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and 6 are the same (5 /xg/nil), although the chemical and 
physical properties of the n-butyl, isobutyl, sec-butyl, 
and /-butyl compounds vary significantly. Likewise, 
unsaturation in the alkyl chain does not seem to in
fluence the bacteriostatic activity. The M I C of the 
9-n-decenyl compound (14) is the same as that of the 
rt-decyl derivative (13). However, slight changes in 
the anilide portion of the molecule cause considerable 
variation in activity. For example, l-(3,4-dichloro-
pheny])-o-ft-octyhu'ea (10) inhibited the test organism 
at 0.2 /ug/'ml, whereas l-(4-chlorophenyl)-3-H-octyl-
urea (27) did not inhibit the organism at 20 ,ug ml. 

Since the bisureas (20-26) were not effective at the 
highest concentration tested (o pig/ml), no relationship 
of chain length to activity can be postulated. It is 
interesting to note that 3,4-dichloroaniline, an expected 
hydrolysis product from all these compounds, is not as 
active under our test conditions as most of the ureas. 

These compounds were also tested against Escherichia 
coll ATCC 11229. They were found to be inactive at 
OOMS'ml. 
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The antibacterial activity of a variety of halo- and 
nitrosalicylanilides is well documented. l Many of these 
compounds possess good bacteriostatic activity and also 
are substantive to skin and cloth. We wish to report 
the preparation and bacteriostatic activity of additional 
anilides in which the o-hydroxyphenyl moiety has been 
changed to alkyl, haloalkyl, alkenyl, cycloalkyl, benzyl 
phenethyl, phenoxy methyl, and phenyl groups. The 
N-aryl portions of the compounds possess both nitro 
and halo substi tuents. 

The methods of preparation depended upon the 
anilide or start ing materials and were generally modifi
cations of known procedures. For the acid anhydride 
reactions a trace of sulfuric acid was added to catalyze 
the condensations with the aniline. When an acid 
chloride was employed, it was allowed to react in a 
solvent with the aniline either with or without tri-
ethylamine as the hydrogen chloride acceptor. I t 
was necessary to reflux the reaction mixture several 
hours to remove the H O when no acceptor was used. 
The N-methylanilide (15) was prepared by the action 
of dimethyl sulfate on the sodium salt of 14. 

(1) H . Lama i r e , C. H . S c h r a m m , and A. Colin, J . Phurm. Sri., 50, 8:S1 
(1961), a n d references cited there in . 

The infrared spectra of the anilides were examined 
and characteristic absorptions- were observed with the 
X H stretching band occurring at .'!210 .'IS 10 cm ' and 
the amide I and II bands at 1(170 1090 and at 1 ."70 
1600 cm""1, respectively. The amide II band was 
obscured somewhat by other absorptions. Amide 
bands for those1 derivatives (e.g., 45 and 52) with 
ortho substi tuents were shifted to the lower limits of the 
ranges. The characteristic X H stretching band was 
absent for 15, the X-methylanilide. 

Baeteriostat ic act ivity of the halonitroanilides against 
Staphylococcia aureus was determined in vitro. The 
scope of activity is limited to those compounds which 
are substi tuted in the 3. 4. and 5 positions of the X-
phenyl ring with a nitro and one or two halogen groups 
and in which the acid-derived moiety incorporates 
alkyl, haloalkyl, alkenyl, or cycloalkyl groups and 
contains from ."> to 13 carbon atoms. The phenyl, 
benzyl, phenethyl, and phenoxymethyl derivatives 
were inactive. Substitution of an alkyl group on the 
nitrogen forming the X-methylanilide (15) destroys 
the bacteriostatic activity. Those anilides containing 
a tert iary a-carbon exhibited a lower order of activity. 

The requirements for opt imum activity at tr ibuted to 
ring substitution parallels, in general, the findings ol 
Beaver, et. a/.,3 for series of substi tuted carbanilates and 
carbanilides in which substitution in the 3 and 4 posi
tions gave maximum activity. Substi tuents in the 
ortho position reduced drastically or completely sup
pressed activity. The correlation of activity with the 
salicylanilides'-4 is not readily apparent . In the latter 
case, an ortho substi tuent is allowable for 2 ' ,4 ' -sub-
sti tuted derivatives but not for those containing group* 
in the 2'.">' positions. 

