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TasLe I
IxusITION OF Tyunosise Traxsaminase BY TyrosiNg ANALoGR?

Manowelric Luol-borale

BELYIR el
Coven, . Cunen, h

Anulog mM  iubib w1l ndob Lit.”
dl-m="L'yrosine 2 G0 i NN
a-Methyl-m-tyrosine 2 0 i 5 .
d-DOPA 2 70 1 72 56
a-Methyl-DOP A 2 0 f 17 I
Dopamine 2 (v i 033 80
a-Methyldopanine 2 4 i w2 .
Novepinephrine | IE: 0.5 60 01
a-NMethylnorepinephiine i 74 0.5 42 ‘
Dopaniine 1 e 0.5 20 b

A The tyrosine cancentiition was 2 wld/ i the wmanometrie
axsay aund 1/ in the enol=borate ax<ay.  * Hesalts obtained by
o Al Jacoby aud B T Da J. Biol. Chew., 239, 419 11964)] at
A tvrosine and inhibitor concentration of 51/,

DOPA: dopamine inhibits tvrosine degradation to a
lgher degree than e-methyldopamiute. but e-methyl-
norepittephritie is ax effective an inhibitor of tyrosine
degradation as norepiiephrine ttself.  When the etfeet
of tyrosie wiralogs o1 tyrositle trafsamitase is dssessed
by the more specific cnol-borate method (Table 1T,
the inhibitory effect  of weta-hydroxylated  amino
actds 1= scen to be markedly decreased by o methyla-
tion, while that of sre-hydroxyphenethylanines  is
moderitely decreased by o methyvlation, but inereased
by 8 hydroxylution,
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Discussion

Tlie presencee of it e-methyl group in tyrosine analogs
resuilts inoa large amount of sterie indrance to Selnft
hase Tormmation: it explaius the lack of Dbiochientieal
reactivity of members of this group.

The presence of an e-methyl group i phenetliyl-
antines provides o definite but moderate amount of
storte hindranee 1o Jehiff base formation. Tl g
simtilar sterie relation holds for yat liver mitoelion-
drial  monoanpue  oxidase, possibly a  pyridoxal !
enzyme.'™ lins been shown by Fuller and Walters
Fuller and Wedters <tate that rat monoamine oxidase
was more inhibited by substrate amines than by e-
methvlated analogs: thus 0.1 uld/ phencethylanine
was nhle to prevent 749 of kyunurenunine oxidation,
whereas, at the same concentration, a-iethylplien-
ethylimne was 319 aud a,e-dicthylplienctiy lantine
(whirh 1s stepeally  similar to an e-methvluniine
aeld) was only 890 effective.

No atfempt has been made i the present stidy to
explain the inercased affinity of g-lwdroxylated phen-
ethivlamines for pyridoxal D,

Acknowledgment.-- - The authior 1= indebted to Miss
Fileen Ferrin for technical assistuinee,
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2-Aminotyrosine, an Analog of Tyrosine’”
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Anew (yrosine analog, 2-uminotyrosine, and several related compomds= were prepared and tested for growth

nhibition of Eschecichia coli 9723 and Leuconostoc dextranicnm SUSG.

Crowth inhibition of E. coli by 2-amino-

tyrosine was showu to be reversed in a competitive and specific manner by tyrosine over a 100-fold range of in-

creasing concentrations with an inhibition index of approximately 300,

Iithyl 2-geetumido-2-14-methoxy-2-

nitrobenzyljmalonate, resnlting from the condensation of 4anethoxy-2-nitrobenzyt hromide with the =odium <al
of ethyl acetamidomalonate, was hydrolyzed with hydrobromic aund hydrochlorie aeid to give 2-nitrotyrosine and

4-methoxy-2-nitrophenylalanine, respectively.

Catalytie hydrogenation of the free bases of 2-nitrotyrosine s

4-methoxy-2-nitrophenylalanine gave 2-aminotyrosine and 2-nmino-4-1methoxyphenyvialanine, vespectively.

