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INTRODUCTION

Arylserines have not to date been isolated from natural
sources; yet they are intriguing compounds holding consider-
able attrsction for the physiologist snd biochemist, This
is especlally true since J3,4-dihydroxyphenylserine appears
in every scheme thus far proposed for the biosynthesis of
epinephrine and nor-epinsphrine, hormones elaborated by the
adrenal medulla (1,34,48). The arylserines hsve not been
isolasted from the tilssue which produces the hormone nor 1s
there available any direct evidence of thelr occurrence 1in
the adrenal medulla. However, because of high dilution and
instability, the detection and isolation of the intermedistes
might well be a very difficult procedure. The lack of posi.
tive evidence does not preclude the possibility that
arylserines are intermedistes in the blogenesis of the adrenal
medullary hormones,

Dittrich (48) has shown a number of routes by which
phenylalanine may be converted into epinephrine. It is like-

ly that not all of these are possible or even plausible,



Sehmidt (1) favors the following scheme, starting with

tyrosine:

?ﬁ ?E ?ﬂ
—OH —OH
Ho-CH~-COCH Hg~0H-CO0H Ho=(OH-COOH
L] | ] |
NHp NHg NHCHjz
tyrosine S,4-dihydroxy~ 3,4-dlhydroxy~
phenylalanine phenyl-N-methy~
alanine
QB OH
CH OH
CH-CH-COOH $H-CHp
] t ]
OH NHCHy OH NHCHg
3,4~-dlhydroxyphenyl- epinephrine
R-methylserine

.Thnro,are)rour steps necessary in the above seguence:
{é) Introduction of a sésond phenclic hydroxyl group,
(b) N-methylation, (¢) Introduction of a side c¢hain hydroxyl
group, (d) Decarboxylation.



The more recent theory of Blaschko (2) outlined below

has been received with more favor (3).

oH ?H
OH
—> —> N
] |
GHE- CH-COOH CHg-CH-COOH éHE-CH-GOOH
1 ] L]
phenylalanine tyrosine 3,4~dihydroxy~
phenylalanine
OH ?H OH
—OH OH —OH
| I
OHE~ Gﬁgu Nﬁg ?H-Cﬁg- NHo ?H-?Hg
OH OH NHCH3z
3,4-dihydroxy nor-epinephrine l-epinephrine
rhenylethylamine

At least five reactions occur in this process:(a)Step-
wise introduction of phenolic groups (2) into the pars posi-
tion, (b) into the meta position, (¢) Decarboxylation,

{d) Introduction of & side chain hydroxyl group and (e)
Namethylation; Blaschko's mechanism differs from that of
Sechmidt not so much in the types of reactions as in the

order of their occurrence,



In the following paragraphs evidence will be presented to show
that each of the above steps can take place in the human body.

The in vitro oxidation of phenylalanind was accomplished
by Raper (4) by the action of hydrogen peroxide and ferrous
sulphate on phenylalanine, Moss and Schoenheimer (5) demon-
strated the biological conversion of phenylalanine to tyrosine
by the sddition of deutero-phenylalanine to a casein-containing
stock diet of growing and adult rats. The tyrosine samples
isolated from internal organs of their experimental animals
were found to contain a concentration of deuterium which indi-
cated that twenty to thirty percent was derived from deutero-
phenylalanine,

Meta-hydroxylation has been shown to take place only after
para-hydroxylation by means of both enzymatic and nonenzymatic
oxidation experiments, Onslow and Robinson (6) suggested that
the oxidation of tyrosine to 3,4-dihydroxyphenylslanine, usual-
1y referred to as DOPA, took place in the presence of a phenol
oxidasze system. Raper (7) econfirmed this observation by isolat-
ing DOPA from tyrosine-tyrosinase systems, However, tyrosinase
isolated from different sources gave different yields of DOPA.
These variations were explained as resulting from the presencse
of contaminating enzymes, probebly peroxidase or polyphenolases,
in the tyrosine preparations, which could oxidize [IOPA but not
tyrosine. Arnow (8) produced DOPA by‘irradiating tyrosine with
ultraviolet 1light. He showed that the melanin in the skin was
increased by such irradiation by the preoduction of DOPA from
tyrosine and 1ts subsequent conversion to melanin by the dopa

oxidase of the melanoblasts. Mselanin was also formed from



polypeptides containing tyrosine on oxidation in the presence
of tyrosinase (9). Beyer indicated that the ascorbic-dehydro-
ascorbic acld system 1s capable of oxidizing tyramine to the
corresponding ortho dihydroxy compound. The amino group is
not attacked and deamination does not occur since the catechol
nucleus and the corresponding ortho-quinone could enter into
oxidation-reduction equilibrium with the ascorbic-dehydro-
ascorbic acid system, Heard and Welch (11) stated: "Ascorbdbiec
acid is the agent responsible for the maintenance of the
3,4~quinone of adrensline in the reduced state and the inhibi-
tion of pigment formation. As long as a small amount of
ascorbic acid remsins present in the reduced form, diminution
in pressor activity does not take place.®™ 1In patients having
tyroginosis, DOPA was excreted in the urine after orsl admin-
istration of tyrosine (12,13). If tyrosinosis results from
incomplete metabolism of tyrosine resulting in increased ex-
ceretion of DOPA, it is possible that DOPA iz an 1Intermedlate
in the normal metabolism of tyrosine,

The natural occurrence of 3,4-dihydroxyphenylalanine in
the Broad Bean has been found by Guggenheim (14) and in the
Georgla Velvet and Lyon Bean by Miller (15). Raper and Speak-
man (16) identified tvrosinase in the mealworm while Durham
(17) reported evlidence of its presence 1ln the skin of guines
pigs and rabbits. Hageboon and Adams (18) reported the pre-

sence of a phenoclase in a mouse melanoma.

That decarboxylation ean take place in the mammalian



organism has been well established., In 1924 Neuberg and
Gottschalk (20) showed that liver and muscle macerates could
bring about decarboxylation of pyruvic ascid. On addition of
pyruvic acid to the above macerate, the aldehyde content was
increased up to 70%. Only decarboxylation would sccount for
these results. The decarboxylation of tyrosine to yleld the
pressor agent tyramine was found to take place in the kidney
and pancreas through the action of a decarboxylase catalyst (2).
Gram-positive organisms of the acidophllus group have been
shown to possess a similar decarboxylase (21) and it 1s likely
that decarboxylatlon of tyrosine in the Iintestines partially
accounts for the tyramine eliminated by the body. Devine {£2)
carried out experiments in whigh solutions of variocus sub-
strates related to tyrosine were incubated with surviving
adrenal medulls tissue slices and then assayed colorimetrical-
1y for epinephrine. Of the compounds tested phenylethylamine
was the most active, belng converted to epinephrine in amounts
up to nearly 40%. Phenylalanine was about one-fourth as active,
While most amino acids do not have any effect on arterial
blood pressure, many of the corresponding amines produce ar-
terial hypertension often equal to that produced by equal doses
of epinephrine, It would be logical then to conslder the role
of certaln amino acids in the pathogenesis of hypertension,
Bing and Zucker (23) showed that pressor amines resulted only
when enzymatlic action took place under anerobic conditions,

When oxygen was present the pressor amines were destroyed by



a second group of eatalysts, forming pharmacologically inert
end products. To substantiate thelr conclusions, DOPA was
injected 1nto a partlially 1schemic kidney of a cat and allow-
ed to incubate two and one-half hours. On restoration of
renal circulation, an elevation of blood pressure was obtalned.
They concluded that in the ischemic kidney, the oxygen tension
was below that necessary for deemination of the pressor amine,
and that amino acid metabolism would be arrested in such kid-
neys after initial decarboxylation.

