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enrbonure (084 g, mp 175-180%) Thix was added to botling, 2
NOHNOg (2 ml). The guanidine nitrate =eparated = un oil
which evenmdly  =olidified and  reervetallized  from PtOI1]
ItOAe.

-(g~Hydroxyphenethy!l)-2,3-dimethylguanidine Hydriodide.
A-Tvdroxyphenerthvinnine 274 g, 1,02 mole) anad 12.3-1n1-
methyl-2-thiop=endonrea hydriodide 15,0 g, 002 moler in erthanol
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(12 ml) were boiled nnder veflax for 2 b, The small crop ol
ervatals obrained when the solnion had cooled 1o room tempern-
mre melted o >500° and was disearded. On cooling the soln-
Lo in o» refrigerntor, more ervsiallive prodiel was obtained:
mp B30 S0 Two cecrvsiallizations from 101 FhOAe gave
t-e3-hydroxyplhienethyD-2d-dimeth vignmddine - hydriodide fll.)
g, bip ENG P87
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A series of a-alkyl aromaric amino acids has been prepared containing varions substitnents in the phenyl

nnclens,

The resnlts of testing these compounds and related amino acids in the tyrosine hydroxylase enzymne

svstenn are tabulated on the baxis of their mode of action as either substrate ithibitors or cofactor inhibitors.
Otlier classes of compounds have also been stndied as inhibitors of the tyvrosine hvdroxylase enzyvnie sysrenn.

Active representatives are inclnded i1 rhe tables.

This communieation reports on the svnthesis of some
a-alkylamino aeids and the results obtained by testing
these compounds and related ones in the tyvrosine hy-
droxylase svstem.! Beef adrenal medullary honoge-
nate was used as the saurce af thisx enzyme which con-
verts L-tvrosine ta 1-3.4-dihvdroxyphenylalanine, the
rate-limiting step in the biasvnthesis of norepinephrine.®

Chemistry.—Most of the a-alkylamino acids were
prepared by the routes outlined in Scheme I. The
substituted phenylacetone intermediates (I) not pre-
viously reported in the literature were prepared either

Renpvg 1

O—MgBr
X
%ACOCH,
4©7CH2COCH‘;
X

CH(HBr(()CH 1

CH,

I
CH,CCO,H
e
NH,

by a Darzen’s glycidie ester condensation® between u
substituted benzaldehyde and ethyl a-bromopropionate
or by reaction of an aryl Grignard reagent with chloro-
acetone.*

The hydantoins II, prepared from the corresponding
ketones with potassium eyvanide and ammonium car-

CHQC—CO
\ /NH

1T

(1) (a) T. Nagaran, M. Levitt, and 8. Urdenfriend, Biochem. Biophys. Rex.
Commen., 14, 5343 (1964): (b) J. Biol. Ckem., 289, 2910 (1964). An exten-
stve search for 0 citro inhibitors of rat brajin iyrosine bydroxylase has been
reported hy E. (G, McGeer and P. L. McGeer, Ca. JJ. Biochem., 48, 115
(19675,

(2) 8. M. Hess, R. tl. Copnamacher, M. Ozaki, and S. Udenfriend, ./.
Pharmacol. Exptl. Therap., 134, 124 (1961); 8. Udenfriend, Pharmncol.
Rev., 18, 43 (1966,

(3 M. Newman und B. Magerlein, Org. Reactions, 5, 413 (1949)

) (a) (. M. Sorer and A W, Weston, J. Am. Chem. Soc., 68 602( 1941):
(b) A. S. Hossey and R. R. llerr, J. Org. Chem., 24, 843 (1959).

bonate, were hydrolvzed to give the a-alkylamino acids,
Physical constants and analytical values for these newly
svuthesized hydantoins and amino aeids are tabulated
in Tables V and VI of the Experimental Section.

The 3-hale?® 3,5-dihale, and nitro derivatives of «-
methyltyrosie were prepared by halogenation or nitra-
tionn of the amino acid. Optically active 3-iodo-a-
nicthyltyrosine was obtained by the iodination of 1-a-
methyltyrosine.  Catalytie hvdrogenation of 3-uitro-a-
methvityrosine i1 acid solution gave the 3-amino deriv:
tive,

Syntheses of the 4-acetamido and 4-methanesul-
fonamido dertvatives af tyrosine and e-methyltyrosine
were accomplished by reaction of the copper complex of
the corresponding 4-aminophenylamino acids with
exeess methanesulfonyl chlovide or acetic anhydride.

Reaction of 5-benzyl-3-methylhydantoin with chloro-
snlfonic aeid provided the sulfonyl chloride (IIT) which
scrved as an intermediate for the preparations of the
+-methylthio (IV) and 4-sulfamoyl (V) derivatives (see
Scheme 11).

Testing Procedures.—--I'resh beef adrenal glands were
obtained from the slaughterhouse and held in ice until
used about 1 hir after removal from the careass. The
adrenal medulla tissue homogenate was prepared in
0.25 M sucrose ag deseribed by Nagatsu, et al.!  Coni-
pounds to be tested were dissolved at 2 X 107% 3/ con-
centration in either 0.01 1/ HCI or acetonitrile and
tested rautinely at 1 X 104 37/, The incubation mix-
ture contained 2 ml of adrenal medulla homogenate,
0.2 ml of a-hydrazine-3,4-dihydroxy-ae-methylhydro-
cinnamic acid (a decarboxylase inhibitor) at 2 X 10~
M in 0.01 N HCI, 0.4 ml of 1.1/ phosphate buffer, pH
6.0, 0.2 ml of control solvent or inhibitor solution, 0.1
ml of pL-2-C'*-tyrosine (180,000 counts/min) b and water
(o 4+ ml.

In experiments with added tetrahydropteridine co-
factor, 2-amina-6-hydroxy-7,3-dimethy1-6,7,8,9-tetra-
hvdropteridine (in 0.1 17 mercaptoethanol solution) was

+5, M. UL Daentker, Suowh African Patent Applicadion, 633,657 (1963).
yepor(s the symhesis of 3-cldoro-a-merbyltyrosine by a differens ronce,
{6y Oblained from Merck ®barp and Dolune of Canada. Lad.
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ScueME 1T
T ™
@’CHQ(%_?O - CH,L—CO
HS— HN~ C’NH CioS HN- C’NH
0 0
l T
<|3Ha <|3H:=
@cmg—go CH,C—CO
CH,S HN~-NCH, H,NO,S HN\C/NH
0 0
(lJH3 <|:H
4@—CHJ|]CQH AQ—CH_,?cogH
CH,S NH, H,NO,S NH,
v v

added to give a final concentration of 2 X 10-% M,
Incubations were run at 37° in air for 30 min on a meta-~
bolic shaker,

Following the incubation period, each beaker was
treated with 0.1 ml of DOPA (2 X 10— M in 0.001 M
HCI) as carrier, and the enzyme was inactivated with
3 ml of 0.2 M trichloroacetic acid. The DOPA was
1solated by alumina adsorption at pH 8.5! after removal
of the precipitated protein.

