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Ratio of 
siihstratp: inliihilrii 

to  give cci. 

Coinpda AOC/b inhih 

Esciiletin 200: 1 
L-IYJPA 15: 1 
4-Fliioro-PA 10: 1 
%,;J-l>ihydrosynapht halene 10: 1 
1,2-Dihydroxyant hraqiiiiioiie 10: 1 
Sordihydrogiiaiaretic. acaid 10: 1 

iiletin i-methyl ether 7 :  I 

Esciiletin 6-methyl ether 2 :  1 
3,4-Difluoro-PA4 2 : l  
4-Fliioro-a-methyl-PA 2:  1 
3-Chloro-4-fluoro-PA 1 . 5 : 1  
3,4-Dihydroexuletin 1:  1 
DL-a-hIethyl-DOPA 1:  1 
3,4-Dihydroxycinnamic acid 1 : l  
3-Bromo-4-fluoro-P-4 1: 1 
4-Chloro-PA 1:  1 

Ehciilin 3: 1 

a The following compoiinds showed 1es.s than 50% inhibition 
at a ratio of 1 : 1: 2-bromo-, 2-flnoro-, 3-fluoro-, 3-chlcro-, 3- 
bromo-, a-methyl-, 4-methyl-a-methyl-, and 4-nitrophenylalan- 
ine, 0-propylphenylacetamide, 4fluorophenylacetic acid, 4- 
fliiorophenylpropionic acid, 4-methyl-, 4-fluoro-, and 4-hydroxy- 
qinnamic acid, 8-thienylalanine, mimosine, and 2,3-dihydroxy- 
cuinoxaline. 

Among the non-o-dihydroxy conipounds tested, 4- 
fluorophenylalanine was the most potent inhibitor. 4- 
Fluorophenylalanine was reported to act as a substrate 
for PA hydroxylase'O and to inhibit the hydroxylation 
of phenylalanine competitively. Our studies showed 
that a-methyl derivatives of DOP-4 and 4-fluorophenyl- 
alanine were considerably less active as inhibitors than 
their respective parent compounds. Furthermore, 4- 
fluorocinnamic, -phenylarctic, and -phenylpropionic 
acids showed esqentially no inhibitory activity against 
I'h hydroxylase. Indications are that disturbance of 
the amino acid side chain reduces the inhibition. In- 
vestigation of 3-substituted phenylalanine derivatives 
in the hope of obtaining an inhibitor based on 
hindrance of the 4 position were not fruitful. Substitu- 
tion of fluorine, chlorine, or bromine in the 3 position 
of 4-fluorophenylalanine lowered the inhibitory ac- 
tivity progressively in the order listed. Phenylalanine 
derivatives without substituents in the 4 position were 
poor inhibitors as were derivatives substituted in the 4 
position with groups other than fluorine, e.g., chloro, 
bromo, nitro, or methyl. 

These findings on the properties of PA% hydroxylase 
inhibitors are in sharp contrast to  those of tyrosine 
hydroxylase inhibitors. 9,11 ,Imong the latter, the di- 
halogenated tyrosines were more potent inhibitors than 
monohalogenated tyrosines and a-methyl-halogenated 
tyrosines were more potent than the nonmethyl analogs. 
Finally, the relative activities of the 3-substituted a-  
methyltyrosine analogs were I > Br > C1> H > F. 

In  attempting to design a potential in ziivo inhibitor of 
an enzyme such as in the present study, one factor 
which must be reckoned with is the possibility that  a 
candidate compound may be relatively inactive in an 
in vitro assay system but may be transformed into a 
potent inhibitor in an intact animal. The reverse could 

(11) 11. Goldstein and Z .  Weiss, Lzfe Sci . ,  4 ,  261 (1965) 

also happen. For example, 4-chlorophenylalanine was 
found to be a poor inhibitor of phenylalanine hy- 
droxylase in vilt o. However, in  confirmation of the 
findings of Koe and W e i s s m a ~ i , ~ ~  the hydroxylase ac- 
tivity of a rat was found to be extensively inhibited 3 
(lays after a single injection of the compound. The 
iiiechanisiii for this phenomenon is not understood. 
Esculin (6-glucosylesculetin), although considerably 
less potent than esculetin in an in vitro system, was 
found to be a5 active an inhibitor as esculetin when in- 
jected into rats.I3 The findings on intact animal 
ititdies will be a subject of another coniniunication. 

