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e thy l th iourea 8 was s t i r red w i t h 1 0 ' , IK '1 (200 nil) a( reflux for 30 
min . T h e m i x t u r e was cooled t o 0° , a n d t h e c rude c rys ta l l ine 9 
was isola ted by f i l t rat ion. T h e p u r e c o m p o u n d s were o b t a i n e d 
by recrys ta l l iza l ion with Darco ( i -60 t r e a t m e n t . In :t few IMSIS 
t h e m e r c a p t a n was d issolved in 1 0 % a q u e o u s N a O H , filtered, and 
r e p r e c i p i t a t e d w i th 1 0 % HC1 before recrys ta l l iza t io t i . T a b l e 111 
lists t h e c o m p o u n d s p r e p a r e d a n d the i r phys ica l p rope r t i e s . 

1-Arylimidazoles (2). T h e rccrysta l l ized I - a ry l -2 -mercap to -
imidazole (9) (25 g) was s lurr ied wi th 2(1'', H N O J (100 ml) in a 
2-1. e r l e n m e y e r flask. W h e n this mix tu re was w a r m e d on a 
s t e a m b a t h beh ind a shield in the hood, a brief, v igorous react ion 
p roduced large a m o u n t s of \ ( % T h e mix tu re was kept at 100° 
for 5 min, before it was cooled and basified to ^ p H S wi th J o ' , 
a q u e o u s N I L (~I(MI ml ) . 1 6 T h e imidazole was e x t r a c t e d wi th 
t h r e e 25-ml po r t i ons of 0 I101 : i and usual ly purified by s h o r t - p a t h 
d is t i l la t ion or sub l ima t ion . T a b l e s IV and V give the exper i 
m e n t a l de ta i l s for these c o m p o u n d s . 

l - (2-Carbamoylpheny I i m i d a z o l e 110a). l - (2 - ( ' ya i iopheny l i-
imidazole (2a) (22.5 g) was dissolved in c o n c e n t r a t e d ILSOi 
(120 ml) and hea ted on a s t e a m b a t h for 10 min . T h e c rude , 
c rys ta l l ine a m i d e was isola ted by pour ing t h e reac t ion m i x t u r e 
in to ice wa te r (500 ml) , basi ty ing to p i I S wi th 2 8 ' , N ib , so lu t ion , 
and cooling t o 0 ° . l l ec rys ta l l i za t ion of the c rude p r o d u c t from 
Ji>>(> (120 ml) wi th Darco (1-60 t r e a t m e n t gave colorless p l a t e s of 
10a (21.2 g, 8 1 ' : ; ), m p 177.5 -178..")°. Anal. ((.'l0H.jNT.iO) X. 

l - (2-Carbamoyl-4-f luorophenyl) imidazole (10b). The above 
p rocedure gave, with l - (2-cyauo-4-Huorophenyl ( imidazole (2bi 
(1.5!) g) a n d c o n c e n t r a t e d H2SO4 (8 ml) , after recrvs ta l l iza t iou 

(l"») N'aOH will open llie imidazole rinsi. sec I'). S. Sehipper ami A. H. 
Day in "Heterocyclic Compounds." Vol. 5, R. ('. Elderfield. Kd., John Wil<\\ 
and Sons. Inc., New York. N. V.. 1957. |> 2()o. 

The finding by Fellman and Devlin- in 1958 tha t 
2-hydroxyphenylalanine (o-tyrosine) occurs normally in 
the mammalian adrenal gland makes its metabolism of 
interest. Armstrong, el a/.,3 and Xishimura and 
(!jessing4 showed that o-tyrosine is normally decar-
boxylated in the human to o-tyramine which in turn is 

(1) This work was supported in part by a U. S. Public Health Service 
Grant FR5391 and by The Council for Tobacco Research—USA. Inquiries 
concerning this article should be sent to John P. Lambooy at The Depart
ment of Biological Chemistry, The University of -Maryland, Baltimore, Md. 
This report constitutes part of the thesis submitted by Roger H, Bower 
for the M.S. degree, The University of Nebraska. 

