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wise, with vigorous stivring.  After the addition was completed,
the mixture was stirred 2 hr. and fitered. The filter cake was
wushed with benzene and etlier, and the filtrate was voncentrated
under vacuu, yielding 7.1 g. (98.2%¢) of an oil.  The oil was
dissolved m acetone (100 ml.) and added to a hot solution of
fimaric acid (3.5 g.) In acetone (300 ml.), precipitating the funui-
rate salt of VIITa. Recrystallization from acetone methanal
atforded 2.8 g. of produet, n.p. 190-191°.
11-(3-Aminopropy!)-5,6-dihydro-11H-benzo|[«|carbazole
(VIIIb),—Reduction of VIIb (13.6 g., 0.05 mule) with LiAlH,
(2.0 g.. 0.0% mole) in the manner described far VIa atforde:l
P21 g of crude product. This wag distilled, vielding 4.73 ¢
(71 1 of product, which was collected at 218-228° (L6 mm. 1.
Treatment of the base i ethanol with an ethanolic soluitivny of
HCL gave the hyvdrochloride.  Recrvstallizaticn fram methanol
vielded a product with m.p. 302-304°,
5-(3-Methylaminopropyl)-1,3,4,5-tetrahydrothiopyrano(4,3-41-
indole (XIa).—A 1-1. three-necked flask fitted us ubove wuas
charged with anhydrous ether (250 ml.) and TiAIH, (2.2 g., 0.0
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mole).  To this was added, with stirring, a warm schition of
Na (4.7 g 0.017 mole) i benzene (150 mb ). The reaction mix-
ture was stirred at roan temperature for 5 hre Water (5 mal. Lwas
added showly and the mixture was alluwed to stand avernight .
The precipitate was filtered from: the solution and washed well
with ether. The combined filtrate and washings were washerdl
with saline and dried over anhvdrous MgR0. The solvent wus
removed, leaving 2.1 g of base (507, 1 which was dissolved i
absalute ethanol (20 mb1and aeidified with an ethanalic sohition
of HCL - Anhydrons ether was adiled mntil the sohition heeame
turbid,  On vaohling the solirtion, the hydrochloride eryvstaliied
ot and was collected on a funnel, washed with ether, and driedl.
Recrvstallization frean ethanol afforded 1.7 e o620, of N1y,
m.p. 190-102°.

11-(3-Methylaminopropyl j-5,6-dihydro-11H-benzo|«{car-
bazole (Xb).~—~Reduction of Xht11.7 g., 0.38 mole) with TiAIH,
(3 g, 013 mole) was varried vut as described for Na, vielling
PO g (883501 of erude base.  Conversion tir the hyvdrochloride
affreded 8.5 g0 (7485 L nup. 200-201,5°,
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3-Amino-3,4-dihydro-1-hydroxycarbostyril, synthesized by the catalytic hydrogenation of g-nitrophenylalanine
hydrochloride, was compared with some structurally related compounds as growth inhibitors in several micro-

biological assays.

Of these compounds, 3-amino-3,4-dihydro-1-hydroxycarbostyril inhibits the growth of

Escherichia coli, Leuconostoc dextranicion, and Lactobacillus arabinosns at concentrations of 2 ~/ml. for euch

microorganism.

In general, only a partial and noncompetitive reversal of 3-amino-3,4-dihydro-1-hydroxycarbo-

styril toxicity by certain protein hydrolysates and histidine was observed for each test organism, which suggests
that other substituted derivatives of 3-amino-3,4-dihydrocarbostyrils may produce potent and noncompetitive

antagonists.

