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ethyitlnonrea 8 was stivved with 104, HCI (200 mi1 at veHnx for ja
min,  The mixtire was cooled to (1°, and the ernde crvstaliine 9
wis iNolated by filtration. The prore compoands wvere obtained
by recrystallization with Darco G-l treativent.  tn a few caxes
the mercaptan was dissolved iv 1057 agneous NaQH, filtered, and
reprecipitated with 109, HCI before recry=tallization. Table 111
lists the componnds prepared and their physieal propertiex.
1-Arylimidazoles (2). The rvecrvstatfized fearvi-2ancreapio-
mmudazole (9) (25 g1 was <hnrried with 209 FINCL 100 mblin «
2-1 erfemmeyer fiask.  When this mixtire was warmed on g
stenm bath belnd a shield in the hoad, a brief, vigorons reaction
produced targe amonnts of NO.. The mixtire was kept at 100°
for 5 amin, before it was cooled and bastfied to ~pll 8 with 154,
agteons N1y C~Htmint The imidazole wax extracted with
three 23-ml portions of CHCL and nsnatty purified by <hort-path
distittation or subhmation. Tables 1V and V' ogive the experi-
mentat detatls for these componnds,
1-(2-Carbamoyiphenyl)imidazole 110a). I-12-Cvanophenyt)-
mmdazole (2a) (22.5 ¢ wax dissolved i coneentrated TESO),
(120 ml) and heated on a =tenm bath for 10 min. The crnde.
crystaliine mmide was isobrted Dy ponving the reaction mixture
mito tee water (500 mi), basifving to pll 8 with 280 N, <olntion,
and cooling to 0°. Hecrystallization of the crnde prodnet from
H.0 (120 mly with Darco (i-60 treatment gave catorfess plates of
10a (21.2 ¢ 81C L, mp IT0.0-1T85° dnal. 7CpHgNOTN,
1-(2-Carbamoyl-4-fluorophenyl)imidazole (10b}).- The above
procedure gave, with i-{2-cyano-4-finoropbenyhimidazole 12b)
1A g) and concentrated HyNOy a8 mibi, after reervstatlization

1t5) NaOH will open ¢he imiilazole ring, =ee li. 3. Sebipper aml A R,
Day in “lleteroeyelic Compounds.’” ¥ol. 5, R. O Elderfiell. Ed., Juhn Wiley
awl Rons, Ine., New York, N. Y. 1657, b 205,
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Vol 12
from water @5 miby, LM g 122770 0 10b, mp M6 14770 Dl
(Ol TsFNGO) N
1-/2-Carbamoyl-4-trifluoromethylphenyliimidazole 10c¢ .

The above procedive gave, with f=]2-eyano-t-ctritfaommethy ] s
phenyifunmdazole 12¢) 12511 g) and concentrated HaS0), 1125 miy,
after reerystallization from 337 1tOTL CEA mb with Dareo G-601
treatment, 22.8 g (8571 ol catoriess 10e, mp 102111357,
1Cy Haba N O N

1-2-Aminomethylphenyljimidazole i11). \n extriector vhim-
ble was charged with 2a (42,2 g, 0.25 mole L aud o THIE snspen-
<ton ol LATE 02t g, 0,925 mote 7500 mlt was heated nnder refing
nutil 2 he alter the exteetion wies camplete. Phe mixtire was
caoled, decomposed with 2000 HCE 100 mbe stripped free of
THE, dilnted with ThLO, fibercd, and exteacted with CHCE (1t
mil The CHCEL bver was diseavded, and the HoO faver waos
basified with 2870 Nt =olntion aud exteacted continnonsty with
CHCL, Phe dried extracts were evaparted ta feave a brown,
oty restdne of ernde pradinet which was distitled in o <hort-path
<t at SO 5002 pund, vield 1H.50 g 1365y of B A Taether
distiltntion s N5 dLf mnd gave onfortess prodiner, mp $H14
32° 0 nal. (CublNy N,

