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1. Hypothetical Intermediates in the transition 4
of Phenylalanine to Epinephrine.



INTRODUCTION
General

Any study of the nuclear-substituted-phenylserines would
be incomplete without reference to their important position
between the amino acids normally occurring in the body and
epinephrine. ZXspecially is this true 6f the 3,4-dihydroxy-
phenyl-substituted-acid, whiech has long been suspected of
being a precursor of the adrenal medulla hormone., Among the
theories advanced for the conversion of amino acids to this
important product, is the one below which is representative

of those presented. (65}
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Also the theory of Rosenmund and Dornsaft (26) outlined
below, for the biological formation of epinephrine postulates
the formation of/? -(3,4-dihydroxyphenyl) serine as an inter-

mediate which is obtained from 3,4-dihydroxyphenylalanine as

a starting material.
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A clearer conception of the relationship and all possible
hypothetical intermediates may ve obtained from the chart on
the next page. In this diagram phenylalanine is used as the
starting material, and each of the five steés necessary for
its conversion to epinephrine, is applied successively. In
this manner it is possible to show not only all the possible
routes, even though not all are biologically probable, but

also every possible structural intermediate.
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As shown in the preceding chart, there are five steps nec-

essary, viz. (1) - p—hydroxylatioh, (2) - m-hydroxylation,
(3) - N-methylation, (4) - B -hydroxylation, (5) - decarboxy-
lation. These are numbered for simplicity. In the succeeding
paragraphs references from the literature show that each step
not only can, but does.take place in the human body, although
not necessarily on phenylalanine.

One must bear in mind one thing: in many of the examples
given, after the reaction cited has taken place, the compound
may be destroyed in the body and eliminated., It is not felt
that this prevents the use of these examples as the body shows
at many times a remarkable ability to seleet and control re-
actions which are to its advantage. Also the faet that cer-
tain of the intermediates have never been isolated, should
not be taken as proof that the reaction does not occur.

These hormones occur in such great dilution in the body that
one could hardly expect to isolate the intermediates.

Proof of p-hydroxylation (Step #1): This was shown by

Embden and Baldes (1l). Their experimental work showed that
surviving liver tissues perfused with dl-phenylalanine lead
to an estimable increase in the tyrosine content of the liver

mash, No demonstrable increase could be detected in the con-

tro 1s.
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The work of Kotake, Masai and Mori (2) showed the hydroxy-
phenyl-pyruvic acid could be isolated from the urine of rab-

bits receiving phenylalanine.

Phenylalanine Hydroxyphenylpyruvie Acid
m——————————3
r t
-C-C-CO0H ~¢~C-COOH
]§_ 0

For many years it was believed that tyrosine was a neces-
sary dietary factor. However, R. S. Alcock (12) showed that
animals may exist and develop normally on & diet free from
tyrosine. Thus, if tyrosine is an essential dietary factor,
it may be biologically derived from phenylalanine. This is in
line with the general concensus of opinions of biochemists,
Further evidence is seen im the work of J, Devime (21) which
is cited later.

Proof of m-hydroxylation {Step #2): This step has never

been shown to take place in the body until after the para po-
sition has been oxidized. After this, however, step #2 takes
place rather readily and much in-vitro work has been done %o
demons trate it., Raper and Haphold (3) showed that tyrosinase
was able to oxidize tyrosine without deaminati on. Robinson
and Onslow (4) suggested that the first step was the formation
of 3,4-dihydroxyphenylalanine, often referred to in literature
as dopa. This was later substantiated by Raper (5, 10) who
isolated the compound from tyrosine-tyrosinase mixtures and

studied the effects of various cord itions upon the yield,



Subsequent work of Heard and Raper (11l) showed that, by us-
ing N-methyl-tyrosine in place of tyrosine, the speed of melanin
inforpation could be reduced, with a corresponding increase in
the yield of pressor substances. The pressor effect of these
compounds were greatly increased by catalytic reduction. The
first compound formed was believed to be adrenalone. The dia-

gram below shows the proposed direction of these reactions.
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The presence of 3,4-dihydroxyphenylalanine in nature has
been demonstrated by Guggenheim (6) in work on the pod of the
Broad Bean, and by Miller (7) in work on the Georgia Velvet
Beam. Tyrosinase, the enzyme responsible for m-hydroxylation,
has been shown to be present in the meal worm by Biederman and
identified by Raper and Speakman (8). Miss Dunham (9) later
obtained evidence of its presence in the skin of rabbits and
guinea pigs. Thus there is evidence of the oxidation of
phenylalanine through tyrosine to 3,4-dihydroxyphenylalanine.
In the discussion up to this point the proof of the second
step has been based on the in-vitro action of tyrosinase,
a8 substance whose presence has not been conclusively demon-
strated in higher animals, This objectioﬁ is overcome by
the work of Raper (12) and Medes (1l4) who proved that tyro-
sine may be oxidized by iron and hydrogen peroxide to the
d,4-dihydroxy ‘ecompound., ¥Further proof of this oxidation is
cited in the discussion of experiments on animal tissue.

Proof of 4 -Hydroxylation (Step #3): This is the most

difficult of all to demonstrate in vivo. The reason for
this is easily understandable, vhen one considers the ease
with thish / ~hydroxy compounds of this type are further ox-
idized to yield benzoic acid and its derivatives, which are
eliminated as hippuric acid. From the work of Raper and
Heard (11), some conception of such oxidation may be gotten,
along with the importance of the carboxy group. As stated
before, N-methyl tyrosine with tyrosinase in-vitro gave a
greater yield of pressor substances than tyrosine itself.

Attempts were then made to substitute an H-dimethyl compound



in its place. Hordenine was the material chosen. JSurprisingly,
however, no oxidation of the beta position took place. This
seems to indicate the importance of the carboxy group ror oxi-
dation of the beta position. It may also explain the importance
of the corresponding beta keto and hydroxy acids, and the lack
of physiological activity of some suspected presursors of
epinephrine in the body (11).

Proof of N-Methylation (Step #4): The first factor in this

case 1s the possibility that the body obtains proteins which
already possess an N-methyl group. Whether or not this occurs
is not important as it is readily demonstrated that the body
is capable of performing N-methylation, For example, both
ereatine and creatinine are N-methyl compounds ocecurring
freely in nature. On the other hand W. His (15) showed that
when pyridine was fed to dogs it was excreted as N-methyl-

pyridinium hydroxide in the urine,

memmmommmmeeee e

. 1
- H-0-" -G~
fyridine N-me thyl-pyridinium hydroxide
Ackerman showed that dogs fed on nicotinic acid excreted trigo-

nellin in the urine.

Nicotinic Acid Trigonellin



10

These few examples are strongly suggestive that the amimal
body possesses the ability to perform N-methylation when such
methylation is either advantageous or necessary. It may be
well to refer again here the work of Raper amd Heard (11)
who showed that the use of N-methyl-tyrosine reduced side
reactions which tended to cut down the yield of pressor sub-
stances. It is entirely possible that the N-methyl group in
epinephrine tends to serve the same purpose in the body.

