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ANTIMICEOBIAL ACTIVIPIES OF 24-B1s (ALY LOXY JPYRIMIDINES

- - Conen for 3075 Inhib of wrowrh, ge

Compnl N, fuerulis S,y phamiaeeiiem Coalldvans Iovnin 1t
1 18,40 720 24,00 N.20
11 .80 1.4 16,80 (1]
H1 16,70 8.2l 1640 700
v O, 60 5. GU 14.80 5,00
\ 7.00 .20 20,00 10,40
VI JWEN] 6. 60 14,16 N0
V1t 20,80 900 21,60 N30
VI G20 700 IS0 720
IX 11,060 NLaa 15,80 7.0
AN TN (i, Gt) 165, 80 OL G0
N1 7.8 AR 22,80 11.00
X1 520 N 15,20 5.8
2,4-Bis{ p-chlaconoiling jpyrinidine .80 (.ot 0,62 0.060
2,4-Bis(p-chloroanitiao )-0-met hylpyrimidice 1.50 .80 0,42 1.0
Neowyein 7 1.0 1.1 .50
Chloramphenicol 1.an 0. Gix 7 1.0

“ Litte nr o activiry,
coaled to room temperature. Pinely powdered anhydrons KO0y Folic Acid Analogs. 1. p- { [(2.4-Diamino-

(0.025 mole) was added to the reactants and mixed well. The
mixture was heated ou an oil bath at the optintum reaction
tetnperature umtil completion of the reaction (see Table I) and
cooled, and on addition of 547 KOH (20 ml) an oily substance
separated out. The oil was extracted with hexane-ether, washed
(ditate KOH, H,0), and dried (Na,80,). Crystals appeared on
evaporating the solvent.

Inhibition of Growth of Microorganisms.—All compounds
including two highly active 2,4-bis(arylamino)pyriniidine deriva-
tivesd and two well-known broad-spectrum antibiotics were
tested for antimicrobial activity agaiust Streplococcus faecalis,
Salmonella typhimurium, Escherichia coli B, and a pathogenic
strain of yeast, Candida albicans. The concentrations of these
vompoitids neeessary for 507 inhibition of growth were de-
termined turbidimetrically by serial dilution technique in test
tubes using Hquid growth mediumt® (see Table II).

Acknowledgment.—The authors wish to thank Dr,
DD. M. Bose, Bose Institute, and Dr. 8. M. Sarkar,
Direetor, Bose Institute, for their interest in this work.
Thanks are also due to Dr. A. Sen for helpful suggestions
and to Mrs. C. Dutta for mieroanalyses. Oue of the
authors (AL ML) is a Fellow of the Couneil of Seientific
and Industrial Resecarch, Government of India.
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A vumber of folic acid antagonists owe their effective-
ness to the inhibition of dihydrofolate reductase and
thymidylate synthetase.  The former cnzyme is neces-
sary for the reduction of folic acid (I°A) to dihydrofolie
acid (FAH,) and then to tetrahydrofolie acid (I*AHo.
and the latter is responsible, together with thymidine
kinase, for cellular synthesis of thymidylic acid. In-

(11 This investization was supporied hy the Cancer Clewherapy

National Rervice Cenler, Nalipual Cancer lnstitute nf the Nutota) lusi-
tutes of Health, Public Health Service, Cantract PH-43-65-94.

(2) Presented in parl befare the Division nf Medicinal Chewisicy, 1351k
Nalinna) Meeting »f Yhe Anerican Chemieal Society, San Fraueiseo, Caliv,,
April 1968, Abstrac) NAIT,
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hibition of these enzymes preveits the utilization of
FAH, for essential coenzymes, as well as transfer and
incorporation of one-carbon units, thereby resulting
in the interference with the biosynthesis of purines,
pyrimidines, and amino acids. The inhibitory effect
is particularly pronouiiced in cases of rapid cellular
growth in bone marrow cells, developing fetus, and
placental tissues. Therefore, folic acid antagonists
have been shown to be good inhibitory agents against
certain leukemias and women’s choriocarcinoma.?

