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TABLK II 

OH-THIAZOLO [2,3-b] QUIXAZULIX-5-UNK-DERIVATIVES (VI) 

si. 
no. 

i. 

2. 

3. 

4. 

I?-Chloro-5-methylthiazole 
derivative 

4-(p-Bromo-phenyI) 

4-Phenyl 

4-( jj-Chloro-phenyl,) 

4-(p-Tolyl) 

(VI): X" 

Br 

H 

CI 

CH3 

Vield 

% 
30 

43 

45 

22 

M.l>„ 
' 0 . 

84- -58 

211) 

145 

172 

Molecular 
formula 

C H u B r N j O S 

C,7H,A",OS 

Ci7HuClX2C)S 

C18H„N2OS 

5. 4-(4-Ethylphenyl) C2H.-. 15 

" Kecrystallized from dilute ethanoi. 
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Numerous publications have shown that the class of 
thiocarbanilides (N,N'-diarylthioureas) bearing alkoxy 
groups includes very potent antimycobacterial agents.1 

Several such compounds are now in current use in 
human therapeutics: 4,4'-diethoxythiocarbanilide (I) 
and 4-butoxy-4'-dimethylaminothiocarbanilide in the 
treatment of leprosy,2 and 4,4'-diisoamyloxythiocar-
banilide in the treatment of tuberculosis.3 Further. 

C2H50—(/ V-NHCSXH—(/V-OCzH, 

F—(/ V-NHCSXH—<^~^ 

II 

CI 

CI 

several thiocarbanilides bearing halogen substituents, 
such as 3,5-dichloro-4'-fluorothiocarbanilide (II), have 
shown considerable fungistatic properties, both experi
mentally and in clinical practice.4 It was therefore 
logical to proceed to the synthesis of thiocarbanilides 
bearing at the same time halogen and alkoxy sub-

il) C. F. Ituebner. J. L. Marsh, R. H. Mizzoni, B. P. .Mull, D. C. 
Sdiroeder, H. A. Troxell, and C. R. Seholz, / . Am. Ckem. Soc, 75, 227) 
(19.53): R. L. Mayer, P. C. Eisman, and E. A. Konopka, Proe. Soc. Exptl. 
Biol.. 82, 709 (1953); X. P. Buu-Hoi and N. D. Xuong. Compt. rend., 237, 
498 (1953); G. P. Youmans. A. S. Youmans, and L. Doub, Am. Rev. Tuberc 
77, 301 (1957); L. K. Quyen, N. P. Buu-Hoi. and N. D. Xuong, Bull 
Acad. Nail. Med., 280, 535 (1960). 

(2) N". P. Buu-Hoi, N. B. Khuyen, and X. D. Xuong, ibid., 275, 15 
(1955); T. F. Davey and G. Currie, Leprosy Rev., 27, 94 (1956); N. P. 
Buu-Hoi, T. V. Bang, T. T. Mong-Don, and X". D. Xuong, Chemotherapia, 
2, 122 (1961). 

(3) G. Favez, Schweiz. Z. Tuberkulose. 18, 0 (1901); G. Fegiz, Gazz. 
intern. Med. Chir., 24 (1901). 

(4) R. Vanbreuseghem, XT. P. Buu-Hoi, X. D. Xuong, and G. I.ambelin, 
Biochem. Pharmacol., 11, 813 (1962). 

178 CigHieXaOS: 

• ( 

X, 

Br 

X. 

S. 

X, 

s. 
X, 

*<, 
x, 
s, 

alcd., 

7.54 

21.54 

9. 58 

10.90 

8.54 

9.81 

9.15 

10.45 

8.75 

10.0 

l y s i s 

1 

Br 

s, 

s, 

UUIl.l. 

7 7 

2J .7 

9.40 

11 .50 

S.7 

1.0.00 

9.25 

10.1)0 

8.90 

10.2 

stituents, and to investigate their activity with regard 
both to mycobacteria and to pathogenic fungi. 

