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INTRCDUCTION

The concept that substences chemicelly related to a metebolite
mey interfere with the normel functiocn of that metsbolite in living
cells is attracting wide~spread interest among chemists and biologists.
For the orgsmnic chemists this concept frequently provides & unique
starting point for the synthesis of biologicelly active compounds and
the study of the reletion between chemical strueture and activity. The
stimulus for meny of the investigations under review came from the dise
covery of the striking reletionship between p-sasminobenzoic acid and sul-
fenilamide type compounds. Not s8ll importent antagonists are structurelly
releted to the affected metabolite, however, smd the value of specifiec
entegonisms in elucidating the functions of metsbolites and explaining
the action of drugs has been recognised for sometimes

Also meny types of entagonisms ere known, They mey be clessified
eccording to their effects, namely, into direct chemicel or physicochemicel
effects, which frequently obey the lews of mass action, and indirect or
physiologicel antegounisms due to opposite but independent actions.
Although there is no sharp line of dem&rcation, in this review the emphesis
is pleced on antagonists having & direct, reversible effect on the syn-
thesis or utilization of specific metebolites. In general, nsturally
occurring entegonisms (i,e, the entegonist mey elso be a metebolite tekw
ing pert in normel cell processes) and the numerous antagonisms between
pairs of drugs have not been 1ncludeé.

In 1940 Woods (1) isoleted in a crude form from yeast cells a sube
stance which inhibited the anticacterisl action of sulfanilimide end sul-

fapyridine. Stemp (2) and Green (3) hed obtained similar extrects from
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other orgenisms. After concentrating his extrect, Woods concluded from sn
exsminetion of its chemicel properties that the substence might be struc-
turally related to sulfenilamide, The behsvior of the material, resembling
the competitive inhibition of enzyme reactions by compounds structurslly
related to the substreste or product, pointed to the seme conclusion. Accord.-
ingly p-eminobenzoic scid (PABA) was tried and found to be highly active,
Both the unsubstituted smino group snd the cearboxyl group para to it proved
to be necessery for entisulfenilemide activity. Woods considered that the
results provided strong circumstential evidence for the identity of the
yeast factor, and suggested that PABA is an essentisl metsbolite for the
growth of micro-orgenisms,

Meny organisms are unsble to synthesise one or more of the known amino
acids, These essential metebolites are the building blocks of the cell prow
teins, and they are usuelly required in lerger qusntities then meny of the
growth factorse. Proteins are not only the basie units of cell structure but
also, in conjunction with active prosthetic groups, assume according to
Mitchell (4), the role of enzymes t0 cetslyse meny metebolic reactions.
Finally some of the amino acids probably serve as precursors of other ese
sentisl metsbolites Dixon (5).

In studying the production of indole from tryptophan, Fildes (6) not
ed that the growth of E. coli was inhibited by indolescrylic ecid. Following

up this earlier observetion, he (7) found that M/BOOO/Q—indoleacrylip acid

H=CH«COOH __._I
H B
/9~Indoleacrylic acid Indole Tryptophen

prevented growth, while a number of related substances, such ss indolescetic
end propionic acids, produced very slight or no growth inhibition. Since

indolezcrylic acid is closely relsted to tryptophan in seversl respects,



Fildes reassoned that indolescrylic acid might interfere with en enzyme
system concerned with the metebolism of trytophen. He demonstrated experi-
mentslly that, elthough not itself a growth stimulent, the latter counter
ected the inhibition produced by the former. Although the growth was proe
portional to the amount of tryptophan added, there was no quantitative re-~
lation between the antagonistic effect of these two compounds. Unlike the
sulfonemide -PABA relationship, the response of the orgenisms wes & function
of the tryptophen concentration only, regardless of the smount of indole-
acrylic acid present. These results, which were confirmed on B. typhosum,
led to the suggestion that indoleacrylic acid interferes with the formetion
of tryptophan rether than its utilsation. Under these conditions no quanw
titetive relstionship between the two would be expected and minimum semount
of tryptophen necessary for growth should reverse any reesonable smount of
indoleacrylic =scid. However, there should be s quentitative reletionship
between the scrylic acid and a precursor of tryptophen. Indole is a precursor
for B. typhosum, but no interference with the action of indoleacrylic aecid
by this substence wes found. To explein the lasck of any reversing sction
of indole, Fildes assumed that elther the blocking effect of indoleacrylie
acid on tryptophan synthesis is not reversible or, becszuse of the growth
inhibition produced by indole itself at higher concentration, the effect
would not be demonstrated.

Block end Erlenmeyer (8) reported that l-nephthyleserylic acid and
styrylacetic acid resembled indolescrylic acid in their behavior.

H=CHCOCH

N E=CHCH,COCH

\/

l-Nephthylacrylic acid. Styrylacetic acid.



These substances were prepared to study the antagonistic effect to the
growth stimuleting ection of tryptophan. ( Growth stimulation ususlly
indicated that the metebolite was a limiting factor for the growth of the
particular orgenism, rether then a growth factor as defined by Fildes. Thus
the synthetic ability of the orgenism for the metebolite is limited, and
the addition of the performed metabolite provides a more favorable medium
for growthe Under these conditions, any growth inhibition is likely to be
less effective regardlese of whether it is a specific antagonist for the
metabolite in question. Consequently, specific antsgonisms are frequently
more difficult to establish when the metabolite is & growth stimulant.)

While trans~cinnamic acid gave similar results, the suthors conclude
ed that tryptophean metabolism was involved in this cases Dihydrocinnamic,
benzoic, and fumaric acids produced no effect,

With several species of lametic eacid bacteria, Snell (9) was able to

substitute anthranilic acid for tryptophan. Since anthranilic acid is a

position
2 2 Nﬂz
S0
Leoe é«i@
Anthrenilic acid Orthanilic acid 2-0rthenilemidopyridine

isomer of peaminobenzoic acid (PABA) he studied the corresponding isomer of
sulfenilemide (orthanilamide) &s well as orthanilic ecid and 2worthanil-
smidopyridine. None of these substences inhibited growth promoted by anthra.
nilic acid. Snell concluded that, if it existed at all, the antibacterisl
power of orthanilamide in relation to amthrenilic acid wess of & much lower
order of magnitude than in the case of the corresponding sulfenilamide «PABA

relationshipe. Anderson (10) found that the bacteriostatic action of DLeS.



methyltryﬁtoyhan on E. coli in simple media was reversed by L-tryptophen,

the inhibition ratio being spproximately 1000:1 over a considerable range

CH~ H «CO0H
3 2
(kj £

H

S«lMethyltryptophan

of concentrationse

On the other hend they elso demonstrated that the tryptophan requirements
of certain E. eoli bacteriophages could be met by the Semethyl derivetive.
Earlier, Gordon and Jackson (11) had shown that the latter compound was
toxic to rats on a tryptophan -deficient diet; but had no effect on amimels
recoiving an adequete diet.

Gledstone (12) investigating the amino acid requirements of Be nthrow
cis observed 2 number of curious interrelationships emong groups of chem.
ically related amino acids. When leucine or valine was eliminasted from the
synthetic medium, the organism failed to grow, and the removal of isoleucine
resulted in delsyed and incomplete growths The sbsence of all three amino
acids, surprisingly emough, allowed growth to occur, but the edditiom of
any one of these emino acids to & mixture in which all three were originally
absent completely inhibited growth. Isoleucine was the most effective, prew
venting growth et & concentration of M/312,500 under these conditions. The
presence of the unnaturel isomers did not account for the results, since
the same effects were obtained with both purified isomers, Further study
revealed several other similar relationships, which were summarised as fol.

lows by Gladstone. The toxicity of leucine, (CHS)Q.GH.GHQ.CH(NHZ).COOH,



- threonine, CHg.CHOH.CH(MH,).COOH, end o{-eminobutyric acid, CHzsCHgeCH(NH,) e
COCH, is counteracted by valine, (CHgz) o eCH.CH(NHy).COOH, and vice versas
The toxicity of isoleucine, cﬂa*cﬂz.CH(Gﬁs).GH(Nﬂz).COOH, norleucins,
CH5.0H2.GH2.032.GH(NH2).COOH and serine, CH5OH.CH(NH,).COCH, is counteracted
by & combination of valine, (CH3)2.CH.GH(NH2).COOH, and leucine, (Gﬁs)zacﬂo-
CHyeCH(NH,) .COOH. The toxicity of serine, CHgOH,CH.CH(NH;).COOH, is counter-
acted by threonine, CH;CHOH.CH(NH,)eCOOH, and vice versas

On the basis of the similarity in chemical structures of the growth

inhibitors and their antagonists, Gladstone suggested that some common re-
action necessary for growth might be involved. Thus, an excess of one amino
acid might block the enzymes necessary either for the synthesis of another
chemically related, or for building it when synthesised into more complex
substeances. Numerous other instances in which one amino acid may interfere
with the utilisation of another have been reported. The resulits of these
studies are summearised in Table I. It is usually assumed in these cases
that the antagonist interferes with en essentiel metabolite; an excess of
one (the antegonist) blocks the function of the other (the metabolite)
because of the structural similarity between them. Such effects are most

frecuently observed in relatively simple culture medis,



Table I

Antagonistic Relationship Between Amino Acids

Antagonist Metabolite Organism Other Observations Reference
ENoCHyeCHyum HoNeCOWCHgaw Yeast B-Alenine acts as growth (15)
COCH CH(NHp) +COCH stimulant only in presence
PuA.lanine Asparagine of asparagine or aspsartic
ecid.