In experiments with soluble enzyme preparations,
incubations were carried out in small test tubes and the
incubation mixture was the same as that described by
Nagatsu, et al.

Results and Discussion

The general screening of compounds for tyrosine
hydroxylase inhibition was carried out using the adrenal
medulla homogenate without addition of a tetrahydro-
pteridine cofactor. When the compounds active in this
system were retested in the same system but with added
2-amino-6-hydroxv-7,8-dimethyl-6,7,8,9- tetrahydro-
pteridine at saturation level (2 X 10— M), it was found
that a number of the compounds which were active in-
hibitors in the unfortified system became inactive in
the presence of adequate amounts of cofactor.’

It was concluded that these substances were ‘“‘co-
factor inhibitors” and those which showed approxi-
mately equal inhibition in both fortified and unfortified
systems were “‘substrate inhibitors.”” It was thus pos-
sible to divide the active compounds into these two
classes which are listed in Tables I and 1T,

Some amino acids that were low-activity inhibitors
at the screening concentration of 10—* M but which are
interesting in terms of structure—activity relationships
are included in Table ITI.

Udenfriend, et al.,® have reviewed the general strue-
ture—activity relationships for inhibition of tyrosine

(7) After completion of our work, Udenfriend, e al.,8 reported that inhi-
bition of a pourified beef adrenal tyrosine bydroxylase preparation by a-
propyl-3.4-dibydroxyphenylacetamide was reversed by added cofactor but
not by substrate.

(8) 8. Udenfriend, P. Zaltzynan-Nirenberg, and T. Nagatsu, Biochem.
Fharmuacol., 14, 837 (19635).
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TaBLE I

SUBSTRATE INHIBITORS
———, inbibition——
Unfor- Forti-
tifled fied
en- en-
Conen, M zyme® zyme® plso

Amino Acids

Inbibitor?®

1~-3-Iodotyrosine 1 X100~ 90 97 5.6
L-a-Methyltyrosine 5 X 10-°% 94 67 4.8
3-Chloro-a-methyltyrosine 1 X 10— 60 66 4.3
3-Bromo-a-methyltyrosine 1 X 10— 73 88 4.8
L-3-Iodo-a-methyltyrosine 1 X 10— 94 99 6.0
a-Methyl-DOPA 1 X 1073 73 62 3.3
Miscellaneous Compounds

4-Isopropyltropolol (8-

thujaplieinol) 1 X 10— 94 83 4.9
4-Isopropyltropolone (8-

thujaplicin) 1 X 10— 94 90 4.3
2,5-Dimethoxybenzo-

quinone 1 X 107 49 75 4.3
Tetrabromocatechol 1 X 107 70 58
6-Amino-7-chloroquinoline-

5,8-quinone 1 X 10— 67 79 4.6
1,8-Dihydroxy-4,5-dinitro-

anthraquinone 1 X 10— 35 47 3.9
2-(4-Thiazolyl )benzimida-

zole 1 X 1073 56 60 3.2
2-(4-Thiazolyl)-5-methyl-

benzimidazole 1 X 10-3 60 >4 3.1

s All samples are pL mixtures unless specified otherwise. Pro-
cedures for the preparation of newly synthesized amino acids are
detailed in the Experimental Section. All other compounds were
vither obtained from commercial sources or have been described
previously in the literature. ® The ““unfortified” enzyme prepa-
ration was the adrenal medullary homogenate without addition
of reduced pteridine cofactor. The “fortified” enzynie prepara-
tion contained 2-amino-6-hydroxy-7,8-dimethyl-6,7,8,9-tetrahy-
dropteridine (final coucentration of 2 X 1073 Af) in addition to
the niedullary homogenate. The pls values represent the nega-
tive logarithms of inhibitor concentrations at which a 509 in-
hibition was found in the system using fortified beef adrenal
homogenate as an enzyme source.

hydroxylase by substituted phenylalanine derivatives.
QOur conclusions are similar, 7.e., (1) many phenylalanine
and tyrosine analogs are active inhibitors, (2) the rela-
tive activities of the 3-halo-a-methyltyrosine analogs
are I > Br > Cl, and (3) that a-methylamino acids are
generally more active than the unmethylated analogs.
Weissman, ef al.,’ have also reported the same order of
activity for the optically active 3-halo derivatives of
L-a-methyltyrosine as in vitro and in vivo inhibitors of
rat brain tyrosine hydroxylase.

We have also found that replacement of the hydroxyl
function of a-methyltyrosine by hydrogen or the fluoro,
chloro, or amino groups or extension of the a-methyl
group to a-ethyl converted this potent substrate in-
hibitor to a cofactor inhibitor. However, when the
phenolic hydroxyl or amino funetions were methylated
or when the hvdroxyl group was replaced by other
groups such as methylthio, trifluoromethyl, sulfamoyl,
acetamido, or methanesulfonamido, imhibition of the
tyrosine hydroxylase reaction was reduced markedly.
The observation that 4-methylsulfonamido-e-methyl-
tyrosine is not a good tyrosine hydroxylase inhibitor is
interesting since the methylsulfonamido and phenolie

(9) A. Weissinan, B. Koe, and 8. Tenen, J. Fharmacol, Exptl. Therap.,
151, 339 (1966).
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Tasre 11
Coracror INHIBITORS
Inlobicoys*t mtabion

Derivatives of Phenylalanine

Phenyidanine S0
R [§19]
4-F o
$-Cl 41
4-N1l 3
3-F-4-0OH S
a-Cll; 86
-l a-Clly 62
4-Fea-Cly R
4-Cl-a-Clly i
4-N H«z-a-cl 1:; TT
1-3-OH-a-CI1, 62
2. I“-4-( ) 1 l-a-(fl l:g 9.5
2-Cl-4-OH-a-Cll; N4
4-(}1-:;-()”-&-(7“:( EA
3-N11,-4-011--Cll; 26
2,4-(O1).-a-Cl; 66
$-OH-2 o= CH ) ¢G9
$-01-3,a-(CITy)s ir
4-OH-a-Cull; 60
Miscellaneons Conponnds
Dixodinm 2,5-dicarbethoxy-3,4-dihydroxythiophene 52
1,2,4,4-Tetrabromocyclopenteie-3,5-dione 0N
2-Methyl-1,4-naphthogninone 61
Dibenzo[f,h] quinoxaline 52

v Ree footnore a, Table 1. * All saples were tested at a final
concentration of I X 107* W nsing the unfortified beef adrenal
honogenate as an enzyme sonree.

