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Sehiff base formation between pyridoxal phosphate and tyrosine analogs is expressed in terms of atlinily 
constants. The affinity of aromatic amino acids for pyridoxal phosphate is sharply decreased by a methylation; 
the affinity of phenethvlamines for pyridoxal phosphate is decreased by a methylation and increased by 8 hy-
droxylation. The values obtained for the affinity constants of mcta-hydroxylated analogs are correlated with 
their ability to inhibit tyrosine transaminase and to undergo ring closure to tetrahydroisoquinolines. 

a-AIethylated //teta-hydroxylated tyrosine analogs 
(a-methyl-w-tyrotfine, and a-methyl-DOPA) have been 
found to be inhibitors of aromatic amino acid decarb
oxylase11' and have furnished a rational approach in the 
search for antihypertensive agents.2 a-AIethylated 
phenethvlamines have played an important role in the 
development of antidepressant drugs3 and in the elucida
tion of the neurohormonal role of catecholamines. 
Since Sehiff base formation between amities and alde
hydes is important in the functions of biological 
amino groups, it seemed of interest to express the 
affinity of tyrosine and pbenethylamine analogs for 
pyridoxal phosphate (pyridoxal P) in terms of a con-
si tint and thereby to estimate 1 lie steric effect of the 
of-methyl group. 

Pyridoxal P has been shown to be the coenzyme neces
sary for the transamination and decarboxylation of 
amino acids; in addition, Yasunobu and Yamada4 

have claimed ouprie ions and pyridoxal P to be the co-
factors necessary for monoamine oxidase activity in a 
beef plasma enzyme. The formation of a Sehiff 
base (II) between pyridoxal P and a primary amine 
is a prerequisite for the coenzymic activities of pyrid
oxal P. The format ion of II is, in addition, a prerequisite 
for the cyclization of weto-hydroxylated phenethvl
amines (I) to tetrahydroisoquinolines (III).5'0 

HO 

NH, ' H C * N 

H 0 ^ > \ /CH,OPO,H, W 
H,C N 

III 

(1) fa) Suppo r t ed b y G r a n t A M - 0 a 4 8 0 from the Na t iona l I n s t i t u t e s of 
Hea l th , C . S. Publ ic Hea l th Service. (In W. G. Clark in " M e t a b o l i c In 
h ib i t o r s . " Vol. I, H. M. Hochs te r and .1. If. Quas te l , I'M., Academic Press 
Inc , N e w York, N. Y., 11)0'!, C h a p t e r «, p .10:1. 

r>> C. .!. C a v a l h t o in Advances in C h e m i s t r y Series. No. -to. K. I'. Gould, 
10d., Amer ican Chemical Society. \\ ashimrl on, 1). C , HKil. p SIS. 

:S) J . 11. Hiel, ref 2, C h a p t e r 10. 
141 II. Yasunolm a n d K. T . Yamada , ./. Hint. Chrm., 238, 2lio!) (I'll',:;). 
0">) II. V. Scho t t and \V. G. Clark , ihvl., 196, 441) (,l<)52i. 
1.6) T . L. Sourkes a n d A. D ' l o r io in " .Metabolic I n h i b i t o r s , " Vol. I I , H. M. 

Hochs t e r a n d J. II. Quastel , Ed., Academic Press Inc. , 1U63, C h a p t e r H». |> 
80. 

Lucas, King, and Brown7 have measured stability 
constants characterizing Sehiff base formation be
tween aliphatic amino acids and pyridoxal P. Kate 
constants for the formation of several tetrahydroiso-
quinoline derivatives have been obtained by Schott 
and Clark,5 Sourkes,8 and the data summarized by 
Sourkes and D'lorio.6 In the present study, affinity 
constants were obtained for tyrosine analogs; the 
values obtained were correlated with the inhibition 
of tyrosine transaminase exerted by related meta-
hydroxylated phenethvlamines and with the rate of 
tetrahydroisoquinoline formation by such amines. 

