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drogenase but somewhat less strongly than does T,.?' 
These observations suggest that  2,B-DIHQ merits 
further attention as a tool for elucidating molecular 
mechanisms underlying thyroid hormone action. Fur- 
thermore, the possibility should not he overlooked that 
2,B-DIHQ may be a physiologically important thyro- 
active compound. It has been isolated from the 
thyroid glandz8 and has been produced from iodinated 

( 2 7 )  11'. D. Cash, S. IT. Cox, and S. G. Gabbe, unpublished observations. 

thyronine~?~ and from 3 , 5 - d i i o d o t y r o ~ i n e ~ ~ ~ ~ ~ ~  under 
conditions that could prevail in vivo. 
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A series of basically substituted 5,6-dihydro-4H-1,3,4-thiadiazines was synthesized and tested for central 
Xone of the compoiiiids showed significant art ivit.y iri the maximal 

All the 
riervoIis system depressant activity in mice. 
electroshock, hydrochloric acid writhing, strychnine lethality, or the metrazol seizure threshold tests. 
compounds in the series showed some activity in the hexobarbital sleep time test. 

Prior to the start of this work a series of substituted 
~,6-dihydro-4H-l,3,4-thiadiazines had been synthe- 
sized and tested for pharmacologic a~t iv i t ies .~  These 
compounds were, in general, devoid of pharmacological 
activity in the m0use.j Certain members of this pre- 
vious series of compounds inhibited monoamine oxidase 
activity of the brain tissue of the rat and possessed 
antimicrobial activity against certain types of bacteria 
and fungi.4 Because of the novelty of the 5,B-dihydro- 
4H-1,3,4-thiadiazine heterocycle and because previously 
we had observed that certain pyridyl-substitued 5,6- 
dihydro-4H-l,3,4-oxadiazines exhibited central nervous 
system depressant activity in mice,6 we decided to 
synthesize and test pharmacologically a series of ba- 
sically substituted 5,6-dihydro-4H-1,3,4-thiadiazines. 
This paper reports the results of this study. 

Chemistry.-The two synthetic methods used to 
prepare the members of the previously reported3j4 series 
of thiadiazines are the treatment of a 2-@-hydroxy- 
alky1)carboxylic acid hydrazide with P2S5 and the 
concentrated HzS04 cyclodehydration of a 2-(P-hy- 
droxyalkyl) thiocarboxylic acid hydrazide. Because the 
treatment of 2-methyl-2-(~-hydroxypropyl)isonicotinic 
acid hydrazide with PzS6 gave 5,6-dihydro-4,6-dimeth- 
yl-2-(4-pyridyl)-4H-l13,4-thiadiazine (isolated as the 
dihydrochloride) in only 6% yield, and because pre- 
viously6 we had encountered difficulty in preparing 
the variously substituted 2-(P-hydroxyalkyl)nicotinic, 
-isonicotinic, and -picolinic acid hydrazides, we used 
four different synthetic methods to prepare the basically 
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substituted thiadiazines listed in this paper. These 
methods are condensation of a P-hydrazinoalkylthiol 
with either (A) a nitrile, (B, C) an imino ester, (D) an 
aldehyde, or (E) cyanogen bromide (see Chart I). 

Method A is straightforward and of wide scope as 
evidenced by the fact that it yielded a thiadiazine from 
aromatic nitrile,' aliphatic nitrile,' tertiary amino- 
alkylnitrile, and pyridylnitrile. This method, which 
involves heating at  the reflux temperature for 18 hr 
a mixture of nitrile, 8-hydrazinoalkylthiol, and ethanol 
and then distilling the mixture in vacuo, yielded an oil 
composed of the desired basically substituted thiadja- 
zine plus impurities that exhibit infrared absorption at 
2.9, 3.0, 3.1 (nil broad), and 6.16 p (ni). The oil was 
easily purified by treating it with alumina (Nerck Yo. 
71695) in benzene. Methods B and C demonstrate 
the ability of the imino ester derivative of a cyanopyri- 
dine to  condense with a P-hydrazinoalkylthiol. The 
condensation of l-(l-methylhydrazino)-2-propanethiol 
with 3-pyridinecarboxaldehyde (method D) in reflux- 
ing ethanol in the presence of pyridine gave tetrahgdro- 
4,6-dime t hyl-2-(3-pyri d y 1) -2  H-  1,3 ,4-  th iad iaz ine  
(111). I n  contrast, we previously' had observed that 
condensation of l-(l-methylhgdrazino)-2-propanethiol 
with benzaldehyde in refluxing ethanol in the presence 
of pyridine gave the (2-mercaptopropy1)methylhydra- 
zone of benzaldehyde. Method E illustrates condensa- 
tion of a cyanogen halide with a P-hydrazinoalkylthiol 
to give an aminothiadiazine directly. 

