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(Arylthio)benzoic acids Ila— Ile and VIb— VId were transformed via the acid chlorides to the
N,N-dimethylamides which were reduced either with diborane ‘‘in situ” or with lithium aluminium
hydride to N,N-dimethyl-(arylthio)benzylamines Ia— Ie and Vb— Vd. Leuckart reaction of the
aldehydes IX and X with dimethylformamide and formic acid afforded directly the amines Va
and Ve. Demethylation of the methoxy compounds Ia and Ve with hydrobromic acid resulted
in the phenolic amines If and Vf. The most interesting N,N-dimethyl-4-(phenylthio)benzylamine
(Va) hydrochloride showed affinity to cholinergic and 5-HT, serotonin receptors in the rat brain
and some properties considered indicative of antidepressant activity (inhibition of serotonin
re-uptake in the brain and potentiation of yohimbine toxicity in mice).

In some previous communications' ~* series of substituted 2-(phenylthio)benzyl-

amines were described and some of them vere shown to be strong inhibitors of
5-hydroxytryptamine (5-HT) and noradrenaline re-uptake in brain structures.
N,N-Dimethyl-2-(3-hydroxyphenylthio)benzylamine (VUFB - 15468) (ref.?) was
selected for preclinical and clinical research as a potential antidepressant®~8, The
steric structure of molecules of some of these compounds was investigated by the
X-ray structure analysis?’ ' and the energetic minima of such molecules in dependence
on conformation were calculated!!.

The object of the work described now was to prepare selected 3-(phenylthio)benzyl-
amine and 4-(phenylthio)benzylamine derivatives and to determine the influence
of these structural manipulations (positional isomerism) on the biological activity.
The interest was concentrated to analogues of the biologically most active 2-(pheny1-
thio)benzylamines : (3-methoxy- and 3-hydroxyphenylthio)benzylamines and (2-, 3-
and 4-chlorophenylthio)-benzylamines.

In the synthesis of the new compounds, similar methods like described in the
previous papers! ~4, were used. Starting materials in the synthesis of N,N-dimethyl-
-3-(arylthio)bznzylamines Ia—Ie were the corresponding 3-(arylthio)benzoic acids
Ila—11e. With the exception of ITa, which was prepared by a described!? procedure,
these acids were obtained by reactions of 3-iodobenzoic acid with 2-chlorothio-
phenol, 3-chlorothiophenol, 4-chlorothiophenol, and 3-methoxythiophenol in
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boiling solutions of potassium hydroxide in the presence of copper. The acids were
transformed by treatment with thionyl chloride in benzene to the acid chlorides
II1a—111e which were reacted with dimethylamine in benzene and gave the amides
IVa—1Ve. Their reduction either with diborane ‘““in situ” in tetrahydrofuran or with
lithium aluminium hydride in ether afforded the final products Ia —Ie. Demethyla-
tion of Ie with boiling hydrobromic acid resulted in the phenolic amine If.

The N,N-dimethyl-4-(chlorophenylthio)benzylamines Vb—Vd were prepared
similarly. The starting materials were the acids VIb, VIc and VId (ref.!?), obtained
by reactions of 4-iodobenzoic acid with chlorothiophenols under similar conditions
like in the preceding cases. The transformation of these acids to the final amines
proceeded also similarly like in the 3-(arylthio)benzylamine series (treatment with
thionyl chloride to give VIIb—VIId, their transformation to dimethylamides
VI11b—VII1d and finally reduction with diborane to Vb— Vd).

s z X
3 &' /4’
R} 7

I, R = CH,;N(CH,), V, R = CH;N(CH,),
/' R = COOH Vi R= COOH

i R = COCl vil, R = COCl

IV, R = CON(CH,), Viil, R = CON(CH,),

In formulae /-Vill:a, X=H; 6 X=2-Cl; ¢, X=3-Cl;, d, X=4-Cl;
e, X=3-0CH;; s, X=3-0H

The syntheses of N,N-dimethyl-4-(phenylthio)benzylamine (Va) and N,N-di-
methyl-4-(3-methoxyphenylthio)benzylamine (Ve) started from 4-bromobenzaldehyde
which was reacted with thiophenol and 3-methoxythiophenol in dimethylformamide
in the presence of potassium carbonate at 110°C and gave the aldehydes IX (ref.'4)
and X. These were processed by Leuckart reaction with dimethylformamide and
formic acid at 170°C and thus directly converted to Va and Ve. N,N-Dimethyl-4-
-(3-hydroxyphenylthio)benzylamine (Vf) was obtained by demethylation of Ve
with hydrobromic acid.

