
wcre refluxed ill dry ethanul (100 nil.) until a, clear solution \vas 
obtained. Excess ethanol and halide q-ere distilled under re- on cooling. 

tlrciclilorides of t lw  p r i i d \ l u t  .;epar;lt,eti E ~ i m  t l ~ b  r iwcti~iii iuist.iu.c- 

Antiviral Chemotherapy. 11. Structure-Ac tivity Relationships in a 
Series of Isothiazolealclehyde and Ketone Thiosemicarbazones'" 

.I scriou of isot1ii t t~ole;i l t lei i~~e :tiid kctolie thioseiiiic.:tl.l,~t~iiiies 1i:is Iiecri s! iiiliesized aiid tested for aiitiviritl 
Several of these compounds, in particular 4-bri,nic)-.i-forriiT1-:~-methylisothiazole thioseniicarbaeone, lh  

Structure- 
:ualivi t y  . 
gave high protection to mil-e infected intracerebrally with the 1.13.1 ). strain of neurovarcinia. 
activity relationships in the series are discussed. 

\Vc have reported previouslyia 1 hat oral adniinistra- 
t ioii of 4-formylpyridine thioseiiiicarbazone affords 
iiiarlted protection to mice infeoted iritracerebrally with 
iieurovaccinia. It was further denioiistrated that 
nucalcar substitution abolished or reduced aril iviral 
art ivity and that, of several possible metabolites, oiily 
3-iiiercapto-5- (4-pyridyl) -1,2,4 (H) -triazole had coiii- 
\)arable activity. The present coriimunicatioii IS  coli- 
ccrned with another line of development, vix., the syii- 
thesis and evaluation of thioseniicarbazones of hetero- 
cyclic carbonyl coinpounds chemically analogous to 3- 
formylpyridirie thiosemicarbazonc. 

Our 1)reliininary investigations showed that 1 liio- 
seiiiicarbazoiies derived from simple thiophene, furan, 
imidazole, arid pyrazole carbonyl compounds were of 
little interest. Furthermore. 5-formyl-4-nietliylthia- 
zole thioseiiiicarbazoiie, which was reported to hc 
highly active against an intranasal infection of vacc-iiiia 
i i i  inice,l was only iiiargiiially active in our tests using 
thc intracerebral route for infect ion. However. iFo- 

tliiazolecarboiiyl thioseiiiirarbazoiies showed proinisiiig 
activity and accordiiigly a series \\'as prepared aiid 
tested (Table I). 

It is rlear that antiviral activity is inarkedly del~ond- 
c i i t  on the position of the thioseinicarbazone nioiety 111 

the isothiazolc ring (compare 1, 2, arid 3). If isothia- 
zole is regarded as electronically and geoiiietrically 
related to pyridine, e.g., the -S-- of the former replaciiig 
-CH=CH-- of the latter, activity in the two series 
follows a similar pattern Thus, 5-foriiiylisothiazol(~ 
t hioseiiiicarbazoiie (I) and the analogous 4-foriiiylpy-i- 
dirir thioseinicarbazone (11) are both active, wherea* 
t hioseinicarbazones of 4-fonnylisothiazole and Y-forniyl- 
pyridine are only weakly active, and 3-formylisothiazole 
arid 2-formylpyridine thiosemicarbazones are totally 
inactive. la The weak activity of the formylthiazole 
t liioscrnicarbazorie (111) is explainable by its formal 
analogy to  the weakly active 3-forniylpyridinc thio- 
sciiiicarbazone. 

(1) (a) Part I: D. 13. .Jones, R. Slack, d. Squires, and  I<. R. 11. Wooid- 

(3) E. Campaigne, R. L. Thonipson. and ,J, E. Van R'ertli. .I. J l e d .  J J I , u r  m. 
ridae, J .  .%fed. Chem.,  8,  676 (1965). 

CI'?Rt., 1, 577 (1959). 

(b) M&B 7714.  