Proof of Decarboxylation (Step #5): Chemical literature

abounds with proof that this takes place in the body. It
seems hardly necessary to0 attempt to eite the references on
this point, One needs only to open any volume on the study
of aminoacids to convince himself easily of this. However,
it appears sufficient at this point to cite some of the orig-
inal work on this subject, and then follow it with the summa-
tion by Bing anmd Zucker (19) which appears to be rather con-
clusive., Neuberg and Gottschalk (17) showed that liver and
miscle mascerates possessed a considerable capacity for gen-
erating acetaldehyde amd that the addi tion of pyruvic acid
increased the aldehyde content from 90 to 160%. This can
only be brought about by decarboxylation, From this rather
inauspicious beginning the efforts along this line continued
with ever increasing proof not only of the body's ability to
deecarboxyla te acids, but the very specificity of the enzymes
involved, as summed up by Bing and Zucker (19): '"There exist
in the kidney numerous metabolic enzymes or specialized catal-

yst acting directly on the amino acids taking from each its car-
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boxyl group. These carboxylases thus transform the acids to
the corresponding amines. The action of these decarboxylating
enzymes is readily demonstrated in aqueous solutions of the
renal cortex., The resulting amines may be isolated chemically
or titrated by means of their pressor effect on arterial blood
pressure",

Thus far each imdividual step has been discussed in the con-
version of phenylalanine to epinephrine., Hxamples have been
cited showing how each step could possibly take place. Now
experimental work will be cited showing that one or several
of these steps can and probably do take place simultaneously
in the organs of the body. The work of J. Devine (2L), with
slices of adrenal medulla, demonstrates this very well., He
found that when phenylalanine, phenylethylamine, or tyramine
was incubated with adrenal medulla there was formed an adre-
nalin-like substance és shown by both the colorometric and
arterial pressure methods. These in-vitro experiments have
shown the presence of a catechol-like substance, called by
him catechol X, This subsbtance, while not identified chem~
iecally, was capable of being converted by the tissue to
epinephrine in yields of 30 to 40% of the original amounts
present,

Some more recent and still more convincing work was done
along this line by Bing (18) whose in vivo and in vitro work
showed an increase in pressor substances by materials common
to the amimal body. Renal cortex was incubated with dopa
(3,4-dihydroxyphenl-alanine) under aerobic and anaerobic

conditions. These extracts were then injected into animals,
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The ones obtained under aerobic conditions produced depression
of arterial pressure, while those obtaimed under anaerobic con-
ditions produced an increase in blood pressure comparable to a
corresponding amount of epinephrine, It was suggested by the
author that these results were due to hydroxy-tyramine, On
repetition of the work using the whole kidney, similar results
were obtained suggesting that the whole kidney was involved.
Like results were obtained in vivo by Bing and Zucker (19)
who injected dopa (3,4-dihydroxyphenylalanine) into the kidney
parenchymas of cats, In his preliminary work clamps were plaeced
over the renal pedicle stopping completely renal circulation.
Ringer's solution containing 10 mgms. of dopa was then injected
into the renal capsule. Two and one half hours later the clamps
were removed restoring renal circulation., In all cases the re-
moval of the clamps was followed by a marked increase in the
arterial pressure. The average was 68 mm of mercury and the
maxi mam was 115 mm., When the same amount of dopa was injected
into kidneys under normal cormd itions no subsequent rise was
noted, JSimilar experiments performed on cats with renal cir-
culab ion reduced 50% yielded intermediary ahines which were
not destroyed by the 50% ischemic kidney {(19)., These pressor
su bstances were presumed to be hydroxytryamine. This conclu-
sion is borne out by the observations of Mason aml his co-
wo rkers who found that in the ischemic kidney the ammonia
production was reduced. This indicated that decarboxylation
rather than deamination was brought about by anaerobic con-
ditions.

Thus far attempts have been made t show how the body could
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conver t related substances to epinephrine. Practically all ex-
periments have shown that under the conditions of the experi-
ments certain organs were able to convert the closely related
phenylalanine to epinephrine-like substances., It seemed sig-
nificant that in nearly all cases it was phenylalanine which
gave the best results. Another example of this is the work
of R, G, Smith and C. W, Edmunds (22). They reduced the
epinephrine content of the glands to 15% by the daily injec-
tion of physostigmine, The report does not deseribe how this
di minished content was det ermined, ‘They then injected tyrosine
and 3,4-dihydroxyphenylalanine, Although the former did not
speed up the return to normal, they suggest that the latter
may have accelerated this rate,

It may be well at this point to review the compounds listed
in the chart, to point out those which have been prepared and

to indicate briefly their medicinal or biological importance,
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Phenylalanine,

Tyrasine,

m-Hydroxyphenylalanine,
N-Methyl-Phenylalanine.
Phenylserine.

Phenylethylamine,
d,4=-Dihydroxyphenylalanine,
Surinamin,

p-Hydroxyphenylserine,

Tyramine,
N-Methyl-m-hydroxyphenylalanine.
m-Hydroxyphenylserine,
m-Hydroxyphenylethanolamine,
N-methyl-phenylserine,
N-methyl-phenylethylamine
Phenylethanolamine,
N-Methyl-3,4-dihydroxyphenylalanine,
3,4-Dihydroxyphenylserine,
344-Dihydroxyphenylethanclamine,
N-Methyl-p~hydroxyphenylserine.
N-Methyl-p-hydroxyphenylethylamine.
p-Hydroxyphenylethanolamine.
N-Methyl-m-hydroxyphenylserine.
N-Methyl-m-hydroxyphenylethylamine.,
m-Hydroxyphenylethanolamine,
N-Methyl-phenylethanolamine,

" N-Methyl-3,4~dihydroxyphenylserine.

Epinine .

(XXIII) - Nor-epinephrine.

(XXIV)
(xxXV)

Synephrin,
Neo -synephrin,
Epinephrine,

14
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A brief review of the amino acids appearing in the chart
include the following: (No. 1) phenylalanine, the proposed
star ting point in the biological synthesis of epinephrine, was
discovered by Schulze and Berbier (59), and is one of the com-
monly oceurring amino acids in proteins. (No. 2) tyrosine,
discovered by Leiﬁfg)in 1884, is also one of the normal pro-
tein acids and as already mentioned, is probably the precursor
of (No. 7) 3,4-dihydroxyphenylalanine (Dopa) which is important
in the formation of melanin. Of the eight N-methyl acids (Nos.
4, 8, 11, 14, 17, 20, 23, 27) N-methyltyrosine (No. 8) are re-
ported, but nothing is given of their biological activity. No
report of the other six has been found in the available litera-
ture; nor has any reference been found to either of the m-hy-
droxy acids {Nos. 3 and 12).

