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Oral, in contrast to subataneous, administration of 4-formylpyridine thiosemicarbazone or 4-formylquinoline
thiosemicarbazone atfords marked protection to mice infected intracerebrally with the T.H.D. strain of neuro-

vieeinia.
an active metabolite in the gut.

It is suggested that this dependence on the route of administration may be due to the formation of
3-Mercapto-5-(4-pyridyl)-1,2,4(H)-triazole, which could be formed by oxida-

tive cyvelization of 4-formylpyridine thiosemicarbazone, is also active orally but not subentancously, and the
possibility of its being an active metabolite is discussed. No significant activity was found in derivatives of
formylpyridine or formylquinoline thiosemiearbazones or in a series of triazoles.

Thie antiviral activity of a thioseiicarbazouc in vivo
was first reported by Hamre, et al.,! who found that p-
aminobenzaldehyde thiosemicarbazone prolonged the
survival time of mice infected intranasally with
vaccinia virus, Thompson, ef al.,* found that several
heterocyclic aldehyde thioseniicarbazones had a similar
actionn. Bauer? showed that isatin S-thiosemicar-
bazone afforded high protection when administered
subcutancously to wmice tfected tracerebrally with
a neurotropic strain of vaceinia. Bauer and Sadlert
examined structure-activity correlations i the isatin
series and concluded that N-ethylisatin g-thiosemnti-
carbazone was the most active compound against
vaccinia.  However, agaiust Variola major i1 mice,
N-miethylisatin 8-thiosemicarbazone appeared to be
the most active® and, when administered orally, was
reported to have prophylactic properties agaiust human
simallpox.$ However, Fergusoun™ could not coufirn
this activity.

Ou the assumption that an orally administered drug
would be preferable for clinical use, we reinvestigated
the earlier literature work and found that 4-formyl-
pyridine thiosemicarbazone and 4-formnylquinoline thio-
semicarbazone were the most active compounds against
vaceinia in mice when given orally. In fact, the former
was twenty times more active than N-ethylisatin 3-
thioseinicarbazoie on a weight basis (Table I).

The high degree of protection afforded by thesc
compounds prompted us to synthesize and test souc
nuclear-substituted derivatives (Table II). In general,
it was found that nuclear substitution reduced or
abolished antiviral activity. This parallels the ob-
servations on isatin thiosemicarbazones where substi-
tution in the benzene ring is dystherapeutic.t Sub-
stitution of the H atom in the formyl group by methyl
(9) reduces activity while larger groups abolish 11
completely (10 and 11) (Table II).

The relative positions of the thiosemicarbazonc
moicety and the ring nitrogen are critical as 3-formyl-
pyridine thioscmicarbazone (2) is only marginally
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73, 275 (1950).
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(4) D..l, Bauer and P. W. Sadler, Brit. J. Pharmacol., 15, 101 (1960).

(5 D.J. Bauer, K. R. Dumbell, P. Fox-Hulme, and P. W. Sadler, Bull.
IWorld Health Organ., 26, 727 (1062).

(6) D.J. Bauer, A. W. Downie, C. 1. Kenipe, aud L. 8t. Vincent, Luucet,
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Tasury 1
COMPARATIVE IEFrFECTS OF 4-FORMYILIYRIDING
TmosEMicARBAZONTE AND N-KrHuyrnisatin g-THIOSEMICAR-
BAZONE ON NEUROVACCINIA INFECTIONS IN MIicr?

AMean
Praily survival Survivers
dose, tie, (after 14
Cowmponul me. g, Route days days}
N-Isthylisatin g-thiogemi- 1.0 p.o. to.2 570
carbazone .05 po. 4.0 0/1t
0.05 S.C. 13.1 940
4-Formylpyridine thio- 0.05  p.o. 0.3 G/
semicarbazone (.05 s 4.0 044
Controls 0.1 . 3.8 /10

« Virus dilution: 1075,

active and 2-formylpyridine thiosentcarbazone (1)
18 inactive. I‘urthermore, position isowmers of 4
formylquinoline thiosemicarbazone (12 and 14-16)
are inactive.

A significant feature of 4-formylpyridine thiosein-
carbazone is that although possessing activity when
administered orally, it is virtually inactive when ad-
ministered subcutaneously. A possible explanation
is that the compound is metabolized during absorption
through the gut and that the metabolite is, in fact,
the reactive entity. Two possible metabolites are the
aminothiadiazole (26) and the mercaptotriazole (34)
formed from the thiosemicarbazone by oxidative cyeli-
zation.