Among  the previously reported ring-substituted
atadogs of the aromatic amino acids, some rather
iteresting biologically antagonistic activities have been
observed with the wininophenylalanines in growth iu-
hibition studies.  Although no appreciable inhibitory
activity was detected using Leuconastoe dectranicun as
the test organisunt p-uminoplienylalanine caused =«
growth inhibition of Escherichia coli which was re-
versed by either  phenylalanine or  tyrosine®  sn-
Aminophenylalanine, which ix a competitive antagonist

(1) The sappore of (his cork in part by i resencch grant (R-085) frow the
Robert A, Welch Foundation, lloascon, Texas, aud in part by an uander-
graduate research participation grant (GY-217) from the Nationul Science
Foundation is gratefully ncknowledged,

(2) Presented in part at the 20th Southwest Regionul Meeting of the
Ainerican Chemieal Society, Shreveport, La., Dee 1064,

(3) Taken in part from the M.8. Thesis of Johu W, Ziam, Abilene Clivis
tian College, Aug 1965,

-ty N Ll Davis, Lo ML Ravel, €0 G Skivner, ol W Shive, Jterh, Biarken,
Biophgs, 76, 1390 (1u58).
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of phenylalanine in both L. dextranicum® and Iy, coli,
las also been reported to be a competitive antagonist
of lysine in Saccharomyees cerevisiae®  Nore recently,
e-aminophenylalanine has been prepared and found to
antagonize speeifically and competitively the atiliza-
tion of pheuvialanine for the growth of . cali.”

Beeause of the mmteresting biologieal activitiex of the
amiinophenylalanines,  the syuthesis  of  comparable
antalogs which are structurally related to other natural
amino acids was desirable.  Accordingly, in the present
investigation, 2-aminotyrosine and several related
conmpoutuds were prepared, aud their biological proper-
ties were studied in K. eolt and L. dextranicun ox
herein presented.

2-Aminotyrosine and related compounds were syu-
thesized through the usual acetamidomalonic ester

P61 L Diihmer, Abstewers ol Pugeers, Lilsl National Meeons of e
Vinerienn Clienniexd Soctesy, Minoa, Flao, April 1067, p 3707,

73N Lo Duaviss R Lloyvd, ). Flereiwee, 1.,
Ved, Binehin. Bisphoas, 102, 15 (1963).
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synthesis, in which the interaction of 4-methoxy-2-
nitrobenzyl bromide with the sodium salt of ethyl
acetamidomalonate yielded ethyl 2-acetamido-2-(4-
methoxy-2-nitrobenzyl)malonate. The latter com-
pound was hydrolyzed with hydrobromic and hydro-
chloric acids to give 2-nitrotyrosine and 4-methoxy-2-
nitrophenylalanine, respectively. Catalytic hydrogen-
ation of these nitro amino acids gave 2-aminotyrosine
and 2-amino-4-methoxyphenylalanine, respectively.
The effects of 2-aminotyrosine, 2-amino-4-methoxy-
phenylalanine, 2-nitrotyrosine, and 4-methoxy-2-nitro-
phenylalanine upon the growth of E. coli 9723 and L.
dextranicum 8086 are compared to previously reported o-
amintophenylalanine’ as indicated in Table I. 2-Amino-

TaBLE 1

SuMMARY OF INHIBITORY ACTIVITY OF 2-AMINOTYROSINE AND
RELATED CoMPOUNDS ON MICROORGANISMS

Amt (ug/ml) of analog necessary
for complete bacterial growth inhib

Compd E. coli L. dextranicum
o-Aminophenylalanine 0.6° >600
2-Aminotyrosiie 2° 6°
2-Amino-4-methoxy-

phenylalanine >200 60
2-Nitrotyrosine >200 >200
4-Methoxy-2-nitro-

phenylalanine >200 >200

¢ Reversed over a broad range of inhibitor concentrations by
phenylalanine. ® Reversed over a broad range of inhibitor con-
centrations by tyrosine.

tyrosine is completely inhibitory to the growth of E.
coli and L. dextranicum at concentration levels of about
2 and 6 pg/mli, respectively. In contrast, o-amino-
phenylalanine’ inhibits the growth of k. coli at 0.6
wg/ml, but is not inhibitory to the growth of L. dex-
trantcum at a concentration level of 600 ug/ml. Of
the other amino acids tested only 2-amino-4-methoxy-
phenylalanine showed appreciable biological activity
and inhibited the growth of L. dextranicum at a con-
centration of 60 ug/ml.