Holtz (24) showed the presence of dopa decarboxylase in
practically ell animals capable of producing epinephrine and
demonstrated its ability to decarboxylate selectively L-3,
4-dlhydroxyphenylalanine, Substantiating Bing and Zucker's
work, he lsolated, from DOPA, 3,4-dihydroxyphenylethylamine
in the kidney and pancreas only when the organ was incubated
with the amino acld in an atmosphere of nitrogen. This pre-
caution was necessary in order to prevent oxidation of the
amine by amine oxidase, Blaschko (2) determined manometrical-
ly the activity of L-dopa decarboxylase in liver and kldney
extracts by measuring the formation of carbon diloxide under
anaerobic econditions. In mammals the enzyme was found to be
present in the extracts of all specles examined, including
the human kidney. Both the bacterial and mammallan enzymes
were shown to be stereospecific as far as production of the
naturally occurring stereoisomeride is concerned. Beyer (3)

interprets the sbove results by concluding that "experimental



hypertension may be due to the decarboxylation of amino acid
precursors of pressor amines in a damaged and ischemic kid-
ney in which condition that organ is Iircapable of bringing
about their deamination., To obtain such a cilrcumstance 1t
must be supposed that 1, the predominant site of inactivation
of these amines 1s the kidney; 2, that a rather severe state
of renal ischemia is an integral part of the hypertension,

end 3, that the principal mode of inactivation of the phenolie
pressor amines is by deamination."

From the evidence now avallable, the stage at which
8-hydroxylation occurs is still not established. Raper and
Heard (25) reported the formation of adrenalone when N-methyl
DOPA was oxlidized with tyrosinase 1ln vitro. Similar oxidations
of epinephrine and 3,4-dihydroxyphenylethylamine with tyrosinase
did not produce adrenalone., From this 1t was concluded that
slde chain oxidation took place only so long as the terminal
carboxyl group was retained. On the other hand perfusion of
adrenalone through the adrenal glaend did not result in 1ts re-
duection to epinephrine. Beyer sgreed with the following con-
clusions of Holtz (24) and Vinet (26). Holtz was able to
introduce both an alcoholie hydroxyl group on the carbon atom
and a methyl group on the amino nitrogen of 3,4-dihydroxy-
phenylethylamine, sug;esting the possibility that decarboxy-
lation preceeded these processes in the bilogenesls of these
hormones, Hlis results were 1n agreement with those of Vinet
who claimed that the adrenal medulls was capable of bringing

about the C-oxidation and N-methylation of decarboxylated
dihydroxyphenylalanine.



N-methylation in the body has long been recognized, His
(27) in 1887 isolated N-methylpyridinium hydroxide from the
urine of dogs after feeding them pyridine. Ackerman (28)
showed that when nicotinic acid was fed to dogs, it was ex-
creted as the N-methyl derivative, trigonellin, in the urine.
Cannon and Rosenbleuth (29) did not accept Schmidt's view
that demethylation of 9p1nephr1ne took place in the body.
Sympathin E is thought by many (30,31) to be identical with
nor-epinephrine. Since a primary sympathomimetic amine could
ariée directly in the body, demethylation for the biosynthesis
of this compound need not be assumed to occur. The experi-
ments conducted by Canncn and Rosenbleuth indicated that a
primary amine was formed first and that & secondary amine
arose from 1t by N-methylation., By the use of compounds con-
tailning isotopic nitrogen, Bloch and Schoenheimer (32) elu-
cidated the blologiecal origin of the ereatine molecule by
showin;; that the formatlon of guanidoacetic acld from glycine
and arginine, followed by N-methylation in the presence of
methlionine, formed creatine. Du Vigneaud and coworkers (33)
confirmed these results, The transfer of methyl groups from
methionine in the formation of cereatine was demonstrated by
the isolation of deuteriocholine and deuterlocrestine from
the tissues of rats fed methionine containing a deuteriomethyl
group.

The formation of arterenocl by a process in which
phenylserine rather than phenylalanine is pictured as a key
intermediate has been suggested by Rosenmund and Dornsaft (34)

and cen be indicated by the following equations:
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HoNCHgCOOH . HOAe
7
Ha
HO H=-CH~-CCONa
t t
OH N:CH-CgHg
?H
S8tep 1 N 8tep 2 :>
H-CH~COOCH ﬂ«?ﬁncoeﬁ
) t
OH KHg OH NHp
phenylserine p-hydroxyphenylserine
OH ?H
OH decarboxylase CH
>
H~-CH-COOH 'H-?Hg
[} ¥ ;
OH NHg OH NHo
3,4~dihydroxyphenyl - artersnol
serine

This type of reaction requires only a low order of activa-

tion In vitro. It is essentially an aldol condensation, of



a type which hes been suggested for many biochemical re-
actions. Since the chemical structure of phenylserine is
slosely relsted to that of phenylalanine, and differs only
by the presence of_a'€¥hydroxyigin ths‘sida chain, the in-
troduction of phenolle hydroxyls into the former might
reasonably be expscted to take place by the #nﬁhbda already
described forvthe latter. Thufe ie, however, no direct ex-
perimental evidence supporting steps 1 and 2 outlined above.
Decarboxylation by a deearboxylase would then give rise to
nor-epinephrine., The use of sarcosine, N-methyl glyecine, in
place of glycine in the above procedure would similarly give
rise to eplnephrine.

Hartung (19) has suggested that phenylalanine, coupled

by way of peptide linkages, rather than free phenylalanine,

undergoes conversion to s corresponding epinephrine precursor.

« « «+NH-CH-00-NH-CH~CO-NH~CH-CO, . .
L 4 1 |}
R CHg R
\

\%

e+ « NH-QH~-CO-NH-CH-CO~-NH-~-CH~CO.., .
t ' '
R CHOH Rt

!

OH

OH
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Hydroxylation in the nucleus and side chsin is pletured as
taking place as discussed above. The subsequent action of &
polypeptidase and decarboxylase would give rise to nor-
epinephrine., On bilo-N-methylatlion epinephrine would be formed,

In splte of all these attractive hypotheses the fact
still remains that neither phenylserine nor its derivatives
has ever been l1lsolated from natursl sources, The parent amino
acid, serine, has been found in human hair (35), proteins (36)
and phosphatides of the brain (37). Serine has been shown to
make up 3,.57% of the insulin molecule (38)., There are still
& number of hydroxy amino aclids present 1n insulin which have
not been identified, It is impossible that one or more may
be derivatives of phenylserine.

Further interest in phenylserine has recer*”y been arocua-
ed (75) by its use as a starting material in the synthesis of
chloromycetin, an important antiblotic, as indicated by the

following equations:

CgHg CHOHCHNH,COOH, HGL 4 $H50H ———ﬁ}GaESGHOHCHﬁﬁzﬂﬁocgﬂs

12

L1A1Hg \ CgHg CHOHCHNHo CHo OH _Acg0 s
CeHgCH-CH~CHgOA® , p-(N0g ) CgHgCH~CH-CHg0AC
8H5CH-C .Q _HNOz - (H02) CeHpCH-C 2

OAGNHCOCHg C..¢ NHCOCHg

CHClQCGOR;> p-(NOg ) CgHg CHOH~-CH~CHyOH

HpO NHCOCHC1,

Chloromyecetin



Literature Survey of Methods of Preparing «-Amino

@ ~Hydroxy Aclds and Their Esters

Phenylserine was first synthesized by Erlenmeyer (40) who
in 1894, by treatment of phenylglycidic acid with concentrated
ammonia, isolated two amino acids with the same empirical for-
mula, He reported the products to be phenyserine (I) and 1its

isomer, phenylisoserine (II}.

