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ABSTRACT

p-Pyridoylaminobenzoic dcids, their glycine and DL-methionine conjugates
and their esters, hydrazides and aldehyde derivatives of the hydrazides totalling
105 compounds have been synthesised and scrcened for in vitro activity against
Mycrobacterium tuberculosis Hy, R, swrain.  Out of ihese, 19 compounds have
shown inhibition of growth of the organism at dilutions varying fiom 1 in 10000
(1007/ml.) to 1 in 10000000 (0.1 Y/ml). Three compounds which were highly
active in vitre (0.1 7 to 1 7V/ml.) 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 problems 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 simulianeous or
alternating combination of drugs, there is need for newer drugs which, used
singly, can eliminate the tubeicle bacilli rapidly and radically.

In a search for new antituberculosis agents, N-acetyldipeptides and their
derivatives', pyridoylaminoacids and their derivatives?, pyridylacrylic acids,
pyridylpropionic acids, furylacrylic acids and their derivatives®, chlorophenoxy-
acetic acids and their derivatives® and pyridoyldipeptides and their derivatives®
have been synilhesised in our laboratory and screemed 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 of Science, Bangalore, 1966, of
8ri B. K. Mohan Murali.
t Presented at the Seminar on Recent Advancss in Pharmaceutical Sciences held at Chandigarh
in September, 1966 under the auspices of Universily Granis Commission (Indig).
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(A) p-Isonicotinoylaminobenzoic acid, its glycine and DL-methionine
conjugates, their esters, hydrazides and hydrazone derivatives
(39 compounds).

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

(C) p-Picolinoylaminobenzoic acid, its glycine and DL-methionine
conjugates, their esters, hydrazides and hydrazone derivatives
(27 compounds).

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

While isonicotinic acid® and picolinic acid” were prepared by the
permanganate oxidation of Y- and o-picolines respectively, nicotinic acid was
available from stock. The acid chlorides of the pyridine carboxylic acids (IT)
have been prepared by treating their potassium salts with thionyl chioride
dry benzene®. The acid chloride on condensation with ethyl p-aminobenzoate
gave the correspondmg ethyl p-pyridoylaminobenzoates (ILI) in good yields.
Ethyl esters of glycme and DIL-methionine conjugates (VIII) of p-pyridoyl-
aminobenzoic acids have been prepared via the acid azide method®, ie., by
the action of ethyl ester of the aminoacid on the acid azides of p-pyridoyl-
aminobenzoic acids.

Screening for in vitro tuberculostatic activity was carried out by the
serial dilution method using surface culture technique by Professor M. Sursi.
The substances were first dissolved in ethylene glycol and further required
dilutions were prepared in the Youman’s media. The test organism was
Mycobacterium tuberculosis Hy, R, strain.  The degree of inhibition or growth
was observed at weekly intervals. The degree of inhibition or growth seen
at the end of three weeks was recorded. The results of in virro screening are
mentioned in the experimental part and discussed at the end.

EXPERIMENTAL*

(A) p-ISONICOTINOYLAMINOBENZOIC ACID, ITS GLYCINE AND
DL-METHIONINE CONJUGATES AND THEIR DERIVATIVES

Ethyl p-isonicotingylaminobenzoate'® (Componnd No. 1)

To a suspension of potassium isonicotinate (20 g.) in dry benzene
(100 ml.), ccoled to 0°C, was slowly added redistilled thiony! chloride (40 ml)
over a period of 10 min. After addition, the reaction mixture was refluxed
for 1 hr. The crude isonicotinoyl chloride obtained on removal of benzene
and excess of thionyl chloride was used as such for further condensation.

* All melting points are uncorrected and 4 denotes dscomposition. Infrared spectra of all
the compounds taken in the Perkin-Elmer Infracord Modz} 1378 snowed the characierstc
absorptions.
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To a stirred solution of this acid chloride in dry bcnzene_ (300 ml.) was
added a solution of ethyl p-aminobenzoate (20.5 g.) dissolved‘ in dry benz'enc
(200 ml ) during 1 hr. at room temperature. After the mixture was Levpt
stirred for 6 hr., water (200 ml.) was added, the mixture neutralized w?’th
sodium bicarbonate and kept stirred for apother hour. As the product was
msoluble in benzene, it was filtered, washed with benzens and water, dried
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and crystallised from aqueous ethanol m.p. 134-5°C. (Reported®® mp.
140°C).  Yield: 30 g.; 91%. (Found: 66 18; H, 5.09; N, 10.79.
C,sH;, 0, N, requires : C, 66.66; H, 5.22; N, 16.36%

p-Isonicotinoylaminobenzoic acid'® (Compound No. 2)