X
o
X, X=H

X, X = OCH,
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The prepared amines Ia—1If and Vb— Vf were tested in the form of salts described
in the Experimental by methods of biochemical and behavioural pharmacoelogy
(in the in vivo tests the compounds were administered orally and the doses given
were calculated per bases)

Acute toxicity in mice (the compounds were administered in doses of 100 and
500 mg/kg): LDy, Ia—Ic, Va, Ve, Ve ,and Vf over 100 mg/kg- Id, Ie, Vb, and Vd
over 500 mg/kg.

Inhibition of the re-uptake of 10 nv [°H] 5-HT in the rat brain: IC;, in nmol 1‘1:
Ic 123, Va 14-3; the other compounds were slightly active or inactive.

Compound Va has also significant affinity to cholinergic receptors in the rat
brain (inhibition of binding of 0-5 nm [*H] quinuclidinyl benzilate, IC5, = 67 .

.107¢ mol 17') and further to 5-HT, serotonin receptors (inhibition of bmdmg of
1 nM [*H]ketanserine, ICs, = 30-6 nmol 171).

In tests in vivo in mice the following compounds displayed significant act1v1ty
in doses of 100 mg/kg: Ib, Id, Vd (potentiation of toxicity of yohimbine) and further
Ia and If (antagonization of the reserpine-induced ptosis).

In conclusion: the substitution of N,N-dimethylbenzylamine with various arylthio
groups in position 2 has the most favourable influence on activity in the line of possible
antidepressant effects but even substitution in positions 3 and 4 maintains some
activity.

EXPERIMENTAL

Melting points were determined in the Mettler FP-5 melting point recorder or in a Kofler block;
the samples were dried in vacuo of about 60 Pa over P,O5 at room temperature or at a suitably
elevated temperature. UV spectra (in methanol, 4., in nm (log ¢)) were recorded with 2 Unicam
SP 8000 spectrophotometer, IR spectra in NUJOL (v in ecm™!) with a Perkin-Elmer 298
spectrophotometer, NMR spectra (in CDCl; unless stated otherwise, § in ppm, J in Hz) with
the FT-NMR spectrometer TESLA BS 567A (1H at 100 MHz, !3C at 25-14 MHz), and the mass
spectra (m/z, %) with a Varian MAT 445 (GC-MS) spectrometer, The homogeneity of the
products was checked by thin-layer chromatography on silica gel (Silufol). The extracts were
dried with MgSO, or K,CO, and evaporated under reduced pressure (about 3 kPa) on a rotary
evaporator,

General Procedure for Preparation of Acids 7116—Ile, VIb, and Vic

Dusty Cu (1-0 g, 15-7 mmol), the corresponding thiophenol (70 mmol) and the corresponding
iodobenzoic acid (65 mmol) were added to a solution of KOH (13-0 g, 230 mmol) in water
(140 ml) and the mixture was refluxed for 9 h, After cooling to 80— 90°C it was filtered and the
filtrate was acidified with 5M-HCl. The precipitated product was filtered, washed with water
and crystallized from ethanol,

3-(2-Chlorophenylthio)benzoic acid (11b). 3-lodobenzoic acid (17:2 g) and 2-chlorothiophenol
(10°1 g) afforded 139 g (76%) of I1b, m.p. 197—199°C. For C,;H,ClO,S (264:7) calculated:
58-98% C, 3-43% H, 13:39% Cl, 12:11% S; found: 59:27% C, 3:33% H, 13-25%, Cl, 11-90%; S.
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3-(3-Chlorophenylthio)benzoic acid (Ilc). 3-lodobenzoic acid (17°2 g) and 3-chlorothiophenol
(10-1 g) gave 13:0 g (71%) of Ile, m.p. 109— 109-5°C, UV spectrum: infl, 215 (4:44), 250 (4-04),
275 (3-74). IR spectrum: 721, 749, 779, 868, 896 (ArH): 1 265, 1 316, 1 679, 2 553, 2 660 (COOH);
1557, 1570, 1589, 3060 (Ar). IH NMR spectrum (CD3SOCD,): 795 m, 2H (H-2, H-6);
7-20—7-70 m, 6 H (remaining ArH), 3C NMR spectrum (CD;SOCD,): 166:50 s (CO); 137:07 s
(C-3); 135'5 d (C-4); 134-45 5 (C-1"); 134:08 s (C-3"); 13236 s (C-1); 131:70 d, 129-07 d, 127-58 d
(C-2’, C-4, C;6"); 131-31 d (C-5"); 130:12 d (C-5); 129-60 d, 128:85 d (C-2, C-6). For C;3H,ClO,S
(264-7) calculated: 58-98% C, 3-43% H, 13-39% Cl, 12-11% S; found: 58 82% C, 3-42%; H, 13-28%;
Cl, 11-91% S.