Experimental Section 

Chemical Procedures.—Most of the acid anhydrides, acid 
chlorides, and substituted anilines were obtained commercially. 
3-Chloro-4-nitroaniline,5 3-bromo-4-nitroaniline,6 3-ehloro-o-ni-
troaniline,7 3,5-diehloro-4-nitroanilme,s a-bromononanoyl chlo
ride,9 2,4-diohlorophenoxyacetyl chloride,10 and 2,4,5-trichloro-
phenoxyacetyl chloride10 were prepared in a manner similar to 
those reported in the literature. 

a-Chlorononanoyl chloride was prepared from the cor
responding acid11 and SOClo by a procedure employed for the 
preparation of similar acid chlorides;12 bp 91-95° (2 mm), yield 
64c"o. This intermediate was characterized bv conversion to 
23. 

Anilides. Method 1.--A mixture of 0.10 mole of required 
aniline, 15-18 nil of the aeid anhydride, and a drop of concen
trated H2S04 was heated at reflux for 1-2 lir and poured into 
cold water. The crude product was collected, washed with 
water, dried, and recrystallized. 

Method 2. The acid chloride (0.0.55 mole) was added dropwise 
to a stirred and refluxed solution of the aniline (0.050 mole) in 
150-200 ml of toluene or methylcyclohexane or a mixture of these 
solvents. The mixture was refluxed until HC1 evolution ceased. 

(2) L. J. Bel lamy, " T h e Infrared Spec t ra of Complex Molecules , ' ' John 
Wiley a n d Sons, Inc . , Xew York, N , Y., 1958, pp 2 0 3 - 2 2 3 . 

(3) D. J. Beaver , D. I>. R o m a n , a n d i>. J. Stoffel, J. Med. Chem., 6, 501 
(1963); ,/. Org. Chem., 24, 1676 (1959); J. Am. Chem. .Sot'., 79, 1236 (19.57i. 

(4) R. E . S tense th , J. W. Baker , a n d D . P. R o m a n , ./. Med. Chem.. 6, 212 
(1963), 

(5) H. H. Hodgson a n d A, Kershaw, ,/. Chem. Soc, 2917 (1929). 
(8) A. Claus and W . Scheulen, J. I'rakt. Chem., 43 , 200 (1891). 
(7) J. B. Cohen and D. M e C a n d l i s h , / . Chem. Soe., 1257 (1905). 
(8) F . Beilstein and A. K u r b a t o w , Ann.. 196, 214 (1879). 
(9) A. l lopwood and ('. W e r z m a n n , ,/. Chem. Soe.. 1577 (191 1), 
(101 ,1. W. Wood a n d T . D . F o n t a i n e , J. Org. Chem... 17, 891 (1952). 
'11) I I . H . Gues t , J. Am. Chem. Soe., 69, 300 (1917). 
(12) A. \V. Kalston. K. U\ Se s e r l . r eeh t , ami S. T . Bauer, ./. Org. Chem.. 4, 
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TABLE I 

