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During the course of structure-activity relationship 
studies carried out in the analogues of 2',5-dichloro-4'-
nitrosalicylanilide (niclosamide, l),2 we have reported the 

0 

1 

synthesis and biological activity of a large number of 
substituted salicylanilides of which many showed powerful 
cestodicidal activity.3"5 In a further probe in this direction, 
the synthesis of various subs t i tu ted l-hydroxy-2-
naphthanilides 4-33 and some of their cyclic analogues, 
viz., 3-aryl-4-oxo-2,3-dihydro-l,3-naphthoxazine-2-thiones 
34-43 and 3-aryl-2,4-dioxo-2,3-dihydro-l,3-naphthoxazines 
44-51, has been undertaken. All these compounds have 
been screened for their cestodicidal activity against Hy­
menolepis nana in rats, and the results are reported in this 
communication. 

Chemistry. Condensation of substituted 1-hydroxy-
2-naphthoic acids 2 with different mono- and disubstituted 
anilines 3 in the presence of PC13 in refluxing xylene or 
toluene gave subst i tuted l-hydroxy-2-naphthanilides 
4-14.6,? The nitronaphthanilides, thus obtained, were 
reduced to the corresponding aminonaphthanilides 22-29 
which were smoothly converted into the respective 
naphthanilide isothiocyanates 30-33 by treatment with 
thiophosgene. Various 3'-nitro-4'-substituted 1-hy-
droxy-2-naphthanilides 15-21 were prepared by treating 
4'-chloro-3'-nitro-l-hydroxy-2-naphthanilide (8) with 
different cyclic amines. The synthesis of 3-aryl-4-oxo-
2,3-dihydro-l,3-naphthoxazine-2-thiones 34-43 and 3-
aryl-2,4-dioxo-2,3-dihydro-l,3-naphthoxazines 44-51 was 
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accomplished by treating the corresponding naphthanilides 
with thiophosgene and ethyl chloroformate, respectively, 
in the presence of triethylamine8 (see Scheme I). 

Biological Activity. All the compounds were tested 
for their in vivo cestodicidal activity against H. nana 
infection in rats by the technique of Steward,9 and the 
results are summarized in Tables I and II. The com­
pounds were given orally at dosages of 250,100, 50,13, and 
7.5 mg/kg, using three rats per experimental group. For 
all the control experiments, 1 was used as the standard 
drug. The active compounds of this series were 14 and 30, 
showing 100% clearance of worm load at a single oral dose 
of 13 and 7.5 mg/kg, respectively, while 10 was equipotent 
to 1. Compounds 12, 31, and 32 were active at a dose of 
100 mg/kg, and 11, 13, and 33 showed activity at 250 
mg/kg. The other compounds were inactive at 250 mg/kg. 

In view of the marked cestodicidal activity exhibited by 
30, its efficacy was assessed against a related cestode 
species Hymenolepis diminuta in rats and also against 
Taenia sp. in naturally infected dogs. A single oral dose 
of 10 mg/kg of the compound caused 100% reduction of 
worm load in both of the above-mentioned hosts. The 
standard compound 1 produced similar results when given 
orally at a dose of 50 mg/kg.10 The detailed toxicity studies 
of 30 in rats and mice have also been carried out. At a dose 
of 5 g/kg given orally or intraperitoneally to uninfected 
rats, 30 was found to be tolerated well without any 
mortality. The young rats infected with H. nana also 
tolerated 1 g/kg of 30. The acute toxicity experiments 
carried out on Mastomys natalensis and dogs showed 30 
to be safe when given orally or intraperitoneally. Further 
chronic toxicity studies in rats, dogs, and monkeys are in 
progress. 

The cestodicidal testing results of 4-51 establish a 
definite structure-activity relationship. Among various 
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compd 
no. R R1 R2 formula" 

mp, 
°C 

cestodi-
cidal act., 

yield, MEDb in 
% mg/kg 

1 
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 

niclosamide 
H 
H 
H 
H 
H 
H 
Br 
Br 
Br 
Br 
Br 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
Br 
Br 
Br 
H 
H 
H 
Br 

2-Cl 
2-Cl 
H 
2-N02 
4-Cl 
4-Cl 
2-Cl 
4-Cl 
H 
2-N02 
2-Cl 
3-N02 
3-N02 
3-N02 
3-N02 
3-N02 
3-N02 
3-N02 
2-Cl 
H 
2-NH2 
4-Cl 
4-Cl 
2-NH2 
H 
2-Cl 
2-Cl 
H 
4-Cl 
2-Cl 

4-Cl 
4-N02 
4-N02 
H 
3-N02 

2-N02 
4-Cl 
2-N02 

4-N02 
H 
4-N02 
4-c-NC4H8 
4-c-NCsH, 
4-c-NC5H, 
4-c-NC5H, 
4-c-N(CH2 
4-c-N(CH2 