Experimental Section 
The physical properties of the compounds are listed in Table 11. 
Substituted 5-Benzyl-5-methylhydantoins.-p-Tolylacetone, bp 

SO-81.5" (2.i mm), 1it.I' hp 92-94' (3 mm), and p-fluorophenyl- 
acetone, bp 54-57' (0.5 mm), lit.15 hp 12&130" (30 mm), were 
prepared according to  the procedure of Cason and Pront.16 The 
appropriate ketone was allowed to react with (YHd),CO, and 
N a C S  in BOc{ ethanol at 60" according to the procediire of 
(ioodson, et  a/.," to afford the hydantoin. 

0-Methylphenyla1anines.-A solution of 0.01 mole of the hy- 
daiitoin and 0.10 mole of Ra(OH):!.8H?O in  7 5  ml of water was 
btirred at refliix for 7 2  hr, chilled to OD, and treated with CO?. 
The BaC03 was filtered and the aqueoiis solution was evaporated 
in cacuo to near dryness. The soliitioii was acidified to pH 1 
with concent,rated HC1 and chilled. The resnlting prod1ict.i were 
collected and recrystallized. 

3-Chloro-4-fluorotoluene.-To a hot solution of 10.6 g (43.4 
mmoles) of CuSO4.5HZO in 35 ml of hot water was added 3.5 g 
(60.3 mmoles) of NaCl and 3.1 g (24.8 mmoles) of Na2S03 in 
2.5 ml of warm water. hfter chilling, the supernatant was de- 
caiited and the white solid was washed with 25 ml of cold water 
and dissolved in 13.1 ml of concentrated HCI. To this was added 
an ice-cold soliitioii of the diazoniiim salt from 4.1) g (39.1 mmoles) 
of 2-fliioro-5-methylaiiiliiie in i5 ml of 3 .\- HC1 and 2.8 g (41.3 
"ole:,) of S a S O ?  ill 2!5 ml of water. 
distilled and the distillate was extracted with three 5o-ml por- 
tions of ether. The rombiiied ether extracts were washed with 
three 30-ml portions of 55: SaOH,  three 30-ml portions of water, 
dried over SlgS04, and evaporated in z'aciio. Distillation of the 
residue yielded 2.39 g ( 4 3 5 )  of a colorless liqiiid, bp 85' (54 mm). 

Anal. Calcd for CiHsCIF: C, 5x2 ;  H, 4.18; C1, 24.6. 
Found: C, 58.3:  H, 4.36; C1, 24.7. 

Substituted Benzyl Bromides.--A mixture of 0.01 mole of the 
toluene, 0.01 mole of N-bromosucrinimide, 0.001 mole of benzoyl 
peroxide, and 30 nil of CC1, was stirred tinder reflux for 16 hr 
in the presence of a flood lamp. Siiccinimide was removed by 
filtration, and the solvent was evaporated in L ~ U C U O .  The re- 
sidual oils were extracted into petroleiim ether (lip 60-120') 
and the petroleum ether wa+ evaporated in t'acuo. The criide 
oil was distilled in 2."xio. 

Substituted Benzylacetamidoma1onates.-Followiiig the general 
procedure of Burckhalter and Stepheris'* 0.01 mole of the benzyl 
bromide in 10 ml of ethanol was added to a solution of 0.01 g- 
atom of sodium and 0.01 mole of diethyl acetamidomaloiiate in 
60 ml of ethanol. The resulting sollition was heated at refliix 
for 3 hr. The hot mixture was filtered and chilled to afford the 
product which was collected and recrystallized. 

Phenyla1anines.-One gram of the acetamidomalonate was 
boiled with 15 ml of concentrated HCl and 5 ml of HOAc for 16 
hr. The hot, solution was filtered, adjiwted to pH 6, and chilled. 
The resulting product was collected and rerrystallized. Com- 

The mixtiire wa 
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