The synthesis of symmetrical thiocarbanilides was 
effected by condensation of the appropriate halo
genated mono- or dialkoxyaniline with carbon disulfide 
in the presence of small amounts of sulfur or potassium 
hydroxide (Hugershof reaction).5 This reaction was 
found to be sensitive to steric hindrance, and the pres
ence of bulky substituents ortho to the amino group led 
to yields that were distinctly lower than normally ob
served; the presence of nitro groups inhibited the reac
tion, and 2-amino-5-nitroanisole and 4-amino-o-nitro-
anisole failed to give condensation products under 
normal experimental conditions. Similar observa
tions had already been made with the nitroanilines/' 
and with .Vnitro-2-aminothiazole.6 

Unsymmetrical thiocarbanilides (Table 1) were, ob
tained from the reaction of the appropriate arylamine 
and aryl isothiocyanate; the isothiocyanates were pre
pared by treatment of symmetrical thiocarbanilides 
(Table II) with acetic anhydride (Werner reaction). 
The condensation of arylamines with aryl isothio
cyanates was also found to be sensitive to steric hin
drance ; for instance, o-chloro-2,4-dimethoxyphenyl iso
thiocyanate (III) reacted with 5-ehloro-2-isoamyio.\y-
aniline (IV) to give the symmetrical .~,5'-diehloro-
2,4,2'.4'-tetramethoxvthiocarbanilide (V), instead of 

CH3O-

Cl 

OCH2CH2CH(CH3 

NH 2 

IV 

•CI 

(f W-OCH3 

/OCH3 

C H 3 0 - H ^ ~ \ — NHCSNH 

C r CH3O 

V 

the expected, sterically more hindered unsymmetrical 
thiocarbanilide. With the same isothiocyanate, nor
mal condensation products were obtained; however, 
when the reacting arylamine was not sterically hin
dered, as in the case of p-isoamyloxyaniline, or was less 
sterically hindered, as with 4-bromo-2-methoxy-5-

(5) (a) A. Hugershof. lie, 32, 2246 (1899): (b) X. P. Buu-IIoi, N. D 
Xuong, and X. H. Nam. .J. Chem. Soc. 1573 (1955). 

(6) Cf. \". P. Buu-Hoi. X. T). Xuong. and V. T. Suu, ibid., 2815 i 1958). 
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Substituents 

4-Fluoro-5 '-chloro-2 '-methoxy 
4-Fluoro-3 '-chloro-4 '-methoxy 
4-Fluoro-5'-chloro-2',4'-dimethoxy 
4-Fluoro-2 '-chloro-4 '-ethoxy 
4-Fluoro-5 '-chloro-2 '-isobutoxy 
4-Fluoro-2 '-chloro-4 '-isoamyloxy 
4-Fluoro-2 '-bromo-5 '-methoxy 
4-Fluoro-3 '-bromo-4'-methoxy 
4-Fluoro-4 '-bromo-3 '-methoxy 
4-Fluoro-4 '-bromo-2 '-methoxy-5 '-methyl 
4,4 '-Difluoro-3-methoxy 
4-Fluoro-3-methoxy-4'-isoamyloxy 
3,4 '-Difluoro-4-methoxy 
3-Fluoro-4'-isoamyloxy-4-methoxy 
3-Fluoro-4,4 '-dimethoxy 
3-Fluoro-2 '-ethoxy-4-methoxy 
3-Fluoro-4'-chloro-4,2'-dimethoxy-5'-methyl 
3-Fluoro-5 '-chloro-4,2 '-dimethoxy 
5-Chloro-2,4 '-dimethoxy 
5-Chloro-2,2', 5 '-trimethoxy 
5,3'-Dichloro-2,4'-dimethoxy 
5-Chloro-4 '-ethoxy-2-methoxy 
5-Chloro-2 '-ethoxy- 2-methoxy 
5-Chloro-4 '-butoxy-2-methoxy 
5-Chloro-4'-isoamyloxy-2-methoxy 

