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Faculty of Phaymaceutical Sciences, Kumamoto University?)

(Received December 5, 1967)

N-Substituted 6-nitro- and 7-nitro-3-coumarincarboxamides were prepared from these
corresponding acids by the Schotten-Baumann reaction. N-(2-Pyridyl)-7-nitro-8-
hydroxy- and N-(2-pyridyl)-7-nitro-8-methoxy-3-coumarincarboxamide were also prepared
by the fusing of these ethyl esters and 2-aminopyridine. All of N-substituted nitro-
3-coumarincarboxamides were derived to the corresponding N-substituted amino-3-
coumarincarboxamides by a catalytic reduction and then the acetamido and the nitro-

furfurylidene derivatives were finally prepared. Antibacterial tests of these derivatives
on tubercle bacilli were carried out and some N-(2-pyridyl) amide and nitrofurfurylidene
derivatives showed a strong activity.

Possibly the most important coumarin—-type antibacterial agent is the antibiotic, novobio-
cin, isolated as a fungal metabolite of Streptomyces niveus. By its excellent antibacterial
spectrum, chiefly against gram-positive organisms, novobiocin has been led to its wide ac-
ceptance in medicine.

Recent patents®® have claimed good antibacterial acitvity for 3-amino-4,7-dihydroxy-
8-methylcoumarin and the amide derivatives derived from novobiocin.

Okumura, e al.>~" have reported the synthesis of a number of 3-acylamino-4-hydroxy-
coumarin derivatives related to novobiocin, several of which showed good antibacterial
activity. ‘

Rodighiero, ¢t al.® have also examined derivatives of 3-aminocoumarin for antibacterial
activity and have found the best compound to be 8-amino-7,8-dihydroxycoumarin which
was particularly effective against Sirepiococcus pyogenes and moderatively effective against
a variety of other bacteria.

Part XIX: H. Saikachi and M. Ichikawa, Chem. Pharm. Bull. (Tokyo), 14, 1350 (1966).
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In previous reports, we have studied on the synthesis of oxazolocoumarin-type® derived
from o-amino-hydroxycoumarin series, of the amide derivatives'® and of 4-hydroxy-3-sulfanil-
amidocoumarin derivatives') related to novobiocin. In order to determine the structural
features that contribute to antibacterial activity, we have also examined derivatives of 4-
hydroxy-3-sulfanilamidocoumarin for antibacterial activity and have found that 4-hydroxy-
7-amino-3-sulfanilamidocoumarin was able to inhibit growth of the tubercle bacillus sig-
nificantly.V

In this paper, synthetic study of N-substituted 8-coumarincarboxamide derivatives
was carried out to obtain some new chemotherapeutical agents in this field and, additionally,
tuberculostatic activity for the compounds and for the prepared oxazolocoumarin series was

observed.

I Chemical Items

1) All of nitro-3-coumarincarboxylic acids'®!® were readily led to the acid chloride
by refluxing with thionyl chloride and resulting acid chlorides were used for condensation
with the amine series, respectively.

2) These N-substituted nitro-3-coumarincarboxamides obtained were hydrogenated
using palladium on charcoal to give the corresponding amino-8-coumarincarboxamide in
good yield.

3) These amino compounds were also derived to the acetamido and the nitrofurfurylidene
compound, separately.

OZN—/\/\I~COOH OZN-/\/\I-coa 02N~/\/\I-COR HN-7"N"N\_COR
(e = o — o — =)

/ '

“@HzN_/\/\—COR CH;COHN-7"\"N\_COR
00 ] o | o
O’ 07
~COOH -COCI /\I-COR -COR
ozN—‘\/H\()?:O - ozN—'\/"\O%O - ozN—U\O9=O - HzN_U\O9=O
v ]
o) 50" s
OZN_H o SHN- ¢=0 CH,COHN-{_ (50
Chart 1

4) Both N-(2-pyridyl)-7-nitro-8-hydroxy- (XXV) and N-(2-pyridyl)-7-nitro-8-methoxy-
3-coumarincarboxamide (XXVII) were directly derived from the corresponding ethyl esterl®
by fusing with 2-aminopyridine, separately.

