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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-nitrobenzy1)malonate. The latter com- 
pound was hydrolyzed with hydrobromic and hydro- 
chloric acids to give 2-nitrotyrosine and 4-inethoxy-2- 
nitrophenylalanine, respectively. Catalytic hydrogen- 
ation of these nitro amino acids gave 2-aniinotyrosine 
and 2-aniino-4-methoxyphenylalanine, respectively. 

The effects of 2-aminotyrosine, 2-aniino4-niethoxy- 
phenylalanine, 2-nitrotyrosine, and 4-methoxy-2-nitro- 
phenylalanine upon the growth of E. coli 9723 and L. 
dextranicuni 8086 are compared to previously reported o- 
ami~iophenylalanine~ as indicated in Table I. %Amino- 

TABLE I 

RELATED COMPOUNDS o s  ~IICROORGAKISMS 
SGMM.\ItY O F  INHIBIrOltY AcnwrY O F  2-AMINOTYltOSINE .\XD 

Compd 

o-Xminopheny lalaiiine 
2-Aminot yrosiiie 
2-Amino-4-methoxy- 

phenylalanine 
%-Nitro tyrosine 
4-Methoxy-2-nitro- 

phenylalanine 

Amt ( f ig ,  ml) of analog necessary 
for complete bacterial growth inhib 

E. co l i  L. deztranicum 

0.6" >600 
2b 6* 

>200 60 
>200 >200 

>200 >200 
a Reversed over a broad range of inhibitor Concentrations by 

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

tyrosine is completely inhibitory to the growth of E. 
coli and L. dextranicum at concentration levels of about 
2 and 6 kg/ml, respectively. In  contrast, o-aniino- 
phenylalanine7 inhibits the growth of E. coli at 0.6 
kg/nil, but is not inhibitory to  the growth of L. dex- 
tranicuili at  a concentration level of 600 pg/ml. Of 
the other amino acids tested only 2-amino-4-methoxy- 
phenylalanine showed appreciable biological activity 
and inhibited the growth of L. dextranicuw at a con- 
centration of 60 pg/ml. 

A more extensive biological study was made of the 
reversal of 2-aniinotyrosine inhibition by m-tyrosine in 
E. coli as indicated in Table 11. Growth inhibition by 
2-aniinotyrosine is reversed in a competitive manner 
over a 100-fold range of increasing concentrations by 

TABLE I1 

IS E. coli 9723" 
l<EVEllS.\L U F  % h l I N U T Y R O S I N E  INHIBITION BY UL-TYItOSIKE 

7------4bsorbrtnce readings*- 7 

2-.\minotyrosine, 7-- DL-Tyrosine, pgiml--- 

0 0.80 0.84 0.80 0.82 0.79 0.80 
0 . 2  0.85 
0 . 6  0.75 0.75 
2 0.12 1% 0 . W  
6 0 0 0.48 0.59 

pr im1 0 0 .06  0 .20  0.60  2.0 6 . 0  

20 0.21 0.41 0.66 
60 0 0.32 0.61 0 . 7 4  

200 0.14 0.58 0 . i 2  
600 0.27 0 .66  

2000 0.26 
Tiiriihated 15 hr a t  37". * A measiire of ciiltiirr turhidity in 

whicli absorbaim readiiigs of 0.52,  0.30, 0.16, arid 0.05 are ecliiiva- 
lent to  0.76, 0.43, 0.215, and 0.06 mg of dry weight of cells/ml of 
cdture,  respectively. 

tyrosine with an inhibition index (ratio of the con- 
centration of 2-aniinotyrosine to the concentration of 
tyrosine required for complete inhibition of growth) of 
approximately 300. In  contrast, 2 Mg/nil 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-aininotyrosine, which 
may be ubed for the study of tyrosine metabolism. 