5.3 '-Dichloro-2-methoxy-2 '-methyl 
5.4 '-Dichloro-2-methoxy 
5,2',5'-Trichloro-2-methoxy 
3-Chloro-4,4 '-dimethoxy 
3-Chloro-4,2',5'-trimethoxy 
3-Chloro-4'-isoamyloxy-4-methoxy 
3-Chloro-4 '-butoxy-4-methoxy 
3,4 '-Dichloro-4-methoxy 
3,3 '-Dichloro-4-methoxy 
4-Chloro-2,4'-dimethoxy-5-methyl 
4-Chloro-2,2 ',5 '-trimethoxy-5-methyl 
4,5'-Dichloro-2,2'-dimethoxy-5-methyl 
4,3'-Dichloro-2,4'-dimethoxy-5-methyl 
4,3 '-Dichloro-2-methoxy-o, 2 '-dimethyl 
4,4'-Dichloro-2-methoxy-5-methyl 
5-Chloro-2,4,4'-trimethoxy 
5,5'-Dichloro-2,4,2'-trimethoxy 
5.3 '-Dichloro-2,4,4'-trimethoxy 
5-Chloro-4'-ethoxy-2,4-dimethoxy 
5-Chloro-4'-isoamyloxy-2,4-dimethoxy 
5-Chloro-4'-butoxy-2,4-dimethoxy 
5.4 '-Dichloro-2,4-dimethoxy 
2,5'-Dichloro-4-ethoxy-2',4'-dimethoxy 
2-Chloro-4,4 '-diethoxy 
2-Chloro-4,2'-diethoxy 
5,5'-Dichloro-2-ethoxy-2',4'-dimethoxy 
5-Chloro-2,4'-diethoxy 
5-Chloro-4 '-ethoxy-2-isobutoxy 
5-Chloro-2-isobutoxy-4'-isoamyloxy 
2.5 '-Dichloro-4-isoamyloxy-2 ',4 '-dimethoxy 
2-Chloro-4'-ethoxy-4-isoamyloxy 
2-Chloro-2 '-ethoxy-4-isoamyloxy 
2-Chloro-4,4 '-diisoamyloxy 
5-Chloro-2,4'-diisoamyloxy 
3-Chloro-4,2'-dimethoxy-5-methyl 
5 '-Chloro-4-dodecyloxy-2 ',4 '-dimethoxy 
5'-Chloro-2',4'-dimethoxy-4-tetradecyloxy 
5 '-Chloro-2 '-methoxy-4-tetradecyloxy 
5 '-Chloro-4-allyloxy-2 ',4 '-dimethoxy 
5 '-Chloro-4-allyloxy-2 '-methoxy 
3 '-Chloro-4-allyloxy-4 '-methoxy 
5 '-Chloro-4-benzyloxy-2 ',4 '-dimethoxy 

TABLE I 

OF UNSYMMBTHICAL THIOCAEBANILIDES 

M.p., 
°C. 

178 
160 
183 
140 
140 
141 
144 
136 
136 
155 
138 
115 
160 
127 
183 
138 
154 
151 
177 
127 
157 
185 
148 
150 
135 
164 
167 
173 
182 
116 
114 
109 
161 
138 
157 
139 
178 
173 
151 
150 
190 
211 
180 
134 
189 
167 
211 
166 
133 
139 
181 
185 
161 
146 
175 
123 
138 
113 
144 
133 
113 
107 
111 
155 
160 
135 
160 

