November 1968

overnight to yield a yellow solid. The compound was purified
by recrystallization of the crude product twice from 509, aqueous
CH;OH and once from H;O. 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 (229 vield); mp 203-203° dec (sintered
at 183°); AH! 300 mu (e 14,200), A% ' 280 mu (e 12,900),
AR 280 myu (e24,000).  Anal. (CisHuNeO5) C, H, N.
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The largest and most effective class of tyrosine hy-
droxylase inhibitors Is made up of tyrosine analogs.
Monolodotyrosine (MIT), the most potent mono-
halogenated tyrosine analog n vitro, is 100 times as
active as a-methyltyrosine, the most active nonhalo-
genated tyrosine analog. In vive, however, a-methyl-
tyrosine is considerably more effective than MIT 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 MIT metabolites on tyrosine hydroxylase was made
to indicate the significance of certain metabolic steps
on the inactivation of MIT as a tyrosine hydroxylase
inhibitor. Further, in order to bring such inactivation
into perspective, a quantitative estimate of such
metabolites was made by radioautographic studies on
rat and on rabbit liver tissue slices.

When "“C-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 i Table I.

Both delodination® and transamination®® have been
suggested to be the main path of monolodotyrosine
metabolism. While the results of Table I point to de-
iodination to tyrosine as the main pathway of MIT
degradation in rat and rabbit tissue slices, the presence
of 3-iodo-4-hydroxyphenylpyruvie 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 MIP is unable to serve as
substrate of p-hydroxyphenylpyruvic oxidase.3

The effect of some MIT metabolites on tyrosine
hydroxylase activity is listed in Table II. MIT, a
powerful inhibitor of tyrosine hydroxylase (K, =
9.2 X 1077, 11t.# 3.9 X 1077), was included as a standard
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TaBLE I

MoONOIODOTYROSINE METABOLITES A8 DETERMINED
FROM RADICAUTOGRAPHS
BuOH-dioxane—

NH.OH
~—Net Fp—

BuOH-Ac¢OH-H.0
—Net Yo

Metabolite® Rt Rat Rabbit Rt Rat Rabbit
MIT, % metabolized 0.65 33.2 39.1 0.43 44.0 36.9
Metabolites

Tyrosine 0.47 10.0 22.0 0.22 15.9 33.9
MIP? and PHPP 091 1.2 1.8 099 0.6 0.8
MIA 097 4.3 1.1 091 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. ® The two pyruvic
acids (identified by the R¢ values obtaiued for authentic com-
pounds, uv light, and 2 4-dinitrophenylhydrazine spray) could
not be separated consistently by the first solveut system and
could 1ot be separated by the second; they are therefore listed
together.

TasLE 11

MoNOIODOTYROSINE METABOLITES A8 INHIBITORS
oF TyrosiINE HYDROXYLASE

Metabolite
Metabolite® conen® % inlib®
PHPP 104 5.2
103 20.0
MIP 107® 19.3
10—# 20.5
PHPA 1073 18.1
103 17.6
MIA 103 15.9
103 16.9
PHPL 10—+ 22.0
DIPL 10—# 241
MIT 10— 100
5 X 107 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-
phenylacetic acid; PHPL, 4-hydroxyphenyllactic acid; DIPL,
3,5-diiodo-4-hydroxyphenylactic acid; MIT, 3-iodotyrosine.
b Concentrations are in moles/l. ¢ 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-3,3-3H (5 X
1075 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 (K, = 3 X 107%)
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 McGeer® that, in a brain tyro-
sine hydroxylase preparation, a free amino group is re-
quired for inhibition of the enzyme. The present
study shows that the weak in vivo activity of MIT
may well be due to its rapid conversion into inactive
metabolites. The results suggest also that molecular
modifications of MIT 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, Cun. J. Biochem. 46, 115 (1967).



Experimental Section

L-Fyrosine,  S-todo-t-tyrosine, and  4-hydroxyphenyipyruvie
acid were nsed as obtatned from the Nutritional Biochemicals
Corp.  2-Amino-4-hydroxy - 6,7 - dimethyltetrahydropteridine
(DAPHy) and e-ketoglntaric acid were supplied from Calbio-
chem.  3-lodo-4-hydroxyphenylpyruvie acid was obtained from
the Cyelo Chemieal Corp.  Pyridoxal phosphate and 4-hydroxy-
plienyl-vr-lactic acid were obtained from the Sigma Chemical
Corp.: the componnd was recrystallized (Et,0) before use.
3,0-*H-L-Tyrosine and YC-r-tyvrosine, nuiformly labeled, were ob-
tained from the New Ingland Nunclear Corp.  p-Brono-m-
hydroxybenzoxyamine, a powertul dopa deearboxylase inhibitor,
was stpplied generonsly by Dr. Ridney Udenfriend of N. 1. H.
Ilemental analysex were performed by (L Weiler and . B.
Strausy, Oxford, England.