A more extensive biological study was made of the
reversal of 2-aminotyrosine inhibition by prL-tyrosine in
E. coli as indicated in Table II. Growth mhibition by
2-aminotyrosine is reversed in a competitive manner
over a 100-fold range of increasing concentrations by

TaBLe 1T
REVERSAL OF 2-AMINOTYROSINE INHIBITION BY DL-TYROSINE
N E. coli 9723°

———————Absorbance readingsb———————
prL-Tyrosine, ug/ml

)
|

2-Aminotyrosine,

ug/ml 0 0.06 0.20 0.60 2.0 6.0
0 0.80 0.8¢4 0.80 0.82 0.79 0.80
0.2 0.85
0.6 0.75 0.75
2 0.12 138 0.79Y
6 0 0 0.48 0.59

20 0.21 0.41 0.66

60 0 0.32 0.61 0.74

200 0.14 0.38 0.72

600 0.27 0.66

2000 0.26

¢ Incubated 15 hr at 37°. ® A measure of enlture turhidity in
whicll abzorbance readings of 0.52, 0.30, 0.16, and 0.05 are equiva-
lent to 0.76, 0.43, 0.215, and 0.06 mg of dry weight of cells/m] of
culture, respectively.
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tyrosine with an inhibition index (ratio of the con-
centration of 2-aminotyrosine to the concentration of
tyrosine required for complete inhibition of growth) of
approximately 300. In contrast, 2 pg/ml of phenyl-
alanine does not reverse the inhibition of 2-aminotyro-
sine.

Substitution of a primary amino group for a
hydrogen atom at the 2 position on the benzene ring
of tyrosine has been successful in producing an analog
which is a specific and competitive antagonist of tyro-
sine. These results demonstrate the availability of an
additional inhibitory analog, 2-aminotyrosine, which
may be used for the study of tyrosine metabolism.

Experimental Section®

4-Methyl-3-nitroanisole.—To a boiling solution of 238 ml of
6 N HCl was added 91 g (0.5 mole) of 2-methoxy-5-methyl-4-
nitroaniline. After the amine was dissolved, 125 ml of concen-
trated HCI was added, and the solution was cooled to a tempera-
ture of —3 to 0°. A solution of 41.3 g of NaNQ;, in 88 ml of
water was added to the cold solution from a dropping funnel
over a period of approximately 1 hr. To the diazonium salt solu-
tion was added dropwise 260 ml of 509, aqueous hypophosphorous
acid (precooled to 0°) over a period of about 30 min, and the solu-
tion was stirred at —5 to 0° for 1 additional hr. The solution
was extracted with approximately 2 1. of ether, and the ether
was removed by distillation. Fractional distillation under re-
duced pressure of the resulting liquid gave 54.5 g (719) of
product, bp 150° (20 mm) [lit.° bp 138° (11-14 mm) via a dif-
ferent synthetical route].
Ethyl 2-Acetamido-2-(4-methoxy-2-nitrobenzyl)malonate.—

To a solution of 11.5 g of ethyl acetamidomalonate in 100 m!
of Mg-dried ethanol containing 1.22 g of sodium was added 13.0
g of 4-methoxy-2-nitrobenzyl bromide." The reaction mixture
was refluxed for 2.5 hr, after which NaBr was removed by filtra-
tion. Then, the filtrate was cooled overnight in the refrigerator
to vield 16.5 g of crude material. Recrystallization from
ethanol yielded 14.2 g (709) of product, mp 108-109°.

Anal. Caled for CH2N:0s: C, 33.39; H, 5.79: N, 7.32.
Found: C, 533.33; H, 5.93; N, 7.42.

2-Nitrotyrosine Hydrobromide.—A sample of 5.5 g of ethyl
2-acetamido-2-(4-methoxy-2-nitrobenzyl)malonate was hydro-
Iyzed in the presence of 30 ml of 48¢% HBr acid for 4 hr.
After cooling the reaetion mixture in the refrigerator for 1 hr,
there was obtained 4.0 g (94¢;) of crystalline product, mp
225-231° dec. Paper chromatograms of the product in 1-
butanol-acetic acid-water (4:1:1), and 65%¢ pyridine showed
one spot with R¢ values of 0.39 and 0.76, respectively.