On the other hand among the amines the following: Nos. 6,
10, 13, 15, 16, 19, 22, 23, R4, 25 and 26 have been studied
and the relationship of their structure to their pharmaco-
logical activity has been discussed by Barger armd Dale (62),
Hartung (61) and Tainter (63), and others. The most active
of the group, Epinine (No. 28), Nor-epinephrine (No. 29),
Synephrine (No. 30), Neo-synephrine (No., 3L) are commercially
available and clinically used. ZIEpinephrine (No. 32) is the
hormone of the adrenal medulla.

A cursory glance brings out one significant fact; viz. that
much work has been done on the substituted ethanolamines, while
very little has been accomplished on the closely related amino
acids or theilr ethyl esters. This naturally brings up the

guestion why. There are two chief reasons which suggest them-
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selves; first, the struetural relationship of these phenylserine
derivatives to the pressor émines has apparently never been
adequately emphasized. Secord, the difficulty in obtaining
both the intermediates and their end products.

The present investigation was initliated in order to permit
a more careful study of the acids which are strueturally inter-
mediate between pressor compounds derived from phenylethano-
lamine, CgzH5CHOH:CHp.NH; and the corresponding derivatives of
bhenylserine, GsHs.gHDH:CH.GOOH. For this purpose it was first

Nitp

necessary to develop a method for their synthesis. Further
interest may be attached to these B-hydroxy-A-amino acids;
these, or similar, compounds may occur naturally: €.g., in
the composition of the insulin molecule, of 288 units, there
are as yebt six unidentified hydroxy-aminoe acids. While these
are not known at the present time, there exists the possibility
that one or more may be found in this group or at least may be

capable of synthesis by similar methods.
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Literature Survey of Methods of Preparing oA -Amino
/A -Keto Acids and Their Esters

The preparation of phenylserine and ot -amino-#2 -keto-acids
has been limited to direct condensation methods such as that
deseribed by Erlenmeyer (20) and Erlenmeyer and Frustuck (31).
In his original work Erlenmeyer succeeded in condensing the
sodium salt of the immer ether of bvenzoylacetic acid with am-

monis according to the following scheme:
CGH5CHBCHCOOE1; + NHy —> 061{5GH0HCNHZGOOE1;

He also used the ethyl ester of glycine in this condensa-
tion. Erlenmeyer himself admitted the limitations of these
methods. Later Rosenmund and Dornsaft (26) repeated these
experiments us ing the ethyl ester of glyeine, According to

these warkers the reaction went as follows:
Ph,CHO T Hzﬂ,.GHZCOOR —_ Ph,CH:N.CHCOOR + HZO

Ph,CHO + Ph.CH:l\I.CHzcooﬁ —_— Ph.CH(OH)('}H.COOR
N:CH.Ph.

Ph.CH(OH).gH.COOH + H,0 — Ph.CH(OH).CH(NHy).COOH + Ph.CHO,
N:CH.Ph
They succeeded in preparing not only phenylserine but also the
important 3,4-dihydroxyphenylserine, Here again appeared the
same limitations described by Erlenmeyer: viz, that certain
aldehydes as snisaldehyde would not take part in the condensa-
tion. No yields were stated and the reaction itself does not

appeaxr par ticularly promising.
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This lead to a search for a method which would give good
yields and would be more generally applicable. Theoretically,
excellent intermediates for the pl-amino-# -hydroxy-acids should
be found in the A-isonitroso- & -keto-acids of the general
farmla R-QH;QH;COOH or their esters. Compounds of this type

0 X

H 0-E
are known, Nitrosation of ethyl acetoacetate in acid solution
with sodium nitrite (23) forms ol-isonitroso-£-ketobutyric
acid, While results obtained in this reaction are suitable,
Pechmarm's (24) me thod looked more promising. He nitrosated
ethyl acetoacetate using amyl nitrite in aleoholic hydrogen
chloride. This reaction successfully applied to glutarie
acid by Randall and Harrington (25) and MeIlwain and Richardson
(43) ylelding o -isenitroso- & -keto-glutaric acid. Hartung
and Munch (27) had reported good yields in the nitraosation of
acetbophenones and propionones by using isopropyl nitrite and
hydrogen chloride in ether., It was finally decided to attempt
a combination of both these methods in the hope of inecreasing
the yields. Experiments soon showed that these modifications
were justified.

Before this method of synthesis eould be attempted a good
method of obtaining the & -keto ester was needed. One imme-
diately turns to the work of Claisen (28) on the preparation
of acetoasetic ester and to Claisen and Lowman (292) for the
preparation of ethyl benzoylacetate., This proceeds acoord-

ing to the following general reaetion:
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¢ (oEt) - .
GHSC Ol 2 + CHZCOOEt — G6H5%.CHCOOM: + 2Et0H
Na

06H5(g§CHCOOEt + HC1 —— 06H5gCHGOOEt + NaCl
a 0

Fischer and Bulow {(32), L., Claisen (33) and James (34) pre-
pared ebhyl benzoylacetate using acetoacetic ester, sodium
ethoxide and benzoyl chloride. All of the above methods are
reported as giving comperatively good yields.

Other methods reported included the following: A. Michael
and M. Browne (35) hydrolyzed #-brom- Z-phenylacrylic acid in
sulphurie acid and water to yield the ester.

. Ho S0

CeHgG:CHCOOEt + H0 ~—H2¥ay ¢ m.C CH,C00Et + HBr
Br 0

L. Claisen (37) succeeded in preparing the ester from the

benzoyl substituted mono-sodium mono-ethyl ester of malonie
acid by hydrolysis wi th water.

Na0OC-GH-CO0Et  + Hp0 ——CgHsG-CHaCO0Et + NapCOz COp
CGHbC:O 0
(38) by treating acetophenone in the presence of sodium eth-
oxide wi th diethylcarbonate.

_n_n THOCOHES -
el T on® & BBy IA0E > 06}15% CH,CO0Et + Et0H

-

Buchner and Curtius (39) accomplished the same end by freat-
ing benzaldehyde wi th diazo-ethyl acetate in ether.
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CgH5CHO + NoCH-COOEt — s oﬁﬂsg-cﬂzcoom + Ny

Margurey (40) treated the mono-clor-mono-ethyl ester of
malonic acid in the presence of benzene with anhydrous alum-

inum chloride.
A1CL ‘ |
CgHe + ClOCCHgCOOEt —_——ag CeﬂﬁgCHECOOEt + HCl
(o}

R. Myer, Togel (41) reacted benzoyl bromide wi th monobrom
ethyl acetate in the presence of magnesium to obtain ethyl
benzoylacetate, A modification of the Grignard Synthesis,
Thus there were available numerous methods for the preparation
of ethyl benzoylacetate., Of these the Claisen Condensation
appeared to promise the best results. A method based on this
reaction was obtained from the Eastman Xodak Co. (36). This
wag the one used in the experimental work descrihed later.