The two folic acid antagonists in clinical use today
are aminopterin and methotrexate. Although they
are still the most effective agents in prolonging life in
leukemic children and bringing about cures in certain
choriocarcinomas, many of these effects are transitory
since drug resistance eventually develops. These
resistances to chemotherapeutic cure are thought to be
due to increased levels of dihydrofolate reductase and
changes in the rate of cellular entry of these agents.*?

In connection with a program of designing com-
pounds which would maintain similar enzyme-binding
characteristics but possess different permeability prop-
erties, the 2 4-diamino-3-pyrimidinyl moiety was used
in place of the pteridinyl moiety for the synthesis of
the following folic acid analogs (I).

N ! COOH

R
Na | |
CH_J\*@-CONH(‘H
NH, |

(CH.),COOH

Ia, R=H
b, R=CH,

The synthesis of compounds of this type was based
on the information that (1) a free 2-amino group sub-
stituted on the pyrimidine ring is necessary for sub-
strate properties for the enzyme dihydrofolate reduc-
tase,’ (2) the 2-amino group is complexed to thymidylate
synthetase,” (3) the strongly basic 2,4-diamino hetero-
cycles that are partially protonated at physiological
pH are 1500-3000-fold better inhibitors than the
corresponding 2-amino-4-hydroxy heterocycles,” (4)
the carboxy-L-glutamate moiety of folic acid is prob-
ably necessary for active transport,? (5) the hydrophobie
binding characteristics, which affect the dissociation
of the enzyme-inhibitor complex, play a leading role in
dihydrofolate reductase and thymidylate synthetase
tnhibition,” and (6) the bridge distance between the
pyrimidine and the phenyl moieties is variable and does
not contribute to hydrophobie binding.’

The preparation of 2,4-diamino-5-pyrimidinecar-
boxaldehyde (II), a key intermediate for the synthesis
of I, was reported by Tieckelmann, et al.? Their method

(3) (a) T. H. Jukes and H. P. Broquist in “*Metabolic Inhihitors,"" Vol. I,
R. M. Hochster and J. H, Quastel, Ed.. Academic Press Inc., New York.
N, Y. 1963, p 481: () L. F. Larionov, “Cancer Chemotherapy.' Pergamon
Press, London. 19635, p 209: (¢} J. A. Montgomery, Progr. Drug Res., 8, 431
(1965).

(4) J. R. Bertino. Cancer Res.. 26, 1614 (1965).

(5) W, C. Werkheiser, tbid., 25, 1608 (1965).

(6) J. R. Bertino, J. P. Perkins, and D. G. Johns, Btochemistry, 4, 839
(1965).

(7) B. R. Baker. '"Design of Active-Site-Directed Irreversible Enzyme
Innihitors. The Organic Chemistry of the Enzymic Active-Site," John
Wiley anil Sons, Inc.. New York, N. Y., 1967.

(8) R. C. Wood and G. H. Hitchings, J. Biol. Chem., 234, 2877, 2381
(1959).

(9) H. Tieckelmann, R. Guthrie, and J. G. Nairn, J. Oryg. Chem., 25, 1257
(1960).

Noles 1239
involves hydrogenation of 24-diamino-H-cyanopyrini-
dine™ in the presence of a W-4 Raney nickel catalyst.
In our hands it was found that utilization of the reac-
tion conditions of Arpad, et al.,'! for the conversion of
2-methyl-4-amino-5-cyanopyrimidine to the corre-
sponding aldehyde was more convenient for the prepara-
tion of II. Condensation of II with the appropriate
aniline derivative and subsequent reduction of the
resulting anil V yielded the desired product. As pilot
reactions, II was allowed to condense with ethyl p-
aminobenzoate and p-aminobenzoic acid to yield Va
and Vb, respectively. These anils were then reduced
catalytically to give the corresponding compounds VIa
and VIb. Iollowing this procedure, dimethyl p-
aminobenzoyl-L-glutamate was condensed with II.
In this case the intermediate anil was not isolated but
was reduced in situ and, after hydrolysis, yielded the
desired compound Ia. An alternate synthesis of
compounds of this type was achieved as follows (Scheme

