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A number of studies with a view to finding medicine on the benzanilide derivatives.
have been reported, especially the antibacterial and anthelmintic activities of salicyl-
anilide derivatives have been extensively studied.'™” Some of the salicylhaloanilide
and halosalicylhaloanilide series were found to have strong antibacterial and antifungal
activities. Moreover, certain benzanilide derivatives such as 3,4,5-trimethoxybenzanilide
series® were found to possess nonhypnotic sedative action. Some investigations of
benzamide derivatives, of which aniline part was replaced by heterocyclic amines have.
partially been attempted, but no systematical works on the syntheses and biological
actions of heterocyclic benzamide derivatives have been done. ;

It is, therefore, of considerable interest to investigate the effect of heterocyclic
amines on the bacteriostatic activity of benzamide derivatives, which can be obtained’
by benzoylation of the heterocyclic amines. In the present paper, 4-amino-2,6-dime-.
thoxypyrimidine and its related compounds, the former being constitutional part in
the molecule of sulfadimethoxine used as one of long-acting sulfa drugs, were selected
for this purpose as heterocyclic amines.

Reaction of aminopyrimidines with benzoyl chlorides substituted with methyl,
methoxy, chloro, bromo, and nitro groups in dry pyridine gave the corresponding ben-
zamidopyrimidines in good yields. Although benzoylation with salicyloyl chloride failed,
the desired salicylamidopyrimidines were obtained from reaction between aminopyrimi-
dines and phenyl salicylate in a-methylnaphthalene at 200~210°. The compounds were
converted into 3,5-dibromosalicylamidopyrimidines by bromination with bromine. Che-
mical proof of the structures of the compounds was obtained by decomposition with
sulfuric acid to give 3,5-dibromosalicylic acid. Aminopyrimidines also reacted with
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TasLe . Antibacterial Activity of 4-Benzamido-2,6-dialkoxypyrimidines

Minimum inhibitory concentration (meg./ml.)

No. R R’ Staph. Shig. Pr. M. tuber- T. menta-
aureus flexneri vulgaris culosis grophytes:
209P 2a P-1 H37Rv T-1
I CH; H ~-80 — — =5 —_
I " 2-Cl 20 20 — >10 —_
m " 4-Cl1 5~10 5 —_— 5 —
1% " 2,4-Cl, 10 20 — =20 —
A 1" 3,4-Cl, ~>1.25 >1.25 >1.25 >1.25 ~>1.25
Vi " 3-Br.-H,0 20 >10 —_ =20 —
Vi " 4-Br 5 5 ~5 >10 >10
VI 1 2-CH;, 20 20 — 20 >20
X " 3-CH; 10~20 20 — 20 >20
X " 4-CH; >-20 ~.20 —_ =20 >20
xi " 3-NO, 20 20 — =5 —
Xt - n - 4-NO, =80 — — o5 —
Xm " 4-OCH; —-20 ~:-20 _— =20 —
XIV 1 3,4-(OCHs)s ~-80 .80 — =10 —
XV " 3,4,5-(0CH;); 20 20 — ~.20 —
XVI " 3-NOy-4-Cl1 >2.5 ~2.5 — ~.1.25 —
XVE " 2-OH =20 =20 ~.20 —_ =20
XIX “CoH; - 2-Cl1 10 10 20 — 20
XX - " 4-Cl1 2.5~5 ~.5 ~5 ~5 >5
XXI1 ” 2,4-Cl, 2.5~5 5 5 — >5
XXt " 3,4-Cl» 1.25 >2.5 >2.5 — >2.5
XX " 4-Br 2.5~5 5 ~5 2.5 >5
XXIV " 2-CH; 10~20 =10 — ~10 ~10
XXV 1 3-CH; 10 20 — ~-20 >.20
XXVI " 4-CH; 5 >5 — 5 =20
XXVI ” 3-NO, =5 >5 >~5 — =5
XXVIH " 4-NO, =80 — >10 — —
XXIX 1" 4-OCH; 10 20 —_ =20 —
XXX 1" 3-NO,-4-Cl =5 ) — e —
XXXI " 2-OH 2.5 >2.5 >2.5 — >10
XXXE ” 2-OH-3,5-Br, 2.5 >=20 —_ — 5~10
XXXIE CsHy 4-Cl1 0.6~1.25 >2.5 >2.5 >2.5 >>5
XXXIV " 3,4-Cl, >2.5 2.5 ~>2.5 =5 >2.5
XXXV 7 4-Br 2.5 2.5 >2.5 5 >2.
XXXVI  iso-C3H: 4-Cl1 >5 5 ~5 2.5 5
XXXVIE " 2,4-Cl, >2.5 2.5 >2.5 ) >2.5
XXXVII 1 3,4-Cly 2.5 2.5 >2.5 >5 >2.5
XXXIX " 4-Br >2.5 2.5 ~>2.5 =5 >2.5
XLI C.H, 4-C1 >2.5 2.5 >2.5 =5 >2.5
XL " 3,4-Cla >2.5 2.5 >2.5 =5 2.5
XL 1 4-Br >2.5 2.5 2.5 ~5 2.5
XLIV iso-C4H, 4-Cl1 >2.5 >2.5 >2.5 =5 2.5
XLV - 3,4-Cl, ~2.5 ~2.5 ~2.5 ~.5 ~2.5
- XLVI " 4-Br >2.5 2.5 >2.5 5 2.5
Sulfadimethoxine 1.25~2.5 2.5 10~20 — —
Isoniazid — — —_— 0.1~0.2
Bithionol - — — —_ — 0.5
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Tasie V. ..-Antibacterial Activity of Nicotinamido- and Tsonicotihamidopyrimidines

