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p-Pyrirloyluminobenzoic dcids, their glyc~ne and DL-ntethioriine cor,juga/es 
and their esters, hydra7ides and aldehyde derivntives of the hydrazides totalli~lg 
105 compounds have been synthesised and scrrened for in vitro activity against 
Mycrobacterium tuberculosis H,, R, srrain. Our of ihese, 19 compounds have 
shown inhibition of growrh o f  the organism at dilutions varying fiom 1 in 10000 
(100rjml.) to 1 in lOOOOO00 (0.1 Y/ml.). Three compounds which were highly 
active in vitro (0.1 Y to 1 Ylml.) were found to be ineffective, in vivo in experi- 
mental tuberculosis of mice tested by the drug-diet method. 

Although the existing potent antituberculosis agents could be used 
successfully, there are many probiems still to be faced to render the treatment 
more effective. While the development of bacterial resistance, which is a 
major problem, can be prevented or atleast delayed by the simu!taneous or 
alternating combination of drugs, there is need for newer d r u g  which, used 
singly, can eliminate the tubercle bac i l l~  r .~p~dly and rad~caliy. 

In a search for new antituberculosis agents, N-acetyldipeptides and their 
derivatives', pyridoylaminoacids and their derivatives2, pyridylacrylk acids. 
pyridylpropionic acids, furylacryl~c acids and t h e ~ r  derlvatives3, chlorophenoxy- 
acetic acids and their derivatives4 and pyridoyldipeplides and their derivativcg 
have been synthesised in our  laboratory and screened for in vitro antitubercu- 
losis activity with encouraging results. The present work consists of the 
synthesis and testing of the following types of compounds. 

'Abstracted from the ph.D. thesis, Indian Institute o f  Science, Bangalore, 1966, of 
Sri B.  K. Mohan Murali. 

?Presented at  the Seminar o n  ~ e c e n t  ~ d ~ a n c : s  in Pharmaceutical Sciences held a1 Chandigarh 
in September, 1966 under the auspices of Uni\wrsity Grams Commission (In:;+). 



(A) p-Isonico~~noylaminobenzoiG acid, ils glycine and DL-methionine 
conjugates, their esters, hydrazides and hydrazone derivatives 
(39 compcunds). 

(B) p-Nicotii~oylaminobenzoic acid, its glycine and DL-methionine 
conjugates, their esters, hydrazides and hydrazone derivatives 
(39 compounds). 

(C) y-Prcclinoylaminobenzoic acid, i ts glycine and DL-methionine 
conjugates, their esters, hydrazides and hydrazone derivative3 
(27 compounds). 

The scheme of synthesis given in Chart 1 is self-explanatory. 

While isonicotinic acid6 and picolinic acid7 were prepared by the 
permanganate oxidation of Y- and a-picollnes respectively, nicotinic acid was 
available from stock. The a c ~ d  chlorides of the pyridine carboxylic acids (11) 
have been prepared by treating their potassium salts with thionyl chloride m 
dry benzene8. The acid chloride on condensation with ethyl p-aminobenzoate 
gave the correspond~ng ethyl p-pyridoylain~nobenzoates (111) in good yields. 
Ethyl esters of glyc.ne and Dl-n~ethionine conjugates (VI I I )  of p-pyrldoyl- 
aminobenzoic acids have been prepared via the acid azide methodg, i.e., by 
the action of ethyl ester of the aminoacid o n  the acid az~def  of p-pyridoyl- 
aminobenz~ic  acids. 

Screening for in vitro tuberculos.iatic activity was carried out by the 
serial dilntion method using surface culture technique by Professor M. Sirsi. 
The substances were first dissolved in ethylene glycol and further requ~ied 
dilutions were prepared in the Youman's media. The test organism was 
Mycohaclerium tuber.cu1osis H3,Rv stram. The degree of inhibition or growth 
was observed at weekly intervals. The degree of inhibition or growth seen 
at the end of t h ~ e e  weeks was recorded. The results of in rirro screening are 
mentioned in the experimental part and discussed a t  the end. 