The structures assigned to the compounds in Table 
I were substantiated by elemental, infrared, and nmr 
analyses. 

Pharmacology.-These thiadiazines were evaluated 
for central nervous system depressant activity using a 
battery of screening methods; the data are summarized 
in Table I. None showed significant activity in the 
maximal electroshock, strychnine lethality, hydro- 
chloric acid writhing, or the metrazol seizure threshold 
tests. 
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A11 compounds in this series showed some activity in 
thc hexobarbital sleep time test. The more active 
compounds lvere selected for testing for reinduction of 
ileep in hexobarbital-treated mice. They were also 
active in this test which suggests a central nervou 
system rather than a metabolic niechanisin of action. 

The most effective compound in the hexobarbital 
4eep time test was the 4-pyrid) ldiniethylthiadiazine 
(Ia). Substitution in the 2 position of the thiadiazirie 
ring with a 3-p)ridyl (Id) or a 2-pyridyl (Ha) moiety, 
instead of the 4-pyridj.1, resulted in reduction r)f 
activity. The conversion of I a  to  its S-oxide (Ie) 
resulted in on1)- a slight loa3 of activity as did substitu- 
tion of a methyl group (IIb) for the proton in the (j 
position. Replacement of the 4-pyridyl moiety of I n  
by a pyrrolylethyl (Ib) pyrrolidinopropyl (IC), or amino 
(IV) moiety resulted in reduction of activity. Thc 
2-pyridyl derivative of the saturated dimethyl thiadiii- 
zirie (111) was also less active. 

Compound I a  was selected for more extensive 
evaluation. I t  was found to be as active orally a- 
prenterally in prolonging hexobarbital sleep times in 
mice. Intraperitoneal doses of 23 and 30 nig/kg 
resulted in average sleep tinies of 109 i 11 and 204 i. 
11 min; oral doses of 25 and 30 mg/kg resulted in 
average sleep h i e s  of 95 f 11 and 17,; f 13 niiii 
(controls 26 min). Alt doses as high as 40 mg/ kg, 
I :L did riot protect mice in the d-amphetamine aggregate 
toxicity test nor did it antagonize the hjyertherniic 
rcrponse of rats t o  brewers yea i t .  I n  exhibited no 
significant effect on hpontaneous niotor activity (mea- 
sured in Wootlard circular activity cages) in mice at 
either 10 or 25 nig,'lig. a dose of 30 nig/kg :it 
(io min after dosing, the motor activity was depressed 
more than .50~o from the saline control. The intra- 
vmous administration of 20 mg/kg of I a  in an aqueou- 
iolutiori to anesthetbed dogs resulted in only a transient 
hypotension. No autonomic effects, adrenergic bloclc- 
:de ,  or mtihistaminic, or anticholinergic effects ~vertk 
observed. The phariiiacological activity found for 
this thiadiazine series is quite similar to that  reported 
previously for a series of analogous oxadiazjnes.6 

Experimental Section 
The iiieltiiig poili t-  ~ e w  o i i t i i i i i d  i t i  it c:~pilIary I i i i w  w i t h  i l i e  

I hornas-lriiiivri, Viii-LIeli iiiid :ire corrected. 'l'he elemriitnl 
aiialy~es were doiir t i?  .\Iiciwest llicrolahs., Iiic.., Iiidiaiiapoli>, 
Iiid. The iimr spectra were obtained at 60 .\IC, with a Variati 
-4-60 spectrometer, for  1 CI>Cls holiitioiis coiitainirig tetra- 
methylsilarie (TIIS)  ah i i i i  iiiteriial standard. Chemical shifts 
are niea5iired BS hhieldirig (cps) relative to the shielding of thr  
TAIS prcitoiiq. Iiifraretl ypectra were obtaiiied with w Perkiii- 
Elmer X37 grat iiig 3pect rophotomet er. 