3-Iodo-4-hydroxyphenylacetic Acid.-~The toditation of 4-hy-
droxyphenylacetic acid was carried vut in aun ice-salt bath
according to the procedire of Nakano and Danowski® The
white cryetalline material obtained after one reervstallization
(ot ThOY was dried at 70° 70 vecwo over POy mp 182-186°,
Anael (CHIO05 TN C L T

3-Iodo-1C-1L-tyrosine.— Unitormly labeled 3-iodo-1C-L-tvro-
sine was preparved {rom labeled “C-r-tyroxine according to the
method of Pitt-Rivers’ adapted for interosyvuthesis in the follow-
g nener. Uniformly labeled BC-t-tvrgsine (0.5 mCi, 1.0S
pM i RO md of 1V HCL) was carefully dried nnder Ny aud the
restdue dissolved tn 320 4l of 1 NV NH,OIL.  The =olution was
cooled to near freezing, theun iodinated with 212 ul of 0.01 NV L.
over 30 min.  The todinated mixture was dried under N» awd
redissolved i 200 wl of 1 NV NHOH. The solution was chro-
matographed in the BnOH-AcOH-H:0 system described below
and radioautographed for 10 min.  The band corresponding to
mtonotodotyrosine was cut from the paper and eluted slowly
with 20 wml of 2 N HCL and the elnate was dried under N,.
All bt 37 of the radioactivity could be recovered in this inanner.
The restdite was taken up in 6 ml of 0.005 .V NaOH, the amount
of monolodotyrosine was determined from the absorbance
meastrenttent at 300 my, and the radioactivity of the prodinet was
determined from a planchet count of i 20-pl aliquot. The spe-
cifie activity of the monoiodotyrosive was found to be 0.46 mCi
wpinole; the vield of MTT was 7947, Fhe NaOII zolution was
dried and the vesidne was dissolved i 2 nil of Krebs-Ringer
plhinsphate butfer without Ca2*; the final concentration wax 426
unioles il

Paper Chromatography,-—Ascending paper cliromatography
was carried out on Whatman No. 1 paper at room temperature
nsittg n-BuOH-AcOH-T,0 (120:35:30) and n-BuOH-dioxane-2
N NHOH (4:1:2)5  Approximately 50 ug of MI'T aud of au-
thentir metabolites were chromatograplied with alkalized samples
from slice and homogenate experiments.  After development the
location of the authentic compounds was established with uv
light and with the following spray reagents: ninhydrin for amino
actds, 2,4-dinttrophenyihydrazine for a-keto acids, and fast blue
=alt B followed by NaOH for plenols®  Bauds of coneentrated
radionerivity  identified by radioantography  aml mtervening
arens were connted on u low-backgrouml planchet counting
systerntt.

Tyrosine Hydroxylase —A (yrosine hydroxylase preparation
wis obtained n=ing the directions of Nagatsit, el al.¥¥  The enzyme
was precipitated from the 105,000g supernatant of a bovine
nedullary tissiie homogenuate by the slow addition of solid (NHy).-
=0, to 404, satwration, The precipitate was centrifuged at
14,0009, =n=pended it a mininmum of 0.15 3 phosphate buffer,
and Ivophilized under 1 i for 3 he: the dry powder was col-
lected and stored ina dessteator over silica gel at 0° nntil veady for
[SETEN

Tyvrosine hydrolyvase was assavell according to the method of
Udenfriend, ¢f «l.,% but DNPH; was used instead of tetrahydro-
folate al Fe? = 1=ditritintyrosine was diluted to yield a solu-
tion containting 5 X 1078 mmole and an activity of 1.0 uCiin the
20-ul aliquot n=ed i the assay.
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Holns, ¢t al.,' have shown that the anorexigenic ne-
tivity of phenethvlamines can be dissociated from their
effect on the central nervous system; halogenation in
the nucleuz and o, a-dimethyvlation produce compounds
which are only anorexigenie;*=* groups bulkier than
methyl in the o posttion and N substitution also give
active anorexigenic  compounds®  The most -
portant of them is chlorophentermine (o, a-dimethyl-4-
chlorophenethylamine, 1), and it is known that the
ehloro compounds are nore active than the bromoe ana-
It thus seemed of interest to prepare the analo-
gous fluorine compounds.

The condensation of 3- and 4-fluorobenzylmagne-
sium chloride with acetone gave the tertiary aleohols I,
whichi, when subjected to the Ritter reaction® with
NaCXN 1 the presence of AcOH and HyS0,y, led to the

logs.

Auorinated a,a-dimethyl-N-formy Iphenethylamines
(ITD).  Thetr acid hydrolysis afforded the desired com-
(|"H% $H
CH,(—NH, CHJC|7‘—()H
O CH. CH
Cl ¥
1 11
CH, CH,
CH1(|‘,——NHCHU CH,C—NHR
> CH. CH,
F F
1301 v
C.H:
CH,C—NHR
C.H,
F

\7

pounds IV (R = H)3# while thelr reduction (LiATH,)
led to the corresponding N-methyl derivatives (1V,
R = CH;). When diethyl ketone was used stead of
acetone, compounds of type V were obtained.

Of the compounds deseribed only N, e, a-trimethyl-4-
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