1-(2-Hydroxymethylphenyllimidazole 121 A\ =ointion of
11 17.0 g, 0.008 noite), o a mixtare of HEAe (10 ml, 0.23 moles
and THO 7V HOU b wies cooled ta 12 and trented at onee with a pre-
cooted =oltion of NaN (1L, 6.0 g 1L moleyin HLO (25 mb, The
mixbnre wies <tivved at 25° far 2 oy then basified with 280 N,
e comtbnon=ty extracted with CHCL The oxteaet was dited,
coneentrated and filttered throngh Flortstl (1 g) nxing 60t g oy
CHCE as the elnem, Phe gnm et on evapargion of the CHCL
wix sublimed ot B3 aLwmy to produce 0200 g 1547, 0 o 12,
After a Mrther snblination thi< pradinet mebted at HHLS 10257
Al TCWILNAT CUHE N
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Nuclear monomethyl-snbstitured o-tyrosines have been prepared from the corvesponding azlactoves vie the

benzamidocinnamic acids and the benzoylamino acids or by divect conversion ta the amino acids.

The 3-, 4-,

and 6-methyl-o-tyrosines could serve as substrates while the 5-methyl-o-tyrosine was inert for mmammalian DOPA

decarboxylase.

of the nuclear monomethyl-substituted 2,4-dihydroxyphenylalanines,

The prevention of enzyme binding by the 5-Me group led to a study of the snbstrate specificity

The 3- and 6-methyl-2 4-dihydroxy-

phenylalanines could serve as substrates while 5-methyl-2 4-dihvdroxyphenyiatnnine was inert for mammalian

DOPA decarboxylase.

The finding by Iellman and Devlin? in 1958 that
2-hydroxyphenylalanine (o-tyrosine) occurs normally in
the mammalian adrenal gland makes its metabolism of
interest.  Armstrong, e/ al.* and Nishimura and
Gjessing® showed that o-tyrosine is normally decar-
hoxylated in the human to o-tyramine which in turn is

1) This work was supported in pare iy a U. 8. Public lealth Service
Grant FR3301 and by The Council for Tobacco Research—USA. Inquiries
concerning this article shonld be sent to John P. Lambooy at The Depart-
ment of Biological Chemistry, The University of Maryland, Baltimore, Md.
This report epnstitutes part of the thesis sabmitted by Roger H., Bower
for the M.8. degree, The University of Nebraska.

(2) J, H. Feliman and M. K. Devlin, Fes/. Proec., 17, 218 (1958).

{31 M. DD. Armstrong, K. N. Shaw, and K. S. Robinson, .J. Biol. Chem., 218,
797 (19580,

(4} T, Nishimura and L. R. Gjessing. Scivui, S, Clin. Lob, Invest., 18, 217
112166,

nxidized tn o-hydroxyphenylacetie acid.  They found
that o-tyramine nnd o-hydroxyphenylacetic neid ave
excreted in the urine of normal humans in quantities
ranging from 0.3 to 1.0 gg and 0.1 to 0.4 g/g of crenti-
nine, respectively.  Since it had been shown by
Blaschko® that o-tyrosine could serve as a substrate
for mammalian dihydroxyphenylalanine (DOPA) de-
carboxylase, it seemed rensonable to suspect that this
enzyme is responsible for the decarboxylation observed
i oeivo, and a study of some aspects of its substrate
specificity for o-tyrosine appeared to be of interest.

We chose to investigate the influence of the incorpor:-
tion of a single C"Hy ns a sterie barrier into each of the