EXPERIMENTAL* 

(A) p-ISON1COTJNOYLAMINOBENZ;OIC ACID, ITS GLYCINE AND 
DL-METHIONINE CONJUGATES AND THEIR DERIVATIVES 

Ethyl p-isonicotino~~laminohen:oatelo (Coiponnd No. I )  

To a suspension of potassium isonicotinate (20 g.) in dry benzene 
(100 ml.), ccoled lo O0C, was slowly added redistilled thionyl chloride (10 ml ) 
over a period of 10 min. After addition, the reaction mixture was refloxed 
for I hr. The crude isonicot~noyl chloride obtained on removal of benzene 
and excess of thionyl chloride was used as such for fxrther condensation. 

'All melting points are uncorrected and ddenotes dzcomporition. Infrared spectra o f  a l l  
rhe compounds taken in the Perkin-Elmer Infracord Model 137B snowed the charac-rerisnc 
absorptions. 



T~ s,irrcd solulion of this acid chloride in dry benzene (300 was 

added a solution of p-amin~benzoatc (20.5 g.) dissolved in 

(200 ) during 1 hr. room temperature. After the mixture Was kept 

stirred for 6 hr., (200 ml.) was addcd, the mixture neutralized with 

sodium bicarbonate and kept stirred for another 110~1. As the was 

m;ohble in benzene, it  fi[+ered, washed with h e n m e  i d  ivaLer, dried 



and crystallised from aqueous ethanol n1.p. 154-5°C. (Reportedi0 m,p, 
140°C). Yield: 30 g. ; 91%. (Found : 66 18 ; N, 5.09 ; N, 10.79, 
CiSH,,O,N, requires : C, 66.66 ; Ii, 5.22 ; N, 10.36':/,) 

p-Isonicorinoylatninobeil;oic (Compolmd No. 2) 

Ethyl p-iso~~icoti:~oylaminobenzoate (1 g . )  w:is stirred with potassium 
hydroxide soluiion ( IN,  20 ml.) for 3 to 4 hr. at room lemperature. The 
precipitated acid was filtered, washed, dried and crystallised fiom ethanol. 
m p. 35O0C.(dj. (Rzported10 m p 350°C.). Ye!d 0.4 g. : 45:/,. 

p-Isonieotinoj~laminobe~~zoic acid h.~firaricle~~ (Compound No. 3 )  

A mix'ure of ethyl p-isoniootinoylaminobenzoate (20 g.) dissolved in 
ethanol (400 ml  , go%,) and hydrazine hydrate (22 g., 93'$:,) was refluxed fcr 
6 to 8 hr. Alcohol and excess of hydrnzine hydrate were distilled oi'i under 
suctior? and the solid residue obtained was crystalised from ethyl alcohol. 
n1.p. 246-S'C. (Reportedio m.p. 235-7°C.). Yield : 12 g. : 630,;. (Found: 
C , 6 0 . 6 0 ; H : 4 9 0 ;  ?4,2169.  C,,H,,O,N, reqnires: C , 6 0 9 3 ;  H,4.72; 
N, 21.867:,). 

These were prepared by refluxing In each case, p-isonicotinoylan~ino- 
benzoic acid hydrazide (1 g.) and an equmola r  amounl of  the aldehyde in 
absolute ethanol (100 ml.) for b hr.  The hydrazones which precipitated on 
cooling were filtered, washcd wiih a little alcol~ol,  dried and crystall~sed from 
ethanol. Table 1 contains the compounds prepared (Nos. 4 to 13) in this 
series. 

Ethyl p-isonicofir~orlaminobenzoylglyci~~ate (Compo~md No. 14) 

To  a stirred solution of p-isonicotinoylaminobenzoic acid hydiazide 
(12.8 g.) in dilute hydrochloric acid (90 ml., 1 : I), mainlained at O°C., was 
added a previously cooled solution of sodium n i t r ~ t e  (25 g.) in water (60 ml.) 
over a period of 30 min. After 2 hr.  of stirring, the mixture was neutralized 
wilh sodium carbonate solution and the solid azide filtered, washed and dried 
over phosphorus pentoxide in  a vacuum desiccaior. Yield : 12.6 g. ; 94%. 