3-(4-Chlorophenylthio)benzoic acid (11d). 3-lodobenzoic acid (17'2 g) and 4-chlorothiophenol
(10-1 g) gave 142 g (78%) of Ild, m.p. 177—178°C. UV spectrum: 223 (4-33), 253 (4-09), 276
(3-87). IR spectrum: 700, 716, 740, 826, 986 (ArH); 1269, 1290, 1300, 1 678, 2 540, 2 640 (COOH);
1569, 1590, 3040, 3060 (Ar), 13C NMR spectrum (CD3SOCD;): 166:57 s (CO); 135:50 s
(C-3); 134:60 d (C-4); 13296 s and d (C-V’, C-3’, C-4/, C-5); 132:21 s (C-1); 130:79 d, 128-33 d
(C-2, C-6); 129-97 d (C-5); 129+75 d (C-2/, C-6’). For C;3H,ClO,S (264:7) calculated: 58987 C,
3-43% H, 13-39% Cl, 12:11% S; found: 58-34% C, 3-34%; H, 13-429; Cl, 11-74%; S. '

3-(3-Methoxyphenylthio)tenzoic acid (11e). 3-lodobenzoic acid (17.2 g) and 3-methoxythio-
phenol (9-8 g) afforded 14:0 g (73%) of Ile, m.p. 94—96°C. 'H NMR spectrum: 11-05 bs, 1 H
(COOH); 810 bs, 1 H (H-6, J= 7:5); 735 m, 3 H (H-4, H-5, H-5); 692 m, 3H (H-2’, H-4,
H-6"); 3:80 s, 3 H (OCH,3). For C;4H,,03S (260-3) calculated: €4:€0%; C, 4-659, H, 12:329( §S;
found: 64-80% C, 4:88% H, 12:08%; S.

4-(2-Chlorophenylthio)benzoic acid (VIb), 4-lodotenzoic acid (17-2 g) and 2-chlorothiorherol
(10-1 g) gave 156 g (86%) of VIb, m.p. 152:5—155°C. 'H NMR spectrum (CD3SOCD,):
795 d, 2H (H-2, H-6; /= 8'5); 734 d, 2 H (H-3, H-5; J= §'5); 7°40—7-80 m, 4 H (1€emaining
ArH). For C;;HyCl0,8 (264-7) calculated: 13:399 CJ, 12:119; §; found: 13:42% Cl, 11:74% S.

4-(3-Chlorophenylthio)benzoic acid (VIc). 4-Jodobenzoic acid (17:2 g) and 3-chlorothiophenol
(10-1 g) gave 12:7 g (69%) of Vic, m.p. 177~ 178°C. *H NMR spectrvm (CD;SOCD;): 7-95 d,
2H (H-2, H-6; J= 85); 750 m, 4 H (H-2’, H-4’, H-5, H-6¢"); 7-38 d, 2 H (H-3, H-5; /= &§5),
13¢c NMR spectrum (CD3SOCD,): 166:72 s (CO); 140-80 s (C-4); 135:26 s (C-1); 134:15 5 (C-3');
131-46 d (C-5"); 131-24 d, 128-40 d (C-2/, C-4’, C-6"); 130-42 d (C-2, C-6); 129:37 s (C-1); 129-15d
(C-3, C-5). For C;3HyClO,S (264'7) calculated: 58989, C, 3-43% H, 13-35% Cl, 12:11%; §;
found: 58-60% C, 3-42% H, 13-34% Cl, 11-81% S.

General Procedure for Preparation of the Acid Chlorides 1116 and Vilb—VIld

A stirred mixture of the acid (50 mmol), benzene (100 ml) and dimethylformamide (2' drops)
was treated dropwise with SOCl, (19-6 g, 165 mmol) and refluxed for 2 h. Volatile components
were evaporated in vacuo and the residue was crystallized from a mixture of cyclohexane and
light petroleum,

3-(2-Chlorophenyithio)benzoy! chioride (I11b). The acid 7176 (13-2 g) was converted to [IIb
(10-5 g, 74%), m.p. 57— 58°C. IR spectrum: 684, 709, 742, §00, 887 (ArH); 1 578, 3 055, 3 080
(Ar); 1756 (ArCOCI). For C,3;HgCl,0S (283.2) calculated: 55-14%; C, 2:¢5% H, 254% C],
11:32% S; found: 54:92% C, 2-84% H, 24-91% Cl, 11:29% S.