2 66H5Q§893008ﬂ —+ 2 NHy —> 66H50H0?2§HH2600H
Cg Hg CHNH,CHOHCOOH

(1I)

Brler.cyer and Priistlick (41) obtained N-benzalphenylserine by
condensing two moles of benzaldehyde with the sodium salt of

glyeine. Hydrolysis ylelded free phenylserine.

CgHgCHO - NH,CH,CO0N8 ——> CgH CHIN.CH,CO00Na

-
CaHrCHO Ce He CHOHCHC OON H
gBgC % CgHgC . a‘ —-90
¥ :CHCEHS By

CgHg CHOHCHNH COOH —+- CgHgCHO

phenylserine

13
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A process has been reported in which one mole of glycine and
one mole of benzaldehyde in a strongly aqueous msdium of
1.1-2.5 moles of‘sadium hydroxide ylelded phenylserine upon
acidificetion (42)., Using a similar procedure Hosenmund and
Lornsaft (34) condensed benssldehyde with glycine ethyl ester
and obtained the ethyl ester of phenylserine. By an analagous
resction of glycine ethyl ester with protocatechulc aldehyde,
the important 3,4~-dihydroxyphenyl derivative, b@?&l, was pro-
duced, However, not only were the yields low, but certain
aldehydes, such as anisaldehyde failed to react. Employing
slight modifications Dalgliesch and ¥Mam (44) prepared Nemethyl
DOPS by condensirng 3,4~diethylecarbonstobenzaldehyde with sar-
coslne, Again this type of reasction was reported to be criti-
cally u.fected by the nature of the substituentas in the benzene
ring. Van Loon and Carter (45) prepared «-amino~ G-methoxy-(G-
phenylserine in the hope of using it as the intermediate for
the preparstion of phenylserine, Instesd of the free amino
acid, QG-phenylnapthalene was 1solated on acid hydrolysis.
Knoop (46) allowed of~chloro«@-hydroxy-G-phenylpropionic acid
to resct with methylamine. The expectsd «-methylamino~-@-hy-
droxy-@-phenylpropionic acld 4did not result, Instead the pro-
duct proved to be the g-methylamino scid. It is probable that
an intermediate resction, formatlion of an inner ether, took

place. The ether would then sdd methylamline ss Erlenmeyer had

11n that 3,4-dihydroxyphenylalanine 1s often called DOFA,
it has been proposed that 3,4-dlhydroxyphenylgerine be, in

like manner, refsrred to as DOPS (39).
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shown (40).
CgHg CHOHCHCLCOOH > Cg HSC{L-/GHG{}OH
0
CH,NH, N CgHgCH(NHCH, ) CHOHCOCOH

Pourneau and Billeter {(47) further elsborated Knoop's work
by showing that ammonia and aliphatic amines reacted with
P-phenylglycidic acild to give derlvatives of phenylisoserine,
while aromatic amines on trestment with B-phenylglycidic acid

gave derivatives of phenylserine.
‘CGHSGQ-(-);:HGQGH —+ CgHgNHg —> CgHgCHOHCH (NHCgHg ) COOH

Ethyl benzoylacetate wes nitrosated by Dittrieh‘(éﬁ) in
another succeszful attempt to prepsare phenylserine. On re-
duction of the (~oximino eacid, phenylserine ethyl ester was
obtalined, A number of methods have been published for the
prepasration of the @-keto-ester used as starting materisli in
this synthesis, Lowman (50) first prepared ethyl benzoylace~
tate by ocondensing ethyl benzoate with ethyl oxalate, It has
alsoc heen prepared by treatment of ethyl phenylproplolate (51)
or «-bromocinnamic acld (52) with concentrated sulfuric aecid.
Buchner and Curtius (53) obtained it by treating ethyl diazo-
acetate with benzaldehyde; Marguery (54) by condensing benzene
with ethyl melonyl chlorlde and aluminum chloride; Keyer and
Togel (55) by reacting benzoyl chloride with the product of the
reaction between magnesium and ethyl chloroscetate and Shriner

and Schmidt (56) by the hydrolysis of ethyl benzoylacetoscetate.



Object of research.-~Arylserines are belleved to be the

in vivoe precursors of sympathimimetic amines; for example,
5,4~-dihydroxyphenylserine is the intermediate proposed in
ths‘bioaynthsais of epinephrine and nor-epinephrine. MNore
recently phenylserine was used as the starting material in
the synthesis of ohloromycetin, This problem was undertaken
with the purpose of developing a satlsfactory and economical
procedure for the synthesis of arylserines, with special in-
terest being given to the preparation of 3,4-dihydroxyphenyl=

serine.

15a



EXPERIMENTAL

Preparation of 3,4-dihydroxyphenacyl chloride.-This

synthesis has besen described by Levin (57). In a 500 ml,
round-bottomed flask containing 83.3 g. (0.4 mole) of
phosphorous pentachloride was placed 42.5 g. (0.45 mole) of
monochlorocacetic acld in small portions., The mixture was
refluxed for three hours and sllowed to stand overnight,.

On distiliing st atmospheric pressure the fraction coming
over at 105-110° was collected, To the chloroscetyl chloride
thus prepared were added 200 ml., of benzene and 44 g. (0.4
mole) of catechol., The mixture wes refluxed over a steam
bath for twenty-four hours, After distilling off the ben-
zene, 400 ml, of boiling hot water was carefully added to

the residue with rapid stirring. The rapid stirring was
continued until the reaction mixture had cooled to room
temperature, The salightly purple erystalline product was
flltered with suction, washed with & small amount of cold
water and recrystalliged from hot water using 3 g. of Norite.
The d&oolorized filtrate was placed in an icehox overnight.

white orystals, weighing 32.5 g. (43%) were obtained, meltw
ing at 170-171.5° with decomposition. The melting point

reported in the literature is 173° with decomposition. On

repeating this reaction yields up to 52% were obtained.

16



Preparation of 3,4-dlhydroxyphenylglyoxylohydroxamyl

chloride,-

o8 D&

—OH 1-ProNQ _oH
- _ i
C0-CHap-C1 €0-0-C1
L
NOH

Using Levinta (857) method, a 1-L. three-necked, round-
bottomed flesk was provided with a reflux condensser, mer-
cury-seasled mechanical stirrer, an inlet tube for hydrogen
chloride, a dropping funnel and gas trap. Dry hydrogen
chloride was passe& into 70 g. (0.38 mole) of 3,4-dihydroxy-
phenacyl chloride suspended in 750 ml, of ether, After five
minutes 37.5 g. (0.42 mole) of freshly distilled isopropyl
nitrite was dropped into the rapidly stirred mixture. The
flow of hydrogen chlorlde was then adjusted to about five
bubbles per seeohd; The rate of isopropyl nitrite addition
was 80 controlled that the color of the reaction mixture did
not become. darker than reddish-orange. -Aftqr half of the
isopropyl nitrite had been addod,'cempleta’$clntion resulted,
Stirring and addition of.hyd:ogen chloride was continued

for thirty minﬁtea after ﬁhe addition of the nitrite, until
the color returned to a light red. The reaction mixture was

allowed to stand overnight, The sther was evaporated on &

17
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steam bath and the resulting product recrystallized from

& mixture of ether and benzene, producing 65.5 g. (80%) of
the isonitroso compound melting at 182-184° with daeémposi-
tion. The melting point was in agreement with that found
by Levin (57).