TasLe 111
PHENYLALANINE DERIVATIVES OF Low Acrivity ar 1 X 10-4.1]

Inhibitors® inl)il;i()i()))
3,5-1p-4-O-a-Cll; 17
3-BI‘--‘)—I-4-OH-Q-C H.‘; 0
3,0-Bry-4-OH-a-CH; 1]
3,0-Cly-4-OH-o-Cl1; 12
4-OH-3-NOpa-Cll, H
L-3-N11,-4-O11 0
1-33,5-T4-011 4
3-F 4]
4-CH30,N11 t)
4-CISON Hea-Clls 0
4-(‘1‘13C()NI{-Q-C H;; 1 l
4-1,N08-a-Cl1; V]
4-CFy-a-Clly Y
4-CHyS-a-Cl1; 23
4-CH;0-a-CH; 9]
2-CH;s-3-(3-thienyl)alanine 18
2-CHs-3-(2-thienyDalaniue )
4-0OH-N ) a-(CH;)» 21

» Nee Toomore g, Table T.

hydroxyl groups have similar pA,’s.™  The demethyl
compound, 4-methylsulfonamidophenylalanine, was
also inactive i our gystem at 10—4 1/,

The ability of e-methyltyrosine to funetion as an in-
hibitor of tyrosine hydroxyvlase was also greatly di-
minished by disubstitution ortho to the phenolic hy-
droxyl group. The 3,5-dichloro, -dibromo, -diiodo, and
the 3-bromo-5-iodo derivatives of a-methyltyrosine
were all of low activity at 10—* 3. TIn contrast to the

s1 AL AL Lpysen o PodE Lisle Ndeee, 208, 1283 (Tued); R, H. Yol
Jo RO Kirk, W AL Goold, and A. AL Larsen, J. Med. Chem., 9, 88 (1966;.

These papers also report on some alkyisolfonanidoplenethanolainines hav-
ng interesting cardiovasenlar properties.

Naan, Witnians, Brrrener, Worr, axp Kusin Vol 10

1.000 1
A
L-TYROSINE PLUS
p-FLUOROPHENYL <AL ANINE
"y
=)
> 0500 *
> -
T L -TYROSINE
0 ) 2.0 3.0 4.0 5.0
Loox 1073
(5] -DMPH,

Fignre 1. --The inhibition of p-fnorophenylalunine on the
hydroxylation of L-tyrosine. The tyrosine was kept at 1 X 1u-*
M, the inhibitor at 5 X 107* 3/, while the cofactor, dimethyl-
tetrahvdropteridine (HMPH,), was varied from 2 X 10=3to 2 X
10=t /. Under these conditions, K, = 1.25 X 1078 M, K; =
2 X 107 ).

report of Udenfriend and co-workers,® L-3,5-diiodotyra-
sine has very low activity at this concentration in owr
svstenm.  However, it is active in the purified enzyme
svstem.®

Therefore an nnhindered 4-hydroxyl group appears to
be u necessary structural requirement for substrate
inhibition.  However, other factors must also be hn-
portunt since =everal a-methyvltyrosine derivatives,
¢.g.. the 2-chloro, 2-hydroxy, 2-methyl, and 3-amino
analogs, were faund to be cofuctor inhibitors,

The twa isomerie 2-methyl-3-thienylalanine deriva-
tives were not active in contrast to the potent cofactor
inhibitor, e-methylphenyialanine.

It ig evident from the results obtained that the tatal
homogenate as prepared by homogenizing beef adrenal
medulla tn 0.25 M suerose containg an amount of co-
factar which renders it an optimal system for finding
inhibitors of both types.  This svetem also had the ad-
vantage of being fairly insensitive to arganic solvents,
Of zeveral =olvents tested, acetonitrile caused the least
inhibition in the amount of DOPA formed. It was
selected to dissolve water-insoluble samples for testing.

As an example of a “substrate inhibitor,” a-methyl-
{vrosine has been extensivelv investigated by Uden-
friend, e/ al.™ 1t was conclided on the basis of the
data presented that this is a typical competitive in-
hibitor. To extablish a inechanism of “‘ecofactor inhibi-
tion”’ 4-flnoraphenylalanine (sec Table 1) was selected
as the inhibitor far investigation in the purified enzyme
svstem.  Tu order ta make use of the Lineweaver
Burk!! treatnient, 1t was necessary to choose this syx-
tem in which the subserate concentration is essentially
constant and the concentrations of cofactor may bc
accurately known and controlled. From the plot of
1/r vs. the reciprocal of the cofactor conecentration
(I"ignre 1), the mlnhidou of cofactor appears to be cont-
petitive.

170 11 Lytewegver and DL Bovk, /. e, Chene. Soc., 56, GH8 (101345,
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Since reduced pteridines appear to be specific co-
enzymes in the adrenal tyrosine hydroxylating system,*
cofactor inhibition takes on greater importance as a
useful mechanism. TUsing the above treatment of data
on the inhibition mechanism, the K; value for 4-fluoro-
phenylalanine was calculated to be 2 X 10~ 1.

Several compounds not related to the active amino
acids have come to light as active inhibitors when
more or less random screening was carried out. The
tropolone derivative, 8-thujaplicin, found to be active
in this assay (Table I), has been reported to be an in-
hibitor of dopamine 8-hyvdroxyvlase.'* The other non-
amino acid compounds appear to have no structural
relationship which allows generalization regarding in-
hibitory activity.

Experimental Section'*

5-Bromo-2-chloroanisole.—A solution of 6.17 g of NaN(); in

15 ml of water was added slowly with stirring to 12.8 g (0.0814
niole) of 2-chloro-d-amincanisole® in 30 ml of 489 HBr at 0°
until excess HNQO, was present, The cold solution of the diazo-
nium salt was then added over 15 min to a refluxing mixture of
7.9 g of Cu,Br, and 18 ml of 48¢; HBr. As soon as addition was
complete, the reaction mixtire was steam distilled and about
1 1. of distillate was collected. The distillate was extracted
with benzene which was then washed (59, NaOH, dilute HC],
H,0). After drying (Na,SO.) the solvent was removed under
vacuum and the residue distilled through a Vigreux column to
give 12.2 g (67.8%%) of product, bp 128-130° (12 mm).'s A
sample was redistilled for analysis.

Anal. Caled for C:HsBrClO: Br, 36.08. Found: Br, 35.52.

Ketones of General Structure I.—Methods A and B were used
to prepare the ketones listed in Table IV.

