376 NoOTES

Serotonin Inhibitors. 11! 2’-(3-
Dimethylaminopropylthio)cinnamanilide
and Related Compounds

Jouy Krarcua, Ervin R, Serezsmitier, Cuestsr F, TURK,
AND Josey Frien

The Sqibb Institute for Medical Research, New Brunswick,
New Jersey

Recelved Lwgust 22, 1165
Although almost a century has passed sinee the

demonstration that the vasoconstrictive power of
blood increases after clotting, it was only in 1948 that
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effect of some structural changes on the antiscrotonin
activity. The synthesis of 1 and related compounds
and their in vitro activity on the izolated rat nterns ave
reported horein.

The resnlts obtainoed with the additional componnds
cmphasize the importance of the cinmamoyl group for
high antiserotonin  activity. Thus, replacement ol
that group by phenylpropiolyl (8). «-propyleinna-
moyl (7). erotouyl (5), =orbyl (6), phenacetyl (10), and
cimnamyl (30) led to compounds of lower activity.
Benzylation of the amido group (27) also resulted n
decreased activity.,  Variations in the basie group
showed the amino compound (24) shightly less potent
than the corresponding miethylamino (23) and di-
methylamino (14) analogs.

Tapre [

: X— (CHz)nN(CH3)2

NH,
. B.p. - om0 NP ORE D

No. X ” =C. mi. Formmnta Caled. Fonnd
A bl 3 115-118 0.5 ChHgNws™ 13.32 15.30
B b i 115119 0.1 CrH NS 1407 14.00
(! () 4 130-133 0.5 CHa N0 15,45 15,14
D 0 3 110114 (0.d CyH N0 14,42 14.49
1 0 J 100-102 0.1 CioH,6N.0 15.04 1h. 12
1 2-[3-(4-Methyl-1-piperaziny Dprapylthio| aniline CyiHa NS 15.83 16.01
Y 2-[2-(Methylphenethylamina)ethylthio]aniline CrrHuNS 0.78 9.51
H* N-[2-(2-Aminophenylthio)ethyl] phthalimide CeH 13 NL0sS 0.50 .25
1" 2-(3-Dimethylaminopropoxy )-4-methoxyaniline CaHaN-0. 1249 120

J” A-Chloro-2-(3-dimethylaminopropoxy Janiline (4, Hy; CINL.O 12,205 12,06
K N-[2-(3-Dinlethylaminopropylthio)phenylibenzylamine (hgHay NN .35 .39
L 4-(3-Dimethylaminopropylthio)aniline CoHpsNS 153,32 15

ALY 3-(3-Dimethylaminaprapoxy Janiline CHENLO 14,42 13,58

« I'he dihydroehloride melted at 233-234° (from 93¢ ¢ ethanal).
2403 N, 0.66.

133-138 (0.1); N, 116119 (0.1).

I'aund: N, 9.49.
far 4 hr.

the material responsible for the added vasoconstrictor
activity was isolated in erystalline form, assigned the
name serotonin, and then identified as 5-hydroxytryp-
tamine.? Subsequent findings of significant quantities
of serotonin in the brain, gastrointestinal tract, and
malignant carcinoids stimulated a great deal of work
in this field.® Despite these extensive investigations,
the role which serotonin plays in human physiology or
pathology is still uncertain. It is not unreasonable to
hope that this role may become more clearly defined by
employing a highly selective serotonin ihibitor in those
disorders in which serotonin has been implicated.

We have recently reported! the in viiro and in vive
antiserotonin activity of 2’-(3-dimethylaminopropyl-
thio)einnamanilide hydrochloride (Table I1I, 1), a
potent and highly selective scrotonin inhibitor, and the

(1) Previons paper: J. Krapcho. I, Rubin, A. M. Drungis, E. R. Spitz-
miller, C. . Tork, J. Williams, 3. N. Craver, and J. Fried, .J. Med. Chem., 6,
219 (1963).

12) The bistorical aspect of this work bus been supmirized by 1. H. Page,
Phyesnls fPer., 34, HO3 (1951).

