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Homologous 20c was prepared by a different procedure. 
DMAC (7.5 ml) was added to a stirred solution of Li3PS03. 
6H2O4vZ9 (3.60 g, 15.0 mmoles) in € 1 2 0  (15 ml) followed by crystal- 
line 19c (5.57 g, 15.0 mmoles). The resultant solution was kept 
a t  25-30" for 2 hr, chilled in an ice-water bath, and DRIAC 
(15 ml) was added dropwise to the rapidly stirred solution. The 
white gum that sepaiated initially soon solidified. EtOH (300 
ml) was added, and after a few minutes of continued stirring, 
the white solid was collected, washed thoroughly with EtOH, 
and air dried (see Table 111). 
S-2-(w-OctylaminoaIkylamino)ethyl Dihydrogen Phosphoro- 

thioates (30a and 30c).-DlIF (20 ml) was added to a stirred 
solution of LiaPS03.6HzO (4.80 g, 20.0 mmoles) in Hz0 (40 ml). 
To the resultant solution the appropriate 29 (22.0 mmoles, pul- 
verized to  a fine powder) was added in portions during 15-20 
min. I n  each pIeparatiori the corresponding 30 commenced 
separation before all the 29 had been added. Stirring was 

continued 2-3 hr. 30a was isolated by the addition of EtOH 
(100 ml), and the white solid that formed was collected, washed 
with EtOII, and suction dried on the funnel. 30c was isolated by 
adding more DJIF (40 ml) to the st,irred mixt>ure containing pre- 
cipitated 30c as a semisolid. EtOH (100 ml) was also added, 
and continued stirring led t,o complete solidificst,ion of the pre- 
cipitate. The solid was collected, washed (EtOH, 30-60' li- 
groin), and air dried (see Table 111). 
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The IIBr cleavage of h u b s t i t  iited 2-uxazolidinoncs was effectively :ipplied i l l  the byntlicsis of h'-substituted 
and N,S-disubstituted derivatives of 2-aminoethanethiol in which the ?; substituent is a 2-phenoxy-, (phenyl- 
thio)-, (phenylsulfonyl)-, or (2-pyridy1thio)ethyl or a correspondingly 3-substituted propyl group. h'one of these 
modifications of the amino group led to radioprotective activity approaching that of the parent compounds. 
Bmong the thiols, disulfides, t,hiosulfates, and phosphorothioates prepared, the fallowing were slightly radiopro- 
tective in mice: sodium S-2-(2-phenoxyethylamino)ethyl hydrogen phosphorothioate (4c), S-2-[2-(phenylthio)- 
ethylaminolethyl hydrogen thiosulfate (4g), S-Z-[3-(phenylthio)propylamino]ethyl hydrogen thiosulfate (4j), 
N,N '-(dithiodiethy1ene)bis [3-(phenylthio)propylamine] dihydrochloride (5c), and lithium S-2- [a-(phenylsul- 
fony1)propylaminolethyl hydrogen phosphorothioate (1Oc). N,N'-(Sulfonyldiethylene)bis(S-2-aminoet~hyl hy- 
drogen thiosulfate) ('lb), which was prepared by an aziridine ring-opening reaction, showed fair radioprotection. 

The general utility of the hydrogen bromide cleavage 
of 3-subst~ituted 2-oxazolidinones in the synthesis of 
uniquely substituted S-('Abromoethyl)amines has been 
described in a preliminary communication,2 and its 
subsequent application in the synthesis of potentially 
radioprotective derivat'ives of 2-aminoethanethiol 
(thiols, thiosulfates, and phosphorothioates), in which 
the K substituent is some type of aminoalkyl group, 
has recently been r e p ~ r t e d . ~  This paper describes t'he 
introduction of other types of substituents through 
the use of nucleophiles other than amines and amine 
derivatives in the preparation of suitable 2-oxazolidin- 
one intermediates. 

The 3-substituted 2-oxazolidinones 2, which were 
derived by the alkylation of phenol and benzenethiol 
with the conimerically available 3-(w-chloroalkyl)-2- 
oxazolidiriories 1, proved to be suit'able starting points 

Cl(CH2)nN 1 0 
U 

l a , n = 2  
b , n = 3  

( 1 )  This investigation was supported by the U. S. Army Medical Research 
and Development Command under Contract No. Dh-49-193-RID-2028. 