To a srirred solution of p-isonico~inoylaminobenzoic acid azide (12.3 g.) 
in dimethylformannde (DMF) (100 ml.) was added ethyl glycinate (7.11 g.) 
dissolved in D M P  (10 m1.j over a period of 30 min. at rc o n temperature. 
After stirring for 10 hr., the solution was filtered and the solvent partly 
removed under suction. Addition of either benzene-petrol mixture (I : 1) 
or  water gave the requlred product which was filtered alld crystallised from 
ethanol. m p. 207-8°C. Yield : 12.6g. ; 83.6%. (Found : C, 62.46 ; H, 5.54; 
N, 12.91. C,, W,,O,N, requires : C, 62.38 ; H, 5 23 ; N, 12.84010). 



Aldehyde Derivatives of p-isonicotinoyiamrnobe~lzoic Acid Bydrazide 
/=\ 

- -- - . - -. -. 
Corn- R- FoundlRequired 
naund Aldehvde Mol, formula m.o."C lo< I - 
No. residbe 

\ "  

C H N 

X U  -3(d) 

?S9 - 90(d) 

310 (d) 

334 -5(di 

235 (d) 

280 - 1 (d)  

290 (cl) 

294 (d) 

291 (d) 

3 18 (tl) 

Note: d means decomposition 

P-~s~rticotinoylminobenroylglycirre (Compouttd No. 15) 

This was prepared by ihe hydrolysis of ethyl p-isonicotinoylamino- 
benzoylglycinate (0.5 g. )  with potassium hydroxide solution (IN, 10 ml.) and 
isolated in the usual manner. m.p. 298"C.(d). Yield : 0.2 g.  ; 43.8%. 
(Found: C , 5 9 . 7 4 ; H , 4 . 0 7 ; N , 1 3 . 6 8 .  Cl ,Hl ,04N,  requires: C , 6 0 . 2 0 ;  
H, 4.38; N, 14.(W%). 



This was prepared by refluxing ethyl p-isonicotinoylaminobenzoylglyci- 
nate (8 g.) and hydrazine hydrate (7.3 g.  ; 9904) in ethanol (400 m!., 90y,) 
in the usual way. m.p. above 300°C. (d). Yield : 7.1 g. : 92.746. (Found: 
C, 57.07 ; R, 5.12 ; N, 22.05. C,, II ,, 0 3 N 5  requires : C ,  57.50 ; H, 4.83 ; 
Pi, 22.35y0). 

The hydrazones were prepared in good yields in the usual way. 
Table 2 contains the compounds prepared (Nos. 17 lo  26) in this series. 

Aldehydz Derivatives ofp-Isonicotinoylaminobenzoylglycine Hydrazide 

N/='\-CoNtI- /=\-COWW-CH,-CONA-W=CHHHR 
\-Y 1-/ 

Corn- R- 
pound Aldehyde Mol. formula m.p."C 

No. residue 

17 C6FT5- 

18 0-OII.C,FI,- 

19 m-OH C,H,- 

20 p-ON.C,H,- 

21 C5W,N-3- 

22 C,H,N-4- 

23 p-MeO.C,H,- 

23 p-Me,N.C6H,- 

25 C,H,-CH = CH- 

26 C4H,0-2- 

262-3 

26R 

280 (d) 

310-11 (d) 

282 (d) 

288 (d) 

268 - 9 (d) 

281 (d) 

260 - 1 (d) 

285 (d) 

- 
Note: d means decomposition 



p-Py~i~lojdarnifl~eflzoic Aci:Js and their Derivatives 291 

~ f / ~ ~ l  p-iso~~icotino)~laminohenzoyr'-DL-~ne~I~ionate (Compound No. 27) 

To a stirred solution of  p-isonicotinoylaminobenzoic acid azide (6.5 g.) 
in DMF (80 ml.) was added ethyl DL-methionate (6 5 g.) In DMF (10 mi.) 
over a period of 30 min. a t  room temperature. The filrered solution after 
10 hr. of stirring, was concenzraied and diluted with benzene-petrol mixture 
( I  : 1 )  to give the required product wh~ch  was filtered, washed, dried and 
crystaiised from ethenol. m.p. 182'C. Yield : 7.8 g. ; 79.81,. (Found : 
C,60.32; H , 6 . 2 3 ;  N, 10.47. C2,H,,04N3S requires: C , 5 9 S 5 ;  H , 5 . 7 1 ;  
N, 10.47%). 