CH=NNHCSNH,

N—N
N//:\>—J‘\ A
— S NH,
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N—N
N
— N”sH
4

3

-
N ~

The aminothiadiazole (26) was 1reported aclive
against vaccinia by Sadler® who clainted to have pre-
pared this compound by ferric chloride oxidation of
4-formylpyridine thiosemicarbazone. In our hands,
this procedure afforded only the hydrochloride of the
starting material, although the analogous 2-aniino-5-

18y P W. Radler, J. Geg. Chem., 26, 1315 (1661).
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TaBLE II
THE ACTIVITY OF THIOSEMICARBAZONES AND RELATED COMPOUNDS AGAINST NEUROVACCINIA IN MICE
Oral LDs, Daily dose, Mean survival time, days
No. Compound mg./g. (mg./g.) X 4 Treated Controls Aectivity®
1 2-Formylpyridine thiosemicarbazone® 0.07 0.02 3.8 3.8 0
2 3-Formylpyridine thiosemicarbazone® 0.20 0.05 5.8 3.8 +
3 4-Formylpyridine thiosemicarbazone® 0.20 0.05 10.3 3.8 —++
4 2-Formyl-3-hydroxypyridine thiosemicarbazone® 0.93 0.23 2.4 7.4 0
5 4-Formyl-3-hydroxypyridine thiosemicarbazone® 1.00 0.25 4.9 8.0 0
6 4-Formyl-3-hydroxy-5-hydroxymethyl-2-methylpyridine
thiosemicarbazone” >4.00 1.00 5.7 7.4 0
7 4-Formyl-3-methylpyridine thiosemicarbazone 0.60 0.15 10.0 7.4 +
8 2-Ethyl-4-formylpyridine thiosemicarbazone 0.32 0.08 4.2 3.8 0
9 Methyl 4-pyridyl ketone thiosemicarbazone’ 0.027 0.006 S.4 5.3 +
10 n-Hexyl 4-pyridyl ketone thiosemicarbazone 0.20 0.05 5.8 5.1 0
11 Benzyl 4-pyridyl ketone thiosemicarbazone 0.45 0.11 5.0 5.1 0
12 2-Formylquinoline thiosemicarbazone” >4.00 1.00 5.6 4.2 0
13 4-Formylquinoline thiosemicarbazone” >4.00 1.00 11.3 4.1 ++
14 6-Formylquinoline thiosemicarbazone’ 0.16 0.04 4.1 4.2 0
15 7-Formylquinoline thiosemicarbazone’ 0.04 0.01 5.7 5.3 0
16 8-Formylquinoline thiosemicarbazone’ 3.80 0.90 3.3 5.4 0
17 4-Benzyloxy-2-formylquinoline thiosemicarbazone >4.00 1.00 5.1 5.4 0
18 6-Chloro-4-formylquinoline thiosemicarbazone 1.00 0.25 3.9 4.2 0
19 7-Chloro-4-formylquinoline thiosemicarbazone 1.26 0.30 7.1 5.1 0
20 8-Chloro-4-formylquinoline thiosemicarbazone 1.71 0.42 6.7 5.1 0
21 4-Formyl-6-methoxyquinoline thiosemicarbazone >4.00 1.00 5.1 4.9 0
22 4-Formyl-8-nitroquinoline thiosemicarbazone >4.00 1.00 9.4 4.9 ++
23 3-Formylisoquinoline thiosemicarbazone >4.00 1.00 8.1 4.9 +
24  2-Amino-5-(2-pyridyl1)-1,3,4-thiadiazole hydrochloride® 1.20 0.30 3.7 5.4 0
25 2-Amino-5-(3-pyridyl)-1,3,4-thiadiazole dihydrochloride* 1.26! 0.30' 5.0 4.2 0
26 2-Amino-5-(4-pyridyl)-1,3,4-thiadiazole dihydrochloride 0.50 0.10 4.2 4.8 0
0.20 0.05! 4.2 4.5 0
27 2-Acetamido-5-(4-pyridyl)-1,3,4-thiadiazole® 1.10 0.25 1.6 5.1 0
28 2-Amino-5-(4-quinoly1)-1,3,4-thiadiazole hydrochloride 0.045 0.01* 5.1 5.5 0
29  5-(4-Pyridy1)-1,2,4(H)-triazole 0.79 0.20 5.2 5.7 0
30 3-Amino-5-(4-pyridyl)-1,2,4( H)-triazole™ 0.68 0.17 4.9 4.6 0
31 3-Hydroxy-35-(4-pyridyl)-1,2,4(H)-triazole 0.58 0.15 8.0 5.7 +
32  3-Mercapto-3-(2-pyridyl)-1,2,4-(H )-triazole 0.44 0.11 4.5 4.8 0
33 3-Mercapto-5-(3-pyridyl)-1,2,4(H )-triazole >4.00 1.00 6.2 8.0 0
34 3-Mercapto-5-(4-pyridyl)-1,2,4(H )-triazole™ >4.00 1.00 10.00 4.9 ++
>4.00" 0.5 3.5 5.0 0
35 3-Mercapto-5-(4-quinolyl)-1,2,4(H)-triazole >4.00 1.00 7.4 5.7 0
36  3-Mercapto-3-(2-ethyl-4-pyridyl)-1,2,4(H )-triazole >4.00 1.00 5.1 4.8 0
37 3-Methylmercapto-3-(4-pyridyl)-1,2,4(H )-triazole’ 1.71 0.40 4.7 4.8 0
38 3-Ethylmercapto-5-(4-pyridyl)-1,2,4(H)-triazole 2.00 0.50 4.7 4.8 0
39 3-n-Propylmercapto-5-(4-pyridyl1)-1,2,4(H )-triazole 1.7 0.40 6.8 4.8 0
40 3-n-Hexylmercapto-5-(4-pyridyl)-1,2,4(H)-triazole >4.00 1.00 4.7 6.0 0
41 3-Allylmercapto-5-(4-pyridyl)-1,2,4(H )-triazole 2.33 0.60 7.8 6.0 0
42 3-Benzylmercapto-3-(4-pyridyl)-1,2,4(H )-triazole >4.00 1.00 5.4 4.8 0
43  3-(2-Pyridylmercapto)-53-(4-pyridyl)-1,2,4(H )-triazole 1.47 0.36 7.8 6.0 0
44  3-Acetonylmercapto-5-(4-pyridyl)-1,2,4(H )-triazole 0.50 0.12 4.7 4.8 0
45 3-Carboxymethylmercapto-5-(4-pyridyl)-1,2,4(H )-triazole >4.00 1.00 8.3 6.0 0
46 3-(2-Dimethylaminoethyl)-5-(4-pyridyl)-1,2,4(H )-triazole 0.36 0.09 5.6 6.0 0
47 3-Mercapto-4-methyl-5-(3-pyridyl)-1,2,4-triazole 0.85 0.21 7.0 5.1 0
48 3-Mercapto-4-methyl-3-(4-pyridyl)-1,2,4-triazole 1.10 0.25 5.1 5.7 0
49 4-Amino-3,5-dimethylmercapto-1,2,4-triazole” 3.80 0.90 4.4 6.0 0

