
Distribution Coefficients for 5a and 5b.-Ten milliliters each of 
CsHs and pH 7.4 Krebs-Ringers phosphate were shaken for 1 
hr with the tritiated comtmtrnd (5a and 5b). Each phase (1 ml) 

at  21.5'. 
with 0.04 AJ HC1 using phenolphthalein as indicator. 
experiment was carried out. 

Aliquots (1 ml) were drawn a t  intervals and titrated 
A blank 
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was counted in a liquid scintillation spectrometer. The count5 
per miniite fotind in each phase were corrected to diaiiitegratloris 
per miiiute and the ratio was calculated. 

Hydrolytic Rate Studies on 16a and 16b.-A 10-ml ethanolic 
0.25 .V NaOH solution containing 0.023 g of ester was mairitaiiied Sciences. 
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The preparation of a series of alkylating agents derived from phenylalanine ii3 reported. The compounds were 
Syntheses are described for 4-bromoacetyl-, found to be inettfective as inhibitors of phenylalanine hydroxylase. 

4-bromoacetamido-, 3-chloroacetamido-, arid 4-fluoro-3-chloroacetamidophenylalanine. 

In  a previous publication' we reported an approach 
to  the creation of a state of phenylketonuria (PKU) by 
inhibition of the enzyme, phenylalanine hydroxylase. 
We had confirmed earlier findings that 4-fluorophenyl- 
alanine2 and esculetin (6,i-dihydroxycouniarin) were 
good inhibitors of the enzyme in vitro. Our attempts to  
find a more potent inhibitor among a series of variously 
substituted phenylalanine derivatives were unsuccessful. 
However, we mere able to  conclude that alteration of 
the amino acid side chain and substitution of a group 
larger than fluorine in the 4 position was detrimental 
t o  activity. It appeared likely t o  us that  irreversible 
inhibition of phenylalanine hydroxylase would more 
closely mimic the genetic defect responsible for PIK.  

In the present work we have prepared some potential 
irreversible inhibitors in the form of alkylating agents 
derived from phenylalanine. The compounds were 
-l-bromoacetyl-, 4-bromoacetamido-, S-chloroacet- 
amido-, and 4-fluoro-3-chloroacetamidophenylalanine. 
As will be seen in the biological results, no  significant 
degree of inhibition was realized with these compounds. 
Whether the lack of significant inhibition was due to  the 
bulkiness of the haloalkyl substituents or insufficient 
reactivity of the alkylating functions is not known. 

The synthesis of 4-bromoacetylphenylalanine started 
with 4-chloromethylacetophenone4 (I) which was con- 
verted to  the crude iodide (11), and this in turn was used 
t o  alkylate diethyl formamidomalonate (Chart I). 

CHART I 
C H, C (COOE t) 2 a LHCHO --+ 

CHaCO 
I ,X=CI  

I I , X = I  
I11 

I V , R = H  
V,R=Cbz 

VI, R = Cbz 
VII, R = H  

(1) 

(2) 
(3) 
(4) 

J. I. DeGraw, M. Cory, TT'. A. Skinner, 11. C .  Theisen, and C. Mi- 

D. D. TYatt and J. P. Vandervoorde, Federation PTOC., 23, 146 (1964). 
S. B. Ross and 0. Haljasmaa, Li fe  Sci., 3,  579 (1964). 
L. Schmid, IV. Swoboda, and &I. \Vichtl, hJonatsh., SS, 185 (1952). 

toma, J .  .IJed. Chem.,  10, 64 (1967). 

Acid hydrolysis and decarboxylation of the intermediate 
I11 yielded 4-acetylphenylalanine (IV). An effort was 
made t o  brominate IV directly in acetic acid at  70" 
but no reaction with bromine was observed. The K- 
carbobenzoxy derivative V mas then prepared and 
brominated readily with trimethylphenylammonium 
tribromidebin T H F  to afford the N-carbobenzoxybromo- 
ketone (VI) in 447, yield. Treatment of VI with HBr- 
,4cOH smoothly cleaved the blocking group without 
disturbance of the bromine to  yield 4-bromoacetyl- 
phenylalanine (VII) as the hydrobromide salt. 