Methods had been selected thus far for the preparation of
the ethyl esters of the keto acids and for their nitrosation.
However, on reviewing the reduction of these & -ke 10~ -0x~
imino-acids rather contradictory results were found, Randall
and Harrington (25 ) reportel the reduction of o(~0ximino-& -keto-
glutaric acid to the corresponding hydroxy amino acid using
palladinized charcoal and alcoholic HCl as the solvent. How-
ever, MeIlwain and Richardson (43), using the same catalyst and
solvent,'eould not get the reduction beyond the ke to stage.
When this {~amino- #A-keto acid was lsolated and again submitted
ta hydrogenation the amino acid was isolated. Adkins and Reeve

(44) using Raney nickel on &« -oximino-# -ketobutyric ester
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could not obtain the hydroxy amino acid. However, by first con-
verting the oximino to the ethyl ether and then submitting it
to catalytic reduction with Raney nickel using alcoholic HC1
as the golvent they were able to obtain theo -amino-& -hydroxy
acid. Thus the outlook at this point was not too promising.
After reference to the smooth reduction of the isonitroso acet-
ophenones and propiophenones as reported by Hartung and liunch
(27) it was decided to attempt the reduction in the same mamner
using Palladium chloride on Norite as the catalyst and absolute
alcohol at least 2 N in hydrogen chloride as the solvent. This
proved so successful that no further changes were needed in this
stepe

These results encouraged the belief that any intermediate

of the strueture Ar.CO.g.COOEt may be similarly hydrogenated to
NOH

the corresponding Ar.CHOH.('}H.COOEt. If this is true, then ap-
Nitp

parently, the availability of thef -keto esters of the type

Ar.CO.GHZCOOEt. would prove the most difficult problem in this

investigation,

The ethyl ester of benzoic acid is readily available for use
in the Claisen Condensation, but the esters of nuclear-substi-
tuted benzoic acid are not easily obtainable. Therefore, it
was decided to find first a method for synthesizing these
ethyl nuclear-substi tuted-benzoylacetates. The procedure
which, after careful consideration, seemed to merit investi-

~gation is the following:
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=NH.HC1l

AreCO.CHaCL —5 AT4C0.CHpCN. — AT.CO.CHp=C %

Ar.CQ .CHaGOOE'b .

The Friedel-Craft synthesis provides good yields of alkyl,
alkoxy, and halogen-nuclear-substituted derivatives of phenacyl
chloride in both laboratory (45 I- 46) and industry (47 - 48).
Fries and Pfaffendorf (49) deseribe good methods for the prep-
aration of o~ and p-hydroicyphenacyl chloride, A method given
in Organic Synthesis (50) and varied slightly to give bebter
yields of 3,4-dihydroxyphenacyl chloride (42) was available.
Therefore, no difficulty was anticipated :.n ohtaming the
starting materlals needed for thls reaction.

There -are many methods of preparing nitriles, tut from the
phenacyl cechloride thére is .only one of any iralu.e. This is the
work of Gabreil and Lschenbach (51) ana Obre'gia (52) which
consists of treating the phenacyl halide with sodium cyanide
under proper conditions {in a 50% alcohol solution and main-
taining this at a temperature of 50° C. for about one half hour).

The reaction proceeds according to the following equation:

AT.CO.CHaCl + KON ——» Ar COJCHpON.KON + KOL.

The potéssium salt of the‘ gyanoketone remains in solution on
dilution with water and the unreacted materials are separated
by filtration., This clear solution is then permitted to stand
with charcoal and filt-ered by suc tion. It is then rendered
acid with dilute hydrochlaric acid and the crystals of the
nitrile which form are filtered off, These are washed with
ice cold alecohol and dried., The authors$ report yilelds up
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to 60% by this method. A few changes were introduced to facil-
itate obtaining a pure product; these are reported in the ex-
perimental portion,

The final step to be studied was the hydrolysis of the ni-
trile., Here there was a choice of two approaches; the nitrile
could be hydrolyzed to the acid; or directly to the ester,
Pinner (54) in 1883 had shown that nitriles can be hydrolyzed
to the imino ether hydrochloride by treating it with alcoholiec
HCl, P, P, T. Sah (56) has shown that the imino ether could
be changed to the ortho ester by further treatment in absolute
alecohol and ether in the presence of hydrogen chioridé.‘ Fi-
nally Haller (55) has shown that benzoylaceto-nitrile can be
hydrolyzed to the imino ether hydrochloride by tréatihg it with
alcecoholic HCl and then to the ester by warming the salt with
dilute hydrochloric acid. Other workers who have succeeded
in the hydrolysis of the nitriles by this method were P,
Pfeiffer and katton (57) and P, Pfeiffer, Irma Engelhardt
and Willy Alfuss (53). The last group of workers made & com—
plete study of the effects of substitution on the phenyl ring,
and cis-trans structure on the hydrolysis. They showed that
if the ring was unsubstituted or if it was removed from the
nitrile by one carbon atom the hydrolysis to the ester worked
very well., Since the c¢compounds to'be hydrolyzed in this study
were so constructed, it was Jjustifiably believed that this
hydrolysis would take place rather easily. ZFinally L. Speigel
and H. Szydlowsky (58) obtained good results in the hydrolysis

of the alkyl nitriles using alcohol and sulphuric acid, Thus
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there seemed to be sufficient precedent to warrant the hope

that the desired esters could be obtained directly.

Aim for research: This problem was undertaken with three

purposes in mind, viz. first, to de termine whether X-oximino-
£ -keto ester can be connected into the corresponding ol-amino
J?-hydroxyacids or their esters; second, to develop a satis-
factory procedure for the synthesis of/?-keto aclds or esters
from which the o{-o0ximino-/#-keto esters may be conveniently
obtained; third, to make available a series of nuclear sub-
stituted #-phenylserines for physiological or pharmacologicel

examination,

Method of Accomplishing this end: The program as originally

proposed, in substance, reads as follows: The ethyl ester of
benzoylacetic acid will first be prepared by the Cleal sen re-
action. This will then be nitrosated and reduced. The phys-
ical and chemical properties of the intermediates will Dbe
studied, and finally the ester will be hydrolyzed to phenyl-
serine and its properties compared to those described by
Erlenmeyer (30 - 31) and Rosenmund and Dornsaft (26) for that
acid, If these experiments prove successful, the same compourd
will be prepared by hydrolysis of phenacyl cyanide and the ine-
termediates compared to those above., If these warrant, at-
tempts will then be made %o prepare the nuclear-substituted-

acids according to the reactions indiecated.
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EXPER IMENTAL
»General

All temperatures recorded, unless otherwise specified, are
uncorrected, Final temperatures reported, when corrected, are
designated by "(cor.)f and were determined by Anschutz "stem-
immersion™ thermometers,

When "absolute alcohol" was used, it was prepared from com-
mercial absolute alcohol {about 97 ethyl alecohol). Ten liters
of this was refluxed about twenty-four hours with three pounds
of fresh, unsl aked lime, broken into small pieces. The alcohol
was distilled off amd the operations repeated, the product from
the second distillation being used.