(2) .1. H. Fellman and M. K. Devlin. Fe>l. Proc, 17, 218 (19S8). 
i'A) M. D. Armstrong, K. X. Shaw, and K. S. Robinson, J. Biol. Client., 213, 

797 (19551. 
(4) T. N'ishimura and L. R. Gjessing. Sciuul. ./. Clin. Lab. Invest., 18, 217 

i 1966,1, 

from wa te r i5 ml i. 0.40 g : 2 2 ' , I of 10b, nip 14(1 147". Arm!. 
< r J ( ) l T 3 F N 3 0 ) \ . 

l - (2-( 'arbamoyl-4-trif luoromethylphenyl) imidazole 110c; 
T h e above procedure gave, with l - | 2 -cyano- l - ( l i i f luoroiuel l ivb-
p h e n y l | i m i d a z o l e (2c) (25.0 g) a n d c o n c e n t r a t e d H;S() ( ( | 2 5 ml i, 
after recrys ta l l iza t ion from 3 3 ' , KfOTl (150 ml) with Darco ( i -60 
t r e a t m e n t , 22.8 g ( 8 5 ' , ' i of colorless 10c, m p 102 103.5°, Aim!. 
i ( ' „ H ( ! K , N V r i , ( ) j \ . 

l - (2-Aminomethylphenyl j imidazole (11). An e x t r a c t o r th im
ble was charged with 2a (42.2 g, 0.25 mole) , and a Ti l l ' " suspen
sion of LAI I (20 g, 0.525 m o l e / 5 0 0 ml) was hea ted unde r reflux 
unti l 2 hi' af ter the ex t rac t ion was comple t e . T h e mix tu re was 
cooled, decomposed with 2 0 ' , IK ' l t KM) nil), s t r ipped free of 
T M F , d i lu ted with ILO, filtered, and ex t r ac t ed with CTK 'h t'lOO 
ml). T h e ( T K ' L layer was d iscarded , and t h e ILO layer was 
basified with 2 8 ' , N I L solut ion and ex t r ac t ed cont inuous ly with 
( ' I K ' h . T h e dried ex t r ac t s were e v a p o r a t e d to leave a brown, 
oily res idue of c rude product which was distilled in a s h o r t - p a t h 
still at 80 05° -0.02 m m ) , yield 15.55 g i3 ( i r , ) of 11. A fur ther 
dis t i l la t ion at 85° (0.1 m m ) gave colorless p roduc t , nip 40.5 
52° . Altai. ! ( ' i „ l l u N : , i N . 

l - (2-Hydroxymethylphenyl ) imidazole (12). A solut ion oi 
11 ' 17 .0 g. 0.008 mole) , in a m i x t u r e of I IOAc (10 ml, 0.23 mole) 
and IL() ( 100 ml ! was cooled to 0 ° and t r e a t e d a I once with a j ire-
cooled solut ion oi Nii.VO,"'' (6.0 g, 0.1 mole) in II,(> (25 ml I. T h e 
mix tu re was si irred at 25° for 2 hr, t hen basified wi th 2 8 ' , ' N 11-. 
and con t inuous ly ex t r ac t ed with ( T K ' h . T h e extract was dried, 
c o n c e n t r a t e d and filtered t h rough Klorisil (50 g) using (>()() ml of 
OIIC'I- as the el uen I, T h e gum left on evapora t ion of (he CI K'f, 
was sub l imed :il 130° ill. I m m ) lo p roduce i).20 g (54 ' ' , i of 12. 
After a furl h e r sub l ima t ion this product mel ted al 100.5 102.5". 
Aim/. ( ( ' „ , I I i . , . \ ; ( ) i ( ' . II, X. 

' Hi: I". A. S. Smith and I). H. liner, th;i. Hfftimix. 11, 157 < 1960.. 

oxidized to o-hydroxyphenylacetic acid. They found 
thai o-tyramine and o-hydroxyphenylacetie acid art1 

excreted in the urine of normal humans in quantities 
ranging; from 0.3 to 1.0 ,ug and 0.1 to 0.4 g/g of creati
nine, respectively. Since it had been shown by 
Blaschko5 that o-tyrosine could serve as a substrate 
for mammalian dihydroxyphenylalanine (DOPA) de
carboxylase, it seemed reasonable to suspect that this 
enzyme is responsible for the decarboxylation observed 
in vivo, and a s tudy of some aspects of its substrate 
specificity for o-tyrosine appeared to be of interest. 