3 Y. ML Page, sbid., 38, 277 (19581 L
BUY9 (10610,

(4) Melting ponts were taken sn o Thovasz-loover capillury melting
pornt «pparatns and are corrected.

s Gyemmek, Phoaymarcod. fer., 18,

dnad.
® B.p, °C. (mm): B, 171-174(0.2); (4, 177-183 (0.2): |, 135138 (0.2); J, 141-14G (0.2): K, 179-183 (0.4} 1,
¢ Mup. 115-117° (from benzene).
nicthanal) of N-benzylidene-2-(3-dimethyluminoprapylthiojuniline; hup, 182-189° (0. nim &

Caled. for C)yHsNos - JHCL: CL 22,050 N, 0.80, Found: CL

< Prepared in G077 vield by sadimn horahvdride reduetion (in
Anal. Caled. Tor CaHuN.S:0 N, 939,

The latter compound was obtained in 7877 vield hy heating equivalent quantities of A and henzaldehyde in xvlene
¢ Analysis and infrared spectra indieated contamination hy a small quantity of the starting nitro componnd.

Experimental:

2-(3-Dimethylaminopropylthio)aniline. (A).—-A slurry of 57.0
g. 11.0 mole) of sodium methaxide (Mathieson, 939 NaOCHz?
in 800 ml. of isopropyl alealiol was treated with a golution of 125
g. (1.0 male) of 2-aminobenzenethiol in 200 ml. of isapropyl al-
caoliol. The resulting solution wag stirred for 30 min. at roam
temperature, treated with a salation of 134 g (1.1 males) of 3-
dimethylaminapropyl chloride in 620 ml. of toluene, and the
mixture was refluxed for 6 hr.  The solvent wis removed under
reduced pressure: the residiic was treated with 100 ml. of water
and extracted with 300-ml. partions of ether.  After drying over
magnesiam sulfate, the solvent was evaporated and the residue
fractionated to give 170 g. (81¢¢) of product.

Most of the ather compaounds of Table I werce obtained, asially
in 60-8357 vields, by the alkylation of 2-ar 4-aminobenzenet hiol
with the appropriate substituted alkyl ehloride (in the preparation
of H, N-(2-hranoethyD)phthalimide was used); the related oxy
compatinds were ohtained hy o similar alkylatbm of the ap-
prapriate nitrophenal, followed by catalytic or stannous chloride
(in the preparation of J) reduction of the intermediate nitro cam-
pounds. In the case of € the intermediate was abtained by the
reaction of 2-(4-chlorobntoxy)nitrobenzene, b.p. 150-155° (0.1
mm.) (from o-nitraplenol, sodiinm methoxide, and tetramethylene
chlorabromide in isopropyl aleohol=dimethylformamide’ witl,
sadinm todide und then dimethvlamine in benzene.

2’-(3-Dimethylaminopropylthio)cinnamanilide Hydrochloride
11).—A solution of 24.8 ¢ (0.118 mole) of A in 50 ml. of ¢hlaro-
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Table II were usually isolated by dilution of the cooled reaction
mixture with anhydrous ether. Most of the other compounds
of Table IT were obtained by acylation of the amines listed in

Table I, usually in yields exceeding 80¢7, with the appropriate

form was added dropwise (15 min.) to a stirred solution of 19.7
g. (0.118 mole) of cinnamoyl! chloride in 150 ml. of chloroform
while maintaining the temperature at 15-20°. The mixture
was refluxed for 1 hr. and the solvent removed under reduced