I). 24-Diamino-5-(hydroxymethvl)pyrimidine (III),
ScHEME [

E HNO ~

Ca -

.- -
CHO R
NH. NH.
1l 1L R = CH.OH

IV, R =CH.Br{HBr ]

HN N
\QJ\ R
N |
CH;.\'—Q‘X
NH,

V0o, X\=COOC.H;R=H
b, N=COOH;R=H
¢, X=COOH: R=(H,

g Y:\
N |
CH=N—®~X
NH,

Va, X=CO0C.H,
b, X=COOH

obtained by the reduction of IIa, was converted to the
corresponding bromo derivative IV. Treatment of the
latter with the appropriate p-aminobenzoyl derivative
afforded the desired product. The second method, in
general, gave better yields and, in addition, provided a
route for the preparation of N-substituted anilino
compounds Ib and VIe.

Compound Ia, which can be regarded as the de-
pyrazinyl analog’ of aminopterin, was found to be
considerably more inhibitory than methotrexate against
Escherichia coli thymidylate synthetase. The com-
pound, on the other hand, is approximately tenfold
less active than methotrexate in mouse tumor dihydro-
folate reductase. The 509 inhibition values of Ia and

(10) 'W. Huber, J. Am. Chem. Soc., 85, 2222 (1943).
1) G. Arpﬁd‘ F. Odon, and ¥. Oszkar, Magy. Kem. Folyvirat, 61, 112
(1955).



methotrexate against three strains of Streplococeins
faecalis are comparable (see Tuble I).1?

TanLe 1
CoMrarsoN or BionLocteat, Assays oF METHOTREXATE AND
- ,‘ [(2,4=D1AMINO-H-PYRIMIDINY L)METHY L] AMINO | BENZOY L-
L-GLUTAMIC Acip (Ta)t?

Molar ennen for 504 inhibh

Fnzyine or organism Methotrexate Ia

E. coli thymidylare syathetase I.0x o~ 6.0 x 10
Mouse tumr dilivdrofolate reductase 2.0 X 1073 2.6 X 10°F
8. Jaecalis (ATCC 8043 S X e 2 | x jo-e
S. faccalis resstant to tetrahyden-

homofolate 4.4 X 1079 7.7 X o
S. faceolis resistant to amethopterin - 2.2 X 107% 2 ¢ X 10

Experimental Section'*

2,4-Diamino-5-pyrimidinecarboxaldehyde (II).—A mixture nl
13.5 g (0.1 mole) of 2,4-diamino-s-¢vanopyrimidine,® 1.35 g of
catalyst, ' and 300 mt of 2 NV HCE was hydrogenated at 60°
(ca. 3 hr). The catalyst was removed by filtration and the
vellow filtrate was concerdrated /n vacvo to 50 ml. It was then
made alkaline and chilled avecenighi.  The resulting bright veltaw
precipitate was collected by filtration and dried to give 11 ¢
(76 yield3 of 11, mp 265-268° dec, 1119 mp 263-264° dec.

Ethyt  p-{!(2,4-Diamino-5-pyrimidinyl)methylene amino} -
benzoate (Va).--A mixture of 0.0 g (0.065 mole) of 2,4-dianmnmnu-
S-pyrimidinecarhoxaldehyde (I1), 10.7 g (0.065 mole) of ethyl
p-aminobenzoate, and 10 ml of MClwaturated CH;OH i 1 L
of anhydrous MeOH was refluxed for 90 min. The reaction mix-
ture was then cooled and evaporated to dryuess /n racuo. The
resultting yellow rexidue was vecrystallized from EtOH to give
10 g (7277 yvield) of Va-HCL mp 232-234° dec. The free baxe
was prepared by stirring the =alt in 200 mt of HyO and theu adjust-
ing the pH of the solution to 9 with NH;OH. The solid was
collected by filtration and recrystallized from EtOH to give W g
(4077 yield) of Va, mp 228-230°.  Anal. (CraH;N300) C, T, N

2,4-Diamino-5-bromomethylpyrimidine Hydrobromide (IV).-
To o hat (90-93°) =ohution of 6 g (0.043 mole) of 2,4-diamino-a-
ivdroxymethylpyrimidine® (117) in 50 ml of glacial AcOH was
added 100 g of AcOH containing 30-3247 of HBr. A precipitate
formed immediately but stowly dizsolved while heating for 2 hr
unt a steam bath. The solution was then filtered thrangh a
sintered-glass funnel and the filtrate was evaporated to dryness
under reditced pressure. The residnal solid was used inunediately
foe the preparation of VI.