¢ (0 = inactive, + = marginal activity, +-+ = active (more than doubles the mean survival time). ® R. E. Hagenbach and H.
Gysin, Expertentia, 8, 184 (1952). < C. Levaditi, A. Girard, A. Vaisman, and A, Ray, Compt. rend., 231, 1174 (1950). ¢ E. Grunberg
and B. Leiwant, Proc. Soc. Exptl. Biol. Med., 77, 47 (1951). ¢ D. Heinert and A. E. Martell, Tetrahedron, 8, 49 (1958). /P, P. T.
Sah and C. T. Peng, Arch. Pharm., 293, 5301 (1960). ¢ H. H. Fox, J. Org. Chem., 17, 555 (1952). * E. Hoggarth, A. R. Martin, N, L.
Storey, and E. H. P. Young, Brit. J. Pharmacol., 4, 248 (1949). ¢J. Bernstein, H. L. Yale, K. Losee, M. Holsing, J. Martins, and
W. A. Lott, J. Am. Chem. Soc., 73, 906 (1951). ¢ F. Gialdi and R. Ponci, Farm. sct. tec. (Pavia), 6, 332 (1951). * Ref. 9. ! Subcu-
taneous administration. ™ R. Giuliano and G. Leonardi, Farmaco (Pavia), Ed. sci., 9, 529 (1954). » Ref. 11. ° 8. Yoshida and M.
Asal, J. Pharm. Soc. Japan, 74, 946 (1954). 7 J.Sandstrom, Acta Chem. Scand., 15, 1295 (1961).

(4-quinolyl)-1,3,4-thiadiazole was readily prepared by  tive as was the quinoline analog (28). The mercapto-
this method from 4-formylquinoline thiosemicarbazone. triazole (34) was active orally but inactive subcutane-
Authentic 2-amino-5-(4-pyridyl)-1,3,4-thiadiazole (26) ously. It is therefore unlikely to be an active metab-
prepared by peracid oxidation of 4-formylpyridine olite which, it is reasonable to suppose, would be active
N,S-diacetylthiosemicarbazone? was completely inac- by both routes of administration. However, the pos-

(9) P. Hemmerich, B. Prijs, and H. Erlenmeyer, Hely. Chim. Acta, 41, SlbllltleS remain that the nlercaptOtriaZ(ﬂe <34) . is
2058 (1958). either further metabolized in the gut to a more active
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FOoRMYLQUINOLINE THIO0SEMICARBALZONES