Preparation of 3,4-dihydroxyphenylglyoxylohydroxamyl

cysnide,-
?H ?ﬁ
- —0H
o 208 @
| l
C0-C-C1 CO~C-~CH
] 1

KOH NOH

To 10,65 g. (0.05 mole) of 3,4-dihydroxyphenylglyoxylohydroxamyl
chloride dissolved in 100 ml. of alcohol was added 13 g.

{0.2 mole) of potassium cyanide dissolved in 200 ml. of water,
The mixture was heated, with occasionsl stirring, on a steam
bath for one hour and allowed to cool., On acidiflication with
dilute hydrochloriec acld a brownish mass formed; which, on
addition of excess mcld, dissolved. The derk mixture was
extracted with three 250 ml, portions of ether. The ether
extract was dried over anhydrous sodium sulphate and evapor-
ated to dryness on 8 steam bath. The resulting crude product
was taken up in 50 ml. of ether, bolled with one gram of

Norite and filtered. After the additlon of 350 ml. of toluene,
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the cloudy solutlon was placed 1n en lcebox for two hours,
By this means 5.5 g. (53%) of yellowish-green crystals melt-
ing at 172-173.5° was obtained,

Analysis.l Calculated for CgHgOgNg: C, 52:43; H, 2.93;
N, 13.59. Found: C, 52,43; H, 2.95; N, 13.45.

Hattocks (68), by a method similar to the above proce-
dure, reported the melting point of 3,4-dihydroxyphenylgly-
oxylohydroxamyl c¢yanide to be 162-164°; however, he dld not

completely purify 1it.

Attempted preparatioﬁ of ¢ ~hydroximino-3,4-dihydroxy-

benzovlacetic acid.-3,4«Dihydroxyphenylglyexylohydroxamyl

cyanide (0.02 mole) was dissolved in 100 ml. of 10% aqueous
sodium hydroxide and the mixture was heated on a steam bath
until ammonia was no longer liberated. The reaction requir-
ed flve to six hours heating. On cooling to room tempera-
ture, the solution was treated with 100 g, of crushed ice
and acidified with dilute hydrochloric acid. An immedlate
evolution of gas was noted. The mixture was extracted with
ether, and the ether extract drled over anhydrous sodium
sulphate, filtered and evaporasted to dryness on a steam
bath, Very hygroscopic brown corystals were thus obtained,
Further purification by recrystallization from ether pro-

duced yellow brown crystals which were still hygroscoplc,

1Analyaea were obtained through the courtesy of
Sharp and Dohme, Inc.
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An accurate ana&ysié‘eould not be obtained, Mattocks (58)
obtained a light brown powder as the product of this re-
action, end, likewlse, offered nc analytleal dats in sup-

port of its constitution.

Preparation of w-aminoacetycatechol., Attempted syn-

thesis of 3,4-dihydroxyphenylserine.-Mattocks (58) reported

the
OH OH OH
' | |
3 TR
A
|
CO~G-CN ¢o-ou CO-CHgNHg . HC1
HOH NOH

synthesis of 3,4-dihydrexyphenylserine by a procedurse
analogous to the one desceribed below; however, only
weaminoscetylcatechol eould be obtained in the present in-
vestigation.

In a hydrogenation flask were placed the produet ob-
talned from the hydrolysis of 0.02 mole of 3,4-dihydroxye
phenylglyoxylohydroxamyl eyanide, 100 ml. of absolute alco-~
hol containing 10 g. of dry hydrogen chloride and 3 g. of =
107 pallasdium on charcoal catalyst (73%). The mixture was
shaken on a Parr hydrogenation apparatus until hydrogen was
no longer absorbed, about 0,05 moles being taken up. The

eatalyst was filltered and the filtrate concentrated in vacuo
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to 30 ml, Additlon of 100 ml. of dry ether preclpitated

4 g. of ocoloriess cerystals. Recrystallization from absoclute
alcohol gave 3.6 g. of a hydroehloride that melted to a red
oil with evolution of a gas at 244-248°, in agreement with
the melting point reported by Mettoeks, 240-241° (B8).

Analysis. Calculated for 3,4-dihydroxyphenylserine
hydrochloride, CgHyj0gN.HC1l: C, 43.29:»H, 4.85; N, 5.62,

Calsulated for arterenol hydrochloride,
CgHyy0xN.HC1: C, 47.18; H, 4.95; N, 6,88,

Calculated for <laminoecetyl catechol,
CgHgOxN.HC1: C, 47.183 H, 4.95; N, 6.88,

found: ¢, 46.65; H, 4.985; N, 6.88.

The analytical data was eonslistent with the velues csl-
culated for uvlaminocacetylecatechol or arterenol hydrochloride.
The melting point of srterenol hydrochloride was reported
by Simonoff (59) as 136° with decomposition. The melting
point of the amino ketone hydrochloride reported by Barger
and Dale (60) was 252° with decomposition. From the above
data 1t may be assumed with reasonable certalinty that the
compound formed wes W-aminocacetylestechol rather than arterenol
or 3,4-dihydroxyphenylserine,

The apparent formation of uwlaminoacetylcatechol by this
series of reactions, rather than 3,4-dihydroxyphenylserine,
might be explained if the betsa-keto aclid obtained by hydrolysis
of 3,4-dihydroxyglyoxylohydroxamyl oyanide underwent decar-

boxylation to form «-hydroximinoacetylcatechol. The evolu-
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tion of a gas, presumably carbon dioxide, noted during the
hydrolysis, 12 evidence of the possiblility that decarboxy-
lation did oecur.

In an attempt to avoid decarboxylation, the mixture,
resulting from the heating of 3 5. of 3,4-dlhydroxyphenyl-
glyoxylohydroxaemyl cyanide with sodium hydroxide was trans-
ferred without purification to & hydrogenation bottle. The
flask was shaken with 0.5 g. of a 10¥4 palladium catalyst in
an effort to prevent poisoning of the 3 g. of additional
catalyast which was later added. A negligible amount of hy-
drogen was taken up, indicating incomplete hydrogenation,
The solution was acidified and extracted with ether. On
evaporation of the ether, effervescence was again observed,
The residue was dissolved in 100 é. of absolute alschcl con-
taining 5 g. of dry hydrogen chloride and placed in a hydro-
genation bottle with 3 g. of a 10¥ palladium catalyst. After
hydrogenation, wW-aminoacetylcatechol, melting with decom-

position at 244-246° was obtained.

Attempted alcoholysis of 3,4-dihydroxyphenylglyoxylohy-

drozamyl eyanide.~To 50 ml. of & solution contalning 11.5 g.

(0.25 mole) ethyl alecochol, 9.1 g. {0.25 mole) of dry hydrogen
chloride and enough ether to make up 500 ml,, was added 2 g.
{0.01 mole) of 3,4-dihydroxyphenylglyoxylohydroxemyl eyanide.