TaBLE IV
KeToNES®
X CH,COCH,
Y
X Y Yield, ¥, Method Bp, °C (mm)

3-0C1H; 4-Cl 34.6 A 112-115(0.1-0.2)
4-OCH; 3-CH, 26.8 Ab 150-160 (14)
4-OCHjs 2-CH, 5.8 Ac 153-162(18)
4.0CH; 2-CH;, 21.3 Be 87-100(0.5)

H 4-CF; 34 A 72-78(0.1-0.2)

« Complete purifieation of the ketounes prepared by this
method proved diffienlt. However, purification was effected
eaxily throngh recrystallization of the hydantoin in the next step
of the synthesis. * For preparation of the starting aryl halides
see M. J. S. Dewar and N. A. Puttuam, J. Chem. Soc., 959
(1960). < For preparation of the starting aryl halides see ref
18.

Method A. Normal Addition. 1-(4-Chloro-3-methoxypheny!)-
2-propanone.—A solution of 18.45 g (0.0835 mole) of 5-bromo-2-
chloroanisole in 40 ml of anhydrous ethyl ether was added slowly
under N, to a stirred mixture of 2.03 g (0.0835 g-atom) of Mg
tirnings and 40 ml of anhydrous ethyl ether and a single crystal
of I.. The mixture was heated and stirred at reflux for 2 hr until

(12) A. R. Brennenan and 8. Kaofman, Biochem. Biophys. Res. Com-
mawr., 1T, 177 (1964).

(13) M. Goldstein, E. Lauber, and M. R. McKereghan, Biochem. Pharma-
col., 18, 1103 (1964).

(14) All melting points, determined on a Unj-}Melt Thomas—Hoover
capillary melting point apparatus, and boiling points are uncorrected.
Analytical samples of all new amino acids were homogeneous upon thin layer
ecloomicogeaplay on w0 shea place, developed widhen 3:1:1 1-Lacanol=gcede
acid=water mnixtnure. Infrared spectra of all new componnds weye consistent
with the proposed structnres.

(15) R. A. Benkeser and G. Scbroll, J. Am. Chem. Soc., T8, 3196 (1953).

(16) M. Kohn and 8. Reichhmann, J, Org. Chem., 12, 213 (1947).
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pracetically all of the Mg had reacted. A solution of 7.76 g (0.0840
mole) of freshly distilled chloroacetone m 30 ml of ether was then
added slowly to maintain a gentle reflux. After addition was
complete, most of the ethyl ether was distilled by heating in a
warm water bath in a stream of N,. Dry xylene (50 ml) was
added and the reaction mixture was heated to 130° for 30 min
and then stirred at this temperature for another 30 min. After
cooling, dilnte HCl was added and the product was extracted
with benzene. The benzene extract was washed with water,
dried (MgS0,), and filtered. The black residue was distilled
through a Vigreux columu to give after a short forernu, 5.74 g
(34.697) of produet, bp 112-115° (0.1-0.2 mm). Gas chromatog-
raphy and microanalytical results indicated that this product
was not pure. However, purification was effected easily through
recrystallization of the hydantoiin in the next step of the synthesis,

Method B. Inverse Addition. 1-(4-Methoxy-2-methyl-
phenyl)-2-propanone (VI),'" —A solution of the Grignard reagent
derived from 96 g (0.478 mole) of 4-bromo-3-methylanisole!® and
12.8 g (0.528 g-atom) of Mg turnings in 100 ml of ethyl ether was
added over 0.75 hr to a well-stirred solution of 44.4 g (0.480
mole) of freshly distilled chloroacetone in 400 ml of beunzene at
5-10°. After addition was complete, the reaction mixture was
heated 2 hr at reflux and then cooled and quenched with a
dilute NH,Cl solution. The product, bp 87-100° (0.5 mm),
18.1 g (21.367), was isolated by the procedure outlined in method
A,

1-(2-Chloro-4-methoxyphenyl)-2-propanone (VIII).—Sodium
methoxide (7.3 g, 0.135 mole) was added over a period of 1.5 hr
to a vigorously stirred mixture of 19.8 g (0.116 mole) of 2-chloro-
4-methoxybenzaldehyde!* and 23.6 g (0.130 mole) of ethyl -
bromopropionate under dry N, with cooling in an ice—salt bath.
After stirring for 2 hr more at 0° and overnight at room tempera-
ture, 100 ml of water and a few milliliters of AcOH were added.
The prodict was extracted into ethyl ether and washed (H,O,
NaHCOs; solution, H;0). The ether extract was dried (Na,S0,)
and concentrated to an oil. Distillation gave 15.6 g of the glycidic
ester contaminated with some 1unreacted aldehyde. The glyeidic
ester is best pwrified by means of Girard’s T reagent in the
following manner.

A solution of 12.6 g of the ernde ester and 12.6 g of Girard’s T
reagent in 30 g of AcOH and 100 ml of CH;0H was heated 3
hr at reflux. After cooling, a solution of 25 g of anhydrous
Na,CO; in 500 ml of water was added slowly and the glycidic
ester was extracted into ethyl ether. The ether extract was
washed with water, dried (Na.804), and concentrated to give
11.15 g of pure ester. The aldehyde carbonyl band seen in the
infrared spectrum of the crude product was not present in the
sample treated with Girard’s reagent.

A solution of NaOH in 80 ml of ethanol was prepared by addiug
0.90 ml of H:0 to a solution of 1.12 g of Na in ethanol. The
glyeidic ester, 13.15 g (0.0486 mole), was added and the solution
was heated 3 hr at reflux. The reaction mixture was then con-
centrated nuder vaciuni and the residue was taken up in 100 ml
of water. The aqueons solution was washed with ethyl ether
and acidified with 6 NV HCL. The product was extracted with
ether and the ethereal solution was washed several times (H,0,
NaHCQ; suturated NaCl). After drying (Na.80,), solveut
was rentoved under vacnun and the residual oil was heated at
180-185° for 6 hr. After cooling, the reaction mixture was
dissolved in ethyl ether, washed (dilute NaOH, H:0), and then
dried (NasS04). The ether was evaporated and the residue was
distilled to give 4.70 g (20.5% from the aldehyde) of ketone, bp
115-118° (1.3-1.5 mm). A sample was redistilled for analysis.

Anal. Caled for CHuClO,: C, 60.43; H, 5.58; N, 17.84.
Fouud: C, 60.27; H, 5.72; N, 17.84.

1-(2-Fluoro-4-methoxyphenyl)-2-propanone (VII) was prepared
from 2-fluoro-4-methoxybenzaldehyde® by the Darzen's glycidic
ester condensation with the same procedure used for the prepara-
tion of the 2-chloro derivative (VIII). In this case, however,
the distilled glycidic ester, bp 101-104° (0.05 mm) (48.6¢% yield),
was not contaminated with aldehyde and was used directly in
the next step. Hydrolysis and decarboxylation of the glycidie
ester afforded the ketone, bp 78-80° (0.10 mm) in 539, yield.
A sample was redistilled for analysis.

(1% Lixpertment performed by Mw, O Boland of 1hese laboratoyies.

(18) R. A. B. Bunnatd and L. C. Leihely, Can. J. Chem., 84, 1464 (1956).