»3) H. Blaschko, Biochem. J., 44, 268 (1649).
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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 that the 3-, 4-, and 6-methyl-o-tyrosines
could serve as substrates for this enzyme while 5-
methyl-o-tyrosine was inert, serving as neither sub-
strate nor inhibitor. That the presence of a 5-CH;
could prevent binding to the enzyme had been observed
on an earlier occasion by Lambooy® in a study of struc-
tural requirements of the methyl-2,4-dihydroxyphenyl-
alanines as inhibitors for tyrosinase. The similarity
between j-methyl-o-tyrosine and 5-methyl-2,4-dihy-
droxyphenylalanine is obvious but since o-tyrosine is
not an inhibitor of tyrosinase,® 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.”® Sourkes,
et al.,” had shown that 2,4-dihydroxyphenylalanine was
a substrate for DOPA decarboxylase and a logical ex-
tension of our study was to investigate the substrate
specificity of the three nueclear-substituted methyl-24-
dihydroxyphenylalanines for DOPA decarboxylase. It
was found that the 3- and 6-methyl analogs served as
substrates but that 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
5-CH; in these two series of compounds prevents bind-
ing to the decarboxylase other than that 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-HI.
The products of these reactions were relatively in-
soluble and a doubt existed as to their identity. Ior
this reason the 3-, 4-, and 3-methyl-substituted azlac-
tones were converted to the benzamidocinnamic acids
and the latter was reduced to the benzoylamino acids
by means of Raney Ni catalyzed hydrogenation. The
latter acids were converted to the amino acids by means
of concentrated HCI 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-, 5-, and 6-methyl-o-tyrosines were purified by
the repeated formation of the soluble Na salts and
reprecipitation of the free amino acid by the addition
of AcOH. This procedure resulted in destructive oxida-
tion of the 3-methvl-o-tyrosine. The hydrochloride of
this amino acid was purified by recrystallization from
absolute EtOH-absolute Et;0, u procedure which could
not be used for the 4-, 3-, 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., T8, 771 (1956).

(7) T. Sourkes, P. Heneage, and Y. Trano, Arch. Biochem. Biophys., 40,
185 (1952).

(8) R. Ferrini and A. Glasser, Biochem. Pharmacol., 13, 798 (1964).
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TaBLe I

CHrMIcan AND PHYsS1CAL DATA ON THE INTERMUEDIATES
AND 1HE 2-TIYDROXYMETUY LPHENYLALANINES

Yietd,
Compound % AMp, °C Composition®
Azlactones®
3-.\’[6 61 164-165 C]gH].‘,NOa
4-Me 5l 196-197 C]sH]aNOa
5-Me 45 180-181 CisHi:NO;
6-Me 49 163-168 C\sHi:NO;
Aecrylic acidse
3-Me 87 230-231 CisH2NO,
4-)16 98 214-215 C]gH]7N04
5-.\16 89 215-216 ClgH17NO4
Propionic acids®
3-)16 99 183 C]gH]9N04
4-Me 94 184-185 CmHmNO(
5-Me 95 184-185 CisH s NO,
Amino acidse’
3-Me (HCI) 87 188-190 CioH 1 CINO;
4-Me 83 248-249 CioHi:NOy
5-Me 79 248-249 CioHi:NO;s
6-Me/ 50+9  273-275 CiHi:NO,

¢ All compounds were analyzed for C, H, N; analytical resuits
obtained for these elements or functions were within +0.45} of
the theoretical values. * Recrystallized from PhH. ¢ Recrystal-
lized from EtOH. ¢ Recrystallized from 409, (v/v) AcOH.
¢ See text for purification procedures. / 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-H:0-AcOH system, the R
values for the 3-, 4, 5-, and 6-Me isomers were 0.56, 0.57, 0.58,
and 0.54, vespectively. Using the HyO-saturated PhOH system,
the R; valnes in the same order were 0.81, (.80, 0.80, and 0.78.
i The ir peaks (cm™!) for the 3-, 4-, 3-, 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 Wiley and
Sons, Inc., New York, N. Y., 1966, p 56.

as substrate were expressed as per cent of the activity
of p1~-3,4-dihydroxyphenylalanine.

Experimental Section®

Benzaldehydes.—2-Hydroxy-3-methylbenzaldehyde was pre-
pared by the formylation of o-cresol as described by Tieman and
Schotten.t® The product (209,), bp 120-140° (15 mm), was
found by gas chromatography to contain only 339 of the benzal-
dehyde. The benzaldehyde was purified as the bisulfite addition
compound to yield, on hydrolysis, material with bp 100° (23
mm). This prodnet was methylated with Me,SO, to form 2-
methoxy-3-methylbenzaldehyde (94¢7), bp 132° (28 mm)
[lit.'t 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,!?
to yield 2-methoxy-4-methylbenzaldehyde (499), bp 154° (25
mm) [lit.13 263-264° (atm)]. This benzaldehyde was also ob-
tained by the methylation of 2-hydroxy-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
POCI; by general procednre a, described previously,® to obtain
2-methoxy-3-methylbenzaldehyde (30¢7), bp 148° (31 mm)
[it.'® 139° (19 mm)]. m-Cresal was formylated by the Tieman

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

(10) F. Tieman and C. Schotten, Ber., 11, 767 (1878).