Formula 

Ci4H12ClFN2OS 
C,4H12C1FN20S 
C16H,4C1FN202S 
C16H14C1FX20S 
C,7H,SC1FN20S 
Cl8Xl2oClFN 2OS 

C14H!2BrFN2OS 
Ci4H,2BrFN2OS 
Ci4H12BrFN2OS 
Ci6H14BrFN2OS 
C14H12F2N2OS 

Ci 9H23FN2O2S 

C14H12F2N20S 

Ci 9H23FN2O2S 
C,6H,6FN202S 
C16H17FN2O2S 

C,6H16C1FN202S 
Ci5H,5ClFN202S 
CJ6H15C1N202S 
C16H„C1N202S 
C16HI4C12N202S 
C16H„C1N202S 
C16HJ7CIX2O2S 

C13H21CIN2O2S 

Ci 9H23CIN2O2S 

C15HHC12N20S 

C,4H12ClaN2OS 
C14H11CI3.N 2OS 

C16H16C1N202S 
C16HI,C1N203S 
C19H23C1N202S 
Ci8H2i C1N202S 
CI4H12C12N20S 
C H H ^ C ^ N 2OS 

Ci6HnClN202S 
C17H19C1N203S 
CjeHieC^rs 2O2S 

Cj 6ni 6CI2IS 2O2S 

C16H16CI2N2OS 

Ci5rI]4Cl2rs 2OS 

C16H„C1N203S 
C16H,6C12N203S 
C16H16CI2N2O3S 

C„H19C1N203S 
C20H2ECIN2O3S 

Ci 9112301X2038 

C15H14C12X202S 

C17H18C12N203S 
C37H19CIN2O2S 

CI7Hi9ClN202S 
CnHjgCI^^OsS 
C17H19C1N202S 
C: 9H23CIN2O2S 

C22H29CIX2O2S 

C20H24CI2X 2O3S 

C20H25CIN2O2S 

C2oH25ClN202S 
C23H3iCl^S 2O2S 

C23H31C1X202S 

C,6H,7C1N202S 
C27H39CIN2O3S 

C29H43CIN2O3S 

C28H41C1N202S 
C18H19C1N203S 
C„Hi,ClN202S 
C17H17C1N202S 
C22H2iClN203S 

,——. Analys is - -
Calcd.-——•- —̂• F o u n d —-

c 
54.1 
54.1 
52.9 
55.5 
57.7 
58.9 
47.3 
47.3 
47.3 
48.8 
57.1 
63.0 
57.1 
63.0 
58.8 
60.0 
54.2 
52.9 
55.8 
54.5 
50.5 
57.0 
57.0 
59.3 
60.2 
52.8 
51.4 
46.5 
55.8 
54.5 
60.2 
59.3 
51.4 
51.4 
58.8 
55.7 
51.8 
51.8 
54.1 
52.8 
54.5 
49.6 
49.6 
55.6 
58.7 
57.8 
50.5 
50.9 
58.2 
58.2 
50.9 
58.2 
60.2 
62.8 
54.2 
61.1 
61.1 
63.5 
63.5 
57.0 
63.9 
65.1 
66.6 
57.1 
58.5 
58.5 
61.6 

H 

3.9 
3.9 
4 .1 
4 .3 
5.1 
5.5 
3.4 
3.4 
3.4 
3.8 
4 .1 
6.4 
4 .1 
6.4 
4.9 
5.4 
4 .5 
4.1 
4.7 
4.9 
4 .0 
5.1 
5.1 
5.8 
6.1 
4.1 
3.7 
3.1 
4.7 
4.9 
6.1 
5.8 
3.7 
3.7 
4.9 
5.2 
4 .4 
4 .4 
4 .5 
4 .1 
4.9 
4.2 
4.2 
5.2 
6.2 
5.9 
4 .0 
5.0 
5.5 
5.5 
5.0 
5.5 
6.1 
6.9 
5.5 
6.4 
6.4 
7.2 
7.2 
5.1 
7.8 
8.1 
8.2 
5.1 
4 .9 
4.9 
4.9 

C 

54.2 
54.1 
53.0 
55.4 
58.0 
59.0 
47.0 
47.3 
47.4 
48.8 
57.5 
62.7 
57.0 
63.0 
59.1 
60.0 
54.2 
52.5 
55.9 
54.2 
50.3 
57.1 
56.8 
59.4 
60.5 
52.9 
51.4 
46.3 
55.4 
54.7 
60.5 
59.7 
51.4 
51.2 
58.4 
55.3 
52.0 
52.0 
54.0 
52.7 
54.4 
49.5 
49.4 
55.5 
58.9 
58.0 
50.3 
50.8 
58.3 
58.0 
50.9 
58.3 
60.0 
62.7 
53.9 
61.3 
61.1 
63.7 
63.8 
57.1 
64.0 
65.0 
66.4 
57.2 
58.5 
58.4 
61.3 

H 

3.9 
4.0 
4.1 
4.3 
5.2 
5.5 
3.5 
3.5 
3.3 
3.8 
4 .1 
6.3 
4 .3 
6.4 
5.0 
5.4 
4 .6 
4.2 
4.6 
5.0 
3.9 
5.1 
5.3 
5.8 
6.1 
4.1 
3.7 
3.1 
4 .7 
4.9 
5.9 
6.0 
3.6 
3.7 
5.0 
5.0 
4.1 
4 .5 
4.4 
4.0 
4 .8 
4.1 
4.1 
5.3 
6.2 
6.0 
4.0 
5.0 
5.4 
5.5 
4.9 
5.4 
6.0 
6.9 
5.4 
6.3 
6.4 
7.2 
7.0 
5.1 
8.0 
8.1 
8.1 
5.1 
5.0 
4.9 
5.0 
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TABLE I {continued,! 