Ethyl p-isonicotinoylaminobenzoate (1 g.) was stirred with potassium
hydroxide solution (IN, 20 ml.) for 3 to 4 hr. ai room temperature. The
precipitated acid was filtered, washed, dried and crystallised from ethanol.
mp. 350°C.(d). (Reported’® mp 350°C.). Yield: 0.4 g.: 45%,.

p-Isonicotinoylaminobenzoic acid hvdrazide'® (Compound No. 3)

A mixture of ethyl p-isonicotinoylaminobenzoate (20 g.) dissolved in
ethanol (400 m1, 90%) and hydrazine hydrate (22 g., 999) was refluxed for
6 to & hr. Alcohol and excess of hydrazine hydrate were distilled off under
suction and the solid residue obtained was crystalised from ethyl alcohol.
m.p. 246-8°C. (Reported!® m.p. 235-7°C.). Yield: 12 g.: 639,. (Found:
C, 60.60; H, 490; N, 21 69. Ci3 H, O, N, requires: C, 6093; H, 4.72;
N, 21.86%).

Aldehyde derivatives of p-isomicotinoylaminobenzoic acid hydrazide

These were prepared by refluxing in each case, p-isonicotinoylamine-
benzoic acid hydrazide (1 g.) and an equumolar amount of the aldehyde in
absolute ethanol (100 ml.) for 8§ hr. The hydrazones which precipitated on
cooling were filtered, washed with a little alcohol, dried and crystallised from
cthanol. Table 1 contains the compounds prepared (Nos. 4 to 13) in this
series.

Ethyl p-isonicotinovlaminobenzoylgiycinate (Compound No. 14)

To a stirred solution of p-isonicotinoylaminobenzoic acid hydrazide
(12.8 g.) in dilute hydrochloric acid (90 ml., 1: 1), main(ained at 0°C., was
added a previously cooled solution of sodmum nitrite (25 g.) in water (60 ml)
over a period of 30 min. After 2 hr. of stirring, the mixture was neutralized
with sodium carbonate solution and the solid azide filtered, washed and dred
over phosphorus pentoxide in a vacuum desiccaior. Yield: 12.6 g.; 9%4%.

To a stirred solution of p-isonicotinoylaminobenzoic acid azide (12.3 g)
in dimethylformamide (DMF) (100 ml.) was added ethyl glycinate (7.11 g)
dissolved in DMF (10 ml.) over a period of 30 min. at r< o n temperature.
After stirring for [0 hr., the solution was filtered and the solvent partly
removed under suction.  Addition of either benzene-petrol mixture (1:1)
or water gave the required product which was filtered and crystallised from
ethanol. m p. 207-8°C. Yield: 12.6g.; 83.6%,. (Found: C, 62.46 ; H,5.54;
N, 1292 C;;H,,Q,N, requires: C, 62.38 ; H, 523; N, 12.84%,).
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Aldehyde Derivatives of p-Iscaicotinoylamtnobenzoic Acid Hydrazide
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R=Aldehye residue

/=\ Ve AN
N - CONH—— »-—CONH~N=CH—
x\_/ \_/ CH-R
Com- R— - Found/Required
pound Aldehyde Mol, formula m.p.°C (&3]
No. residue c
4 CgHs- CooH O, N, 292 —3(d) 69 31 4.77
69.76 468
5 0-OH CH,- CopH; 403N, 289 ~90(d) 06.36 4.28
66.66 4.48
6 m-OH CH,- CaoH 04Ny 310 (d) 66.90 4,88
66.66 448
7 p-OH.CeH,- CooH ;0N 334 —5(d) 66.22 4 83
66 66 448
8 CyH,N-3- CoHs0,Ns 285 (d) 65.80 399
66.08 438
9 CyHN-4- CoH 5O, Ng 280 —1(d) 66.33 4.33
66.08 435
10 p-MeO C H,- Ca H 05N, 290 (d) 67 30 4.83
67.37 4.85
1t p-Me,N.CeH,- CyH, O Ny 294 (&) 67.72 5.50
o8 20 5.46
12 CH; CH=CH- Cy,H,;,0,N, 291 (d)y 71.25 4.96
71.34 4.90
13 CH,0-2- CpeHy 0N, 318 (d) 64.28 438
64.67 4.22

Note: d means decomposition

p-Isonicotinoylaminobenzoylglycine {Compound No. 135)

This was prepared by the hydrolysis of ethyl p-isonicotinoylamino-
benzoylglycinate (0.5 g.) with potassium hydroxide solution (IN, 10 ml.) and

isolated jn the usual manner. m.p. 298°C.(d).
(Found : C, 59.74; H, 4.07; N, 13.63.