Ethy! p-{{(2,4-Diamino-5-pyrimidiny!)methy!jamino { benzoate
(VIa). Method A.—A mixture of 10 g (1.035 mole) of Va-HCI,
and 1 g of catalyst™® i1 300 ml of DMF was hydrogenated at
A0° tee. 15-20 min). The eatalvst was removed by filtratian
and the filtrute was evaporated (n vacno.  The resulting residue
was cavered with 200 mt of 1,0 and the pH was adjusted to {0
with aqueous NaOTl.  An off-white solid precipitated. 1t was
coltected by fittration and dried irc an oven to give 4 g of crude
material, mp 205-207°. Recrvstallization from 150 ml of
IStOH gave 2 g (270 yield) of analvtically pure produet, nip
223-225° Anal. (CLHi N C, T, N

Method B.—A solution of 12.5 g (0.04 mole) of 1V and 13.6 ¢
(.08 niote) of ethyl p-aminobeuzoate in 300 ml of DIME was
allowed to stand for 16 hr with oceasivnal stirring.  The solvent
wus then evaporated under reduced pressure and the resulting
vellow solid dissolved in 250 mt of HyoO. The pH of the solution
wax adjusted tn 8-9 by means of agueous NaOH. The solid
which formed was collected by filtration, dried, and recrystallized
twice from BEIOH ) give 6.0 2 (H3¢ vield) of produet, mp
224--226°,

(1) Mese resnlts wece oblained by Dp 13 L. Kiglink, Dro M. Friedkin, and
Miss 12, J. Crawiond of Tufts University and provided by Dr. H. B, Wool,
Je of CONRC, For the methad by which the tests have been carried oul
with slifferent arganisms. »f. L. T Plante, E. J. Crawtord, and M. ¥riellkin,
JoBinl Clep., 242, 1466 (19675, aml L. CGondmanl, ¢ vl /.0 Ao, Clang Sor,,
86, 108 (1WN4), aml relerelces ricxd ylosrein,

