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that it is much less active than 2-chloroadenosine in 
the inhibition of the adenosine diphosphate induced 
agglutination of platelets, and that it possesses only 
weak vasodilator properties6 in the isolated cat hind 
limb (Table I). 

Experimental Section7 

A mixture of 2-trifluoromethyl-6-chloropurine (5.86 g., 0.0263 
mole) and l-0-acetyl-2,3,5-tri-0-benzoyl-(3-n-ribofuranose (12.8 
g., 0.0254 mole) was heated in vacuo in a rotating flask at 130-
135° until a clear orange melt was obtained. The reaction 
flask was cooled to room temperature, anhydrous p-toluene-
sulfonic acid (20 mg.) was added, and the flask was again heated 
in vacuo with rotation at 135° for 35 min. A vigorous gas 
evolution occurred, and a light brown clear melt was obtained. 
The flask was cooled to room temperature, and the clear glass 
obtained was dissolved in chloroform (100 ml.). The CHC13 

solution was washed with saturated aqueous XaHCOs (50 ml.) 
and with two 50-ml. portions of water, then filtered and dried 
CXa2S04). Evaporation of CHC13 left an orange glass, which 
was triturated with hexane to give a cream powder (16.2 g.) 
[a)MD - 5 4 . 9 ± 0.9° (c 1.02, CHCL). This was dissolved in 
absolute methanol and the solution was cooled to 0° and saturated 
with NH3 . The ammoniacal solution was kept in an autoclave 
at room temperature for 5 days. Evaporation in vacuo left an 
oil which triturated repeatedly with chloroform until an amor­
phous brownish solid (7.1 g., 86%,) remained. Recrystallization 
of 6 g. of this from 1-propanol gave a white amorphous powder 
(3.65 g.) which recrystallized from water as white microcrystals 
(2.5 g.), m.p. 193-195°. Two more metall izations from water 
gave pure 2-trifluoromethyIadenosine, m.p. 194-195°, [a]22D 
- 5 1 . 8 ± 0.4° (c 0.922, MeOH), X ^ 1 256 mM (<• 10,400), xfx

13 

255 HIM (e 12,600). 

Anal. Calcd. for CiiH12F3N604: C.39.42; H, 3.58; N, 20.89. 
Found: C, 39.54; H,3.74; N, 21.05. 

(7) Melting points were determined on a Kofier Reichert and are cor­
rected. Ultraviolet spectra were obtained on a Perkin-Elmer Model 350 
spectrophotometer, and optical rotations were measured on a Hilger polarim-
eter. Microanalyses were done by the Australian Microanalytical Service, 
Division of Organic Chemistry, C.S.I.R..0., and University of Melbourne 
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I n ear l ie r c o m m u n i c a t i o n s 2 ' 3 t h e r e l a t i o n of c h e m i ­
cal c o n s t i t u t i o n t o a n t i t u b e r c u l o u s a c t i v i t y w a s d i s ­
cussed , espec ia l ly in d e r i v a t i v e s of b e n z o t h i o a m i d e , a n d 
it w a s c o n c l u d e d t h a t a s u b s t i t u e n t para t o t h e t h i o -
c a r b a m o y l g r o u p w a s i m p o r t a n t t o a c t i v i t y . O n e of 
t h e a u t h o r s in a p r e v i o u s p a p e r s u g g e s t e d 4 t h a t t h e 
e x t i n c t i o n coefficient, i ? m a x of t h e C = N s t r e t c h i n g 
v i b r a t i o n in t h e in f ra red a b s o r p t i o n s p e c t r u m of t h e 
p a r e n t n i t r i l e u l t i m a t e l y pa ra l l e l s t h e a c t i v i t y of t h e 
b e n z o t h i o a m i d e . 

I n o r d e r t o t e s t t h i s h y p o t h e s i s , s eve ra l n e w m o n o -
a lky l , p h e n y l , a n d b e n z y l d e r i v a t i v e s o f 4 - a m i n o b e n z o -

(1) Part XX and XXI : in press; part XIX: Ann. Kept. Res. Inst. 
Tuberc, Hokkaido Univ., 19, 1 (1963). 

(2) S. Kakimoto, E. Krtiger-Thiemer, and E. Wempe, A rzneimittel-
Forsch., 10,963 (1960). 

(3) S. Kakimoto, J. Seydel, and E. Wempe, ibid., 12, 127 (1962). 
(4) J. Seydel, Z. Naturforsch., 16B, 419 (1961). 

thioamide and their precursor nitriles were prepared in 
a pure state. 4-Monoalkylaminobenzonitriles were 
prepared by the direct alkylation of 4-aminobenzoni-
trile (method A) and alkylation of 4-acetylaminobenzo-
nitrile followed by mild hydrolysis (method B). 
Phenylaminobenzonitrile was prepared through the 
diazo compound of 4-aminodiphenylamine. Thio-
amides were derived by passing H2S into a solution of 
the nitrile in pyridine and trimethylamine (see Table I). 