Gﬁs¢GH2.GH2.- CHg «5+CHg .CHg « ~ 'Eszgiiichia Norvaline also an antagone- (1s)
CHp.CH(NHp) .~ CH(NH,) COOH istic; inhibition ratio

COCH Norleucine : Methionine

1000 : 1

Norleucine Methionine approximetely

COOH«CH,,«CH= HQN.GO.CH2.0H2.~rLacg:g:gillus Asparagine snd glutamic (17)
(NEL,) . COCH CH(NHB).GOQH acid also effective in

Aspartic Glutamine preventing growth

acid inbibition caused by

aspartic acid.

CH,(NH ) «COCH Cﬂa-CH(Nﬂz)-GOGH Streptococcus Bacteriostatic action of (18)
fecalis R
Glycine X ~Alanine glycine also lowered by
pyridoxine.

(CHgz) 9+ CH.CHg . ~ Gﬂs.Cﬁz.Gﬂ(CHs).- Pesteurilla Valine also reverses antag- (19)
pestis
CH (NH ;) . COOH CH(NH,) .COH onistic action of leucine;
Leucine Isoleucine not due to growth promoting

actidn.



Teble I {cont'd)

Antegonist Metabolite Orgenism Other Observations Refersnce
Phenylalanine, Isoleucine Neurospora crassa Antagonistic effect (20)
or Norleucine, Vggne limited to mutant

or Norvaline. strain, requiring

preformed isoleucine

and valine.

NHgeC (NH) NH.= NHg.CHp.(CHp)g.= Neurospora Only naturel forms of (21)
(CHp) z.CH(NHy) o CH(NHz) .COCH orasss emino acids showed
COCH offects limited to

Arginine Lysine .mutent strain; inhibe-

ition ratio approximately
2 : 1
Norleucine Methionine  Protens morganii Norvaline and allothreo- (22)
nine also amtagonistic

but less specifiec. Ratio

Norleueine : llethionine
1000 : 1l
Asparagine F-Alanine Yeast Growth stimulated by (23)

pantothenic acid but

unaffected by aspearegine,



Severel o(-aminosulfonic acids structurally relested to the natural
K wemino cerboxylic acids were studied by MeIlwein (13,14). The sulfonic
acid analogs of emino acids such as glycine, elenine, leucine and valine
were prepared by treating the corresponding asldehyde bisulfite derivatives
with aqueous emmonia. It wes found that in a chemicelly defined medium
organisms which required preformed smino acids were inhibited by °(-amino~
sulfonic acids. There eppeared to be considerseble overlepping in the reversew
ing effect of the emino acids.

Thus, the growth inhibition produced by o(-sminoisobutenesulfonic

scid wes partly reversed by glycine, or elanine, more effectively by veline,

but not at all by leucine.

(CHz) 2CH~?H803H (cHz) 2.31;..0 OCH
NHp 2
Q&Jmﬁnpisobutanesulfonic acid Valine

However, of the various metebolites tested, only the emino acids were
cepeble of preventing the growth inhibition of the o -aminosulfonic acids.
In generel, bacteria which synthesise their own amino acids were not
susceptible. MeIlwein also investigated the action of cysteic acid, taurine
end teuremide, the respective anelogs of aspartic acid and]?-alanine. These
sulfonic acids were not inhibitory, end sometimes stimuleted suboptimal
growth.

One of the early experiments indicative of a metabolic antagonism
between an essentiel emino acid and related compound was reported by Dyer,
(24) who initieted biochemicel studies on the reletionship between meth
ionine snd ethionine., She observed thet ethionine was toxic to young rets

meinteined on & methionine-deficient diet. This toxicity was offset by
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the addition of methionine to the diet. Later the "emtimethionine”
effect of ethionine wes shown slso for E. coli by Harris and Kohn, (16)
who reported thet the inhibition of becterial growth by ethionine was

completely overcome by methionine,

CEHS.S.CHECHQ%H.COOH Cﬂswﬂchch.GOOH
N, 2
Ethionine Mathionine
CH 3OCH 2GI—I 2({1?10 COH
NH g
Metbhoxinine

Roblin and his co-workers (25) synthesised methoxinine and studied its action

on E, coli and Steph. sureus. The growih inhibitory effect of this come

pound was prevented by L-methionine but not by the D ~isomer. One mole
of DL-methionine reversed the antibacterial acvt:lon of 500 to 1000 moles
of DL-methoxinine or Dl-ethionine.

Histemine is present in epprecisble quantities in most body fluids
and tissues, It is & substence of multiferous sasctions, minute amounts
exerting a powerful vesodilator effect while contracting other smooth
muscle. To account for the absence of these effects under normsl con~
ditions, histeamine is generally assumed to occur in a bound form in vitro.
Although its role hes not been completely elucidated, the liberation
of histemine eppears to be en important factor in emephyletic shoek {26)
and meny ellergic conditions such as esthma and hey fever (27). lost
vasoconstrictor substances counteract the vesodilator effect of hisw

temine, and speasmolytic agents such ss atropine, neutrelise the coun-



teracting action of histemine on smooth muscle. However, other sagents
heve been found which, at lesst in some cases, appear to be more direct
end specific histemine entagonists. Edlbacher and his co-workers (28)
first demonstrated thet arginine, histidine, and cysteine inhibit the

effect of histamine on isolated strips of guinee pigs.

BC—=N H —'-‘T
FB\ Zb-ﬂﬁz—?ﬂa \: //C-CﬁgllliiCOOE
NH, H 2
Histemine Histidine
OH
NH2~§;§HCH29H2932—E§-GO
2
Arginine
H —N HT:a::
GH -CH ~CHCOOH CH, -~ =G Hee
J\ /l (E 3 X/ -CHz H. NECOGHzcﬁzNHz
OCH
I (3)~methyl bhistidine Angerine

Similerly, methylation of the imino group, es 1 (3)-methyl histidine and
enserine, destroyed the antegonistic action of the parent compound.
Nielsen (29) observed that the growth stimulaeting ection of

]3-alanine on yeagt wes eantagonised by fa ~gminobutyriec acid.

HoNCHp=CHpCOOH HzN;CHg-QH~CH2-COOH
NHg
fg-Alanine /3~Aminobutyric acid
HzN.GHQCHgsosﬁ

Teaurine
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In the =sbsence of P-alanine this acid had neither growth-promoting nor
growth-inhibiting sction. Teurine, [B-hydroxypropionic scid and
F-alanyglycine were inert. Nielsen and Johansen (30} concluded that

P -gminobutyric acid interfered with the synthesis of pantothenic ecid
from ﬂ-alanine by yeast cells. They found isoserine, but not y-methyl-
P-alanine, to have a similar sction and suggested that the antagonists
might actually be converted to inert compounds containing P-aminobutyric
scid or isoserine instead of P-alanine.

The similiarity in structure of F-alanine end propionic scid
suggested that propionates might owe their bacteriostatic end fungistatic
activity to a competitive interference with the synthesis or utilisation
of P-alanine or pentothenic escid. Wright snd Skeggs (31) studied the
comperaetive bacteriostatic activity of sodium selts of escetic, propionie
acids. The results indiceted that the bacteriostatic activity of sodium
propionste for E. coli was counteracted to a considerable degree by small
amounts of P-alanine. P-Alanine wes specific smong the zmino acids
end growth factors studied in showing this effect. Adenine, and to a
lesser extent biotin, functioned synergistically with sodium pronionste
in inhibiting the growth of E. coli.

The effect of P-a—thienylalanine (32,33), an isoster of phenyl-

alanine, upon the growth of Saccharomyces cerevisise, E. ¢oli snd certain
other micro-orgenisms has been reported by du Vigneaud end his co-workers

(%4,35) end by Beerstecher end Shive (36).
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H «CHwCOQOOH
g -
~-(H=-COCH
2
&5
S
Phenylelenine F-Z—Thienylalanine

Thienylelanine was inhibitory toward the growth of these orgsnisms, and
the inhibition was counteracted by phenylelanine. These investigators
found that as the concentration of phenylalenine in the medium wes in-
creased large smounts of thienylslanine were required to produce in-
hibition growth. Thus, thienylalanine was shown to sct s en "antiphenyl-
elanine"” for these orgenisms. Other emino acids, including tyrosine,
were ineffective in preventing the growth-inhibitory sction,