5) Then, XXV and XXVII were reduced to the corresponding amino compounds (XXVI
and XXVIII) by the same catalytic reduction as above mentioned, respectively.

. Saikachi and M. Ichikawa, Chem. Phaym. Bull. (Tokyo), 14, 1162 (1966).
. Saikachi and M. Ichikawa, Chem. Pharm. Bull. (Tokyo), 14, 1167 (1966).

. Ichikawa and H. Ichibagase, Yakugaku Zasshi, 86, 1064 (1966).

. Ichibagase and S. Terada, Yakugaku Zasshi, 72, 877 (1952).

. Ichibagase, Yakugaku Zasshi, 75, 1482 (1955).

. Ichikawa, Y. Takaki, and H. Ichibagase, Yakugaku Zasshi, 81, 769 (1961).
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/\'-coocgﬁf, -CONH-\ \,} /\/\i—CONH-\\N,
OzN—l\/”\OS::O - ozN-l\/“\o‘}=O —Q H2N~'\/'\O9=O
OH OH XXV OH XXV

| N N

~COOC:Hs /\/\-CONH-LN ﬂ /\/\l—CONH—LNﬂ
O2N‘U\09=O ~*—~+ OzN—‘\/H\OS::O —_> HZNJ\/”\Og:O

OCH, OCH;  XXVI OCH; XXV
Chart 2

Their chemical properties together with their elemental analytical data are listed in Table

L

II Antibacterial Activity (in Vitro)
The results of the i vitro antibacterial activity against Myco. tuberculosis Hg,Rv are

shown in Table II.

TasLe II. Minimum Inhibitory Concentration against Myco. tuberculosis Hy,Rv
R4—{===N
6 |
R N-COR /\-COR R4—I{O\/\/\‘—COR 7NN\ -CoR
R | o ] do N ] o N_l | o
N0/ VN0 — NQ”7 ” VN0
|
Rs XXIXa—i XXXa—e R-—0"
I—XXVIII XX XTa—d
Compd. Substituted groups MIC® (ug/ml)
No. R, R, R, R, R Solvent  H,Rvd
v -NH, H H - —NH] PGo >100
\% ~N=CHJ[;JN02 H H - -NH] rc >100
VII -NH, H H — —NH @ PG 50
N
IX ~N=CH@N02 H H — —NH@ PG 6.3
N
N  CoHs
XV H N~CH@NOZ H — Ncy PG 25
XXVI H -NH, -OH — —NH@ PG >100
XXVIII H -NH, ~OCH, — ——NH@ PG >100
XXIXa® — — — -CH, ~0C,H, PG >100
XXIXb®H  — —_ — -CH, —N H] PG >100
XXIXch  — — — —CH, ~-NH,0 PG 100
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C
XXIXdD — - - ~CH, —N B pg >100
C.H;
XXIXel) — — — ~CH, ——NH@ PG 50
HA
XXIX{9 — — — — ——CH=CHJI01N02 —0C,H, PG 1.6
XXIXg® — — - - (CH=CH)2“R_(;1N02 ~0C,H, PG 50
XXIXh® — — — —~CH=CHY_)N0, -oC,, PG >100
XXIXi® — — — — —(CH=CH)<_»NO0. —0C,H, PG >100
XXXa® = — — — —CH, ~0C,H; PG >100
XXXb1® — — — - —CH, -NH@ PG >100
Br
XXXclo) e — — —CH, —NH-‘Q PG >100
N#CH3
XXX — — — -  —CH, —~NH{ JN PG >100
CH,
XXXe? — — — —CH =CH-[L;J'NO X —~0C,H; PG >100
XXXIa®» — —_ — ~CHs ~0C,H; PG >100
XXXIb» — — —_ —CH, —NH@ PG 3.2
XXXIc — — — ~CH, _NHQBI" PG >100
XXXI9 — — — _(;Hzcﬁl[(;llNoz _0C,H, PG 3.2

a) MIC=minimum inhibitory concentration

b) HgRv=Mycobacterium tuberculosis var. hominis Hg,Rv

¢y PG=propylene glycol

d) H. Saikachi and M. Ichikawa, Chem. Pharm. Bull. (Tokyo), 14, 1350 (1966)
¢} H. Saikachi and M. Ichikawa, Chem. Pharm. Bull. (Tokyo), 14, 1347 (1966)