4-(2-Chlorophenylthio)benzoyl chloride (V11b). The acid Vib (13:2 g) was transformed:to VIIb
(10-8 g, 76%,), m.p. 81— 81-5°C. For C,,HgCl,0S (283-2) calculated: 55:14%; C, 2:85%; H, 25-04%;
Cl, 11-32% S; found: 54:98% C, 2-90% H, 25:07% Cl, 11-44% S,
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4-(3-Chlorophenylthio)benzoy! chloride (VIIc). The acid ViIe (13:2 g) was transformed to Vilc
(11-8 g, 84°%), m.p. 40— 41°C. For C,,HgCl,0S (283-2) calculated: 55:14% C, 2-85% H, 25-04%
Cl, 11-32% S; found: 55-13% C, 2-89% H, 24-78% Cl, 11-25%; S.

4-(4-Chlorophenylthioybenzoy! chloride (VIId). The acid VId (ref.'®) was transformed to VIId
(11-4 g, 81%), m.p. 56— 57°C. For C;HgzCl,0S (283-2) calculated: 55-14%; C, 2:85%; H, 25-04%;
Cl, 11-32% S; found: 55-15% C, 2-87% H, 24-88% Cl, 11-48% S.

N,N-Dimethyl-3-(2-chlorophenylthio-)benzamide (I/Vb)

A solution of II1b (83 g, 29 mmol) in benzene (65 ml) was treated at 7°C with gaseous dimethyl-
amine (3'9 g, 87 mmol), the mixture was stirred for 2h, washed with water, dried, and evaporated.
The residue (8:55 g, 100%) was further used without purification . For analysis, a sample was
crystallized from benzene, m.p. 68—70°C, UV spectrum: 246 (4-10), 276 (3-70). IR spectrum:
688, 740, 760, 814, 896 (ArH); 1 500, 1 560, 3 018, 3 040, 3 072 (Ar); 1 603 (ArCONR,). 'H NMR
spectrum: 7:10—~7-50 m, 8 H (ArH); 3-00 s, 6 H (N(CHj3);). 13Cc NMR spectrum: 170-60 s
(CO); 137:96 s (C-3); 135:05 5 (C-1"); 133-18s (C-1); 132:81 d (C-4); 132-14 d, 130:27 d, 130-12 4,
127-43 d (C-3', C-4, C-5’, C-6’); 129-52 d (C-2); 128:33 d, 12653 d (C-2, C-6); 38:09 g (N(CH3),).
For C, sH, ;CINOS *(291:8) calculated: 4-80% N, 10-99% S; found: 4:49%; N, 10-98%; S.

N,N-Dimzsthyl-4-(4-chlorophenylthio)benzamide (VIIId)

A similar prozadure starting form Viid (54 g, 19 mmol) afforded 5'5 g (99%) of VIIld, m, p.
107—107-5°C (cyclohexane). UV spectrum: infl. 219 (4:27), 257 (4-18), infi. 278 (4:04). IR
spectrum: 819, 849, 846 (ArH); 1 500, 1 590, 3 000, 3 040, 3 060 (Ar); 1 627 (ArCONR,). I NMR
spectrum: 7-37 s, 8 H (ArH); 3-06 s, 6 H (N(CH,3),). **C NMR spectrum: 170-90 s (CO); 13811 s
(C-4); 134:83 s (C-1) 13400 s (C-1’); 133:33 d (C-3’, C-5); 132:96 8 (C-4'); 129-75 d (C-2, C-6);
129-60 d (C-2', C-6"); 128:10 d (C-3, C-5); 39:77 ¢ (N(CH3),). For C;sH,,CINOS (291-8) calcul-
ated: 61:74% C, 4-84% H, 12-15% Cl, 4-80% N, 10-99% S; found: 61-65% C, 4-76% H, 12-22% Cl,
4-41% N, 11-10% S.

N,N-Dim:thyl-3-(4-chlorophznylthio)benzamide (1Vd)

A stirred mixture of IId (13:85 g, 52 mmol), benzene (110 ml) and dimethylformamide (2 drops)
was treated dropwise with SOCl, (20-3 g, 170 mmol) and it was refluxed for 2 h. The volatile
componesnts were evaporated in vacuo, the residue was dissolved in benzene (110 ml) andat
7°C gaseous dimethylamine (7-0 g, 155 mmol) was introduced, the mixture was stirred for 2h,
washed with water, dried, and evaporated; 148 g (98%) of IVd, m.p. 102:5—104°C (ethanol).
UV spectrum: 252 (4:15), 277 (3-85). IR spectrum: 700, 770, 800, 825, 883 (ArH); 1475, 1 500,
1560, 1590, 3000, 3018, 3025, 3060 (Ar); 1622 (ArCONR,). For C,s;H 4CINOS (291.8)
calculated: 61-74% C, 4:84% H, 12:15% Cl, 4:80% N, 10-99% S; found: 62-12%{ C, 4:85% H,
12:39% Cl, 5-27% N, 11:15% S:

N,N-Dim:thyl-3-(3-msthoxyphenylthio)benzamide (I Ve)

A similar procedure starting from Ile (9:3 g, 36 mmol) gave 10:0 g (98%) of oily IVe which was
further used without purification. IH NMR spectrum: 7-05 m, 8 H (ArH); 3:86 s, 3 H (OCH3),
3-06 bs and 2:94 bs, 2 X 3 H (N(CH3),).
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General Procedure for Preparation of Amines Ib, Id, Ie, and Vd

A stirred solution of the amide (30 mmol) in tetrahydrofuran (60 ml) under nitrogen was treated
with NaBH, (2'5 g, 66 mmol) and then at 20—27°C with BF; . O(C;Hg), (8:5 g, 60 mmol),
added dropwise. The mixture was stirred for 1 h at room temperature and then refluxed for 3 h.
After cooling it was decomposed with SMHCI (25 ml), refluxed for further 3 h, cooled, made
alkaline with 209 NaOH (50 ml), and extracted with benzene. The extract was dried and evapor-
ated, the residue was dissolved in ethanol (10 ml), the solution was neutralized with an ethanolic
solution of HCI and diluted with ether. The hydrocyhloride of the product crystallized and was
recrystallized from a mixture of ethanol and ether,

N,N-Dimethyl-3-(2-chlorophenylthioybenzylamine (Ib). The amide IVb gave 5:8 g (62%) of Ib.
HCI, m.p. 173—174°C. IR spectrum: 709, 755, 786, 971 (ArH); 1 559, 1 570, 3 000, 3 015, 3 060
(Ar); 2 395, 2433, 2 460, 2498, 2 545 (NH*). {H NMR spectrum (CD3;SOCDj): 7-00—7-80 m,
8 H (ArH); 4:32 s, 2 H (CH,); 2:69 8, 6 H (N(CH3),). For C,sH,,CI,NS (314:3) calculated:
57-32% C, 5-45% H, 22-57% Cl, 4-46% N, 10-20% S; found: 57-25% C, 5-39% H, 22-53% Cl,
4-27% N, 10:41% S.

N,N-Dimzthyl-3-(4-chlorophenylthio)benzylamine (I1d). The amide IVd afforded 47 g (50%)
of Id, HCl, m.p. 151—152°C, IR spectrum: 690, 790, 810, 902 (ArH); 1 555, 1 570, 1 590, 3 005,
3060 (Ar); 2 409, 2 465, 2 500, 2 550 (NH™*). "H NMR spectrum (CD3SOCD,): 7:30—7-70 m:
8 H (ArH); 4-28 s, 2H (CH,); 268 s, 6 H (N(CHj3),). For C,sH,Cl;NS (314-3) calculated.
57-32% C, 5-45% H. 22:571% Cl, 4-46% N, 10:20% S; found: 57-:35% C, 5-47% H, 22-74% Cl,
4100 H, 10-38% S.

N,N-Dimethyl-3-(3-methoxyphenylthio)benzylamine (le). The amide IVe (86 g) gave 57 g
(61%) of Ie. HC}, m.p. 129—131°C. IR spectrum: 685, 703, 776, 781, 860, 880, 900 ArH); 1 033,
1 246 (ArOCH,): 1477, 1583, 3010, 3030, 3050 (Ar); 2475, 2510, 2 550 (NH+). 1H NMR
spectrum: 6:80—7-80 m, 8 H (ArH); 416 bs, 2H (CH;); 3-80 s, 3 H (OCH;); 276 bs, 6 H
(N(CH3),). For C,cH,,CINOS (309-9) calculated: 62:02%; C, 6:51% H, 4:52% N, 10-35%; S;
found: 61-65% C, 6:62% H, 469% N, 10:12% S.

N,N-Dimethyl-4-(4-chlorophenylthio)benzylamine (Vd). The amide VIIld (8:7 g) gave 705 g
(75%) of Vd. HCl, m.p. 222—224°C. UV spectrum: infl. 220 (4:21), 256 (4'19), infl, 277 (3-93).
IR spectrum: 821 (ArH); 1 569, 1 597, 3 010, 3 028, 3059, 3 090 (Ar); 2 380, 2 468, 2 518, 2 550
(NH?), 'H NMR spectrum (CD;SOCD;): 7:62 d and 7-38 d (ABq); 2 and 2 H (4 ArH, J =
= 85); 753 and d 7-42 d (ABq), 2 and 2 H (4 ArH, H = 8'5); 4-28 5, 2 H (CH,); 2:70 s, 6 H
(N(CH3),). For C;sH,;CI,NS (314:3) calculated: 57-32% C, 5-45% H, 22:57% Cl, 4:46% N,
10-20% S; found: 56-93 %C, 5-42% H, 22-68% Cl, 4-11% N, 10-31% S