We chose to investigate the influence of the incorpora
tion of a single CHS as a sterie barrier into each of the 

(,i) H. Blaschko, Biochtm. ./.. 44, 268 (1949). 
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N u c l e a r m o n o m e t h y l - s u b s t i t u t e d o- tyrosines h a v e been p r e p a r e d from the co r re spond ing az lac tones via the 
b e n z a m i d o c i n n a m i c acids a n d the b e n z o y l a m i n o ac ids or b y d i rec t convers ion to the a m i n o acids . T h e 3- , 4-, 
a n d 6-methy l -o - ty ros iues could serve as s u b s t r a t e s while the 5 -methy l -o - ty ros iue was ine r t for m a m m a l i a n D O P A 
deca rboxy lase . T h e p r e v e n t i o n of e n z y m e b ind ing b y the 5 -Me g r o u p led to a s t u d y of t h e s u b s t r a t e specificity 
of the nuc lear m o n o m e t h y l - s u b s t i t u t e d 2 , 4 - d i h y d r o x y p h e n y l a l a n i n e s . T h e 3- and 6 -me thy l -2 ,4 -d ihyd roxy -
p h e n y l a l a n i n e s could serve as s u b s t r a t e s whi le 5 - m e t h y l - 2 , 4 - d i h y d r o x y p h e n y l a l a n i n e w a s inert for m a m m a l i a n 
D O P A deca rboxy lase . 
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available sites of the ring of o-tyrosine on the substrate 
specificity of these materials for DOPA decarboxylase. 
It was found tha t the 3-, 4-, and fi-niethyl-o-tyrosines 
could serve as substrates for this enzyme while ;V 
methyl-o-tyrosine was inert, serving as neither sub
strate nor inhibitor. T h a t the presence of a 5-CH3 

could prevent binding to the enzyme had been observed 
on an earlier occasion by Lambooy6 in a s tudy of struc
tural requirements of the methyl-2,4-dihydroxyphenyl-
alanines as inhibitors for tyrosinase. The similarity 
between 5-methyl-o-tyrosine and 5-methyl-2,4-dihy-
droxyphenylalanine is obvious but since o-tyrosine is 
not an inhibitor of tyrosinase,6 the influence of the 
methyl groups in o-tyrosine on the inhibition of tyrosi
nase could not be studied. 

Extensive studies have been made on the sub
strate specificity of DOPA decarboxylase.7 '8 Sourkes, 
et al.,7 had shown tha t 2,4-dihydroxyphenylalanine was 
a substrate for DOPA decarboxylase and a logical ex
tension of our s tudy was to investigate the substrate 
specificity of the three nuclear-substituted methyl-2,4-
dihydroxyphenylalanines for DOPA decarboxylase. I t 
was found tha t the 3- and 6-methyl analogs served as 
substrates but tha t the 5-methyl-2,4-dihydroxyphenyl-
alanine was inert, serving as neither substrate nor 
inhibitor for DOPA decarboxylase. 

We are unable to offer an explanation as to why the 
0-CH3 in these two series of compounds prevents bind
ing to the decarboxylase other than tha t it is of sufficient 
size and uniquely located to prevent an adequate ap
proach to the active site of the enzyme. 

The appropriate methyl-substituted o-methoxybenz-
aldehydes were converted to the azlactones by means 
of the Erlenmeyer reaction. The azlactones were con
verted to the amino acids directly utilizing P - H I . 
The products of these reactions were relatively in
soluble and a doubt existed as to their identity. For 
this reason the 3-, 4-, and o-methyl-substituted azlac
tones were converted to the benzamidocinnamic acids 
and the latter was reduced to the benzoylamino acids 
by means of Raney Xi catalyzed hydrogenation. The 
latter acids were converted to the amino acids by means 
of concentrated HC1 in a sealed tube at 150°. The 
amino acids prepared by the longer procedure were 
identical with those prepared by the shorter procedure. 
The relative insolubility of the amino acids precluded 
the usual techniques for purification. 

The 4-, 0-, and 6-methyl-o-tyrosines were purified by 
the repeated formation of the soluble Xa salts and 
reprecipitation of the free amino acid by the addition 
of AcOH. This procedure resulted in destructive oxida
tion of the 3-methyl-o-tyrosine. The hydrochloride of 
this amino acid was purified by recrystallization from 
absolute EtOH-absolu te E t 2 0 , a procedure which could 
not be used for the 4-, 5-, and 6-methyl-o-tyrosines. 
The properties of the new compounds are listed in 
Table I. 