4dnalyses for nitrogen were carried out using the Kjeldahl-

Gunning method .
Syntheses

Preparation of ethyl benzoylacetate. (According to Claisen's

Met hod ).
CgHgCOOEt + 2Na + CHzCOOEt —> CgHgG:CHCOOEt + NaOEt + Hy
0-Na
06H5%:§HCOOE1: + HC1 ——> 06H5%.CH2.COOE1: + NaCl
-8

- 1 -

In a 500 cc three-neck flask to which was attached a reflux
condenser, and a mechanical stirrer, was placed 75 g. (% mole)

of ethyl benzoate (previously dried for 24 hours over anhydrous
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calcium chloride amd distilled at 197° C.) and 11 g. (1/8 mole)
of absolute ethyl acetate (dried over anhydrous calecium chloride
for 24 hours and redistilled, boiling at 77-79° C.) The s0lu-
tion was heated on a water bath and the temperature maintained
between 75 and 80° ¢, and to it was added 11.5 g. (% mole) of
sodium metal cut in thin slices. This was stirred until al-
most all the sodium had reacted (about two hours), Then 5.5

g. (1/16 mole) more of ethyl acetate and 5.7 g. (% mole) of
sodium were added and stirring continued for about two hours.
After this a final 5.5 g. (1/16 mole) ethyl acetate and 5.7 g.
(¥ mole) sodium were added and stirring continued for fifteen
hours after all had reacted.

The reaction mixture was now cooled and poured through a
wire gauze into a beaker containing cracked ice and 300 cc of
concentrated hydrochloric acid. This was stirred until the
reaction was complete, when a heavy o0il separated out. The
0ily layer was separated and the aqueous~1&yer extracted with
two successive portions of 150 c¢ce¢ each of benzene, The benzene
extracts were added to the oil and the whole neu tralized with
a solution of sodium bicerbonate., This was then dried with
anhydrous sodium sulphate., It was then placed in a distilling
flask amd the benzene removed under the reduced pressure of a
water paump: from the residue all distilling above 140° C. at
10 mm, pressure was collected. In this first run the yield

was negligible due to decomposition on distillation.
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- II -

In this case the ethyl benzoate used was made in the labora-
tory, by refluxing benzoyl chloride with ethyl alecohol until
hydrogen chloride no longer came off, The product was then
distilled and the fraction coming over at 197° C. used. This
was dried over anhydrous calcium chloride and redistilled.
Ethyl acetate was dried over anhydroué calcium chloride and
that boiling 77-78° C. was used. The same quantities and
method as in #1 were used except that after the final amount
of sodium had been added the temperature was permitted to rise
slowly and maintained at 95° C. for twelve hours. Then the
same proceedure as outlined above was followed. In this case
the yield was 61 Gms. or 63.5% of crude ethyl benzoylacetate

calculated on the amount of ethyl benzoate used.
- III -

The same method and quanti ties were used as in I except
that the temperature was permitted to rise above the melting
point of sodium before any ethyl acetate was added. A vio-
lent reéﬁtion took place, which was permitted to continue amnd
no ethyl acetate was added. After completion the product was
treated as in I and II and distilled. The distillate was a
s01id and though it had a definite odor of benzaldehyde, the
major portion proved to be benzoic acid melting point 121-

1229,
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Nitrosation of ethyl benzoylacetate. The reaction proceeds

as follows;

06H590112000Et + CHZC')HGH ~HC1 _, C6H5Q-S-COOE‘E + CHSCHOHCH?)
0 0.N:0 0 N.OH

In a three-neck flask, fitted with a reflux condenser and a
suitable hydrogen chloride trap was placed 50 g, (.26 mole)
ethyl benzoylacetate. An inlet for hydrogen chloride, and a
dropping funnel were attached. The flask was placed on a
cold water bath to prevent overheating., Hydrogen chloride
was passed in for about twenty minutes and then 22 g. (% mole)
of isopropyl nitrite was dropped in. The rapidity of addition
was determined by the color and controlled so that the color
never became darker than a light orange. The passgze of hy-
drogen chloride was continued after the addition of the nitrite
until the ceolor returned to light yellow. This usually re-
guired twenty to thirty minutes. The mixture was then placed
in a distilling flask and. the aleohol removed under reduced
pressure. The product was recrystalized from hot toluene,
Yield was 48.9 g. or 85% melting point 117.5 to 118.5° ¢. (cor.)

When the nitrosation experiment was repeated amd the condi-
tions amd proportioms of reagents used, as desceribed above,
it gave a yield of 51 g. of isonitroso compound or 88.7% melt-
ing point 117.5 to 118,5° C, (eor.) Analysis for nitrogen

gave these results:

Cif P4V . Caleculated W, 6.3%: found N, 6.35% and 6,29%%.
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Prepearation of phenacyl chloride. In a 1 liter, three-

neek, round-bottom flask, fitted with a sealed mechanical
stirrer, a separatory funnel, and a reflux condenser con-
nected to a gas absorption trap, were placed 102 g. (0.77
mole) anhydrous alluminum chloride and 265 cc benzene, Then
53.1 ec (0.70 mole) chloracetyl chloride was allowed to drop
in during the ecourse of about one half hour, After all the
chloracetyl chloride had been added the reaction mixture was
refluxed on a water bath until evolution of hydrogen chloride
had ceased. Then the mixture was allowed to cool and poured
upon a mixture of equal parts of ice water and concentrated
hydrochloric acid. The organic layer was then separated and
washed with water, and dried with anhydrous calcium chloride.
The excess benzene was e mov ed by distillation on a water
bath and the residue distilled under reduced pressure, The
product distilling at 120-135° C. at 4 mm of pressure was
redistilled. Yield 80.5 g. or 74%: melting point 57 to 58° ¢,

Preparation of phenaeyl cyanide. The reaction proceeds

as follows:

Thirty granms (1/5 mole) of phenacyl chloride was dissolved
in 90 ece of alecohol in a 500 cc beaker at a temperature of
40° C., In a separate 250 cc beaker 30 grams of sodium cyanide
was dissolved in 90 ce water. This was added to the above
solution and stirred umtil all dissolved. The temperature

was theh maintained at 50° C. for about a half hour. After



this cold water was added until no more precipitation was
noticed., The erystals were allowed to settle amd then fil-
tered on a suction filter until clear, Then sufficient
dilut e hydrochloric acid was added to make the solution acid
to litmus. The crystals which formed were permitted to set-
tle and filtered off., The precipitate was dissolved in a
minimum of water to which had been added an amount of sodium
cyanide equal to the weight of the erystals. To this was
added 1 g. of Norite amdi filtered on a suction filter and
the filtrate made acid to litmus with 4ilute hydrochloriec
acid. The erystals were filtered of £ and dried. Weight

- 24.5 g+ This was then taken up in boiling 60% akcohol 3 g.
of Norite added amd boiled for about fifteen minutes. This
was filtered while hot and set in an ice chest and cooled
for about two hours. The crystals were filtered of £, washed
with cold dilute alcohol and dried. Yield 17.5 g. or 61.8%
Mel ting point 79° C.

