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(50 ml) was stirred for 16 hr. The temperature of the reaction 
mixtiire rose spontaneously to a maximum of 65'. The mixture 
was poured into HSO (375  ml) and extracted with five 100-ml 
portions of C6H6. The C6He solution was washed twice with 
20-ml portions of HzO, dried (hIgSO4, charcoal), and evaporated 
to a yellow syrup a t  100' (0.2 mm), yield 21.2 g (89~o) ,  n Z 6 ~  
1.5749. 

1,4-Bis[2-(2-pyridylthio)ethyl]piperazine (14) Tetrahydrochlo- 
ride.-A mixtiire of 13a (4.23 g, 10.0 mmoles) and 50% aqiieoiis 
Sa011 (20 ml) was stirred for 16 hr. The resiilting mixtiire was 
extracted wit,h C6H6 (10 ml), and the CeH6 solution was dried 
(hlgSOa). Removal of the solvent a t  100" (0.3 mm) left a 
viscoiis oil, which did not react wit,h H2S in cold hIeOH and 
was treated with dry HC1 in EtOH to give 14.4HC1, yield 1.12 
g (4453), melting point indefinite. Anal. (C1&4~& .4HC1) 
C ,  H, N. The mass spectrum of the oil showed a peak a t  a mass- 
to-charge ratio of 360 corresponding to  that  expected for the 
molecular ioil of 14. 

9- [ 2-( 2-Pyrid y1thio)ethylaminol ethanethiol Dihydrochloride 
(15b).----The thiol 15b, mp 12!)-131" (Nel-Temp), was prepared 

yield by the procedure used for the preparation 
allization was unnecessary. Anal. ( C ~ H ~ , N ~ S S .  

2TICl) C, 11, p1', S; SH: calcd, 11.51; found, 10.4. 
2- { 2- 13-( 2-Pyridylthio )propylamino]ethyl)-2-thiopseudourea 

Trihydrobromide (15c).-A soliltion of 13b (2.00 g, 4.58 mmoles) 
and thioiirea (349 mg, 4.58 mmoles) in EtOH (20 ml) was re- 
fluxed under NP for 30 niin and evaporated to dryness in vacuo. 
Tritriration of the giimmy residue with EtOH (4 ml) gave a 
white crystalline solid, whirh was collected, washed (EtOH), 

Anal. (CI1H,N202S) C, H, X. 

and dried zn vacuo (P20,); yield 2.11 g (go%), mp 174-176' 
(Rlel-Temp). 

3- [2-( 2-Benzothiazolylthio)ethyl] -2-oxazolidinone (17).-A 
mixture of 16 (16.7 g, 0.100 mole), l a  (15.0 g, 0.100 mole), and 
DMF (80 ml) was stirred at  80" for 2.5 hr and poured into H20 
(400 ml). The resultant mixture was refrigerated for 2.5 days, 
and the crystalline 17 that  had precipitated was collected, washed 
(cold HzO, 100 ml), and dried in vacuo (P20,); yield 26.4 g 
(94%), mp 86". ilnal. (C12H12NzOBz) C, H, N, S. 

2,2'- [Dithiodiethylenebis( iminoethylenethio)] dibenzothiazole 
(19).-A soliition of NaOAle prepared from Na  (0.432 g, 18.8 
mg-atoms) and anhydrous ?\ZeOH (30 ml) was saturated with 
H2S at 0'. While 132s was bubbled slowly through the solution, 
18 (3 00 g, 6.27 mmoles) pas  gradually added over 20 min. The 
solution wa3 stirred a t  0" for 1 hr in a stream of HXS and warmed 
to 25'. The resulting solution, after standing 16 hr in a stoppered 
flask, was evaporated to drjness. The gummy residue was 
stirred with I T 2 0  (30 ml) containing FeC& (about 2 nip) and 
eupoqed to the air iintil a negative SH test (intioprusside) was 
obtained. The tal  precipitate obtained after 2 days of slirruig 
was collected, washed ( K O ) ,  arid dried zn cacito (P~OS); yield 
1.#54 g (BO%), mp 90-93". Anal. (CJI16N4SG) C ,  11, N, S. 
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A series of 1,4,5,6-tetrahydro-as-triaxines that  possesqed 3-aryl substituents, including dihydrodibenzocyclo- 
heptenyl, benehydryl, naphthyl, phenethyl, diphenylethyl, and phenylisopropyl, was synthesized aird t ested for 
potential antidepressant activity. Structure-activity relationships are disciissed. 