In contrast to the strictly competitive-like response
observed with phenylalanine in reversing the toxieity

of e-aminophenylalanine for Escherichia coli. a non-’

competitive reversal of the inhibitory effects of 3-
anmino-3,4-dihydrocarbostyril was demonstrated with
phenylalanine for L. coli and Leuconostoc dextranicum.?
In view of the biological results of 3-amino-3,4-di-
hydrocarbostyril with bacteria,® and its previously re-
ported physiological activity,* further investigations
with other substituted derivatives of 3-amino-3.4-
dihydrocarbostyril scemm warranted in an effort to
produce noncouipetitive antagounists as potential chemo-
therapeutic agents. Accordingly. a related derivative,
3-amino-3,4-dihydro-1-hydroxycarbostyril, was pre-
pared and subsequently found to inhibit growth of
several microorganisins, and only partial reversal of
the inhibitions could be achieved with certain protein
hydrolysates and with histidine. The method of
synthesis as well as a preliminary report on its bio-
logically antagonistic properties are herein presented.

Experimental®

Organic Syntheses, Ethy! 2-Acetamido-2-(o-nitrobenzyl)-
cyanoacetate.—To a solution of 1) g. of ethyl acetamidocyamn-
acetate in 100 ml. of magnesium-dried ethanol coutaining 1.33

1] The sypport of this work by a research grant from the Robert A.
Welrlr Foundation, Houston, Texas, is grateinlly acknowledged.

(2} Taken in part fromn the M.S. Thesis of Ok Hi Park Chonn, Abilene
Christian (ollege, August, 1963,

(3) A. 1. Davis, R. Lloyd, J. Fletcher, L. Bayliss, and T. J, MeCord,
Arch, Biorhem. Biophys., 103, 48 (1963).

4y T. Rasaki and I. Otsnka, J. Biochkem. (Tokyo), 12, $20 11430),

g. of sodium was added 10.1 g. of e-nitrobenzyl chloride and the
solution was allowed to reflux far 3 hr. Sodium chloride was
removed by filtration from the hat reaction mixture, and the
filtrate was cooled overnight to vield 16 g. of crude material.
Recrystallization from othanol-water gave 15 g. of product, m.p.
150-151°.

.'1nal‘ (:&1(‘(1. for (‘141’115‘.\';1(),3: (j. a0.08; }{, 4.95.
O, 54.81; H, 1.80.

Hydrolysis of Ethyl 2-Acetamido-2-(o-nitrobenzyl)cyano-
acetate,—A 10-g. sample of ethyl 2-acetamido-2-(o-nitrobenzyl)-
cvanoacetate was hydrolyzed in the presence of 100 ml. of c¢on-
centrated HCI for 5 hr. to yield 6.95 g. of o-nitrophenylalanine
hvdrochloride, m.p. 219-220° dee. (1it.5 m.p. 222-223°).

A 4.0-g. sample of ethyl 2-acetamido-2-(o-nitrobenzyljeyana-
acetate was hydrolyzed in the presence of 4.0 g. of sodium earbru-
nate for 6 hr.  Acidification of the reaction wmixture with hydro-
chloric acid and subsequent cooling vielded a eryvstalline material.
Recrystallization from ethanol gave about 1 g. of N-acetyvl-o-
nitrophenylalauine, m.p. 205-206°.

Anal. Caled. for CiHeNOp €, 52.38;
,52.24; H, 5.23.

3-Amino-3,4-dihydro-1-hydroxycarbostyril Hydrochloride.-—A
5.0-g. sauiple of e-nitrophenylalanine hydrochloride dissolved
i 50C7 methanol {pH 1.5) was hydrogenated under 5.66 kg./
cm.? of hvdrogen pressure in the presence of 200 mg. of platinum
black for 5 hr. The hydrogenated solution, after remaval of
the catalyst, showed & pH of 3.6. Reduection in volume of the
filtrate in vacuo vielded a residue which was recrystallized from
ethanol-water tr vield 1.2 g. of produet, nrp. 258-263° der.

Found:

H, 1.79.

Fond:

{3) All melting points were determined by the capillury teclinigye and
are correctetl, The paper rhromnatograins were determined by the ascernding
techniques using the snlvents indicated, and the spots were developed with
ninhydrin reagent. 1'he nltraviolet spectra were determined on a Bansch
and Lomb Spectronie 505 spectrophotometer using water as solvent. The
anthors are indebted to 1). Howell and ID. Tharp for the eleirental anulyses.