Beerstecher end Shive (36) studied the competitive inhibition of
phenylelenine utilisation in E. coli with P-hydroxyphenylalnine (37)
and P-z-thienylelanine, end the effect of phenylelanine and tryptophan
on this inhibition. The results indicate that tryptophan may be a prew
cursor of phenylelanine. /s-ﬂvdroxyphenylalanine elso inhibits competiw

tively the functioning of phenylelanine in Lactobacillus arabinosus 175

and in Streptococcus fecalis R, both of which require an outside source of

phenylelanine for meximum rate of growth. In sn attempt to determime how
tryptophen and phenylelanine were metabolically related, ﬁ—phenyl-
ethylemine, phenysulfuric acid, and phenylpyruvic acid were tested and
found to show no effect on the toxicity of thienylalnine or P-hydroxy-

phenylelanine either in the presence or sbsence of tryptophsn. Competitive
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inhibition of growth of e micro-orgenism results from the competition
of the =nelogue with & metebolite for specific enzyme, that the
analogue~wenzyme complex is inceapable of performing the normal funetion
of the metabolite, and that the growth of the micro-orgenism is a func-
tion of some product normally formed by the blocked enzyme, when this
system becomes & limiting factor (38). According to this concept,
Fa}wdroxyphenylelanine and F-..-thienylalanine block the utilisetion
of phenylelenine in a process essentiel to the growth of the orgenism.
Yuen end Li (39), pointed out thet exeminstion of the formula of thieny-
lalanine reveals & structural similarity to the sulfur-smino acid,
methionine., They suggested that thienylelanine might serve es a dietary
source of methionine,
H:,,G\ CHchB-?H-GOOH
NHg

--——0H2- H-COOH

Methionine -2-‘1'111 enylalenine

Since furen compounds sre isosteric with smalogous thiophene
compounds (40) Clerk end Dittmer (41) studied the effect of R-furyl.
slanine on the growth of micero-organisms and compared its ectivity with

that of ﬁ-z-thienylalanine.

H HT H
IB{IF\-/E——CHB-?;;COOH HCI\‘-}—CHZ—(K“I]I{;C OCH

/6 ~2-Furylelanine /5 ~2-Pyrroleslanine



They fournd thet phenylalenine was the most active emino acid for the re«
versal of the furylalenine inhibition of both S. cerevisise and E. coli
growth, This would indicate that furylelemine, like thienylalanine is an
"eantiphenylalanine" for these orgenisms. However leucine, isoleucine, and
tryptophan 8lso have an appreciable effect on the inhibition of yeast
growth by furylelanine. For the reversal of the inhibition of growth of
E., coli, tyrosine and tryptophan had & high degree of activity. This is
similexr to the effect that these emino acids have on the toxieity of
thienylalanine. Just in what way the emino acids which showed an apprec-
isble activity in counterecting the "entiphenylelenine" properties of
furylalanine, are related tc phenylelanine remains to be studied. Since
thienylalanine and furylalsnine have been shown to inhibit microbisl
growth presumably due to their structural similarity to phenylaelanine,
The corresponding nitrogen analog 13-2—pyrrolealanine was synthesised -
quite recently by Herz, Dittmer and Cristol (42) to correlete the struce
ture of amino acids with their biologiecal activity. These workers were
not sble to isolete Bw2-pyrroleslenine in & pure form. The crude product
was tested and found to inhibit the growth of S. cerevisiase and E, coli,
The inhibition was reversed by phenylalenine.

The mechanism of action of &ll drugs cannot be explained on the
basis of a direct entegonism. Nevertheless, it is apparent that simple
enzymatic reactions, the growth of miero~organisms, and the function or
response of verious tissues may be antagonised by mechenisms which are
strikingly similar. Consequently, it may mnot be unreasonable to assume
that tﬁis resemblance is more than superficial and that, for exemple, the
inhibitory action of malonic acid or succinic acid dehydrogensse, the

antibacterial action of pantoyltaurine, end the antagonistic effect of
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trimethyloctylemmonium chloride toward the action of acetylcholine on
smooth muscles are closely related phenomena. In each case the antage
onist appears to compete with the metebolite fdr an active center, or
receptor and in so doing blocks the mormel reaction, whether it be the
oxidation of suecinie acid, the growth of micro-orgenisms dependent on
the pantothenic ecid, or the contraction of a muscle under the stimulus
of acetylcholine. Since in meny respects this is a relatively new and
rapidly developing field, it is not possible to assess all implicetions
inherent in the broad concept of metebolic antegonists. However, as an
approach to the mechenism of sction of & number of drugs, as e guide in
the synthesis of new therapeutic agents, end as a means of evaluating
the normal mode of synthesis and function of metabolites in living cells,

the concept appeers to offer many possibilities as yet unexplored.
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RESEARCH AIM

Most of the metebolic antagonists reported in the review show
that reletively slight structural changes in meny biologically esw
sential amino ecids result in the formation of new compounds which
mey be metebolicelly antegonistic to those from which they are struce
turaelly derived. This gives encoursgement to the ides that possibly
better and more effective and useful entagonists are still undiscovered,
end that the sesrch for such products is a worthy endeavor,

Womack and Rose (43) have demonstrated in a convincing manner
that phenylalanine is esseﬁtial to growth in rets. They have also shown
that good growth is possible with a very limited inteke of tyrosine.
Tyrosine cannot replace phenylalenine, but whether phenylalenine cen be
converted to tyrosine in the normel intect organisms remains to be de~
termineds p-Aminophenylalenine has not been found in nature; &s en
emmono analogue of tyrosine it is not inconceiveble thet it may be
metebolised in s menner similer to thet of tyrosine and hence mey be ex=-
pected to be physiologically ective. Mattocks (44) synthesised in this
laborstory p-sminophenylelenine ethyl ester. Dr. Porter (45) made a
preliminary exmmination of this compound end observed that it stimulated

ecid production by Strep. fecelis, and that it would replece phenylslanine

and tyrosine (to a limited degree) with this orgenism but not with
L. delbruclkii. Through the courtesy of Dr. Porter, the results of microw
biologicel exesmination of pweminophenylelenine ethyl ester were given in
Teble II.

This observation encouraged the suggestion that a1l the isomeriec
eminophenylelanines be synthesised so that their biologicsel properties

may be comparede
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TABLE-NO II

Effect of p-Aminophenylsaslenine ethyl ester on Lactobacillus delbrickii.

end Streptococcus fecalis (45):

L. delbruckii Strept. fecalis
Medium Growth ml.ofo.IlNeCH Growth ml.ofo.oSNNaCH
* %k
(1) Bassl medium h & 12 IIE- 11.6
(2) » " compound
(Smg/ml.,
final
smount) 3 11,7 = 15.5
(3) = "(no phenyl=~
alanine)
compound x? 0.9 ~TFE 1l.4
(4) " " (no tyrosine)
compound % 1.3 I 5.95
(5) " *(no phenyle
alanine or
tyrosine)
compound +? 1.2 +? 2,5
Beagsl medium (not inoc-
uleted,
control) - 0.9 - 2.0

*Medium snd technique employed was that described by Stokes end
his co~workers (46,47).
**Degree of growth @s measured by turbidity
+2Questionsble growth
With L. delbriuclkij it looks like p-sminophenylalnine ethyl ester
will not replece phenylelenine or tyrosine oolumn (3,5), but is not

inbhibitory column (2). However with Strep. fecelis it may asctuslly
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stimulete activity some see column (2) in the complete medium, Treplece
phenylelanine (3) completely end tyrosine to & limited degree.

Tekaoki Sasski (48) wes sble to synthesise DL-phenylelenine by
ellowing glycine snhydride to0 condense with aldehydes to yield 3,6=

dielkylidene -2,5-diketopiperazine, which was converted by hydrolytie

cleavages into the ecid.

COo~1H d/pO—%NH
Cﬁ\z \H 2 2RCHO N R.CH= \ " >G#3HR HI+P >2R-CH2-§§—GOOH
NHv-ég/ NH—€0 #

Hidenosuke Uede (49) undertook the synthesis of the three sminophenyl-
glenine by the Sasaki method. The preliminary condensstion product of the
glycine anhydride with o-nitrobenzaldehyde yielded no free o-sminophenyle
elenine on reduction. While in the case of m~ and p-nitrobenzaldehyde, he
was able to get the corresponding aminophenylelanines.

Rissert (50) found that both o~ and p-nitrotoluens, but not menitrom
toluene take pert in a Claisenwtype resction with ethyl oxalate, forming
the corresponding nitrophenylpyruvic acid. The synthesis of o~ &nd p=-

eminophenylelenine was carried out by the following sequence of resctions:

3 H ,~0uC 00C
2 o
Nog §O0CHs S NO g ®
éOOCgHs
CHg-g-coo}{ CHz- Sgoox-z
CH NO2 —
. HOH E,NOH / NOg H, .
Pa 7
~GH-COOH

NH2 NH
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Possible methods for the synthesis of m-Aminophenylalenine are

indicated as follows:

CHO GHO H,0H
- >
HNO AL(0-1isoCzHr) NOg
stgts _

Cl

SOcla NO

m-Nitrobenzylmealonic ester is the common starting point for enyw

one of the three routes indicated below:

CHom=C00CoH HomG=COOH
A CHowCH(CO0C 2 ﬁ 2Hg o=
2-CH(CO0C 2H5) "~ Nog Ol
NaOCéH - HMH
_ 5 o NOp o N NO
0, TRONO ? 2 7 2
CHp~CH~COOH
BP

g

P4
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HowCH (COOC oHc ) CHg~Q~-COOH HowCH-COOH
2=C 2fs) {5 "I‘?QH .
RONO \ Ho N
(P HC1 ! Og Pa 7 NE,
CHpo~GH~COBr
HECH(GOOGZH5)2 p=CHoCOOH GH
CoHs0H -
HOH HV.Z. NOy, 7
2 7oy 7 02 —pr,(PErgIY
CHgwGH~COO0C sH
HouGH=C00C oH5 CHo~=C00C H 2§ 5
2R§r .§OH NH,
NaONO L Hg S
Og 7 NOp — Pd 4 o
HOH,
2 ~GH~COOH
Hg-.§_cooa g §H2
e
Ho S NH,,
Pa 7

NOo
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The evidence of successful results of Berry (51) in the nitro-
sstion of substituted melonic esters with sodium ethoxide end butyl
nitrite; and &lso in the nitrosstion of substituted melonic ecids with
hydrogen chloride snd butyl nitrite suggested thet c(-oximino-la-(m-nitro-
phenyl) -propionic acid might be conveniently expected by methods A =znd B,
respectfully. Experiments in these directions were performed, but the
products obtsined showed thet no reection had teken plece. Similsr results
were obteined in the attempts to prepere  —oximino- P-(-p-nitrophenyl)-
propionic acid. It was essumed thst nitrosstion feiled in the ceses of
m- snd p-nitrobenzylmslonic scids or esters due to the presence of nitro
groups; end these resctions were not further studied.