Minimum inhibitory concentration (mcg./ml.)

No. R X Staph. Shig. Pr. M. tuber- T. menta-
aureus flexneri vulgaris culosis grophytes
209P : ) 2a P-1 = H37Rv
XLVII CH; ; —< N> 80 - >80 - >5 —
XLVE  C.Hy " =20 ~20 =20 — 20
XLIX C;H, " >10 >10 >10 >20 >20
L iso-C;H, " >10 >10 >10 >20 >20
LI . iso-C4H, " >5 >5 >5 >5 >5
LI -CHj; - <\ ‘“"’“\N 80 >80 — >10 G
. ‘ P , . i
LI C.H; " >10 Lo >10 L >20 — >20
LIV CsHy " >10 - >10 >10 >20 >20
LV iso-C3H, " >10 >10 >10 >20 ~>20

LVI iso-C,H, " >5 >5 >5 =5 >5 .

nicotinoyl chloride or isonicotinoyl chloride to give the corresponding nicotinamido- or
1son1cot1nam1dopyrxmldmes

Aminopyrimidines, such as 2,6-dimethoxy-, 2,6-diethoxy-, 2,6-dipropoxy-, 2, 6-di-
isopropoxy , 2,6-dibutoxy-, and 2,6-diisobutoxy-4-aminopyrimidines, used as starting
materials in this study, were obtained by alkoxylation of 2,6-dichloro-4-aminopyri-
midine with the corresponding sodium alkoxide. New benzamido-, nicotinamido-, and
isonicotinamidopyrimidine derivatives were also prepared and shown in Table I and Il

" The -antibacterial activities of these new compounds against Staphylococcus aureus
209P, Shigella flexneri 2a, Proteus vulgaris P-1, Mycobacterium tuberculosis H37Rv, and
Trichophyton mentagrophytes T-1 were tested in vitro. The results were listed in Table
M and V. Throughout this paper, the figures given under activity refer to the mini-
mum 1nh1b1tory concentration.

As can be seen from these data, many of these compounds clearly show activity
against Staphylococcus aureus 209P. Some of them have slight activity against Shigella
ﬂexnem 2a and all of them are inactive against Proteus vulgaris P-1, Mycobacterium tuber-
culosis H37Rv and Tvrichophyton mentagrophytes T-1. 1In the course of the screening
program in Staphylococcus aurews 209P, the relationship of bacteriostatic activity and
the chemical structure is summarized as far as have been found out.

1) Introduction of halogens into the phenyl part of benzamidopyrimidines, increased
the activities, especially that of chlorine at the 4- or 3,4-positions. Generally speaking,
2,6-diethoxypyrimidine was the most effective as pyrimidine moiety. But, in the case
of 4-chlorobenzamide series, the maximum activity was reached by the amide of 2,6-
dipropoxypyrimidine, not by that of 2,6-diethoxypyrimidine. Pyrimidine moiety having
alkoxy groups higher than propoxy decreased the antibacterial activities along with
solubility.

2) According to the publication®® on the relationship of bacteriostatic activity with
the chemical structure of benzanilides, only salicyloyl derivatives which have a hydroxy
group at the ortho position show drastic activities and others have little or no effect on
activities. Nevertheless, salicyloyl derivatives in this series are not always more effec-
tive than others.

3) Benzamidopyrimidines, which were effective for Staphylococcus aureus 209P, also
showed activity in the preliminary tests against sulfanilamide resistant strain and the
detailed data will be reported elsewhere. Accordingly, it is considered that their mode
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of antibacterial action differs from that of sulfanilamides, although these compounds
resemble structurally sulfanilamides.