Ethyl p - i s o n i c o t ~ n o y l a ~ ~ ~ i n o b e i ~ z o y l - D h e t h i o e  (0.5.g ) wns hydrolysed 
with potassiun~ hydroxide solution ( IN,  10 ml.) and the acld isolated in the 
usual way. m.p. 144-5°C. Yicld : 0 24 g. ; SO",,. (Found : N, 10.96. 
C,,H, ,04N,  S requires : N, 1 ?.26O:,). 

This was prepared by treating ethyl p-isonicotinoylamino-DL-methionate 
(8 g.) in ethanol (300 mi., 90%) with hydrazine hydrate (6 g., 99%) in the 
usual way. m.p. 222-23°C. Yield : 6 8 g. ; 87.70,;. (Found : C ,  55.43 ; 
H, 5.65 ; N ,  18.27. C,,H,, O,N,S requires : C, 55.82 ; H, 5.43 ; N ,  
18.09°,,',). 

The hydrazones were prepared in the usual manner. Table 3 contains 
the compounds prepared (Nos. 30 to 39) in this series. 

(B)  p-NICO1 INOYLAMINOBENZOIC ACID, ITS GLYCINE AND 
DL-METHIONINE CONJUGATES AND THEIR DERIVATlVES 

E I ~ J ~  p-nicotinoylaminnbcn--onfe" (Coinpound No. 40) 

To a stirred solution o f  nicotinoyl chloride in dry bmzene (300 ml.), 
prepared from potassium nicotinate (15 g.) and thionyl cloride (30 mi.) in the 
usual way, was added a solution of ethyl p-ammobenzoate (15.4 g.) dissolved 
in benzene (200 ml.) during a period of 1 hr. at room temperature and the 
product was Isolated in the usual manner. m.p. 130-I0C. (Reported" n1.p. 
128°C.). Yield 22 g. ; 89.4;/,. (Found : C, 66.27 ; H, 5.65 ; N, 10.07. 
Cl,H,,O,N, requires: C, 66 6 6 ;  N, 5.22 ; N, 10.37%. 



-- - . -- - -. .- . - - - 
Corn- R- FoundlRcquired 

pound Aldehyde Mol. forrnuia m. p. ' C  ("%> 
No. residue C H N 

33 p-OH.C,H,- C2jH2,04N5S 369 -70 (d) 60 61 
61.09 

34 C,H4N-3- C,,T-I,,03N,S 237 (d) 60 36 
60 50 

35 C5t14N-4- C,,!T,,O,N,S 232 (d)  60 12 
60.50 

36 p-MeO.C,H,- C,,H,,04N,S 257-8 (d) 61 12 
61.79 

37 p-Mr,N C61-I,-37 C,,H,,O,N,S 256 (d) 62.73 
62.55 

38 C61T,-CH =-CH C,,FT,,O,NsS 235 -6 (d) 64.65 
64.67 

39 C,H,O-2- C,,fl,,O,N,S 206 59.27 
59.34 

h'ule: I means decomposition 

p-Nr'cotii~o.vlarninohe~~zoic ~ c i r 1 " ~  13, l4 (Co~npoti~ld No. 41) 

This was obtained by the hydrolysis of compound No. 40 (1  g.) with 
potassium hydroxide solution (IN, 20 ml.). m.p. 315"C.(d). (Reported 
m.p.  299°C." ; 293-4°C." ; and 300-2"C.'4). Yleld : 0.35 g. ; 399;s. 
(Found;  G 6 4 . 0 0 ;  H , 4 . 1 8 ;  N, 11.61. C,3Hl,03W, requires: C, 64.46; 
H, 4.16 ; N, 11.56%,). 



