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(50 ml) was stirred for 16 hr. The temperature of the reaction
mixture rose spontaneously to a maximum of 65°. The mixture
was poured into H.O (375 ml) and extracted with five 100-ml
portions of C¢Hs. The CsHg solution was washed twice with
20-ml portions of H:O, dried (MgSQO,, charcoal), and evaporated
to a yvellow syrup at 100° (0.2 mm), yield 21.2 g (899,), n?Dp
1.5749. Anal. (CuHuN:0.8) C, H, N,

1,4-Bis[2-( 2-pyridyithio)ethyl]piperazine (14) Tetrahydrochlo-
ride.—A mixture of 13a (4.23 g, 10.0 mmoles) and 50% aqueous
NaOIT (20 ml) was stirred for 16 hr. The resulting mixture was
extracted with CsHs (10 ml), and the CsHs solution was dried
(MgSO,). Removal of the solvent at 100° (0.3 mm) left a
viscons oil, which did not react with HoS in cold MeOH and
was treated with dry HCI in EtOH to give 14-4HC, yield 1.12
g (449), melting point indefinite. Anal. (CigHaalNsS:-4HCI)
C, H, N. The mass spectrum of the oil showed a peak at a mass-
to-charge ratio of 300 correspouding to that expected for the
molectlar ton of 14,

S-[2-(2-Pyridylthio)ethylamino|ethanethiol Dihydrochloride
(15b).--~The thiol 15b, mp 129-131° (Mel-Temp), was prepared
from 15a in 95¢( vield by the procedure nsed for the preparation
of 10a. Recrystallization was unnecessary. Anal. (CoHNaS,-
SICH G, H, N, 8; SH: caled, 11.51; found, 10.4.

2-{2-[3-(2-Pyridylthio)propylamino|ethyl } -2-thiopseudourea
Trihydrobromide (15¢).—A solution of 13b (2.00 g, 4.58 mmoles)
and thiourea (349 mg, 4.58 mmoles) in EtOH (20 ml) was re-
fluxed under N, for 30 min and evaporated to dryness in vacuo.
Trituration of the gnmmy residue with EtOH (4 ml) gave a
white erystalline solid, which was collected, washed (EtOH),

ANTIDEPRESSANT 3-ARYLTETRAHYDRO-0S-TRIAZINES 257

[ d

and dried in vacuo (P.0;); yield 2.11 g (909;), mp 174-176°
(Mel-Temp). Anal. (CuHisN4S:-3HBr) C, H, N, S.

3-[2-(2-Benzothiazolylthio)ethyl|-2-0xazolidinone (17).—A
mixture of 16 (16.7 g, 0.100 mole), 1a (15.0 g, 0.100 mole), and
DMF (80 ml) was stirred at 80° for 2.5 hr and poured into H,O
(400 ml). The resultant mixture was refrigerated for 2.5 days,
and the crystalline 17 that had precipitated was collected, washed
(cold HxO, 100 ml), and dried in vacuo (P:0;); yield 204 g
(949%), mp 86°. Anal. (C1aHiN,O,8:) C, H, N, S.

2,2’-|Dithiodiethylenebis(iminoethylenethio)]dibenzothiazole
(19).—A solntion of NaOMe prepared from Na (0.432 g, 18.8
mg-atoms) and anhydrous MeOH (30 ml) was saturated with
H.S at 0°. While H,S was bubbled slowly through the solution,
18 (3.00 g, 6.27 mmoles) was gradually added over 20 mii.  The
solution was stirred at 0° for 1 hr in a stream of H,S and warmed
to 25°. The resulting solution, after standing 16 hr in a stoppered
flask, was evaporated to dryness. The gummy residne was
stirred with H,O (30 ml) containing FeCls (about 2 mg) and
exposed to the air nntil a negative SH test (nitroprusside) was
obtained. The tan precipitate obtained after 2 days of stirring
was collected, washed (I.0), and dried in vacuo (P:sOs); yield
1.54 g (809), mp 90-95°.  Amnal. (CHNsSs) C, H, N, S.
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A series of 1,4,5,6-tetrahy dro-as-triazines that possessed 3-aryl substituents, including dihydrodibenzocyeclo-
heptenyl, benzhydryl, naphthyl, plienethyl, diphenylethyl, and phenylisopropyl, was synthesized and tested for
potential antidepressant activity. Structure-activity relationships are discussed.

