio)-5-(dimethylsulfamoyl)phenylacetonitrile (/Xd)

Method E applied to 31-5 g VI/Id yielded 35 g oily residue which was dissolved in hot ethanol,
the solution was filtered with charcoal and the filtrate was cvaporated. The residue (25-8 g)
contains, according to thin-layer chromatography, at least 4 components. It was chromato-
graphed on a column of 1 kg alumina. Elution with a mixture of benzene and chloroform yielded
first 0-9 g starting V/Iid (m.p. 108—111°C) and then 17-@ g (56%) product IXd, m.p. 105—106°C
(ethanol). NMR spectrum: & 7-74 (d, /= 2-:0Hz, 1 H, 6-H of phenylacetonitrile), 7-50 (q, J = 8-5;
2:0 Hz, 1 H, 4-H of phenylacetonitrile), 7-30 (s, 5 H, CcHj), 702 (d, J = 8:5 Hz, 1 H, 3-H of phe-
nylacetonitrile), 3-80 (s, 2 H, CH,CN), 2:62 (s, 6 H, CH;—N—CH,). On continuing the chro-
matography by elution with chloroform, 4:40 g oil XIX was obtained. The last fraction cluted
from the column was alcohol VIId (2:20 g, m.p. 135:5—137°C).

2-(Phenylthio)-5-(methylthio)phenylacetic Acid (X¢) (Method F)

A solution of 15 ¢ KOH in 30 ml water was added to a solution of 14:7 g IXc¢ in 70 ml ethanol
and the mixture was refluxed for 4 h. After evaporation of ethanol, the residue was diluted with
water, the solution was filtered and the filtrate acidified with hydrochloric acid. The precipitated
product was filtered and recrystallized from a mixture of benzene and light petroleum; 12-0 g
(77%), m.p. 132 134°C. IR spectrum: 688, 738, 826, 862 (5 and 2 adjacent and solitary Ar—H),
946 (COOH), 1237 (C-—0), 1545, 1578 (Ar), 1700 (COOH), 2520, 2620 and 2720 em”™ 1 (COOH).
NMR spectrum: 8 10-75 (bs, disappears after D,O, 1 H, COOH), 6:90—7-40 (m, 3 H, 3,4,6-H,
of phenylacetic acid), 7:07 (s, S H, C,Hjs), 3-73 (s, 2 H, ArCH,CO), 238 (s, 3 H, SCH3).

2-Methoxy-8-fluorodibenzo[b, flthiepin-10(11 H)-one (X1b) (Method G)

Toluene (50 ml) and acid Xb (15-0 g) were added to 150 g polyphosphoric acid. The mixture
was stirred for 4 h and refluxed in a 150°C bath. After cooling, it was decomposed with ice-cold
water and extracted with benzene. The extract was washed with water, 5% NaOH and water,
dried with K,CO5 and evaporated: 12-0 g (867¢), m.p. 152-- 156°C. Analytical sample melted
at 167—169°C (benzene). UV spectrum: 4, 343 nm (log £ 3-58), 252 nm (4:15), 229 nm (4-34),
IR spectrum: 801, 811, 890 (2 adjacent and solitary Ar—H), 1019, 1249, 1267 (Ar—O—CH,),
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1570, 1596 (Ar), 1672 cm ™! (Ar-—CO). NMR spectrum: § 7-80 (q, J = 10-0; 3-0 Hz, 1 H, 9-H),
7-45 (d, J = 9-0Hz, 1 H, 4-H), 7-00—7-50 (m, 2 H, 6,7-H,), 689 (d, J= 3-0Hz, 1 H, 1-H),
662 (q.J = 9:0;3-:0 Hz, 1 H, 3-H), 426 (s, 2 H, ArCH,CO), 3-71 (s, 3 H, OCH3).