( 2 )  J. R. Piper, R.  D.  Elliott. C. R.  Stringfellow, .Jr., and T.  P. Johnston, 
CAPm. I n d .  (London), 2010 (1966). 

( 3 )  (a) J. R.  Piper and T. P. Julinuton, J .  Ory. Chem.. 33, 636 (1968); (1,) 
J. R. Piper, C. K.  Stringfellow. Jr. ,  R.  D. Elliott, and T. P. Johnston, J. 
M e d .  Cliem., 12, 236 (196Y); ( e )  J.  R .  Piper, C. K.  Stringfellow, Jr . .  and T. P. 
Johnutun, ibid., 12, 244 ( l Y t j Y ) .  

for the co1iversions depicted in Scheme I. The hy- 
drogen chloride cleavage of 2c in refluxing 1-propanol4 
in an initial experiment was eventually superseded by 
the milder, more convenient and productive hydrogen 
bromide cleavage in AcOH. The halides 3~ and 3d 
afforded the same thiosulfate, 4g, but, apparently 
because of the reaction rate difference between 3c 
and 3d, a phosphorothioate could not be derived from 
3c, the required longer reaction time allowing extensive 
decomposition of the reagent Sa3PS03. Attempted 
purifications of the impure, hygroscopic sodium hy- 
drogen phosphorothioates derived from 3d and 3e 
succeeded only in the case of 4k, but the reaction of 
3d with the more soluble Li3PS03 proceeded smoothly 
in aqueous DRIF and produced the hydrated crystalline 
Li salt 4h. 

Three methods for the synthesis of S-substituted 
S-Zaminoethyl hydrogen thiosulfates in which the 
S substituent is an w-(alkylsulfony1)alkyl or w-(aryl- 
sulfony1)alkyl group were described recently.5 Another 
method, which is shown in Scheme 11, has been demon- 
strated by the preparation of Y,N'-(sulfonyldiethyl- 
ene)bis(S-2-aminoethyl hydrogen thiosulfate) (7b) by 
ring opening of the bisaziridine 6 with Sa2S,03 and 
ACOH.~ The generality of this method, however, is 

(4) H. Arnold and H.  Reckel, Arzr ie im.-Forsch. ,  14, 750 (1964). 
( 5 )  0. L. Salerni, R .  N. Clark, and B. E. Smart, J .  Chem. Soc., 645 (1966). 
(6) Cf. F. C. Schaefer, J. T. Geoghegan. and D.  W. Kaiser, J .  Amer.  

Chem. Suc., 7'7, 5Y18 (1955); J. R.  Piper, C. R.  Stringfellow, Jr., and T .  P. 
Johnston, .I.  . l fed .  Chem., 9,  911 (1966). 



2a, Z = 0; n = 2 
b, Z = 0; n = 3 
c , Z  = S ; n  = 2 
ti, Z = S ;  n = 3 

C,€l,Z(CH,),N€€CH,CH1s ' HX + 
3a, Z = 0 ;  n = 2 ;  X = Br 
b,Z = 0 ; n  = 3: X = Br 
c ,  z = s; n = 2 ;  x = c1 
d,Z = S ; n  = 2 ; X  = Br 
e ,  Z = S; n = 3 :  X = Br 

C6I?;,%(CH*),NI~CI-InCH?Sk' + 
4a, Z = 0 :  n = 2 ;  Y = H 
b, Z = 0; n = 2 ;  Y = S03II 
c, Z = 0 ;  n = 2 ;  Y = POaHNa 
d , Z  = O ; n  = 3 ; Y  = H 
e ,  Z = 0; n = 3; Y = P03HNrt 
f. Z = S : n  = 2:  Y = H 

I ~ ~~ -, ~~ 

g, Z = S i n  = 2 ;  Y = S03H 
h,Z = S ;  n = 2 ;  Y = P03H1,i 
i ,  Z = S ; n  = 3 ; Y  = H 
j ,  Z = S; n = 3; Y = S03H 
k, Z = S; n = 3; Y = PO3HXa 