No Compoutrd
17 4-Benzyloxy-2-formylquinoline thiosemicarbazone*
S 6-Chloro-4-formylquinoline thiosemicarbazone®®
149 7-Chloro-4-formylquinoline thiosemicarbazone®”
20 $-Chloro-4-formylquinoline thiosemicarbazone™"
21 4-Formyl-6-methoxyquinoline thiosemicarbazone’
22 4-Formyl-8-nitroquinoline thiogemicarbazone”

b

Vol &
Tasne HH
(Cabed,, 7 Fonnd,

Mo, TN Forumke N < N =

216-220 ChsHpsNLOS 6.7 0.9 6.5 9.8
240--244 CnHgNS-HCL 2102 121 20.4 14
251-252 CyHsN S HCL 2102 2.1 2005 12,0
234236 ChHNS HCE REBRE 12.1 214 12.0
208-240 CpHENOS 215 2.3 2008 124
240-245 CHeN QS 25.5 11.6 25.2 1ty
238240 CrpHpNOS 2105 2.3 20,8 12.6

3-Formylisoquinoline thivsemicarbazone

* The aldehydes were prepared by Se(. oxidation of the appropriate methylquinoline by

hydes were prepared by method I1.

entfity or merely reverts to tlie parcit thiosemticar-
bazone 3. The difference i1 biological activity of 3 and
34 by the two routes of adinimistration is not cou-
sidered to be a solubility effect because the very in-
soluble N-ethylisatin thiosemicarbazone displays greater
activity subcutancously than orally (Table I).

In the hope of developing any intriusic antiviral
activity in the mercaptotriazole series, mnany structural
modifications werc made (29-49). All were found to
be inactive with the exception of 3-hydroxy-5-(4-
pyridyl)-1,2 4(H)-triazole (31) which displayed tar-
ginal aclivity.

Experimental

Biological Methods.—All experiments were carried ot with
the I.LH.D. strain of neurovaccinia; the mice were of an inbred
albino strain bred in these laboratories. Under light ether
anesthesia, 0.03 ml of an appropriate dilution of virus was
injected intracerebrally, and the daily mortalities were recorded.
Animals dying within 24 hr. of infection were not included in
the experiment.

The compounds examined were administered orally in a volume
af 0.2 ml. once daily for 4 days, commencing at the time of in-
fection.

For subcutaneous administration, insolible compounds werce
finely ground in a mechanical Teflon grinder and then suspended
in a suitable volume of 2.5% gum tragacanth mucilage.

Syntheses.*—All melting points were determined on
Illectrothermal instrument and are corrected.

4-Formyl-3-methylpyridine Thiosemicarbazone (7).-—A mix-
ture of 3,4-dimethylpyridine (20.0 g., 0.2 mole), thiosemicarbazside
(18.0 g., 0.2 mole), and sulfur (18.5 g., 0.6 mole) in xylene (100
ml.) was refluxed for 3 hr. The solvent was removed by steam
distillation, and the cooled residue was filtered. The filter cake
wus stirred with 2 & NaOH (250 ml.) for 30 min. and filtered.
The pH of the filtrate was adjusted ta ¢ with 2 .V acetic acid to
give 6.6 g. (1757 ) of product, m.p. 242--244°.

Anal. Caled. for CgHoNS: N, 28.8: S, 16.5.
29.4; 8 16.5.

2-Ethyl-4-formylpyridine Thiosemicarbazone (8).-—-Benzene-
sulfonyl chloride (68 g.) was added during 1 hr. to a sohition
of 2-ethylpyridine 4-carboxyhydrazide (57 g.) in pyridine (500
ml.) at 0°.  After 2 hr. the mixture was poured onto ice to give

Ha

Found: N,

2-¢cthylisonicotinic acid  2-(phenylsulfonybhvdrazide (100 g.,
059,), m.p. 155° (from ethanol).
Anal.  Caled. for CuH,:N,O,8: N, 13.8: 8, 10.5. Found:

N, 13.8; 8§, 10.2.

An intimately ground mixture of 2-ethylisonicotinic acid 2-
(phenylsulfonyDhydrazide (12.5 g., 0.041 mole), anhydrous
Na.CO; (12.0 g., 0.145 mole), and thiosemicarbazide (4.3 g..
0.041 mole) in glycerol (50 ml.) was stirred vigorously and heated
to 150° for 2 min. The mixture was cooled and filtered. Dilu-
tion of the filtrate with an equal volume of water afforded 2.2 g.
(26%) of the thiosemicarbazone, m.p. 218-222°,

Anal. Caled. for CHuNS: ¢, 51.9: H, 5.8;
Found: C, 51.7; H, 5.9; N, 27.3.

Benzyl 4-Pyridyl Ketone Thiosemicarbazone (11)-—A sohi-
tionr of 4-vyanopyridine (20.8 g., 0.2 mole) in dry ether (100 ml.)

N, 26.9.

