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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 
linib (Table I). 

Experimental Section7 

A mixtiire of 2-trifliioromethyl-6-chloropurine (5.86 g., 0.0263 
mole) and l-O-itcet~-1-2,3,3-tri-O-henzoyl-p-n-ribofuranose ( 1 2 3  
g., 0.0254 mole) was heated in z'acuo in a rotating flask at  130- 
135" nntil a clear orange melt wa;i obtained. The reaction 
flask was cooled t o  room temperature, anhydrous p-toliiene- 
siilfonic acid (20 mg.) was added, and the flask was again heated 
in vacuo with rotation a t  135" for 35 min. A vigorons gas 
evolution occiirred, and a light brown clear melt was obtained. 
The flask was cooled to room temperatiire, and the clear glass 
obtained was dissolved in chloroform (100 ml.). The CHCl, 
solution was washed with satiirated aqiieous SaHCOs (50 ml.) 
and with two 50-ml. portions of water, then filtered and dried 
(SasSO4). Evaporation of CITCI, left an orange glass, which 
was triturated with hexane t o  give a cream powder (16.2 g.) 
[ c Y ] ~ ~ D  -54.9 Z!Z 0.9" (c 1.02, CHCl,). This was dissolved in 
absolute methanol and the soliition was cooled to 0" and saturated 
with ?;Ha. The ammoniacal solution was kept, in an  autoclave 
at  room temperatiire for 5 dags. Evaporation in vacuo left an  
oil which triturated repeatedly v i th  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 crystallizations from R-ater 
gave pure 2-trifluoromethyladenosine, m.p. 194-195', [CY] 2 2 ~  

-51.8 zk 0.4" ( e  0.922, MeOH), 256 mp ( E  10,400), XEZxL3 
255 mp ( E  12,600). 

Anal. Calcd. for C11H1,F,N504: C, 39.42; H, 3.58; N, 20.89. 
Found: C, 39.54; H,3.74; N, 21.05. 

(7)  Ilelt ing points nere determined on a Kofler 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 .iustralian Llicroanalytical Service, 
13ivision of Organic Chemistry, C.S.I.R.O., and  University of 3lelbourne 
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I n  earlier c o n ~ r n u n i c a t i o ~ i ~ ~ ~ ~  the relation of chemi- 
cal constitution to  antituberculous activity was dis- 
cussed, especially in derivatives of benzot hioaniide, and 
it  mas concluded that a substituent para to the thio- 
carbamoyl group was important to activity. One of 
the authors in a previous paper suggested4 that the 
extinction coefficient, Emax of the C=S stretching 
vibration in the infrared absorption spectrum of the 
parent nitrile ultinintely parallels the activity of the 
henzo t hioamide. 

In order to test this hypothesis, several new mono- 
alkyl, phenyl, and benzyl derivativeso f 4-aminobenzo- 
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thioamide and their precursor nitriles were prepared in 
a pure state. 4-~lonoalkylaminobenzonitriles were 
prepared by the direct alkylation of 4-aminobenzoni- 
trile (method A) and alkylation of 4-acetylaminobenso- 
nitrile followed by mild hydrolysis (method B). 
Phenylaminobenzonitrile was prepared through the 
diazo compound of 4-aminodiphenylamine. Thio- 
amides were derived by passing HZS into a solution of 
the nitrile in pyridine and trimethylamine (see Table I). 

TABLE I 
P-R CcH4CSXH2 

R 

CHsCONH 
CHsNH 
(CH3)zN 
C2H5NH 
n-C,H;XH 
i-CsH,NH 
n-C4HgNH 
i-CdHgNH 

"n 

n-C5HI1NH 
i-CsHiiNH 
C8HsCHzNH 
CsHjNH 

mc, p . u  

425 
500 
425 
350 
42,; 
425 
500 
350 
425 
150 
150 
175 
150 

Emalr, 
In ( I o / I )  

0,387 
0.124 
0 499 
0.465 
0.459 
0.577 

0.342 

0.602 
0.453 

. . .  

Experimental Section 

4-Methylaminobenzonitrile (Table 11). A.-4-Aminobenzo- 
nitrile (2 g.) was added to  3 ml. of methyl iodide and 1 ml. of 
piperidine and refluxed for 3 hr. The reaction mixture was 

TABLE I1 
4-AI,KYI,.~MINoBENZONITRILES: P-RNHC~HICN 

7- N ,  %- 
R RI.p., oc. Calod. Found 

CHs 86 21.20 21.42 
C2Ha 74 19.16 19.12 
n-CaHT 52 17.49 17.25 
n-C4H9 41 16.08 16.16 
n-GH11 60 14.88 14.92 
i-CjHii 44 14.88 15.00 

evaporated to dryness under reduced pressure to  yield a synip, 
which was triturated with water. The crude product wa8 col- 
lected by filtration. Recrystallization from ethanol did not 
give the compound in a prire state. The product was convert>ed 
to the salt with HCl and was recrystallized from ethanol; m.p. 
175". 4-llethylaminobenzonitrile was obtained from the salt by 
liberation with NHIOH. Recrystallization from ethnnol 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, t,he 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 Xi-acetyl-p-ariisidine by methylation followed 
by hydrolysis; the following is an adaptation of this method. 