Substituents 

5 '-Chloro-4-benzyloxy-2 '-methoxy 
3 '-Chloro-4-benzy loxy-4 '-methoxy 
3'-Chloro-4-hydroxy-4'-methoxy 
3 '-Chloro-3-hydroxy-4 '-methoxy 
2-Bromo-4 '-ethoxy-5-methoxy 
2-Bromo-4'-isoamyloxy-5-methoxy 
3-Bromo-4,4 '-dimethoxy 
3-Bromo-5 '-chloro-4,2 '-dimethoxy 
3-Bromo-4'-ethoxy-4-methoxy 
3-Bromo-2'-ethoxy-4-methoxy 
3-Bromo-4'-isoamyloxy-4-methoxy 
4-Bromo-3,4'-dimethoxy 
4-Bromo-5 '-chloro-3,2 '-dimethoxy 
4-Bromo-4'-ethoxy-3-methoxy 
4-Bromo-2 '-ethoxy-3-methoxy 
4-Bromo-4'-isoitmyloxy-3-methoxy 
4-Bromo-4'-chli )ro-3,2'-dimethoxy-5'-methyl 
4-Bromo-5'-(:hloro-2,2'-dimethoxy-5-methyl 
4-Br< mio-5 '-chloro-2,2 ',4 '-trimethoxy-5-methyl 
4-Bromo-4'-ethoxy-2-methoxy-5-methyl 
4-Bromo-4'-isoamyloxy-2-methoxy-5-methyl 
4-Bromo-4'-chloro-2,2'-dimethoxy-5,5'-dimethyl 
5-Bromo-5'-chloro-2 '-methoxy 
4-Bromo-4'-chloro-2'-methoxy-5'-methyl 
4-Bromo-3'-chloro-4'-methoxy 
3-Bromo-3 '-chloro-4 '-methoxy 
4-Iodo-5'-chloro-2'-methoxy 
4-Iodo-3 '-chloro-4 '-methoxy 
4-Iodo-4 '-chloro-2 '-methoxy-5 '-methyl 
4-Iodo-5'-chloro-2',4'-dimethoxy 

M.p.. 
•C 

176 
160 
186 
1S.~> 

104 
128 
180 
150 
143 
144 
1 15 
141 
105 
1 43 
.142 
135 
162 
181 

195 
150 
152 
162 
172 
150 
160 
154 
169 
160 
156 
177 

Formula 

C21H19C1X202S 
C21H19C1X202S 
C M H 1 3 C 1 X 2 0 2 S 

C,H ; 3CIX,02y 
e1 6H„BrN20,S 
C14H23BrX202S 
C]6H15BrN2()2S 
e,6HMBrClNT

202S 
C16H„BrX202S 
Cif,H,,BrX202S 
e I 9H2 sBrX20,S 
C,..H;iBrX202S 
Cif,H,jBrClX2t)2S 
CifiH^BrX/)^ 
CcHiTBrXVijS 
CiJIisBrX-jd-.S 
(\r,Hi1iBr(.TN..02S 
C„4116Br01X;.O2S 
CTtl.i.BrC'lXsOaS 
CnH l sBrN202S 
(VH25BrN;<)2S 
C,7HISBrClX202S 
C,4iIi2Br(.'lX-.(.)S 
r l iH1 4BrnN2C)S 
0HHi3BrClN2(>S 
C,iH12BrClX2OS 
C„HI2ClIN..;OS 
CuH1 2(UlX2ns 
(;15H14C1IX2()8 
C I J [ H C 1 I X 2 0 2 8 

, 
, Calcd. 

C 

63 .2 
63.2 
54.5 
54.5 
50.4 
53.9 
49. 1 
44.8 
50.4 
50.4 
53.9 
19.1 
4 4 . 8 

50.4 
50,4 
53 <l 
16.2 
16 2 
15,8 
51,7 
54.9 
17 5 
15.2 
46 7 
45.2 
45.2 
40.2 
40.2 
11 .6 

40, 1 

Analysis - -
'—* Found-

I! C 

4 . S 63 3 
4.8 63.0 
4.2 54.4 
4. 2 54.4 
1 5 50.4 
5.5 54.0 
4.1 49.0 
3.5 44.7 
4 ,5 49.9 
4 .5 49.9 
5. 5 53. 8 
4.1 48,9 
3.5 44 9 
1.5 50.8 
4 .5 50,1 
5,5 53.8 
3.9 46.5 
3.9 46.2 
4.0 46.0 
4.8 51.6 
5.8 55.0 
4.2 47 . 6 
3.3 45 5 
3.7 46.8 
3.3 45.6 
3.3 45.3 
2.9 39.9 
2.9 39 .9 
3.3 41.S 
3.1 40.0 

u 
1.8 
4.S 
4.3 
4.2 
4.6 
5.5 
4.2 
3.5 
4.5 
4. 1 
5.4 
4. 1 
3.6 
1 5 
4 5 
5. 5 