2-Dimethylsulfamoyl-11-[2-(pheny!thio)-S-(dimethylsulfamoyl}benzyl]dibenzo[b, f Jthiepin-
-10(11H)-one (XX)

The oily product (4-4 g) obtained by elution with chloroform in the preparation of IXd was dis-
solved in 40 ml ethanol, 5-0 g KOH in 20 ml water was added and the mixture was refluxed for
6 h. After evaporation of ethanol, the residue was diluted with water, the liquid was washed
with benzene, acidified with hydrochloric acid and the product was isolated by extraction with
chloroform. After evaporation of the extract, the semisolid acid obtained was added to a mixture
of polyphosphoric acid (40 g P,O5 and 20 ml 85%; H3PO,) and 60 ml toluene and the mixture
was refluxed under stirring for 5 h. After partial cooling, it was poured into water and extracted
with benzene. The extract was washed with 109, NaOH and water, dried and evaporated. A total
of 2-85 g product was obtained which was recrystallized for analysis from a mixture of benzene
and ethanol, m.p. 218—220°C. IR spectrum: 690, 711, 737, 749, 756, 838, 897 (5, 4 and 2 adjacent
and solitary Ar—H), 1157, 1337, 1345 (NSO,), 1665 em ! (Ar—CO). Mass spectrum with
a molecular ion of formula C3;H3,N,05S, and the course of fragmentation agrees with the
formulation of the compound as XX. For C3,H;,N,05S, (6389) calculated: 58-28%; C, 4-73% H,
4-39%, N, 20-08Y%; S; found: 58-96%; C, 4-95%; H, 4-03% N, 19-54%, S.

10-Oxo-11H-dibenzo[b, f Jthiepin-2-carboxylic Acid (XXT)

Polyphosphoric acid was prepared in the usual way from 80 g P,O5 and 40 m1 859 H,PO,, 144 g
acid Xe was added and the mixture was stirred for 1 h at 140— 145°C. After pouring into water,
a solid separated and was filtered and recrystallized from a mixture of benzene and cthanol;
9-8 g (79%4), m.p. 280—283°C. UV spectrum: A_.. 236:5 nm (log ¢ 4-43), 266 nm (3-80), 289-5 nm
(3-86), 325 nm (3-59). IR spectrum: 763, 815, 851 (Ar—H), 912 (COOH), 1290 (Ar—COOH),
1567, 1587 (A1), 1675 (Ar—CO—R), 1696 (Ar—COOH), 2400 —3200 cm™~ ! (COOH). NMR
spectrum (CsDsN): 6 12-85 (bs, I H, COOH), 8:35 (d, /= 2-0Hz, 1 H, I-H), ¢. 825 (m, | H
9-H), 8-07 (q, J = 9:0; 2-0 Hz, 1 H, 3-H), 7-62 (d, J = 90 Hz, 1 H, 4-H), 7-00—7-50 (m, 3 H
remaining aromatic protons), 429 (s, 2H, ArCH,CO). For C;;H,,0;S (270-3) calculated
66-65%, C, 3-73% H, 11:86%, S; found: 66-52%, C, 3-84%, H, 11-63%, S.

2-Trifluoromethyldibenzo[b, f]thiepin-10(1 1 H)-one (X/e)

A. A mixture of polyphosphoric acid (from 80 g P,O5 and 40 ml 859] H;PO,), 200 ml toluene
and 27 g acid Xe was processed by method G. 23-0 g starting Xe was recovered (m.p. 107— 109°C)
and only 2:83 g (11%; 75% referred to conversion) ketone X/e was obtained (m.p. 97—111°C).
Analytical sample, m.p. 111-5—113-5°C (cyclohexane). UV spectrum: 7,,, 237-5 nm (log ¢ 4:31),
255 nm (4:02), 278-5 nm (3-69), 325 nm (3-53). IR spectrum: 736, 756, 806, 828, 903 (4 and 2 adja-
cent and solitary Ar—H), 1106, 1178, 1337 (CF,), 1594 (Ar), 1686 em ™! (Ar—CO-R). NMR
spectrum; 8-12 (m, 1 H, 9-H), 7-05—7-80 (m, 6 H, remaining aromatic protons), 4:34 (s, 2 H,
ArCH,CO). Patent application34 described the cyclization with pelyphosphoric acid at 110°C
but does not report the yield; its m.p. is 103—104°C.