R 

NH2 

CH3CONH 
CH3NH 
(CH3)2N 
C2H5NH 

n-C3H7NH 
i-C3H,NH 
ri-C„H9NH 
!-C,H,NH 
n-CsHnNH 
i-CsHnNH 
C6H5CH2NH 
CeHsNH 

TABLE I 

J O - R C 6 H 4 C S N H 2 

MIC, p\I 

425 
500 
425 
350 
425 
425 
500 
350 
425 
150 
150 
175 
150 

•^maxi 

In (I,/I) 

0.387 
0.124 
0 499 
0.465 
0.459 
0.577 

0.342 

0.602 
0.453 

Experimental Section 

4-MethyIaminobenzonitriIe (Table II). A.—4-Aminobenzo-
nitrile (2 g.) was added to 3 ml. of methyl iodide and 1 ml. of 
piperidine and refluxed for 3 hi-. The reaction mixture was 

4-AL: 

R 

CH3 

C2H5 

n-C3H, 
71-C4H9 

n-C6Hn 
i-CsRu 

KYLAMINOBENZONITRILES: 

M.p., °C. 

86 
74 
52 
41 
60 
44 

p-RNHC6H4CN 

. 
Calcd. 

21.20 
19.16 
17.49 
16.08 
14.88 
14.88 

-N, %-
Found 

21.42 
19.12 
17.25 
16.16 
14.92 
15.00 

evaporated to dryness under reduced pressure to yield a syrup, 
which was triturated with water. The erode product was col­
lected by filtration. Recrystallization from ethanol did not 
give the compound in a pure state. The product was converted 
to the salt with HC1 and was recrystallized from ethanol; m.p. 
175°. 4-Methylaminobenzonitrile was obtained from the salt by 
liberation with NH4OH. Recrystallization from ethanol gave 
0.2 g. of a colorless product, m.p. 86°. A mixture with p-amino-
benzonitrile (m.p. 86°) melted at 60°. In the case of butyl-, 
amyl-, and benzylaminobenzonitrile, the crude nitrile could be 
purified in good yield by vacuum distillation. 

B.—It was reported5 that N-methyl-p-anisidine was obtained 
in good yield from N-acetyl-p-anisidine by methylation followed 
by hydrolysis; the following is an adaptation of this method. 

To a well-stirred solution of 3 g. of aeetylaminobenzonitrile 
in 30 ml. of toluene was added 1.5 g. of NaNH2 , and the mix­
ture was refluxed for 2 hr. After cooling, 3 ml. of methyl iodide 
was added to the reaction mixture, and it was refluxed for 2 hr. 
The resulting mixture was allowed to cool and the crystalline 
solid was collected by filtration. The filtrate was evaporated 
under reduced pressure to obtain a yellow syrup. The solid and 
the syrupy product were triturated with ice-water, and the re­
sulting precipitate was recrystallized from ethanol to obtain 
colorless needles, m.p. 142°. The N-methylacetylaminobenzo-
nitrile was hydrolyzed by refluxing with 20 ml. of 0.5 N meth­
anols KOH solution for 2 hr. The solution was poured into 50 

(5) H. Plieninger and C. E. Castro, Be.r., 87, 1760 (1954). 
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ml. of water. The resulting precipitate was collected by filtra­
tion. The product was recrystallized from ethanol to afford 1.1 
g. of 4-methylaminobenzonitrile, m.p. 86°. In the ease of ethyl-. 
propyl-, and butylaminobenzonitrile, method B was better than 
method A. 

4-MethyIaminobenzothioamide (Table III).—4-Methylamino-
benzonitrile (2 g.) was dissolved in a mixture of 10 ml. of pyridine 
and 5 ml. of triethylamine, and the solution was treated with H2S 

TABLE III 

4-ALKYLAMINOBENZOTHIOAMIDES : p-RNHCaHXSNH-

R 

CH3 

C2HS 

n-C3H7 

i-C3H7 

n-C4lh 
!:-C.,H9-H20 
n-CsHu 
i-CbKn 

C6H5CH2 

CCH5 

M . p . , <=(..'. 

170 
165 
164 
172 
131 
1S3 
142 
154 
178 
1.74 

, % cal 
C 

57.80 
59.96 
61.81 
61.81 
63.42 
58.37 
64.82 
04.82 
69.38 
68.39 

cd. . 
11 

6.06 
6,71 
7.26 
7.26 
7.74 
8.02 
8.16 
8.16 
5.82 
5.30 

• '•'•/,: f o u n d 

C 

58.14 
60.46 
61.84 
61.68 
63.42 
58.45 
64.06 
64.61 
69.06 
68.77 

il 

6.06 
6.69 
7.43 
7.32 
7.96 
7.96 
8.07 
8.31 
6.05 
5.71 

for 4 hr. The reaction mixture was evaporated under reduced 
pressure and the residual product was triturated with water. 
The precipitated product was collected by filtration and purified 
by recrystallization from ethanol to yield 2 g. of pure product, 
m.p. 170°. Other alkylaminobenzothioamides were prepared by 
the same method. 