1 

111 the ;,-folmylisothiazole serieb, suhstitutioii 1)s 
halogen i i i  the 4-position iiicreases activity (c*oiiipare 
2, 11, 12. and 13) with a decrease iii toxicity, par- 
ticularly the bromo derivative 12. ,I, 3-nicthyl s~i1)- 
stitueiit decreases tosicit)- slightly without decreah- 
iiig activity (2 aiid 4) ,  and a combination of a 3- 
inethyl and a 4-chloro or -hronio substituent leads 
to highly active compounds with Io\v toxicity (15 arid 
16). 4-Sitro aiid 4-methyl substituents have lit1 I C  
effec.1 oil acstivity (compare 4 and 19, aiid 2 and 5) 
hiit a carboxy substituent (18) conil)lt 
acativity. Coinpounds substituted iit thc side cliaiii 
are, in geiicral, inactive (7, 8, 21, and 27-39) with tl-ic, 
cweptiori of the highly art ivc ,i-acet~rl-3-nieth)-l 
derivative (9) and the margirlally avtive 4-broiiio- 
.?-formyl -X-inrthylisothiazole 2-iiiet hylthiosmiicaarh- 
azorie (26). Cyclization of the side chain of an activv 
thioseinicarbazorie to a nicrcaptotriazole (compare 4 and 
41, aiid 16 and 42) or aii aiiiiiiothiadiazolc (romparc 
4 and 43) considerably reduced or elinmated activity 

Six compounds (9, 11-13, 15, and 16) satisfied our 
rriterion for significant activity, rianiely, they more thaii 
doubled the mean survival time. Of these, three 
were of relatively low toxicity (12, 15, arid 16) and 
one (16, X&B 7714) was eventually selected for iiior(' 
extended biological evaluation3 arid clinical trials 
against ~i i ia l lpox.~ 

X o  avtivity was shon-1-11 by any of the tliiosemicarb- 
azoiies against niurinc iiifectioiis of iriflueriza virus, 

(3)  11. Slack, I<. it .  If. \Vooldriilge, .J. A .  UcFadzean, ani1 S. diioircs. 
. Y n t w r ,  204, 587 (19641. 

( 4 )  .I. A. XcFadzean. A .  It. Rao, and S. Squires, Pro<;. .V. I'. l c a d .  S c i . ,  i n  
press. 
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NO. 

1 6  

2 c  
3d 
4d 
5c 
6b 
7e 
8d 
P 

1 O b  

1 l C  

12c 
1 3  
14b 
1 3  
lSd 
1 i c  

1% 
196 
2 06 
2 Id 
2 2 e  
23e 
248 
25e 
26e 
2 i e  

2@ 
2ge 
30° 
31e 
32e 
33e 
348 
35e 

36e 

378 

38O 
39e 
408 

411 

421 

431 

TABLE I 
THE APU’nv1R.u. ACTIVITY O F  ISOTHIAZOLEALDEHYDE A N D  KETONE THIOSEMICIRBAZONES A N D  

RELlTED COMPOUNDS AGAINST NEUROVACCINIA I N  h k C E  

R I  
-CH=NIYHCSNH, 

H 
Me 
Me 
H 

-( ClIe)=NNHCSXH2 
H 
?\le 
LIe 

-CH=SNHCSNHJ 
H 
H 
H 

-C( bIe)=Tu”HCSKHz 
Me 
Me 
?\le 
Me 
?\le 
Me 
Me 
hle 
Ale 
?\le 
Ale 
Me 
?\le 
Me 
Ale 
>.le 
Me 
Me 
Me 
Me 
Me 

?\le 

bIe 

Me 
Me 
Ale 

Me 

Ale 

Me 

Ri 
H 
H 

-CH=NNHCSNH2 
H 

RIe 
H 
H 

-C( Me)=KNHCSNH, 
H 
Br 
c1 
Br 
I 

Br 
c 1  
Br 
I 

COzH 
SO2 
H 
Br 
H 
H 
H 

R3 

H 
-CH=NNHCSNHz 

H 
-CH=NNHCSKHz 
-CH=NNHCSNHz 

H 
-C( lIe)=NNHCSSH, 

H 
-C( Me)=NSHCSKH2 

H 
-CH=NNHCSSH, 
-CH=Nh”CSNH2 
-CH=NNHCSKH, 

H 
-CH=NSHCSNHz 
-CH=NNHCSNH2 
-CH=NNHCSNH, 
-CH=NNHCSNHz 
-CH=NNHCSNHz 

-C( CHzCOzEt)=K;NHCSNHz 
-C( RIe)=N1;HCSNHz 

-CH=NNHCSNHCH,CHZOH 

Oral 
LDaa, 

mg./g. 