(6) T. A. Connors. W. (', J. Rass, and J. G. Wilson, J. Chesmn. Sor., 2404
11060).
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This compound gave a violet color with ferric chloride and a
vellow color with ninhydrin. The ¢ values of this compound
in 659 pyridine and 1-butanol-acetic acid—water (4:1:1) were
0.75 and 0.48, respectively.

Anal. Caled. for CgHmNzOz‘HCl: C, 5035, H, 516, N,
13.05. Found: C, 50.16; H, 5.50; N, 13.30.

A 200-mg. sample of 3-amino-3,4-dihydro-1-hydroxycarbo-
styril hydrochloride was dissolved in 12 ml. of water (pH 3.1).
After careful addition of dilute NaOH to pH 6.6, the product
started to precipitate, and the solution was allowed to cool in
s refrigerator. Filtration vielded 60 mg. of 3-amino-3,4-di-
hydro-1-hydroxyearbostyril, m.p. 191-192° dec.

Anal. Caled. for CHpN:Oa: C, 60.66; H, 5.65.
C, 60.23; H, 5.67.

3-Acetamido-1-acetoxy-3,4-dihydrocarbostyril, —To a 1.15-g.
sample of 3-amino-3,4-dihydro-1-hydroxycarbostyril hydrochlo-
ride dissolved in water were added 10.1 ml. of 1 & NaOH and
3.4 ml. of acetic anhydride. Recrystallization of the resulting
precipitate from dilute acetic acid yielded 1.1 g. of produet, m.p.
149-150°. This compound showed negative results with ferric
chloride and ninhydrin.

Anal. Caled. for C;HuN:0,: C, 59.43; H, 5.38. Found: C,
59.48; H, 5.55.

3-Acetamido-3,4-dihydro-1-hydroxycarbostyril. —A 300-mg.
sample of 3-acetamido-1-acetoxy-3,4-dihydrocarbostyril and 300
mg. of sodium carbonate dissolved in water were refluxed in a
stainless steel flask for 2 hr. The reaction mixture was acidified
with concentrated HCI, reduced to dryness in vacuo, and the re-
sulting residue was extracted with absolute ethanol. The salt
was removed by filtration, and the resulting filtrate was set in
the refrigerator overnight to vield 10 mg. of product, m.p. 201~
202°. This compound gave a bluish violet color with ferrie chlo-
ride but was not colored by ninhydrin.

Anal. Caled. for CiyH].N:0;-H.O: C, 55.45;
Found: C, 55.30; H,5.71.

Microbiological Assays.—For E. coli 9723, a previously de-
scribed inorganic salts-glucose medium? was employed and the
organism was incubated at 37° for about 16 hr. For the lactic
acid bacteria, a previously reported amino acid medium?® was
modified by the addition of caleium pantothenate (0.2 v/ml.),
by the omission of histidine, phenylalanine, and tyrosine from
the basal mediuni, and with additional modifications noted for
each organism. For Leuconostoc mesenteroides 8293 and L.
dextranicum 8086 the phosphate concentration was increased
fourfold. r-Glutamine was added without heating to each of the
sterile assay tubes. The lactic acid organisms were incubated
at 30° for 20-30 hr. In all assays the amount of growth was
determined photometrically at 625 mp with a Bausch and Lomb
Spectronic 20 spectrophotometer, in terms of absorbance readings
of the turbid culture medium against a blank of uninoculated
medium set at 0 absorbance. For E. colZ, the data in Table ITI
are recorded as absorbance readings which are related to the mg.
of dry cells as calculated from a standard curve of mg. of dry
cells per ml. vs. absorbance readings.

Found:

H, 5.95.

