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overnight to yield a yellow solid. The compound was purified 
by recrystallization of the crude product twice from 50% aqueous 
CH3OH and once from H20. After being dried at room tem­
perature for 4 hr and then at 135° for an additional 16 hr the 
product weighed 2.5 g (22% vield); mp 203-205° dec (sintered 
at 185°); X^ 1 300 mM (e 14,200), \°I ' 280 mM (6 12,900), 
X^11 290 mM U 24,000). Anal. (Ci8H22Ne06) C, H, N. 

Acknowledgment.—The authors thank Airs. Margaret 
Rounds and Mr. John R. Grava t t for the analytical 
and instrumental measurements. 

TABLE I 

MONOIODOTYROSINE METABOLITES AS DETERMINED 

FROM R A D I O A U T O G R A P H S 

Effect of Monoiodotyros ine Metabol i tes 

o n Tyrosine Hydroxylase1*1 

BARRY N. LUTSKY111 AND NICOLAS ZENKER 

Department of Pharmaceutical Chemistry, School of Pharmacy, 
University of Maryland, Baltimore, Maryland 21201 

Received June 19, 1968 

The largest and most effective class of tyrosine hy­
droxylase inhibitors is made up of tyrosine analogs. 
Monoiodotyrosine (MIT) , the most potent mono-
halogenated tyrosine analog in vitro, is 100 times as 
active as a-methyltyrosine, the most active nonhalo-
genated tyrosine analog. In vivo, however, a-methyl-
tyrosine is considerably more effective than M I T in its 
ability to block the synthesis of catecholamines and to 
produce pharmacological effects ascribed to the in­
hibition of norepinephrine synthesis. 

In this study, an appraisal of the inhibitory effect 
of M I T metabolites on tyrosine hydroxylase was made 
to indicate the significance of certain metabolic steps 
on the inactivation of M I T as a tyrosine hydroxylase 
inhibitor. Further , in order to bring such inactivation 
into perspective, a quant i ta t ive estimate of such 
metabolites was made by radioautographic studies on 
ra t and on rabbit liver tissue slices. 

When 1 4C-MIT was incubated with rat and rabbit 
liver slices it was converted in each instance into several 
iodinated and noniodinated metabolites. The location 
of identified metabolites and the net percentage of each 
is given in Table I. 

Both deiodination2a and transamination213 have been 
suggested to be the main path of monoiodotyrosine 
metabolism. While the results of Table I point to de-
iodination to tyrosine as the main pathway of M I T 
degradation in rat and rabbit tissue slices, the presence 
of 3-iodo-4-hydroxyphenylpyruvic acid (MIP) and of 
3-iodo-4-hydroxyphenylacetic acid (MIA) indicate the 
extent to which transamination occurs; the accumula­
tion of MIA as an end product of the transamination 
pathway is to be expected as M I P is unable to serve as 
substrate of p-hydroxyphenylpyruvic oxidase.3 

The effect of some M I T metabolites on tyrosine 
hydroxylase activity is listed in Table I I . M I T , a 
powerful inhibitor of tyrosine hydroxylase {K\ = 
9.2 X 10"7, lit.4 3.9 X 10"7), was included as a s tandard 

(1) (aj Supported by Grant AM-06480 from the National Institutes of 
Health, U. S. Public Health Service, (b) In partial fulfillment of the require­
ments for the degree of Master of Science, University of Maryland, Aug 1967. 

(2) (a) J. Roche, R. Michel, O. Michel, and S. Lissitzky, Biochim. Biophys. 
Acta, 9, 161 (1952); (b) G. A, Johnson, E. G. Kim, \V. Veldkamp, and R. 
Russell, Biochim. Pharmacol., 16, 401 (1967). 

(3) G. Litwack, Metabolism, 15, 420 (1966). 
(4) S. Udenfriend, P. Zaltzman-Nirenberg, and T. Xagatsu, Biochem. 

Pharmacol., 14, 837 (1965). 

BuOH-dioxane-

Metabolitea 

MIT, % metabolized 
Metabolites 

Tyrosine 
MIP" and PHPP 
MIA 

BuOH-AcOH-H.O 
-—-Net % . 