Anal. Caled for CyH,N.Q;-HBr: C, 36.13; H, 3.63; N,
9.08. Found: C,36.13; H, 3.64; N, 8.93.

2-Aminotyrosine.—A sample of 1.4 g of 2-nitrotyrosine hy-
drobromide was dissolved in a minimum amount of water, and
NH,OH was added dropwise to pH 7.0 to vield 1.05 g (97%) of
2-nitrotyrosine, mp 238-240° dec. A sample of 0.5 g of 2-
nitrotyrosine dissolved in 759, methanol was hydrogenated
under 3.52 kg/cm? of hydrogen pressure in the presence of 100
mg of palladium black for 3 hr. The catalyst was removed by
filtration, and the resulting solution was concentrated under
reduced pressure. After chilling in the refrigerator, there was
obtained 0.4 g (92¢;) of crude product, which was recrystallized
from water, mp 179-181° (subl), 240° dec. Paper chromato-
grams of the product in 1-butanol-acetic acid-water (4:1:1)
and 659 pyridine showed R values of .36 and 0.59, respectively.

Anal. Caled for CyHN:O3-H,O: C, 50.46; H, 6.60; X,
13.08. Found: C,50.37; H, 6.54: N, 12.89.

(8) All melting points were determined by the capillary technique and are
corrected. The paper chromatograms were determined by the ascending
techniques using the solvents indicated, and the spots were developed with
ninhydrin reagent. The elemental analyses were determined by Interna-
tional Chemical and Nuclear Corporation, City of Industry, Calif. The
Authors are indebted to Mrs. D. Howell and Mrs. J. Zaun for the miero-
biological assays.

(9) N. N. sworav, M. V., Fedotova, O. B. Ogareva, and E. G. Balasheva,
Zk. Obskch, Klim., 30, 3118 (1960),

(10) . Kuffner, G. Lenneis, and H, Buauer, Monatsh, Chem., 91, 1152
(1960).
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4-Methoxy-2-nitrophenylalanine.-~-A =olution of 5.0 g of
ethyl 2-acetamido-2-(4-methoxy-2-nitrobeuzyl)malonate in 50
ml of concentrated HCl was heated under reflux for 3 hr. The
reaction mixture was placed in the refrigerator for 1 hr 1o effeit
ervstallization.  The resulting ervstuls were vremoved by filtra-
fion to give 2.70 g (74¢0) of prodner, mp 212-214° The hy-
drochloride =alt (1 g} was dissolved in a2 winimmm mmonnt of
water, and dilate NH,OH was added dropwise to pH 7.0 1o
precipitate 0.7 g (8140) of the base, mp 212-214° dee. Paper
chromatograms of the prodnel in [-butanol-ncetie acid-waler
(4:1:1) and 65, pyridine showed one spot, Iy 0,485 and 0.74,
respectively.

AllLfL/. (j“l‘l(‘(l f!ll' CWH.NN ():J (‘,
Found: C,50.13; H, 4.94; N, 11.40,

2-Amino-4-methoxyphenylalanine. ~A solntion of 0.7 g of
4-methoxy-2-nitrophenylalanine in 100 ml of 75’ methaunal
wis hydrogenated nnder 252 kg/em? of hydrogen pressurve
n=ing palladinm black ax o eataly=t {for 3 hr.  After remaving
the eatalyv=t by fAltration, the filirate was coucentrated. The
resulting solution was cooled in the refrigerntor to vield 0.55 g

SN0t H, 5.05; N, 1166,

N-Methyl-N-2-propynyl-l-indanamine.
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807 of desired produet. Following veervstallizution fram
wiater, the produel melted at 184.5-186.5°. Paper chroma-
tugramz of the produet i 1-butanol acetie acid warer (4:1:1
ad 657 pyridive showed one spot, /20 0.52 and DSR2, vespectively.