Experimental Section 

«-.Methylphenylalanine, «-methyltyrosine, mid «-methyldt>p-
amine hydrochloride were donated by Merck Sharp and Dohme 
Research Laboratories, a-methylnorepinephrine hydrochloride 
was donated by Sterling-Winthrop Research Institute, and «-
methyltyrainine hydrobromide by Smith Kline and French 
Laboratories; other compounds were obtained from commercial 
sources. 

Rat liver homogenale wan used as a source of tyrosine trans
aminase: the enzyme was induced by the intraperitoneal injection 
of a suspension of tyrosine and hydrocortisone succinate (Soln 
Cortef) in male Wistar rats,9 Five hours after the injection the 
animals were sacrificed, and the livers were removed and homog
enized in isotonic KC1 (6 ml/g); the homogenate was cent.ri-
fuged at 10,000 rpm (11,900 g) for 30 min and the supernatant, 
was stored frozen in small aliquots. 

Sehiff base formation between pyridoxal P and primary am
ines results in an increase in ultraviolet absorbance at 275 m,u 
and in a shift of the 388-mn- absorbance maximum of pyridoxal 
P to about. 410 niju (Figure 1). By plotting the reciprocal of the 
increase in 27f>-niju absorbance resulting from the addition of 
graded concentrations of amino acids to pyridoxal P (main
tained at a final concentration of 0.1 m.l/) against the reciprocal 
of the molar amino acid concentration Lucas, King, and Brown7 

have obtained stability constants which they defined as: K,i ---
|pyridoxal P] [amino acid]/[.Sehiff base]. The method of 
Lucas, King, and Brown7 was used for the determination of sta
bility constants with two major modifications: first, the measure
ments were niii.de at pH 7.9 (0.2 .1/ phosphate buffer), the pH 
optimum of tyrosine transaminase;10 second, Sehiff base 
formation was assessed by measuring absorbances at o\SX and 
41.0 m,u rather than at the 275-rn/j wavelength used by Lucas 
and co-workers. The procedure used by Lucas and co-workers,7 

illustrated in Figure 2 for phenylalanine and a-methylphen-
ethylamine (amphetamine), cannot be used for the strongly 
ultraviolet-absorbing phenolic analogs, of tyrosine. The shift 
of the pyridoxal P absorbance due to Sehiff base formation 
results in a decrease of :iSS-m/t absorbance and in an increase in 
410-mM absorbance, i.e., in an increase of the absorbance dif-
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ference AA = Auo — Am- The equal validity of 275-m^ ab
sorbance and of the AA absorbance difference in the determi
nation of K& is shown for phenylalanine and a-methylphenethyl-
amine in Figure 2. 

Tetrahydroisoquinoline formation between pyridoxal P (at a 
final concentration of 0.1 mil/) and tyrosine analogs (at a final 
concentration ranging from 0.05 to 1.6 m.V) was followed by 
recording 327-m,u absorbance change in function of time6 at 
28°. 

Tyrosine transaminase activity was assayed by measuring the 
absorbance of the complex formed between borate and the enol 
form of p-hydroxyphenylpyruvate in the presence of arsenate10 

and also manometrically by following the oxygen uptake re
sulting from the oxidation of tyrosine to acetoacetate and fuma-
rate.11 

Results 

Affinity constants obtained by the A.4 method are 
listed in Table I; they are listed as 1/Kd to better ex
press affinity and to permit correlation with rates 
of tetrahydroisoquinoline formation. The constants 
listed for amino acids in Table I show a marked de-

TABLE I 

AFFINITY CONSTANTS (\/K&Y FOR 0.1 mil/ PYRIDOXAL PHOSPHATE 

AND RATE CONSTANTS (fc) FOR TETRAHYDROISOQUINOLINE 

FORMATION BY TYROSINE ANALOGS 

Analog 

Phenylalanine 
a-Methylphen alanine 
?rt-Tyrosine 
a-Methyl-m- tyrosine 
Tyrosine 
a-Methyltyrosine 
DOPA " 
a-Methyl-DOPA 
3-Methoxytyrosine 
Tyramine 
a-Methylphenethylamine 
a-Methyltyramine 
Dopamine 
ff-Alethyldopamine 
Normetanephrine 
Octopamine 
a-Methyloctopamine 
Norepinephrine 
a-Methylnorepinephrine 
Epinephrine 