Practically all of the clinically active nonmonoamine
oxidase inhibiting antidepressants are composed of a
basie moiety, such as amino, alkylamino, dialkylamino,
cyeloalkylamino, or pyridyl, attached by an aliphatic
side chain to a lipid-soluble, electron-donating ben-
zenoid-containing moiety. Examples of these moieties
are dibenzazepine, dibenzocyeloheptene, dihydrodi-
benzocycloheptene, dibenzoxepin, benzothiazepinone,
benzhydrol, and naphthalene. In two review articles!
summarizing structure-activity relationships of anti-
depressant drugs, Biel discusses the effects on pharma-
cological and clinical activity produced by alterations
in the tricyclic moiety and the amine group in thymo-
leptic and neuroleptic agents. In changing the tri-
eyclic moiety from phenothiazine to dibenzazepine to
dihydrodibenzocycloheptene as in promazine, imipra-
mine, and amitriptyline, the clinical activity spectrum
changes from tranquilizing to tranquilizing-antidepres-
sant to antidepressant. Changing the amine group
from tertiary to secondary as in imipramine—desimipra-
mine and amitriptyline-nortriptyline also changes the
pharmacodynamic and clinical profile. In general the

(1) (a) J. H. Biel, "*Molecular Modification in Drug Design," Advances in
Chemistry Series, No. 45, American Cliemical Society, Washington, D. C.,
1064, pp 115-129: (1) JJ. 11, Biel, *‘Annual Reports in Medicinal Cliemistry,
1465," Aemdemie Press, New Yark, N, Y., 1966, pp 12-201.

secondary amine congeners appeared to be less of a
central depressant. This is analogous to the pressor—
depressor change in the series norepinephrine—epine-
phrine—methepinephrine and also the loss of central
stimulant activity N,N-dimethylamephetamine as com-
pared to methamphetamine,

This paper reports the results of a study in our labo-
ratories on structure-activity relationships of some new
substituted  1,4,5,6-tetrahydro-as-triazines  synthe-
sized and tested for antidepressant activity. These
new compounds are structurally similar to known anti-
depressant drugs in that they are composed of the
basic 1,4,5,6-tetrahydro-as-triazine ring attached either
directly or by means of an alkyl chain to a lipid-soluble
benzenoid or benzenoid-containing moiety. These
moieties include dihydrodibenzocycloheptenyl, benz-
hydryl, naphthyl, phenethyl, diphenylethyl, and phenyl-
isopropyl.  The 14,5 6-tetrahydro-as-triazine was
chosen as the basic moiety because of the variety of
amino group types that it afforded. This interested us
because of the demonstrated difference in activity pro-
file of secondary and tertiary amine derivatives in CNS
active compounds. A variation in the amino groups us-
ing the 1,4,5,6-tetrahydro-as-triazine heterocycle was
accomplished by altering the degree of substitution on
the three rng nitrogen atoms.  Aziridine (In), 2-
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methylaziridine (Ib), or 1-(8-hydroxyethyl)azividine (I¢)
was allowed to react with hydrazine (ITa) or methyl-
hydrazine (ITh) to give 2-aminoethylhydrazine (I11a),
I-(Z-aminoethyl)-1-methyihvdrazine (I11h), 1-(2-amina-
propyl)-1-methylhydrazine (I11c¢), or 1-(2-8-hydraxy-
ethylaminoethyl)-1-methylhydrazine (II1d).

R.R; . NH (!
: ; + R NHNH -

N
l
R
Ia,R.R,R.=H la.R =H
b, R.R,=H:R.=CH, b R.=CH.
¢. R=HOCH,CH. R,.R,=H
R.R, 8
RNH NH.