:i î 

3 , 0 

4 0 

! , 8 

5, 8 

4 . 3 

3.2 
3. s 
3.2 
3.2 
2 8 
2.8 
3,2 
3, 2 

TABLE II 

DERIVATIVES OF SYMMETRICAL THIOOAHBAMLIDES 

Substituents 

5,5'-Dichloro-2,2'-dimethoxy 
3,3 '-Dichloro-4,4 '-dimethoxy 
4,4'-Dichloro-2,2'-dimethoxy-5,5'-dimethyl 
2,2'-Diehloro-4,4'-diethoxy 
2,2'-Dichloro-4,4'-diisoamyloxy 
5,5'-Dichloro-2,4,2',4'-tetramethoxy 

M.I... 
°C. 

190 
194 
103 
165 
132 
235 

Formula 

C1SH14C12N202S 
C15H14CI2N2O2S 

C„H18C12X202S 
CnHi8Cl2N202S 
C23H30CI2N2O2S 

C,7H18C12N204S 

. Calcd. 
C 

50.5 
50.5 
53.0 
53.0 
r->s. 8 
48.9 

Ai ia j 

II 

4.0 
4.0 
4.7 
4.7 
6.4 
4.3 

lysis .—-
. Found --. 

C H 

50.5 3.8 
50.4 3.9 
52.7 4 .8 
53.0 4 .6 
58.9 6.5 
48 7 4.5 

methylaniliiie. This strong influence of steric factors 
on the course of the reaction is reminiscent of the pre
viously reported difficulties in preparing thiocarbanil-
ides from o-trifluoromethylaniline.7 This type of con
densation was found to be catalyzed by strong bases. 

The halogenated alkoxyanilines necessary for the 
present research were prepared by various methods. 

(1) Reduction of the corresponding halogenonitro 
compounds by means of hydrazine hydrate in the 
presence of Raney nickel," a method that has the ad
vantage over the more routine procedures, of avoiding 
the sometimes observed elimination of the halogen9; for 
example, the reduction of 2-bromo-4-nitroanisole and 
4-bromo-3-nitroanisole with hydrochloric acid and tin 
occurred with considerable loss of the halogen, whereas 
hydrazine hydrate and Raney nickel afforded the re
quired amines in 80% yield. 

(7) See ref. 5 a. 
(8) Cf. R. Moore and A. Furst. J. Org. Chem., 23, 1.504 (1958). 
(9) 6-Bromo-2-nitroanisole can, however, be easily reduced by iron and 

hydrochloric acici: S. L. Chien and K. Adams, J. Am. Chem. Soc, 56, 1780 
(iy:S4). 

(2) Halogenation of alkoxyacetanilides with chloro-
or bromosuccinimide, the halogen entering the para 
position when free, or otherwise the ortho position10; 
the halogenated alkoxyacetanilides thus obtained were 
hydrolyzed with dilute hydrochloric acid. As with the 
first method, the results were better both in purity and 
in yields than with the more conventional halogenation 
techniques. 

(3) Alkylation of halogenated hydroxyacetanilides by 
means of the appropriate alkyl halide in ethanol and 
in the presence of potassium hydroxide, the reaction 
product being subsequently hydrolyzed by hydrochloric 
acid when the alkyl radical was saturated or by alkali 
when it was ethylenic. 

Along with the thiocarbanilides, some halogenated 
N,N'-diarylthioureas derived from naphthylamines 
are also reported in this work. 

In in vitro tests on cultures of Mycobacterium tu
berculosis var. hominis (strain H37 Rv), cultivated in 
Youmans medium, all the thiocarbanilides described 

(10) N. P. Buu-Uol, /fee. trav. chim., 73, 197 (19.34). 
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here showed growth-inhibiting activity in concentra
tions of 100 ju./ml. Some were extremely active 
(5,u/ml.), especially 2-chloro-4,4'-diethoxycarbanilide 
and 2-chloro-4,4'-diisoamyloxythiocarbanilide) which 
are halogenated derivatives of 4,4'-diethoxy- and 4,4'-
diisoamyloxythiocarbanilide, two drugs already in use 
against tuberculosis and leprosy. Compounds with 
alkyloxy groups in the meta position were considerably 
less active than those bearing these groups in para 
and ortho positions; it is also interesting that more 
chlorinated thiocarbanilides showed significant tubercu
lostatic activity than brominated ones. A more de
tailed account of this bacteriological study will be pub
lished elsewhere, in collaboration with Prof. J. Jadin 
(Antwerp, Belgium). Antifungal tests are under way. 