1/iCd, mM-i 

0.55 
0.07 

0.55 
0.07 

0.74 
0.55 
0.26 
0.32 

1.0 
0.96 
0.68 

kb 

0.04 
0.00, 

0.04 
0.00 

0.04 
0.03 

0.07 
0.03 
0.01 

" Affinity constants were obtained from a plot of reciprocal 
analog concentration against reciprocal Aivi — .438s absorbance 
increase. h Absorbance per micromole per minute. 

crease in affinity for the sterically hindered a-methyl-
phenylalanine and a-methyltyrosine. The affinity 
constants listed for phenethylamines in Table I show 
a moderate decrease in affinity for a-methylphenethyl-
amines such as amphetamine, a-methyltyramine (pare-
drine), and a-methyloctopamine [a-(l-aminoethyl)-
p-hydroxybenzyl alcohol]. The affinity constants fur
ther indicate that /3-hydroxylated phenethylamines 
have an increased affinity for pyridoxal P as may be 
seen by comparing the affinity constant of octopamine 
(/3-hydroxytyramine) with that of tyramine and that 
of normetanephrine (/3-hydroxy-3-methoxytyramine) 
with that of 3-methoxytyrosine. 

The rate constants listed in Table I for the forma
tion of tetrahydroisoquinoline derivatives show that 

(11) G. Litwack, J. Biol. Chem., 228, 823 (1959). 
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Figure 1.—Absorption spectra of some Schiff bases at pH 7.9: 
O, phenylalanine; V, tyramine; A, a-methyltyramine; A, octop
amine; T, a-methyloctopamine; • , pyridoxal phosphate. 
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Figure 2.—Determination of the affinity constant, 1/Kd for 
phenylalanine (O) and amphetamine ( • ) . Abscissa, reciprocal 
molar concentration; ordinate, reciprocal 275 nifi (plain line) and 
reciprocal AA = Aiw — A-m (dotted line) absorbance increases. 

variations in rate constants follow affinity constants 
for structurally related compounds, suggesting that 
Schiff base formation is the rate-determining step 
in tetrahydroisoquinoline formation. The apparent 
rate constant for epinephrine (a secondary amine 
which like metanephrine, ephedrine, or N-acetyltyro-
sine, is unable to form a Schiff base) suggests that the 
327-ITLU absorbance increase does not assess tetrahydro
isoquinoline formation only. 

Results describing the effect of some tyrosine ana
logs on tyrosine transaminase are listed in Table II. 
The degradation of tyrosine (manometric assay) is 
markedly inhibited by m-tyrosine and DOPA, but 
not affected by a-methyl-m-tyrosine and a-methyl-
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TABLE If 

INHIBITION OF T v i t O S l N E Ti iAXSAMlNASK BY T Y R O S I N E A N A L O O 

M a n o m e t o i ihiol Mora le 

Analog 

(//-//(-Tyrosine 
a-.\IethvI-m-tvrosin(> 
(«-l)OPA 
«-.Methyl-l)OPA 
Dopamine 
a-.Methyldopuminc 
Norepinephrine 
a-Methylnorepinephrine 
Dopamine 

(..oucn, 
m.W 

•> 
• ) 

2 
• > 

• > 

2 
1 
1 
1 

', 
inliib 

GO 
I) 

70 
(1 

till 
••'A 

74 
711 
74 

( uiicn, 
m. l / 

1 
1 
1 
1 
1 
1 
0 . 5 
0 . 5 
( 1 . 5 

i 

inliib 

SS 
5 

72 
17 

!):> 
"A 

60 
42 
2!) 

Lit.' 

So 
11 

so 
01 

so 
" T h e tyrosine concentration was 2 m.l/ in the manometrie 

assay and 1 m.l/ in the enol-borate assay. " liesults obtained bv 
(!. A. Jacoliy and B. La DM {J. Biol, ("hem., 239, 410 (1964)1 at 
a tyrosine and inhibitor concentration of '••) m.t/". 