it A meldng poim s Gonvertel wereoraken oo a Tionnas—)loover meh-
ing oninCapparains, The nv speerra wiereslelermine! with a Beckinan 1DIK-2
spectmohalnneler. Al hyvidrogenalinns were earriell onl on a Parr halro-
ventOn o) tewpera(ures awlriine indina) erl, nsing 104 Pd=C ac 4.2 ke ans
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p=11(2,4-Diamino-5-pyrimidiny! )methylene)amino | benzoic
Acid (Vb).-—A niixture of 12 g (0.087 mole) of II and 15 nil of
wethanolic HCE in 1200 mt of anhydrous MeOT! was heateal 1
ceflux t effeet solutim. Fo the selution was added 12 g (0087
male) of p-nnnobenzoie aeid i 200 mi of bt anhyvdrous MeO1
atd the resulting selution was refluxed for 4 hr. The reaciom
mixture was evaporated in caciro (o devness o give 26 g of yellow
salid, mp 293-205° Thix was sitrred in 1 L ol boiling MeO11
and filtered ta give 12 g (477 vield) of VI HCT mp 5103129 ce,
Annd (Cadlp N0 THCH C) 1) O N
p=11(2,4-Diamino-5-pyrimidiny!)methyl|amino | benzoic Acid
(VIb). Method A. ~A =alution of 12 g (0.042 nude) of TV and
12 g [0.057 male) of p-auminobergow actd in 200 ml of DM was
stirred at raam temperaniure foe 16 he, The <alveat, was evapo-
cated (n mrno and (he residite was covered witle 200 ml ol 11,0,
The resulting mixtare was heaied ra bailing, then filheced. The
praduet, which precipitated from the tltrate o mobing. wos
callected by filiration 1o give 8.0 g (627, vield) VIb-1Br, wp
255°% dee. Anal. (CrutlaNOs- HBec U 1L, Br, N
Method B. A mixtare of 7 g (10024 mate) of Vh-11CH and 2
g oof vatalvst in 200 ml of DME was hydrogenated at G0-64°
Cea. D hr). The eatalyst was remmaved by filtration and the filirare
was evaporated in mcuo, The rexalting residue was reerystattized
(H4O) to give 1 g (147, vield) of VIh-HCL mp 248-251° dec.
p=)[(2,4-Diamino-5-pyrimidinyl)methyl]amino|benzoyl-1.-glu-
tamic Acid (Ia). Method A.-—A mixture of 4 g (0.067 mole) of
II and 192 g (0,065 mole) of dimethyl p-aminnbenzoyi-n
ghrtanmate!! in 1 L oof midivdrmes MeO 1 was added 1o 10l of
wethaache 1HCL The mixtire was cefbixed far 4 hr thea evap-
nrnted (o deyness radee reduced pressiae. The restdual vellow
solied was dissolved @ 300 ml of DA i the resalting saluiivm
was hvdrogeanted ar raom temperature i the pregence nf 4.5
g af eatalyst'® (oo 11 helo TPhe eatalvst was filtered avd the
filtrnte was evaporated in racino.  The residne was then covered
with 200 il of 1O, Ty the mixture was added 8 g of NaOT
and the salatioa was boiled for 10 miwe.  The sohdioa was tlea
caoled aad cavefally acidified o pll 4.2 with dibae 11CL A
gy substance was obtained.  This was stirred fur 6 o
an tee bath and the cesulting brown pradiet was enltected by
filtratiare. Heeryvstatlizatioa of the emide penduer i o laege
amoantid nf 1O gave, after deving et 135° for 16 he, 2 g i8¢,
vield) of ta:r mp 197-200° dee isaftened ar ra. 180°1 L.
200 mg e 10,6000, AR 228 mg fe 100000, ALTOOND uip
te 13,600). . Arnal 1CcHu N0 C) TN
Method B, A solution of 12 g (0.042 male) of 1V aad 314 g
(0.086 mole) ol a p-uminobeuzoyl-L-glutamic acid™ in 200 ml of
DMEF was stirved at roam temperature for 16 hr. The =alvent
wis evaporated fn raero and the residue was dissolved w250 mf
of 0. The pH of the sohttian was adjusted to 4 by the addition
of NaCOs A gunmumy precipitate was obtained which slowly
solidified when stirred i an ice bath for 6 hr. The crude produc
was coltected by filtration and recrystallized feom 110 (o give,
after being dried at 133° dr vacro, O g (366 vield) of 1a, mp 198
200° dec. The uv and ir speetra were found ro be identical witlc
thase of the product prepared by niethod A,
p=11(2,4-Diamino-5-pyrimidinyl )methyl.-N-methylamino} -
benzoic Acid {VIc).- ~A mixture of 12 g (0.041 mole) of TV and 15
g (0.086 mole) of p-methylaminobenzote acid in 200 ml of DHMT
was stirred at room temperature for 16 hr, during which tine »
white precipitate sepurated. Tt was collected by filtration and
washed with a =<mall amount of cold DMTEF i give 12 g (877
vield) of analvtically prve VI, mp 247° dec. Anal. (Cudli
HBr) C. H, Br, N.
p=11(2,4-Diamino-5-pyrimidinyljmethyl{-N-methylamino!ben-
zoyl-L-ghitamic Acid (Ib).—A solutivn of ¥ g (0.028 male) ol
of IV and 9 g (0.02% nwle) of diethyl N-methyl-p-aminobenznyt
L-ghitamate® inn 250 1wt of DMFE wus <tirred at room temperature
for 16 hr. The salvent was evaporated in vacwo and the residne
wax dissalved in 200 mi of 11,0, To the sohition wax added 8 g
aof NaOIT and the resulting mixture was heated on n steam bath
until all the estec dissolved aud was hydrolyzed ta yvield the di-
<odio <alt.  The sulution was then heated to boiling, decolarized
with cliareoal, and hltered. The filtrate was cooled anl, afrer
its pIt was adjusted ta 4.3 with 6 N HCL afforded a ginmmy salid.
The mixture was stirred i an iee bath for 2 hr and then chilled