0 . 2  
0 . 5  
0.15 
0 . 7  
0.27 
0 . 5  
0 . 5  
1.33 
0.11 

>4.0 
0.5  

>4.0 
2 . 0  
1.47 

>4 .0  
>4.0 
>4 .0  
>P.O 
>4.0  
>4 .0  

>4.0 
0.07 

hiean 
Daily survival 
dose, time, days 

(mg./g.) Treat- Con- 
X 4 ed trols 

0.05 6 . 6  6 . 0  
0.12 9 . 3  5 . 3  
0.04 8 . 8  6 . 0  
0.15 9 . 0  5 . 4  
0.07 10.0 5 , 3  
0.125 4.4 5 .0  
0.125 4.7 5 . 0  
0.33 4 . 7  5 .0  
0.03 10.2 4 .9  
1 .0  5 . 5  5 . 0  
0.12 10.8 5.0 
1 . 0  11.5 5 . 0  
0 . 5  10.0 4 .9  
0.37 4 . 0  6 . 0  
1 .0  12.2 6 . 0  
1 . 0  1 2 . i  4 . 8  
1 . 0  10.3 6 .0  
1 . 0  4 . 9  5 . 0  
1 .0  9 . 4  5 0 
0 . 5  5 . 4  5 . 3  
0.02 4.7 4 . 6  
1 . 0  5 . 5  5 . 3  

-CH=NNHCSNHCHzCHzOEt >4 .0  1 . 0  5 .0  5 . 1  0 
-CH=SNHCSNH(CH&OhIe 1.26 0.31 6 . 1  5 3 0 

-C( RIe)=SNHCSNH( CH2)sOH H >4.0 
Br -CH=NN( Me)CSNH, >4 .0  
H -CH=Nr\”CSXRle2 3.16 
Br -CH=NXHC( S?rIe)=h”. H I  0.93 
Br -CH=NNHCSNHl\le >4 0 
Br -C( hIe)=NNHCSKHMe > 4 , 0  
Br -CH=NNHCSNi\Ie2 >4 0 
Br -CH=NNHCSSHCH,CHzOH >4 O 
Br -C(Rle)=NNHCSNH(CHZ)tOH >4.0 

Br -C( iVe)=NNHCSNH( CH2)30Me 2.71 

Br 

-C=NNHCSN 0 0 91 Br 

Br -CH=NNHCSNHPh >4 0 
Br -CH=NNHCSNHCHzPh >4.0 
Br -CH=NPU“CONHz >4.0  

Br -CH=K“NHCSNHCH&HzOEt >4 ,  O 

n 

n 

-CH=NNHCSN 0 >4.0  u 

u 
Me 

H J;iSH >4 0 
H 

Br 

H 

Activ- 
ity” 

0 ++ + ++ ++ 
0 
0 
0 +++ 
0 +++ +++ +++ 
0 +++ +++ ++ 
0 ++ 
0 
0 
0 

2.71 

>4 .0  

1 . 0  
1 . 0  
0.  i 9  
0.23 
1 .0  
1 . 0  
1 . 0  
1 . 0  
1 .0  
1 . 0  
0.68 

5 . 9  5.0 0 
9 . 1  6 . 4  ++ 
5 . 6  8 . 0  0 
i . 6  6 .0  + 
5 . 4  5 . 3  0 
4 .6  4 . 6  0 
5 . 7  6 . 0  0 
5 . 5  5 . 3  0 
6 . 0  5 . 3  0 
5 .0  5.0 0 
4.7 5 . 3  0 

1 . 0  5 . 0  5 . 0  0 

0.23 4.5 4.6 0 

1 . 0  5 . 9  6 . 0  0 
1 .0  5 . 3  5 .0  0 
1 . 0  6 . 0  5 . 1  0 

1 . 0  5 .9 5 . 1  0 

0.68 7 . 4  5 . 1  + 

1 . 0  6 . 1  5.1 0 

a 0 = inactive, + = marginal activity, + + = active, +++ = very active (more than doubles the mean survival time). * Ref. 
8. Ref. 7. Ref. 11. e See Table 11. ’ Described in Experimental section, 

Rift Valley fever virus, or encephalomyocarditis with a suitahle dilution of the virus (Xeurovaccinia I.H.D. 
(Columbia SK) virus. strain), and the test compound was administered orally once 

daily for 4 days. Mortalities were recorded daily, and the mean 
survival time was determined. 