Lepercq (52,53) in 1893, reported that the resction of esters of
{~helogen ecids with sodium nitrite yields esters of o -oximino ecids.
Hamlin (54) wss able to get 65% yield of ethyl o{-oximinoceproste from
ethyl o ~-bromocaproete with sodium nitrite. This observation encoureged
the synthesis of m-eminophenyleslsnine ethyl ester by undergoing the
reections es outlined under C.

Weermen (55) prepared o-nitrophenylecetesldehyde from o-nitro-
cinnsmide by the Hofmann degredstion resction; &nd reduction of this
compound yielded indols. It wes thought to preﬁpre en indole derivative
such &s # lower homolog of tryptophen to study its physiologicel ac-

tivity by the following sejuence of resctions.

Hz S HCH(OC 2115%
©2 ® 2 — LO0CgHE .,




‘SH ————————— -gaCOOC éis ’gﬁ"ﬁ"c OOC 255
H(OC ) ~ HO O
Noz das 2 HOH ! 0o
He --CO0C oHg H;coocgﬂs
HO OH NH
HoNCH H 2
—_ T o N a2
v Og Pa >
H

Condensation of ethyl orthoformate with o-nitrotoluene was not
accomplished; the condensation of ethyl formete was tried but no re
action took place. It was thought the following type of reection might

take place

~CH,~(~CO0H Ho oo ~CO0H
2" CH(OC

0 HC (0C oHl5), 7 -0, Hsh

NO,
: —— ~~COOH
N
HNH 7 (00 Hg) Nom HOH
2 0 >

slkal ine 2
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Hewen(COOH H-COOH
HO NOH 2 2
NO, Hy
H

The condensation failed from the beginninge

Jenny (56) was successful in preparing the benzyloximino grouping
by allowing to reect benzylchloride acetoxine in presence of sodium ethw
oxide to form benzyloximinoacetone. Waters (57) was able to get 56%
yield of P-phenyl-°(-benzyloximino-propionic ecid by condensing
P-phenyl-b(—oximinopropionic acid with benzyl chloride in sodiun hye
droxide solution. Weaver (58) used sodium ethoxide solution =s the con~
densing egent, and got 66% yield. It wes found to try the condensation
of o(-oximino-P «{o~nitrophenyl) propionic scid with benzyl chloride by

the sbove two procedures to get the desired ecompound P-indolyl glycine,

—~CHp-g-C0CH . ~CH-G-C00H _
7 2¥6-5
0, G HOH,C1 -
— 7 HO accgog H f-COCH
Ll 5
HCOOC JH, Noy AR,
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Benzylation of o —oximino-P -(o-nitrophenyl)-propionic acid was
not obteined; so it wes thought to cerry out benzylation of & —oximino-
?--(panitrophenyl)-propionic scid ester to study whether the nitro group
on the phenyl nucleus was & hindrence. The same type of negative result
was obtained with p-isomer. Time did not permit further attempts =t the
condensetion of ownitrophenylpyruvic acid with ethyl formate and ethyl
orthoformete, snd the reaction of benzyl chloride with o(aoximino-ls-
(o-nitrophenyl)-propionic acide.

The reduction of p-nitrophenylpyruvic ecid ethyl ester formed the
expected p-sminophenyllactic ascid ethyl ester. The catalytic reduction
of o-nitrophenylpyruvic acid itself gives interesting results. In the
presence of acid, the product is salt of o-sminophenyllactic seid., In
neutrel solvent the product is od-indolecarboxylic =cid, undoubtedly

resulting from internsl anil formation as indicsated.

~CH g—COOH HBQgECOOH
‘Nog

Pd Ale Hel 7 NHHel

O0H g5, 7
N
H
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Indole reacts with ethyl oxalate to form ethyl P—indolylgly—
oxelate (59). It was expected that this o{-ketonic acid ester would
form an oxine, the reduction of which would give the hitherto elusive
’3 ~indolylglycine easter. The customary conditions for oxime formation
were tried but feiled to yield the desired product, and insufficient
intermediate did not permit further studies along this line. The re-
duction of ethyl P-indolylglyoxelate itself resulted in the formation

of the ester of P»indolylglycolic acid.

g ~CO0CSH
; 1 S
£00C tig . ’ I
CO0CoHg ~7
\1\./
5 "
NH_oH
2
- ~CO0C JH
H - H y 5-C00C
5 Yo 2
L o
v |
H
o - CH-CO0C 25
H, ‘ 2

During the course of this investigetion a study of the resca
tion of ethyloxslate with p~tolylarsonie acid, n(-and\?'-picoline wes
carried out under vsrying conditions, with the hope of obtaining
intermediates leading to the corresponding elenine derivatives, The

ethyl oxeleate condensation with these compounds to get the corresa
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ponding pyruvic acids was not successful.
It was thought interesting to prepare ethyl nitromslonete, and
to study its reaction with benzyl chloride, and compounds like o-, m=-,

and p-nitrobenzyl chloride to get intermedistes for the corresponding

phenylalenine derivatives.

CHp(COOCgHg), _ HNOg . NOp-CH(COOCgHg)p — CGHeCHACL . NOg-G-CHoCHg
7 (CO0C H,) 4,

HOH;A, -002 S GsHscHzag-COOH H2 CﬁHﬁCHzigTCOOH
2 2

Ethyl nitromalonate was obteined in encoursging yields, but the
reaction of its sodio derivetive with benzyl chloride did not give pure
ethyl benzylnitromalonete. Regretebly because of lack of suffiecient time,

this interesting end promising approach was not carried to a satisfactory

conclusion.



EXPERIMENTAL
O AMI NOPHENYLATANINE

o«Nitrophenylpyruviec acid:

H2~§~GOOCEH5

3 - zoocg

00CHy

How(=COOH
0
Og

HOH

A\

Meyer and Belle (60) first prepared ethyl o-nitrophenylpyruvie
ecid but did not mention the yield, Elkes et ol (59) followed this
method, end found that it was time consuming, end some of the product
destroyed during isolation. DiCerlo (61) showed thet ethyl ownitro-
phenylpyruvete which was formed during the condensetion of ethyl
oxelate with ownitrotoluene should be hydrolysed completely, end
then excess of ownitrotoluene removed by distilletion with stesam,
to get pure compound in & very good yield. His method was followed
in esrly experiments during this study and found elso unsetisfectorye.
After personsl correspondence with DiCarlo end following his suggestions
end undergoirg various modifications the following method was found

satisfactory:
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In a one-liter 3-neck flask fitted with reflux condenser, celcium
chloride tube, mechanicel stirrer end dropping funnel, was pleced 160 ml.
gbsolute etheanol, in which was dissolved completely 13.8 g. (0.6 mole)
of sodium. Then with the contents of flask kept at 0-50 by means of an
ice~sslt bath, was added over a period of thirty minutes a mixture of
82.2 g¢ (0.6 mole} of o-nitrotoluene, =nd 86.6 g. (0.6 mole) of ethyl
oxalate. The resction mixture was stirred at that temperesture for 3 hours
more end was then sllowed to stand at room tempereture for about 15 adw-
ditional hours. The resction mixture was then rafluxed on a water bath
for 30 minutes, and to it was added 350 ml. water, and the whole refluxed
for 4 hours, then allowed to stend overnight. During this period the
solution changed color from dark brown to faint yellow, and separested
into two layers. The solution was distilled with steem; the recovered
o~nitrotoluene weighed 13 g. The flask wes stoppered and placed in an
ice~selt bath, end to the contents was added very carefully and with
vigorous sheking cold conc. HCLl. As the acid was added, 0il begen to
separate and then to crystellise; the light yellow crystalline product
separated was chilled in the ice~box till the supernatent liquid was
cleesr. The product was trensferred to sintered glass funnel, leaving
in the flask the dark brown decomposed mess. The crystalline yellow
product was washed with weter thoroughly, and then dried. To this wes
added hot toluene to remove conteminating impurities. The product thus
obteined weighed 88 g. and melted at 1170. It was teken vp in hot 40%
ethanol, purified with chercosal, the solution filtered and the product

gllowed to erystellise. The product weighed 84 g., yield 79.6% based

o
on o-nitrotoluene not recovered, and melted at 121 . The reported melt=

O
ing point for o-nitrophenylpyruvic acid is 119-121 (61).
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C(y_gzimino —ﬁ9L (o-nitrophenyl) - propionic acid
I