The mammalian DOPA decarboxylase was obtained 
from guinea pig kidney. The substrate activity was 
determined in a Warburg respirometer and all activities 

(6) J. P. Lambooy, J. Am. Chem. Soc, 78, 771 (1956). 
(7) T. Sourkes, P. Heneage, and Y. Trano, Arch. Biochem. Biophys., 40, 

183 (1952). 
(8) R. Ferrini and A. Glasser, Biochem. Pharmacol., 13, 798 (1964). 

TABLE I 

CHEMICAL AND PHYSICAL DATA ON THE INTERMEDIATES 

AND THE 2-IIYDHOXYMIOTHYLI'HENYLALANINES 

Compound 
Azlactones6 

3-Me 
4-Me 
5-Me 
6-Me 

Acrylic acids0 

".3-Me 
4-Me 
5-Me 

Propionic acids'* 
3-Me 
4-Me 
5-Me 

Amino acids"•*•' 
3-Me (HC1) 
4-Me 
5-Me 
6-Me/ 

Yield, 
% 

61 
51 
45 
49 

87 
98 
89 

99 
94 
95 

87 
83 
79 
50+» 

Ml). " ( • 

164-165 
196-197 
180-181 
163-168 

230-231 
214-215 
215-216 

183 
184-185 
184-185 

188-190 
248-249 
248-249 
273-275 

Composition0 

CI8H13NOs 

C18H15N03 

C18H1SN03 

C )8H15N03 

C I8H„NO, 
C18H„NO< 
C18H17NO, 

Ci8Hi9NO« 
Ci8Hi9NO( 

Ci8Hi9N04 

CI0Hi4ClNO3 

C10H13NO3 

C10H13NO3 

C 1 0H 1 3NO 3 

" All compounds were analyzed for C, H, N; analytical results 
obtained for these elements or functions were within ±0.4% of 
the theoretical values. b Recrystallized from PhH. c Recrystal-
lized from EtOH. d Recrystallized from 40% (v/v) AcOH. 
e See text for purification procedures. f Prepared by direct con
version of the azlactone. « The yield was subjectively thought 
to be like the others but lack of data prevented giving a more 
exact value. * Using the BuOH-H20-AcOH system, the Rf 
values for the 3-, 4-, 5-, and 6-Me isomers were 0.56, 0.57, 0.58, 
and 0.54, respectively. Using the H20-saturated PhOH system, 
the Ri values in the same order were 0.81, 0.80, 0.80, and 0.78. 
* The ir peaks (cm-1) for the 3-, 4-, 5-, and 6-Me isomers were 
745, 775; 735, 750, 795, 820; 715, 735, 765, 815; and 740, 775, 
respectively: R. M. Silverstein and G. C. Bassler, "Spectro-
metric Identification of Organic Compounds," John Wilev and 
Sons, Inc., New York, X. Y., 1966, p 56. 

as substrate were expressed as per cent of the activity 
of DL-3,4-dihydroxyphenylalanine. 

Experimental Section9 

Benzaldehydes.—2-Hydroxy-3-methylbenzaldehyde was pre
pared by the formylation of o-cresol as described bv Tieman and 
Schotten.10 The product (20%), bp 120-140° ("lo mm), was 
fovmd by gas chromatography to contain only 33% of the benzal-
dehyde. The benzaldehyde was purified as the bisulfite addition 
compound to yield, on hydrolysis, material with bp 100° (23 
mm). This product was methylated with Me2SO( to form 2-
methoxy-3-methylbenzaldehyde' (94%), bp 132° (28 mm) 
[lit.11 120° (6 mm)]. 2-Methoxy-4-methylbenzoic acid was 
prepared by the methylation of 4-methylsalicylic acid followed 
by hydrolysis. The benzoic acid was converted to the chloride 
and the latter was reduced by the Rosenmund reduction as 
described for the preparation of 3,5-dimethoxybenzaldehyde,12 

to yield 2-methoxy-4-methylbenzaldehyde (49%), bp 154° (25 
mm) [lit.18 263-264° (atm)]. This benzaldehyde was also ob
tained by the methylation of 2-h\'droxy-4-methylbenzaldehyde, 
a by-product obtained from the synthesis of 2-hydroxy-6-
methylbenzaldehyde described below. p-Methylanisole was 
formylated by the use of N-methyl-N-phenylformanilide and 
POCI3 by general procedure a, described previously,6 to obtain 
2-methoxy-5-methylbenzaldehyde (30%), bp 148° (31 mm) 
[lit.13 139° (19 mm)]. m-Cresol was formylated by the Tieman 

(9) Melting points were determined on a Fisher-Johns melting point 
apparatus and are uncorrected. 