H, 4.38; N, 14.04%).

Yield: 0.2 g.; 43.5%.
C,sH,3 O N, requires: C, 60.20;
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p-Isonicotinoplaminobenzoylglycine hydrazide (Compound No. 16)

This was prepared by refluxing ethyl p-isonicotinoylamincbenzoylglyci.
nate (8 g.) and hydrazine hydrate (7.3 g.; 99%) in ethamol (400 ml., 90%)
in the uwsual way. m.p. above 300°C. (d). Yield: 7.1 g.; 92.7%. (Found:
C, 57.07; H, 5.12; N, 22.08. C;3H,, O;N; requires: C, 57.50; H, 4.83;
M, 22.35%;).

Aldehyde derivatives of p-isonicotinoylaminobenzoylglycine hydrazide

The hydrazones were prepared in good yields in the usual way.
Table 2 contains the compounds prepared (Nos. 17 1o 26) in this series.

TABLE 2

Aldehyde Derivatives of p-Isonicotinoylaminobenzoyliglycine Hydrazide

AN SN CH— N=CH—
N / CONH \\\—-/ CONH—CH, %SNH N=CH—-R
R —=Aldeydezesidue
Com- R— Found/Required

pound Aldehyde Mol. formula m.p."C (%)

No. residue C H
17 CHs C,,H, o0 N; 2623 G5.40 4.45 1714
65.83 4.77 17.45
18 0-OH.CgH,- CoH O N5 268 63.54 4.31 16.78
i 63.30 4.59 16.78
19 m-OH CH,- C,H, O, N 280 (D) 63.17 4.14 17.00
63.30 4.59 16.78
20 p-OH.CH,~ CyoH Oy N, 310—-11(dy 62.94 4.27 17.12
63.30 4.59 16.78
21 C,H,N-3- Cp H g0 Ny 282 (4 62.38 4.52 2073
62.68 4.51 20 89
22 CgH,N-4~ C, H,;30, Ny 288 (d) 62.30 4.40 20.85
62.68 4.51 20.89
23 p-MeO.CH,~ C,3H,, 04N 268 -9 (d) 64.16 4.50 16.63
64.03 4.9] 16.23
24 p-Me,N.CH,~ Co Ho 05Ny 281 (d) 64 91 509 19.26

64.85 544 1891
25 CHgCH=CH- CuHuON;  260—1(d) 67.51 450 1650
67.44  4.95 1638
26 C,H,0-2- CooH,ON, 285 () 61.60 437 1837
6138 438 17.8

Note: d means decomposition
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Ethyl p-isonicotinoylaminobenzoyl-DL-methionate (Compound Ne. 27)

To a stirred solution of p-isonicotinoylaminobenzoic acid azide (6.5 g.)
in DMF (80 ml} was added ethyl DL-methionate (65 g.) 1 DMF (10 mi.)
over a period of 30 min. at room temperature. The filrered solution after
10 br. of stirring, was concentraied and diluted with benzene-petrol mixture
(1: 1) to give the required product which was filtered, washed, dried and
crystalised from ethanol. mrp. 182°C. Yield: 7.8 g.; 79.89,. (Found:
C, 60.32; H, 6.23; N, 10.47. C, H,;0,N,S requires: C, 5985; H, 5.74;
N, 10.47%).

p-Isonicotinoylaminobenzoyl-DL-methionine (Compound No. 28)

Ethyl p-isonicotimoylaminobenzoy!l-DL-methionate (0.5 ) was hydrolysed
with potassium hydroxide solution (IN, 10 ml.} and the acid isolated in the
usual way. m.p. 144-5°C.  Yicld: 024 g.: 50%. (Found: N, 10.96.
CyH;gO, N, S requires: N, 11.26°).

p-Isonicotinoviaminobenzoyl-DL-meihionine hydrazide (Compound No. 29)

This was prepared by treating ethyl p-isonicotinoylamino-DL-methionate
(8 g.) in ethanol (300 ml, 90%) with hydrazine hydrate (6 g., 99%) in the
usual way. m.p. 222-23°C. Yield: 68 g.; 87.7%. (Found: C, 55.43;
H, 5.65; N, 18.27. CyHy; O3NS requires: C, 55.82; H, 543; N,
18.099,).

