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TasLr IV
AMiprs oF PANTOYLTAURINE (10)

OHCH,—C—CHOHCONH(CH,)S0.NHR

NoTEs
CH;
H;
No. R Mp, °C
10a CquF-]) 104-105
h CeHa-4-Cl1-2,5-(0Me ), 95-97
¢ C6H2-5-C1-2,4-(01\Ie)2 139—140
d Ce¢Hs-2,5-F, 125
e C5H3-2,4-F2 79-80
OCH,;
£ 7 117-118
SN
@— 162-165
g N
h cto— M
N=N
i 1-Adamantyl 150-151

«C = 1-29, temp, 22-25°, 959 EtOH.
matography on silicic acid (100 mesh) and eluted with EtOAc.

which was triturated with Et:O. The solid was filtered and re-
crystallized.

Compounds 10f-h were prepared following the conditions used
for the preparation of amides of w-methylpantoyltanrines.
However, in the case of 10g the K salt was heated with the lactone
8 for 24 hr and after neutralization with dilute HCI the solution
was evaporated to dryness and the residue extracted with EtOH.
The extract was evaporated to a brown gum. Trituration with
EtOH gave a beige solid which was removed by filtration. The
filtrate was concentrated and chromatographed in the usual way.
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The synthesis and microbiological properties of
several reduction products of o-nitrophenylalanine
have been previously described to afford some rather in-
teresting structure—activity relationships. Forexample,
o-aminophenylalanine specifically and competitively
antagonizes the utilization of phenylalanine for the
growth of Escherichia coli, whereas its corresponding
lactam, 3-amino-3,4-dihydrocarbostyril, also causes
growth inhibitions to £. coli and Leuconostoc dex-
tranicum that are reversed by phenylalanine but in a
noncompetitive manner.? Another reductive cyecliza-
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b All compounds were analyzed for C, H, N.12
4 Eluted with 50:350 EtOAc-CeHs.
/ Eluted with 3:1 CHCL-MeOH; ¢ Eluted with 9:1 EtOAc-MeOH; the gum failed to crystallize.

Yield, Purifn
A solvent [e]p” deg Formula®
49 EtOAc-Et,Or +37.2 CiHaFN,O:S
3.") dOd + 30 5 CleHQ;ClNg():S
40 doe +25 0 CmHz:,CINg(HS
46 do¢ +34.6 CiHyFaNO;8
52 dOd +306 CquzoF‘zNg()as
46 CH.Cl-Et,0¢ +30.9 CisHasN 3068
26 EtOH-Et,0/ +16.9 C1:HoN 08
25 q + 38 . 8 CmHQquOeS
38 CHCL-Et,0 h CisHuN-0,8

¢ Crystallized after pinification by chro-
¢ Eluted with 95:5 EtOAc-)1eOH.
5 It showed zero rotation,

tion product, 3-amino-3,4-dihydro-1-hydroxycarbo-
styril, was demonstrated to exert potent inhibitory
activity against the growth of E. coli, L. dextraricum,
and L. mesenteroides, and its toxicity is not appreciably
affected by natural extracts or protein hydrolywates.?*
Our studies on tyrosine analogs demonstrated that
2-aminotyrosine VI is a specific and compctitive
antagonist of tyrosine for £. coli and L. dextraricum,
while 2-amino-4-methoxyphenylalanine V is an effective
growth inhibitor of L. dextranicum but not of E. coli.?

As an extension of this work, the 1-hydroxy-7-
methoxy-111, 1,7-dihydroxy-IV, 7-methoxy-VII, and
7-hydroxy-VIII substituted derivatives of 3-amino-3,4-
dihydrocarbostyril were prepared and examined for
microbiological growth-inhibitory properties in £. col,
and L. dextranicum as subsequently described.

The catalytic hydrogenation of 4-methoxy-2-nitro-
phenylalanine (I) and 2-nitrotyrosine (II) under rather
exacting conditions of acidity gave the reduction
cyclization produets, 3-amino-3,4-dihydro-1-hydroxy-7-
methoxycarbostyril (IIT) and 3-amino-3,4-dihydro-1,7-
dihydrocarbostyril (IV), respectively. Alternatively,
2-amino-4-methoxyphenylalanine (V) and 2-amino-
tyrosine (VI),? were cyclized intramolecularly by treat-
ment with acid to form their corresponding lactams,

R X COOH R NSO

I

Y
I.R=0CH,; X =NO, I, R=0OCH,; Y = OH
1L, R = OH: X = NO,

IV R=0H:Y=0H
V.R=OCH,;; X=NH, VII, R=0CH,; Y=H
VI, R=0H:;X=N\H, VI, R=0H; Y=H

3-amino-3,4-dihydro-7-methoxycarbostyril (VII) and
3-amino-3,4-dihydro-7-hydroxyecarbostyril (VIII), re-
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spectively.  VIII was prepared also by the demethyla-
tion of VII using coneentrated HBr under reflux.