Rt Rat Rabbit 

0.65 53.2 39.1 

0.47 10.0 22.0 
0.91 1.2 1.8 

-NHtOH-

Rt 

0.43 

0.22 
0.99 

-Net % -
Rat 

44.0 

15.9 
0.6 

Rabbit 

36.9 

33.9 
0.8 

0.97 4.3 1.1 0,91 4.1 0.7 
° The following abbreviations were used: MIP, 3-iodo-4-hy-

droxyphenylpyruvic acid; PHPP, 4-hydroxyphenylpyruvic acid; 
and MIA, 3-iodo-4-hydroxyphenylacetic acid. b The two pyruvic 
acids (identified by the Ri values obtained for authentic com­
pounds, uv light, and 2,4-dinitrophenylhydrazine spray) could 
not be separated consistently by the first solvent system and 
could not be separated by the second; they are therefore listed 
together. 
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TABLE II 

B METABOLITES AS II 

TYROSINE HYDROXYLASE 

Metabolite 
concn6 

10"4 

10 " s 

10 "5 

10-3 

10 "6 

10-3 

10 "5 

10~3 

10"4 

10"4 

10-4 

5 X 10"7 

^HIBITORS 

% inhib' 

5.2 
20.0 
19.3 
20.5 
18.1 
17.6 
15.9 
16.9 
22.0 
24.1 

100 
67 

" The following abbreviations were used; PHPP, 4-hydroxy­
phenylpyruvic acid; MIP, 3-iodo-4-hydroxyphenylpyruvic acid; 
PHPA, 4-hydroxyphenylacetic acid; MIA, 3-iodo-4-hydroxy-
phenylaeetic acid; PHPL, 4-hydroxyphenyllactic acid; DIPL, 
3,5-diiodo-4-hydroxyphenylactic acid; MIT, 3-iodotyrosine. 
h Concentrations are in moles/1. " All figures represent the aver­
age of at least two incubations, each done in triplicate at the time 
of assay. Each compound was preincubated with the reaction 
mixture for 5 min before the addition of L-tyrosine-3,5-3H (5 X 
10~6 M) as substrate. 

at the concentrations listed. A study of the effect of 
3-iodo-4-hydroxyphenylpyruvate on tyrosine hydroxyl­
ase suggests this metabolite as a weak (Ki = 3 X 10 _ 3) 
noncompetitive inhibitor of the substrate tyrosine. 
No explanation is offered for the apparent lack of cor­
relation between inhibitor concentration and enzyme 
inhibition. 

The weak inhibition of adrenal tyrosine hydroxylase 
by the metabolites listed tend to substantiate the con­
clusion of McGeer and McGeer5 that , in a brain tyro­
sine hydroxylase preparation, a free amino group is re­
quired for inhibition of the enzyme. The present 
s tudy shows that the weak in vivo activity of M I T 
may well be due to its rapid conversion into inactive 
metabolites. The results suggest also tha t molecular 
modifications of M I T in which metabolic degradation 
of the a-amino group or of the 3-iodo substituent could 
be prevented would be a potent inhibitor of the enzyme. 

(5) E. G. McGeer and P. L. McGeer, Can. J. Biochem. 46, 115 (1967). 
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Experimental Section 

i.-Tyrosine, Ij-iodo-i.-tyrosine, and 4-hydroxvpheiiylpyrnvic 
acid were used as obtained from the Nutritional Biochemicals 
Corp. 2 - Amino -4 -hyd roxy -6 ,7 - dimethyltetrahydi'opteridine 
(DMPII4) and a-ketoglutarie acid were supplied from Calbio-
chem. l')-Iodo-4-hydroxyphenylpyruvic acid was obtained from 
the Cyclo Chemical Corp. Pyridoxal phosphate and 4-hydroxy-
phenyl-Di.-lactic acid were obtained from the Sigma Chemical 
Corp.; the compound was recryslallized (Et»0) before use. 
;i,.V'II-L-Tyi'osine and uC-L-1yrosine, uniformly labeled, were ob­
lained from the New Kngland Nuclear Corp. jj-Bi'oino-ui-
hydroxybenzoxyamine, a powerful dopa decarboxylase inhibitor, 
was supplied generously by Dr. Sidney Udenfriend of N. I. H. 
Elemental analyses were performed by (i. Weiler and V. B. 
Strauss, Oxford, England. 