This was obtained by treating ethyl p-nicotinoylaminobenzoate (20 g.) 
with hydrazine hydrate (22 g. ; 9g0:,) in the usual wav. m.n. 242-4'6. 
Yield : - 13 g. : 69%. (Found : C, 60.53 : FT. 4.35 ; N, 21.52. c;, H,, O2 N, 
requires : C ,  60.93 ; 1-1, 4.72 ; N, 21.870,,). 

These were prepared in the usual manner. Table 4 contains the 
compounds prepared (Nos. 43 to 52) in this series. 

Aldehyde derivatives ofp-Nicotlnoyiaminobenzoic Acid IIydrozide 

\ - c o s a - / ~ ) c o N H - N = c ~ - R  
\-6 

~ ---- ~ ~ -. ~ -.. .~ .- -- 
-R--Aldehyde residue - ... .. . -- . - - ... . . - 

Corn- R- Found!Required 
pound Aldehyde Mol. fommula m. 8. "C (%) 
No. residue C H N 

269 

25 1 

304 (d) 

315-7 (d) 

270 

288 

285 

279 

281 

276-7 



E;i!).i p-~~ici~:D~or./anzi~~~/~c~~~:~~~~lg/ii'~i~~iltc (Cunl~~oiilrd No.  53) 

This was obtained by condensing ethyl glycinaie (5.67 g.) w;th 
p-nicotinoyinminobenzoic r c d  nzide (9.8 8.) in DMI: a t  room temperature in 
the lisilal way as described earlier (cf., Compound No. 14). m.p. 218'C. 
Yield: 9.8 g. ; X2.ji;,,. (Found: C ,  h2 41 ; 11, 4 90: PI[, 13.29. CI7H,,O,N3 
requires . C, 62.39 : H, 5 23 ; N: 12.54';,). 

This was prepered by the hydro1ys;s o r  ~ h c  compound No. 53 (1 g.j 
wit11 potassium hydroxide solution (IN, 20 1111 ) in the usual way. 
n1.p. 295'C. (d). Yield : 0.3 g. ;  311$,, (Eound : C. 59.99 ; 11. 4.29 ; 
N. 13.68. C,,H,,O,W, requires : C ,  60.20 ; H, 4.38 ; N. E4.04',;,). 

Ti.k was prepared b:, --fluxing ethyl p-nicotinoyla~ninobenzoylglyc'riate 
(10 g.) in ethanol (500 nil., 90'(;) with hydrazine hydrate (9.2 g., >9?;,) 
m.p. above 300'C. jd). Yieid : 7 g. ; 73.lSh. ( round . C, 57.18 : H, 4.52; 
N, 22.44. C,:  H,,O, N, requires : C, 57.50 ; H, 4 83 : N, 22.3SU,,). 

Thesz were prepared in the usual way. Table 5 contains the compouds 
prepared (Nos. 56 to 65)  in this series. 

Erlrxfi p-s~icoti~~o~lrmii,~ohc~rzo~v!-DL-mct/;ioi~iite ((hirryow~rl Mo. 6 6 )  

This was preparcd in the usual way by treating ethyl DL-lnethiorale 
(6.98 g.) with p-nico~iooyl;i~niiiobenzoic acid azlde (7 g.) in D M F  at room 
temperalure. m,p.  187-8°C Yield : 8 g. ; 76.11'!,. (Found : C, 60.10 ; 
H, 5.55; N, 10.72. C2,H,,O4N3S requxes : C, 59 85; El, 5.74 ; 
N, 10.47".,). 

This was prepa:ed by the hydrolysis of compound No. 66 (0 5 g.) with 
poiassiuin hydsoxLde soiu:icn (IN. 10 1171.) in the usual way. n1.p. 232-4'C. 
Yield: 0.25 g. : SIU;,. (Found : C, 58.41 ; H, 5 54; N, 10.99. C,,H,,O,N,S 
requires : C, 57.92 ; H, 5.09 ; N. 11.26*;,). 