Repetition of the experiment above, using the conditions
and proportions of reagents deseribed above gave yields of
phenacyl cyanide, varying from 55 to 65 percent.

Reerystalization of the product from alcohol gave crystals

melting 80° €., (unecor,)

Hydrolysis of phenacyl eyanide., The reaction proceeds

as follows:

CgHsCOCH;CN + CH3CHpOH (absolute) + HOL ————>

=N-H HC1

06H5003H20_0Et

30
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=N-H HC1l

C
6H5COCH20 _OE% + HZO — > 06HSCOCHZCOOEt + NH@Cl

In a glass stoppered separatory funnel was placed 150 ce
abso lute alcohol saturated with hydrogen chloride. In this
was dissolved 15 g. (.1 mole) phenacyl cyanide anmd the solu-
tion set aside for five days in a cool place. The crystals
which formed were filtered off on a suction filter., These
were redissolved in a minimum of water, 5 c¢e¢ of dilute hydro-
chloric aeid added, the solution hrought %0 boiling and al-
‘lowed to cool. A clear colorless liquid settled out. The
alcohol, from thé mother liquor of the original hydrolysis,
was then evaporated, the resulting crystals dissolved in a
minimum of‘Wéter, 10 ec of dilute hydrochloric acid added
and brought to boiling. In this case also a clear c¢olorless
liguid settled out. The two 0ily layers were combined and
the two aqueous portions extracted with ether amd the oils
and ethereal extracts combined and dried with anhydrous
sodium sulphate. The ether was removed by means of a cur-
rent of air until the olor of ether was no longer observed.
The residﬁal | liguid suspeeted of being erude ethyl ben-
zoylacetate weighed 10 g. Yield of crude product 52 percent.

A repetition of the above hydrolysis was 25 g. of phen-
écyl cyanide gave 15.5 g. of product (suspected of being

crude ethyl benzoylacetate) yield 47h.
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Nitrosation of ethyl benzoylacetate obtained from the

nitrile: 10 grams of the product obtained by hydrolysis of
phenacyl cyanide was nitrosated as already described under
nitrosation of ethyl benzoylacetate., From this was obtained
7 grams of product which on purification melted at 117.5 to
118.5° C. (cor.) Analysis: Nitrogen content calculated on
the formula Cq1H; NO4 is 6.33%: found N 6.33% and 6.31%.

This produst mixed with the isonitroso compound obtained
by nitrosation of ethyl benzoylacetate purchased from rast-
men Kodak Company showed no significant lowering of the
melting point.‘ The mixture softened at 116° and was com-
pletely melted at 117° C. (uncor.)

This looked like satisfaetory evidence that both these

compounds were identical.

Reduction of ot ~isonitroso & -phenyl [S-keto ethyl
propionate: The catalyst was prepared 3 g. of palladium

chloride and 3 g. of Norite were added to 100 cc of dis-
$1lled water and shaken on & hydrogenator. This a@sorbed
69 ec of hydrogen, This was filtered on a suction filter
and dried.,

In a 250 ec round-bottom flask were placed 10 g. {1/22 mole)
o -isonitroso 2 -phenyl/-keto ethyl propionate, 100 ce of
alecohol, 10 g. hydrogen chloride and the catalyst described
above, This was attached to the hydrogenator and shaken
until no further hydrogen was taken up (about two hours and
twenty-five minutes)., 3350 ce of hydrogen were absorbed.

Theoretical amount was 3040 ce. After hydrogenation, the
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above mix ture was brought to boiling on a water bath and
sufficient boiling water added to bring the ethyl ester of
phenylserine into solution and the mixture was filtered on
a suction filter while hot. This clear solution was set in
an ilge chest for about three hours. The resulting white
erystals were filtered off and recrystallized from boiliné
dilute alecohol. 7Yield 8 g. 72%.

Repetition of the above reduection gave yields varying
between 88.4 and 93.6%. Melting point 162° to 165° ¢, (cor.)
Analysis: Nitrogen content calculated on the formula
C11H,gN05C1 is 5.71%: found N, 5.71% and 5.63%.

This compound is soluble in water, not so soluble in al-
cohol. An aqueous solution is precipitated on the addition
of ammonium hydroxyde. On standing, this mixture gives no
acid insoluble precipitate, and shows no discoloration (no

pyrazine formed thus showing the absence of a ketone).

Preparation of phenylserine from the hydrochloride of the

ethyl ester: Ten grams (1/24 mole) of the ethyl ester was

dissolved in a minimum of water. Sufficient 10% solution
of sodium hydroxide was added to render it basle to litmus.
Thig was then warmed about ten minutes, after all had dis-
solved. The solution was then neutralized with concenirated
hydrochloric acid (concentrated acid was used to prevent

too great increase in the volume of liquid). It was care-
fully brought to neutral point with ammonium hydroxide and

an equal valume of alcohol added, This was then cooled in an
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lce chest for about one hour and the white crystals of phenyl-
serine filtered off end washed with 95% alcohol. These were
then washed with ether and dried over sulphuric acid for 24
hours, Melting point 188° to 1920 C wi th decomposition. How-
ever, they were exposed for about an hour before the next melt-
ing point was run, This showed 184° to 1889 G. (probably due
to absorption of moisture). This compound had been reported
by Rosenmund and Dornsaft (26) as melting at 192° ¢, with
deeomposiﬁion.. 4

The aeid, when erystallized from alcohol and water, forms
wﬁite, floceulent, soft cerystals which are insoluble in aleco-
hol and ether, soluble in dilute hydrochloric acid.

Preparation of the ethyl ester of phenylalanine from

phenylelenine: To 25 oc of absolute alcohol in a two-neck
flask fitted with a reflux condenser and a hydirogen chloride
inlet was added 10 g. of phenylalanine and brought to boiling
while paessing in hydrogen chloride from a generator. From
time to time more phenylalanine‘was added until no more would
dissolve, This was then heated for about twenty five minutes,
cooled ani filtered. About double the volume of water was
added (50 ec) =nd male neutral with ammonium hydroxide and
set aside to cool. The ethyl ester settled out as an oily
liguid, This was extracted with ether, The ethereal so lu-
tion was dried with anhydrous sodium sulphate. Drxry hydrogen
chloride was passed into the ether solution and the ethyl
ester precipitated as the hydrochloride. This was Tiltered
off and washed with ether. They were recrystallized from

boiling dilute aleohol and dried. lelting point 123 to
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1249 C. (cor.) The hydrochloride of the ethyl ester of
phenylalanine melts at 1240 .