(19) H. H. Hodgson and T. A. Jenkinson, J. Chem. Soc., 1740, 3041
(1927).

(20) H. M. Hodgson and J. Nixon, 1bid., 1632 (1929).
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Tae V

Hynanroins

(I‘H
X CH,.% (y 0
HJ\\(_/NH
Y )I
0

Yiehl, ~Carbob, " Nydrogen, 4 “NiOoogen, -
N Y DN Mp, °C I'ompda Caled Foood Caled Yornd Calel Yool
4-0CH, 3-C11 33 201.5=203.0 ColeNaOy 62.8) 653,05 6. o) 6.6 11.28 .27
$-0C 1, Qo BaL2 100.5-192.0 CrHpEFNLO, 37,16 5721 520 500 11,11 11.44
4-OCIH, 2-Cl 8803 202213 Cra,CINLO; S04 % Srin 488 1.99 1042 .23
4-OC1H; 2-Cl, 36 212.5-214.0 CinITeN )y 6289 63.10 6.0 6.3 11.28 11,10
4-OCT, H,a-Colly 6.7 189.5-191.5 CrallyeNat)y 62,89 652,73 G50 6.66 1128 11,36
3-0CTH; 4-C1 IND 218021805 Cr1 1 CIN, O 564 RETR 188 4,96 1) .42 t) 57
11 2. b NS 208210 Cnll, FNGO, 5940 5910 4.9 a1 12,61 1257
11 -1 6y .4 2006-207 Cu L FENLO, 046 S0 4R 469 404 12.61 1236
11 4. NS 210-213 Cy L CINLO, 5D 55,20 445 4.59 11.75 BN
11 1-CF, 39 238-24¢) ChFaNA, 52,05 BRI EN 107 308 1020 10.36

S-Methvl-3-(2-thienyl-
methyvlhivdantom 405 197108 Col I NS S0 A .64 4.70 4.8G 13,52 13 A7

A= Methyl-H-03-thienyvi-
methyDhydantoine A4 190-191 CylT,e N2 S0 S1.20 1.70 5.08 13,52 1. 11

Ketone precirsors were prepared os deseribed in the following references: < T. €. Myers, . J. Pratt, R. L. Morgan, J. O Donuell,
and . Vo Jeusen, J. dm. Chem. Soc,, 77, 5655 (1053). * K. L. Schumann, M. I tireig, R. V. Heinzelimanu, and P. 11, Seay, J. Med.

Pharm. Chemn., 3, 267 (1961). teference 24,

23,

Angl. Caled for CidInFO:: C, 6392, 1, 6.09. 1ound: €,
65.60; H, 6.23.

1-(2-Thienyl)-2-propanone, bp 95-98° (14 mm)?! was prepared
i 169, vield from 1-(2-thienyl)-2-nitropropene?® by the same
method used for the preparation of 1-(3-thicuyl-2-propunone.

Hydantoins of General Structure II.-~The following procednre
wus used to prepure the hydantoins listed in Tuble V.

5-(4-Fluorobenzyl)-5-methylhydantoin,——A solution of 3.8 ¢

(0.0250 mole) of p-fluorophenyl-2-propanone,® 9.6 g (0.10 mole)
of (NH1.COy and 2.86 g 10.044 mole) of KCN in 50 ml of a
500 ethunol—water nmixture was stirred and heated at 50-55°
for ¢ hr. The reaction mixture was then diluted with water and
cooled in an ice bath,  Filtration gave 4.40 g of product, nip
F08.5-201.5°, which wax recrystallized from an ethanol-water
mixture 10 give 3.65 g of the hvdantoin, mp 205.5-207.0°. An
apalyiiend sample wis obtained by further recrystallization from
the some solvent mixtiue. 2

5-(4-Chloro-3-hydroxybenzyl)-5-methylhydantoin.-——A mixtnre
of .10 g (0.0265 niole) of the chloromethoxyhydantoin (sec
Tuble V) and 33 mil of 57¢¢ HI wux hented ar reflux for about 30
min nitil no more CTLI distilled, ufter which thime the mixture
wits cooled, The product wos fillered, wished with water, and
dissolved b dilme NaOll =olnbon.  The vellow =olntion was
trested with chureoul and filtered 1throngh Supercel.  Acidificu-
tion of 1he filtrate with 6 A HCT and cooling gave 4.6 g (79C0) of
prodiret, mp 237-239°,

Anal. Caled for CHH L CINGO:: €, S1L8T: H, 450
Found: C, 531.72; 11, 4.26; N, 11.10.

5-(4-Mercaptobenzyl)-5-methylhydantoin.—-=Solid 5-henzyl-o-
nerhyvlhydoutoin® (10,2 g, 0.030 mole) wus added in porlions
over 3 T o 30 mil of ehlorosnifonie aeid at 30°. After addition
wos complete, the solmion wus heated at 60-65° for 40 nmin.
The cooled reaction mixtnre wis ponred onto ice and ufter the
ice had wmelted, 1he ernde snlfonyl chloride wax removed by
vaemun filiemiow and dried for 1 hr at roomn temperatnre.  The

N, 11.00.

(21 1. Novsk, . Rocusky, Vo Snetbeoy, aod 10 Seou [Cheot, Listy, 81,
AT (1WATYT Chroe Abste,, 81, 10508 (1957)] veporled bp Y3=07° (9 mm).

221 R. Giledorf and F. Nord, J. Ocg. Chom., 18, 807 (1950).

2% ¥, Cawnpaigne and W. MceCartley, /. Ao Chen, Soc., T6, 4466
(14513,

21y 7 Piekscenc sael 0 Pleokases, Bavendo¢ Chene, 3T, 007 (10G3 7
Cienc. Absty. 80, 8572 (14611,

253 Analyticsl vesolis vye recorded in Tuble V.

2263 20D UpLam, UL X0 Pacenl 200083 {1061
(10624

Chenv, ey, BT, Pra?

4 C.Gl Overberger and H. Bileteh, J. Aue. Chem, Soc., 73, 4880 (1951).

* Reference

sulfony! chloride was redneed to rhe mercaptan by addition over
S omin 1o a well=iirred niixtine of 38 g of SnCl,-2H,0 in 65 ml
ot concemrated HCL After 15 min, the resction mixtnre was
waurned 10 80-85° und stivred at that temperntive for 1.5 hr.
After stunding overnight ar room temperatnre, the resulting
shurey was ponred o aomixinre of 300 ml of water aud 30 ml
of concenirated HCL nud the precipitate was filtered and washed
with water. The prodnet was dried first on a porons plate, then
m wovacmin desiceator (CaCls, Pat),) to constanr weighi, A total
of 8.06 g (68.39,) of the mercaplan, mp 205-208°, wias obtuined
of snitable purity for use in the next step.