Aldehyde derivatives of p-isonicotinoplaminobenzoyi-DL-methionine hydrazide

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

(B) p-NICOTINOYLAMINOBENZOIC ACID, ITS GLYCINE AND
DL-METHIONINE CONJUGATES AND THEIR DERIVATIVES

Ethyl p-nicotinoylaminobenzoate' (Compound No. 40)

To a stirred solution of nicotinoyl chloride in dry benzene (300 ml.).
prepared from potassium nicotinate (15 g.) and thioayl cloride (30 ml.) 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 1solated in the usual manner. m.p. 130-1°C. (Reported'’ m.p.
128°Cy.  Yield 22 g.; 89.4%. (Found: C, 66.27; H, 5.65; N, 10.07.
CisHy, O; N, requires: €, 66 66; H, 5.22; N, 10.37%).



202 B. K MoHAN MuraLL B. H. IveR AnDp M. Sirst

TABLE 3
Aldehyde Derivatives of p-Isonicotinoylaminobenzoyl-DL-Methinoine Hydrazide
== S
& \=c0NH—/ \\/-—CONH——CH—-CONH—N=CH——R
~_/ N/ j
— CH.—~CH,.8 CH,
—R=Aldehyde residu

Com- R— Fouad/Required
pound Aldehyde Mol. formula m. p. °C %)
No. residue o - MC_’_%__JBM— N
30 C¢Hs- C, H,s0;N;S 245 (d) 63.48 4 86 1452
63.16 5.26 1473
31 0-OH.C¢H,- CpoHpsOuNGS 240 (d) 61.31 5.26 1382
61.09 5.09 1426
32 m-OH C/H,- CsHsONS 263 (d) 60.73 5.33 13 96
61.09 5.09 14.26
33 p-OH.CgH,- CosH,ONGS 269 -70(d) 60 61 5.00 1396
61.09 509 14 26
34 CGH,N-3- C,,H,,0,NS 237 (d) 60 36 4.70 17 40
60 50 504 17 65
35 CHN-4- Tt 03NS 232 (d) 60 12 470 17.39
60.50 5.04 17.65
36 p-MeO.CH,- CoH,,0,NsS 257 -8 (d) 6142 5.64 14.26
61.79 5.35 13.87
37 p-Me,N.CH,-37  CypH, O,NS 256 (d) 62.73 559 16 62
62.55 5.79 16 22
38 CH,-CH=~CH CpH,,O4NS 235 -6 (d)  64.65 5.00 14 00
64.67 5.39 13.97
39 CH,0-2- C,3H0,N;S 206 59.27 511 14.70

59.34 4,95 15.05

Note: 1 means decomposition

p-Nicotinoylaminobenzoic acid» 3% (Compound 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.12; 293.4°C.B3; and 300-2°C.™).  Yield: 035 g.; 3%
(Found; C, 64.00; H, 4.18; N, 11.61. C3H ;O3 N, requires: C, 64.46 ;
H, 4.16; N, 11.56%,).
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p-Nicotinoylaminobenzoic acid Iydrazide (Compouna No. 42)

This was obtained by treating ethyl p-nicotinoylaminobenzoate (20 g.)
with hydrazine hydrate (22 g.; 99°() in the usual way. m.p. 242-4°C,
Yield: 13 g.; 69%. (Found: C, 60.53: H,4.45; N, 21.72. C,;H,0, N,
requires : C, 60.93; ¥, 472; N, 21.87%,).