(10) Microanalyses were perforimed iy Mr. 3. Bancee and his staif.

method 1. % Hydracelloride, The alde-

was added dropwise during 30 min. to a stirred, refluxing solu-
tion of benzvlmagnesinm bromide [prepared from 76.8 g. (0.45
mole) of benzyvl bromide and 11.4 g. (0.45 g-atom) of magne-
stum]. The mixture was refluxed far 3 hr,, cooled, and added
cautiously to tee~cold 2 N H.S0, (500 ml.).  The ether Luver was
separated, and the pH of the aqueons layer was adjusted to 11
with 2 NV NaOH solution. Fther extraction and fractional
distillation afforded 11.5 g. (207) of benzyl 4-pyridyl ketane,
m.p. 90-91°, b.p. 194-196° (15 mm.). The ketone was refluxed
with thiosemicarbazide (5.3 g.) i ethanol (200 ml.) far 3 L.
Cooling gave 13.1 g. (839%) of the thiosemicarbazone, nip. 213

214°,

Anal. Caled. for CLHu NS C,62.3: H, 5.5; 3,118
(,62.3; H,5.2; 8, 11.8.

n-Hexyl 4-Pyridyl Ketone Thiosemicarbazone (10).-Similarly
4-cvanopyridine and n-hexylmagnesium bromide guve n-hexyl
4-pyridyl ketone (339¢), b.p. 175-179° (24 mum.). The thio-
seruicarbazone crystallized in needles from ethanal, nup. 143-
144°.

Anal. Caled. for CpHoNS: C, 59.1: H, 7.6; N, 21.2; S,
12.1. Found: ¢, 50.2: H, 7.8; N, 20.9; 8,12.1.

Oxidation of Methylquinolines to Formyiquinolines. Method
I~-A mixture of equimolecular quantities of the methylquinoline
and freshly prepared Se(. in 53%: aqueous dioxane was refluxed
for 2 hr. The precipitated zeleniim was filtered off, and the
filtrate was evaporated vo dryness /nvacuo.

Method IL--Yquimolar quantities of the methylqninoline snd
SeOs were heated to 130-140° when u vigorons reaction oceurred.
Heating wus cantinued for 10 min. and the mixtire was cooled.
The residues from each method were then stirred with 2 .V HC1
for 30 min. and filtered (charcoal). Treatment of the filtrates
with 2 & NayCOy afforded the crude aldehydes.

Formylquinoline Thiosemicarbazones.--The crude aldehyvdes
were converted into the thiosemicarbazones which were purificd
by erystallization from, or boiling with, ethanol (yields 70-00¢¢ 3.
The products are listed in Table IT1.

Ferric Chloride Oxidation of Formylpyridine Thiosemicarba-
zones,—A mixture of 4-formylpyridine thiosemicarbazone (15.9
g.) and ferric chloride (30 g.) in water (300 ml.) was heated a1
85°far 30 min.  The reaction mixture was concentrated to ca. 100
ml and cooled to give a solid (9.4 g.). nup. 260-262° dee. (lit3
m.p. 260°), which did not depress the melting point of authentic
4-formylpyridine thiosemicarbazone hydrochloride.  Treatinent
of the solid with 2 ¥ NH,OH gave a yellow product (6.5 g.),
nep. 236° mdepressed by authentic 4-formylpyridine vhin-
semicarbazone (the product obtained by Sadler® had m.p. 226°1.
Authentic  2-animn-3-(4-pyridyD-1,3,4-thiadiazole®  had  mp.
Q44251 °,

Stmilar ferric chloride treatment of 3-formylpyridine (hio-
senicarbazone afforded 3-formylpyridine thiosemicarbazone
hyvdrochloride while the 2-icomer immediately formed an in-
tractable tar.

2-Amino-5-(4-pyridyl)-1,3,4-thiadiazole Dihydrochloride (26).

-2-Amino-5-(4-pyridyl)-1,3,4-thiadiazole® was dissolved in the
minimum volume of concentrated TMCl and dilnted with o large
volume of acetane to give the product, ni.p. 287-292° dec.

Anal. Caled. for C/HgN.S-21ICL: C, 33.3; H, 3.2
28.2; 8,128, Found: C,33.0; 1, 3.3; Cl, 28.0; 8,129,

2-Amino-5-(4-quinolyl)-1,3,4-thiadiazole Hydrochloride (28).
Method I.--4-Formylquinoline thiosemicarbazone (23 g.) was
refluxed with acetic anhydride (50 ml.) for 30 min., cooled, and
ponired onto ice-cold saturated NalCO; solution. The resnliing

-foriviguinoline N, S-dincetvhthiosanicarbazone was separated

Fannd:

1,
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TaBLE IV
1,2,4-TR1AZOLES
N—N
R\ IR,
R;
Yield, M.p., Caled., % Found, %
No. R R: R: % °C. Formula C H N S C H N S
29 4-Pyridyl H H 36 226-227 C-HeN, 57.5 4.1 38.4 57.4 3.8 38.6
31 4-Pyridyl OH H 41 262-263 C/HeN.O 5319 3.7 34.5 ... 51.9 40 34.4 ...
32 2-Pyridyl SH H 49 282-285 C/HN.S 47.2 3.4 18.0 47.2 3.6 17.6
33 3-Pyridyl SH H 42 299-304 C/HeN.S 47.2 3.4 31.4 18,0 47.2 3.6 31.3 18.0
35 4-Quinolyl SH H 81  290-300 C;HeN.S 246 14.1 24.4 13.8
36 2-Ethyl-4- SH H 63 314-316 CoHN.S 27.2 15.6 27.0 15.3
pyridyl
38 4-Pyridyl C.H;S H 43  182-183 CoH(N,S 52.4 4.9 27.2 15.6 52.7 5.5 27.6 15.8
39 4-Pyridyl C;H:S H 55 138-161 CpHieNsS 54.5 5.5 254 146 54.1 5.3 24.9 14.7
40 4-Pyridyl CH,(CH,):S H 37  111-113 Cy;3sHisNSS 59.5 6.9 21.4 12.2 59.6 6.4 21.4 12.1
41 4-Pyridyl CH=CHCH,S H 60  149-151 C,;H,pN.S 55.0 4.6 25.7 14.7 535.4 4.8 25.9 14.7
42 4-Pyridyl CeH,CH.S H 34 188-190 C.HpN.S 62.7 4.5 20.9 12.0 62.7 4.8 20.9 12.0
43 4-Pyridyl 2-PyridylS H 62 188-190 CHN;S 27.4 12.6 27.4 12.7
44 4-Pyridyl CH;COCH,S H 27 214-216 CpHNOS- 44.1 4.1 20.7 11.8 44.5 4.6 20.7 11.8
HCI®
45 4-Pyridyl HO,C-CH.S H 45 238 CoHgN, 0,8 458 3.4 23.7 13.6 454 3.4 23.8 13.7
46 4-Pyridyl (CH;),NCH,CH.,S H 18  200-201 C,;Hi;N;S- 46.2 5.9 10.8 46.2 5.6 11.2
HCls

47 3-Pyridyl SH CH; 69  183-184 GCH:N.S 29.1 16.7 28.7 16.5
48 4-Pyridyl SH CH; 63 287 CsHsN,S 50.0 4.2 29.1 16.7 49.8 4.5 29.0 16.6

@ Hydrochloride.

and crystallized from dimethylformamide as colorless prisms
(26.3 g., 83%,), m.p. 228-231°,

Anal. Caled. for CHisN4OeS: N, 17.8; 8, 10.2. Found:
N,17.6; S, 10.4.

4-Formylquinoline N,S-diacetylthiosemicarbazone (4.8 g.)
was added portionwise to a mixture of glacial acetic acid (25 ml.)
and HpO: (100 vol., 8.0 g.) at 0°. The mixture was allowed to
warm to room temperature and then heated to 65-70° for 10 min.
Cooling gave 2-acetamido-3-(4-quinolyl)-1,3,4-thiadiazole (3.1
g., 78%) as colorless prisms, m.p. 296-299°,

Anal. Caled. for C3HeNOS: N, 20.7; S, 11.9. Found:
N,20.7; 8, 11.8.

2-Acetamido-5-(4-quinolyl)-1,3,4-thiadiazole (3.1 g.) and con-
eentrated HCI (50 ml.) were refluxed for 1.5 hr. The reaction
mixture was cooled and made alkaline to give 2-amino-5-(4-
quinolyl)-1,3,4-thiadiazole (1.06 g., 37%), m.p. 271-273°.

Anal. Caled. for CuHs:NS: C, 57.9; H, 3.5; N, 24.6; S,
14.0. Founnd: C,57.9; H,3.8; N,24.2; §,14.0.

The thiadiazole was dissolved in the minimum volume of con-
eentrated HCl and diluted with a large volume of acetone to
give 2-amino-5-(4-quinolyl)-1,3,4-thiadiazole hydrochloride, m.p.
258-260°.

Anal. Caled. for CyHsN,S-HCL: C, 49.8; H, 3.4; Cl, 13.4;
S,12.1. Found: C,49.6; H,3.4; CL,13.6; S,12.3.

Method II.—A mixture of 4-formylquinoline thiosemicarbazone
(10 g.) and ferric chloride hexahydrate (49.0 g.) in water (200
ml.) were heated at 80° for 2 hr. Cooling afforded 2-amino-5-
(4-quinolyl)-1,3,4-thiadiazole hydrochloride (6.7 g.), m.p. 259—
261° undepressed on admixture with the product obtained by A.