To a well-stirred solution of 3 g. of acetylaminobenzonitrile 
in 30 ml. of toluene was added 1.5 g. of NaNH2, and the mix- 
tiire was refluxed for 2 hr. After cooling, 3 ml. of methyl iodide 
was added to the reaction mixtiire, and it was refluxed for 2 hr. 
The resulting mixtiire was allowed to  cool and the crystalline 
solid was collected by filtratioii. The fi1t)rate was evaporated 
iinder rediiced pressnre to obtain a yellow syrlip. The solid and 
the syrupy product were tr i turakd with icewater,  and the re- 
siilting precipitate was recrystallized from et'hanol to obtain 
colorless needles, m.p. 142'. The S-methylacetylaminobenzo- 
nitrile was hydrolyzed by refliixing wit,h 20 ml. of 0.5 A' meth- 
anolic KOH solut,ion for 2 hi.  The solution was poured into 50 

( 5 )  H. PlieningPr and C. E. Castro, BFr., 87, 1760 (1954). 



ml. of water. The resulting prec,ipit>ate was collected by filrra- 
tion. The product was recrystallized from ethanol t 0  afford 1.1 
g. of 4-methylarninobenzonitrile, m.p. 86". 111 the case uf ethyl-. 
propyl-, itnd biit3-lamiiiobenzoiiitrile; method B TKIR I x t t  cr t h m  
method A.  

4-Methylaminobenzothioamide (Table 111~.--4-~1etliyl~riiiiio- 
benzonitrile (2  g.)  was dissolved in a mixture of 10 inl. of pyridine 
and 5 ml. of triethylamine, and the solution was treated with H28 

TABLE I11 
4-~~LKYLA.\IISOBEZZOTHIOAblIDES : p-lt XHCeHdCBYIJ? 

. _ _ _ c  ( f ( , l l n d - -  - 

( ,  I I  

5s. 14 6.06 
60.46 6.69 
61.84 7.4:: 
61.68 7 . 3 2  
6 3 . 4 2  7 . 9 6  
,5S,45 7.< l i i  
64.06 8.07 
64 61 8,: i l  
69 06 G . 0 q 5  
6S.77 5 .71  

for 4 hr. The reuctioii Inistiire \\'as evapor:itetl iuider rediicd 
presslire aiid the residual prodiict vas tritiirated with water. 
'The precipitated prodiid  vas cwllerted by filtration and purified 
by recxysinllizatioii froin ethanol to yield 2 g. of pure product, 
m.p. 170". Other alkylamiiioheiizc,t hioaniides vxre prepared by 
i he s:me met,hod. 
4-Phenylaminobenzothioamide.---A solution of 10 g. of KaCN in 

25 inl. of water was added to a solution of 8 g. of CuSOI in 50 ml. of 
water. A4 diazo eoliition was prepared from 9.5 g .  e l f  p-amino- 
diplieiiylamine, 45 1111. of 6 5  HC1, and 4 g. of SaSO,. The diazo 
solution was added to the warm \Tell-stirred CuCS soliitioii in 1 0  
min. After 15 niiii,, the reaction mixture was extracted with 
ether. The ether was distilled, the resulting syrrip (1.4 g.1 was 
treated with H2S as usiial to  afl'lJrl! 1.1 g. of the czriidc. 4-pheiiyl- 
iLiniriobenzothioaniide. IIecrysta!lizatioii freJIri ethairol gave 0.0 g. 
of pure substance, m.p. 174". 

The C?; stretching band (2213-2230 was measured i n  
KBr disks (10 pmolrs ii j  1 g. j. 

I n  Vi tro Antituberculous Activity.--The in v i t w  test against 
huinan-t,ype tubercule bacilli, st,rairi H37Rv, using Kirchner's 
niediiim was cwndiicted according to t3he method described in  a 
previous paper.6 The iniiiiiiiiim iiihit)itory conceniratiolie 
(1IIC) are! shoxn in Tiible I .  

Extinction Coefficient, E,,,,, in Infrared Absorption Spectra.- 

(6) h. Kukirnoto and I<. Yainainoto, . lapou.  .1. 2'uiieic , 6 ,  27 11958) 
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Among acyl derivatives of isonicotinic acid hydrazide 
(1") Rieche, et al.,? reported that in the series having 
uiibrariched carbon chains from C6 to  CI8, the undec- 
anoyl derivative was the most act'ive and showed 
approximately the same activity as I X H  against tu- 
bercule bacilli. 