4-Xtrophenylalanine was converted t o  its n'-carbo- 
benzoxy methyl ester. The nitro group was reduced 
and the resulting amine (XIa) was converted t o  the 
bromoacetamido compound (XIIa) (Chart 11). Mild 

CHIRT 11 
NHCbz 

CHzCOORa - D C H z C H C O O C H a  I 

--t 

02N /o &HR1 RNH 

VIIIa, R, = R, = H XIa, R = H 
IXa. R, = H: Rq = CHx XIIa. R = BrCHyCO 

SI I I a ,  R = Cbz 
SIVa,  It = I1 

a, $-substituted pheiiyl 
b, 3-substituted phenyl 
c, 4-fluoro-3-substituted phenyl; chloroacetamides were prepared 

for the b and c series 

?HAC 

,/JR ---t F , & J C H k ( C O O E t ) 2  - VIIIC 

F 
1 I 

NO, NO2 
XVI, R = COOH X I X  

XVII, R = CHzOH 
XVIII, R = CHzC1 

exposure of XIIa  t o  HBr-AcOH caused only partial 
removal of the methyl ester, while more vigorous con- 
ditions also caused cleavage of the bromoacetyl moiety. 

( 5 )  A. Marquet and J. Jacques, Bull. SOC. Chim. France, 90 (1962). 



f l l l  ph\ > I (  : r l  : I  

4-Fluoro-3-nitroohenvlalanine Hydrochloride ( VIIIc). I'iil- 
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S O .  

S a  
S b  
S c  
S I a  
S I b  
S I C  
SIIa 
S I I b  
SIIC 
SIIIa 
STIIb 
SIIIc 
S V  

.\r 

4-?;01CsI r4 
3-KO1CsH4 
3-NO1-4-FCaI-T, 
4-SHZCsH4 
3-XHpCsH4 
3-NH1-4-FCfiH3 
4-SHCOCHpBrCsHd 
3-KHCOCH,ClCeH, 
3-NHCOCHlCI-4-FC6H3 
4-NHCOCH2BrCsHk 
3-SHCOCHpClCsHd 
S-SHCOCHpC1-4-FCsE1, 
3-NHCOCHpBrC6Hd 

TABLE I 
SCBSTI'T5TEII N-CARBOBENZOXYPHEXTL.~LA~IXES 

Ar CHzCHCOsR 
I 

XH-CBZ 
Yield, 

It 70 
CH3 7 2  
CH3 86 
CHB 83 
CHa 92. 
CHB 90' 
CH3 93* 
CH3 31 
CHB 45 
CH3 41 
H 61 
H 42 
H i .I 

CH3 23 

r -  

Mp,  "C 

i i . !5-78.5 
49-32 
64.3-67 

169-lil 

100-102 
82-84 
84-8.5 

-- 

128-130 

1.54-133, 3 
116 3-120 
145-147 
$10-93 

Crysin solvent 

C&-cyclohexane 
CsHs-hexane 
C&-cyclohexaiie 
50% EtOH 
,50y0 3IeOH 

a Yield as free babe; characterized as picrate. Crude oil used for next reaction without analybis. 

TZBLE 11 

ArCHpCHCOzH 
SUBSrITUTED P H E X Y L  Z L I S I I E S  

I 
NH*.HBr 

l i e i d ,  
s o .  I r % Mp, oc 

VI1 4-COCH2BrC611d 68 210.5-212 
SIL a 4-NHCOCH2BrCsH4 . ) i  243-243 
S I V b  3-SHCOCH2ClC6H4 31 >300 
S I V C  3-SHCOCH,C1-4-FC6H, 78" 287-292 
a Compound quite hygroscopic. 