3-Iodo-4-hydroxyphenylacetic Acid. -The iodination of 4-hy-
droxyphenylacetic acid was carried out in an ice-salt bath 
according to the procedure of Nakano and Danowski.6 The 
white crystalline material obtained after one recrystallization 
(hot 11,6} was dried at 79° in ciiato over IM),-,; rap 182-186°. 
A mil. (C,,H7I() rIkO) C, II, I. 

3-Iodo-1 'C-i.-tyrosine. - Uniformly labeled :>-iodo-14C-i.-tyro-
sine wis prepared from labeled l4C-i,-tyrosine according to the 
method of Pitt-Iiivers,7 adapted for microsynthesis in the follow­
ing manner. Uniformly labeled "C-i.-tyrosine (<).."> mCi, 1 .OS 
M.l/, in 1.0 ml of 1 .V HCI) was carefully dried under N, and the 
residue dissolved in .'520 jul of 1 .V NU4()II. The solution was 
cooled to near freezing, then unlimited with 212 /A of 0.01 .V U 
over lit) min. The iodinated mixture was dried under N> and 
redissolved in 200 yd of 1 .V NIEOH. The solution was chro-
matographed in the BuOII-AcOIUH.O system described below 
and radioautographed for 10 min. The band corresponding to 
monoiodotyrosine was cut from the paper and eluted slowly 
with 20 ml of 2 .V HCI, and the eluate was dried under N>. 
All but '•'>'.'J. of the radioactivity could be recovered in this manner. 
The residue was taken up in 6 ml of 0.()()."> .V NaOII, the amount 
of monoiodotyrosine wa> determined from the absorbanee 
measurement at 300 m,u, and the radioactivity of the product was 
determined from a planchet count of a 20-,ul aliquot. The spe­
cific activity of the monoiodotyrosine was found to be 0.4(5 mCi 
Aimole; the yield of .MIT was 79'. , . The NaOII solution was 
dried and the residue was dissolved in 2 ml of Krebs-diinger 
phosphate buffer without Ca24 '; the final concentration was 426 
11 moles ml. 

Paper Chromatography.—Ascending paper chromatography 
was carried out on Whatman No. 1 paper at room temperature 
using »-Bu()H-AeOH-IbO (120:3o:50) and n-BuOIT-dioxane-2 
.V NIEOH (4:l:2.i.8 Approximately .">0 ^ of .MIT and of au­
thentic metabolites were chromatographed with alkalized samples 
from slice and homogenate experiments. After development the 
location of the authentic compounds was established with uv 
light and witli the following spray reagents: ninhydrin for amino 
acids, 2,4-dinitrophenylhydrazine for a-keto acids, and fast blue 
salt B followed by NaOII for phenols.9 Bands of concentrated 
radioactivity iilentified by radioautography and intervening 
areas were counted on a low-background planchet counting 
system. 

Tyrosine Hydroxylase. A tyrosine hydroxylase preparation 
was obtained using the directions of Nagatsu, el al.w The enzyme 
was precipitated from the lOo.OOO^ supernatant of a bovine 
medullary tissue homogenate by the slow addition of solid (XHi'fe-
S()4 to 40':( saturation. The precipitate was centrifuged at 
14,000;;, suspended in a minimum of 0.15 .1/ phosphate buffer, 
and lyophilized under 1 mm for o hr: the dry powder was col­
lected and stored in a dessicator over silica gel at 0° until ready for 
use. 

Tyrosine hydrolyase was assayed according to the method of 
Udenfriend, ei id.," but 1).MPH4 was used instead of tetrahydro-
folale and Fe2 ~; i,-ditritiolyrosine was diluted to yield a solu­
tion containing "> X 10~5 mmole and an activity of 1.0 ^Ci in the 
20-M1 aliquot used in the assay. 