3,5-Dimethyl-5-(4-methylthiobenzyl)hydantoin.--)imethyvt
sulfate (6.4 g, 0.0508 mole) and 10.2 ml of a 106, NaOH =olwiion
were added simmltaneously over 45 min to a stirved solution of
6.0 g (0.0254 mole) of 5-(4-mereaprobenzyl)-d-methylhyvdantoin
in 40.8 ml of a 570 NaO1 solution ai 28-30°.  After stirring 2.5
hr ni room tempernture, the emde prodier was filtered, washerl
with water, sud dried.  Reerysiallization from ethyl acetate
guve 115 g 117,207 3 of prodner, mp 1440--152°,

dnal. Caled for CollsNoOax: €, 59.06; 11, 6.10; N, TGO,
Found: €, 539.23; 11, 5.92; N, 10.82.

5-Methyl-5-(4-sulfamoylbenzyl)hydantoin.—The =ulfonyi
ehiloride obtained from 5.1 g (0.025 mole) of 5-benzyl-H-methyl-
hyduntoin® by the procedure detailed in the preparation of -
(4-mereaptobenzyl)-3-methylhytlutoin was added i portions to
1251l of concentrated NHL O, After standing overnighr in
stoppercd flusk ar room tempertnre, the solution was concen-
trated 10 25 ml nuder vacenum and acidified with 6 X HCL The
previpitare wis rentoved by filiration and dried 1o give 4.40 g
w30 of salfaamide, mp 258 244°0 Aa analyvtical sanple,
mp 244-247° was obrained by recrystallization Feome a DN
110 mixture.

Anal. Caled for CollpNyOS: C, 46.64; H, 4.63:
FFonud: €, 46.08; 1, 4460 N, 14,75

Amino Acids.—Prepuration of the smino acids lesied in Table
V1 by hydrolyzis of 1the hvdunioin with Ba(O ). ov 480, HBr is
exemplified by 1the following typeeal procednyes.

Method A. 4-Fluoro-«-methylphenylalanine. - A ~ohnion »f
2.0 g (9.02 mmoles) of 3-(4-flnorobenzyl)-5-methylhydanroin i
50 ml of redistilled 48¢¢ HBr wus heated under refluy for 2 days.
The redctione mixiure was then concentrated under vienmn.
The residie was disscdved tn 310 ml of water md tiltered Trom
sUsnal mmoma of nseluble solid, snud the pll of the clear =olntion
wus adjnsted to 2.0-6.0 with diethybunine.  After cooling, the
solid that had precipitated was filtered and reerystallized by

N, 1485
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TaBLe VI
AmINo Acips
T
X\Q—cmccom
NH,
Y
Yield ~—Carbon, %-—— —Hydrogen, %— ~—Nitrogen, %—
X Y % Method Dec pt, °C Formula Caled Found Caled Found Caled Found
4-OH 3-CH;, 57.2 A 306-308 CuHiNO; 63.14 62.72 7.23 7.09 6.69 6.72
4-OH 2-F 29.7 A 322-324¢ CuHFNO; 76.33 56.68 5.67 5.49 6.55 6.76
4-OH 2-Cl 94 A 206-300? CoHpCINO; 52.29 52,34 5.27 5.06 6.10 6.30
4-0H 2-CH; 12 A 302-304 CuHiNO; 63.14 62.93 7.23 7.06 6.69 6.77
4-OH H,a-C.H; 45.5¢ A 335-337¢ CuHENO; 63.14 63.18 7.23 .38 6.69 6.54
3-OH 4-Ci 45 C 270-272 CoH,CINO;-0.33H,0¢ 50.96 51.09 5. 42 5.39 5.94 n.83
H 2-F 68.1 C 281.0-281.5 CHpFNO, 60.90 60.86 6.13 6.22 7.10 7.07
a 4-F 43.5 A 289-292 C H,FNO, 60.90 61.32 6.13 6.28 7.10 7.47
H 4-Cl 92.8 B 302-3037 C, H,,CINO, H6.20 56.12 5.66 5.80 6.56 6.56
H 4-NHy 84.8 C 303 CuH N0, 61.83 61.47 7.27 7.41 14.43 14.65
H 4-OCH# 54.7 C 202-294¢ CuHiNO; 63.14 62,56 7.23 7.15 6.69 6.74
H 4-CF; 36 C 302-303 CiHi,FsNO,-0.1H,07 H3.06 33.07 4.90 4.91 5.63 5.86
H 4-SCH# 88 C 271 CiH:NO:S 58.64 58.49 6.71 6.50 6.22 5.97
a 4-S0,NH, 52.5 C 299-300 CioHiN,0,8 46.50 46.34 5.46 5.36 10.85 10.82
2-Methyl-3-(2-
thienyl)alanine 13 .4 B 263-265 CsH (N O.S 51.86 51.35 5.98 6.15 7.56 7.59
2-AMethyl-3-(3-
thienyl)alanine 31.8 B 264-267 CsH NO,S 51.86 51.81 5.98 6.27 7.56 7.49

e Softens at 317°,
from this reaction.
at 325°.

® Darkens at 294°.

of K. T. Potts, 7bid., 1632 (1955).
mp 279-281° dec.
5-(4-methylthiobenzyl)hydantoii.

dissolving in hot water, concentrating under vacuum, and then
cooling.??

Method B.  4-Chloro-a-methylphenylalanine.—5-(p-Chloro-
beuzyl)-5-methylhydantoin (13 g, 0.0544 mole) and 65 g of
Ba(OH).-8H,() in 350 ml of water was heated 4 days at reflux.
After cooling, the reaction mixture was acidified with 6 N H.S0,
and filtered through Supercel. The pH of the clear filtrate was
adjusted to 4.5-5.0 with diethylaniine and dilute acetic acid and
then chilled. The preeipitated solid was filtered and dried to yield
9.65 g of product, mp 296-298° dee (softening at 292°). Con-
centration of the mother liquors and cooling gave an additional
1.1 g of product, mp 288-280° (softening at 286°). The first
crop was recrystallized by dissolving the solid in 1.6 1. of hot
water, filtering, and then concentrating the solution under
vacuum until erystallization began (about 800 nil).??

Method C. 4-Chloro-3-hydroxy-a-methylphenylalanine.—A
solution of 4.85 g (0.0191 mole) of 5-(4-chloro-3-hydroxybenzyl)-
5-methylhydantoin and 12.0 g of Ba(OH );-8H:0 i 45 ml of water
was heated at reflux under N, for 64 hr. After cooling, the re-
action mixture was diluted with water to 100 ml, saturated with
CO,, and filtered. The yellow filtrate was treated with charcoal
and Supercel, filtered, and concentrated to an oil which was re-
crystallized® from an ethanol-ether mixture.?’