1,2,4-Triazoles (Table IV)—The methods are illustrated by
the following examples.

5-(4-Pyridyl)-1,2,4(H)-triazole (29).—A solution of 3-mer-
capto-5-(4-pyridyl)-1,2,4( H)-triazole!! (20 g.) in 2 ¥ NH,OH
(100 ml.) was added to a slurry of Raney nickel!2 (10 g.) in water
(10 ml.), and the mixture was refluxed for 3 hr. The reaction
mixture was cooled and filtered, and the filtrate was concentrated
to dryness under reduced pressure. Crystallization of the
residue from ethanol gave colorless prisms of the product (5.9 g.,
36%), m.p. 226-227°.
3-Hydroxy-5-(4-pyridyl )-1,2,4(H)-triazole (31).—Isonico-
tinoyl S-methylthiosemicarbazide!® (21.0 g.) was heated at

(11) H. C. Beyerman, J. S. Bontekoe, W. J. Van Der Burg, and W. L. C.
Veer, Rec. trav. chim., 78, 109 (1954).

(12) A. A, Pavlic and A. Adkins, J. Am. Chem. Soc., 68, 1471 (1946).

(13) 8. Yoshida and M. Asai, J. Pharm. Soc, Japan, T4, 946 (1954).

195-200° for 5 min. The cooled mass was crystallized from
water to give the product as colorless needles (12.3 g., 80%,), m.p.
262-263°.

3-Mercapto-4-methyl-5-(4-pyridyl)-1,2,4-triazole (48).—
A mixture of methyl isothiocyanate (7.3 g., 0.1 mole) and pyri-
dine 4-carboxyhydrazide (13.7 g., 0.1 mole) in ethanol (75 ml.)
was refluxed with stirring for 2 hr. The mixture was filtered hot
and the filtrate was then cooled to give isonicotinoyl 4-methyl-
thiosemicarbazide (12.3 g., 809%), as colorless needles from water,
m.p. 221-223° dec.

Anal. Caled. for CsHwN:0S: N, 26.7; 8, 15.3. Found: X,
26.3; S, 15.1.

Isonicotinoyl 4-methylthiosemicarbazide (10.0 g., 0.048 mole)
and sodium methoxide (3.0 g., 0.036 mole) in dry methanol
(100 ml.) was refluxed for 8 hr. and then evaporated to dryness
under reduced pressure, and the residual solid was dissolved in
water. Acidification with acetic acid to pH 6.0 afforded 3-
mercapto-4-methyl-5-(4-pyridyl)-1,2,4-triazole (6.1 g., 63%)
which crystallized from aqueous Ethyl Cellosolve in colorless
prisms, m.p. 287°,

3-Mercapto-4-methyl-5-(3-pyridyl)-1,2,4-triazole (47)—
Similarly pyridine 3-carboxyhydrazide and methyl isothiocyanate
afforded nicotinoyl 4-methylthiosemicarbazide, m.p. 180-183°.

Anal. Caled. for CsH;NJOS: N, 26.7; 8, 15.3. Found:
N, 26.1; S, 15.2.

Sodium methoxide treatment afforded the triazole (699),
m.p. 183-184°.

3-Mercapto-5-(4-quinolyl)-1,2,4(H)-triazole (35)—Potassium
thiocyanate (46.5 g., 0.48 mole), quinoline 4-carboxyhydrazide
(45 g., 0.24 mole), and 6 N HCI (300 ml.) were heated at 100°
for 12 hr. Cooling afforded quinol-4-oyl thiosemicarbazide
(49 g., 83%), m.p. 235-238° dec.

Anal. Caled. for C;:H\eN,O8: N, 22,7, Found: N, 22.7.

Quinol-4-oyl thiosemicarbazide (49 g.) was heated at 150° at
15 mm. for 15 min. to give 3-mercapto-5-(4-quinolyl)-1,2,4(H)-
triazole (37.5 g., 81%), m.p. 290-300°.

3-Mercapto-5-(3-pyridyl)-1,2,4(H)-triazole (33).—Pyridine 3-
carboxyhydrazide (13.7 g., 0.1 mole) and thiourea (7.6 g., 0.1
mole) were heated in an oil bath to 190° when an exothermic
reaction occurred. The mixture was heated at 195-200° for a
further 30 min., cooled, and extracted with 2 N NH,OH solution
(100 ml.). The extract was acidified with glacial acetic acid
to give the product (7.5 g., 429, ), m.p. 299-304°.

Compounds 32 and 36 were prepared similarly.