Aldehyde derivatives of p-nicotinoylamimobenzoic acid hydrazide

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

TAsBLE: 4

Aldehyde derivatives of p-Nicotinoviaminobenzoic Acid Hydrazide

=\ CONH /?—‘\ CONH ~N
— CONH-— — ~N=CH-R
<N,A/ N )
—R=Aldehyde residue
Com- R— C T Found/Requited o
pound Aldehyde Mol, formula m. p. °C (%)
No. residue L _C H N
43 CgH,- CpH ,ON, 269 69 52 457 15.86
69 76 468 16 27
44 0-OH.C H,- CooH 1, O5N, 251 66 34 426 15.49
66 66 448 15.55
45 m-OH.CH,- ChoH, O, N, 304 (d) 67 138 3.99 15.46
66 64 448 15.55
46 p-OH.CH,- CyoH 105N, 315-7(dy 66.29 4.12 15.10
66.66 448 15 55
47 C H,N-3- CHy50,Ns 270 66.30 4.48 20.18
66 08 4.38 20.28
48  C,;H N-4- C, H ;0,Ns 288 66 04 408 20.10
66.08 4.38 20.28
49 p-MeO.CH,- C, H,s0,N, 285 67.57 4.88 15.27
67.37 4.85 14.96
50 p-Me,N.C H,- C,,H, O, Ny 279 67.75 5.26 18.32
68 20 5.46 18.08
51 CHs-CH=CH- CyH;O,N, 281 70.98 4.58 15.28
71.34 4.90 15.13
52 CH;0-2- CyH 1, O5Ny 276 -7 64.51 4.12 16.92
64.67 4.22 16.76

Note: d means decomposition
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Syl p-nicoiinoylaminobenzoylglycinate (Compound No. 53)

This was obtained by condensing cthyl glycinate (5.67 g) with
p-nicotinoylaminobenzoic ac.d azide (9.8 g.) in DMF at room temperature in
the usual way as described earlier (¢f,, Compound No. 14). m.p. 218°C.
Yield: 9.8 g.; 82.5%,. (Found: C, 62.41; H, 490; N, 13.29. C.H,,O/N,
requires : C, 62.38; H, 523 N, 12.84%.).

p-Nicorinoylaminobenzoyigiyeine {Compound No. 54)

This was piepered by the hydrolysis of the compound No. 533 (I g)
with potassium hydroxide solution (IN, 20 ml) in the wuvsual way.
m.p. 295°C. (). VYield: 03 g.; 329, (Found: C, 59.99; H, 4.29;
N, 13.68. C;sH;; 04N, requires : C, 66.20; H, 4.38; N, 14.04°,).

p-Nicotinoylaminolenzoylglyeine hydrazide (Comound No. 53)

Tl.is was prepared bv -ofluxing ethyl p-nicotinoylaminobenzoylglyc'nale
(10 g) in ethamol (500 ml., 90%) with hydrazine hydrate (9.2 g, 99%)
m.p. above 300°C. (d). Yield: 7 g.; 73.1°,. (Found. C, 57.18: H, 4.52;
N, 22.44. C,;H sO; N5 requires: C, 57.50; H, 4.83; N, 22.35"),).

Aldehyde derivatives of p-nicotinoylaminobenzoylglycine hydrazide

These were prepared in the usual way. Table 5 contains the compounds
prepared {Nos. 56 to 65) ip this serics.

Ethyl p-nicotinoviaminobenzoy!-DL-methionate (Compound No. 66)

This was prepared in the usual way by treating ethyl DL-methionate
{6.98 g.) with p-nicotinoylaminobenzoic acid azide (7 g.) in DMF at room
temperature. m,p. 187-8°C  Yield: 8 g.; 76.1%. (Found: C, 60.10;
H, 5.355; N, 10.72. Cog Hyy Oy N, S requires: C, 5985; H, 5.74;
N, 10.47%0).

p-Nicorinoplaminobenzoyl-DEL-methionine (Compound No. 67)

This was prepared by the hydrolysis of compound No. 66 (05 g.) with
poiassium hydroxide solwien (IN, 10 ml) in the usual way. m.p. 232-4°C.
Yield: 025 g.; 519, (Found: C, 58.41; H, 554; N, 10.99. C;jH;,0,N,S
requires : C, 57.92; H, 5.09; M. 11.26°).

p-Nicotinoplaminobenzoyl-DL-methionine hydrazide (Compound No. 68)

This was prepared in the usual way by refluxing ethyl p-nicotinoylamino-
benzoyl-DL-methionate (6 x.) and hydrazine hydrate (4.5 g., 999, in ethanol.
mp. softens at 175°C. and mells at 200-1°C. Yield: 4.8 g.; 90.5%.
(Found 1 C, 55.52; H, 5.66; N, i8.05. C,H,, O3 N5 S requires : C, 55.82;
H, 5.43; N, 18 09%,).
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TABLE 5