HALONITROANILIDES 

0 

RCNH-
• - & 

tmpc 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 

1° R 

C H 3 

CH3CH2 
C H i ( C H i ) s 
( C H 3 ) 2 C H 
C H 3 ( C H 2 ) 3 

( C H 3 ) 2 C H C H 2 

C H 3 C H 2 C H ( C H s ) 
(CH 3 ) 3 C 
C H 3 ( C H 2 ) 4 

( C H 3 ) 2 C H ( C H 2 ) 2 

CH 3 (CH 2 ) s 
CH 3 (CH. 2 ) 2C(CH3) 2 

C H 3 ( C H 2 ) 8 

C H 3 ( C H 2 ) 7 

CH 3 (CH 2 )7" 
CH 3 (CH 2 ) s 
C H 3 ( C H 2 ) s C ( C H 3 ) 2 

C H 3 ( C H 2 ) 9 

CH 3 (CH 2 ) io 
C H 3 ( C H 2 ) n 
C H 3 ( C H 2 ) 8 C ( C H 3 ) 2 

CHs(CH 2 ) i 2 

C H 3 ( C H 2 ) 6 C H C 1 
C H 3 ( C H 2 ) 6 C H B r 
C H 2 = C H ( C H 2 ) S 

Cyc lobu ty l 
Cyc lopen ty l 
Cyclohexyl 
C6H5 
3,4-Cl2CeH3 

C6HsCH2 
C « H t C H 2 C H s 
2 ,4-Cl 2 CeH 3 OCH 2 

2 ,4 ,5 -Cl 3 C 6 H 2 OCH 2 

CH 3 (CH 2 )7 
C H 3 

C H s C H 2 

C H 3 ( C H 2 ) 7 

CHs(CH 2 )8 
C H i ( C t t ) i 
C H 3 ( C H 2 ) -
C H i ( C H . ) i 
CH 3 (CH 2 )7 
CHs(CH 2 )7 
CHs(CH 2 )7 
CH 3 (CH») 7 

C H 3 

C H . ( C H . ) i 
CH 3 (CH 2 )7 
CH 3 (CH 2 )7 
C H . ( C H . ) 7 
CH 3 (CH 2 )7 

X 

3-C1-4-NO. 
3-C1-4-NO. 
3-CI-4-NO2 
3-CI-4-NO2 
3-CI-4-NO2 
3.CI-4-NO2 
3 - C l - 4 - N 0 2 

3-CI-4-NO2 
3 - C l - 4 - N 0 2 

3-CI-4-NO2 
3-Cl-4-NOi 
3 -CI -4 -N0 2 

3-C1-4-NO. 
3-CI-4-NO2 
3-C1-4-N02 
3-CI-4-NO2 
3-CI-4-NO2 
3-C1-4-NO. 
3 -C l -4 -N0 2 

3-CI-4-NO5 
3 -Cl -4 -N0 2 

3-C1-4-N02 
3-CI-4-NO2 
3-CI-4-NO2 
3-CI-4-NO2 
3 -C l -4 -N0 2 

3-C l -4 -N0 2 

3-C1-4-NO. 
3 -C l -4 -N0 2 

3-C1-4-NO. 
3-C1-4-NO. 
3 -C l -4 -N0 2 

3-C l -4 -N0 2 

3-C l -4 -N0 2 

3 - B r - 4 - N 0 2 

3-N02-4-C1 
3 -N0 2 -4 -Cl 
3-N02-4-C1 
3 -N0 2 -4 -C l 
3 -N0 2 -4 -C l 
3-CI-5-NO2 
3-1-5-NOi 
2 - C l - 4 - N 0 2 

2 - B r - 4 - N 0 2 

2 -N0 2 - 4 -C l 
2-Cl-o-NOa 
3,5-Cl2-4-N0 2 

3,5-Cl2-4-N0 2 

2 ,5-Cl 2 -4 -N0 2 

2 ,6 -C l 2 -4 -N0 2 

2-N0 2 -4 ,5-Cl 2 

2-CH 3 -4 -X0 2 -5 -C l 

P r e p n 
m e t h o d 

1 
1 
2 
2 
3 
2 
2 
2 
2 
2 
2 
2 
2 
3 
4 
2 
2 
2 
3 
2 
3 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
1 
1 
3 
2 
2 
2 
2 
2 
2 
2 
2 

2 
2 
2 
2 
2 

R e -
c r y s t n 
s o l v e n t 0 

T 
T 
M - T 
T 
H - T 
T 
T 
T 

M - T 
T 
T 
M - T 
T 

H - T 

M 
H - T 
T 

M - T 
M 
T 

T 
M - T 
T 
T 
C 
T 
T 
T 
T 
M - T 
T 
T 
M - T 
T 
M 
M - H 
M 
M 
T 
M 
M 
E - W 
H P - T 

T 
H 
M 

Yield, 

% 
98 
88 
53 
75 
65 
59 
43 
59 
37 
62 
49 
64 
21 
92 
58 
86 
64 
77 
94 
51 
27 
63 
90 
20 
73 
74 
60 
67 
94 
84 
62 
53 
92 
20 
43 
90 
90 
99 
52 
77 
33 
90 
30 
59 
61 
72 
65 
39 
59 
46 
88 
59 