Experimental 

All melting points are corrected and were taken on a Maquenne 
block. 

Preparation of Halogenated Alkoxyanilines. Method 1.—A 
typical example is the preparation of 4-bromo-3-methoxyaniline 
by reduction of 2-bromo-5-nitroanisole. A well stirred solution 
of 23.2 g. (0.1 mole) of this nitro compound and 12.5 g. (0.25 
mole) of 90% hydrazine hydrate in 250 ml. of 95% ethanol was 
heated on the water bath, and 4 g. of freshly prepared Raney 
nickel W2 was added in minute portions to avoid a too vigorous 
reaction; the refluxing was continued until the initial yellow 
color of the solution had disappeared. The nickel was then 
filtered off, the filtrate concentrated and diluted with water, and 
the reduction product taken up in chloroform. The chloroform 
solution was washed with water and dried over caustic soda, the 
solvent removed, and the residue vacuum-fractionated. 4-
Bromo-3-methoxyaniline, m.p. 93°, was obtained in 80% yield 
(lit.,11 m.p. 90.1°). Similar good results were obtained in the 
reduction of 2-bromo-4-nitro- and 4-bromo-3-nitroanisole. 

Method 2.—The preparation of 2-chloro-4-isoamyloxyaniline 
is typical of this procedure. A mixture of 33 g. of finely pow
dered 4-isoamyloxyacetanilide and 20 g. of N-chlorosuecinimide 
in 300 ml. of dry carbon tetrachloride was refluxed for 10 hr. on 
the water bath. After cooling, the succinimide was filtered off, 
the filtrate washed repeatedly with warm water and dried over 
sodium sulfate, the solvent was distilled, and the residue recrys-
tallized from 50% ethanol. Yield, 20 g. of 2-chloro-4-isoamyl-
oxyacetanilide, m.p. 93-94°. 

Anal. Calcd. for CI3H18C1N02: C, 61.1; H, 7.0. Found: 
C,61.0; H,7.3. 

A well stirred mixture of 76 g. of this amide, 80 ml. of concen
trated hydrochloric acid, and 320 ml. of water was refluxed until 
the solid dissolved; after cooling, it was made basic with 30% 
aqueous sodium hydroxide, the reaction product taken up in 
benzene, the benzene solution washed with water and dried over 
caustic soda, the solvent removed, and the residue vacuum-
fractionated. Yield, 47 g. of colorless oily 2-chloro-4-isoamyl-
oxyanfline, b.p. 173-174° (15 mm.), K23D 1.5470. 

Anal. Calcd. for CuH16ClNO: C, 61.8; H, 7.5. Found: 
C, 61.7; H, 7.5. 

For characterization purposes, this amine (5.3 g.) was con
densed with hexane-2,5-dione (5.7 g.) by refluxing the mixture 
for 30 min. Vacuum-fractionation yielded 2.5 g. of l-(2-chloro-
4-isoamyloxyphenyl)-2,5-dimethylpyrrole, a pale yellow oil, 
b.p. 191-192° (15 mm.), nMD 1.5518. 

Anal. Calcd. for CnH22ClNO: C, 69.9; H, 7.6. Found: C, 
69.6; H,7.5. 

A similar pyrrole cyclization, effected with 2-chloro-4-ethoxy-
aniline, aiforded l-(2-chIoro-4-ethoxyphenyl)-2,5-dimethylpyr-
role, a pale yellow oil, b.p. 167-168° (15 mm.), n24D 1.5735. 

Anal. Calcd. for CUH16C1N0: C, 67.3; H, 6.1. Found: 
C, 67.4; H, 6.1. 

(11) A. S. Fry and B. S. Farqhar, Rec. trav. chim., 67, 1223 (1938). 