The mixture was placed in a refrigerator for ten days. At

the end of this time 35 ml. of hot water was added. The

solution was extracted with ether., Evaporstion of the ether
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produced a brownish-green 0il which s0l1idiflied on standing
in a deslceator over phosphorie anhydride, to brownish-green
erystals melting at 167-169°.

Analysis. Calculated for C11H110gN; X, 5.5: Found:
N, 12.86.

Alcoholysis apparently 4id not take place, and the start-
ing materlsal was recovered as indicated by the following:
1) Analytical data was in agreement with that cslculated for
3,4-dihydroxyphenylglyoxylohydroxamyl cyanide; 2) The melting
point was only four degrees below that of the starting mater-

ial; 3) A mixed melting point ahowed no apprecieble depression.

Preparation of phenylglyoxylohydroxamyl cyanide.-To a
solution of 2.2 g. (0.05 mole) of phenylglyoxylohydroxamyl
chloride, prepared by Levin's procedure (57), in 100 ml. of
alcohol, was added 200 ml. of water containing 13 g. (0.2 mole)
of potassium cyanlide., The dark reaction product was heated
on a steam bath with stirring for thirty minutes, The mix-
ture wss cooled, macidified with dilute hydrochloric acid, and
again cooled before extracting with ether. The ethereal
solution was dried over anhydrous sodium sulphate, Removal
of the ether on a steam bath gave & 40% yield of phenyl-
glyoxylohydroxamyl cyanide. After recrystallization from
an ether-benzene mixture, it melted at 119-121°, The report-
ed melting point is 120.121°,

Preparation of phenacylcyanide.-According to Dittrich's

directions (48), 31 g. (.02 mole) of phenacyl ehloride dis-
solved in 80 ml, of slcohol at a temperature of 40° was added



to 30 g. (0.6 mole) of sodium oyanlde dissolved in 90 ml.
of water, After keeping the temperature at 80° for 30
minutes, additional water was added to complete precipita-
tion. The solld was filtered off and the filtrate acidified
with dilute hydrochlorlc acid. The resulting crystals were
filtered and dlssolved in a minimum amount of water contalin-
ing an amount of sodium c¢yanlide egqual to the welght of the
erystals, To this solution was added 1 g. of Norite. The
mixture was filtered and the filtrate agein acidified with
dilute hydrochloric acid. The crystalline precipitate was
taken up in hot 60% alcohol and treated with 2 g. of Norite.
On filtrstion and cooling, 16 g. (565%) of pure phenscyl

cyanide was obtained, melting at 78.79°,

Nitrosation of phenscyl cyanide.~To a 500 ml. three-

necked, round-bottomed flask provided with reflux condenser,
mercury-sealed stirrer, an inlet tube for hydrogen chloride
and a dropping funnecl was placed 156 g, (0.1 mole) of phenacyl
cyanide dissolved in 100 ml., of ether, After passing dry
hydrogen chloride slowly through the solution, 15 g. (0.17
mole) of freshly distilled isopropyl nitrite was dropped into
the flask with repid stirring. The rate of hydrochloric acid
addition was adjusted to féur to five bubbles per second, and
the rate of isopropyl nitrite addition was sc controlled that
the color of the reaction mixture did not become darker than
orange. Stirring end addltlion of hydrogen chloride was con-

tinued twenty minutes sfter the complete addition of nitrite.

24
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The ether was evaporated on a steam bath, leaving 11 g. (63%)
of brown crystals of phenylglyoxylohydroxamyl oyanide. After
recrystallization from an ether-benzene mixture, the cyanlde

melted at 119-121°.

Analysis., Calculate’ .ur CgHgOgNgt: N, 16.1. Found:
N, 15.4, 15.8.

Hydrolysis of Phenylglyoxylohydroxamyl cyanide, Attempt-

ed synthesis of «-hydroximlinobenzoylacetic acid.~-In 75 ml. of

equeous 10% sodium hydroxide was dissolved 3.5 g. (0.02 mole)
of phenylglyoxylchydroxamyl cyeanide. The mixture was hesated
on a steam bath in an open beaker, Ammonia began to come off
immediately, and continued to be evolved for more than eigh-
teen hours, indlcating that some side reaction might be taking
place, The aclutlon wae cooled, treated with 100 g. of crush-
ed 1ce and acidified with dilute hydrochloric acid. A white
8011d, containing no nitrogen and melting at 121-2°, precipi-
tated. A mixed melting point with subllimed benzolc sacid

gave no melting point depression, indicating that oxidation

of the side chaln had occurred,

Preparation of p-phenvliphenylglvoxylohydroxamyl cyanide.-

To 7.02 g. (0.027 mole) of p-phenylphenylglyoxylohydroxamyl
chloride prepared by Levin (57) in 150 ml. of alcohol was
added 6.5 g. (0.1 mole) of potassium cyanide in 100 ml. of
water. On heatlng for one hour on a steam bath the solution

turned red. This mixture was cooled to room temperature and
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acidiried with dilute hydrochloric acid, the color changing
to & 1light brown. It was then extracted with ether and the
ethereal solution dried over anhydrous sodium sulphate, On
removal of the ether on s steam bath 5.5 g. (82%) of product
melting at 161-163° was obtalned.

Analysis. Calculated for CigHjpOgNpt N, 11.20. Found:

N, 1073, 10.73.

Hydrolysis of p-phenylphenylglyoxylohydroxamyl cyanide,-

Ot s, OO
...........,......%

KOH

To 75 ml. of aqueous 1l0% sodium hydroxide was added 5.0 g,
(0.02 mole) of p-phenylphsnylglyoxylohydroxamyl c¢yanide, On
heating this mixture on a steam bath, ammonia was liberated,
Heating was continued for ten hours until no more ammonla came
off. To the cooled solution was added 100 g. of 1ce and then
dilute hydrochloriec acid until the mixbture was acid to litmus.
A white soliqd, coataining no nitrogen, precipitated. The pro-
duct melted at 224-5% and probably consisted of impure
p-biphenylcarboxylic acid, m. p. 228°, As in the previous
experiment, complets oxidation of the sids chain ocourred,

forming p-biphenylcarboxylic acid,.

Preparation of 3-phenyl-3-hydroxy-l1,2-propanediamine
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dihydrochloride.-In a hydrogenation flask were placed one

gram

CO-C-CN GHOH-CHNHg-CHNHp . 2HCL

n

NOH

of phenylglyoxylohydroxamyl cyanide, 50 ml. of absolute
aloohol containing five grams of dry hydrogen chloride and
0.3 g. of a 10% palladium on charcoal eatalyst. In one
hour 0.22 mole of hydrogen was absorbed. The catalyst was
filtered and the filtrate concentrated to 25 ml. by dis-
tillation under reduced pressure. On addition of dry ether
and a small amount of dry benzene, 0.32 g. (20%) of colorless
crystals melting at 226-8° was obtained,

vAnaizais.-Calculétad for CgHj 4ONg.2HC1l: K, 11.8.
Found: N, 13.28, 13.06.