B. The same amount of polyphosphoric acid, 23-5 g acid Xe and 200 mi toluene were processed
according to method G but the reaction period was extended to 16 h. Even under these conditions,
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14:4 ¢ Xe was regenerated (m.p. 105—107°C). A total of 9-2 g nonhomogeneous neutral product
was obtained which was chromatographed on a column of 500 g alumina. On elution with a mix-
ture of benzene and light petroleum, the first fraction to be eluted was 1-63 g of a semisolid sub-
stance; this was followed by 5-02 g (23%; 59% referred to conversion) ketone X/e, m.p. 112 to
113°C. Chloroform then eluted 0-35 g substance melting at 123—125°C (benzene-light petroleum)
which was identified as 2-(o-toluoyl)dibenzo[b, f]thiepin-10(11H)-one (XXII{). UV spectrum:
Zmax -0 nm (log ¢ 4:50), 301 nm (4-01). IR spectrum: 733 and 748 (two intense bands corres-
ponding to 4 adjacent Ar—H), 793, 847, 859, 873 (2 adjacent and solitary Ar—H), 1560, 1591
(Ar). 1665 (Ar,CO), 1676 cm ™! (Ar—CO—R). NMR spectrum: 6 8-12 (m, 1 H, 9-H), 7-00 to
7-$0 (m, 10 H, remaining aromatic protons}, 4:30 (s, 2H, ArCH,CO), 2-26 (s, 3 H, Ar—CH,). For
C,,H,,0,8 (344-4) calculated: 76:73%; C, 4-68%, H, 9-30%; S; found: 76-79%, C, 4-83%, H, 8-967;S.

In the following chloroform fractions 2-10 g substance was eluted which melted at 156—158°C
(benzene-light petroleum) and was identified as 2-(p-toluoyl)dibenzo[b,f]thiepin-10(11 H)-one
(XX, UV spectrum: A, 239-5 nm (log ¢ 4-48), inflexion 257-5 nm (4:35), 291-5 nm (4-11). IR
spectrum: 755, 787, 834, 852, 863 (4 and 2 adjacent and solitary Ar—H), 1590, 1609 (Ar), 1650
(Ar,CO), 1684 cm ™! (Ar—CO—R). NMR spectrum: § 8-12 (m, { H, 9-H), 7-00—7-80 (m, 10 H,
remaining aromatic protons), 431 (s, 2 H, ArCH,CQ), 2-38 (s, 3 H, Ar—CHj3). For C,,H,,0,5
(344-4) calculated: 76-73% C, 4-68% H, 9:30% S; found: 77-13%; C, 4-77% H, 9-07% S.

2-{Methylthio)-10,11-dihydrodibenzo{b, f]thiepin-10-0l (X7/c) (Method H)

A solution of 042 g NaBH, in 2 ml water with a drop of 20%, NaOH was added dropwise over
5 min 10 a solution of 3-0 g X/c in a mixture of 40 ml ethanol and 30 ml dioxane. The mixture
was refluxed under stirring for 3 h. After evaporation, the residue was diluted with 3%, hydro-
chloric acid and extracted with chloroform. The residue obtained by processing the extract was
recrystallized from a mixture of benzene and light petroleum: 2:62 g (87%), m.p. 122—124°C. IR
spectrum: 758, 813, 873 (4 and 2 adjacent and solitary Ar—H), 1000 (CHOH in the ring), 1557,
1582 (A1), 3360 cm L (OH).

2-Methoxy-10-chloro-10,11-dihydrodibenzo[b, f Jthiepin (XIilia) (Method J)

Powdery CaCl, (5 g) was added to a solution of 8-7 g X7/a in 100 ml benzene and the suspension
was saturated for 2 h under stirring with anhydrous hydrogen chioride. After standing overnight,
it was filtered and the filtrate evaporated. Recrystallization of the residue from cyclohexane yielded
915 £ (98Y%,) product melting at 113—114°C.

2-(Methylthio)-10-(4-methylpiperazino)dibenzo[b, fJthiepin (}/)

1-Methylpiperazine (15 ml) was added to a solution of 5-0 g X/c in 80 m! benzene and then, over
a period of 5 min, a solution of 3-:0 g TiCl, in 20 ml benzene was added dropwise. The mixture
was refluxed for 24 h, cooled, decomposed with water, the precipitate was filtered and washed
with benzene. The benzene layer of the filtrate was separated, washed with water, dried and eva-
poraied. The residue was recrystallized from ethanol; 5-61 g (86%;), m.p. 146— 147°C. UV spec-
trum: A, 271-5 nm (log ¢ 4:40) infl. 315 nm (3-90). IR spectrum: 767, 782, 817 (Ar—H and
CH=C), 1545, 1575 (Ar), 1621 (C=C), 2710 and 2760 cm ! {(N-—CH;). NMR spectrum:
§ 6:80—7-70 (m, 7 H, aromatic protons), 620 (s, 1 H, ArCH==C), 2-92 (t, 4 H, CHZNlCHz),
2:50 (1, 4 H, CH2N4CH2 of piperazine), 2-35 (s, 3 H, SCH;). 2-:28 (s, 3 H, NCH;). Neutraliza-
tion of the base with methanesulfonic acid in a mixture of ethanol and ether yields methanesulfon-
ate, melting at 269—271°C (ethanol).