This was prepared i n  the usual way by refluxing ethylp-nicotinoylamino- 
benzoyl-DL-methionate (6 g.) and hydrazine hydrate (4.5 g., 99u4,) in ethanol. 
m p .  softens w t  175'C. arid melts at 200-1°C. Yield : 4.8 g. ; 90.j01. 
(Found : C, 55.52 ; H, 5.66 ; N, i8.05. C,, W,, O3 N5 S requires : C, 55.82 ; 
ti, 3.43 ; N, IS 09qh). 



p.Pj~rido~Iah?inobenzoic Acids and their Deriwfiws 

-R=Aldshvds residue -- -- - -- 
co m R- FoundIRequ~red 
pound Aldehyde Mol formula m. p. OC (%) 
NO res~due - - -  -- - 

C H N 

5G C,H5- C z 2 3 ~ 9 0 1 N ~  

57 o-DH.C6H,- C,,T-T, ,0 ,N5 

58 m-OH.C,H,- C,2H,90,NS 

59 11-OH.C,H,- C,,H, ,O,N, 

60 C5H,N-3- C21F11 8 0, Ns 

51 C5H,N-4- C21H1 go,N,  

i2 p-MeO.C,H,- C, ,H, ,04N, 

'3 p-Me,N.C6H,- C,,H,,O,N, 

i4 C,H5-CI-I = CH- C,H,,O,N, 

5 C,H,O-2- C ~ o H ~  ' 1 ' 4 ~ 5  

260 

261 

310(d) 

310 (if) 

275 (d) 

254 (d) 

266 -7(d) 

266 - (d) 

263 -4 

282 (d) 

Note: d means decon~position 

Idehyde rlerivafives of p-nicofinoylainiilobei~zo~~~-D1-met~zio~e /1J8drfl3id@ 

The hydrazones were prepared in jthe usual manner. Table 6 conrnins 
e compounds prepared (Nos. 69 to 78) in this series. 



----- - - .~ -- - 
Corn- HE- FoundIRequifed 
pound Aldehyde Mol. formula m. p. 'C t%) 
No. residue C -- 

FI 
- -- -- 

70 +OH C, W,- C , ,  H , ,O,N,S 238 (d) 60 68 
hl 09 

74 C,H,N-I- C,,H2,03N,S 233 60.37 
60 50 

75 p-Me0.C6H,- C,,H,,O,M,S 228-9 (d) 61.80 
61.79 

47 C,H,-CH-CI-1- C 2  ,H,,O,N,S 238-9 (d) 64.52 
64.67 

78 C,H,O-2- C,,H,,O,N,S IS8 59.58 

59.34 

-- 
Nore: d means decomposition 



Tu a sucpension of potilssium picolinale (10s.) In dry benzene (60ml.). 
cooled to O'C., was added slowly redist~lled thionyl chloride (20 ml.) over a 
perioii of 10 min. After the addition, the reaction mixture was kept os snch 
for half an hour and then rhe bcnzcne and excess of thionyl chloride bere  
removed by dislillation i~ndcr  suction. 

To u stirred solution of this cr~ide  picolinoyl chloride in dry benzene 
(ISOml.), was added a solution of ethyl p-aniinobenzoa~e (10 2 5 3 . )  in d r y  
benzene (150 ml.), and the product isolated in the usu:ii way. m.p .  1-15 C .  
Yield: 13.5 g . ;  82.5'';. (Found:  C, 67.01; H, 4 7 9 :  N, 10.32. 
C,, H,,O, N, requires : C, 66.66 ; H, 5.22 ; N, 10.365,). 