[(: ,H,%ICHy),?JHCH2C€~~S-]~.21~r~l 
sa, Z = 0; n = 3 

b , Z  = S ; n  = 2 
c , Z  = S ; n  = 3 

CNCH,CH,SO,CH,CH,N~ - SO,(CH~CH~NHCH?CH,SY ) -  

6 ?a ,Y=H 
b, Y = SOJH 

C6H5SO2Na - C&5S02(CH2),Ku0 K - 
8 

C6H5S02(CH,),NHCH,CH,BrHBr - C6H5SOI(CH2)JNHCH2CH2SY 
9 10a,Y=H 

b, Y = SO,H 
c, Y = P0,HLi 

limited by the availability of uppropriately yubstitutetl 
aziridines; for example, the addition of ethylenimiiie 
to methyl r-inyl sulfone as in the reported addition to 
vinyl sulfone7 gave a crude product that  polymerized 
during ari attempted distillation at 0.075 mm. .I 
~ ) o t  rntially general method is exemplified b y  the re- 
artioii sequence in Scheme I1 beginning with sodium 
benzenesulfinate. The thiol 10a derived from 9 
and isolated ab the hydrochloride was impure; pure 
10a.HCl mas obtained, however. by the acid hydrolysiq 
of the thiosulfate lob, which was derived from 9 in 
high yield in contrast to the low yield of the correspond- 
ing phosphorothioate 1 0 ~ .  The HzSO, liberated in the 
hydrolysis of 10b was removed as BaS04. 

The su(*caess of the reaction sequence baaed on the  
:tlkyl:ttion of  henzeriethiol \\it11 l a  and l b  wgge 
:i similar utilization of heterocyclic thiorie5; sequenccs 
beginning with 2(1H)-pyridinethione (11) nmi 2- 

11 12a ,n=% 
b , n = 3  

15a.n = 2 ; Y  =SO H 
b. n =?: Y=H 
c. / I  = 3: Y = n=1 H I l H -  

0 

19 
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genolysisg and into the thiosulfate by bisulfite cleavageg 
were not found. 

Nost of the end products of the reaction sequences 
described here have not shown appreciable radio- 
protective activity in tests carried out a t  the Walter 
Reed Army Institute of Research, Washington, D. C., 
in mice against radiation that was lethal to untreated 
control mice, Le.,  1000 R (y rays) or 825 R (X-rays). 
These results do not compare favorably with the good 
activity shown by the parent compounds unsubstituted 
on the amino group. Slight protection ( 5 2 4 %  sur- 
vival) was observed with 4c, 4g, 4j, 5c, and 1 0 ~ ;  fair 
protection (33% survival) was observed with 7b at a 
nontoxic dose of 320 mg, kg. The inactivity or slight 
activity of the phosphorothioates 4c, 4e, 4h, 4k, and 
10c contrasts sharply the high level of activity ob- 
served with the corresponding amino a ~ i a l o g s . ~ ~ , ~  
=Intiradiation results for 4b, 4d, and 10a are not yet 
available. 

Experimental SectionLo 
3-(2-Phenoxyethyl)-2-oxazolidinone (2a).Z-A mixture of an- 

hydrous K2CO3 (13.8 g, 0.100 mole), phenol (9.41 g, 0.100 mole), 
and DMF (50 ml) was stirred a t  100' for 5 min, cooled to 60°, 
and treated with l a  (15.0 g, 0.100 mole). The mixture was stirred 
a t  100' for 2.5 hr, cooled to 25', and poured into H20 (200 ml). 
The organic products were extract'ed with four 50-ml portions of 
C6&, and the combined layers were washed twice with 25- 
ml portions of H20, dried (MgSOa), and evaporated in vacuo. 
The residual oil was redried (MgSOA), filtered, and heated in a 
Hickman st,ill a t  95' (0.005 mm) for 5 hr to remove volatile im- 
purities. The oil remaining in the still was analytically pure 2a, 
which eventually solidified; yield 7.05 g (34'3,), mp -50". ilnal. 

3-(3-Phenoxypropyl)-2-oxazolidinone (2b) .LThe  oxazolidi- 
none 2b was prepared from l b  and phenol by the same procedure 
and on the same molar scale as 2a; the yield of crystalline 2b, mp 
62", was 55%. 