pressure. The residue was digested in 100 ml. of hot acetone, acid chlorides.
Tasre II
: :X— (CH2),N(CHz),
NHCO—Y—Z
Anti-
—% Chlorine— .—9% Nitrogen— serotonin
No. X n Y Z Salt* M.p., °C. Caled. Found Caled. Found activity?
1 8 3 CH=CH CsHs I 146-148 CaHasCIN20S 9.41 9.29 7.43 7.45 ++++
2 S 3 CH=CH 2-(Cl)CsHa I 144-145 C2oHuClLN20S 17.24 17.32 6.81 6.5 ++++
3 S 3 CH=CH 4-(Cl)CsHas I 148-150 C2Ha2Cl:N208 17.24 17.09 6.81 6.77 + 4+ +
4 S 3 CH=CH 3,4.5(CH;30)3:C¢H, I 81-83 CaHaCIN:2048 7.59 7.57 6.00 6.23 ++
5 S 3 CH=CH CHas I 148-150 C11H24 N2 058 ¢ 7.60 7.54 +++
6 S 3 CH=CH CH=CHCH3 I 125-127 C1H2CIN:208 10.40 10.10 8.22 8.16 +
7 8 3 C=CH CsHs 11 103-105  CzHs:N2O0s8 a 5.61 5.8¢ +++
(CH:).CHs
8 S 3 C=C CeHs I 143-145 CaH2CIN2OS 9.46 9.64 7.47 7.65 ++
9 S| 3 CH:CH. CsHs 11 124-126 C2CxsN20:8 € 6.48 6.34 +
10 S 3 CH: CsHs I 101-103 Ci1sHzCIN,08 9.71 9.65 7.67 7.66 +
11 8 3 CHe CHa 11 131-133  CisHuN2OsS s 7.86  8.00 +
12 ] 3 . CsHs II 152-153 C20HuN20s8 g 6.93 7.15 ++
138 SO2 3 CH=CH CsHs II 189-191 CasHasN2 018 ¢ 6.06 5.96 ++
14 S 2 CH=CH CeHs I 163-165 C1sHaCIN08 9.77 9.80 7.72 7.63 +++
15 S 2 CH:.CHe CsHs I 132-134  CnHuN20sS i 6.70 6.53 ++
16 O 4 CH=CH CeHs I 165-167 CaHnCIN20: 9.46 9.35 7.47 7.62 + +
17 (o] 3 CH=CH CeHs I 179-181 CaHasCIN202 9.83 9.59 7.76 7.83 +++ -+
18 (o] 2 CH=CH CeHs I 212-214 Ci9HsCIN202 10.22 10.03 8.08 8.18 +++
Cinnamanilides:
19% 2’.(3-Diethylaminopropylthio) I 179-181 C2HaCIN2OS 8.75 8.62 6.92 7.00 444+
20 2/-]3-(4-Methyl-1-piperazinyl) propylthio] v 222-224 CasHaCleN308 - H0! 14.58 14.355 8.64 8.59 +++
21™ 2’]3-(Benzylmethylamino)ethylthio] I 168-170 C2HynCIN20S 8.07 7.92 G.38 6.03 ++++
22 2’-[2-(Methylphenethylamino)ethylthio] I 85-87 CaH29CIN,0S - H,O" 7.3 7.60 5.95 6.20 “+
23° 2’-(2-Methylaminoethylthio) I 162-164 Ci1sHaCIN:08 10.16 10.03 8.03 7.81 +++
247 2’-(2-Aminoethylthio) I 181-183 Ci1iH1sCIN20S 10.59 10.32 8.37 8.45 ++
25 2’-(3-Dimethylaminopropoxy)-4’-nethoxy I 223-225 CaHaCIN20s 9.07 8.93 7.17 7.23 -
26 5’-Chloro-2’-(3-dimethylaminopropoxy) I 180-182 CaH24ClsN2O2 17.94 18.20 7.09 6.93 +
27 N-Benzyl-2’-(3-dimethylamninopropylthio) II 97-99 Ca9HzuN0s8 2 5.38 5.18 ++
28 4’-(3-Dimethylaminopropylthio) I 238-240 CaHaCIN:OS 9.41 9.57 7.43 7.44 -
29 3’-(3-Dimethylaininopropoxy) III 136-138 CasHasN2Og r 6.36 6.24 -
308 N-[2-(3-Dimethylaminopropylthio) phenyl]- I 93-95 CzHznCIN,S 9.77 9.78 7.72 7.95 +