XXIXf showed the strongest action. Then, XXXIb and XXXId were next in order.
However, compared with both XXIX-type and XXXI-type, any derivatives of XXX-type
had no tuberculostatic activity.

From the above results, although carboethoxy group and the amide series such as di-
ethylamino, pyrrolidino and morpholino at three position of coumarin ring have no tuber-
culostatic activity, the presence of the amide such as -NH-(2-pyridyl) and of nitrofurfurylidene
group was observed to have tuberculostatic activity in this field.

It is also interested in structural features for antibacterial activity that their three iso-
meric oxazolocoumarins (XXIX-, XXX- and XXXI-type) have tuberculostatic activity
in varying degrees, but it is seemed that cleavage of oxazole ring extremely decreases the
activity.
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Experimental
Synthesis

Most of all products are listed in Table I.

N,N-Pentamethylene- and N,N-Tetramethylene-nitro-3-coumarincarboxamide (I, X and III)——After a
mixture of 1 g (4.3 mmoles) of the acid and 20 ml of SOC], had been heated under reflux for 3 hr, the excess
of SOCI, was removed in vacuo. The residue was suspended in 20 ml of dried benzene and then 1 g of the
amine was gradually added to the suspension at room temperature. After standing at room temperature for
24 hr, benzene was evaporated in vacuo to leave a tarry residue, which was treated with 5% HCl in an ice
bath. The resulting solid was collected by suction, washed with H,O, dried and recrystallized, giving pro-
ducts (I, IIT and X) in 70—809%, yield, respectively.

N,N-Diethyl-7-nitro-3-coumarincarboxamide (XII)—The acid chloride was prepared from 1g (4.3
mmoles) of 7-nitro-3-coumarincarboxylic acid in the same manner as the above mentioned and then 1g
of diethylamine was gradually added to a suspension of the acid chloride in 20 ml of dried CHCI; at room
temperature. After standing at room temperature for 48 hr, CHCl; was evaporated iz vacuo to leave a
tarry residue, which was treated with 29, aq. AcOH solution. The resulting solid was collected by suction,
washed with H,O, dried and recrystallized from EtOH, giving XII in 709, yield.

N-Ethyl-7-nitro-3-coumarincarboxamide (XVI)——The acid chloride (4.3 mmoles) prepared was sus-
pended in 20 ml of dried ether and then a calculated amount of ethylamine etheral solution was gradually
added to the suspension under stirring at below 5°. After stirring at below 10° for 6 hr, the resulting solid
was collected by suction and recrystallized from AcOEt, giving XVI in 609, yield.

N-(2-Pyridyl)-nitro-3-coumarincarboxamides (VI and XXI) and N-Phenyl-7-nitro-3-coumarincarboxamide
(XIX) The acid chloride (4.3 mmoles) prepared was suspended in 50 ml of dried benzene and then 1g
of the amine was gradually added to the suspension under stirring at room temperature. After standing
at room temperature for 48 hr, benzene was evaporated in vacuo to leave a tarry residue, which was treated
with 29 aq. AcOH solution. The resulting solid was collected by suction, washed with H,O, dried and
recrystallized, giving products (VI, XIX and XXI) in 809, yield, respectively.