4’-(2-Amino-2-carboxy-1-ethyl)methanesulfonanilide (4~
Methanesulfonamidophenylalanine)—A mixture of 1.8 g (0.010
niole) of 4-aminophenylalanine, 0.84 g (0.010 mole) of anhydrous
NaHCO; and 1.25 g (5.0 mmoles) of CuS0, -H.0 in 50 ml of
water was stirred at room: temperature for 0.5 hr. Mlethane-
sulfonyl chloride (4.8 g, 0.0420 mole) and NaHCO; (4.20 g,
0.050 mole) were added and the reuction was stirred for 0.5 hr
without cooling. More NallCO; (1.68 g) wus udded and the
blue solution was stirred an additional 3 lir «t room (emperative.
The reaction mixture was diluted to 75 il with water and the
copper complex decomposed with H,S. After filtering, the pH
of the solution was adjusted to 5.0 with a few drops of AcOIl and

(27) Analyiical resnlts and yields are recorded in Table VI.
(28) The other ainino acids prepared by this procedute were recrystallized
from hot water.

Anal. Caled for C,HiN,O;s: C, 61.52; H, 6.02; N, 11.96. Found: C, 61.30; H, 6.22; N, 12.17.
¢ Water analysis?? indicated that the sample contained 0.36 mole of H,O.
the method of T. A. Connors, W. C. J. Ross, and J. G. Wilson, J. Chem. Soc., 2994 (1960).
i B. Blank, E. G. Rice, F. R. Pfeiffer, and C. M. Greenberg, J. Med. Chem., 9, 10 (1966), reported
7 Water analysis?® indicated that the sample contained 0.2 mole of H,O.

¢ A 48.497 vield of 5-ethyl-3-(4-hydroxybenzyl)hydantoin, mp 292.0-295.0°, was also isolatad

¢ Softens
7 Softens at 300°. ¢ Hydantoin was prepared by
» Hydantoin was prepared by the method

* Hydrolysis performed on 3,5-dimethyl-

the solution was filtered and concentrated to precipitate the
product. Reecrystallization from water gave 0.80 g (28.99%) of
the methanesilfonanilide hydrate, mp 270-272° dec, darkens at
250°; pK\ = 3.15, pK; = 8.23, pK;3 = 0.55 (H:0, 26°).
Anal.  Caled for C, HuN:0:8-09H,0: C, 43.75; H, 5.80;
N, 10.21. Found: C, 44.17; H, 5.72; N, 10.18; H,0, 0.9 mole.??
4’-(2-Amino-2-carboxy-1-propyl Jmethanesulfonanilide (4-
methanesulfonamido-o-methylphenylalanine), nip 282-283° dec,
was prepared in 28.39, vield front 4-amino-e-methylphenylalanine
by the same niethod used for the preparation of the demethyl
derivative.
Anal. Caled for C H;jN,048:0.33H,0: C, 47.47; H, 6.03;
N, 10.07. Found: C, 47.32; H, 5.98; N, 10.23; H,0, 0.1 mole.??
4-Acetamido-o-methylphenylalanine was prepared from the
corresponding amino compound and acetic anhydride in 15.2%
vield by the general procedure used for the preparation of the
sulfonanilide derivatives. An analytical sample, mp 268-270°
dec, was obtaied by recrystallization from water.
Anal. Calcd for CthsNzOg'l.-)H-zOI C, 5474, H, 727, N,
10.64. Fouud: C, 54.30; H, 7.13; N, 10.62; H,0, 1.5 mole.?®
2-(4-Hydroxybenzyl)-2-methylaminopropionitrile.—A solution
of 5.0 g (0.0333 mole) of p-hydroxyphenylacetone, 3.6 g of Na-
HCO;s, 2.2 g of KCXN, and 4.7 g of a 409, aqueous methylamine
solution in 75 ml of water was allowed to stand at room tempera-
ture for 3 davs. The white solid that precipitated was removed
by suction filtration and dried at room temperature under high
vacunm to give 3.0 g (47.4%;) of analytically pure aminonitrile,
mp 126.5-130.5°.
Anal. Caled for CuHN0: C, 69.44; I, 7.42; N, 14.73.
Found: C, 69.13; H, 7.43; N, 14.81.
N,a-Dimethyltyrosine.—A niixture of 2.8 g (0.0148 mole) of
2-(4-hydroxybenzyl)-2-methylaminopropionitiile and 30 ml of
concentrated HCI, which had been saturated with HCI gas at
room temperature, was heated on the steam bath for 18 hr and
then concentrated to dryness under vacuum. The residue was
dissolved in 25 ml of water and the pH of the solution was ad-

(29) Water was detennined by ineans of infrared spectroscopy by W. R.
MecGaughran of these laboratories,
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insted to 5.0 with diethylamine. The precipitated amino acid
was recrystallized from hot water to give 0.75 g (24.39.) of the
hygroscopic N,a-dimethyltyrosine, after drying at 0.2 mm and
138°, mip 315-319° dec.

Anal. Caled for CLUHENO;: C, 63.14: H, 7.23:
Foind: C, 63.59; I, 7.32; N, 6.78.

L-3-lodo-a-methyltyrosine.--- A solution of 15.5 g (0.0611 mole)
of T and 50 g of KI in 260 ml of water was added to a stirred
solintion of 10 g (0.0513 mole) of L-e-methyltyrosine™ in 1 1. of
concentrnted N1LOH over 1.5 lnr®! The (emperature of the
rexetion mixtnre remained nt 17-20° during the addition.  After
addition was eomplele the reaction was stirved un additional 2
L at room temperainre. The renclion mixtire was then ponred
into an opent beaker and allowed to concentrate at room tenmpera-
tire Tor 5 days. The preciphited solid was filtered, wished
with winer, and then ilried (o give 12,5 g (76.100) of lght lan
solid, mp 239-261° dee, darkens wr 253°, o] +101° (copper
salih,

Anal. Caled for CoHpINO:: C, 37.41: H, 3.77; 1, 39.52.
Fonnd: ¢, 37.67; H, 3.90; 1, 39.50.

vL-3-Iodo-a-methyltyrosine.—Iodination®* of pi-a-methyl-

tyrosine® by the sanie procedure as that used far the L isomer
guve (Le meemic 3-lodo derivative in 61.3% vield, mp 236-257°
dee, darkening at 233°,

Anal. Caled for CelloINOg: €, 37.41:
Foud: C, 37.66: 11, 3.77; I, 39.44.

3-Nitro-«-methyltyrosine.--—-Concenrinied HNO; (13,5 g) was
added over 10 min to a vigaronsly stirred shiry of 5.0 g (0.0256
molet of a-methyvhyrosine®™ in 20 ml of warer at 20°.  After
addition wis complete the reaction wus <tirred an additional 2 hr
aud then cooled in an ice bath. The precipiiated vellow =olid
was tiliered and dissolved in abom 75 ml of wirm water. Con-
cemrared NTLOT was added io adjnst the plT of the solution to
6. The precipitated prodnet was filtered and dried to give 4.35 ¢
(70803 of marerial, mp 235° softening, 253-259° dec. The
welting poinl was nor improved by recrysinllization from ot
Wi,

cnal.
N, HEAS,
nole.