Experimental*®

4-(4-Chlorobenzamido)-2,6-dimethoxypyrimidine (III)~——To a solution of 1.55g. of 4-amino-2,6-di-
methoxypyrimidine in 5ml. of dry pyridine was added dropwise with stirring and cooling an equimolar
quantity of 4-chlorobenzoyl chloride. Reaction occurred in a moment when the solution was stirred vigo-
rously at room temperature. The reaction mixture was cooled and poured into H,O. The prempxtate
was collected by filtration, washed well with H,O and dried. The crude product was recrystallized from
EtOH to give 2.7 g. of colorless needles, m.p. 154~155°.

4-(2-Hydroxybenzamido)-2,6-diethoxypyrimidine (XXXI)-——A mixture of 3.66g. of 4-amino-2,6-di-
ethoxypyrimidine, 4.8g. of phenylsalicylate and 8 ml. of a-methylnaphthalene was heated at 200~210°
for 1.5 hr. a-Methylnaphthalene and PhOH were removed by distillation under reduced pressure. The
product was washed with ligroin and dried. After recrystallization from MeOH-H,0, the pure compound
was obtained as colorless needles, m.p. 178° Yield, 1.8g.

4~(2-Hydroxy-3,5-dibromobenzamido)-2,6-diethoxypyrimidine (XXXII)——A solution of 3.03g. of 4-
(2-hydroxybenzamido)-2,6-diethoxypyrimidine in 168 ml. of tetrahydrofuran and 112ml. of AcOH was
stirred at 15~25° during the dropwise addition of 3.20g. of Br, in 10 ml. of AcOH. After the addition,
stirring was continued for 5 hr. Reaction mixture was poured into 500 ml. of ice-water with stirring to
give precipitate, which was collected and washed with H,O. The precipitate was dissolved in hot AcOH
and the solution was cooled- to crystallize compound A, m.p. 235° and the filtrate was diluted with HyO
to give precipitate, which crystallized from AcOH-H;O as colorless needles (compound B), m.p. 166°.
Compound A and B were refluxed for 15 min. in conc. H,SO,; to give 3,5-dibromosalicylic acid respec-
tively.  Accordingly, it was established that compound A was 4-(2-hydroxy-3,5-dibromobenzamido)-5-
bromo-2,6-diethoxypyrimidine and compound B was 4-(2-hydroxy-3,5-dibromobenzamido)-2,6-diethoxy
pyrimidine.

4-Nicotinamido-2,6-dimethoxypyrimidine (XLVII)*—TO a solution of 1. 55g of 4-amino-2, 6-dime-
thoxypyrlmxdme, in 5ml. of dry pyridine was added 1.78 g. of nicotinoyl chloride hydrochloride thh stir-
ring. The solution was warmed at 60° for 5 min. After cooling, the reaction mixture was poured into
50 ml. of HyO and the precipitate was collected, washed with Hy;O and dried. Recrystallization from
MeOH-H;0 gave 2.3g. of pure 4-nicotinamido-2,6-dimethoxypyrimidine as fine needles, m.p. 176°.

Antibacterial Activity——Test organism : Staphylococcus aureus 209P, Shigella flexneri 2a, Proteus

vulgaris P-1, Mycobacterium tuberculosis H37Rv and Trichophyton mentagrophytes T-1.
Culture media : Casamino acids medium was used for Steph. aureus 209P, Shig. flexneri 2a and Pr. vul-
garis P-1. Kirchner’s medium was used for M. tuberculosis H37Rv. Sabouraud’s medium (1% glucose)
was used for T. mentagrophytes T-1. The test compounds were dissolved in the medium above men-
tioned and diluted by the two fold serial dilution method and inoculated with the organisms.

Incubation : Casamino acids medium was incubated at 37° for 24 hr., Kirchner’s medium was incubated
at 37° for 21 days and Sabouraud’s medium was incubated at 27° for 7 days. Then the minimum in-
hibitory concentration of test samples was estimated by comparison w1th sulfadlmethoxme, 1s0n1azxd and
bithionol. .

We thank Dr. T. Akiba, Director of these laboratories, for his encouragement, and also to the mem-
bers of analysis room of these laboratories for elemental analyses.

Summary
.The preparation of a number of 4-benzamido-, 4-nicotinamido-, and 4-isonicotin-
amido-2,6-dialkoxypyrimidines was described. Some of these new compounds showed
strong antibacterial activities in vifro, and the structure-activity relationship was dis-

cussed.

(Received December 31, 1964)

*3. All melting points were not corrected.

NII-Electronic Library Service