(11) R. A, Barnesand N. N, Gerber, J. Org. Chem., 26, 4540 (1961).

(12) J. P, Lambooy, J. 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 Schotten® procednre to produnee a mixture of 4= and 6-
methylsalicylaldehydes (42¢7), bp 103- 110° (18 ). The mix-
tnre of benzaldehydes was separated by the nse of the aniline
dertvatives!t and purtfied as the bisnifite addition componnds to
produce 6-methylxahicylatdehyde (12¢7), bp FE4° 722 mm1 (ht.»
mp 32°) and 4-methylsalicvlatdehyde (40,1, mp »27-60° (f.»
mp 60°). T'he appropriate saheylaldehydes were methyiated
with Me:S0, to form Z2-methoxy-G-mmethyibenzaldehvde (0770,
bp 1H4° (25 nany, mp 40-41° B mp 4142910 and 2-methoxy -
4-methylbenzaldehyde (92705, bp 152° 725 mm), mp 43-44°
(1t ¥ mp 42-43°1L  Fach of the benzaldehydes was <hown to be
homogeneons by gas chromatography 7

4-(2-Methoxymethylbenzylidine )-2-phenyl-5-oxazolones.--1he
bhenzatdehydes were converted ta the azinetones nx describerl for
the preparation nf 4= 2,4~dimethoxyimethytbenzytidine -2-phenyi-
S-oxnzolones.® Ree Table 1.

2-Benzamido-3-( 2-methoxymethylphenyl jcinnamic Acids.-
T'he azlacrones were hydrolyzed ax deseribed for the hydroly=ix
of  2-benzamido-3-(2 4-dimethoxvinethylphenvijaervlic  acids?
Nee Table 1.
2-Benzamido-3-(2-methoxymethylphenyl)propionic Acids.-

T'he benzamidocinnamie acids were vedneed to the propionie ncids
ax desertbed  for the prepavation of  Z-benzamido-3-(2,4-di-
utethoxyphenyipropionie neids2 - See Table 1.

2-Hydroxymethyliphenylalanines. (a) From the Correspond-
ing Propionic Acids.-The propionie nceids were ronverted to the
amtino acids by the procedure described for the prepnration of
2,4-dihydroxymethylphenyhifanines®

(b) From the Corresponding Azlactones.-—'I'he nzluctones
were converted dirvectly to the mnino netds by the nse of P-HI
as dexcribed for the preparation of several dihvdroxyphenyl-
abnines.® See Table L.

The insolnbility of the amino acids made them diffiendt tao
purify.  Of the fomr amino netds, the HCE =alt of only the -
methyl-o-tyrosine was =oluble. A =olution of the hydrochloride
of thix amino acid was evaporated to dryness; absolnte EtOH wax
ndded to the restdine and this was evaporated. The resuniting
restdine (-1 g1 was dissolved in 100 mib of absolnte EtOH,
treated with derolorizing charvonl, and filtered, and to the filtrate
wax added 200 mil of absolme 1.0, "The hyvdrochlaride of the
amino actd wias obtained as n cerystatiine prodnet on standing

The 4-, 7=, and 6-methyl-o-tyrosines were purified as follows.
Approximately 2 g was sngpended in 35 mb of H2O and when this
mixtire had been hented to near the boiling point, a solnvion of
NaOH was added nutit all of the <olid had dissolved and the
sointtion was atkalime.  Decolorizing chaveonl was added, and
the suspension was boiled briefly and then filtered.  The filtrate
was heated to the botling pomnt and AcOH was added dropwise
until the solution was just nctd to litmns, When cold, the
precipitated amino acid wax colfecred on the filter.®  These
procednres were repented four times for the preparation of the
anine nerd samplex for analyses and enzyme studies,

(14) O. Ansehnino, Bee., 80, 315 51917).