Results and Discussion

It has been previously observed that the catalytic
hydrogenation of o-nitrophenylalanine (free base) under
appropriate conditions yields o-aminophenylalanine,
which readily cyclizes in acidic medium to form 3-
anino-3,4-dihydrocarbostyril®; however, the isolated
product which results from the same hydrogenation
procedure using the hydrochloride salt of o-nitrophenyl-
alanine was ultimately characterized as 3-amino-3,4-
dihydro-1-hydroxycarbostyril hydrochloride. As indi-
cated in the accompanying equations, the present
course of hydrogenation apparently proceeds with
formation of an intermediate hydroxylamino compound
by partial reduction of the nitro group, followed by
eyclization with the carboxyl group through dehydra-
tion to form 3-amino-3,4-dihydro-1-hydroxycarbostyril.
The presence of a hydroxy group in this compound
was indicated by formation of a diacetyl derivative,

{7) E. H. Anderson, Proc. Natl. Acad. Sci. U. 8., 30, 120 (1946).
(8) J. M, Ravel, L. Woods, and W. Shive, J. Biol. Chem.. 306, 391 (1954).
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and by its ability to produce a characteristic violet
color with ferric chloride reagent. Since this compound
was not observed to undergo any of the typical identi-
fication tests for phenolic compounds (i.e,, coupling
with diazonium salts to form azo derivatives), the hy-
droxy group was assigned to the l-position at the
nitrogen atoni rather than one of the remaining sub-
stituent positions on the benzene ring.? Such a struc-
tural assignment constitutes a cyclic hydroxamic
acid for which the ferric chloride reaction is also char-
acteristic.

The ultraviolet spectrum of 3-amino-3,4-dihydro-1-
hydroxycarbostyril is comparable to the ultraviolet spec-
truin of 3-anino-3,4-dihydrocarbostyril at pH 2, but
they are distinguishable by an appreciable difference
at pH 7 and pH 10 as recorded in Table I. In neutral
and alkaline solution, the spectrum of only the 1-
hydroxy compound is changed; however, the original
spectrum is regained upon acidification. Further,
the biological properties of the two derivatives are dif-
ferent, as subsequently described.

TasLE I
UnTRAVIOLET SPECTRA OF SUBSTITUTED
3,4-DIHYDROCARBOSTYRILS

Amax. Mpu Amin, Mg
Compound pH (log € (log €

3-Amino-3,4-dihydro- 2 254 (4.415) 226 (3.644)
carbostyril 7 255 (4.362) 226 (3.673)
10 255 (4.245) 226 (3.644)

3-Amino-3,4-dihydro-1- 2 257 (4.111) 226 (3.449)
hydroxycarbostyril® 7 290 (3.825) 240 (3.554)
10 290 (3.859) 240 (3.590)

¢ Shoulder at 267 mu at pH 7 (log € 3.737) and pH 10 (log
3.773).

Under the specific assay conditions for each of the
microorganisnis described in the Experimental section,
amino-3,4-dihydro-1-hydroxycarbostyril is inhibitory
to the growth of E. coli 9723, L. dextranicum 8086,
L. mesenteroides 8293, and Lactobacillus arabinosus
17-5 at concentrations of 2, 2, 2, and 6 ~/ml,
respectively. Using E. coli and L. dextranicum as
the model test organisius, a representative comparison
of the biological effects of 3-amino-3,4-dihydro-1-
hydroxycarbostyril with sonie structurally related com-
pounds is presented in Table II. 3-Amino-3,4-dihy-
drocarbostyril is only about 0.033 and 0.0033 as active
as its hydroxy derivative in the E. coli and L. dextrani-
cum assays, respectively. No significant inhibitory
effects were observed in these organisms up to concen-

(9) T. Hashimoto, Proc. Japan Acad., 24, 15 (1948): Chem. Abstr., 486,
9102¢ €1952). reported the 6- and 8 hydroxy compounds.
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trations of 60 vl of the l-acetoxy and I-hydroxy
substituted  derivatives  of  3-acetamido-3,4-dihydro-
carbostyril,