3- [2-(Phenylthio)ethyl] -2-oxazolidinone (2~).~-The oxa- 
zolidinone l a  (21.7 g, 0.145 mole) was added dropwise to a stirred 
mixt,ure of anhydrous (20.1 g, 0.145 mole), benzenethiol 
(16.0 g, 0.145 mole), and DMF (80 ml) a t  25'. The exothermic 
reaction was moderated by cooling in an ice bat'h. The solution 
was then heated at 70" for 30 min, cooled to 25", and poured into 
H20 (400 ml). The resulting mixture was extracted twice with 
200-ml portions of C6H0, and the C6H6 solution was washed with 
four 120-ml portions of HZO, dried (RlgsO~), and evaporated 
in D U C Z I O .  The residual oil was redried (iclgSO1), filtered, and 
heated in a Hickman still a t  105' (0.005 mm) to remove volatile 
impurities leaving pure 2c, yield 29.3 g (91'3,), n Z 3 . j D  1.5832. 
d n d .  (CIIH~~NOPS)  C, HI  N, 9. 

3- [3-(Phenylthio)propyl] -2-oxazolidinone (2d).2-The oxazoli- 
dinone 2d was prepared from l b  and benzenethiol on the same 
molar scale and by the same procedure as 2c except that a lOy0 
excess of l b  was used; 2d was obtained as a pale yellow oil, 
~ ~ 2 2 . 4 ~  1.5714, in 97% yield. Anal. (C12HljNOd3) C, H, F, S. 

N-(2-Bromoethyl)-3-phenoxypropylamine Hydrobromide 
(3b)2 and the N-(2-Bromoethyl)amine Hydrobromides 3a, d, 
e,% 13,* and 18.-The following procedure typifies the method 
used for the preparation of the X-(2-bromoethyl)amine hydro- 
bromides of Table I, borne of which required recrystallization as 
iiidicated. The oxazolidinone 2b (12.2 g, 55.3 mmoles) was added 
to a solution of phenol (100 mg) in 30% dry HBr in AcOH solu- 
tion (50 ml). This mixture was stirred for 16 hr a t  - 2 5 O ,  and 
treated with E t 2 0  to precipitate 3b, which was collected under 
SI, washed (EtyO), and dried in vucuo (P206); yield 17.5 g (9370). 

(CIIHIINOS) C, H, N. 

Anal. (CI~HI~NOS) c, H, S.  

( 8 )  C / .  T. P. Johnston and A .  Gallagher. J. O w .  Chem., 28, 1305 (1963). 
(9) C / .  T. P. Johnston and A. Gallagher, ib id . ,  27, 2452 (1962). 
(IO) Unless othenvise noted. melting points were determined with a 

Iiofler Heizliank. Where analyses are indicated only by symbols of the 
elements, analytical results obtained for those elements were within 0.4% of 
the theoretical values. Some of the analyses were performed by Galbraitii 
Microanalytical Laboratories, Knoxville. Tenn. 

TABLE I 
N-(2-BRoMoETHYL)AMINE H Y ~ X O B R ~ M I D E S  

Scale, Yield, 
Compd mmoles 70 Mp, O C  Formula hna lpes  

3aa 33.5 86 148 CloHlrBrKO. HBr C, H ,  Br, N 
3h 55 .3  93 142 CilHsBrNO. HBr C. H ,  Br.  N 
3d 44 .8  91 98-99 CwHi4BrNS.HBr C , H , B r , N  
3ea 34 .0  62 95-96 CnHiGBrE;S.HBr C . H , B r  

13ab 3 3 . 8  93 -170 CoHnBrE;?S.ZHBr C , H , N  
13h 42.0 95 157-160 CloHlaBrNnS.2HBr C, H ,  N 
18a 71.3  91 lil-174c C11HiaBrNnS.2HBr C , H , B r , N  

a Recrystallized from l\leOH-EtzO. * Recrystallized from 
EtOH. c Determined with a Mel-Temp apparatus. 

TABLE I1 
N-SUBSTITUTED S-2-AMINOETHYL HYDROGES THIOSULFITES 

Scale, Yield, 
Compd irimoles hlp, O C  Formula Inalyses 

4b 6.15 90 204 dec ClOH1:NO~Sz C, H, N, S 
4ga 3.97 92 178 
4gb 11.7 92 179 
4j 14.1 89 138-142c C I I H I ~ N O ~ S ~  C , H , N ,  S 

CioHijN03S2 C, H, N, S 

10b 10.0 89 180, 196d CiiHi7NOjS3 C , H , S , S  
15ae 19.7 80 151 CgHi,NzO& C ,  H, TS, S 

a From 3c. b From 3d. c Determined with a hlel-Temp appa- 
ratus. d Double melting point. 6 An equivalent amount of 
SaHC03 was added to  t,he ?;aaSpOs solution before heating, and 
the solution of product was concentrated to 60% of the original 
volume in order to cause crystallization. 