By Method 3.—Example: Preparation of 5-chloro-2-isobutoxy-
aniline. A solution of 27.9 g. (0.15 mole) of 2-acetamino-4-
chlorophenol (m.p. 185°; lit., 182°) and 50.5 g. (0.2 mole) of 
isobutyl iodide in 400 ml. of ethanol mixed with 400 ml. of iso-
butyl alcohol was refluxed for 8 hr. with 11.2 g. (0.2 mole) of 
potassium hydroxide (dissolved in a minimum of water); the 
solvents were vacuum-distilled, and the crude solid 5-chloro-2-
isobutoxyacetanilide was hydrolyzed with boiling 20% hydro
chloric acid (100 ml.) in the usual way. After complete dissolu
tion the reaction product was made basic with sodium hydroxide, 
was taken up in benzene and then vacuum-distilled. Yield, 
75% of 5-chloro-2-isobutoxyaniline, a colorless oil, b.p. 175-176° 
(20 mm.), n24D 1.5.510. 

Anal. Calcd. for COHHCINO: N, 7.0. Found: N, 6.9. 
5-Chloro-2-isoamyloxyaniline, similarly prepared, was a color

less oil, b.p. 180-182° (14 mm.), «23D 1.5390. 
Anal. Calcd. for CuH16ClNO: N, 6.6. Found: N, 6.8. 
Preparation of Symmetrical Thiocarbanilides.—To a solution of 

1 mole of the amine and 0.5 g. of potassium hydroxide in 500 ml. of 
ethanol, 2 moles of carbon disulfide was added with stirring, and 
the mixture gently refluxed for 24 hr. (potassium hydroxide can be 
replaced by sulfur); ethanol was added where necessary to ensure 
complete solution of the thiocarbanilide formed. The hot solu
tion was then filtered, and the residue formed on cooling recrys-
tallized from methanol or ethanol, or a mixture of ethanol and di-
methvlformamide in the case of substances melting above 200°. 
Yields ranged from 40 to 85%. 

Preparation of Unsymmetrical Thiocarbanilides.—A solution 
of equimolar quantities of the amine and the appropriate aryl iso-
thiocyanate in a minimum of ethanol was heated at 50-60° for a 
few min. when steric hindrance was not present, or for longer 
(several hr.) when the reaction was sluggish. The solid formed 
on cooling was recrystallized as above. Yields ranged from 30 to 
95%; in some cases, the addition of traces of potassium hy
droxide increased the yields. 

Preparation of Aryl Isothiocyanates.—A mixture of 1 mole of 
the symmetrical thiocarbanilide and 2 moles of acetic anhydride 
was refluxed for 10 min. and the reaction product vacuum-frac
tionated; the isothiocyanate was redistilled and, when solid, re-
crystallized rapidly from ethanol. The following new aryl iso
thiocyanates were thus obtained in 80-90% yields: 

5-Chloro-2-methoxyphenyl isothiocyanate, colorless needles, 
m.p. 57°. 

Anal. Calcd. for C8H6C1N0S: C, 48.1; H, 3.0. Found: C, 
48.3; H,3.0. 

4-Chloro-2-methoxy-5-methylphenyl isothiocyanate, m.p. 56°. 
Anal. Calcd. for C9HsClNOS: C, 50.6; H, 3.8. Found: C, 

50.8; H,3.8. 
5-Chloro-2,4-dimethoxphenyI isothiocyanate, m.p. 80°. 
Anal. Calcd. for CSH8C1N02S: C, 47.1; H, 3.5. Found: C, 

47.0; H,3.6. 
N-l-Naphthyl-N'-(3-chIoro-4-methoxyphenyl)thiourea.— 

This was prepared in 95% yield from 3-chloro-4-methoxyphenyl 
isothiocyanate and 1-naphthylamine: colorless needles, m.p. 
174° (from ethanol and dimethylformamide). 

Anal. Calcd. for C,8Hi5ClN2OS: C, 63.1; H, 4.4. Found: 
C, 62.8; H.4.4. 

N-(5,6,7,8-Tetrahydro-l-naphthyl)-N'-(3-chloro-4-methoxy-
phenyl)thiourea, m.p. 163° (from methanol). 

Anal. Calcd. for Ci8H,9ClX2OS: C, 62.3; H, 5.5. Found: 
C.62.1; H.5.4. 

Example of Abnormal Reaction between Isothiocyanates and 
Arylamines.—Equimolar amounts of the isothiocyanate III and 
the amine IV, when heated in ethanol in the usual way, yielded 
5,5'-dichloro-2,4,2',4'-tetramethoxythiocarbanilide, m.p. and 
mixture m.p. 235°. 
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