H -G~COOH

H -%-COOH
2 OH
NCH.HC1 >

NOo a0Ac

A modificetion of prepsring oximes of ={~keto acids outlined by Shemin
and Herbst (62) was asdopted. In 600 ml. besker 16.72 g. (0.08 molse) of
o=-nitrophenylpyruvic acid was'dissolved in 80 ml., of 50% slcohol. To
this was added & solution of 16.98 g. (0.12 mole) of sodiun acetaste and
8434 go (0.12 mole) hydroxylemmonium chloride dissolved in 80 ml, of
50% elcohol. The slightly slkeline solution was warmed on steam bath
for sbout 10 minutes and ther was kept at room temperature over a
period of 20 hours. The reaction mixture was now cooled et 0-50 and
mede scid to Congo red with dilute HCl. The solution was themn diluted
with excess of water to force out the oxime and was kept in the ice
box overnight. The beautiful white needles were precipitated at the
bottomes The product was filtered, washed with water till free from
chloride, and dried, the yield was 15.8 g. melting at 159.50. The
product after recrystellisation from 30% ethanol and decolorization
with chercoal, weighed 14.0 g., 78.12% of that theoreticelly calculated.
The recrystallised product nmelted at 1610. This velue agreed with that
found by Rissert (63) while Neber and Huh (64) reported l‘?l0 Me Do
Neutrel equivalent; celculeted for CglgOgNg 224; found 225.6 and 225.3.

Preparation of palledium charcoel catalyst: The procedure of Hartung (65)




31

wes followed. To 3 g. of nucher was added 0.3 g. of palledium chloride
crystals. This mixture was placed in a bottle and 100 ml. of 50% slcohol
was edded. The bottle was fitted to the Parr hydrogenator (Parr Instru
ment Co. Inc.). The sir was removed by evacueating the bottle, filling
it with hydrogen and repeeting the process st least four times; then
left an stmosphere of precticslly pure hydrogen keeping @ pressure of
30 1lbs/sq. in.

PaClp—+ Hy — Pd | 2 HO1
When the upteke Gf hydrogen had ceased the bottle was removed, and the
contents filtered on a suction fummel. The pslladinized charcozl wes
washed thoroughly with 95% alecohol, and then with ether. Cere must be
teken to avoid sponteneous ignition of the material. The catslyst when
nesrly dried was pleced in a vecuum desiccator over concentrated sule
furic escid. After standing overnight it wes ready for use.

o-Aminophenylelenine dihydrochloride:

~C ~COCH
H2 OH Ho .

~CH ~COCH
2

' -gggﬁcl

Og Pd

'I*éHCl

To 2,24 g. (0,01 mole) of L~oximino-j3 =( o=nitrophenyl)-propionic scid
dissolved in 100 ml. of 50% &lcohol was added 5 ml. of 36% hydrochloric
scid end the previously prepared palledium~charcoal catslyst. The reducw
tion was carried out in the Perr hydrogenator at a pressure of 50 lbs/sq.
in. until the theoreticel quentity of hydrogen 1120 ml. wWes teken up
during a period of 4% hours. The rate of hydrogen absorption was folloW-
ed by observing the fsll in pressure on & gauge previously calibreted

4 1bs =1000 ml. The ceatelyst wes filtered off, the filtrate was conm
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centreted under water pump. As the solvent was removed, the white crystel.
line product wes left suspended in water, When 811 the alcohol wes removed,
the product in weter suspension wes chilled in the ice box. The flocculent
white precipitates were settled down &t the bottom. The product wes file
tered end dried, 1.8 g. (71.1%) of slightly pinkish white crystals of
O<~amino-fB-(ouaminophenyl)-propionie acid dihydrochloride was obteined.
The compound melted at 204o with decomposition and gave xenthopetric rew~
ection test. Nitrogen: calculated for 09H1402N2012 11.06% found, 10.37 =nd
10,91%,

o~Aminophenyllsectic acid hvdrochloride:

Hzﬂ%FGOOH VHZHCl
. Pd N
(4] H (H") 7 Ho=CH-CO0H
2 ) o

It was thought that during reduction of o~nitrophenylpyruvic scid, if the
emino group es formed by reduction of the nitro group was protected &s
emine hydrochloride salt, then cyclisation would not teke place. This re-
action was carried out in the presence of hydrochloric acid solution, and
was found truee.

To a solution of 2.09 g. (0.0l mole) of o-nitrophenylpyruvic acid
in 100 ml. of 50% elcohol was added 1.5 ml. of 36% hydrochlorie acid and
% g. of 10% pslledium charcosl catelyst. The calculated quentity of hydro-
gen wes taken up by the compound within & period of 5% bhours. The reasction
mixture was filtered to remove the catslyst. The aleohol was removed under
reduced pressure. The yield of o-sminophenyllactic acid hydrochloride,
purple color crystelline product, was 1.5 g. (69.1% theoretical). The
product melted at 180o with decomposition. Nitrogen: csalculated for

GgHyq OgN-HCL 6.43%; found 6.58% end 6.55%.
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C*L-Indolecarbq;ylic acid:

Hzg..coorx
Hy
NOg Pd

W

OCH

o«=Nitrophenylpyruviec acid has been converted into of~indolecarboxylic
acid by chemicel procedures (59,66,67,68,69,70) but not by catelytic
methods. It was thought that o-nitrophenylpyruvic acid would eyclise

and give ol~indolecarboxylic if sheken in neutrel solution in esm ate
mosphere of hydrogen with the catalyst. To & solution of 2.09 g.

(0.01 mole) of o-nitrophenylpyruvic acid in 100 ml. of 50% zlcohol was
added 3 g. of 10% palladium chercosl catalyst. The hydrogenstion weat
smoothly %o the calculated end point within 3 hours. Treatment of the
reduction product in the ordinery memner yielded 1.2 g. (73%) ~indolew
carboxvlic acid, The product melted at 2040 with decomposition. This

)
compound is reported to melt st 202-204 (%0).

Indole:

=CO
OO0H 2

Y

In the literature verious methods have been described for the preparation
of indole direetly or indirectlyj these will not be reviewed here., Accord-

ing to the method of Elkes et sl (59) 16.4 g. (0.1 mole) of pure
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c(-indolecarboxylic ecid was pleced in a 250 ml. round bottom ground

gless flask fitted with a long sir condenser. The product wes heeted on
o
2 sand bath keeping temp. 240250 for a period of 5 hours, till decar-

boxyletion was complete, The derk colored licquid left wes then cooled,

and distilled under reduced pressure from a modified Claisen flask. The
o
colorless liquid distilled et 140-143 =2t 8 mm. pressure. The distillate

collected weighed 7.4 g. (63.2% theoretically caleculated), and solidified

o
on cooling. The product melted et 51 and possessed an intense fecel odor.

Ethyl §.. indolylgloxalate:
1

i gooczn5 Na00 i l g-—cooczﬂ5

H

According to the method of Elkes (59}, in & 500 ml. 3 neck flask fitted
with reflux condenser, calcium chloride tube, stirrer emnd dropping funnel,
was placed 50 ml, of absolute ethenol, in which was dissolved 4 g
(0.174 mole) of sodium. The contents of the flask were cooled by ice-salt
bath, and to them were added over a period of 20 minutes 10 ml. of pyri.
dine (dried over BeS) end & mixture of 11.7 g. (0.1 mole) indole dissolved
in 10 ml. sbsolute ethanol end 14.6 g. (0.1 mole) of ethyl oxalete. The
solution was stirred for one hour on cold bath with exclusion of moisture
snd then refluxed for four hours on a water bath, cautiously at first
because of frothing. After the reaction was complete, slcohol wzs removed
under reduced pressure and then the residue wes neutrslised while stirring

with cold 2 normel HCl. A brown crysteliine product precipitated, was
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Filtered, end weshed with weter, and then with ether to remove the tarry
impurities. The product wes dried in & vacuum desiccator over conc. H2$04.
On recrystesllisation from slcohol the product obtsined weighed 2.0 g
(41.4% theoretically celculated) end melted at 178" the velue sgreed

with that of Elkes (59).

BEthyl rﬁ-indolylglycolate:

~CO0C Hig ~0008 A5

o=
=

To 2.7 g. (0.01mole) of ethyl F-indolylglyoxalate in 100 ml. 70%

eth&n'ol A~ ~AATAA N Ty L i B e A Y P | PR S P M S o sl das

* To 217 5. (0.0lmole) of ethyl P-indolylglyoxalate in 100 ml. 70%
was sheken in en etmosphere of hydrogen at a pressure of 50 1lbs/sq. in.

for 2 hours; there was found no sbsorption of hydrozen; the cetalyst
was filtered, end to the filtrste was added 0.1l g. of Adems's pletinum
oxide catelyst (American Pletinum Works) and was sheken in the etmos-
phere of hydrogen. The theoreticel quantity of hydrogen was teken up in
3 hourse The catelyst was filtered, elcohol wes removed under reduced
pressure., The product was found oily suspended in water, on cooling it
was crystallised. The product was extracted with ether, ether was
eveporated and brown crystelline product 1.84 (83.8%) wes obtained.