7-Nitro-3-coumarincarboxamide (XXIII)——The acid chloride (4.3 mmoles) prepared was gradually
added to 20 ml of 289, aq. ammonia solution under stirring at 0°. After stirring at 0° for 2 hr, the resulting
solid was collected by suction, washed with H,0, dried and recrystallized from acetone, giving XXIII in 509,
yield. ,

N-(2-Pyridyl)-7-nitro-8-hydroxy-3-coumarincarboxamide (XXV) 1g of ethyl 7-nitro-8-hydroxy-3-
coumarincarboxylate was fused with 1 g of 2-aminopyridine at 190°—200° for 30 min. After cooling, the
resulting solid was extracted with 29, NaOH at room temperature. The alkaline solution was acidified by
109 HCl. Separated crystalls were collected by suction, washed with H,O, dried and recrystallized, giving
XXV in 609, yield.

N-(2-Pyridyl)-7-nitro-8-methoxy-3-coumarincarboxamide (XXVII) 1g of ethyl 7-nitro-8-methoxy-
3-coumarincarboxylate was fused with 1 g of 2—aminopyridine at 200° for 30 min. After cooling, the result-
ing solid was treated with a small amount of EtOH at room temperature. The insoluble material was
collected by suction and recrystallized, giving XXVII in 709, yield.

Catalytic Reduction of N-Substituted Nitro-3-coumarincarboxamides——A solution of 2 g of the nitro
compound in 300 ml of AcOH was hydrogenated using 1 g of 29, palladium on charcoal at room temperature
under atmospheric pressure. After heating it for 30 min on water bath, the catalyst was removed and then
the filtrate was evaporated in vacuo. The resulting residue was recrystallized, giving the amino-3-coumarin-
carboxamide in about 70% yield. XXVI and XXVIII were prepared from the corresponding nitro com-
pounds (XXV and XXVII) by the same way as above mentioned, respectively.

Acetylation of N-Substituted Amino-3-coumarincarboxamides (VII, XIII and XVII) A suspension of
1 g of the amino compound in 5 ml of Ac,O was heated at 120° for 3 hr and then poured into ice water.
The resulting solid was collected by suction, washed with H,O, dried and recrystallized, giving products
(VIII, XIV and XVIII) in 809, yield, respectively.

Condensation of N-Substituted Amino-3-coumarincarboxamides (IV, VII and XIII) with 5-Nitro-2-
~ furaldehyde To a suspension of 1 g of the amino compound in 10 ml of AcOH added 0.5 g of 5-nitro-
2-furaldehyde at room temperature. The mixture was warmed on water bath for 20 min., After standing
at room temperature for 24 hr, separated crystalls were collected by suction, dried and recrystallized, giving
products (V, IX and XV) in 609, yield, respectively.

Antibacterial Activity Against Myco. tuberculosis Hy;Rv in Vitro——Myco. tuberculosis Hg,Rv was
cultured for 4 weeks at 37° in Ogawa medium?® and a suspension of the bacteria was prepared at concentra-
tion of 0.5 mg/ml. Test compounds were diluted by the two fold dilution method in the tubes containing

15) 1 g of KH,PO, and 1 g of sodium glutamate were dissolved in 100 ml of H,0. To the solution, 6 ml
of glycerin, 6 ml of 2 %, malachite green solution and 5 eggs (about 200 ml) were added.
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5 ml of 59 serum Kirchner medium.*® To these tubes, 0.1 ml of the suspension were added and then
they were incubated for 3 weeks at 37° and the minimum inhibitory concentrations were determined.

Acknowledgement  The authors wish to express their gratitude to Dr. M. Shimizu, Dr. Y. Oshima
and Mr. S. Nagasaki of Daiichi Seiyaku Co., Ltd. for collaboration in microbiological tests. The mictoanalyses
were performed by Miss K. Ogata of the Central Analysis Room of this Faculty, to whom the authors are
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16) KH,PO, 4.0 g, Na,HPO,-12H,0 3.0 g, sodium citrate 2.5 g, asparagine 5.0 g, glycerin 20.ml, MgSO,
0.6 g, total (H,0) 100 g.
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