Duschinsky and Dolan (61) prepared the above diamine,
melting point 224-225°, by hydrolysis of 4- X~hydroxylbenzyl-
2-imidazolidone. They reported a similarly high nitrogen

analysis,

Preparation of 3-(3,4-dihydroxyphenyl)-3-hydroxy-1,2-

propanediamine dihydrochloride.-Hydrogenation of 2 g. (0.0l

mole) of 3,4-dihydroxyphenylglyoxylohydroxamyl cyanide, dls-
solved in 50 ml. of absolute alcohol containing flve grams



of dry hydrogen chloride, was complete after 0.05 moles of
hydrogen had been taken up. The mixture was filtered and
transferred to a distilling flask, Vacuum distillation
was used to concentrate the solution to 25 ml. To the
residue an sxcess of dry eth~» and a small amount of dry
benzene was added. A 37% yield, 1 g., of the diamine
dihydrochloride melting at 187-8° was obtained,

Analysls. Caloculated for CgH}403N2,2HCl: N, 10.41.

Found: N, 10.47, 10.55.

Preparation of 3-biphenyl-3-hydroxy-1l,2-propanediamine

dihydrochloride.- One gram (0.004 mole) of p-phenylphenyl-

glyoxylohydroxamyl cyanide was hydrogensted and the product

isclated in the manner described asbove., The yleld was

28

0.35 g, (28%) of colorless dihydrochloride melting at 212-214°,

Analyslis. Calculated for CygHjgONgo.2HCl: N, 8.94;

Found: N, 8.15, 8.05.
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Preparation of the monopotassium salt of ethyl hydrogen

malonate.-By a modification of Freund's method (63), 25 g.
(0.15 mole) of ethyl malonate dissolved in 100 ml. of com-
merclal absolute alcohol was slowly added to 8.7 g. (0.15 mole)
of potassium hydroxide in 100 ml. of absolute alcohol, After
standing thrse hours, the alcoholiec solution was heated to
boiling and filtered while hot. A small amount of the di-
potassium salt remained on the fllter paper and the filtrate
on cooling solidified to a white mass of monopotassium salt.
The precipitate was filltered and combined with an additional
amount obtained by concentration of the mother liquor, A

total yleld of 18.5 g. (72%) was obtained.

Preparstion of ethyl hydrogen malonate.-To a chilled

solution of 136 g. (0.8 mole) of the monopotassium salt of
ethyl hydrogen malonate dissclved in 80 ml. of water (immersed
in an ice bath) was slowly added with stirring 71 ml, of con-
centrated hydrochloric acid. A minimum of water was then add-
ed to dissolve the potassium chloride which formed. This was
extracted four times with a total of 300 ml. of ether and the
ether dried over anhydrous sodium sulphate., The residue, after
removel of the ether on a water bath, was let stand overnight
in a vacuum desiccator, distilled, and 100 g. {95%) of ethyl

hydrogen malonate was collected at 147°/21 mm, (62,63).

Preparation of ethyl malonyl chloride.~To & 500 ml, three-

necked, round-bottomed flask provided with & reflux condenser,
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mercury-sealed stirrer, dropping funnel and csloium chloride
drying tube was added 240 g. (1.13 mole) of phthalyl chloride.
The flask was then immersed in an oll bath which had been
previcusly hested to 108°, With vigorous stirring, 124 g.
(0.94 mole) of ethyl hydrogen malonate was added through the
dropping funnel in thirty minutes, during which time a vigor-
our evolution of hydrogen chloride took place., After the ad-
dition was complete, stirring was continued for two hours and
the temperature was maintained at 100-110°, The mixture was
then cooled and distilled under reduced pressure, producing
80 g. (64%) of ethyl melonyl chloride, collected at 83°/20 mm,
Repetition of the asbove experiment geve ylelds varying boetween

632 and 68%,

Preparation of ethyl benzovlacetate.-In a 1l-L, thres-

Cells + €1-C0-CHpCOOCgHs 41613 CeHsCOCHoCOOCHHg

necked, round-bottomed flask fitted with mercury-sesaled
stirrer, condenser and drying tube, was placed a solution of
30 g. (0.2 mole) of ethyl malonyl chloride in 125 ml. of ben-
zene (64), With vigorous stirring, 37 g. (0.27 mole) of fine-
ly powdered anhydrous aluminum ehlor;de was added in small
portions, After a few additions, a vigorous evolution of hy-
drogen chloride took place, After complete additlon of the
aluminum chloride, the reaction flask was heated to 500 on &
steam bath for thirty minutes, The flask was cooled and the

mixture poured on crushed ice mixed with conecentrated hydro-

chloric acid. After standing for ons hour, two layers separ-
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ated. The benzene layer was washed successively with water,
dilute hydrochloric acid, again with water and then dried

over anhydrous sodlum sulphate, The residue, obtained on re=
moval of the excess benzene by distillation under reduced pres-
sure, was distilled and 12 g. (314 yield) of ethyl benzoylace-
tate was collected at 160-170°/21 mm. The reported boiling

point is 165-170/20 mm,

Nitrosation of ethyl benszoylacetate.,-In 150 ml, ether was

dissolved 20 g. (0.1 mole) of ethyl benzoylacetate, and nitro-
satlon was carried out as previously described under the nitro-
sation of phenacyl cyanide. From the reaction product were
obtained tan crystals of impure ethyl o~oximinobenzoylacetate,
which on recerystallization from hot toluene, produced 18 g.
(82%) of product melting at 116-117.5%. This vaelue agreed with

that reported by Dittrich (48).

Preparation of phenylserine ethyl ester hydrochloride.-In

CgHgC-0~000CHg Hp Cg Hp CH-CH-C00Co Hg

O NOH OH NHg2.HC1

a hydrogensation flask were placed 11 g. (0.05 mole) of ethyl
oloximinohenzoylacetate, 100 ml, of absolute alcohol contalning
10 g. of dry hydrogen chloride and 3 g. of 10% palladium on
charcoal catalyst. The flask was attached to the hydrogenator
and shaken at a pressure of 50 pounds. In 20 minutes 3.3-L.

(0.15 mole) of hydrogen was taken up. The catalyst was filtered
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and the filtrate ooncantratgd under reduced pressure until
crystals appeared on the sides of the filtration flask. The
solution was heated on & steam bath and then poured into an
Erlenmeyer flask. The flask was cooled 1in an lcebox over
night and the resulting 9 g. (75%) of white orystels were fil-
tered. Recrystallization from dilute alecohol produced a pro-
duct melting at 161-3°, Dittrich (48) reported its melting

point as 162-5°,

Preparation of ethyl p-methoxybenzeovlacetate.-Following

the procedure outlined above, 40 g. (0.3 mole) of anhydrous
aluminum ehloride was slowly added in small portions to 30 g.
(0.2 mole) of ethyl malonyl chloride dissolved in 170 g.

(1.6 mole) of anisocle. A smaller amount of hydrogen chloride
was evolved than in the preceding experiment. The mixture,
after complete addition of the aluminum chloride, was heated
forty-.five minutes on an oil bath to complete the reasction.
After coolling, the mixture was poured on crushed lce contain-
ing concentrated hydrochloriec acid, After one hour's stand-
ing the mixture was not entirely homogeneous; it was, therefore,
extracted with ether. The ethereal solution was washed with
water, dilute hydrochloric acid and dried over anhydrous sodlum
sulphate, The ether extract, when evaporated to remove the
ether, ylelded 8.5 g. (25%) of ethyl p-methoxybenzoylacetate,
distilling at 140-146°/4 mm, with some decomposition. The boil-

ing range agreed with the values reported in the literature (65).
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Preparation of ethyl $,4-dimethoxybengoviacetats.-Twenty-

five grama (0.17 mole)} of ethyl malonyl ehloride, 120 g.