(5 0 CoDaff, J. Chem, Sor., 547 LV,

1161 Reference 13, p 1813,

(17) 'The Perkin-Ehner Molel 801 gax chromatograph with a 69 DEGA
colnnn with Chroinosorh support was used with helinm as the carrier gas.

(18) The proceditre was hased on thar described for tlre purification of
tyrosine by (1. J. Cox and H. King, "Organic Syntheses,” Coll. Vol. 11,
John Wiley and Sous, Ine., New York, N. Y., 19431, p 614,
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The preparations »f the o-tyrosine 2,4-dihydroxyphenyl
alanine,' and the 3-, 5-, and 6-methyl-2,4-dihydroxyphenyl-
alanines® nsed in this <tudy have been described on earlier oc-
eastons,

Paper Chromatography.-—The F: valnes were determined hy
the descending method on Whatman No. | paper nsing the ,0)-
satnrated PhOH sy=tem and alsa the npper phase of a BuOH-
H0-AcOH iH:4: 1) svstem.  The amina acids were located on
the paper by the ninhydrin reaction.  The Y valnes arve given iy
Table 1. Smee the amino aerds had vearly the same £y valnes
the jr xpectra were aloy determined az a means of differentinting
among them.

Ir spectra were determined on the mnimo acids dispersed
KBr pellet=< tn a Perkin-lIshner 137 infrnved =pectrophotometer
and arve fisted o Table 1.

Decarboxylation Studies. "I'he pair of kidnevs were removed
fram o gninen pig immediately after it was killed;  the kidneyvs
were decapsuinted and piaced in ernshed tee for 15 min.  l<ach
kidney was halved through the hilus, the pelvis, mednlia and
connective tissne were removed, aund the combined kidney
tissne was weighed. The tissue was homogenized in a 30-ml cup
for a Virtix homogenizer in 4 wl of 0.067 .\ phosphate buoffer (pH
6.51/g at fnlt speed far I min. The homogenate was centrifnged
at 20,000¢ for 25 min oo refrigerated centrifuge to nbtain ibe
=npertant =ohtion of the enzyme,

The snbstrate solntiotes ((LO0H 33 or bulfer for the blank 2
mis were placed in the main compartment of o Warburg flask.
The enzyme sohtion (& ml) and 0.05 ml of a solttion of pyridoxat
phosphate 1 100 pg int) were placed in one xtde arm and 0.5 il of
2N HLSO, was placed i the other side nrm. The nsnal techutene
was n=ed ta determine the pl of COy produced nt 37° dnring
[0-tnin period (the enzyme action was stopped and combiued
CO. was libernted by tipping in the Hp304).  The activity of the
vartons nino aerds as snbsteante for the enzyme was ealenbated
as per cent of DOPA ax standard. The resntt= with additionnl
dista are given y Table T

TaBras 1
SUBSTRATE ACTIVITY OF ThE 2-FlYDROXYMETHYLFHENY -
AVLANINES AND THE 2,4-1MHYDROXYMETHY -
FHENYLALANINES For DOPA DrecarBoxtyLasy

Suhmtrate soln
compns,
g, 10 ol

»e-Phenylalanin: Rol® sqbsirale art.

3,4-1OH). 4.8)H HO(
2-OH a.0n Q9v (9810101
2-OH-3-\Me 9.75 45 (03-96)
2-OH-4-Me 0.7 ST TR0
2OH-5-Me a,7H ty (-1
2-OH-6-Me 0.7) Al {28340
2,4-(O 1 4.8 N47(83--8))
2,4-(OH 1.-3-Ne 1055 44 743-45)

2 4-(OH w-d>-MMe 10,50 tr -2 1
2.4-(OH 1,-6-Ne 10,05 HdTh

Egnivalent to 0.005 M. > Activity of Dopa arbitrarily sev ul
100. ~ Reference 8 found 102¢,. < Range for three determina-
tions. ¢ Coneentrations of analog to DOPA of 6:1 had nmy in-
libitory effect.  / Reference 8 fonnd 8K¢7.