M p , ° C b 

144-145 ' ' 
159-160 

83 -84 
145-147 

64 -65 
116-118 
123-125 
133-134 

4 0 - 4 2 
8 1 - 8 3 
5 5 - 5 6 

109-111 
7 0 - 7 1 
79-80 
1 . 5 4 3 6 / 

65-66 
1 . 5 3 0 2 / 

6 9 - 7 1 
70-71 
73 -75 
1 . 5 2 8 6 / 

83-84 
91-92 

139-140 
3 6 - 3 8 

115-116 
135-136 
118-119 
162-164* 
2 2 7 - 2 2 8 
112-114 
111-113 
223-226 
224-226 

8 2 - 8 3 
155 -156 ' 
100-101 

39 -40 
6 0 - 6 1 
59 -60 
7 0 - 7 1 
89 -90 
64 -65 
58-60 
73-74 

104-106 
2 2 6 - 2 2 8 ' 
101-102 

74 -75 
126-127 

61-62 
111-112 

F o r m u l a 

CSH7C1N203 

C 9 H 9 C 1 N 2 0 3 

C 1 8 H H C 1 N 2 0 I 

C i o H n C l N 2 0 3 

C n H u C l N ^ O j 
C n H , 3 C l N 2 0 j 
C n H i 3 C l N 2 0 3 

C n H i 3 C l N 2 0 3 

Ci2HisClN2O s 

C 1 2H, f ClN 2 0j 
C u H i 7 C I N 2 0 3 

CisHi7ClN 2 0 3 

C u H ^ C l ^ O , 
C u H 2 i C l N 2 0 3 

Ci«H2iClN20j« 
G 6 H 2 3 C 1 N 2 0 3 

G « H 2 J C 1 N J O I 

C „ H 2 S C 1 N 2 0 3 

Ci 8 H 2 7ClN 2 0 3 

C I 9 H 2 I C 1 N 2 0 J 

C i 9 H 2 ! C l N 2 0 3 

C2 0H2iClN2O3 

C,sH2oCl2N203 

CijH2oBrClN 2 0 3 

C17H23ClN20a 
C i iHnClN 2 Os 
Ci 2 H 1 3 ClN 2 0s 
C u H i 5 C l N 2 0 i 
C I S H 9 C 1 N 2 0 J 

Cis&ClaNjOs 
C14H11CIN2O1 
CisHuClNjOi 
Cl4H,ClsN20. 
C , 4 H 8 C 1 I N 2 0 4 

Cu>H2 iBrN203 

C s & C l ^ C h 
C»H,C1N 2 0 3 

C i i H 2 i C l N 2 0 3 

C i . H 2 3 C l N 2 0 8 

Ci7H2tClN20a 
C u H 2 i C l N 2 0 3 

C i s H 2 I I N 2 0 j 
C I S H 2 I C 1 N 2 0 8 

C u H 2 i B r N 2 0 s 
CUH21CIN2OS 
CisH2iClN 2 0 3 

C8H6C12N203 

C H H 2 O C 1 2 N 2 O J 

C I 3 H 2 O C 1 2 N J O . 

Ci5H2oCl2N203 

C,tH2oCl2N203 

Ci6H 2 jClN 2 0 3 

*—Halogen, %—-
Calcd 

1 5 . 5 
14 .6 
14 .6 
1 3 . 8 
1 3 . 8 
1 3 . 8 
1 3 . 8 
1 3 . 1 
13 .1 
1 2 . 5 
1 2 . 5 
11 .9 
1 1 . 3 
1 0 . 8 
1 0 . 8 

10 .4 
9 . 9 9 
9 . 6 1 
9 . 6 1 
9 . 2 6 

2 0 . 5 

1 0 . 5 
13 .9 
13 .2 
1 2 . 6 
1 2 . 8 
3 0 . 8 
12 .2 
1 1 . 6 
2 8 . 3 
3 4 . 6 
2 2 . 4 
4 4 . 8 ' 
1 5 . 5 
1 1 . 3 
1 0 . 9 
1 0 . 4 
1 1 . 3 

1 1 . 3 
2 2 . 4 
1 1 . 3 
1 1 . 3 

2 0 . 4 
2 0 . 4 
2 0 . 4 
2 0 . 4 
10 .9 

F o u n d 

1 5 . 5 
1 4 . 8 
14 .7 
14 .0 
1 4 . 1 
14 .0 
14 .0 
13 .2 
13 .0 
1 2 . 6 
1 2 . 7 
12 .2 
11 .6 
10 .4 
11 .2 