Aued. Caled for CuHENOy-FLOC G 52620 TL T4 N
12,23, Fonnd: Co02.53: H, 7050 NU1200s,

Microbiological Assays. -[or £ cofi 723, o previausly de-
=eribed inorganie salt< medhim® wis eraployed, and the organi=m
wias ineabated ar 377 for about 16 o Fov L dectean ician SOR6,
the smme a=y procedive wis employed ax previansly reported.
tu all a=says the amoant of growih wax determined photo-
wetrienlly at 625 mp with o Bauseh and Lomb Spectvonie 20
<pectrophotomeler, it terms of absvbance readings o 1he
tnrbid cultnre medinme against o blank of aninoealated medinm
se1 at 0 phsorhanee. For E.oeofi the data in Table T ave e
corded as absorbanee readings which ave related o the milh-
grmns of dryocells ealenlated from a standard envve of g of
drey eell=/mlre, ab=orhanee veadings.

Ve b Naderson Heo s Nl deads Sero DN 80, 120 il

A Potent Monoamine Oxidase Inhibitor

C. ¥, Huegnxer, LLEN M. DoxoguUE, A. J. PLunmer. axp PoAL FURNEss
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The syidhiesis of noseries of tertinry indanamines and related compounds containing an N-2-prapynyl =<ub-

stitnent. is described.
amiie oxidase nhibitors yet reported.

Our continuing interest in itrrcorporating the indane
grouping in molecules of potential pharmacologicul
alue, an activity which has already led to antihista-
mnines,! analgesics, and monoamine oxidase inthibitors,”
prompted us to synthesize a propyuylamine coutaining
this molety. This followed the report of the mono-
amitie oxidase inhibitory aetivity of N-niethyl-N-2-
propyuylbenzylamine (pargyline).? The first coui-
pouud prepared, N-methyl-N-2-propyuyl-1-indanamine
(1).* showed approximately 20 times the activity of
pargyline and is indced in certain tests the most poteut,
irreversible monoamine oxidase iuhibitor kuown.  We
also wish to report on a few congeners of 1 prepared
to explore activity-structure relationships (Table I).

The syuthesis of these tertinry anines was straight-
forward.  The requisite primary aniues were formy-
lated or aevlated, reduced to the secondary wmnine
with lithium aluminum hydride, and finally alkylated
with propargyl bromide in the presence of =odium
carbonate.  IFor the preparation of large quantitios
of 1 & more ceonomical procedure was developed by
Dr. W. Rosen in which the intermediate N-niethyl-
induattanine was prepared from  1-chloronidane and
methylanine,

Changing the N-methyl substitucnt of 1 to hydrogen
(2), cthyl (3). or 2-propynyl (4) lessened activity.
Iixchanging the N-2-propynyl substituent of 1 for

{13 L I aebner, 15 AL Donoghoe, 10 Wenk, . Sarey, and ). N Nelsoo,
JooAne Chenc Sor., 82, 2077 (1960).

(2) C. . IHuebner, . M. Donoghue, . L.
Wenkert, J. Crg. Chem., 27, 4465 11962).

G L Ry Rwen, WL B Muartin, 40 D Tialor, Gl XL Everas, A
andd Yo O GLiadisle ctyns N0 YL Ademlo Ser, 107, 89) (106,

o)y The snhors would be pleased 1o fill sy requests for tlds polent
ynononnitee oxidise inhibilor fromn interesled biochemical and pharnmeologi-
exd vestigoors for sainud use.

Slrachan, P. Beak, and I,
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Among this series are two {1 and 10, Table I) which are among the nost potent niono-
Some activity-strueture correlations have been mde.
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allyl (5) destroyed activity.,  Where the substituent
was 1, 1-dimethylpropynyl (6 and 7), activity wuas
also lessened.  Nuclear methyl substitution in 1 (8)
ol substitution of a 2- for o l-indanyl residue (9) re-
sulted In compounds about oue-fourth ux active as
the parent. Ring enlargemnent of the five-membered,
alieyelie ring of indane (10) gave the most active
compound in the series which showed a 0% inercase
i activity over that of 1. Enlarging the alicyelic ring
toseven members (115, however, again lesseined activity.
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