The various substituted derivatives of 3-amino-3,4-
dihydrocarbostyril thus prepared were isolated as their
HCI salts. These compounds decomposed at their
melting points and gave a positive ninhydrin reaction.
Unlike the laetams VII and VIIL, the eyelic hydroxa-
mates IIT and IV gave the eharacteristic violet color
with I"('(jlg.

The microbiological activities of III, IV, VII, and
VIIL compared to that of the previously reported 3-
amino-3,4-dihydro-1-hvdroxyearbostyril® using £. eold
9723 and L. dextranicum 8086 as the test organisms are
shown in Table I. In each case, the 1-hydroxy sib-
stituted compound iz completely inhibitory to the
growth of both mieroorganizms at a concentration level
of 2 gg/ml. Of the other 3-amino-3,4-dihydrocarbo-
styrils tested, only the 7-methoxy derivative showed
appreeinble biological activity and inhibited the growth
of . coli and L. dextranicum at concentration levels of
60 and 200 ug/ml, respectively,

Ty [
RELa1veE MICROBIOLOGICAL ACTIVITIES OF SOME
SUBSTITUTED 3-AMINO-3,4-DIHYDROCARBOSTYRILS

Substituted 3-amino- —ereme Microorganizm, ugml%————-

3,4-dibydrocarbostyrils F. ocols I, dextrunyeum
3-Amino-3,4-dihydro-
1-hydroxyearbostyril 2 2
11T 2 2
1v 2 2
VI 60 200
VIIL >200" >200"

» Minimal coucentration required for complete inhibition of
growth. ¢ Maximnm concentration at which componnd was
tested in the assay medinm.

This preliminary study of the microbial activity of
the carbostyril compounds in two microorganisms
showed that the more inhibitory derivatives were
uniformly those containing the cyelic hyvdroxamate
linkage, -N(OH)-CO--.

Experimental Section®

3-Amino-3,4-dihydro-1-hydroxy-7-methoxycarbostyril- HC1
(III).—A solntion of 500 mg of I* in 75 ml of 309, aq MeOH was
acidified to pH 1.0 by the dropwise addition of coned HCI and
then treated with an aq slurry of 50 mg of Pt black. The resulting
mixture was agitated under 3.18 kgfem? of He for 30 min at
room temperature. After removal of the catalyst by filtration,
the filtrate was concentrated under reduced pressure to canse
precipitation. The zolid was filtered to yield 300 mg (58%) of
III, mp 246° dec. The produet gave an intense purple color with
104 FeCl; sohution and R: values of 0.38 and 0.89% in 1-BuOH-
AcOH-H,O (3:1:1) and 659 pyridine, respectively; major ir
absorption bands, 3.3-3.5 (broad), 6.0, 6.7-6.8, 7.8, and 9.7 ..
A Il(ll. (ClongN‘zOg-HCl) C, H, N
3-Amino-3,4-dihydro-7-methoxycarbostyril - HC1{ VII}.—A 500-
mg sample of V3 was snspended in 30 ml of HO, and solution was
effected by adjusting the pH to 1 by the dropwise addition of
2 N HCL  After the solution was heated far 20 min, powdered

(67 All melting points are corrected. The ¢ vabies were determined nsing
{he ascending technijue of paper chromatograpby in the solvents indicated,
and ninhydrin reagent was nsed for devlopment of the spots. Uv absorption
spectra were obtained on a Bausch and l.omb Spectronic 505 recording spec-
trophotometer, at concentrations of 10 ug/ml in aqg sohitions at pH 2, 7. and
10 in the 200-350-my region. The pH of each sample was adjusted by the
dropwise addition of coned HCl or 2 ¥ NaOH. Ir spectra were determined
nsing a Beckman 1R-8 spectrophotometer (KBr). Elemental analyses were
performed Ly the M-H-W Laboratories, Garden City, Mich. Where analyses
are indicated only by symliols of the elements, analytical resilts obtained by
those elements were within £0.4% of the theoretical values.