V1D R Raehler, L Goadioan, Jo DieCiean, and B R Bakero S Lo e,
Soe., 80, ATTY (145%).

d1h tul o Van Dee Sebeer andd IS0 Landereiner, o Ioooinead . 29, 57 (
193y (G Csnpplisd Gy Wsnton Labe., Vineland, N. L

162 SO0 o and N Reimer, J. Oy Cheng 80, 1277 (145401
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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;Q. 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, yield); mp 203-205° dec (sintered
at 183°); AH! 300 mu (e 14,200), A% ' 280 mu (e 12,900),
AR 200 mu (€24,000).  Anal. (CisHeNeOs) C, H, N.

Acknowledgment.—The authors thank Mrs, Margaret
Rounds and Mr. John R. Gravatt for the analytical
and imstrumental measurements.
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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 ¢ 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 MIT in its
ability to block the synthesis of catecholamines and to
produce pharmacological effects aseribed 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 radicautographic studies on
rat and on rabbit liver tissue slices.

When MC-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 1.

Both deiodination®® and transamination®® 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 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-hydroxyphenylpyruvie oxidase.?

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 1it.* 3.9 X 1077), was included as a standard

(1) (a) Supported by Grant AM-06480 from the National Institutes of
Health, U. &, 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 8. Lissitzky. Biochim. Biophys.
Acta, 9, 161 (18952); () G. A, Johnson, E. G, Kim, W. Veldkamp, anl R.
Russell, Biorhem. ['hurmicol., 16, 401 (1967).

3) G. Litwack, Metibolism, 15, 420 (1966).

(4} 8. Ullenfriend, P. Zaltzman-Nirenherg, and T. Nagatsu, Biochem.
Phurmacol., 14, 837 (1465).
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TaBLE I

MoN010DOTYROSINE METABOLITES A8 DETERMINED
FROM RADICAUTOGRAPHS
BuOQOH-dioxane—

NH.OH
—=Net Fp——

BuOH-AcOH-H:0
~—Net %—

Metabolite® Rt Rat Rabbit Rt Rat Rabbit
MIT, 9% metabolized 0.65 53.2 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 0.91 1.2 1.8 0.99 0.6 0.8
MIA 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. ® The two pyruvic
acids (identified by the R¢ values obtained for authentic com-
pounds, uv light, and 2,4-dinitrophenythydrazine spray) could
not be separated consistently by the first solvent system and
could uot be separated by the second; they are therefore listed
together.

TaBLE 11

MoNO10DOTYROSINE METABOLITES A5 INHIBITORS
oF TyrosINE HYDROXYLASE

Metabolite

Metabolite” conen® % inhib®

PHPP 104 5.2

103 20.0

MIP 107® 19.3

10—# 20.5

PHPA 1073 18.1

10-3 17.6

MIA 10— 15.9

103 16.9

PHPL 10—+ 22.0

DIPL 10—+ 241
MIT 10—+ 100
5 X 1077 67

@ The following abbreviations were used; PHPP, 4-hydroxy-
phenylpyruvie 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-dilodo-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-3,5-*H (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 1079)
noncompetitive inhibitor of the substrate tyrosine.
No explanation is offered for the apparent lack of cor-
relation between inhibitor concentration and enzyme
inhibition.

The weal inhibition of adrenal tyrosine hydroxylase
by the metabolites listed tend to substantiate the con-
clusion of MeGeer and McGeer that, in a brain tyro-
sine hydroxylase preparation, a free amino group is ve-
quired for inhibition of the enzyme. The present
study shows that the weak 7n wviwo 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).