3-Amino-a-methyltyrosine.~A 5¢; Pd-C catalyst (700 mg)
wus added to a solution of 6.12 g (0.0254 mole) of 3-nitro-a-
methyltyrosine in 125 ml of water and 8.5 ml of 6 N HCI, and the
mixire was hydrogenated in a Parr apparatus until the theoreti-
cal quuntily of H, had been tuken up. The catalyst was removed
by filtration and filtrate was concentrated under vacuum to dry-
nesx. The residue was dissolved in 10 ml of water and the pI
of the =olntion was adjusted to 5.5 with diethylamine. The
precipitated solid was filtered and dried to give 3.4 g (64%;)
of produet, mp 270° darkening, 288-290° dec. A sample was
recrystudlized from a water-ethanol mixtire to give an analytical
sumple, mp 200° darkening, 307.5-310.5° dec.

Anal. Caled for Gl NLO;: ¢y 5714
¢, 56,03 11, 6.83.

3-Bromo-a-methyltyrosine ~-A mixture of 13.6 g (0.085 niole)
of Bry and 100 ml of 889 formic acid was added over 1 hr to a
stirred shry of 15 g (0.077 nole) of a-methyltyrosine® and 50
il of 88¢7 formic acid. Reaetion temperatnre was maintained
at 10-15% by ice-bath cooling. The a-niethyltyrosine slowly
dissolved during the reaction and, after addition of the Br, was
finished, =olution was complete. After standing for 2 days at
rooin temperatire the formic acid was removed mnder vacunm
on 1the steamn bath. Water (200 mil) was added to the residue

W, 3.77; T, 30.52.

Culed for CollpNaO,- 025100 C, 40.08; 11, 515
Fonund: €5 48.99: 11, 5180 N, 11.32: TLO, 0.11

1, 6.71. Found:

207 Sopplied by Dr. M. Sle(zinger, Development Research, Merck Sharp
w0l Dolime Researeh Laboralories.

(41 Orveutior:  a few crystals of nitrogen yriodide forin on the drip tip of
thceshropping funwel,

Vol 10

which was then reconecentrated. The residne wax taken upin 75
il of water, the pH was adjusted to 5.0 with diethylamine, and
the solutivn wax cooled. The precipitated ~olid wax recrystallized
from water ¢o give 11.0 g (52.200% of produet, mp 284528757
dec.

Anal, Caled for CellpBrNOg:s €, 43510 11, 4.41; 13,
Found: C, 44.19; U, 4.57; Br, 9885,

3-Chioro-a-methyltyrosine.- ~Three graims of 80:CL wux added
over 10 min to a vigorously stirred snspension of 3.6 g (0.0184
mole) of a-merthyltyvrosine® in 10 m} of glieial acetic acitl. After
addition was complete, the dear <olation was allowed to cool 10
roont temperttnre for 20 min. Water 10 il wax then added
and the solaiion was corceenimted nider viearan an <teaan-bicth
temperinre. The residae wos dissolved in dilnte NoOL, and
the pll o was adisted to 7.0 with AcO1l, The gray s»lid 1hn
precipitated wis reervsidlized from warer with chareon] treat-
ment to give 0,95 g (22.497) ol material, mp 290.0-205.0° dec.
Another recrystallizarion from hot water gave an analyiieal <am-
ple, 0.60 g, mp 293.0-205.0° dec, lit.® mp 285-287° dec.

Anal. 5

20,10,

Caled for CpHLCINO:: €, 3259 11, 5t N,
Fonud: C, 52.32; 11, 3.31; N, 6.08,

3,5-Dibromo-«-methyltyrosine.—A solution of 5.4 g (D.035
mole) of Br. in 20 1l of AcOH wus added over 0.5 lir to a vigor-
onxly stirred shinry of 3.0 g (0.0154 moled of e-methyltyrosine®
and 10wl of neetie xeid. Resetion 1emperatnre was mainCained
p1 15-20° by external cooling il the Bry eolor had dizappenred.
The reaction mixinre wax dibned with waier to X0 ml and the pll
of tlie solntion was ndinsted 1055 with diethwlnmine. The precip-
itied amino acid was reerystallized from hot waner to give 2.0 ¢
(3G.8C 0 of 1he dibrowysccompoand, mp 2572 260° dec.

Anal. Caled for ColloBrNOg: O 54020 11 504 N, 507,
Found: €, 55080 1L 5050 N, 5.7

3,5-Dichloro-a-methyltyrosine.  (‘hlorine wis hubbled 1longh
a slurry of 3.0 g (0.0154 mole) of e-methyltyrosine® and 50 ml
of glaciul weeiie acid for 1 min nuiil the e-methyltyrosine had
discolved nund the sohnion was sranied with Clo. The resction
mixture was allowed to ccol 10 room rempersiure over 1 br
and then dilnted with water aud concentrared under vacinm 1o
abont 25 ml. The pll of the sohnion was sdinsted to 5.0 wills
diethylamine and chilled 10 give 3.6 g 788.7¢) of the diebloro
compomnd, wp 278-283° dee. A analyrieal sample, mp 279
281° dec, wus obtiained by vecrvstallization from wuter.

Anal. Caled for Coll,,CLN O, 11,0 C, 42.57; 1, 4.64; N,
4.97. Found: ¢, 4227 H, 4.76; N, 4.92; T1.0, 0.88 mole.*?

3-Bromo-5-iodo-a-methyltyrosine. - -A xolution of (.46 g (1.82
mmoles) of I. snd 0.7 g of KL in 5l of water was added over 15
min to a stirred solution of 1L.5H0 g (1.83 mmoles) of 3-bromo-«-
methyltyrosine in 235 ml of concemrared N1LOTLA After stiring
overnight at room temperatre, 1hin loyer elromaltogrmphy
indicated thar resaction wix not complete.  Arother 2 ml of the
iodinating mixtire was there added mdil a0 color chuge from
light vellow (5 dark brown indiented thin exeess T, wis present.
The reaction mixture was concerarmed mder vaenmm and the
residie dissolved e dilme HCL Dicthylomive was added e
bring the pll of the =olution 10 5.0, and, afier concentrating to 7
ml and ¢hilling, a solid was obuiined.  Recry=iallization fron hot
witer gave .20 g (2730 of 3-hromo-d-indo-a-methyliyrosine,
mp 230.0-231.0° dee.

Anal. Coled for Oy, BrIN Oy O
Found: €, 300150 1, s.06: N, 562

N, St

Siua H, 277
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