N,N-Dimsthyl-3-(phenylthio)benzylamine (Ia)

A stirred mixture of I7a (ref.*?) (115 g, 50 mmol), toluene (100 ml) and dimethylformamide
(2 drops) was treated dropwise with SOCI, (11-9 g, 100 mmol) and then refluxed for 3 h. The
volatile components were evaporated in vacuo, the residue was dissolved in toluene (50 ml)
and the solution was dropped at 5°C to the stirred 10% aqueous dimethylamine (70 g, 155 mmol).
1t was stirred for 2 h at 40°C, the toluene layer was separated, dried and toluene was evaporated.
The residue (113 g) was dissolved in ether (50 ml) and the solution was dropped to a stirred
solution of LiAlH, (4-0 g, 106 mmol) in ether (100 ml). The mixture was refluxed for 10 h, de-
composed with 207, NaOH (30 ml), the precipitated solid was filtered off and washed with
ether. The filtrate was dried, evaporated, and the residue was distilled in vacuo, 5'5 g (45%)
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of Ia, b.p. 152—154°C/0-25 kPa. 1H NMR spectrum: 7-25 m, 9 H (ArH); 3:35 s 2H (CH,);
2:18 s, 6 H (N(CH3),). For C, sH, ;NS (243-4) calculated: 74:02%; C, 7:04% H, 5:75% N, 1318,
S; found: 73:92% C, 7:26% H, 579% N, 13:18% S. The base was converted to the hydrochloride,
m.p. 161—163°C (ethanol-ether). For C,sH,zCINS (279:6) calculated: 64:38% C, 6-48%H,
12:67% Cl, 5:00% N, 11-46% S; found: 64:11% C, 6:59% H, 12-75% Cl, 4:92%;, N, 11-54% S.

N,N-Dimethyl-3-(3-chlorophenylthio)benzylamine (Ic)

A stirred mixture of Ilc (127 g, 48 mmol), benzene (100 ml) and dimethylformamide (2 drops)
was treated dropwise with SOCl, (18-6 g, 156 mmol) and it was refluxed for 2 h. The volatile
components were evaporated, the residue was dissolved in benzene (100 ml) and at 7°C gaseous
dimethylamine (5-9 g, 131 mmol) was introduced into the stirred solutiori, The mixture was
stirred for 2 h, washed with water and dried. The residue (11-7 g) was dissolved in tetrahydrofuran
(75 ml) and under nitrogen the stirred solution was treated first with NaBH, (3-2 g, 85 mmol)
and then at 20— 27°C with BF; . O(C,;Hs), (11-2 g, 79 mmol), added dropwise. The mixture
was stirred for 1 h at room temperature and then refluxed for 3 h, After cooling it was de-
composed with SMHCI (30 ml), refluxed for 3 h, cooled, made alkaline with 209, NaOH (70 ml),
and extracted with benzene. The exctrat was dried, evaporated, the residue was dissolved in
ethanol (15 ml), the solution was neutralized with an ethanolic solution of HCI, and diluted
with ether. Crystallization gave 88 g (58%) of Ic. HC], m.p. 171—172°C (ethanol-ether). UV
spectrum: 252 (4:12), infl. 277 (3-83). IR spectrum: 741, 800, 855 (ArH); 1559, 1570, 3 020,
3 040, 3 068 (Ar); 2 385, 2 470, 2 500, 2 555 (NH ™). 'H NMR spectrum (CD;SOCD;): 7-10—7-80
m, 8 H (ArH); 4-12 s, 2 H (CH,); 2'71 s, 6 H (N(CH3),). For C; sH,,Cl.NS (314:3) calculated:
57-32% C, 5-54% H, 22-57% Cl, 4-46% N, 10:20% S; found: 57-44% C, 5-48% H, 22-37% Cl,
4:20% N, 10-38% S.