1 0 . 5 
10 .2 

9 . 7 0 
9 . 9 2 
9 . 4 0 

2 0 . 3 

1 0 . 3 
1 4 . 1 
1 3 . 4 
12 .7 
1 3 . 1 
3 0 . 9 
12 .4 
1 1 . 6 
2 8 . 2 
3 4 . 2 
2 2 . 6 
4 4 . 9 
1 5 . 5 
1 1 . 0 
10 .9 
1 0 . 6 
11 .7 

11 .7 
2 2 . 6 
1 1 . 3 
11 .2 

2 0 . 7 
2 0 . 7 
2 0 . 4 
2 0 . 8 
11 .0 

^ N i t r o g e n , %—• 
Calcd 

12 .3 
1 1 . 5 
1 1 . 5 
10 .9 
10 .9 
10 .9 
10 .9 
10 .3 
1 0 . 3 

9 . 8 0 
9 . 3 8 
8 .96 
8 .57 
8 . 5 7 
8 .57 
8 .22 
7 .89 
7 .59 
7 .59 
7 .32 
8 . 0 8 
7 . 1 5 
8 .27 

1 1 . 0 
1 0 . 4 

9 . 9 8 
1 0 . 1 

8 . 1 1 
9 . 6 4 
9 . 1 9 
7 .46 
6 . 8 3 
7 .84 
3 .29* 

1 2 . 3 
8 . 9 6 
8 .57 
8 .22 
8 .96 
6 . 9 3 
8 .96 
7 .84 
8 . 9 6 
8 .96 

8 . 0 7 
8 . 0 7 
8 . 0 7 
8 .07 
8 . 5 7 

F o u n d 

12 .2 
11 .4 
11 .6 
10 .9 
1 0 . 5 
11 .2 
11 .2 
10 .1 
10 .1 

1 0 . 1 
9 . 2 1 
8 .79 
8 .46 
8 . 2 3 
8 .36 
8 .40 
8 . 0 3 
7 .55 
7 .45 
7 .42 
8 . 1 3 
7. 55 
7 . 9 1 

10 .7 
10 .2 

9 . 8 9 
9 . 8 2 
7 .99 
9 . 9 8 
8 .89 
7 .34 
6 . 5 3 
7 . 6 6 
3 . 1 3 

1 2 . 0 
9 . 0 5 
8 .29 
8 . 1 6 
8 .99 
6 . 9 1 
9 . 1 2 
7 . 8 8 
9 . 2 1 
8 . 7 8 

8 . 2 8 
8 .02 
8 . 1 0 
8 .21 
8 . 7 1 

Concn 
for 

inh ib i 
t ion of 

S.a.c 

+ 
T 

10T 

+ 
100T 

10T 
10T 

+ 
M 
M 
M 

+ 
M 
M 

+ 
M 
T 

M 
M 

100T 
100T 

+ 
M 
M 
M 

100T 
100T 
100T 

+ 
+ 
+ 
+ 
+ 
+ 
M 
T 
T 

M 
M 
M 
M 
M 

+ 
+ 
+ 
+ 
+ 
M 

+ 
+ 
+ 
+ 

o X = toluene, M = methylcyclohexane, H = hexane, C = chlorobenzene, E = ethanol, W = water, HP = heptane. b All melting 
points, taken on a Fisher-Johns melting point apparatus, are corrected. ' S.a. = Staphylococcus aureus; + represents growth at a 
concentration of 1 X 10s; T, 10T, 100T, and M represent no growth at a concentration of 1 X 103, 1 X 104, 1 X 105, and 1 X 10«, 
respectively. d F. Beilstein and A. Kurbatow [Ann., 182, 94 (1876)] give mp 141-142°. ' Methyl group substituted on N. ' Refrac
tive index, B25D. 'Anal. Calcd: C, 58.8; H, 7.09. Found: C, 58.6; H, 7.28. * R. Adams and L. M. Werbel [J. Org. Chem., 22, 
1287 (1957)] give mp 163-164°. * F. D. Chattaway, K. J. P. Orton, and R. C. T. Evans [Ber., 33, 3057 (1900)] give mp 145°. ' C 
analysis. * H analysis. ' Lit.8 mp 222°. 

The product was obtained either by cooling the solution to 
allow precipitation or by removal of the solvent with a rotary 
evaporator. The solid products were purified by reerystalliza-
tion after decolorization with activated carbon. 