Aldehyde derivatives of p-Nicotinoylaminobenzoylglycine Hydrazide

o —com— >

~—CONH—~CH,—CONH--N=CH—-R

Sn_ N
o N —R=Aldehyde residue
Com | R— Found i
ggﬂd Aldehyde Mol. formula m. p. °C eun (él/f;‘qmred
No. reSldgE C
56 CHs- CnH, O3 Ny 260 65.54 4.74 16.94
66.83 4.77 17.45
57 0-OH.C6H4— CpH, , O, N 261 62.90 4.63 16.44
63.30 459 16.78
58 m-OH.CH,- CpHy 50O, Ny 310 (d) 62.90 4.49 16.44
63.30 4.39 16.78
5¢ p-OH.C,H,- CpH | , O, N 310 (d) 63.09 4.96 16.44
63.30 4.59 16.78
60 C H,N-3- CyH,; ;O N 275 (d) 62.22 4.50 21.24
62.68 4.51 20.89
51 CH N4~ CyH, O, Ng 254 (d) 62.32 4,74 21.08
62.68 4.51 20.89

PMeO CH,-  CpuH,,0,N;  266-7(d) 6439 449  16.07
64.03 491 16.23

3 p-Me,N.CH,-  CH,, 0, Ny  266—(d) 6455 550 1921
6485 544 1891

4 CH-CH=CH- C,H,0,N; 263—4 67.33 . 516  16.08
67.44 495  16.38
61:10 458 1745

5 CH,0-2- CyuH, ,O0,N;  282(d)
6138 438 1789

Note: d means decomposition

ldehyde derivatives of p-m'catinoylaminobenzayl~DL—methI'onine hydrazide

The hydrazones were prepared in fthe usual manner. Table 6 contains

e compounds prepared (Nos. 69 to 78) in this series.
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TABLE 6

Aldehyde derivatives of p- Nicotinoylaminobenzoyl-DL-Methionine Hydrazide

( >~. LoNH——< /\—-—CONH ~CH-CONH—N=CH-R
NS - CH;'CH —S—CH,

—R= Ah‘eh)de resxdue

Com- R-— Founc/chunrcd

pouad Aldetyde Mol, formula m. p. °C (%)

No. residue C H N

69 CgH,- C, H,;0,N,8 265 (3) 62.88 5.24 14.33
63.16 26 1473

70 o-OR.C H,- C, H,;0,N,S 238(d) 6068 479 1427
61.09 508  14.26

71 mOH.C H,- C,,H, 0,N,§ 269-70(d) 6108 475 1407
61.09 500 142

72 pOH.C,H,- C, H,,0,N;S 262-3(d) 6091 526 1385
61.09 500 1426

73 C,H, N-3- C,,H,,0,N.S 228-9 60.16 546 1778
. 6050 504 1765

74 C H,N-%- C,H,,0,N§ 233 60.37 532 1778
6050 504 1765

75 p-MeO.CgH,- €, H,,0,N,§ 218-9(d) 61.80 537  13.68
61.79 535 1387

76 p-Me,N.CH,- C,,H,,0,N,§ 243-5(d) 6292 597 1634
6255 579 1622

77 C4Hs-CH=CRH- C,,H,,0,N,S 238-9(d) 64.52 527 14.26
64.67 5.39 13.97

7% C,H,0%- C,,H,,0,N,S 188 59.58 501 14.80
5934 495 15.05

Note: @ means decomposition



p-Pyridoyiaminctenzoic Acids and their Derivatives 257

(Cy p-PICOLINOYLAMINOBENZOIC ACID, ITS GLYCINE AND
DL-METHIONINE CONJUGATES AND THEIR DERIVATIVES

Edvl ppicolynoylaminobenzoate (Compound No. 79)

To a suspension of potassium picolinate (10 g} 1n dry benzene (60 ml.),
cooled to 0°C., was added slowly redistitled thionyl chloride (20 ml.) over a
period of 10 min.  After the addition, the reaction mixture was kept as such
for half an hour and then the benzene and excess of thionyl chloride were
removed by distitlation under suction.