N,N-Dimethyl-4-(2-chlorophenylthio)benzylamine (Vb)

Gaseous dimethylamine (5-9 g, 131 mmol) was introduced at 7°C into a stirred solution of the
acid chloride VIIb (12-1 g, 43 mmol) in benzene (100 ml). The mixture was stirred for 2 h, washed
with water, dried, and evaporated. The residue was dissolved in tetrahydrofuran (85 ml) and
the stirred solution under nitrogen was treated first with NaBH, (35 g, 93 mmol) and then drop-
wise at 20—27°C with BF; . O(C,Hj), (12:3 g, 87 mmol). The reaction mixture was stirred
for 1 h at room temperature and then refluxed for 3 h. After cooling it was decomposed with
5M HCI (35 ml) and the mixture was refluxed for another 3 h. After cooling it was made alkaline
with 209 NaOH (80 ml) and extracted with benzene. The extract was dried and evaporated,
the residue was dissolved in ethanol (15 ml), the solution was neutralized with ethanolic HC]
and diluted with ether; 10-5 g (78%) of V6. HCl, m.p, 204— 206°C (ethanol-ether). IR spectrum:
725, 743, 803, 856 (ArH); 1 480, 1 559, 1 570, 3 020, 3 048, 3 065 (Ar); 2 470, 2 500, 2 555 (NH+).
1H NMR spectrum: 7-20—7-80 m, 8 H (ArH); 442 5, 2 H (CH,); 272 s, 6 H (N(CH3),). For
C;5H,,Cl,NS (314-3) calculated: 57-32% C, 5-45% H, 22-57% Cl, 4-46% N, 10-20% S: found:
56-99% C, 5-47% H, 22-65%, Cl, 4-20% N, 10-16%; S.

N,N-Dimethyl-4-(3-chlorophenylthio)benzylamine (V¢)

A similar procedure starting from Viic (11-0 g, 39 mmol) gave 10:4 g (83%) of Ve. HCl, m.p.
184— 186°C (ethanol-ether). IR spectrum: 681, 789, 880, §89 (ArH); 1480, 1490, 1573, 1 598,
3000, 3 018, 3 050, 3 070 (Ar); 2 380, 2 470, 2 510, 2 555 (NH™). 'H NMR spectrum: 7-20— 7-70
m, 8§ H (ArH); 4-08 d and 4:32 d (ABqg), ! and 1 H (ArCH;,;N, J= 13:0); 2:76 s and 282 s, 3
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and 3H (NCHj),). For C,sH,,CI,NS (314.3) calculated: 57-32 %C, 5-54% H, 22:57% Cl],
4-46% N, 10:20% S; found: 57-40% C, 5-42% H, 22:31% Cl, 4-20% N, 10-30% S.

4-(Phenylthio)benzaldehyde (1X)

A stirred mixture of 4-bromobenzaldehyde (18:5 g, 100 mmol), thiopheno!l (11:0 g, 100 mmol),
K,COj; (14:5 g, 105 mmol) and dimethyiformamide (60 ml) was heated under nitrogen for 6 h
to 110°C, It was poured into water (300 ml) and extracted with 1,2-dichloroethane. The extract
was dried and evaporated, the residue was dissolved in ether (100 ml) and the solution was shaken
for 1 h with a solution of K,S,0, (40 g, 180 mmol) in water (100 ml). The precipitated addition
product was filtered, suspended in 209 H,SO, (100 ml) and the mixture was shaken until the
complete transformation of the solid into oily material. It was then extracted with 1,2-dichloro-
ethane, the extract was dried and evaporated, 20-4 g (95%) of IX, m.p. 54°C., Ref.“, m.p. 53—54°C
(different synthetic method).

4-(3-Methoxyphenylthio)benzaldehyde (X)

A similar procedure starting from 4-bromobenzaldehyde (17-5 g, 95 mmol) and 3-methoxy-
thiophenol (13-4 g, 96 mmol) resulted in 19-4 g (84%) of X, m.p. 64— 66°C (ethanol-hexane).
UV spectrum: 309 (4-21). IR spectrum: 685, 694, 782, 815, 836, 854 (ArH); 1 035, 1 214, 1250
(ArOCH;); 1480, 1555, 1574, 1590, 3010, 3060 (Ar); 1691, 2740 (ArCHO); 2 830, 2 850
(ArOCHj;). 1H NMR spectrum: 9-94 s, 1 H (CHO); 7-73 d, 2 H (H-2, H-6; J = 9:0); 7-28 4,
2 H (H-3, H-5; J = 9-0); 6:90—7-40 m, 4 H (H-2’, H-4, H-5", H-6); 3:82 s, 3 H (OCH3;). For
C4H{,0,S (244-3) calculated: €8:82% C, 495% H, 13-13%; S; found: 69:11%; C, 5:17; H,
13:07% 8.