Propylene sulfide (bp i2---7:3', 7:3( yield) aiid isobutylene 
sulfide (bp S:3-?(.io, yield) were prepared by the reac,tioir oi 
the oxides n-ith pot:i*sium thiocyanate iri aqueous w l u t i o i i . 7  

1-(  l-Methylhydrazino)-2-propanethiol1 inid 2-methyl-l-( 1- 
methylhydrazino)-2-propanethiol [bp 70-75' (13 mm), 4651  werc 
prepared by the rtwtioii of prcipyleiie sulfide aiid isobutylerit: 
wlfide with methylhydraziiie. Isonicotinonitrile 1-oxide (nil' 
2 5 - ? 2 i o ,  yield % I r ;  W:IF prepared by HnO.-AcOFI oxidtitioii 
iif  i~i) i i icot i i i ( i t i~t i , i le ,~ 

Basically Substituted Thiadiazines (Table I) .  Method A. - A  
mixture of 120 g i I . ( I  mole) of 1-( l-methylhydraziito)-2-propaiie- 
thiol, 10.2 g (1 .0 niolr)  of i . ~ ~ ) i i ~ ~ ~ ~ ~ t i i i i ~ ~ i i t r i I e ,  and 350 ml of ethrtiiol 
 as refluxed fat, 1s hi. aiid distilled 1 ' ~  mci to  to  give 137 g (66';:) of 
light >-ellow oil ,  111) 1(X--17.jo (:!.I) mm): glpc (.j-ft coliimn, 4 ' ,  
SEX) Chromciiiiih \\-, acid-witihed, 1,<0°, He flow rate :300 in11 
miti), $1 sev I IS' I. 1 2  Sei: (S' )! aiid 117 sec (74C;):  AY~~Z ~ . \ I I ,  
:<.(E aiid 3.14 (ni. I)I,II:I~I, 6.16 l i i i ) ,  aiid 6.211 ( s )  p. The oil (137 
g )  was d i s d v t d  i i i  I Ti00 nil of beiizeiie, 900 g of alumina (Slerck 
Yo. 71695) X Y : ~ .  :iticded, miti  the inktiire  as stirred for 20 miii 
aiid filtered. T h e  aliimiiia was wayhed with 200 ml of beiiaetic, 
aiid the heiizciir n-a-. evaporated in w c u o  to  give 97 g ( 4 7 7  ) (11 
a fniiitly Flr:i\$--rolorcd oil: it exhibited one peak (glpc), 1 = 1 1 0  
sex; iiifrared, :iti-ciii,(, of  2,!11, : 3 , ( Q ,  : j ,14,  :mil 6.16-p baiids siitl 

I i x i i d  a t  fi.2;) fi  i,): iinir, 7 s  iCIIs, doiiblct, 
.I = T c,p-), [ . io  i(li iai't<%1, 1 prot i i i i i ,  179 (XClT,, singlet), Ihl '  
iqiiartet, I p i ( i t o i i  I ,  213  (iiiiiltiplet, 1 prototi). 451 (miilliplet. 
2-pyridyl p i ' i i l i i i t s ~ ,  i i i i t l  .it 1 irnriltiplet, 2 pj-ridyl p ~ ) i i ~ i i s )  cps. 

The maleate wii- pi~epiired usiiig 1 molar equiv of maleic :wid 
i i i  t~thaiii)l-rtl,ei~. The hyilrochlorides iii Table I were p'epnred 
hy treatitig aii cstltrr. 5olutioii of  the lime wi th  ethereal I-ICI. 

7'0 t i  dii,retl mixlure o f  14.1 g (0.12 mole) of 1 -  
(l-methylhytli~a~i!iii !-2-pi~op~iiietfiiol, 4.3 g of gaseous I-ICI, : i t i d  
t a nil of m t ~ t l r n i i o l  ~ : I S  atitled, dropwise, over a period of 0.5 hi,, 
ii ; .o l i i t io i i  ( i f  i f i  g (0. I 2  i n i i l c ~  1 of methyl picoliiiimidate iii 20 r i l l  

o f  niethwiiol. T h i s  niixtlirc W I Y  stiri,ed at ainbient iempei,aliii(h 

r .  

Method €3. 

-- 
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for 2 hr, concentrated in vacuo, treated with water, basified u-ith 
NaOH solution, and extract,ed with ether. The washed (HzO) 
and dried (hIgSO4) ether extract was distilled in tJacuo to give 
0.3 g (269;)  of yellow oil, bp 151-163" (0..5-2.5 mm). The oil 
was dissolved in ether and treated with ethereal HC1 until pre- 
cipitation of the hydrochloride was complete. 