Experimental Sections 
4-Methyl-3-nitroanisole.-To a boiling solution of 238 ml of 

6 S HC1 was added 91 g (0.5 mole) of P-methoxy-5-methyl-4- 
nitroaiiiline. After the amine was dissolved, 125 ml of concen- 
trated HC1 was added, aiid the solution wax cooled to a tempera- 
ture of - 5  to 0". h solution of 41.3 g of XaXOn in 88 nil 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 dropwiae 260 ml of SO?, 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, aiid the ether 
was removed by distillation. Fractional distillation inider re- 
duced pressure of the resulting liquid gave 54.5 g ( 7 1 5 )  of 
product, bp 150" (20 mm) [lit.g 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 coiitainiiig 1.22 g of sodium was added 13.0 
g of 4-methoxy-2-nitrobenzyl bromide.10 The reaction mixture 
R-as refluxed for 2.5  hr, after which NaBr was removed by filtra- 
tion. Then, the filtrate was cooled overnight in the refrigerator 
to yield 16.5 g of crude material. Recr! 
ethanol yielded 14.2 g (70yc) of product, mp 108-109'. 

Anal. Calcd for C17H2PS?08: C, 53.39; H, 5.79: T, i . 3 2 .  
Found: C, 53.33; H, 5.93; N, 7.42. 

2-Nitrotyrosine Hydrobromide.-A sample of 5.5 g of ethyl 
2-acetamido-2-(4-methoxy-2-nitrobeii~yl)malo1late was hydro- 
lyzed in the presence of 50 ml of 4 8 5  HBr acid for 4 hr. 
After cooling the reaction mixture in the refrigerator for 1 hr, 
there was obtained 4.0 g (94") of crybtalline product, mp 
225-231' de(*. Paper chromatograms of the product in 1- 
butanol-acetic acid-water (4: 1 : l ) ,  aiid 65';; pyridine showed 
one spot) with Rr values of 0.39 and 0.76, respectively. 

Anal. Calcd for CsHloN?Oj.HBr: C, 36.13; H ,  3.63; N, 
9.08. Fouiid: C,36.13; H,3.64: N,8.93. 

2-Aminotyrosine.-h >ample of 1.4 g of 2-nitrotyrohe h>-- 
drobromide was dissolved in a miliimum amouiit of water, and 
NHlOH was added dropwise to pH 7.0 to yield 1.05 g (97%) of 
2-nitrotyrosiiie, mp 338-240' de?. il sample of 0.5 g of 2- 
riitrotyrosine dissolved in 75% methanol wah hydrogenated 
under 3.52 kg/cm2 of hydrogen pressure in the presence of 100 
mg of palladium black for 3 hr. The catalyst was removed by 
filtration, and the resultiiig solution was concentrated under 
reduced pressitre. After chilling in  the refrigerator, there was 
obtained 0.4 g (92';) of critde prodlict, which was recrystallized 
from water, mp 179-181" (sribl), 240' dec. Paper chromato- 
grams of the prodiict in 1-biltanol-acetic acid-water (4: 1 :  1) 
and 6 5 5  pyridine showed Rf valites of 0.36 aiid 0.59, re+pectively. 

Anal. Calcd for CYH1?NP03.H20:  C, 50.46; H, 6.60: S,  
13.08. Fouiid: C, 50.37; H, 6.54; S,  12.89. 

( 8 )  911 melting points were determined by the capillary technique and are 
corrected. The paper chromatograms \yere determined by the ascending 
techniques using the solvents indicated, and the spots were developed with 
ninhydrin reagent. The  elemental analyses were determined b y  Interna- 
tional Chemical and Nuclear Corporation, City of Industry. Calif. The 
Authors are indebted to  Mrs. D. Howell and Mrs. J. Zaun for the micro- 
biological assays. 
(9) N. N. d r i r o m v .  11. T. Fedtitova, 0. R .  Ogarerx,  n n < l  E. G .  Tlnlnsliern, 

Z h .  Obshch. Khim., 30, 3118 (1980). 
(10) 1'. l iuffner,  G. Lenneis, and Fl. I juuer ,  . l fu , iutu/ i .  C h s m . ,  91, l l j 2  

(IlttiO). 
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