Nores

charcoal was added and the mixture was filtered. Ob conceviral-
ing the filtrate to 10 ml by evapormiion of the =olveut in racno,
a white xolid precipitated. There wus obtained 340 mg (637) of
V11, mp 206-297°; I2; values 0.3% and 0.88 in 1-BnOH-AcOH
H.O (3:1:1) and 65¢; pyridine, respectively; major ir absorp-
tian bands, 3.5, 5.9, 6.7, 6.9, 7.8, 8.6, 9.7, and 11.6 x. .ol
(CyoHi2N40,-HCI) C, H, N,

3-Amino-3,4-dihydro-1,7-dihydroxycarbostyril - HCI (IV).—To
a solntion of 4.1 g of II. HCI in a minimal amonnt of hot 30¢;
aq MeOH wax added an agqueons slnrry of 50 mg of Pt black and
0.5 ml of coned HCL. The mixture was shaken nuder 3.1x
kg ‘em? of Hy for 1.5 hr at room temperature.  After removal of
the catalyvst by filtration, the product was recovered from the
filtrate by precipitating with the addition of au eqnal vol of coned
HCL to vield 2.8 1737, ) of IV, dec at 260-272°. This componnd
gave an mtense purple color with 1077 FeCly solntton and #;
values of 0.27 and 0.90 in 1-BnOH-AcOH-H.O (3:1:1) and 65
pyridine, respectively: major ir absorption bands, 3.0-3.5
tbroad), 6.0, 6.2, 6.8, und 7.7 u.  Anal. (CoH,wN:Q- HCH C, H, N,

3-Amino-3,4-dihydro-7-hydroxycarbostyril- HCI  (VIII),

Method A~ A mixture of 2.1 g of VI® in 30 ml of 93¢, EtO1l and
50 mt of esied HCL was heated with stirring.  The solntion was
evaparated to dryness by removal of the solvent nuder rednced
pressnre. The residue was dissolved in 9597 EtOH, and powdered
charcoal wax added. After removal of the charcoal by filtration,
1the =olvent was evaporated to 0.1 of its original vol and the
prodnet which separated was recovered to give 1.6 g (7077) of
VI, mp 297-298° dec. In 1-BuOH-AcOH-H,O (3:1:1) and
6377 pyridine, the Ry valhies were 0.27 and 0.88, respectively;
major ir absorption bands, 2.9-3.5 (broad), 5.9, 6.7, 7.1, and
TG p Ana. (CHENO.-HCL C, H, N

Method B.--A sample of 150 mg of VII was refluxed in 50 ml
of 48¢C HBr for 12 hr. The reactian mixtnre was reduced to
dryuess by removal of the acid in vacuo leaving a residue which
was dissolved in a minimal amaunt of H,O. The resulting soln-
tion was neuntralized by the addition of concentrated NH,OI,
and after chilling in the refrigerator, a solid formed. The solid
was filtered, washed with cold .0, and dissalved in 2 ml of
coned HCL Upon cooling in the refrigerator, there was obtained
60 mg (3597) of VIIT. The wmelting point, 2 valnes, and ir =pec-
trum of thix sample were tdentical with those of the prodnet
prepared by method A,

Microbiological Assays.—For E. coli 9723, a previously de-
seribed inorganie salts medihim® was employed, and the organisin
was inenbated at 37° for about 16 hr.  Far L. dextranicum 8086,
the same assay procednre was employed as previously reported.*
The carbostyril derivatives were dissolved in sterile H.O and
added aseptically to the previonsly autoclaved tubes. In all
assay= the amonnt of growth was determined photometrically
at 625 me with a Bansh and Lomb Spectronic 20 spectrophotom-
eter in terms of ahsorbance readings of the turbid enltnre medinm
against a blank of nninoenlated medinm set at zero absorbaner.
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Investigation of the chemical and biological prop-
erties of the 2-amino-14-naphthoquinone imines (1)
has been rather limited. Several of these quinones have

(1) This work, which was carried out under Contract DA-49-183-M1)-
2880 with the U. 8. Army Medical Research and Development Command,
was presented in part at the 155th National Meeting of the American Chemi-
cal Society, San Franecisco. Calif., April, 1968. This paper is Contribution
No. 326 from the Army Research Program on Malaria.
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