N,N-Dimethyl-4-(phenylthio)benzylamine (Va)

A mixture of 1X (183 g, 85 mmol), dimethylformamide (40'6 g, 556 mmol) and formic acid
(19-6 g, 426 mmol) was refluxed for 8 h, poured into 1M-HCI (400 ml), the solution formed was
made alkaline with 20% NaOH and extracted with 1,2-dichloroethane. The extract was dried
and evaporated, the residue was distilled in vacuo; 15:9 g (76%) of Va, b.p. 140—142°C/0-15 kPa
'H NMR spectrum: 7-30 m, 9 H (ArH); 3:40s, 2 H (CH,); 2:25 5, 6 H (N(CH3),). For C, sH ;NS
(243+4) calculated: 74:03% C, 7:04% H, 5-76% N, 13-18% S; found: 74:07% C, 7-23% H, 5:62%; N,
13-17% S. The base was transformed to the hydrochloride melting at 203—205°C (ethanol-ether).
For C, sH, gCINS (279-8) calculated: 64-38%; C, 6-48% H, 12:67%; Cl, 5:00% N, 11:46%; S; found:
64-34% C, 6:69% H, 12:78% Cl, 4:81% N, 11-60% S.

N,N-Dimethyl-4-(3-methoxyphenylthio)benzylamine (Ve)

A similar procedure starting from X (17-0 g, 70 mmol) gave 13-2 g (69%) of Ve, b.p. 180—182°C/
/0-25 kPa. 'H NMR spectrum: 7-37 d, 2 H (H-2, H-6; J = 85); 725 d, 2 H (H-3, H-5; J =
= 8'5); 7-20 bt, 1 H (H-5"); 6:70—6'90 m, 3 H (H-2’, H-4, H-6’); 3-74 s, 3 H (OCH3); 2:25 s,
6 H (N(CH3),). For C;cH,¢NOS (273-4) calculated: 70-29% C, 7-00%; H, 5123 N, 11:73%; C;
found: 69:98% C, 7-25% H, 5:11% N, 11-61% S. The base was transformed to the hydrochloride,
m.p. 157—159°C (ethanol-ether)., For C;¢H,,CINOS (309-9) calculated: 62:02%; C, 6-51%; H,
11-44%;, Cl, 4-52% N, 10:35% S; found: 61:79% C, 6-62% H, 11:32% Cl, 4-32% N, 10-39%; S.
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N,N-Dimethyl-3-(3-hydroxyphenylthio)benzylamine (If)

A solution of Ie (83 g, 30 mmol) in 489 HBr (60 g, 330 mmol) was refluxed for 3 h, poured
into water (150 ml), made alkaline with 209, NaOH to pH 9, and extracted with 1,2-dichloro-
ethane. The extract was dried and evaporated, the residue was dissolved in ethanol (20 mi),
the solution was neutralized with ethanolic HCl and diluted with ether. Crystallization gave
62 g (69%) of If. HCl m.p. 168— 170°C (ethanol-ether). Mass spectrum: 259 (M ™", C,sH,,NOS,
40), 216 (42), 200 (7), 122 (15), 91 (25), 58 (100). IR spectrum: 700, 786, 882 (ArH); 1 210 (ArOH);
1571, 1593, 3015 (Ar); 2 680 (NH™); 3 205 (OH). 'H NMR spectrum (CD3;S0CD;): 6:70—8:70
m, 8 H (ArH); 426 s, 2 H (CH,); 2:68 s, 6 H (N(CH3),). For C; sH, 3CINOS (295-8) calculated:
60-90%, C, 6-13% H, 11-99% Cl, 4-73%; N, 10-84% S; found 60-76% C, 6:19%, H, 12:06% Cl,
4-56% N, 10-99% S. :

N,N-Dimethyl-4-(3-hydroxyphenylthio)benzylamine (V)

Similar demethylation of Ve (16-3 g, 60 mmol) gave V/ which was transformed to the hydro-
chloride (11:2 g, 64 %), m.p. 128— 130°C (ethanol-ether). Mass spectrum: 259 (M, C,sH;;NOS,
63), 215 (100), 200 (4), 183 (6), 134 (12), 91 (8), 58 (68). IR spectrum: 690, 784, 805, 870, 890
(ArH); 1222 (ArOH); 1527, 1594, 3 000, 3 020 (Ar); 2468, 2575, 2650 (NH*); 3100 (OH).
'H NMR spectrum (CD;SOCD,): 760 d, 2H (H-3, H;5- J= &5); 7-30 d, 2H (H-2, H-6;

= 8:5) 7-18 bt, 1 H (H-5); 6:80 m, 3 H (H-2’, H-4, H;6"); 424 5, 2H (CH,); 2:67s, 6 H
(N(CHa,);). For C,sH;gCINOS (295-8) calculated: 60-90% C, 6-13% H, 11-99%; Cl, 4-73% N,
10-84% S; found: 60-88%, C, 6:28% H, 11-:95% Cl, 4:70% N, 10-76% S.
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