Nitrogen: celculsted for C, H .0, N 6446%; found 6.29% and 6.33%.
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Attempted prepsretion of oxime of ethyl S-indolylglyoxelate:

P-~indolylglyoxselate:
[
~C00C oHg |
NH ;OH . HCL — i =C00C2Hs
\ OH
’ /
H H

In = 250 ml., beaker 4.34 g. (0.02 mole) of ethyl /B—indolylglyoxalate
wes dissolved in 20 ml. of 75% ethanol. To this was 2dded a solution of 4.34 g.
(0.02 mole) of sodium acetate and 1.39 g. (0.02 mole) of hydroxylemmonium
chloride in 20 ml. weter. The resulting bomogeneous mixture wss kept ot
room tempereture over a period of 20 hours. Then the reaction mixture was
cooled at 0-5o end escidified with dilute HCl. The white crystelline product
precipitated out et the bottom, which wes filtered snd dried. The product
did not melt end proved to be an inorganic salt. The filtrate was concentreted,
and extrected with ether. The ether was removed, and the product thus cbteined,
melted at 1'76o showing ethyl /3~indolygly0xalate, and no oxime formetion took
place. The resction was repeated using sodium hydroxide insteed of sodium

acetate, but the results were not encoursging. The lack of sufficient meterial

did rot permit edequate study of the desired oximetion reactions
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m=-fminophenylalanine
The successful synthesis of m-aminophenylalanine largely depends
on the preparation of the intermediate oxime. The cese of nitrosation
of malonic acids end esters pdinted m-nitrobenzylmalonic ecid and ester
es a source of the desired oxime and the synthesis by these routes was

undertaken.

Prepaeration of m-nitrobenzesldehyde: Following the procedure of Heymen (71),

concentrated 700 ml. sulfuric acid was teken in a two liter 3 neck flask
fitted with reflux condenser, stirrer and separatory funnel, and surw
rounded by ice-salt bath. To the cooled sacid was added very carefully
300 ml. fuming nitric ecid, the temperature during the sddition was kept
5-100. Then 212 g. (2 moles) of benzsesldehyde was added very cerefully
over a period of 2 hours with continuous stirring to the nitration mix-
ture keeping the temperature 10-150. After the addition of benzeldshyde
was complete, the stirring wes continued for one hour mecre, end then the
reaction was trensferred to the crushed ice in a S«~liter besker. As the
ice was melted, more ice was supplied. The granuler yellow product pre-
cipitated was chilled for about 1 hour till completely settled down at
the bottomes The product was filtered through & sintered gless funnel

end washed thoroughly to remove the unrescted benzaldehyde. The product
was sucked dry, and was teken in 95% elcohol, and treated with charcoal.
The hot sglcoholic filtraste was chilled overnight, yellow crystelline
product was obtasined, the yield was 165 g. From the filtrate on further
cooling, more product was obtained. The totel yield was 190 g. (62.9%) ,

o
melted at 5845 , the velue agreed to that of Lippmenn (72).
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Preparation of sluminium isopropoxide: According to the directions of

Wilas (73), 27 é. of aluminium previously clesned with emery paper, to

it was added 300 ml. of isopropyl elcohol (dried over calecium chloride
end distilled et 830) end 0.5 g. mercuric chloride. The flask was fitted
with spirel Hinsburg condenser, with cslcium chloride tube. The solution
was allowed to reflux on the hot plete, after % hour, added 4 ml. of
carbon tetrachloride through the condenser, The sluminium required 7 hours
$0 go completely in solution, then the solution was refluxed for 2 hours
more. The hot solution was transferred to the Cleisen flasks. First slcohol
wes distilled under reduced pressure. The distillate was collected at
140--142o at 8 mm. pressure. The yield was 162 g. (78.8% theoretically
calculeted). The molten aluminium isopropoxide was transferred into

wide mouth amber colored bottle, and the bottle was sealed with pereffin
to exclude moisture.

Preparstion of me~nitrobenzyl alcohol: Becker (74) and Thorp & Wildmen

(75) prepared m~nitrobenzyl alecohol from corresponding aldehyde by
Cannizearo reaction; but the yield was low due to equal smount of forma-

tion of alcohol and corresponding acids

HoOH
HO 2

Og

0o
Reduction with eluminium isopropoxide asppesred to be the versatile
resction for the preperation of me-nitrobenzyl alcohol in fairly
lerge yield. In 200 ml. of isopropyl aslcohol, 60.4 g. (0.4 mole) of
m~nitrobenzylaeldehyde was dissolved, end the solution was trans-
ferred in a 2-liter 3-neck flask fitted with Allihn condenser and

with 8 stirrer. The solution was refluxed on the oil bath, and to it



38

was sdded 14 g. (0.068 mole) of aluminium isopropoxide snd 300 ml. of
isopropyl alcohol. The solution was allowed to reflux for 8 hours,
keeping the temnerature of the oil bsth et 1100. During this period
acetone as formed, wes distilled off snd more isopropyl elecohol was
supplied. The refluxing was continued for 2 hours more till the disw
tillste did not give the test for acetone with 2-4 dinitrophenyl.
hydrazine reagent. Most of the remsining elcohol was removed under
reduced pressure, the residue wes cocled end hydrolysed with cold
dilute HCl. The oily lsyer separsted was extracted with ether, then
the ether extracts were mixed and treated with 10% sodium bisulfite
solution to remove unreacted sldehyde. The ether extract was washed
with water, and dried over enhydrous sodium sulfate., Ether was re=
moved, and the residue was distilled under reduced pressure. The colorw
less distillate was collected st 181~185o at 6mm. pressure, snd it
solidified on cooling. m-Nitrobenzyl aleochol thus obtained was 42 g.
(68.6%), end melted at 27° which agreed with the melting point 270,
reported by Becker (74)a.

Preparation of m-nitrobenzyl chloride: In = 500 ml, two.neck flask

fitted with 2 dropping funnel, and reflux condenser sttached with a
gas ebsorbing trep, was placed 55 g. (036 mole) of m-nitrobenzyl
elcohol, this was heated on a water bath and during the course of

% hour, 59.5 g« (0.5 mole) of thionyl ehloride wes added drop by
drope The solution was then refluxed for 3 hours, till the reaction
was complete. EXcess of thionyl chloride was distilled, end the dark
liguid residue erystsllised on cooling. The product was dissolved in
95% elcohol end treated with chercosl. The clear filtrete was poured

in water, which crystellised on coolings The dark, shining, crys—
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telline product wes filtered, end dried in = desiccetor over conc.
HySO4e The product wes irriteting to the skin, it weighed 51.0 g.
o
(82.6%), end melted at 47 s Which egreed with the melting point
0
45«47 , reported by Norris (76).

m_Nitrobenzylmalonic ester:

CHgCL HoCH(COO0C oHg ) o
Na~CH(COOCgH5) 5
4

Og Og

Gulland (77) obteined a mixture of ethyl m-nitrobenzylmelonste
and ethylbisw(menitrobenzyl)-malonate by sllowing m~nitrobenzyl chlore
ide to react with socdio-melonic ester. It was thought by using highly
diluted reagents and a large excess of sodio-melonic ester only the
mono=substituted product might be obtained, and this method was used,
In a 500 mle. 3-neck flesk fitted with reflux condenser stteched with
celeium chloride tube, stirrer end separatory funnel was placed 60 ml,
of absolute ethanol, in which was dissolved 2.3 g. (0.1 mole) of sodm
iume To the boiling sodium ethoxide solution were edded over a period
of ope hour 48 g. (0+3 mole) of ethyl melonate (distilling 97—990 at
6 mm.) end 17.15 g. (0.1 mole)of m-nitrobenzyl chloride dissolved
in 15 ml. ebsolute ethenol. The solution was refluxed for 4 hours,
excess of slcohol was removed, end the residue was acidified with
dilute HCl, the oily leyer which sepsrated was extracted with chloro-
form, chloroform was removed on steem beth, and the residue was dise

tilled under reduced pressure. The forerun consisted of chloroform
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and ethylmalonete, end the finel distillate consisted of a psle

o
yellow liquid which was collected at 140-141 at rm. pressures.
The yield was 17,0 g. (57.6% of the theoretical emount). Nitrogen:

cel . H . : . Yoe
slculated for Clath 0N 4 74%; found 4.66% end 4.69%

m=Nitrobenzylmelonic acid:

H_CH(COOH)
, HEQH(0006235)2 2 2

HOH
KOH

J

In 80 ml. of 50% ethanol were dissolved 15 g. (0.051 mole)
m-nitrobenzylmelonic ester end 7.5 g. of potessium hydroxide. The solu.
tion was refluxed on weter bath for 3 hours. Alcohol was removed, and
the dark aqueous solution remsined which wss seidified =t Oo, with conc,
HCl and then extrescted with ether. The ethereel extract wes dried
over snhydrous sodium sulfate, and then ether was removed, leaving
behind the residuel m~nitrobenzylmslonic acid. The product was recrysm
tallised from 30% ethanol by treating with charcosl. The colorless
crystelline me-nitrobenzylmalonic acid thus obteined, Weighed 8.5 ge
(714), end melted st l'70o with decomposition. The velue agreed with
thet reported by Gullend (77).