TasLe Il

BeELaTIvE Bronocicat ACTIVITIES OF SoME
3,4-DIHYDROCARBOSTYRIL DDERIVATIVES

CH._
@[ CH—R
x N/C:O

1
R
3,4-Dihydrocarbostyril ~-Microorganisiy, v /il
derivative Lscherickia  Leuconostor
R R¢ coli dertrayiru
H NH. uor B0e
HO NH, = 2v
HO NHCOCH, >6l)e >0
((ch(); XH(‘()CHl >0 >0

“ Minnnal concentration required for complete inhibition of
rowth. ® Reversed in a noncompetitive-like manner by phenyl-
g A \

alanine. ¢ Not reversed to an appreciable extent by phenyi-
alanine. ¢ Reversed in a noncompetitive-like manner by histi-

dine, ¢ The solubility of the eompounds in the assay medium
precluded testing them at higher concentration levels.

Preliminary attempts to reverse the growth inhibi-
tions of I. coli by 3-amino-3,4-dihydro-1-hydroxy-
carbostyril using extracts and hydrolysates of natural
materials indicated that only partial reversal of the
inhibitor could be achieved by high concentrations of
acid-hydrolyzed casein, and uo appreciable reversing
effects were observed with other hydrolysates (e.g..
veast, corn, soy, and gelatin) and extracts of liver and
veast. In subsequent experiments, the biological
effects of each of the known amino acids present in
casein hydrolysate were studied to demonstrate that
histidine only was effective in partially reversing the
toxicity of 3-amino-3,4-dihydre-1-hydroxycarbostyuil
i a noucompetitive manner, as indicated in Table I11.
A constant inhibition index!® was not observed; c.g..

Vol 7

for a 100-fold inerease (from 0.06 to 6 v /ml.) in the level
of histidine, no more than a 10-fold ncrease (from 2 to
20 ~ ‘ml.; in antagonist concentration is required for
complete mhibition of growth for £ cofi. Tor L.
arabinosus and .. dexfraniciom, it was similarly demon-
strated that histidine partially and noncompetitively
reverses the growth inhibition of 3-amino-34-dihydro-
I-hvdroxyearhostyril.

Tapre 111
BEVERSAL (F 3-AMINO-3,4-D1YDRO-1-HYDROX Y CARBOXTYRIL,
Ivumsrrron By Hisrpise”

3-Amino-3,4-
diliydro-1-hydrosy-
eyrbostyril, vommmmnere o Higtiline, w100 e
7 il None  0.06 0.2 0.6 2.0 1.(
e ~-~Ahsorbance readings -

1 (66 O.tx 068 Q.68 064 067
1. G 43 054 048 056 .68 067
2 [t (1.23 0.30 0.27 043 0.53
[ (1 .04 006 000 021 a2}
20) 0 1 () 0 (1 1

« Test organism, K. coli 9723 incubated at 37° far 16 hr,
b A measure of culture turbidity in which absorbance readings of
0.10, 0.20, 0.30, 0.30, and 0.70 are equivalent ta €.05, 0.10,
0.15, 0.26, and 0.37 mg. of cells/ml., respectively.

These initial studies indicate that certain substituted
derivatives of 3,4-dihydrocarbostyril can produce
antagonists which are not appreciably affected by
known nietabolites and natural reversing agents (ex-
tracts and hydrolysates). and are potentially useful
chemotherapeutic agents. Additional studies to de-
termine whether the primary effect of 3-amino-3,4-
dihydro-1-hydroxyecarbostyril involves merely an an-
tagonisim of histidine biosynthesis, histidine incorpora-
tion into protein, or interaction with some activating
enzyme having a specialized function in  histidyl
transfer are contemplated.

110) Ratio of vonrentration of inhibitor to metabolite (substrate) neres-
sary for preventing appreciable growth for the specified inenbation perind.,