Mla R.R.R.R =H
bR R.R.=H:R.=CH
«.R.Ry=H;R.R =CH
4. R=HOCH.CH;R.R,=H:R =CH

The desired =substituted 1,4.5,6-tetrahydro-as-tri-
azines listed in Table I were obtained by cither treating
one of the four g-aminoethylhydrazines III with an
imino ester or imino thioester hydrohalide or allowing a
nitrile to condense with 1-(2-hydroxyisobutyl)-1-
methylhydrazine (IV) in concentrated HoSO; The 16
new triazines prepared using these three methods are
listed in Table I.

OC.H;(orSCH.)
I+ Ar-Y(C==NH-HX

EIOH. A

By R;Rl v
H.80, ﬁ/\zR

IV + ArYCN

Pharmacology.-—The ability of s compound to pre-
vent reserpine-induced ptosis and to potentiate d-
amphetamine toxicity in the mouse was used ag an
indication of antidepressant activity. Prolongation
of hexobarbital sleep time was used as a first test to
suggest potential tranquilizing aectivity. Protection
against maximal electric shock was used to indicate
anticonvulsant activity. The behavior of the 16 new
as-triazines and desmethylimipramine, imipramine,
amitriptyline, and d-amphetamine in these tests was
determined. The results are recorded in Table I.
The test methods are described in the Experimental
Section.

A number of as-triazines were active in these tests;
e.g., 3-(a,8-diphenylethyl}-1,4,5,6-tetrahydro-as-tria-
zine (10) compares favorably in all four tests with
the standard drugs. Triazines 1, 10, 13, and 14 have
a greater milligram potency than imipramine and
amitriptyline in the reserpine ptosis test. 3-(Phen-
vlisopropyl)-1,4,5,6-tetrahydro-as-triazine (13) it ex-
tremely potent in the d-amphetamine toxicify test;
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it has an IND;e of 0.19 (0.13-0.3) and d-amphetamine
haz an EDye af 7.6 (6.9-5.4) mg, ke,

Using the benzhydryltrinzines (1 5) ax o point of
departure, the relatiouship ol structure to activity in
the reserpme test = that 1 in which the trinzine pox-
Aesses two secondary amine functians and bears na =nh-
stituents ather than the benzhydryl is the moxt active,
Addition of a methyl at N-1 (2) and addition of methyls
at N-1 and N-4 (3) greatly reduced the milligram pa-
tenev.  Addition of a third methyl group (4) or addi-
tion of o hydroxyethyt (5) practically abalished all
activity.,  This 1s similar to previeusly observed more
potent  antirceserpine activity  for sccondary  amine
structures than far tertiary amine struetuves (hi-
pramine es. desmethylimipramine).

Considering the henzenoid portion of the molecule,
substitution of chloride i the para position (6-8)
diminishes activity, Fusing together the two pheny!
rings of the benzhydryl matety to give 3-(1-naphthyl-
methyl)-1,4,5.6-tetrahydro-gs-trinzine  (14)  produced
one of the most potent antireserpine compounds of the
serics. (As in the benzhydryl compounds (1 -5),
wmethylation of the triazine ring (15) abolished anti-
reserpine activity.)  Connection al the two phenvl
groups of the benzhydryl maiety by an ethylene hridge
(16) vielded nu inactive compound.

Iixtension of the side chain by isertion of a Cll.
between the benzhydryl and the triazine ring (9) abol-
ixhed antirescrpie activity.,  When one of the phenyl
groups 1= moved one carbon clozer to the triazine ring. 3-
(e, B-diphenylethy])-1,4.5,6-tetrahydro-as-triazine (10).
a2 compound  with potent antiregserpine activity,
results. Removal of this a-phenyl by methyl (13)
results moonly maderate diminution af antireserpine
activity.

In general, activity in the potentiation of amphet-
amine aggregate toxieity test parallels activity in the
reserpine ptosis test. For example, the benzhydryl-
triazines (1--5) show a decrease in activity in both tests
with inerease in methyl substitution on the triazine
ring. Iriazine 1 which has two secondary amine
functions and 2 which hax one secondary amine func-
tion are the most patent. lixeeptions are 7 and 12,
inaetive n the reserpine ptosis test but both having
marked activity i the potentiatian of amphetamine
ageregate toxicity test.