This was prepared by the hydrolysis of the compound No. 79 (I g.) 
with potassium hydroxide solution ( lN ,  20 ml.) in the usual way. ni.p.  
265-7°C. Yleld : 0.12 g. ; 14L:/,. (Fonnd : N. 11.61. C , ,  H,,O, N2 
requires : N, 11 56O<,) 

This wa3 obtained hy refluxing ethyl p-picoiinoylun~inobenzoate (20 : ) 
and hydrazine hydrate (22 g., 9Y1;5) in ethanol in the u u a l  Hay. m.p. 
2474°C. Yield : 15 g. ; 79.14;. (Found:  C ,  60.61 ; I1, 4.77;  N, ?'.IS. 
C,,H120,N, requires C, 60.93 ; N, 4.72 ; N ,  21.87':;). 

The hydrazones were prepared in the usual way. Table 7 contains 
the compounds prepared (Nos. 82 to  87) in t h ~ s  series. 

This was prepared by condensing ethyl glycinate (8.1 g . )  withp-pico- 
linoylaminobenzoic acid azide (14 g.) in DMF at room temperature in  rhe 
usual way. m.p. 172-3°C. Yield: 15 g . ;  87.51;. (Found : C. 67 05: 
H , 5 . 1 7 ;  N,12.53. C,,W,,O,N,rcquires: C.61.35;  H , 5 . 2 3 :  N,12.84",,). 



Aldehyde derivutives o f  p-Picolinoylaminobenzoic Acid Hydrazlde 
/=\ /=\ 

-R=Aldehyde residue ---- -. . - 
Corn- R- Found/Required 

pound Aldehyde Mol. formula m. p.  O C  ("bA 
No. residue C H N 

Nofe:  d mean8 decomposition 

p-Picolinoylaminobenzoylglycine (Compound No. 89) 

This was prepared by the hydrolysis of the compound No. 88 (0.5 g.) 
with potassium hydroxide solution ( I N ,  10 ml.) in the usual way. m.p. 
235°C. (d). Yield : 0.24 g. ; 50%. (Found : C ,  60.13 ; H, 4.63 ; N, 14.21. 
C,, H,, 0, N, requires : C, 60.20 ; H, 4.38 ; N,  14.04%). 

p-Picolinoylaminobenzoylglycine hydrazide (Compound No. 90) 

This was prepared from ethyl p-picolinoylaminobenzoylglycinate (12 g.) 
and hydrazine hydrate (11 g., 99%) in the usual manner. m.p. 257'C. 
Yield: 10.3 g.; 91%. (Found: C, 57.97; H, 4.79; N, 22.15. C,,H,,O,N, 
requires : C, 57.50 ; H, 4.83 ; N, 22.35%). 



The hydrazones were prepar-d in the usual way. Table S contains 
the campounds prepared (Nos. 91 to 96) in this series. 

T A ~ E  8 

Aldehyde derivatives o f  p-Picolinogiaminobenzosl~Iy~ine Wydrazide 

/3\-mNH-/=\-c oiw-cx?-com-N-cH-R 
\-N/ \.-/- 

=4ldehyde residue 
- -- 

Cam- R -  FoundIRequired 
pound Aldehyde M o l .  formula m.  p. "C ("/o) 

o residue c H N 

91 C,H,- C,,W, ,O,N, 265 G 5 . T  
65.83 

92 o-OH.CGK,- C 2 2 1 i , , 0 , ~ ,  263-4(d) 63.10 
6.3 20 

9; m-OH.C,H,- C ,  , H ,  ,O,N, 255 63 1 1  
63.30 

91 p-OH.C,H, C , 2 H , 9 0 4 N j  170-Ijd) 62.81 
6 3 . 3 0  

95 C,Ii,N-3- C , , H , , O , Y ,  275(di 62.19 
62.68 

96 C,H,N-4- C , ,  H , ,O,T, 255 (d) 67.48 
62.68 

:&re: d means decomposition 

Thts was prepared by treating p-picolinoylaminobenzoic acid azide (6 g.)  
with ethyl DL-methionate (6 g.) in DMF at room temperalure in the usual 
way. m.p.:138-49'C. Yield : 6.5 g. : 72.2%. (Found : C ,  59.53 ; H, 583 ; 
N,10.25. C20H2304N3Srequ i r e s :  C,59.S5;  H ,5 .74 ;  N, 10.47'6). 