Preparation of p-chlorophenacyl chloride: In a liter,

round-bottom, three-neck flask fitted with a sealed mechan-
ical stirrer, a dropping funnel and a reflux condenser 1o
whieh was attached a hydrogen chloride trap was placed 112 g.
(1 mole) chlorbenzene and 400 cc of carbon disulphide. To
this was added 145 g. (1.1 moles) of anhydrous aluminum
chloride. Then 112 g, (1 mole) of chloracetyl chloride was
slowly dropped in at a rate which did not cause too violent
refluxing of the carbon disulphide. After the addition of
the chloracetyl was cdmpleted the mixture was refluxed until
no more evolution of hydrogen ehloride was noted. The mix-
ture was then cooled amd poured on a mixture of equal parts
of ice water and concentrated hydrochlorie acid. The organie
layer was separated and washed with water, This was then
dried over anhydrous caleium chloride aml the carbon 4i-
sulphide distilled off under reduced pressure, The residue
was taken up in boiling alceohol and recrystallized. This

was again recrystallized from boiling alcohol. Yield 125 g;

(66.8%) m.p. 1002 C.

Preparation of p-chlorophenaeyl cyanide: To 60 cc of

alcohol at 559 C. was added 15 g. (.08 mole) p-chlor phen-
acyl chloride and the mixture stirred until all was dis-
solved. To bthis was added 15 g. sodium cyanide dissolved

in 40 ec warm water, The mixture was stirred until all
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was dissolved and placed on a water bath maintained at 55°
C. for about 3/4 hour., To this was then added cold water
untlil no more precipitation occurred. The mixture was then
set aside and the solid allowed to settle out. This solid
was no?d unehanged P-chlorophenscyl chloride. The mixture was
then filtered on a suction filter until clesr., Dilute hydro-
chloric acid was added to the filtrate until it was aoid’to
litmas, Then it was set aside to settle., The resulting
crystals were filtered off amd dissolved in a minimum of
water to which had been added an amount of sodium eyanide
equal to the weight of the erystals, One gram of Norite was
added and the mixture was filtered on a suction filter until
clear., It was then rendered acid with dilute hydrochloric
acid and set aside for about one hour, The erystals were re-
moved by filteration and dried. They were purified by boiling
in 70% alecohol with & g. of Norite and filtered until clear,
The solution was cooled in an ice chest for about two hours
and the crystals which formed were filtered and dried., Yield
9¢5 ge 66,8%. Melbing poing 127-128° C.

Repetition of the experiment gave yield varying from 62 to

66%. Pure p-chlorophenacyl cyanide melts at 1289,

Hydrolysis of p-chlorophenacyl eyanide: In a glass stop-

pered separatory fumnnel was placed 100 cc absolute alcohol
saturated with hydrogen chloride and 2% g. (.13 moles) of
p-chlorophenacyl eyanide, and allowed to stand at room tem-
perature for five days. The erystals which formed were

filtered and dried. Yield 7 g. The mother 1liguors were
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removed under reduced pressure, The residue and crystals
were then taken up in 20 ec of 4ilute hydrochloric acid
and warmed for about five minutes and then allowed to cool.
An amber colored liquid settled out., This was separated
and the aqueous layer extracted with two 25 ce portions of
ether. The 0il obtained above and the ethereal extracts
were combined and dried over amhydrous sodium sulphate,

The ether was removed by a stream of air and the residue
placed in an ice chest for about ome hour and filtered.
The filtrate welighed 15 g. representing a yield of 5% of
the crude ester,

The same quantities of all materials were used in a suc-
ceeding experiment and the mixture was refluxed slowly for
about two hours while passing in hydrogen chloride. The
remainder of the proceedure was the same, The yield in this

case was 66,6% of the crude ester.,

Nitrosation of the ethyl ester 9§ E¢ehlorobenzqy1acetate:

The nitrosation of this ester was carried out after the mane
ner already described for the nitrosation of ethyl benzoyl-
acetate.

From the erude ethyl p-chlorobenzoylacetate, obtained
from hydrolysis of the cyanide, yields of 57% and 62.5%
were obtained. The product, after recrystallization from
hot toluene melted at 135 to 136° C, (cor.) Analysis:
Nitrogen content calculated for the formula Cq1Hjg0 4 NC1

is 5«49%: found N, 5.450b.
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Reduction of ethyl K-oximino- £ -p-chlorophenyl- A -ketopro-

pionate: The catalyst used was the same as that deseribed pre-
viously in the reduction ofe{ -isonitrosoB -phenyl P -keto ethyl
propionate. In a 250 ce round-bottom flask was placed 5 g.
(1/51 mole) of ethyl-oximino-g& -p-chlorophenyl-Z -ketopro-
pionate, 50 cc of 95% aleohol, 5 g. of hydrogen chloride and
the catalyst mentioned above. This was attached to a hydro-
genator and shaken, 820 cc hydrogen were absorbed rapidly,
then the absorption stopped completely, so 50 e¢ec of alcohol
and 25 cc of water were added and shaking continued. Absorp-
tion was still practically negligible so .1 g. of palladium
chloride was added and hydrogenation resumed. When this

did not produce results a jet of steam was directed at the
flask while shaking. Absorption speeded uwp until 560 cc of
hydrogen were taken up, after which absorption stopped com-
pletely. Total hydrogen taken up was 1380 ee. The theoret-
ical amount of hydrogen needed for reduection to the amino
alcohol is 1318 ec. The flask was then disconnected and

the mix ture brought to boiling and sufficient bolling water
added to bring the compound into solution (very little was
needed}., The catalyst was filtered of £ from the hot solu-
tion on a suetion filter, This clear liquid was placed in
an-iee chest for twenty-four hours and the crystals filtered
of f and dried. The supernatant liguid was then permitted

to evaporate spontaneously in a vacuum descicator und er re-
duced pressure and the residue was ecrystallized from a

minimam of boiling aleohol, These crystals were added to
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those obtained above and the whole recrystallized from boil-
ing alcohol., ™Phey were washed with a little ice cold alcohol
and dried over sulphuric acid in a descicator for 24 hours.
Yield 4.2 g. 77%. |
Repetition of the éxperiment using 7 g. (1/36 mole) ethyl

« =0ximino-#-keto-~ -p-chlorophenylpropionate in 175 cc of
alcohol and 20 g. of hydrogen chloride and the catalyst pre-~
viously described absorbed 2080 cc of hydrogen. Theoretical
amouﬁt of hydrogen needed for the reduection to the amino al-
cohol is 1848 ca. The yield was 6.3 g. or 82,5%. Melting
point 168-170° C, (ecor.). Analysis: Nitrogen content ecal-
culated for the formula Cy;H;g0zNClpis 5.02%: Found N, 5.19%
and 5¢3%. |

One half gram of the hydrochloride of ethyl/ -p-chloro-
phenyl A-hydroxy £-amino propionate was treated with ammon-
ium hydroxide filtered aml the precipitate washed on the
filter until the washings gave na test for chlorides with
silver nitrate. The precipitate was then dried and subjected
to sodium fusion., It gave a position test for chlorides.