To u stirred solution of this crude picolinoyl chioride in dry benzene
(150ml.), was added a solution of ethyl p-aminobenzoate (1025g.) in dry
benzene {150 ml.), and the product isolated in the usual way. m.p. 135°C.
Yield: 13.5 g.; 82.5%. (Found: C, 67.01; H, 479; N, 1032

Cys Hyy O3 Ny requires : C, 66.66; H, 5.22; N, 10.36%,).

p-Picolinoylaminebenzoic acid (Componnd No. {0)

This was prepared by the hydrolysis of the compound No. 79 (I g)
with potassium hydroxide solution (IN, 20 ml.) in the usual way. m.p.
265-7°C. Yeeld: 0.12 g.; 149%. (Found: N, 11.61. CsHEO N,
requires : N, 11 56%)

p-Picolinoylaminobenzoic acic hydraziae (Compound No. 81)

This was obtained by refluxing ethyl p-picolinoyluminobenzoaie (20 g)
and hydrazine hydrate (22 g., 99%) in ecthanol in the usual way. m.p.
247-8°C.  Yield: 15 g.; 79.1¢,. (Found: C, 60.61; FH, 4.72; N, 22.18
C3 Hy; Oy Ny requires €, 60.93; H, 4.72; N, 21.87°).

Aldehyde derivatives of p-picolinoylaminobenzoic acid hydrazide

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

Ethyl p-picolinoylaminobenzoyighcinate {Compound No. 88)

This was prepared by condensing ethyl glycinate (8.1 g.) with p-pico-
linoylaminobenzoic acid azide (14 g.) in DMF at room temperature in the
usual way. m.p. 172-3°C. Yield: 15 g.; 87.5%. (Found: C, 6205;
H, 517; N, 12.53. C,;H,; O, N, requires: C, 62.33 ; H, 5.23: N, 12.849).
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TABLE 7
Aldehyde derivatives of p-Picolinoylaminobenzoic Acid Hydrazide

¢ 5T S —conn—n-cH-Rr

AN N4

—R=Aldehyde residue
Com- R— l"‘ound/Require:l¥w o

pound Aldehyde Mol. formula  m. p.°C °o)

No. residue C H N

82 C H,- C,oH,,0,N, 247-8 70.11 4.60 1586
69.76 4.68 16.27
83 o-OH.C H,- C,oH,,O,N, 2456 66.53 4.25 15.23
66.66 4.48 15.55
84 m-OH.C,H ,- C,oH, ,0O,N, 270~1(d) 66.22 4.45 15.17
66.66 4.48 155§
85 p-OH.C(H,- C,,H,s0,N, 311-2(d) 66.65 4.41 15.19
66.66 4.48 15.55
86 C,H,N-3- C,,H,,0,N, 262-4 66.03 4.13 15897
66.08 4.38 20.28
87 C,H,N-4- C,oH, ;O,N,; 269--70 66.51 395 19.92

66.08 4.38 20.28

Nore: d means decomposition

p-Picolinoylaminobenzoylglycine (Compound No. 89)

This was prepared by the hydrolysis of the compound No. 88 {0.5g.)
with potassium hydroxide solution (IN, 10 ml.) in the usual way. m.p.
235°C. (d). VYield: 0.24 g.; 50%. (Found: C, 60.13; H, 4.63; N, 14.21.
CisHy3 0, Ny requires: C, 60.20; H, 4.38; N, 14.04%).

p-Picolinoylaminobenzoyiglycine hydrazide (Compound No. 90)

This was prepared from ethyl p-picolinoylaminobenzoylglycinate (12 g.)
and hydrazine hydrate (11 g., 999%) in the usual manner. m.p. 257°C.
Yield: 103 g; 91%. (Found: C, 57.97; H, 4.79; N, 22.15. C,sH,;50;N;
requires : C, §7.50; H, 4.83; N, 22.35%).
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Aldelyde derivatives of ppicolinoylaminobenzoylglycine hydrazide
The hydrazones were prepared in the usual way. Table § contains
the compounds prepared (Nos. 91 to 96) in this series.
TaBLE §
Aldehyde derivatives of p-Picolinoylaminobenzoylglycine Hydrazide