Unlike amitriptyline most of these compounds are
imactive or only moderately active in the hexobarbital
sleep time and maximal electrie shoek tests.  An ex-
ception 1x 10 which prolongs hexobarbital sleep time
greater than twafold at a dose of 17 mg kg, 1n the
maximal electrie shock test this compound has an
ED:o of 10 myg ke,

Experimental Section

Chemistry.-—Melting points were determined i open capil-
lary tunbes using the Thomas-Hoover Uni-Melt. and are un-
corrected.  The elemental analyses were done by Midwest
Microlaboratories, Tndianapolis, Ind.  Where analyses are indi-
cated by only symbols of the elements or funections, analytical
rexnlts obtained for ilise elements or funetions were within
4:0.4%¢ of the theoretical values.

Prepuration of aminoalkylhydrazines IIIa, b and l-metlyl-
hydrazino-t-bntyl aleohol (IV) have been reported.*?

21 D. L. Trepanier, 1. 2. Richman, and AL D, Radwk. /. Mal Che.. 10,
228 (1967).

iy 11, Lo Teopypier sad V. Spraperaanis, J. Org, Cheqe., 29, 674 (106G,
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SupstiruTtp 1,4,5,6-TLTRAHYDRO-AS-TRIAZINES

R—N R,
Ar—Y‘<\
N—NR
Mouse Screening 1T exo-
LDso, dose, harbital
Yield, mg/ kg mg/ ke Potentiate Reserpine sleep Max elec

No. Ar-Y R Ry Re Mp, °C Method® % Formula Analyses ip ip d-amphet toxie.l ptosis® time® shock®

1 (CsH:)CH H H H 159-160 A 42 CieHiN; C, H N 83 25 12 (8-18) 23 (17-30) 59/32 0/10

2 (GgH;),CH CH; H )il 121-122 A 19 CylTieN; C,H, N 383 78 14 (8--26) 49 (39-60) 109 /41 2/10

3 (GeH;5),CH Cll; H CH; 89-91 A 17 CisHaN; (OAN B 215 65 21 (13-34) 46 (36-57) 170/57 0/10

4 (CeIT),CIT CH; H (CHs). 138-139 B 22 CyollNg cn 383 115 71 (31-153) 2/10 94 /37 1/10

5 (Celly),CH CH; HO(CH,), H 179-181 A 13 CuuHuNO C,H, N 681 204 0/10 3/10 111/32 4/10

6 4-CICsH(CH,)CH H H H 176-178 C 44  C;HyCINg C,H, N 178 H3 23 (17-31) 3/10 86/28 3/10

7 4-CICH(CeH;)CH CH; H H 140-141 C 38  CyHisCINg C,H, N 681 204 7 (3-16) 5/10 150/36 138 (97-180)

8 4-CICH4(CsH.)CH CH; H CH, 123-125 C 40  CislI%CIN, C,H N 261 78 56 (49--64) 2/10 92/36 0/10

9 (CeH,),CITCH, H H H 104-105 A 33 CiHuN; C,H N 129 39 1/10 1/10 46/24
10 CsH;CH:(CeIT;)CH H 1T H 107-108 A 21 CyHisNg C, H N 38 17 6 (4-9) 10 (6-18) 66/26 10 (7-15)
11 C¢H;CH.CH, H H H 114-115 A 45  CuHisNy C, H N 147 44 3/10 0/10 49/39
12 C¢H:CH.CH, Hy H H 145-1467 A 32 CpHrN;-HCI C, H, N 121 36 3.5(1.8-6.7) 1/10 74/33 0/10
13 C¢H.CH,(CH;)CH H H H 160-161/ A 30 CpHyN;-HCl C H,N 178 53 0.2(0.13-0.3) 19 (10-36) 63/39 0/10
14 1-Naphthyl-CH, H H H 249-250¢ dec C 19 CuHuN3;-HBr C H N 147 44 24 (17-35) 12 (8-18) 62/28 1/10
15  1-Naphthyl-CH, CH; H a 100-101 C 13 CiuHiN, C,HN 147 44 35(32-39) 0/10 32/43
16 @.@ CH; H H 145-147¢ C 15 CieHaN;-HBr C H, N 147 44 0/10 0/10 105/43 4/10
17  Desmethylimipramine 89 20 4 (3-5) 1.7(0.8-3.7) 72/23
18 Imipramine 99 53 50 (30-83) 35 (26-47) 95/27 28 (18-41)
19  Amitriptyline 100 33 14 (11-19) 46 (26-83) 144/36 8(7-9)
20 d-Amphetamine 100 33 7.6(6.9-8.4) 1.8(0.8-3.8)  25/27 17 (14-20)