(10) F. Tieman and C. Schotten, Ber., 11, 767 (1878). 
(11) R. A. Barnes and N. NT. Gerber, J. Org. Chem., 26, 4540 (1961). 
(12) J. P. Lambooy, / . Am. Chem. Soc, 76, 133 (1954). 
(13) "Dictionary of Organic Compounds," 4th ed, Oxford University 

Press, New York, N. Y., 1965, p 1814. 
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and Sehotten"' procedure to produce a mixture of 4- and (i-
methylsalicylaldehydes (42';',,), bp 103- 110° (18 nun). The mix
ture of benzaldehydes was separated by the use of the aniline 
derivatives14 and purified as the bisulfite addition compounds to 
produce 6-methylsalicylaldehyde (12%), bp 114° (22 mm) ('lit.14 

mp 32°) and 4-methylsalicylaldehyde (4<7), nip 57-60° (lit.1-'' 
mp 60°). The appropriate salicylaldehvdes were methylated 
with MfeSOt to form 2-methoxy-0-niethylbenzaldehyde (97':,.), 
bp l.j4° (2."i mm), mp 40-41° (lit."1 mp 41-42°), and 2-methoxy-
4-methylbenzaldehyde (92' , j , bp l.V2° (25 mm), mp 43-44° 
(lit.111 mp 42-43°). Each of the benzaldehydes was shown to be 
homogeneous by gas chromatography.17 

4-(2-Methoxymethylbenzylidine,)-2-phenyl-5-oxazolones. The 
benzaldehydes were converted to the azlactones as described for 
the preparation of 4-(2,4-dimethoxvmethy]benzylidine)-2-phenyl-
5-oxazokmes.6 See Table I. 

2-Benzamido-3-(2-methoxymethyIphenyl)cinnamic Acids. 
The azlactones were hydrolyzed as described for the hydrolysis 
of 2-benzamido-3-(2,4-dimethoxymethylphenyl (acrylic acids,'1 

See Table 1. 
2-Benzamido-3-(2-methoxymethylphenyl propionic Acids. 

The benzamidoeinnamic acids were reduced to the propionic acids 
as described for the preparation of 2-benzamido-3-(2,4-di-
iiiethoxyphenyljpropiouic acids.12 See Table I. 

2-Hydroxymethylphenylalanines. (a) From the Correspond
ing Propionic Acids. The propionic acids were converted to the 
amino acids by the procedure described for the preparation of 
2,4-dihydroxymethylphenylalaniiies.'1 

(b) From the Corresponding Azlactones.—The azlactones 
were converted directly (o the amino acids by the use of P -HI 
as described for the preparation of several dihydroxyphenvl-
alanines.6 See Table I. 

The insolubility of the amino acids made them difficult to 
purify. Of the four- amino acids, the HC1 salt, of only the 3-
methyl-o-lyrosine was soluble. A solution of the hydrochloride 
of this amino acid was evaporated to dryness; absolute EtOH was 
added to the residue and this was evaporated. The resulting 
residue (5-10 g) was dissolved in 100 ml of absolute EtOH. 
treated wilh decolorizing charcoal, and filtered, and to the filtrate 
was added 200 ml of absolute Et-.O. The hydrochloride of the 
amino acid was obtained as a crystalline product on standing 

The 4-, 5-, and 6-methyl-o-tyrosines were purified as follows. 
Approximately 2 g was suspended in 3."> ml of HaO and when this 
mixture had been heated to near the boiling point, a solution of 
NaOII was added until all of the solid had dissolved and the 
solution was alkaline. Decolorizing charcoal was added, and 
the suspension was boiled briefly and then tillered. The filtrate 
was heated to the boiling point and AcOFI was added dropwise 
until the solution was just acid to litmus. When cold, the 
precipitated amino acid was collected on the filter.18 These 
procedures were repeated four times for the preparation of the 
amino acid samples for analyses and enzyme studies. 