cinnamylamine

@ T, hydrochloride; 1II, oxalate; III, maleate; IV, dihydrochloride. These salts were crystallized from acetonitrile except 4 and 10
(acetone); 5,9,11 14,15 17 and 20 (ethanol); 6 and 27 (butanone); 7 and 24 (2-propanol); 12, 13, and 28 (methanol); 22 (aqueous
ethanol); 380 (ethylacetate). ? Activity measured on an isolated rat uterus. BAS =1; > 1664 X = ++4+++4; 4-16 X = +++;
14X = 4+4; /-1 X = +; and <1/4X = —. Compound 1 was assayed directly against BAS and found to be 157 times more
potent in this test. ¢ Caled.: C, 55.41; H, 6.57. Found: C, 55.45: H, 6.62. ¢ Caled.: C, 65.03; H, 6.87. Found: C, 64.91: H,
7.02. ¢Caled.: C,61.07; H,6.52. Found: C,60.94; H,6.64. 7 Caled.: C,53.91; H,6.79. Found: C, 54.05; H, 6.73. ¢ Caled.:
S, 7.93. Found: 8, 803. * Prepared by the oxidation of 1 with 289, H,0- in acetic acid. ¢ Caled.: C, 57.13; H, 5.67. Found:
C, 57.25; H, 5.61. 7 Caled.: C, 60.26; H, 6.26. Found: C, 60.43: H, 6.47. * Obtained from the reaction of 2-(3-diethylamino-
propylthio)aniline [S. C. Davis, G. L. Jenkins, A. M. Knevel, and C. Pagent, J. Pharm. Sci., 51, 840 (1962)] with cinnamoy! chloride.
t Caled.: C, 56.78; H, 6.84. Found: C, 57.00; H, 7.07. = This material was the major product of the alkylation of 2,3-dihydro-2-
phenyl-1,5-benzothiazepin-4(5H)-one with 2-(N-benzyl-N-methylamino)ethyl chloride.®? » Caled.: C, 66.29; H, 6.63. Found: C,
66.62; H, 6.80. ° Obtained by treatment of 21 with ethyl chloroformate, followed by hydrolysis of the unpurified intermediate ethyl
ester of 2'-{2-[carboxy(methyl)amino]ethylthio}cinnamanilide with 829 hydrogen bromide in acetic acid at room temperature.
» Prepared in 479 yield by the reaction of excess hydrazine hydrate with 2’-(2-phthalimidoethylthio)cinnamanilide; m.p. 147-149°
(from benzene). Anal. Caled. for CesHaN20:S: N, 6.54. Found: N, 6.68. The latter material was obtained in 769, yield by
reaction of H with cinnamoyl chloride in the presence of an equivalent quantity of triethylamine. ¢ Caled.: C, 66.90; H, 6.20. Found:
C, 66.74; H, 6.28. " Caled.: C, 65.44; H, 6.41. Found: C, 65.47; H, 6.38. ° Prepared in 669 yield by sodium borohydride reduc-
tion (in methanol) of N-cinnamylidene-2-(3-dimethylaminopropylthio)aniline; m.p. 73-75° (from hexane). Anal. Caled. for CogHaN,S:
N,864. Found: N, 8.66. The latter compound was obtained in 579, yield by heating equivalent quantities of A and cinnamaldehyde
at 175-185° for 30 min.

cooled, and filtered to give 42.0 g. (949%,) of colorless solid, m.p.
146-148°. Crystallization from acetonitrile did not change the
melting point. We had previously obtained the free base of this
compound by another procedure.’

It was necessary to remove the chloroform in this preparation
due to high solubility of 1 in this solvent; the products listed in

(5) J. Krapcho, E. R, Spitziller, and C. F. Turk, J. Med. Chem., 6, 546
(1963).

Acknowledgment.—The authors are indebted to Dr.
Bradford N. Craver and Dr. Bernard Rubin and their
associates for the pharmacological data, to June Wil
liams for the preparation of several of these compounds,
and to Mr. Joseph Alicino and his staff for the analyses
reported herein.