2-Chloro-2'-(phenylthio)diethylamine Hydrochloride (3c).--A 
solution of 2c (5.00 g, 22.4 mmoles) in n-AmOH (60 ml) was 
heated under reflux while a slow stream of dry HCl was introduced 
for 6 hr. Cooled to 2 5 O ,  the solution deposited crystalline 3c, 
which was collected, washed (cold n-AmOH), and dried in vacuo 
(PZOS); yield 4.41 g (787,), mp 116-118". Anal. (CloH&lNS. 
HCl) C, H, N. 
2-(2-Phenoxyethylamino)ethanethiol (4a) Hydrochloride.--A 

MeOH solution of NaHS was prepared by saturating at  0" a 
solution of XaOMe (from S a ,  0.425 g, 18.5 mg-atom) in RleOH 
(30 ml). While a slow stream of HZS wm passed through the 
stirred solution, 3a (3.00 g, 9.23 mmoles) was added in small por- 
tions during 15 min at  0". The solution was stirred at  0" for 
30 min and at  25" for 16 hr in a tightly stoppered flask. The 
RleOH was removed on a rotary evaporator, and the crude thiol 
was decanted from the solid XaBr. The NaBr was rinsed with 
EtOH and the washings were added to the crude thio!. The 
EtOH %-as removed in ~ a c i i o  and the residual oil distilled i n  a 
modified Hickman still. The t,hiol 4a (1.39 g, 7.05 mmoles), 
bp -70" (0.25 mm), was dissolved in Et20 (75 ml) arid t,reated 
with a 4.6 S solution of dry HC1 in i-PrOH (1.69 ml, 7.75 
mmoles). The refrigerated solution deposited a whit,e solid, 
which was recrystallized from MeOH-Et& to give 4a. HC1 
as white crystals, mp 131', in 71% yield (1.54 9). Anal. ((210- 

S-2-(Phenoxyethylamino)ethyl Hydrogen Thiosulfate (4b) 
and the Analogous Thiosulfates 4g, 4j, lob, 15a.-The following 
procedure is typical of the preparation of the thiosulfates of Table 
11. A solution of 3a (2.00 g, 6.15 mmoles) in H2O (10 ml) a t  95" 
was added to a solution of SasS203. 5Hy0 (1.53 g, 6.15 mmoles) in 
HSO (10 ml) a t  95'. The resulting solution was held at  95" for 
30 min and allowed to cool. The white crystalline 4b that formed 
was collected, wmhed (cold HZO), and dried in vacuo (PzOj); 
yield 1.53 g (goyc). 

Sodium S-2-(2-Phenoxyethylamino)ethyl Hydrogen Phos- 
phorothioate (4c).-KaaPS0311 (1.80 g, 10.0 mmoles) was added 
in small portions to H2O (10 ml) at 10" with stirring. DMF ( 5  
ml) was added dropwise to the cold stirred solution followed by 
3a (3.25 g, 10 mmoles) in small portions. Stirring was continued 
at  25" while the lumps were broken up with a glass rod. Crystal- 
lization occurred after about 30 min, and stirring was continued 
for 1 hr. The white crystalline 4c was collected, triturated 
wit.h four 10-nil port,ioris of EtOH, aiid dried in uucuo (PYOS); 

H15NOS.HCl) C, H, K, S, SH. 

(11) J.  R. Piper and T. P. Johnston, J .  Org. Chem.,  32, 1261 (1967) 
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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. 

Acknowledgments.-The authors are indebted to 
Dr. D. P. Jacobus for antiradiation data, to Dr. J. R. 
Piper for helpful advice, and to Dr. W. J. Barrett and 
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analytical determination~. 

Anal. ( C I I H I ~ N ~ S ~ . ~ H B ~ )  C, H, N, S. 

Aryl- Substituted Triazines with Antidepressant Activity 
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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 
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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- 