{(0.87 mole) of veratrols, and %4.5 g. (C.R6 mole) of anhydrous
aluminum c¢hloride were allowed to resct in a manner almilar

to that describsd above. At the completion of the aluminum
shloride additlon, the resstion flask was heated thiriy minutes
on an o1l bath. On pouring into a mixturs of erushed ice and
eoncentrated hydrochlorle aclid, the excess veratrole solldified.
Gentle heatling on & stean bath produced a homogensous mixture.
Prom the reaction preduct, B.2 g. (19.6%) ethyl 3,4~dimethoxy-
benzoylacetate, bolling at 180-165°2/9 mm., was isolated., The
boiling range was the same as that raported in the literature
(66).

Attempted preparation of ethyl 3,4-dihydroxybenzoylacetats.-
Following the procedurs outliined above 80 g. (0.6 mola) of

anhydrous alumimim ohloride was added to 30 g. (0.2 mole) of
othyl malonyl chlorlide and 33 g. (0.3 mole) of asatechol disw
solved in 250 ml. of earbon disulfide. After distillation of
the ether and carbon disulfide, 28 g. (629) of a visccus yel-
low liquid that had & boiling point of 110.1209/4 mm. was
obtalined.,

The product was then nltrosated, lollowing the procedures
previously described. Mor each mole of ester l.4 mole of
isopropyl nitrite was used, DIry hydrogen chloride was bubbled
into the resction flask for ten minutes before the nitrite was

added. Four hundred mi. of ether was used as solvent. The



red color that formed on the firat addition of 1isopropyl
nitrite did not disappear even on standing. Total nitrite
addition over a period of forty mlinutes produced no color
change, indicating, most likely, that a reaction did not take
rPlace. Evaporation of the ether produced & liquld which was

found to have the same boiling point as the starting material.

Preparstion of o~bromo-@-hydroxy-Q@-phenylpropionic acid.-

Following Riiber and Berner's method (67), 30 g. (0.2 mole)

of einnamic aecld and 28 g. (0.2 mole) of potassium carbonate
were dissolved in 400 ml, of water and the solution was cooled
to 4° in an ice bath, To the stirred cold solution was added
a mixture of 32 g. (0.2 mole) of bromine snd 57 g. (0.55 mole)
of sodium carbonate in 500 ml. of watér. After addition was
complete, the mixture was stirred one-half hour, carefully
acldified wlth dilute hydroohloride acid and allowed to stand
overnight, Unchanged cinnamic acid was then filtered off and
the clear filtrate extracted with ether. The ether was dried
over anhydrous sodium sulphate, flltered, and distilled over
a steam bath, The solid residue remaining was recrystallized
from chloroform, producing 24 g. (50%) of colorless crystsls

melting at 123-5°. Tho reported melting point is 124° (67).

Preparation of phenylisoserine.-~To a stirred cold solution

CgHg CHOHCHBrCOOH \ csﬁsqgagﬁceea
7

NHz

\ CgHgCHNHo CHOHCOOH
7

of 5 g. (0.02 mole) o«~bromo-f-hydroxy-f-phenylpropionic acid in
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100 ml. of alcohol was added 35 ml. of concentrated ammonium
hydroxide over a perilod of thirty minutes. The solution was
allowed to stand three days. To remove some of the excess
ammonia, the mixture was allowed to stand for three more days
in & desiccator over sulfurie acid, Acidification with sul-
furic acid yielded 2.1 g. (60%) of a compound melting at
278.282°, The mother liquor was then evaporated, The residue
aefter recrystallization from alecohol ylelded 0.6 g. (174) of
erystals melting at 230-2°, These two values checked with the
two 1lsoserines 1solated by Fourneau and Billeter (62)., They
reported thaet emmonia and aliphsatic amines react with 8-.phenyl-
glyeldic acid to give derivatives of phenylisoserine, With
aromatic amines, derivatives of phenylserine were obtained,
Erlenmeyer's fundamental phenylserine experiments (40,41) fall
in line with the above hypothesis,

What prebably occurred in the reaction of o«~bromo-@-hydroxy-
f~phenylpropionic acld with ammonium hgaroxide)vagz first, t he
formation of glycidic aclid, second, addition of thé smino group
across the epoxide Intermediate, to give the phenylisoserine

isomers.

Preperation of '’ Jipotessium salt of nitroacetic acid.-

This was prepared by a ﬁodification of Steinkopf!'s method (69).
In a 3-L. three-necked, round-bottomed flask provided with a
condenser, stirrer and dropping funnel, was placed 1-L, (13.5
mole) of freshly prepared 50% potassium hydroxide., The flask
was immersed in an ice bath and 200 g. (3.27 mole) of nitro-

methane was sdded dropwlse 80 that the temperature of the
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solution did not rise above 65°, After the one and one-half
hours requlred for the additlon of the nitromethane, the
stirrer and condenser were removed and the reddish brown mix-
ture was heated until erystals flrst appeared, After cooling,
the potassium salt was filtered and washed with c¢old methanol,
Concentration of the mother liquor ylelded a second crop of
crystals, A total of 195 g. (66%) of the dipotassium salt was
obtained (69).

Preparation of ethyl nitrocacetate.-A suspension of 60 g.

(0.33 mole) of the dipotassium sa;t of nitroacetic acid and

5 g. of anhydroua potasalum sulphate in 160 g. (3.5 wmole) of
absolute alcohol was cooled to -5° and saturated with dry hy-
drogen chloride, The reaction mixture was kept at 0° for six
hours, The potassium sulphate was filtered off and the exceas
ethyl alcechol evaporated at reduced pressure. The oily residue
was dlluted with ether and neutralized with solid sodium car-
tonate, The mixture was filtered, dried over anhydrobus potas-
sium sulphete and the ether evaporated. Vacuum distillation
of the residue yilelded 11 g. (28%) of ethyl nitroacetate boill-
igg atv9$¥ﬁ°/15‘mm§ {70).:

Attempted condensation of ethyl hitroaeetate'ﬁith benzal-

dehyde.-Following Kamlet's (71) proeedure for preparing nitro-
alkanols, 10.6 g. (0.)l mole) of benzaldehyds was vigorously
agitated with a solution of 11.0 g. (0,15 mole) of sodium bi-
sulfite in 100 ml., of water., Ethyl nitroecetate, 13.5 g.

(0.1 mole) was dissolved in a solution of 4.5 g. of sodium



hydroxide in 300 ml. of water and added with vigorous stirring
to the aldehyde~bisulfite addition product. The mixture was
then hested to 100° on & ateam bath, with occasional stirring,
and allowed to e¢o0ol to room temperature. The mixture, which
had separated into two layers, was then placed overnight in the
refrigerator. After acidificecation with dilute hydrochloric
acid, the mixture was extracted with ether. On evaporation of
the ether nothing but unrescted benzaldehyde could be 1solated.
Repeated experiments with slight modifications gave the same

results,

Preparation of carbobenzyloxyglyecine.~Following the method

of Carter and coworkers (72), a 3-L. round-bottomed flask was
fitted with a rubber stopper carrying an exit tube and e de-
livery tube which extended to the bottom. The tubes were
equipped with stopcocks sc that the reaction flask could be
disconnected., In the flask was placed 500 g. of dry toluene
and the apparatus welghed., The flask was cooled iIn an ice
bath, and phosgene was bubbled into the toluene until 109 g.
(1.1 mole) had been absorbed. The exit gasses were passed
through a flask eontaining toluene to remove any escaeping
phosgene and then through & ecalecium chloride tube to a gus
trap. After the absorption of phosgene was complete, the
connection to the phosgene c¢ylinder was replaced by a sep-
aratory funnel. The reaction mixture was shaken while

108 g. (1 mele) of freshly distilled benzyl alcohol was

rapidly added through the separatory funnel. The flask was

allowed to stand in the 1ice bath for one-half hour and at room

37
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temperature for two hours, The solution was then oconcentrat-
ed under reduced pressure, at a temperature not excesding 609
in order to remove hydrogen chloride, excess phosgene, and the
ma jor portion of the toluene. The residue weighed 210 g. and
contained about 75% carbobenzyloxy chloride.