-* 

N-Carbobenzoxy-a-haloacetamidophenylalanines (XIII).-To 
1.0 mniole of the methyl X-carbobenzoxp-a-haloacetamidophenyl- 
alariate in 20 ml of 3IeOH at 0" was added 1.0 ml of 1.00 JY KOH. 
The resiilting solution was stirred at room temperature until 
the pH was approximately 7 (about 5 hr). Tests with acidic, 
alcoholic AgSO3 were run iipoii the reaction solution at I-hr 
intervals. In the ca.e of the methyl N-carbobenzoxy-%bromo- 
acetamidopheiiylalaiiate (XV) a positive halide test resulted after 
1 hr. The reaction mixture was evaporated in UUCILO to  dryiiess 
and the restilting gum was partitioned between CIfCl3 and 
satiuated ?r'aHC03. The P\'aHC03 extract was acidified to pH 1 
with 3 -Y HC1, extracted with CHCl,, dried i31gS04), aiid evapo- 
rated in uucuo to dryness. The products were collected and re- 
crystallized (qee Table I). 
a-Haloacetamidophenylalanines (XIV)  were all prepared from 

the respective N-carbobenzoxy acids (XIII) by the same pro- 
cediire used for 4-bromoacetylphenylalanine (VI I )  (see Table 11). 
4-Fluoro-3-nitrobenzyl Alcohol (XVII).-To 20 ml (20 mmoles) 

of 1 JI borane in THF at 0" was slowly added 1.83 g (10 mmoles) 
of 4-fliioro-3-iiitrobeiiaoic acid (XVI) in 25 ml of THF. The 
mixture was stirred at reflux for 1 hr aiid chilled to 0-5". Five 
milliliters of 3 A\- HCl was added slowly and the mixtiire was 
evaporated in L'acuo to dryness. The resulting solid was par- 

Crs sin 
solvent Formula 

93% AcOH CI,H,,BrXO~~ HBr 
9,5yc EtOH CllHI3BrS2O3. HBr 
XepCO-Et20 CllHI3C1S~O3.HBr 
;\IenCO-EtsO CllH&1FN203.HBr.HOAc 

.ha13 se5 

C, H, N 
C, H, N 
C, H, N 
C, H, N 
C, H, IT 

C, H, N 
C, H, C1, S 
C, H, S 
C, H, Br, N 
C, H, C1, N 
C, H, C1, N 
C, H, K 

.\nalyses 

C, H, Br, K 
C, H, K 
C, H, K 
C, H, X 

titioned between HpO and EtzO, and Et,?O extract was washed 
(t,hree 10-ml portions of saturated NaHC03, three 10-ml portions 
of H20),  dried (lIgSO4), and evaporated in vucuo to yield 1.5 g 
(87%) of a yellow oil. B portion of t'he oil was purified for analy- 
sis by glpc on a 16.3 X 0.62 cm column of 20% 1)C 550 on 
Chromosorb W 43/60 at 183'. 9nul .  ( C ~ H ~ F S O B )  C, H, X. 
4-Fluoro-3-nitrobenzyl Chloride (XVIII).-To 7.6 g (44 

mmoles) of 4-fl~ioro-3-iiitrobenz3.1 alcohol (XVII) was added 41.3 
g (0.349 mole) of SOCIp. The solution was stirred at room tem- 
perature for 1 hr and distilled in V ~ C I I O  through a 10-cm Vigreux 
head to yield 6.24 g (74c.;) of colorless oil, bp 111-112" (1.2 mm). 

Diethyl 4-Fluoro-3-nitrobenzylacetamidomaIonate (XIX).-Fol- 
lowing the procedure for 111, 1.16 g (6.2 mmoles) of XI711 was 
treated with 4.39 g (30.8 mnioles) of NaI i n  50 ml of .\Ie2C0. 
The crude iodide was allowed to react with a soliition of 0.14 g 
(6.2 mg-atoms) of X a  and 1.34 g (6.2 mmoles) of diethyl acet- 
amidomalonate i i i  50 ml of EtOH to yield, after recrvstallization 

Anal. (CiH:ClFPI;Oy) C, H, X. 

from EtOH, 1.42 g (625;) of white crystal\, mp 121.5-123'. 
Anal. (CifiHigF52Oi) C, H, N. 
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