Method 3.—The appropriate acid chloride (0.05 mole) was 
added dropwise to a stirred solution of the aniline and triethyl-
amine (0.05 mole of each) in 200-300 ml of ethyl ether. The 
mixture was refluxed for 2-4 hr and cooled, and the insoluble 
triethylamine hydrochloride was separated by filtration. The 
solvent was removed with a rotary evaporator and the product 
was recrystallized, using activated carbon. 

Method 4.—An equimolar mixture (0.016 g-atom or mole) of 
sodium and the anilide in 50 ml of toluene was refluxed for 2 hr. 

Dimethyl sulfate (0.009 mole) was added and the mixture was 
refluxed for 2 hr. The mixture was extracted with water, dried, 
and treated with activated carbon, and the solvent was evapo
rated to yield the product. 

Infrared Spectra.—The infrared spectra of the solid anilides 
were taken as Nujol mulls using a Beckman IR-5 spectropho
tometer. The liquids were examined as thin layers between NaCl 

Bacteriostatic Test Procedure.—The standard procedure used 
in screening the compounds against Staphylococcus aureus was as 
follows. Stock solutions were prepared by dissolving 100 mg of 
the test compound in 10 ml of acetone, alcohol, or other solvent. 
The stock solutions were diluted serially by pipetting 2 ml of 



430 N O T E S Vol . <) 

the stock solutions into 10 ml of sterile nutrient agar to obtain a 
1()! dilution and continuing in the same manner for dilutions up to 
106. The agar was poured into Petri dishes, allowed to harden, 
and spot inoculated with 1 drop of a cell suspension of S. aureus 
which was prepared by suspending the growth from a 24-hr 
nutrient agar slant culture in 10 ml of distilled water. The 
plates were incubated at 37° for 48 hr and examined for the 
presence or absence of growth. The results reported in Table I 
are the minimum concentration of the test compound which will 
completely inhibit the growth of the bacteria. 

Acknowledgment.—We wish to thank Mr. K. L. 
Godfrey for helpful discussions and advice during the 
course of the investigation, Mr. P. D. McDonald for 
the microbiological evaluations, and Messrs. John L. 
O'Sullh an and Ottmar S. Kring for part of the analyti
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Derivatives of 
5-Carboxymethylthiazolidine-2,4-dione, a New 

Group of Antiviral Compounds 
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M . L l K A K , AND P . SCHAUEH 
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Among the many types of organic compounds which 
have been tested for their antiviral action, thiosemi-
carbazones of different carbonyl compounds have been 
found to be active.1 Most thiosemicarbazones with 
high activity contain the group =NNHCSNH2 sep
arated by two carbon atoms from a nitrogen or a 
sulfur atom. We have recently established that the 
incorporation of the thiosemicarbazone group in a cyclic 
system also leads to considerable antiviral activity. 
Thus 3-(4-bromophenyl)-5-carboxymethylthiazolidine-
2,4-dione 2-benzylidenehydrazone was found to prevent 
tit 2 X 10~4 M the cytopathogenic changes in cell 
cultures of human embryonic kidneys infected with 
herpes simplex virus and poliovirus type l.2 Now, 
some new compounds of this type have been prepared 
in order to examine some structural effects on their 
activity. The corresponding thiosemicarbazones of 
some carbonyl compounds were treated with maleic 
anhydride in benzene or toluene as described before.3 

Biological Results.—The inhibitory effect of the 
compounds under investigation on viral growth as well 
as the prevention of cytopathogenic changes of the 
infected cells were tested using human embryonic 
kidney cell monolayers. The cells were infected with 
tenfold dilutions of the appropriate virus (from 10~3 to 