Practically all of the clinically active nonmonoamine 
oxidase inhibiting antidepressants are composed of a 
basic moiety, such as amino, alkylamino, dialkylamino, 
cycloalkylamino, or pyridyl, attached by an aliphatic 
side chain to a lipid-soluble, electron-donating ben- 
zenoid-containing moiety. Examples of these moieties 
are dibenzazepine, dibenzocycloheptene, dihydrodi- 
henzocycloheptene, dibenzoxepin, benzothiazepinone, 
b enzhydrol, and naphthalene. I n  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. I n  changing the tri- 
cyclic moiety from phenothiazine to dibenzazepine to 
dihydrodibenzocycloheptene as in promazine, imipra- 
mine, and amitriptyline, the clinical activity spectrum 
changes from tranquilizing to tranquilieing-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. I n  general the 

(1) (a) , J .  H. Wel, "hlolrcular nlodification in Drug Design," Advancrs in 
Chemintry Series, X o .  45, .\mrrican Chemical Society, \\'ashinaton. L). C.,  
1064, 1111 115-129; ( 1 , )  . J .  1 1 .  IlieI, "Annrinl Reports  in nlrdirinal Chrmistry, 
l<l65," .\r:i(l?mir, I'rrss. N r \ r  \ .<I rk  N.  J-., I ! lGn,  I I ~ I  12-2!1. 

secondary amine congeners appeared to  be less of a 
central depressant. This is analogous to the pressor- 
depressor change in the series norepinephrineepine- 
phrine-methepinephrine and also the loss of central 
stimulant activity K,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 lj4,5,6-tetrahydro-as-triasine ring attached either 
directly or by means of an alkyl chain to a lipid-soluble 
benzenoid or benzenoid-containing moiety. These 
moieties include dihydrodibenzocycloheptenyl, henz- 
hydryl, naphthyl, phenethyl, diphenylethyl, and phenyl- 
isopropyl. The 1,4,5,6-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 CXS 
active compounds. A variation in the amino groups us- 
ing the 1,4,5,G-tetrahydro-as-triazine heteroryc*le was 
arromplishcd by altering the dcgrcc of huhstitutiori 011 

the thrw ring nitrogen atoms. Axiridiiic (I:L), 2- 



inethylaziridine (It)), or 1-(P-hydroxyethyl) aziridine (IC) 
\v:tb allowed to reart with hytlrazitic (11:~) or nirthyl- 
1iytlr:iziiic (111)) t o  givc ~-z tn i i i ioc t l i ;v l l iy~l t~~t~i t i~~  (111:~). 
1 - (?-:itni ~ ioe t l i y l ) - l - t i i c t l i y lhydr~~~i i~~  (1 I 11)). l-(?-:inii t i t  I -  

I )r( )pyl) - 1-nlet hylhydraziiie ( I  I I C) ~ ( 1  r 1 - (l'-@-liyclrc )xy- 
~i Iiyl:~tiiitioethyl)-l-methvlhydraziiic ( IIItl). 
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ma. I<. ri:. R,.K = H 
1). K . R . K . = H : R  =CH 
c'. R. R, = H: K1. K = CH 
d. R = HOCH,CHI: R,. K. = H:R = CH 

The desired substituted l,~..S,ti-tetr:iIiydro-as-tri- 
azines listed in Table I \rere obtaitiecl by either trentiiig 
ot ic  of the four ~-:imirioethylhydrazir~e, 111 with an 
imino ester or imino t hioester hydrohalide or :illowing :I 

nitrile to condense with 1- (2-hydroxyisobutyl)-l- 
methylhydrazine (IT? in conce1itr:ited HlSOJ. The 10 
new triazines prepared using t h e v  three methods arc 
listrd iri Table I. 

Pharmacology.--The ability of :L compound to pre- 
vetit reserpine-induced pto and to  potentiate d- 
amphetamine toxicity in the mouse n-a'; used a5 an 
indication of antidepressant activity. Prolongatioii 
of hexobarbital sleep time nas  used as a first teqt to 
suggeit potential tranquilizing activity. Protection 
against maximal electric shock n a5 used to indicate 
atiticorivulsant activity. The behavior of  the 16 ne\\ 
as-triazines and desmethylimipramine, imipramine, 
amitriptyline, and &amphetamine in these tests \\-ah 
determined. The results are recorded in Table I. 
The test method.: are described in the Experimental 
Scrtioii. 

1-\ number of as-triazines \wre active in these testq : 
e. y . , 3- (a,P-diphenyIet hyl) -1,4,5,6-tetrahydro-as-tria- 
zirie (10) compares favorably in all four tests with 
the standard drugs. Triazines 1, 10, 13, and 14 have 
a greater milligram potency than imi 
:iniitriptyline in the reserpine ptosis te 
ylisopropyl)-1,3.,f,~j-tetrah~~dro-a,~-tri~~~iiie (13) i* PX- 
1wmely pottvit i i i  the d-:imphetamiiit~ toyicaity irit , 
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