Hydrolysis of the conipound No. 57 (0 5 g.)  mith potassium hydroxide 
solution (IN, 10 ml.) in the usual way gave the required acid. n;.p. 19YC. 
Yield : 0.16 g. ; 539; .  (Fo~md : N, 11.32. C,, H,, 0, N, S requires : N,  
11-26>). 



p.Picolinoylaminobenzo~r'-DL-methionine hydrazide (Compound No. 99) 

This was obtained in the usual way by refluxing eihyl p - p i c o l i n ~ y l a m i ~ ~ .  
benzoyl-DL-methionate (12 g.) with hydrazine hydra~e  (9 g.,  990':) in ethanol. 
m.p. 206-7°C. Yield:  10.1 g . ;  874:.  (Found : C, 55.69: N,  5.27; N, 
17.72. C:,H,, 0 3 N j  S requires : C ,  55.82 ; H, 5.43 ; N, 1S.094;). 

Aldehyde de~iratives of p-picolinoylaminobenzoyl-DL-methinonine Aydrazide 

The hydrazones were prepared in the usual way. Table 9 contains the 
compounds prepared (Nos. 100 to 105) in this series. 

Aldehyde derivatives ofp-Picolinoylaminobenzoyl-DL-Melhionine Hydrazide - 
/ ~ \ - - C o r w /  \ - ~ o N H - ~ H - c o N H - ~ = ~ H - R  
\-d \-/ 

CH1.CH..S.TH, 
-R=AIdeh\de residue 

Corn- R- Found/Requirel 
pound Aldehyde Moi. formula rn. p. OC (',/A 
No. residue C  H  N 

105 C,H,N-4- Cz4W2,O3N,S  241 -2 (d) 60.19 5.42 17.26 
60.50 5.04 17.65 - -- 

Nore: d means decomposition 

Results of in vitl o Screening 

A total of 105 compounds have been synthesised and tested for in vitro 
antituberculosis activity by the surface culture technique, using the virulent 
strain of Mynobacterium tuberculosis HB ,R,. Out of this, 19 compounds have 
shown complete inhibition of growth of the organism at a dilution of 1 in 
10,000 (100 Y/ml.). Twenty compounds were partially inhibitory at this 
dilution. Among the 19 active compounds, some have inhibited the growth 
even at higher dilutions. The screening data of all  the compounds are 
summarised in Table 10. 
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The following generalisations are nude from the results of antituber- 
cu!osis tests. 

(i) p-PyridoylaminobenzoIc acids and their amino acid conjugates 
are inactive in general. 

(ii) The ethyl esters of all the Lhree p-pyridoylaminobcnzoic acids 
are highly active. Conjugation with either glycine or DL- 
melhionine destroys the activity. 

(iii) All the three hydrazides of p-pyridoylaminobenzoic acids are 
active. While the hydrazides of the glycine conjugates are 
active, those of DL-methionine are inactive. 

(iv) Formation of hydrazones destroys the activity in most of the 
cases. 

(v) Esters, acids, hydrazides and hydrazones of picolinoyl series are 
more aciive than the corresponding derivatives from nicotinoyl 
and isonicotinoyl series. 

In Vivo Activiry 

Among the compounds tested, ethyl p-isonicotinoylaminobenzoate 
(Compound No. I ) ,  ethyl p-nicotinoylaminobenzoate (Componnd No. 40) and 
ethyl p-picolinoylaminobenzoate (Compound No. 79) were found to exhibit 
in vitro antituberculosis activity equivelent to those of p-aminosalicylic acid, 
streptomycin and isoniazid. They were therefore tested for in pi120 potency in 
experimental tuberculosis of mice by the drug-diet method and compared with 
isoniazid treated animals. None of .he compounds was found to be active 
in v i m  They neither showed any survivors nor prolonged the life span of 
the treated mice compared to the controls. 

The authors thank Professor D. K. Banerjee for his kind interest in the 
investigation, Messrs. B. R. Seetharamaiah, D. P. Bose and H. S. Thyagarajan 
for the micro-analysis and Mr. K. Subramanya for I. R. Spectra. 
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