= See Fxperimental Section.  ® Results are expressed either as a ratio of number of mice dead to number of mice treated with screening dose, or as EDjo valuies (mg/kg) and their 959%, confidence
limits. ¢ Resnlts are expressed either as a ratio of number of mice protected to number of miee treated, or as EDy values (mg/kg) and their 959, confidence limits. ¢ Results are expressed as
a ratio of dnration of sleeping times of treated group to the control group. ¢ Results are expressed either as ratio of number protected to number exposed to maximal electroshock, or as EDs,
valies (ing/kg) and their 959, confidence limits. 7/ ITydrochloride. ¢ Hydrobromide.
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1-(2-3-Hydroxyethylaminoethyl)-1-methylhydrazine (Illc).---
To a stirred mixture of 995 g of methylhydrazine aud 1 g of
NH.CI, heated to reflux temperature, was added, dropwize, over
a period of 2 hr, 206 g of 1-(8-hydroxyethyl)aziridine. The mix-
tire was stirred and heated at reflux temperature for 18 hr, the
excess methylhydrazine was removed by distillation at almos-
pheric pressnre, and the residue was distilled 7n zacwo to give
211 g (679%) of colorless liguid, bp 152-154° ({7 m). .taal.
(CsThisNsO) C, H, N

Methods Used to Prepare the Compounds Listed in Tabie 1.
Method A.—An ethyl imino ester hiydrochloride was condensed
with a g-aminoalkylhydrazine in refluxing ethanol.

Method B.—-A g-liydroxyalkylhydrazine was added to a solu-
tion of a nitrile in concentrated H.80; and processed by u method
deseribed earlier.?

Method C.—A mixture of 0.10 mole of metliyl imino thioester
Irydriodide, 0.10 mole of g-aminoalkylhydrazine, and 250 ml
ol absohtte FtOIT was heated at reflux temperaiure for 4 hr and
concentrated in racno, the residne was dissolved in C1TCly, and
the CHCl; solntion was wished (N0 11.0), dried (Mg=0y),
and evaporated in racno. The restdial oil was porified either
Ly erystallization with 1910 and reerystallization with an ap-
propriate solvent, chiromatograplhy on almmina followed by re-
crystallization, or by conversion to a hydrobromide and recryvstal-
lization of the salt.

(p=Chlorophenyl)phenyithioacetamide.—A mixture of 23 g
(0.1 mole) of (p-chlorophenyl)phenylacetonitrile, 100 ml of
pyridine, and 50 ml of EtaN was treated with He8 for 1 e, After
standing at ambient temperature for 2 days, the mixture was
evaporated in vacuwo, and the residue was recrystallized (MeOH)
Lo give 23.5 g (90%) of a white crystalline solid, mip 165-167°,
The analytical sample melted at 166--167.5°; Ay2le? 2,03, 3.05,
A7 (NI), 6.1 w (C==8). Anal. (CuHpCINS)C, H, Cl, 5.