Acetyl, propioiioyl, and butyryl derivatives of ISH 
have almost 110 activity. In the l i t e r a t ~ r e , ~  t'hese 

(1 )  Part  XXII:  
(2) A. Rieche. G. Hilgetag, Chr. Uischoff, m d  H. Nucke ,  Arch. P4arm.. 

296, TO7 (1962). 
( 3 )  H. H. Fox and J. T. Gibas, J .  Org. Chem., 18, 1375 (1953): 13. G. 

Hughes, J .  Pharmacol Ezptl. Therap. ,  109, 144 (1953); 1%. L. Yale, IT. 
Lome, J. Martins. 11, Holsing, F. 11, Perry. and J. Hernstein, J .  Am. Chem.  
Soc. ,  '79, 19.33 (19.53); H. McIiennis. 1. X. Yard, and E. Y. Pahnel. . i m  KL',. 
l 'uberr .  Pulmonary Diseases, 7 3 ,  Y56 (19.56). 
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+~bstances are all described as anliydrouy co~~l )o i ind \ ,  
but we have found that they vrystallize with n :it ci oi 

allizatioir from water or aqueou.: holvc~111 +I- 
dcnvativc* of ISH,  S-iqopropyl-S'-i,oiiicot i- 

t good ai1titubcrc.n- 
but orily ii fcn other :dliyl drii\xtivc,s 
ibed with cheniical data ; r i d  hio1ogic:iI 
:tiid G ~ b a . ~  reported the ayiitlieii* 01 

iiiono:ilhyl dt.rixxtir.ci of ISH, and lI(*3Iill:m, e! a1 , 

Iinve i)i*qi:ir~d the ethyl, propyl, 2nd h t y 1  
deriv:itivc>* and have rhoivn that the,(> co~ i ipound~  iii e 
i no i~ ,  :wt iw I 1i:iii t h r  : ~ y l  derivative containiiig t 1w 
i : m e  i~umhcr  of carhori ato111*, '1- - h o ~ - n  in Tnhle I 

i i o y l l ~ y d i ~ ~ ~ z i i ~ ~ ~  11:~- bccn rel)ortecl 

~ ) ~ l ) > ~ t d  -OIIIO l i lgli~r ho~i~olog* 

TIELL 1 
l I I \ I \ K \ l  I\IiIBIlOKl C O \ C E \ r R I T I l ) \  OF  A L K I L  I l E K I \  3 l l \  

I I *  IYH A ( ~ A I N ~ T  HA7111 IK KIRI-IIAER'S >\.IEDIl7vf (2\  I ) \ > - ,  7 4 ' )  

C',HAK COSHNH R 

H ( I S H )  I 

V2H, 4 1 

('OCJT 400 
C3H- 4 1 
CO('<HU i o (  I 
(',Hi3 1 

Experimental Section 
N-Acyl-N'-isonicotinoy1hydrazine.--The (-rude crystalline ma- 

terial obtained by the literature3 methods \vas recrystallized from 
water or aqueous ethanol and acetone. The pure trvstalline 
material ccintaincd solvate 1%-ater as shown in Table I1 .Anti>- 
drous substances \\ere otitained recrystalliLation from absolute, 
ethanol or acetone arid by dr j  ing under reduced pressure 

In  Vztro Antituberculous Activity.-The zn vztro test against 
liuinan tubercule bacilli, strain H37Rv, using Kirchner's mediuni 
11 3s ronduc ted :L( i ording to the method described in a previouii 
p:tper The ~ i i i n i r t i i i m  inhibitor! concentration (\TIC) IS shown 
i n  Table I 

I< \ 1 IC  Minnie I 

COC", 401 1 

TABLE I1 
C,H~SCONHSHCOII  

\\ ater Inh3-  
of drous 

Lr>stn ,31 p , in p., _ - L o  calcd--- -_  __  --( found  -- 

CHJ 2 76 134 4.2 61 G 09 16 7<5 41 4h (i A5 10 61 
C2Hj 2 95 131.5 47 15 6 60 l S  7 2  47 13 G 41 1.5 '.2 
CjHi 1 h4 1*30 5 3  32 6 71 4 00 53 32 6 81 7 7ti 

I I  K O  1% II,O c R moles O C .  O C '  ( '  
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In continuing our st,udy1-4 of substituent, effects on 
the biological :ict'ivit,y of congeneric drugs we have in 

\ I I  c'. IIanscl~ and 1'. I'ujita, J .  A m .  Chem. Soc., 86,  1616 (1964). 
Hansch, E. W. Deutsch, and K.  N.  Smith, ibid., 87, 2738 (1965). 
Hansch and E. IT. Deutsch. .7. U e d .  Chem., 8 ,  705 (1965) .  
H a n s r h  .I. It. Steward, and .1. Iwasa, .!Jot. Pharmacol., 1, 8i 

( 196.7). 