One gram was dissolved in water and potassium permanganate
added and boiled until no further reaction took place. This
solution was extracted with ether. The ether layer was ex~
traeted with a solution of sodium hyGroxide. This was acid-
ified and the precipitate washed with cold water. A small
portion was added fo a solution of sodium bicarbonate. Ef-
fervescence (free acid). The remainder was dried in a vac-
uum descicator over night. Melting point 228 to 2299 C,
(p~chlorobenzoic acid)e. This melting point and the slightly
high nitrogen content suggests a slight loss of chlorine in

hydrogenationo 95891
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One half gram added to ammonium hydroxide gave no yellow

¢olor or acid insoluble precipitate. (no free ketone).

Preparation of 3,4-dihydroxyphenacyl chloride: In a 500

ec three-neck, round-bottom flask fitted with a sealed mechan-
lcal stirrer, a reflux condenser to which was attached a hyiro-
gen chloride trap was placed 83.3 ge. (0e4 mole) of phosphorus
pentachloride. To this was added carefully in small portions
42.5 g, (0.46 mole) of monochloracetic acid. This was refluxed
for two hours and permitted to stand over night. To this was
added 200 cc of benzene and 44 g. (0.4 mole) of catechol.

The mixture was refluxed for fifteen hours. The benzen was
then recovered by distillation and the residue treated with
400 ec of boiling water., This was rapidly filtered on a suc-
tion flask and cooled. After cooling, the crystals were sep-
arated on a sucetion filter and washed with a minimum of cold
water. The resulting nearly white crystals were then taken

up in a minimum of boiling water and boiled with 5 g. Norite
for fifteen minutes, This was filtered until clear and al-
"lowed to recrystallize in an ice chest over night. The
erystals were filtered of f on a suetion filter and dried.

Yield 35 g. (46%) m.p. decomposition to a reddish brown

liguid at 170° C, (reported melting point was decomposition

at 173° C. (25).

Repetition of the above experiment gave ylelds varying

between 50,65 and B4j.
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Preparation of 3,4-dihydroxyphenacyl cyanide: Difficulty

was anticipated in the conversion of the 3,4~-dihydroxyphenacyl
chloride to the cyanide due to the ease with which the 3,4-
@ihydroxy compound is oxidized in alkaline medium, However,
the conversion was attempted in the uswual manner. As was
expected only a dark tarry mass was obtained which gave very
poor yield of dark brown crystals when boiled with Norite.
This did not promise to be of any value.

It was then attempted to prevent oxidation by the addition
of 1 g. of sodium sulphite to each 15 g. of 3,4-dihydroxy-
phenacyl chloride usel. These experiments yielded brown
erystals, which on boiling with Norite, yielded light yellow
crystals which were reerystallized from boiling water and
dried, When a small portion of the above crystals was dis-
salved in water and a solution of ferric chloride added,

a deep green color developed indiecating the presence of the
free phenol groups. One half gram of the erystals were sub-
jeeted to sodium fusion and checked with silver nitrate in
acid solution. The precipitate proved to be silver sulphide
and a strong odor of hydrogem sulphide was observed., This
could not be accounted for, so the method was given up.

It was then decided to attempt to prevent oxidation by
the addition of hydrogen, In a 250 ec¢ flask was placed 100 ce
of water. This was heated to boiling and hydrogem passed in
while the solution cooled to 40° C., To this was added 15 g.
(,08 mole) of 3,4-dihydroxyphenacyl chloride and 15 g. of
godium cyanide. It was stoppered immediately and the stopper
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sealed with paraffin, This was permitted to stand at room
temperature for one hour. The stopper was removed anl the
solution rendered acid with dilute hydrochloric acid. It
was then placed in an ice chest over night and filtered.
The crystals were boiled with 2 g. of Norite and filtered
5.5 ge, 40% yield of light yellow crystals were obtained.
M.P, was 218-218° C, with decomposition. Analysis: Nitro-
gen content calculated for the formula CgHpOzN 1s 7499%.
Found N. 7.78%.

This nitrogen content was a little low so further attempts
at purification were triedes The material was purified by
boiling wi th Norite several times until a white flocculent
erystals were obtained, This was dried for twenty-four
hours in a vacuum descicator. Melting Point 220-223° (.
with decomposition, This final product was 3;4-dihydroxy-
bPhenacyl cyanide., '

Other attempts at obtaining the cyanide include the fol-
lowing: Various solvents tried for the conversion were,
ethylene glyeol, benzene, pyridine and acetone, None of
these proved successful; finally an attempt was mde to
convert the 3,4-dihydroxyphenacyl chloride to the dibenzyl
ether by treating the disodium salt of 3,4-d4i hydroxyphenacyl
chloride with benzyl iodide, This also proved unsuccessful

but results were safficiently promising to warrant further

study.
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Preparation of p-methoxyphenacyl cyanide: Xight grams

(047 mole) of p-methoxyphenacyl chloride was treated as
previously described under the preparation of phenacyl
cyenide., Yield was 5.4 grams or 71% of p-methoxyphenac&l
cyanide., Melting Point 128% C. Analysis: Nitrogen con-
tent calculated for the formula CygHgOpN is 8%. Found nitro-
gen, 7.91% and 7.84%.

Preparation of p-bromphenacyl eyanide: Thirty grams of

p-bromphenseyl bromide (.067) mole was treated as previously
deseribed under the preparation of phenacyl cyanide. Yield
was 12,6 grams of the crude cyanide. MNost of this compoand
was lost in an attempt to purify it by recrystallation from
hottoluene. There was no opportunity to obtain an analysis
of this product; a small portion recovered melted at 243-2440
with decomposition,
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SUMMARY

1 The synthesis of phenacyl cyanide and its nuclear substi-
tuted derivatives from the corresponding phenacyl chlorides
has been studied.

2e The conversion of the phenacyl cyanide into the corre-

éponging/’-aryl-/f—keto propionic esters is described.

de The/?-keto esters may be converted in good yield to the
corresponding ester of/-aryl-ﬁ-keto-o(-oximinOPropionio acid.

4, Thesec(—aximinoi/?-keto esters have been hydrogenated to

the corresponding phenylserine derivatives.

Se In the general proscedure:
'Ar.00-CHgCl — Ar.CO-CH Cn — Ar.CO-CHy-COOEt —
Ar.CG-g-GOOEt —é»Ar.CHOH;gH;COOEt
NOH NH,
The yields at‘all stages are satisfactory and encourage the
belief that the method is available for general synthesis
of £ -hydroxy--amenoacids.
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