(14; O. Anse lmino, Btr., SO, 3Wo i IH17J. 
( l o ! .1. C. Duff, J. Chem. So::. 547 ( H i l l ) . 
(10) Reference l.'i, p 1818. 
(17) ' t h e P e r k i n - E h n e r Model 801 ga* r -hromatograph with a b % DECJA 

co lumn with C h r o m o s o r b suppor t was used with hel ium as the carr ier gas. 
(18) T h e procedure was based on tha t descr ibed for the puri f icat ion of 

tyros ine by O. J . Cox and i t . King , "Organ ic S y n t h e s e s , " Coll . Vol. I I , 
J o h n Wiley a n d Sons, Inc. , Xew York. X. Y., 194:1, p 614. 

The preparations of the o-tyrosine,'1 2,4-dihydroxyphenyl-
alanine,12 and the 3-, 5-, and 6-methyl-2,4-dihydroxyphenyl
alanines''' used in this study have been described on earlier oc
casions. 

Paper Chromatography.--The Hi values were determined by 
Ihe descending method on Whatman No. 1 paper using the U n 
saturated PhOH system and also the tipper phase of a BuOII 
H2() AcOH (5:4:1) system. The amino acids were located on 
the paper by the ninhydrin reaction. The h't values are given in 
Table I. Since the amino acids had nearly the same h'f values 
the ir spectra were also determined as a means of dif'ferenliating 
among (hem. 

Ir spectra were determined on the amino acids dispersed in 
KBr pellets in a Perkin-Hlmer 137 infrared spectrophotometer 
and are listed in Table I. 

Decarboxylation Studies. The pair of kidneys were removed 
from a guinea pig immediately after it was killed; the kidneys 
were decapsulated and placed in crushed ice for 15 inin. Each 
kidney was halved through the hilns, the pelvis, medulla and 
connective tissue were removed, and the combined kidney 
tissue was weighed. The tissue was homogenized in a 30-ml cup 
for a Virtis homogenize!- in 4 ml of 0.067 .V phosphate buffer (pll 
ti.S)/g at full speed for 1 min. The homogenate was centrifiiged 
at 20,000(/ for 25 min in a refrigerated centrifuge to obtain ihe 
supernatant solution of the enzyme. 

The substrate solutions (0.005 .1/) or buffer for the blank i2 
ml) were placed in the main compartment of a Warburg flask. 
The enzyme solution i 1 ml) and 0.05 ml of a solution of pyridoxal 
phosphate i 100 fig ml) were placed in one side arm and 0.5 nil of 
2 A' lESOj was placed in the other side arm. The usual technique 
was used to determine the jJ of CO-, produced at 37° during a 
10-miu period (the enzyme action was stopped and combined 
CO-, was liberated by tipping in the lESO,). The activity of the 
various amino acids as substrate for the enzyme was calculated 
as per cent of DOPA as standard. The results with additional 
data are given in Table 11. 

T A B U . II 

SfBSTKATi-: ACTIVITY OF ini; 2-HYDROXYMETHYI,I>HI<;.\'YI,-

U.ANINKS \xi> THI: 2,4-I)IHYUKOXYMI;THYL-

I'HH\YI.AI.AXIXI-:S Foii DOPA DKCAIIBONYI.ASI: 

i.u.-1'henylalanine 

3,4-(,OHu 
2-OH 
2-OH-3-.\Ie 
2-OH-4-.Me 
2-OH-5-Me 
2-OH-6-Me 
2,4-('OHb„ 
2,4-(OHlL -3-Me 
2,4-«)Hi :- .V.Me 
2,4-(OH b-6-Me 

S u b s t r a t e si 
coniposn, 

mi!, 10 ml' 

9. ,N5 
9.05 
9.75 
9.75 
9.75 

9.75 
9.85 

10.55 
10.55 
10.55 

It el'' s u b s t r a t e act . 

100 
99'- (98-100)'' 
95 (93 96) 
S3 (74-91 ) 

0' (0-0) 
31 (28-34) 
84-'' (83-85) 
44 (43-45) 

0' ! -2 J 
5 (4 - ID 

" Equivalent to 0.005 M. ' 'Activity of Dopa arbitrarily set, at 
100. ' Reference, 8 found 1 0 2 ^ . d Range for three determina
tions. "Concentrations of analog to DOPA of 6:1 had no in
hibitory effect. •' Reference 8 found S8(X-