Syntheses.6-All melting points were determined on an Elec- 
trothermal instrument and are corrected. 

Experimental 
Biological Methods.-The same technique was employed as 

described previously.1a The mice were infected intracerebrally ( 5 )  BIicroanalyses were performed by Mr.  S. Bance and his staff. 
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General Method for the Preparation of Thiosemicarbazones 
(See Table I1).-The carbonyl compound (0.1 mole) was heated 
with a solution of the thiosemicarbazide (0.1 mole) in ethanol or 
methanol (200-400 ml.) containing a few drops of glacial acetic 
acid. The mixture was refluxed for 2-3 hr. and then concen- 
trated to ca. 100 ml. The thiosemicarhazone obtained on cooling 
was recrystallized from ethanol, aqueous ethanol, or ethanol and 
dimethylformamide. I n  a few cases, the carbonyl compound in 
methanol was added to a solution of the thiosemicarbazide in 
concentrated HC1 and methanol. The thiosemicarbazone sepa- 
rated on standing and was recrystallized from a suitable solvent. 

The thiosemicarhazidesa and some of the carbonyl com- 
pounds7~s were prepared by published methods ; the remainder 
are described below. 

5-Acetylisothiazole.-Iso thiazole-5-carboxylic acid' and thionyl 
chloride gave isothiazole-5-carbonyl chloride (91Yc), h.p. 82" 
(26 mm.). 

Anal. Calcd. for C4H2ClNOS: C. 32.5; H,  1.4; S, 21.7. 
Found: C, 32.7; H, 1.5; S, 21.7. 

The acid chloride and KH3 gave isothiazole-5-carhoxamide 
(64Yc), needles from water, m.p. 172-174". 

Anal. Calcd. for C4HbS2OS: C, 37.5; H, 3.2; S, 25.0. 
Found: C, 37.5; H, 3.2; S, 24.8. 

Isothiazole-5-carhoxamide and POCIJ at  100' for 1.5 hr. af- 
forded 5-cyanoisothiazole ( 75yc), needles from petroleum ether 
(b.p. 40-60"), m.p. 47-48", 

Anal. Calcd. for C,H&:S: N, 25.4; S, 29.1. Found: S, 
25.0; S, 28.8. 

5-Cyanoisothiazole and methylmagnesium iodide in ether were 
refluxed for 4 hr. to give 5-acetylisothiazole (6973, needles from 
petroleum ether (b.p. 60-80), m.p. 27'. 

Anal. Calcd. for CSHSNOS: C, 47.2; H,  4.0; S, 28.2. 
Found: 
5-Formyl-3-methyl-4-nitroisothiazole Thiosemicarbazone (19). 

3-I\Iethyl-4-nitroisothiazole-5-carboxylic acid9 and thionyl chlo- 
ride gave the acid chloride ( 5 2 % ) ,  h.p. 117-118" (9 mm.). 

Anal. Calcd. for CbHaClN?03S: C, 29.1; H,  1.5; S, 15.5. 
Found: C, 29.5; H, 1.6; S, 15.6. 

Lithium tri-t-hutoxyaluminum hydridel0 (27.0 g., 0.105 mole) 
in ether (200 ml.) and diethylene glycol dimethyl ether (150 ml.) 
was added dropwise during 90 min. to a solution of 3-methyl-d- 
nitroisothiazole-5-carbonyl chloride (14.5 g., 0.07 mole) in the 
glycol ether (30 ml.) a t  -70" under nitrogen. After a further 
5 min. the mixture was poured on to ice ( ca .  600 g.) and extracted 
with three 150-ml. portions of ether. The extract was washed 
with 2 ,V Na2COs solution and water and dried (hIgSO4). Evapo- 

C, 47.3; H,  3.7; S, 25.0. 

( 6 )  A .  H. Greer and G.  B. L. Smi th  J .  Am. Chem. Soc., 74, 874 (1950): 
V. Y. Kazakov and I. Y .  Postovskii, Iza. Vgsshikh Cchebn. Zauedenii, Khzm. 
i Khim. Tekhnol., 4, 238 (1961). 

(7) &I. P. L. Caton, D. H. Jones, R. Slack, and K. R .  H. Wooldridge, J .  
Chem. Soc., 446 (1964). 