Attempted nitrosetion of m~nitrobenzylmelonic ester: According to the

directions of Berry (51), in a 500 ml. 3~-neck flask equipped with
stirrer, reflux condenser and dropping funnel was placed 50ml. of

sbsolute ethanol, in which was dissolved 0.78 g. (0.034 mole) sodiume
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The flask was cooled by ice=salt bath, and to the sodium ethoxide
solution wes sdded with stirring 10 g. (0.034 mole) mwnitrobenzyle
melonic ester over 20 minutes; the color cheanged to cherry red. To
this resction mixture waes added 5.2 g. (0.051 mole) of butylni-

trite (78), end the solution was stirred for % hour more, end then
the water bath was heated to 750 end stirring continued for 15 mine
utes more. Alcohol was removed, and the solution was cooled snd acidi-
fied with cold dilute HyS04. The oily layer separeted was extracted
with ether; the ethereal extrsct was sheken with 10% NeOH solution to
extract the expected oximino compound. The alksline extract was heated
for<% hour to hydrolyse eny free ester remaining. Now the solution
was ecidified with cold dilute HpS04, the dark brown terry mass was
isolated whieh feiled to give any definite crystelline product, =md
was not further characterised., The experiment was repeated using
isopropyl nitrite instead of butyl nitrite, but the results were no
more encouraging.

Attempted nitrosstion of m-nitrobenzylmalonic acid: Agein, following

the directions of Berry (51), in a 250 ml. beaker surrounded by icew
selt bath, 4.78 g. (.02 mole) of mwnitrobenzylmalonic acid was dis-
solved in 20 ml. ether. To it was added 4.5 g. (.04 mole) of nwbutyl
nitrite with stirring and dry HCl gas was slowly pessed beneath the
solution over a period of 20 miputes. The reaction mixture became

deep brown in color, ether was removed, and & dark brown product was
obtained. It was recrystellised from elcohol and the product melted

at 1490. This compound conteined 8,3% nitrogen on =malysis. Celculeted
nitrogen for me-nitrobenzylmelonie acid, C;,HgOgN, 5.91%. Caleculeted

nitrogen for m-nitrophenylpropionic ecid, CyoHgO,N, 7+26%s This sug-
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gests that nitrosation, if it took place at ell, proceeded only par
tially. This resction was not further investigated.

m-Nitrophenylpropionic eecid:

H,CH(COOC H,) 5 H o~CH 5~C 00H

HOH
02 - 002 4 02

In one liter 3-neck flesk equipped as ueusl, was placed 20 ge of
KCH dissolved in 100 ml. of 80% aleohol, the flask was heeted on the water
bathe To the hot alkeline solution was added graduelly 56.2 g. (0.2 mole)
of me-nitrobenzylmalonic ester over & period of 40 minutes by continous
stirring. The solution was refluxed for 16 hours, water was added to
the mixture during this period 2s required to prevent solidificatione
Alcohol was removed under reduced pressure. Then the aqueous solution
was heated for 3 hours on the o0il bath at the temperature of 170~1800.
The solution was cooled, and was transferred in a beaker surrounded by
an icemsalt bath, sbout 200 g of crushed ice was added to the mixture,
end cold conce HC1l was sdded drop by drop with continous stirring.
During the course of sddition of the acid, some potassium selt of the
acid was separated, but redissolved on further addition of the acid,
then the mixture was made acidic to Congo red. The oily leyer which
separated was extracted with ether. The ether extract was dried, the
ether was evaporsted, leaving e syrupy liquid which was dried over-
night in the wvacuum desiccsetor. The product was recrystellised from

elcohol end trested with charcoel. Besutiful white erystalline
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-m-nitrophenylpropionic acid thus obteined, weighed 22.5 g, (62%)

o
end melted at 118 , this velue agreed to that reported by Grabiel and
Steudemann (79).

O(-Bromo-lﬁ—(m—nitrophegl)u.propionic acid ethyl ester:

pH sw=(H —COQH ~CH=C 0Br
HVeda
O\, BrleBrsj > O C Hz0H
2-QH~00002H5
Br
O

The procedure of Zelinsky (80) snd adopted by Hemlin (54) was
followedy 18.1 ge (0.2 mole) of -~me~nitrophenylpropionic acid was
dissolved in 20 ml, dry benzeme. The solution was placed with 0.93 g.
(+03 mole) of phosphorus in 500 ml, three neck flask provided with a
stirrer, reflux condenser attsched with a gas trap, and separatory
funnel. To the reaction mixture was added stirring very carefully'

10 go (0.2 mole) of bromine., The resction was carried out by heating
on & water bath at '70--800 for 4 hours, till no more bromine vapour
came off« The acylbromide thus formed was cooled, end to it was added
30 ml. of shsolute ethanol over a period of 15 minutes. After the
eddition of eleohol was complete, the reaction mixture was warmed on
a water beth for half en hour. Then the mixture was transferred to the
geparatory funnel, the ester layer separsted wes washed three times

with weter, end dried over anhydrous sodium sulfsate. The solution

~



Was distilled under reduced pressure. The clear distillate of > ~bromo-

. . o
F-(m—-nltrophenyl)-proyionic acid ethyl ester was collected at 129-132/
12 nm. The yield was 19.2 g. (63.4% theoreticslly calculated). Bromine;

celculated for CyqH, ,0,BrN 27,77%, found 26.98% and 26.94%.

°(50ximin0~}3w(m»nitrophenyl)npropionic acid ethyl ester:

- HomGuCO0G ofl
Hy Eﬁ‘cmczﬁs 2 fog oS

o ZNaNOz X NaBr-kNaNOs

Og
05

According to the directions of Hemlin (54) in 500 ml, Erlenmeyer
flask, was placed & solution of 17.28 g. (0.051 mole) of Q(-bromo-Pu
{m-nitrophenyl)~propionic acid ethyl ester in 70 ml., of 95% ethyl alcohol.
To this was edded with stirring & solution of 24.8 g. (0.36 mole) of sod-
ium nitrite dissolved in 80 ml, watere The resulting homogeneous mixture
was allowed to stand at room temperature for 8 days with occasional sheke
ing. The white crystelline product was seen precipitsting out, =llowed
it to stand for 4 days more. The crystalline product obtained was filtered,
end dried, the yield was 2.4 g. Recrystallisstion from alcohol, the product
obtained, weighed 1.9 g. (15.6%) end melted st 920. Nitrogen: calculeted
for CyqH; 505N, 11.11% found 10.94% and 10.91%.

meminophenylslenine ethyl ester dihydrochloride:

H —§»00002H Hp-GH-CO0C ol
2 5
e »szﬁm
Hy .
0y Pa 7 NHHC1

To-1.26 g. (0,005 mole) of o<~oximina-ﬁ-Jnhnitrophenyl)~propionic
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acid ethyl ester dissolved in 80 ml. of 70% slcohol was sdded 245 ml, of
%6% HC1 and 3 g. pallsdiumecharcosl ceatalyst. The mixture waé sheken in
hydrogen at a pressure of 50 lbs/sq. in. end theoretical quentity of
hydrogen was absorbed in 3 hours. The mixture was filtered to remove the
coatelyst, and the clesr filtrate was concentrated under reduced pressure,
leaving e deep yellow color solution ebout, 3 ml., to the hot residusl
solution was added isopropyl ether, end 2 yellow crystslline product was
obteired on cooling. The product was filtered end dried, 0.9 g. (64.1%)

of the ethyl ester of m~=minophenylalanine dihydrochloride was obtained.
The cryvstals were yellow, =nd melted at 2270 with decomposition. Nitrogen:

celeulated for Cj By 0sNpe ZHCL 9.96%; found 9474% end 9+77%.



p~AMINOPHENYLALANINE

Erlenmeyer and Lipp (81) nitrated phenylelenine =nd obteined the
p-nitro compound in rether low yields. Reduction of this compound gave
p-eminophenylelenine, Friedlender (82) obteined p~sminophenylelanine by
reduction of p-nitrophenyl- o{wnitrosecrylic scid.

p-Nitrophenylpyruvic acid ethyl ester: Wislicenus esnd Schulz (83) were

eble to get 79% yield of p-nitrophenylpyruvic acid ethyl ester by allowe
ing p-nitrotoluene to condense with ethyl oxeslete in the presence of
sodium methoxide. Mettocks (44) followed their method end duplicated
their results. However, since these previous workers did not obteain the
stable ester, the method is given in detail.