( 1 ; (a) P . \V. Sadler , D . G. O'Sul l ivan, a n d D . J . Bauer , Antibiot. Cherno-
therap., 2, 403 (1963); (b) D . J. B a u e r and P . W. Sadler , Brit. J. Pharmacol., 
15 , 101 (1960); (c) D . B u t t i m o r e , D . If. Jones , R. Slack, a n d K. R . H . 
Wooldr idge, J. Chem. Soc, 2032 (1963); (c) R . Slack, K. R . H . Wooldr idge , 
,1. A. -McFadzean, and S. Squires , Nature, 204, 587 (1964); (d) R . L. T h o m p 
son, S. A. M i n t o n , J . E . Officer, a n d G. H . H i t ch ings , J. Immunol., 70, 229 
(1953); (e) E . C a m p a i g n e , R. L. T h o m p s o n , a n d J . E . V a n W e r t h , / . Med. 
Phurm. Chem., 1, 577 (1959). 
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10"~7). T h e t e s t c o m p o u n d s wore a d d e d u s u a l l y t o t he 
c u l t u r e m e d i u m s i m u l t a n e o u s l y . T h e c o n c e n t r a t i o n of 
t h e sc reened c o m p o u n d s in t h e c u l t u r e m e d i u m was 
•") X !()"''' . 1 / . At t l ic s a m e t i m e t h e v i rus was t i t r a t e d 
in t h e c u l t u r e m e d i u m which c o n t a i n e d none of i h e 
t e s t e d compound . - . 

T h u s 3 - (4 -b ro in ( )phe i iy l j - . " ) -c i t r l )ox j 'me lhy l th i i t zo l i -
d ine -2 ,4 -d ione 2 - b e n z y l i d e n e h y d r a z o n e d e l a y e d t h e 
c y t o p a t h o g e n i c c h a n g e s p r o d u c e d b y h e r p e s s implex 
v i r u s s t r a i n Z a n d polio v i r u s no . 1 ( B r u n h i l d e ) w h e n 
a p p l i e d t o t h e infec ted cells b y di rec t c o n t a c t or even 
s h o r t t i m e i n t e r v a l s ( u p t o 8 h r ) a f te r t h e infect ion 
( t h e r a p e u t i c effect) . T h e v i r u s c o n c e n t r a t i o n was 
lowered o n t h e fifth d a y for 1.3-2.0 log ( v i r u s / m l ) . 
S imi la r r e su l t s w e r e o b t a i n e d w i t h polio v i ru s t y p e 2 
( S a u k e t t ) a n d vacc in ia v i r u s . H o w e v e r , it was 
i n a c t i v e w i t h meas le s v i rus . All o t h e r c o m p o u n d s 
w e r e t e s t e d w i t h h e r p e s v i r u s s t r a i n Z a n d found to 
r e d u c e t h e v i ru s l i t e r . T h e m o s t significant effects 
w e r e p r e s e n t e d by the c o m p o u n d s , col lected in T a b i c 
I. 

TABLE 1 

AN"i IVIHAL A C T I V I T Y 

R e d u c t i o n of virus eoncn, 
I 'ntnpd log ( virus ' ml) 

I I . ."> 

:; 4 . I 

.5 1.1 

s I . I 
9 0.8 

Experimental Section 

Melting points were determined on a Kofler heating micro
scope. Ultraviolet spectra were measured with a Beckman 
Model DU spectrophotometer. 

Thiosemicarbazones.—The following compounds were pre
pared as described in the literature: acetophenone thiosemicar
bazone,4 acetophenone 4-p-tolylthiosemicarbazone,5 propiopbe-
none thiosemicarbazone, 4b'd'6 p-dimethylaminobenzaldehyde thio
semicarbazone,411'7 furfural thiosemicarbazone,41''8 and furfural 4-
p-tolylthiosemicarbazone.9 The remainder were obtained by 
refluxing equimolecular amounts of the corresponding thiosemi-
carbazide and the carbonyl compound (0.01 mole) in an ethanolic 
solution for 1 hr and evaporating the solvent in vacuo to half of 
its volume. The crystals thus obtained were crystallized from 
ethanol. New compounds are as follows. 

Acetophenone 4-phenylthiosemicarbazone, rap 193-194°, vield 
68%. 

Anal. Calcd for G15H16X3S: (', 66.90: II, 5.61; X, 15.61. 
Found: C, 66.76; H, 5.52; X, 15.78. 

Acetophenone 4-p-methoxyphenyIthiosemicarbazone, mp 1SI> 
184°, vield 7 1 % . 

Anal. Calcd for C l6H.,N3OS: C, 64.20: If, 5.72; X, 14.04. 
Found: C, 64.08; H, 5.65; X, 14.22. 

Propiophenone 4-p-tolylthiosemicarbazone, mp 92-9(!°, yield 
62%. The product separated as an oil but after 2-4 days crystals 
were formed. 
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