4-Phenylaminobenzothioamide.—A solution of 10 g. of NaCN in 
25 ml. of water was added to a solution of 8 g. of CuS04 in 50 ml. of 
water. A diazo solution was prepared from 9.5 g. of p-amino-
diphenylamine, 45 ml. of 6% HC1, and 4 g. of NaN0 2 . The diazo 
solution was added to the warm well-stirred CuCN solution in 10 
min. After 15 min., the reaction mixture was extracted with 
ether. The ether was distilled, the resulting syrup (1.4 g.) was 
treated with H2S as usual to afford 1.1 g. of the crude 4-phenyl-
aminobenzothioamide. Recrystallization from ethanol gave 0.6 g. 
of pure substance, m.p. 174°. 

Extinction Coefficient, Em^, in Infrared Absorption Spectra. 
The CN stretching band (2215-2230 em. - 1 ) was measured in 
KBr disks (10 pinoles in 1 g.). 

In Vitro Antituberculous Activity.— The in vitro test against 
human-type tubercule bacilli, strain H37Rv, using Kirchner's 
medium was conducted according to the method described in a 
previous paper.6 The minimum inhibitory concentrations 
(MIC) are shown in Table I. 

(6) S. Kakimoto and K. Yamamoto, Japan. J. Tuherc, 6, 27 (1958). 
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Among acyl derivatives of isonicotinic acid hydrazide 
(INH) Rieche, et al.,~ reported that in the series having 
unbranched carbon chains from C6 to Cis, the undec-
anoyl derivative was the most active and showed 
approximately the same activity as IXH against tu­
bercule bacilli. 

Acetyl, propionoyl, and butyryl derivatives of INH 
have almost no activity. In the literature,3 these 

(1) Part XXII : S. Kakimoto and I. Tone, J. Med. Chem..B, 867(1965). 
(2) A. Rieche, G. Hilgetag, Chr. Bischoff, and H. Mucke, Arch. Pharm., 

295, 707 (1962). 
(3) H. H. Fox and J. T. Gibas, J. Org. Chem.. 18, 1375 (1953); H. G. 

Hughes, J. Pharmacol JExptl. Therap.. 109, 444 (1953); H. L. Yale, K. 
Losse, J. Martins, M. Holsing, F. M. Perry, and J. Bernstein, J. Am. Chem. 
Soc., 75, 1933 (1953); H. McKennis, A. S. Yard, and E. V. Pahnel. Am. Her. 
Tuberc. Pulmonary Diseases, 73, 956 (1956). 

substances are all described as anhydrous compounds, 
but we have found that they crystallize with water of 
crystallization from water or aqueous solvent. As 
alkyl derivatives of IXH, X-isopropyl-X'-isonicoti-
noylhydrazine has been reported as a good antitubercu­
lous compound, but only a few other alkyl derivatives 
have been described with chemical data and biological 
activities. Fox and Gibas4 reported the synthesis of 
monoalkyl derivatives of IXH, and McMillan, et al.,:' 
prepared some higher homologs. 

We have prepared the ethyl, propyl, and butyl 
derivatives and have shown that these compounds are 
more active than the acyl derivative containing the 
same number of carbon atoms, as shown in Table I. 

TABLE I 

MINIMUM INHIBITORY CONCENTRATION OF ALKYL DERIV 

OF I N H AGAINST H37Rv IN KIRCHNEH'S MEDIUM (28 DAY 

C,H 4NCONHNHR 
R MIC, umole/I. 

ATIYES 
S, 3 8 ° ) 

H (INH) 
COCHj 
C2H6 

COC2H;, 
C3H; 
COCHs 
CSH„ 

1 

400 

40 

400 

40 

400 

5 

Experimental Section 

N-Acyl-N'-isonicotinoylhydrazine.—The crude crystalline ma­
terial obtained by the literature3 methods was recrystallized from 
water or aqueous ethanol and acetone. The pure crystalline 
material contained solvate water as shown in Table I I . Anhy­
drous substances were obtained by recrystallization from absolute 
ethanol or acetone and by drying under reduced pressure. 

In Vitro Antituberculous Activity.—The in vitro test against 
human tubercule bacilli, strain H37Rv, using Kirchner's medium 
was conducted according to the method described in a previous 
paper." The minimum inhibitory concentration (MIC) is shown 
in Table I. 

TABLE II 

C5H4NCONHNHCOR 
Water Anhy-

of drous. 
crystn., M.p., m.p., 

R moles ' C . °C. 

CH3 2 76 158 
C,H5 2 95 131.5 
C3H ; 1 84 139 

c 
44.64 
47.15 
53.32 

% calcd. 
H 

6.09 
6.60 
6.71 

HjO 

16.75 
15.72 
8,00 

. 
c 

44.48 
47.13 
53.32 

% found-
II 

6.38 
6.41 
6.81 

11,0 
16.61 
15.82 

7.76 

(4) H. H. Fox and J. T. Gibas, J. Org. Chem., 18, 994 (1953). 
(5) F. H. McMillan, F. Leonard, R. I. Meltzer, and J. A. KinK, ./. 

I'harm. Assoc, 42, 457 (1953). 
(6) S. Kakimoto and K. Yamamoto, Japan. J. Tuberc, 6, 27 (1958). 
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