0 

-3' 
-4' 
CH 
CH 

CH3 
CH3 

2)2NCH3 

2)2NC6H5 
4-c-N(CH2CH2)20 
4-NH2 
4-NH2 
H 
3-NH2 
2-NH2 
H 
4-NH2 
4-NHj 
4-NCS 
4-NCS 
3-NCS 
4-NCS 

C17HUC12N02 
C17HUC1N204 
C17H12N204 
C17H12N204 
C17HUC1N204 

C1 7HnClN204 
C17H10BrCl2NO2 
C,,H10BrClN2O4 

C ^ B r N . O , 
C1 7HuBrN204 
C,,H10BrClN2O4 
C2 1H I 9N304 
C22H21N304 
C23H23N304 
C23H23N304 
C22H22N404 
C27H24N404 
C21H19N3Os 
C17H13C1N202 
C17H14N202 
C17H14N202 
C17H13C1N202 
C17H13C1N202 
C17H13BrN202 
C17H13BrN202 
CI7H12BrClN202 
C^H^ClNjO.S 
C1SH12N202S 
C ^ H ^ C I N ^ S 
C18H10BrClN2O2S 

174 
233 
225d 

190d 

243 
225 
190 
182 
250 
174 
224 
192 
205 
173 
215 
236 
202 
227 
200 
178 
210 
212 
206 
172 
190 
180 
180 
172 
180 
175 

67 
72 
70 
69 
70 
62 
65 
63 
68 
67 
70 
90 
87 
81 
91 
80 
85 
84 
83 
78 
80 
70 
80 
76 
67 
80 
72 
78 
78 
76 

50 
;c 

50 
250 
100 
250 

13 

7.5 
100 
100 
250 

a All the compounds were analyzed for C, H, and N, and the results were within +0.4% of 
mum effective dose given orally to clear 98-100% of H. nana infection in rats. c Inactive at 

the theoretical values. b Mini-
250 mg/kg. d See ref 7. 

structural requirements the presence of pharmacophores 
with electron-pulling ability in naphthalene (10-14 and 33) 
and benzene (30-32) rings, situated preferably at positions 
4, 2', and 4', respectively, is the most essential parameter 
for optimal cestodicidal activity. However, in all cases the 
presence of a phenolic OH, responsible for introducing 
hydrogen-bonding ability in the molecule, is required. This 
relationship is proven by the fact that introduction of 
electron-donating groups in the benzene ring (15-29) or 
incorporation of phenolic oxygen in cyclic structures 
(34-51) causes loss of activity in the molecules. 

Experimental Sect ion 
All the compounds were checked routinely by IR on Per-

kin-Elmer 137, 337, or 177 Infracord spectrophotometers. Melting 
points were taken in a sulfuric acid bath and are uncorrected. 

4-Bromo-l-hydroxy-2-(2-ehloro-4-nitro)naphthanilide(14). 
PC13 (0.6 mL, 0.006 mol) was added dropwise to a refluxing 
solution of 4-bromo-l-hydroxy-2-naphthoic acid (2, R = Br, 4 g, 
0.015 mol) and 2-chloro-4-nitroaniline (2.6 g, 0.015 mol) in dry 
xylene (80 mL). Refluxing was continued until HC1 evolution 
ceased (~1 h). The reaction mixture was cooled and the excess 
of PCI3 decomposed by adding water. Xylene was removed by 
steam distillation and the residual solid crystallized from 
THF-water: yield 4.2 g (70%). 

Other naphthanilides, 4-13, were prepared in a similar manner. 
3'-Nitro-4-pyrrolidyl-l-hydroxy-2-naphthanilide (15). A 

mixture of 8 (3.4 g, 0.01 mol) and pyrrolidine (0.85 g, 0.012 mol) 

in dry pyridine (30 mL) was refluxed for 24 h. Solvent was 
removed from the reaction mixture and the residue washed with 
0.5 N HC1 (25 mL). The resulting solid was dried and crystallized 
from acetone: yield 3.4 g (90%). 

Compounds 16-21 were prepared using the same procedure. 
4-Bromo-l-hydroxy-2-(2-chloro-4-amino)naphthanilide 

(29). A suspension of 14 (4.2 g, 0.01 mol) in THF (100 mL) was 
shaken with Raney nickel (3 g) and hydrogen at 2.5 kg/cm2 in 
a Parr hydrogenator for 24 h. The catalyst was filtered off, the 
solvent was removed in'vacuo, and the solid which separated was 
crystallized from THF-water: yield 3.1 g (80%). 