5-Thiocarboxamide-10,11-dihydre-5H-dibenzo|n,d|cyclohep-
tene wus obtained in 53¢ yield. Recrystallization from CITCl
gave an off-white solid, mp 187-188°.  Anal. (CiH,NS) C, I, N.
1-Naphthenethioacetamide was obtained i 519, vield, mp

170-171°, from MeOH-CHCl; (1:1). .tad. (CHnNRSD €,
H, N.
Methyl (p-Chlorophenyl)phenylthioacetimidate Hydri-

odide.—A mixture of 22 g (0.084 mole) of (p-chlorophenyl)-
plienylthicacetamide, 12 g (0.084 mole) of Mel, and 150 ml of
Me.CO was allowed to stand at ambient temperature for 1
day and cooled; the cryvstalline golid was stetion filtered, waslhed
with 19120, and reerystallized from EtOH-EtO; mp 197-200°
dee (inserted at 190°); AN 318 (NIT), 631, 6.40 u (=N
dAnal, (CHGCINS L) C) I, S,

Methyl 10,11-dihydro-5H-dibenzo[a.J]cycloheptene-5-thio-
carboximidate hydriodide was obtained i 807, yicld. Re-
crystallization from MeOH-EtO gave a white solid, mp 194
195° dee.  Anal. (CiIHpNSITH G H, N

{1) YFora discussion and examples of this reaclion see ref 2.
131 Yor a Jdeseription of this reaction sce [). L. f'repanier, 12, R. Wagaer,
G Nares, and AL DL Rodzik, J. Wed. Clesa., 9, 881 (1061, mnediod 18,

Val, 12

Methyl 1-naphthalenethioacetimidate hydriodide was obtained
in 9197 yield, mp 141-143° (from Me.CO It 155 toed,
1C NS - [AT) ) U, N,

Pharmacology Acute Toxicity in Mice.—~Adnlt male mice,
groups of four, were given the test camponnd, mtraperitoneally,
using at least three dose levels, and observed for 24 . Lii,'s
were calealated by the method of Litehfield and Wilcoxon.§

Hexobarbital Sleep Time Test.-—Adult male mice were injected
imtraperitoncally wirh the test componud (dose ca. 03115 as
noted i Table 1) 50 min prior to the mtraperitoneal tnjection of
100 mg kg of hexobarbital.  The time in minntes belween -
jeerion of the hexobarbital and the regain of 1he righting reflex
was taken as the duration of sleeping time,  The results arve
expressed as a ratio of the treated group over the conirol group.

Antagonism to Reserpine-Induced Ptosis in Mice.-~Adult
male mice were given test compound intraperitoneally  (vhis
sereentng dose was e« 0.30L1)5) 30 min prior to a reserpine €5
mg/ kg ip) challenge.  Observation {or ptosis was made 45 min
after veserpine.  Results are given as the vitio of numuber of mice
profected to mmuber of mice tested. When 6710 or more miee
were profected at this sereening dose, nddittonal tests were nude
to determne the D, o these cases, the FDg, values and then
054 confidence Inmits tealenlated according to the method of
Litehfield and Wilmxon®) ave listed instead of the jrateciion
tios,

Potentiation of Amphetamine Toxicily in Aggregated Mice.
Adult male micee, i groups ol ten, were given tesi componud
mtraperitoneally (0.31.D.,), saline control, or ampletamine
mg/kg) “positive’ cantrol.  All antmals were dosed with amphet-
amine (5 mg/kg) S0 min later and aggregated by placement
cubie wire mesht cages 16 em on a side. They were then kep
m a walk-in inenbator (30°, for both noise and tamperature con-
trol) for 5 Iir at which time the dead were connted.  1f three or
more dead were found in the saline control group or six or less
m the mmphetamine control gronp the entire experiment was
arbitarily disconnted.  Resnlts ave given as a ratio of muuber of
mice dead to mumber of niee in gronp. When 6/10 mice were
fomnd dead ai this sereening dose, additional tests were made to
determine the 1D, In these cases the 191y, values and thew
053¢ confidence limits are listed instead of the lethaliny ratios.

Maximal Electroshock Test-—Croups of ten miee were given
the test componds intraperitoneally 1 lir prior to being sub-
jeeted to supramaximal electroshock delivered throngh cornenl
clectrodes.”  The results arve expressed as a ratio of the namber of
mice protected from the tonie hind Hmb extensor phase of the
seiznre to the muuber shocked, When ;10 miiee were protecied
at the =ereening dose, additional tesis were made to determine
the IiDa,. In these eases the D vadues and ther 956 eon-
fidence s ave Lizted instead of the protection ratios.
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