General Procedure for S-Substitution.—3-Mercapto-5-(4-
pyridyl)-1,2,4(H)-triazole (0.1 mole) and the halide (0.15 mole)
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were refluxed i dry ethanol (100 ml) until a clear solution was
obtained. Excess ethanol and halide were distilled under re-
dnced pressure, and the residue was extracted with water and
filtered. Treatment of the filtrate with saturated NaHCU;
afforded the product which was filtered off and crystallized from
ethanol or aqueous ethanol.  In two cases (44 and 46), the hy-
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drochlorides of the produet separated from the reaction mixiue
on cooling.
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A saries of isothiazolealdehyde and ketone thiosemicarbuzones has been syuthesized aud tested for antiviral
activity.,  Several of these compounds, i particular 4-bromo-5-formyl-3-methylisothiazole thiosemicarbazone,®

gave high protection to mice infected intracerebrally with the LLH.D. strain of neurovaceinia.

activity relationships in the series are discussed.

We have reported previously!'® that oral administra-
tion of 4-formylpyridine thiosemicarbazone affords
marked protection to mice infected intracerebrally with
neurovaccinia. It was further demonstrated that
nuclear substitution abolished or reduced autiviral
activity and that, of several possible metabolites, ouly
3-nercapto-5-(4-pyridyl)-1,2,4(H)-triazole had com-
parable activity. The present commmunication is con-
cerned with another line of development, viz., the syu-
thesis and evaluation of thiosemicarbazones of hetero-
cyelic carbouyl compounds chemically analogous to 4-
formylpyridine thiosemicarbazone.

Our preliminary investigations showed that thio-
semicarbazones derived from simple thiophene, furamn,
imidazole, and pyrazole carbonyl compounds were of
little interest. Furthermore, 5-formyl-4-methylthia-
zole thiosemicarbazone, which was reported to bhc
highly active against an intranasal infection of vaccinia
i mice,? was only marginally active in our tests using
the iutracercbral route for infectiou. However, iso-
thiazolecarbonyl thiosemicarbazones showed promising
activity and accordingly a serics was prepared and
tested (Table I).

It is clear that antiviral activity is markedly depend-
et on the position of the thiosemicarbazone moiety i
the isothiazole ring (compare 1, 2, and 3). If isothia-
zole is regarded as electronically and geometrically
related to pyridine, e.g., the —S-- of the former replacing
~CH=CH- of the latter, activity in the two series
follows a similar pattern Thus, 3-formylisothiazole
thiosemicarbazone (I) and the analogous 4-formylpyri-
dine thioscmicarbazone (II) are both active, whereas
thiosemicarbazones of 4-formylisothiazole and 3-formyl-
pyridine are ouly weakly active, and 3-formylisothiazole
and 2-formylpyridine thiosemicarbazones are totally
imactive.’* The weak activity of the formylthiazole
thiosemicarbazone (I1I) is explainable by its formal
analogy to the weakly active 3-formylpyridine thio-
senmicarbazone,

(1) (a) Part I: D. H. Jones, R. Slaek, 8. Squires, and K. R. 11. Wooll-
ridge, J. Med. Chem., 8, 676 (1965). (b) M&B 7714.

(2) E. Camnpaigne, R. L. Thowpson, and J. E. Van Werth, J. Jed. Pharm.
Chem., 1, 577 (1959).
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In the 5-formylisothiazole series, substitution by
halogen iu the 4-position hicreases activity (compare
2, 11, 12, and 13) with a decrease in toxicity, par-
ticularly the bromo derivative 12, A 3-niethyl sub-
stituent decreases toxicity slightly without decreas-
ing activity (2 aud 4), and a combination of a 3-
methyl and a 4-chloro or -bromo substituent leads
to highly active compounds with low toxicity (15 and
16). 4-Nitro and 4-methyl substituents have little
effect. on activity (compare 4 and 19, and 2 and 5)
but a carboxy substituent (18) completely abolislies
activity. Couipounds substituted i the side chain
are, i1 general, inactive (7, 8, 21, and 27-39) with the
exception of the highly active H-acetyl-3-methyl
derivative (9) and the marginally active 4-bromo-
5-formyl-3-methylisothiazole 2-methylthiosemicarb-
azone (26). Cyelization of the side chain of an active
thiosemicarbazone to a mercaptotriazole (compare 4 and
41, and 16 aud 42) or an aminothiadiazole (compare
4 and 43) considerably reduced or eliminated activity.

Six compounds (9, 11-13, 15, and 16) satistied our
criterion for significant activity, namely, they more than
doubled the mean survival time. Of these, three
were of relatively low toxicity (12, 15, and 16) and
one (16, M&B 7714) was eventually selected for more
extended biological evaluation® and clinical {rials
against smalipox.?

No activity was showi by auy of the thiosemicarb-
azones against niurine infections of influenza virus,

(3) R. Slack, K. R. II. Wooldridge, J. A. MeFadzean, anl 8. Squires,
Nature, 204, 587 (1964).

(4) 1. A. McFadzean, A, R. Rao, and 8, Squires, Proe. N. Y. Acad. Sci., in
press.