\-—CONH-/ \-C ONH—CH,~CONH-—N=CH—R

\\ N N A
=Aldehyde residue
Com- R— F ;L;LE?R:C{LI lrediﬁ_g
pound Aldebyde Mol. formuta  m,p.°C
No. residue C H hi
91 C H,- C,,H,,0,N; 265 65.70 442 1792
65.83 477 17.45
92 0-OH.C H,- C, H, ,O,N; 263 ~4(d) 63.10 469 17.25
63 30 4.59 16.78
93 m-OH.C H - C,,H, ;O N, 255 63 11 4.19 16.92
63.30 4 39 16.78
94 p-OH.C,H, C,,H, ,O0,N; 270 - Hd) 62.81 458 16.83
63.30 4,39 16.78
95 C H N-3- C, H, 0,Ny 273 (d) 63.19 478 2074
62.68 45 2029
96 C5H4N-4- C, H, O3 Ng 255 (d) 62.40 4:"»7 20.71
62.68 4 51 20 &8

Notz: d means decomposition

Erhyl p-picolinaylaminobenzovl-D L-methionate (Compound No. 97)

This was prepared by treating p-picolinoylaminobenzoic acid azide (6 g.)
with ethyl DL-methionate (6 g.) in DMF at room temperature in the usual
way. m.p.ll48-49°C. Yield: 6.5g.: 72.2%, (Found: C, 59.53; H, 583;
N, 10.25. Cog Hyy Oy N, S requires : C, 59.85; H, 5.74; N, 10.479).

p-Picolinoylaminobenzoyl-DL-mcthionine (Compound No. 98)

Hydrolysis of the compound No. 97 (0.5 g) with pota.ssium hydroxide
solution (IN, 10 ml.) in the usual way gave the required acid. m.p. 192°C.
Yield: 0.16 g.; 33%. (Found: N, 11.32. CHOyN;S reguires: N,

11.269;).
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p- Picolinoylaminobenzoyl-DL-methionine hydrazide (Compound No. 99)

This was obtained in the usual way by refluxing eithyl p-picolinoylamine-
benzoyl-DL-methionate (12 g.) with hydrazine hydrate (9 g., 999;) in ethanol.
m.p. 206-7°C. Yield: 10.1 g.; 87%. (Found: C, 55.69: H, 5.27; N,
1772, C,gB,; O3 N5 8 requires : C, 55.82; H, 5.43; N, 18.09%).

Aldehyde derivatives of p-picolinoylaminobenzoy!-DL-methinonine hydrazide

The hydrazones were prepared in the usual way. Table 9 contains the

compounds prepared (Nos. 100 to 105) in this series.

TABLE 9
Aldehyde derivatives of p-Picolinoylaminobenzoy!-DIL-Methionine Hydrazide

= e
E \——CONH/ \_CONH~CH~CONH—N=CH-R
NN/ N/ :
CH,.CH,.8.CH;
—R=Aldehyde residue

Com- R— Found/Required

pound Aldehyde Mol. formula m. p. °C v/a)

No. residue C

100 Cy H,- C,sH,50,NS 210 63.59 5.47 14 67

6316 5.26 14.73

101 0-OH.C;H,- C,sH,;0,N,8  215-6 60.59 495 1470
61.09 500 1426

102 mOH.C,H,- C,;H,;0,N,§ 210 60.67 522 1456
61.09 509 1426
103 p-OH.C,H,- C,,H,;0,N,§ 248 6131 514 1432
61.00 509 1426
104 C,H,N-3- C,H,,0,N,§ 228-9 60.46 462 17.68

60.50 5.04 17.65

105 C(H,N-4-  C,,H,,O0,N,S  241-2(d)60.19 5.42  17.26
60.50 5.04 1765

Note: d means decomposition

Results of in vitio Screening

A total of 105 compounds have been synthesised and tested for in vitre
antituberculosis activity by the surface culture technique, using the virulent
strain of Mycrobacterium tuberculosis Hy,R,. Out of this, 19 compounds have
shown complete inhibition of growth of the organism at a dilution of 1 in
10,000 (100 v/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 made from the results of antituber-
culosis tests.

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

(ii) The ethyl esters of all the three p-pyridoylaminobenzoic acids
are highly active. Conjugation with either glycine or DL-
methionine 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 picolinoy! series are
more active than the corresponding derivatives from nicotinoy!
and isonicotinoyl series.

In Vivo Activity

Among the compounds tested, ethy! p-isonicotinoylaminobenzoate
(Compound No. 1), 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 vivo 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
invivo. They neither showed any survivors nor prolonged the life span of
the treated mice compared to the controls.
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TABLE 10
Results of Screening for Inhibition of Growth in Vitro of Mycobacterium Tubetculosis He: R,
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