DOP.A; dopamine inhibits tyrosine degradation io a 
higher degree than a-methyldopamine, but a-methyl-
norepinephrine is as effective an inhibitor of tyrosine 
degradation as norepinephrine itself. When the effect 
of tyrosine analogs on tyrosine transaminase is assessed 
by the more specific enol-borate method (Table II) , 
the inhibitory effect of ///c/a-hydroxylated amino 
acids is seen Io be markedly decreased by a methyla-
1 ion, while tha t of ///-hydroxyphenethylamines is 
moderately decreased by a methylation, but increased 
by fS hydroxylation. 

Discussion 

The presence of an a-methyl group in tyrosine analogs 
results in a large amount of steric hindrance to Sehiff 
bast' formation; it explains the lack of biochemical 
reactivity of members of this group. 

The presence of an a-niefhyl group in phenethyl-
ainines provides a definite' but moderate amount of 
steric hindrance to Sehiff base formation. Thai a 
similar steric relation holds for rat liver mitochon
drial monoamine oxidase, possibly a pyridoxal 1' 
enzyme.1" has been shown by Fuller and Walters. ; :< 

Fuller and Wallers stale that rat monoamine oxidase 
was more inhibited by substrate amines than by <v~ 
methylated analogs; t.hus 0.1 m.l/ phenethylainine 
was able to prevent 74 r

( of kynurenainine oxidation, 
whereas, at the same concentration, a-methylphon-
efhylainine was .">lr

f and a.a-dinielliylphenethylamine 
(which is slerically similar to an a-mothylamino 
acid) was only 8 ' ( effective. 

Xo a t tempt has been made in the present study tu 
explain the increased affinity of /j-hydroxylaled phen-
ethylamines for pyridoxal P. 
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2-Aminolyrosine, an Analog of Tyrosine1'" 
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A new tyrosine analog, 2-aminoiyrosine, and several related compounds were prepared and tested for growth 
inhibition of Escherichia coli 0728 and Leacoiiosloc. ilextranic.um 8086. Growth inhibition of E. coli by 2-atnino-
tyrosiue was shown 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 A()0. Kthyl 2-acetamido-2-(4-methoxy-2-
nitrobenzyl)malonate, resulting from the condensation of 4-methoxy-2-nitrobenzyl bromide with the sodium salt 
of ethyl acetamidomalonate, was hvdrolvzed with hydrobromic and hydrochloric acid to give 2-nitrotyrosine and 
4-rnethoxy-2-niti'ophenylalanine, respectively. Catalytic hydrogenation of the free bases of 2-nitrotyrosine and 
4-methuxy-2-nitrophenylalanine gave 2-aminotyrosine and 2-arnino-4-inethoxyphenylalanine, respectively. 

Among the previously reported ring-substituted 
analogs of the aromatic amino acids, some rather 
interesting biologically antagonistic activities have been 
observed with the aminophenylalaiiines in growth in
hibition studies. Although no appreciable inhibitory 
activity was detected using EeuconoMoc de.vtranicuni as 
the lest organism,4 p-aminophenylalanine caused a 
growth inhibition of Escherichia coli which was re
versed by either phenylalanine or tyrosine.5 m-
Aminophenylalanine, which is a competitive antagonist 
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of phenylalanine in both L. de.vlranicum* and K. colif 
has also been reported Io be a competitive antagonist 
of lysine in Sacchai'otiitjces cerecisiaef Afore recently, 
o-aminophenylalanine has been prepared and found to 
antagonize specifically and competitively the utiliza
tion of phenylalanine for the growth of E. coli.'' 

Because of the interesting biological activities of the 
aminophenylalanines, the synthesis of comparable 
analogs which are structurally related to other natural 
amino acids was desirable. Accordingly, in the present 
investigation, 2-aminotyrosine and several related 
compounds were prepared, and their biological proper
ties were studied in E. coli and L. dextranicum as 
herein presented. 

2-Aminotyrosino and related compounds were syn
thesized through the usual acetamidomalonic ester 
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