Other naphthanilides, 22-28, were prepared in the same way 
from the corresponding nitro compounds. 

l-Hydroxy-2-(2-chloro-4-isothiocyanato)naphthanilide 
(30). A solution of thiophosgene (0.88 mL, 0.01 mol) in dry acetone 
(10 mL) was added dropwise to a stirred solution of 22 (3.2 g, 0.01 
mol) in dry acetone (100 mL) and the reaction mixture stirred 
for 6 h at room temperature. The solvent was removed from the 
reaction mixture and the separated solid filtered to give 3.5 g of 
crude 30 which was crystallized from acetone: yield 3 g (85%). 

Compounds 31-33 were synthesized similarly. 
3-Aryl-4-oxo-2,3-dihydro-l,3-naphthoxazine-2-thiones 

34-43. A general procedure for the synthesis of naphth-
oxazine-2-thiones (Table II) is typified by the preparation of 
3-(2,4-dichlorophenyl)-2,3-dihydro-4-oxo-l,3-naphthoxazine-2-
thione (34). A solution of thiophosgene (0.88 mL, 0.01 mol) in 
dry CHC13 (20 mL) was added dropwise to a stirred suspension 
of 4 (3.32 g, 0.01 mol) and triethylamine (2.8 mL, 0.02 mol) in 
dry CHCI3 (50 mL) at 0 CC. Stirring was continued for 4 h at 
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Scheme I 

Notes 

Table IIa 

CO,H 

+ H,N 

NCS 

44-51 34-43 30-33 

•Kjrtf 

compd 
no. 

34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 

X 
S 

s 
s 
s 
s 
s 
s 
s 
s 
s 
0 
0 
0 
0 
0 
0 
0 
0 

R 

H 
H 
H 
H 
H 
H 
Br 
Br 
Br 
Br 
H 
H 
H 
H 
H 
Br 
Br 
Br 

R' 

2-C1 
2-C1 
H 
2-N02 
4-C1 
4-C1 
2-C1 
H 
2-N02 

4-CI 
2-C1 
2-C1 
H 
2-NO, 
4-C1 
2-C1 
2-C1 
4-C1 

R2 

4-CI 
4-N02 
4-N02 

H 
3-N02 
2-NO, 
4-NO, 
4-N02 
H 
2-N02 
4-C1 
4-N02 
4-N02 
H 
3-N02 
4-CI 
4-N02 
2-NQ2 

formula6 

C,SH9C12N0,S 
C 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

8H9C1N204S 
sH10N2O4S 
8H10N2O4S 
SH9C1N204S 
SH9C1N204S 
8H,BrClN204S 
8H9BrN204S 
8H9BrN204S 
8H8BrClN204S 
8H,C12N03 

SH9C1N,05 

8 H 1 0 N 2 6 S 

hHI0N2O5 

SH,C1N.0S 

8H,BrClaN03 

sH5BrClN205 

5H8BrClN205 

mp, 
°C 

170 
190 
250 
185 
210 
175 
217 
226 
270 
296 
238 
260 
158 
112 
275 
140 
122 
150 

yield, 
% 
63 
65 
67 
62 
68 
64 
65 
70 
68 
60 
59 
68 
62 
67 
61 
70 
72 
68 

0 All the compounds were found to be inactive when given orally at a dose of 250 mg/kg against H. nana infection in rats. 
All the compounds were analyzed for C, H, and N, and the results were within ±0.4% of the theoretical values. 

room temperature and then the mixture refluxed for 0.5 h. The 
solvent was washed successively with water (20 mL), 0.5 N NaOH 
(20 mL), and water (10 mL) and dried (Na2S04), the solvent 
removed, and the residue crystallized from acetone-water: yield 
2.4 g (63%). 

3-Aryl-2,4-dioxo-2,3-dihydro-l,3-naphthoxazines 44-51. 
Various 2,4-dioxonaphthoxazines listed in Table II were prepared 
by the following method described for 3-(2,4-dichlorophenyl)-
2,4-dioxo-2,3-dihydro-l,3-naphthoxazine (44). Ethyl chloroformate 

(0.4 mL, 0.004 mol) in dry THF (20 mL) was added dropwise to 
a stirred solution of 4 (1.3 g, 0.004 mol) in dry THF (60 mL) at 
0 °C. The mixture was stirred for 2 h at room temperature and 
then refluxed for 3 h. The solvent was removed from the reaction 
mixture, and the residue was washed with water and crystallized 
from ethanol: yield 0.75 g (59%). 

Cestodicidal Screening. Newly weaned male rats (25-30 g) 
of the University of Freiburg strain were infected by feeding them 
with 200 viable ova of H. nana. On day 15 after intubation of 
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viable ova, rats found positive for H. nana ova in feces were treated 
after being starved overnight. Initially a single dose of 250 mg/kg 
of the compound was given orally to three animals and three were 
kept as controls. All animals including the controls were again 
starved overnight before being sacrificed on day 3 posttreatment. 
The small intestine of each animal was removed separately and 
washed, and the worms were collected and scored. The minimum 
dose of the compound bringing down the score to 10% of the 
control or less was considered as the minimum effective dose. 
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