Method C.-A mixture of 18.5 g (0.083 mole) of P-methyl-l- 
(l-methylhydraxino)-2-propanethiol, 11.1 g (0.083 mole) of ethyl 
isonicotinimidate dihydrochloride, and 250 ml of absolute EtOH 
was stirred and refluxed for 18 hr. The cooled reaction mixture 
was poured onto crushed ice, basified with KaOH solution, and 
extracted with CHCl3. The washed (HIO) and dried (MgSOa) 
CHC13 solution was distilled in vacuo to give 7 g (38y0) of yellow 
oil: bp 132-136" (1.0 mm); A:\' 2.95 (vw, broad), 5.95 (w), 
6.20 (ms), and 6.31 (s) p. It was chromatographed on 125 g of 
alumina (Baker No. 0537) in a 2.8 X 17 em column using ben- 
zene as the eluent to give 5.8 g (307,) of a slightly yellow oil: 
At; 6.25 p (s) (-SC=X); nmr, 81 (Me&, singlet), 162 (CHz, 
singlet), 183 (XCH3, singlet), 452 ( 2  pyridyl protons, multiplet), 
and 512 ( 2  pyridyl protons, multiplet) cps. The oil was dissolved 
in ether and treated with ethereal HC1. 

Method D.-To a mixture of 20 g ( 0 . l i  mole) of 1-(1-methyl- 
hydrazino)-2-propanethiol, 1 In1 of pyridine, and 50 ml of ethanol 
heated to 70" on a steam bath was added portionwise over a 
period of 0.5 hr, 18 g (0.17 mole) of 3-pyridinecarboxaldehyde in 
50 ml of ethanol. The mixture was heated an additional 0.5 hr 
on the steam bath and evaporated to dryness in oucuo. The 
residual oil was kept at  ambient temperature for 4 days. The 
solid t,hat had formed was collected (filtration) and washed with 
a minimiim of eiher to give 13 g of white crystals, mp 120-130". 
Two recrystallizaiions from ethyl acetate gave 9.0 g (26%) of 
whit,e crystals: nip 137-138": A;,":"' 3.12 (s) (NH), 9.65 (s), 10.5 
(s), 11.4 (s), 12.3 i s ) ,  13.3 (s), and 13.3 (s) p (no -C=N); 
nmr, 72 (CH,, doublet, J = 6 cps), 113 (multiplet, one CHI pro- 
ton), 152 (?;CHI, singlet), 189 (multiplet, one CH2 prot>on), 
323 (2-H doublet, J = 10 cps), 433, 465, ,522, and 534 (4 pyridyl 
protons, 2 multiplets, a quartet, and a doublet) cps. 

Method E.-To a stirred mixture of 22 g (0.20 mole) of BrCN 
and 200 ml of H,O was added dropwise over a period of 1 hr, a 
solution of 24 g of 1-( 1-methy1hydrazino)S-propanethiol in 50 
ml of H20. After the addition was completed, the mixture was 
heated a t  reflux temperature for 1 hr, decolorized with activated 
charcoal, cooled, made alkaline with cold KaOH solution, and 
extracted with CHCL. Distillation of the dried (AIgSOr) extract 
gave 7.7 g (26%) of a slight.ly yellow liquid: bp 78-80" (0.1 
mm); A:: 2.89, 2.97, 3.03, 3.16 (ru"?), 6.15, 6.30 (C=N), 
6.92, 7.81, and 10.1 p ;  nmr (CCl,), 78 (CH3, doublet, J = 7 
cps), 152 (quintet', 1 prot'on), 155 (NCH3, singlet), 171 (quartet, 
1 prot,on), 210 (mult,iplet, 1 proton), and 244 cps (broad signal, 
XH2); glpc ( 1 7 5 O ,  5-ft column, 4 5  SE30/Chromosorb W, 
acid-washed, He flow rate 250 ml/min), t = 360 see. 

Pharmacology.-The acute toxicity6jQ and CNS-depre~san t ,~ ,~  
analgesic,lO and a n t i c o n v ~ l s a n t ~ ~ ~ ~ ~ ~  effects in mice were investi- 
gated by the techniques previously described. The effects 
on spontaneous motor activity in mice were measured in dough- 
nut-shaped cages with a central light, source impinging upon 
opposing photosenst,ive cells." iintagonism to yeast-induced 
hyperthermia in rats was determined by the method of Ham- 
bourger and Smith.'* Chlorpromazine was used as a positive 
control. Antagonism to the toxic effects of amphetamine in 
aggregated mice was determined as described by Mennear and 
Rudzik.I3 

Reinduction of sleep (loss of righting reflex) in mice was de- 
termined on an all or none basis by intraperitoneal injection of 
test compound immediately following recovery from hexobarbital 
(100 mg/kg) induced ~ leep .1~  Cardiovascular studies were done 
in dogs anesthetized with pentobarbital using methods previously 
described.lj 
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