A solution of 7.5 g. (0.1 mole) of glycine in 50 ml, of
2 N sodium hydroxide was placed in a three-necked flask fitted
with a mechanical stirrer and two dropping funnels,., The flask
was cooled in an ice bath, and 17 g. (0.1l mole) of cgrbobenzyl-
oxy chloride (22 g. of the solution obtained above) and 25 ml.
of 4 N sodium hydroxide were added simultaneously to the vigor-
ously stirred solution over a period of twenty minutes. Stirr-
ing was contlinued for an additional ten minutes. The toluene
layer was separated and the aqueous layer extracted with etherf
The squeous soclution waa cooled in an ice bath and aclidified
to Congo red with coneentrated hydrochloric acid. The precl-
pitate was filtered, washed with cold water and dried. By this
means was obtained 18 g. (86%) of carbobenzyloxyglycine melting
at 119-120°,

Preparation of carbobenzyloxyglycine ethyl ester.- In &

glass-stoppered bottle was placed 21 g, (0.1 mole) of carbo-
benzyloxyglycine dissolved in 140 ml. (2.5 mole) of absolute
ethyl aleohol. To the flask waa added 10 g. of concentrated
sulfuric acid. After standing two days in the 1cebox, the mix-

ture became cloudy. An excess of water was then added and the
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compound usually precipitated as an oil. However, crystalli-
zatlion was readily induced by cooling and scratching, and
19 g. (80%) of pure carbobenzyloxyglycine ethyl ester melting
at 34.5-36° wasg obtalned. The above ester prepared from
carbobenzyloxy chloride was reported by Barkdall and Hoss (74)

to melt at 35.5-36.5°.

Preparation of phenylserine ethyl ester hydrochloride.-

Na
2 CgHgCHO - CgHyCHpOCONHCHgCONCoHs N
/
Hp
CgHgCHONaCH-~-COOCgHg N CgHgCHOHCH(NHp .HC1 ) COOCgHg
1 7
HCl

NHOCOCHoCgHSg

In a 500 cc,. round-bottomed flask were placed 8.5 g. (0.08 mole)
of benzaldehyde, 9.5 g. (0.04 mole) of ecarbobenzyloxyglycine
ethyl ester, 2 g. (0.045 mols) of sodium wire and 75 ml. of dry
ether. The sodium wire was soon coated with a yellow layer
from which i1t was freed by vigorous shaking., The sodium dis-
appeared4arter standing tventy—faur hours. The solution was
filtered and the resulting 80l11d washed with dry sther. The
ocrystals were dissolved in a minimum of water and acidified
with dilute acetic aeclid. Upon evaporation of the solvent under
reduced pressure, a8 viscous o0il was obtained which soclidified
to a gel in the icebox. This was treated with 50 ml. of abso-
lute aleohol contalning 3 g. of dry hydrogen chloride and 2 g.
of a 10% palladium on charcoal catalyst., On hydrogenation

250 ml. of hydrogen was absorbed. The c¢atalyst was filtered
and the solution concentrated to 35 ml. under reduced pressure.

g LrEnevalos
l%ﬂ?m}ﬁ{”_‘;m’\}ﬂ_gl
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Addition of dry ether produced 4 g. (41%) of phenylserine
ethyl ester hydrochloride melting at 157-1616. The melting
point was in agreement with those already reported for phenyl-
serine ethyl ester hydrochloride (48, 58).

Analysis. Calculated for C33H;gOzN.HCl: N, 5.70., Found:

N, 5.78, 5.83.

Preparation of N-gcarbobenzyloxyphenylserine.~In a 500 ml.

round-bottomed flask were placed 8,5 g. (0.08 mole) of benzal-
dehyde, 8.4 g. (0.04 mole) of carbobenzyloxyglyeine, 2 g.

{0.45 mole) of sodium wire snd 75 ml. of dry ether, and reaction
took plasce as previously described. Isolation of the product

by the above procedure produced 8 g. of the sodium salt of
N-carbobenzyloxyphenylserine, The crystals were dissolved in a
minimum of water and acidifled with dilute acetic scid. Evapo-
ration of the solvent produced an 01l which, on addition of dry
ether and standing in the icebox, sclidiflied, It melted at 83-85°,

Analysls. Calculated for C3wH37OsN: N, 4.44, Found: N, 4,53.

Preparation of phenylserine.-One gram (0.003 mole) of

E-carbobenzyloxyéhenylserine was dissolved in 75 ml. of alcohol
containing 7 g. of dry hydrogen chloride, and 2 g. of a 104
palladium catalyst. About 100 ce. of hydrogen (a slight excess
of the theoretical amount) was absorbed in fifteen minutes. The
catalyst was flltered and the flltrate concentrated under re-
duced pressure. Additlion of an exceas of dry ether produced
0.4 g. (57%) of crystals melting at 148-150%°, Carrara and

coworkers (75) reported the melting point of phenylserine hydro-
chloride to be 157°,
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SUMMARY

In en attempt to prepare aryl-«-hydroximino-@-keto
acids, which on hydrogenation would yield the correspond-
ing arylserine, phenylglyoxylohydroxamyl cyanide, p-phenyl-
phenylglvoxylohydroxamyl eyanide, and 3,4-dihydroxyphenyl-
glyoxylohydroxamyl eyanide were hydrolyzed with sodium hy.
droxide., Bensoic acid, p-biphenylearboxvlic scid, and
uLhydroximinocacetvloatechol were formed, indiaating.that
elther complete aside chaln oxidation or decarboxylation
took place.

Reduction of phenylglyoxylohydroxamyl cyanide, p-phenyl-
phenylglyoxylohydroxamyl cyanide and 3,4-dihydroxyphenyl.
glyvoxylohydroxamyl ocyanide gave good ylelds of the corres-
ponding diaminaaloohml,frt

The synthesls afke—kata'estbrs, by treating substituted
aromatie hydrocarbons with ethyl malonyl chloride and alu-
minum @hleride,'waﬁ ttﬁéiag; 1Eth§l,hﬁh#efl@eatate;-sthgi p-
methoxybenzsoylacetate, and ethyl 3,&—dimsthoxgbanuojlaéotate
wera prepared. Bew&%or, attempts to prepare ethyl 3,4-di-
hydroxybensoylacetate were unsucceasful.,

Ethyl benzoylacestate, on nitrosation and reduction, gave
good ylelds of phenylserine ethyl ester.

Attempts to condense ethyl nitroacetate with benzalde-

hyde were not successful.,



Condensation of carbobenzyloxvglycine ethyl ester and
carbobenzyloxyglycine with benzaldehyde, followed by hydro-
genolysis, gave good yields of phenylserine ethyl ester and

phenylserine respectively.

N
t.\w
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