(8) D. H. Jones, R. Slack, and K. R .  H. Wooldridge, ibid., 3114 (1964). 
(9) D. Buttirnore, A .  Holland, and T. Warren, ihid.. in press. 
(10) 11. C. Brown and B. C. Bubba Rao, J .  Am. Chem. Soc., 80, 5377 

(1958). 

ration of the ether af'forded the crude aldehyde; 2,4-dinitrophen- 
ylhydrazone, yellow prisms from benzene, m.p. 236-238 '. 

Anal. Calcd. for CIIH~N~OGS: C, 37.5; H, 2.3; S, 9.1. 
Found: 

Treatment of the crude aldehyde with thiosemicarhazide af- 
forded the thiosemicarbazone, yellow prisms from ethanol, 
m.p. 191-192' dec. 

5-Hydroxymethyl-3-methyl-4-nitroisothiazole.-Froni the 
mother liquors of the preparation of the above thiosemivarbazone 
the hydroxymethyl compound crystallized as pale yellow plates 
from benzene-petroleum ether (b.p. 60-80"), m.p. 89-91'. 

Anal. Calcd. for CsH6N20,S: C, 34.5; H, 3..5; S, 18.4. 
Found: C, 34.8; H,  3.6: S, 18.2. 

3-Mercapto-5-( 4-bromo-3-methylisothiazo1-5-y1)-1,2,4( H)- 
triazole (42).-Potassium t,hiocyanate (7.2 g., 0.074 mole) was 
added to a solution of 4-bromo-3-methylisothiazole-5-carboxy- 
hydrazidell (17.5 g., 0.074 mole) in warm 1 .V HC1 ( 8 5  ml.). 
The reaction mixture was heated on the steam bath for 30 min., 
cooled, treated with 2 .V SaOH solution (200 ml.)) and kept at 
room temperature for 7 days. Acidification afforded the mer- 
captotriazole (9.2 g., 45%), prisms from ethanol, m.p. 263" dec. 

Anal. Calcd. for C6HSBrN4S2: Br, 28.9; S, 23.1. Found: 
Br, 28.7; S, 22.9. 

3-Mercapto-5-( 3-methylisothiazol-5-y1)-1,2,4( H)-triazole (41 ), 
m.p. 294-296" dec., was prepared similarly. 

Anal. Calcd. for C6HsN4S2: c, 36.4; H, 3.0; K, 28.3. 
Found: C, 36.4; H, 3.3; N, 28.4. 

2-Amino-5-(3-methylisothiazol-5-yl)-1,3,4-thiadiazole (43).- 
5-Formyl-3-methylisothiazole thiosemicarbazonell(17.0 g., 0.085 
mole) and acetic anhydride (80 ml.) were refluxed for 45 min., 
cooled, and poured onto ice to give 5-formyl-3-methylisothiazole 
N4,S-diacetylthiosemicarbazone (23 g., 95%), prisms from dilute 
acetic acid, m.p. 185-186'. 

ilnal. Calcd. for C10H12N40?S2: C, 42.2; H, 4.2;  S, 22.5. 
Found: C, 42.6: H, 4.2; S, 22.8. 

The diacetyl compound was added during 30 min. to  a solution 
at 0' of peracetic acid, prepared by adding 30YG H202 (44 g.) 
dropwise to glacial acetic acid (220 g.) a t  0". The mixture was 
stirred for a further 30 min. a t  0" and then the filtrat,e was cooled 
to give 2-acetamido-5-(3-methylisothiazol-5-~l)-1,3,4-thiadiazole 
(8.0 g. ,  41%), needles from dilute acetic acid, m.p. >320". 

Anal. Calcd. for CsHsS40Sg: C, 40.0; H, 3.3; N, 23.3. 
Found: C, 39.9; H,  3.5; N, 23.4. 

The acetamido compound was refluxed with 4 *V HCI (75 ml.) 
until a clear solution was obtained (1 hr,). The solution was 
cooled and neutralized with 2 iV ",OH to give the aminothia- 
diazole (3.0 g., 45%), needles from dilute ethanol, m.p. 250-232'. 

Anal. Calcd. for C6H6N&: C, 36.4; H, 3.0; S, 32.2. 
Found: C, 36.6; H,  3.0; S, 32.1. 
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C, 37.8; H, 2.4; S, 9.1. 

(11) D. Buttiinore, D. H. Jones, R.  Slack, and K. R.  H. Wooldridge, J .  
Chem. Soc.. 2032 (1963). 