Celleciion Czechoslov, Chem. Commun. [Vol. 40] [1875})



1958 Sindela¥, Dlabag, Metysova, Kakac¢, Holubek, Svétek, Sedivy, Protiva :

2-(Methylthio)-10-(4-methylpiperazino)-10,11-dihydrodibenzo[b, flthiepin (111c)

Sodium borohydride (1:02 g) was added to a solution of 3-43 g enamine V in 50 ml tetrahydro-
furan, the mixture was cooled to 5°C and, over a period of 40 min, 3-6 ml acetic acid in 10 ml]
tetrahydrofuran was added dropwise. The mixture was stirred for 2 h at rcom temperature, then
further 3-6 ml acetic acid was added dropwise, the mixture was refluxed for I h and left to stand
overnight at room temperature. Excess 10% NaOH was then added and the product was ex-
tracted with benzene. The extract was shaken several times with excess 10% hydrochloric acid.
Evaporation of the benzene phase yielded a relatively high amount of ketone X/¢ (m.p. 128-5 to
129-5°C). The acid aqueous solution was made alkaline with 10% NaOH and base Illc was ex-
tracted with benzene; m.p. 102—103°C (ethanol). IR spectrum: 765, 816, 894 (4 and 2 adjacent
and solitary Ar—H), 1565, 1590 cm ™! {(Ar). NMR spectrum: 6 6:75--7-70 (m, 7 H, aromatic
protons), 2:90—4-00 (m, 3 H, Ar—CH,CH—Ar), 2:58 (m, 4 H, CHZNICH2 of piperazine),
240 (m, 4 H, CH2N4CH2 of piperazine), 2-40 (s, 3 H, SCH), 2-23 (s, 3 H, NCHj3). Neutraliza-
tion of the base with maleic acid in a mixture of ethanol and ether yiclded the di(hydrogenmalecate),
m.p. 126—128°C (ethanol-cther).

2-Methoxy-8-fluoro-10-[4-(2-hydroxycthyl)piperazino]-10,11-dihydrodibenzolb, fIthiepin (I Vh)
(Method K)

A mixture of 40 g XIIIb, 6 ml chloroform and 5-4 g 1-(2-hydroxyethyl)piperazine was refluxed
under stirring for 6 h. After evaporation of chloroform, the residue was combined with 30 ml
5% NaOH and the mixture was extracted with benzene. The extract was washed with water
and 2:5N-H,80,. The acid solution was separated, made alkaline with NH,OH and extracted
with benzene; 3-5 g (66%), m.p. 102—103°C (cyclohexane). NMR spectrum: & 6:40—7-50 (m,
6 H, aromatic protons), 2-80—4-00 (m, 3 H, ArCH,CHAr), 3-70 (s, 3 H, OCHj), 3-54 (t, / = 6:0
Hz, 2 H, CH,0), 2-91 (s, disappears after D,0, 1 H, OH), 2-55 (m, 10 H, 5§ NCH,). The maleate
crystallizes from a mixture of ethanol and ether as hemihydrate, m.p. 142—143°C.

The benzene solution after removing the basic fraction by shaking with the acid was washed
with water, dried and evaporated. A small amount of 2-fluoro-8-methoxydibenzo{b,f]thiepin
(XXIVb) was obtained, m.p. 81— 83°C (light petroleum). NMR spectrum: 6 6:80—7-50 (m, 6 H,
aromatic protons), 6:90 (s, 2 H, CH==CH), 3-70 (s, 3 H, OCHj,).

The authors are indebted to Dr M. Ryska, Institute of Macromolecular Chemistry, Czechoslovak
Academy of Sciences, Prague, for recording and interpretation of the mass spectrum of XX, to
Mrs E. Princovd for skilled technical assistance with the synthesis of the compounds, and to Mrs
J. Komancovd, Mr M. Cech, Mrs A. Slavikovd, Miss Z. Volkovd, Miss J. Hrdd and Mr K. Havel
(Analytical department of this Institute) for carrying oui the analyses. v
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