(Si) M. N a k a n o and T. S. Danowsk i , ICndocrinology, 65 , 889 (1959). 
(7) R. P i l l -R ive r s , Chem. In,I. ( L o n d o n ) . 21 (1956). 
iS) -M. N a k a n o , limlocrinol. Japan., i , 273 (11)57). 
CI) 1';. S tahl , " T h i n - L a y e r C h r o m a t o g r a p h y , " Academic Press Inc. , New 

York, N. Y., 1965, p 41)1. 
ill)) T. N a a a l s u , M. L e v i n , and S. Fdetit 'rieiid. ,/. Biol. Chem.. 239, 2910 

(1964). 
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Holms, c/. «/.,' have shown that the anorexigenie ac­
tivity of phenethylamines can be dissociated from tlicir 
effect on the central nervous system; halogenation in 
the nucleus and a.a-dimethylation produce compounds 
which are only anorexigenie ;-~4 groups bulkier than 
methyl in the a position and X substitution also give 
active anorexigenie compounds.5 The most im­
portant of them is ehlorophentermine (a,a-dimethyl-4-
chlorophenethylamine, 1), and it is known that the 
chloro compounds are more active than the bromo ana­
logs. It thus seemed of interest to prepare the analo­
gous fluorine compounds. 

The condensation of )->- and 4-fiuorobenzylniagne-
sium chloride with acetone gave the tertiary alcohols 11, 
which, when subjected to the Hitter reaction67 with 
XaCX in the presence of AeOH and H.SOi, led to the 
fluorinated a.a-dimethyl-X-formylpheiiethylaminos 
(III). Their acid hydrolysis afforded the desired corn­

er 

CH:i 

CHI'—NH, 

CH 

CH, 

CHoC—NHCHO 

CH, 

111 

CH, 

CH,C—OH 

CH, 

11 

CH, 

CH2C—NHR 

CH, 

IV 

C,H, 

,CH,C—NHR 

CH, 

V 

pounds IV (H = H),s while their reduction (LiAlH.i) 
led to the corresponding X-methyl derivatives (IV, 
R = CH3). When diethyl ketone was used instead of 
acetone, compounds of type V were obtained. 

Of the compounds described only X\a,a:~trimethyl-4-

(1) T. Holms, 1. H n u s , R. Kopf, I, Mpller-Nielseu. and P. Y. Pe te rsen , 
Acta J'hurmoeol. Toxicol., 17, 121 (1960). 

(2) K. Opitz , Arziirimittd-Fomrh., 10, 952 (1961). 
(3) G. C. Boxill, M. Ben, I. W. Hil lyard, and M . R. Warren , ./. fhunmieul. 

Exptl. Therup., 137, 198 (1962). 
(4) J. R. Gylys , J . J . D. Ha r t , a n d M . K. Warren , ibid., 137, 365 11(102). 
(5) Fo r a review see G. I. Poos, Ana. Rept. Med. Cliem., 51 (196")). 
(6) J. H i t t e r a n d J. Kalish, ./. Am. Chem. Soc. 70, 4048 (1948). 
(7) A. Kaluszyner , S. B l um , a n d E . D . B e r g m a n n , J. Org. Chem.. 28 , 3.188 

(1963). 
(8) In several p a l e n l s , the synthes is o( a , a -d imet hyl- )-fli ioropheiieth\ L 

am i ne (l \ , r , R, = II) has heen carr ied ou l by a similar m e t h o d : T r o p o n -
werke Dinklane , Belaiau P a t e n t 636,858 (1964); Chem. Abstr., 62, 3970 
11965); F r ench P a t e n t C A M 6 6 (1965); Chem. Abxtr.. 62, 131)87 11905); 
H e r m a n P a t e n t 1,199,77!) (1965); Chem. Abstr., 63 , 17967 (1965); A. Wel.cr 
and .J . F rossa rd , French Patent , M4288 (1966); Chem. Abstr., 68, 59250(1968) . 