In 2 one liter~3«neck flask fitted with mercury sealed stirrer,
dropping funnel and reflux condemnser to Which is attached a celcium chloride
tube, was pleced 100 ml. of methenol, in which 6.9 g. (0.3 mole) sodium
was dissolved. The flask was kept in ice-salt bath at 0-50. To the sode
ium ethoxide solution were added over a period of half an hour 43.8 g.
(0.3 mole) of ethyl oxelste and 4l.1 g. (0.3 mole) of powdered p=nitro-
toluene. The rezction mixture began to chenge color to bright red after
2 hours stirring, end the stirring wes continued for 3 hours more; it
was then sllowed to stend overnight at room temperature. The reaction
mixture was turned to dark red end & red crystalline product hed settled
out. The entire mixture was trensferred to the sintered glass funnel,
and the crystels sucked dry, end washed on the funnel with absolute
ether to remove unreacted material., The product was dried in & disccator

over calcium chloride. This dark red product was the sodium salt of the
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Quinoid form of ethyl p-nitrophenylpyruvaete end the yield wes 69 g.
?Wenty five ge of the sodium selt wes added with stirring to boiling

30 ml. glacisl acetic acid. The cleer red solution thus obteined was
trensferred into 500 ml. weter, whereupon besutiful flocculent yellow
crystells precipiteted out. The product wes filtered washed with water
end dried; the yield wes 20.5 g. and the crystsls melted ot 1040. On
recrystallisstion from aleohol, the product weighed 18.0 g. (71.2%) end
melted et 106", Previously recorded melting point 106O (44). contrery
to the observetions of Mettocks, this keto ester was found stsble at

least half & yeear without seny visible chenge in physical properties.

pnAminophenyllactic aclid ethyl ester hydrochloride:

qaz..%.acooc 2Hs Hg-%zé-cooc oHg

0, 01

In 80 mle. 95% ethenol conteining 1.1 g. 36% hydrochloriec acid,
was dissolved 2,37 g. (0.1 mole) of pm-nitrophenylpyruvic aseid ethyl ester,
and to the clesr solution was added 3 g. of 10% pelladium-chercosl cetelyst.
The reection mixture was reduced a&s usuel., The calculated quentity of
hydrogen was tsken within 3 hours. The catelyst was filtered, slcohol was
removed from the filtrate, leeving oniy 5 ml, of solution. On the addition
of isopropyl ether to this hot solution a brown crystslline product pre-
cipiteted, which filtered and dried giving 1.8 g. (73.3%) of ethyl ester
of p-aminophenyllactic acid hydrochloride. This melted at 1420 with dew
composition, Nitrogen: cealculated for C,.H, O, N.HCL 5.72%; found 5¢63%

1171573
and 5.65%



p:Aminophenxllactic acid:

cng-ig-cooc oHg

KOH

<

HC1 Ho

In 20.m1. of 20% ethemolic KOH solution was dissolved 4.9 g.
(c.02 mble) of paaminophenyllaotic‘acid ethyl ester hydrochloride, sand
the solution refluxed for 4 hours, till hydrolysis was complete. The
solution was cooled, and acidified with cold dilute HCl, a beautiful
feintly yellow product was obtained. Reerystallisstion from 70% alcohol
gave 2.8 g. (76.5%) of p-aminophenyllactic acid, which melted at 188° o
This velue sgrees with that reported by Wislincenus end Schulz (83).

©{~0ximino~ Pu(punitrophenyl) ~propionic acid ethyl ester:
[} >

In the preparstion of oxime verious modifications under different
conditions were tried, and it wes found that oxime could be obtained in
good yield from the sodium sslt of the quinoid form of p-nitrophenyle
pyruvic scid ethyl ester instead of from the free ester if necessary
preceutions sre observed. In 400 ml., besker, 23.1 g. (0.1 mole) of the
sodium selt of the quinoid form of p-nitrophenylpyruvic scid ethyl ester
was dissolved in 50 ml, methasnol, and to the solution, wermed on the weter
beth, was added 20 ml. glacial acetic acid. The resulting clesr, deep
red colored solution was mixed with stirring with 13.8 g. (0.2 mole)
hydroxylemine hydrochloride and 27.2 ge. (0.2 mole) sodium acetate dise

solved in 100 ml. water. The reaction mixture wes tramsferred to a one-

liter Erlemnmeyer flesk, if eny oily liquid wes left it was dissolved
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by edding sufficient quentity of methenol. The solution wes then sllowed to
stend with occesionel sheking, at room temperature for 3 hours and was
then pleced in the ice box overnight, when yellow needles precipitated.

The product was filtered, washed with weter and dried. On recrystallisation
from alcohol 20.4 ge (80.9%) yellow crystalline =<poximino~f5-(p-nitro~
phenyl)-propionic acid ethyl ester was obtained, which melted at 1630.

°<r0§?Min0-!3-(p-nitrophenyl)~propionie acid:

{0005 Nl

4

HCH

0p 02

In 15 nml., of 95% ethanol was dissolved 7.56 g. (.03 mole)
e{ngimino-fia(p-nitrophenyl)-propionic acid ethyl ester, and to it was
edded 25 ml. of 10% sodium hydroxides. The solution was refluxed for
4 hours, end then the dark red solution was cooled and acidified ﬁith
cold concs HpS0,. A yellow crystalline product precipitated, was filtered
and driede On recrystellisation from elcohol by treating with charcosal,
yellow erystals of o(poximino-fB-(pqnitrOPhenyl)-propionic acid were obw-
tained weighing 4.5 ge (67%) eand melting et 1270. The neutrzl equivelent
of the rcid was obtained by dissolving in 60% hydro-slcoholic solution
and using phenolphthelein &s an indicetor. Neutrel equivalent: calculated
for CgHgOsNp224; found 222.5 end 222.8.

Reduction of O<7oximino-f3~(p~nitrophenyl)-propionic acid and of
the ethyl ester was carried out with palladium chercoal catalyst, but

found the rete of absorption of hydrogen waes very slow, and as the
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reaction becsme sluggish, extra palladium chloride was added but without
effects It was obvious thet a different ceteslyst was needed for the reduc-
tion of these compounds, so & mixed catalyst platinume-palladium was prew
pared'sccording to the directions of Iwamoto snd Hartung (84).

Platinumepallsdium mixed catalyst: Iﬁ 250 ml. of normsal sodiun acetate

solution, 0.1 g of palledium chloride, 0.05 g. of chloroplatinic acid
and 3 g. of nuchar were suspended. The mixture was sheken in ean atmos-
phere of hydrogen until ebsorption was complete. The catalyst was file
tered off, washed with sleohol, end then with ether, and then dried over
conc. sulfuric scid in desicecator overnight before use.

p~Aminophenylalenine dihydrochldride:

HziﬁS§OOH

H-COO0H

oHC1

H

Pd-pt 7
0z HoHCL
To 224 g. (001 mole) g(—oximino-P-(p-nitrophen.yl)-propionie scid
dissolved in 100 ml. of 70% alecohol, was added 5 ml. of 36% HCl and 3 g.
of the palladiumepletinum cetalyst described sbove, The reduction mixture
was shaken at a pressure of 60 1lbs/sq. in. The celculated quantity of
hydrogen was taken up in 6 hours. The catalyst was filtered off, end the
solvent was removed under reduced pressure. After evaporestion of solvents
there remained & residue of faint brown crystels. This wes redissolved in
absolute ethenol, and was reprecipitaeted by the addition of isopropyether,

filtered and dried over conce H2804in e desiccetor. The crystals were
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o
ing at 194 with the evolution of gas. Nitrogen: caleculated for CgHjo0oNs.
2HC1 11,06_; found 11,19% and 11.22%e.

~fminophenylalanine ethyl ester dihydrochloride:

72 =000 Hg Hy=GH~COOC oH

H SHC1

PawPt

0o Ccl

To 2.52 ge (0401 mole) of:Kroximino—fa-(panitrophenyl)-propionic
acid ethyl ester dissolved in 100ml. of 70% ethanol, was added 5 ml,
of 36% HCl end 3 g. of the pallasdiumwplatinum catalyst. The reduction mixture
was shaken at & pressurs of 50 lbs/sq. in. The calculeted quentity of
hyvdrogen, 1120 mle was teken up in 5 hours. The catalyst wes filtered off,
the solvent was removed under reduced rressure, the residue of yellow
erystalline product was dissolved in sbsolute ethanol and reprecipitated
by addition of isopropyl ether. The product weighing 2.2 g. (78.2%) was
p-aminophenyl ethyl ester dihydrochloride, melting et 970 with decomposi-
tion. This observation sgreed with the melting point reported by Mattocks (44),

p=Nitrobenzylmelonic ester:

Hzcl HB-CH(COOC2H5%

.

NaCH(COOCgHs )
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Lellman and Schleich (85) reported that elkylation of mslonic ester
With p-nitrobenzyl chloride gave low yields due to formation of much bis
compound. Mettocks, in this lsborstory, was sble to get 7.3% of p~nitro
benzylmelonic ester. It appeared in order to study different conditions
with a view of increasing the yield of mono substituted product, end
avoiding the formation of bis compound. In one literw3-neck flask, 120 ml.
absolute ethenol wes placed, in which was dissolved 4.6 g. (0.2 mole)
sodiume To the hot sodium ethoxide solution was added over a period of
20 minutes 96 2. (0.6 mole) of ethyl malonate and the solution was
refluxed for helf an hour. To this was =dded a hot solution of p-nitrom
benzyl chloride 34.3 gs (0.2 mole) dissolved in 30 ml. of sbsolute
ethenol. The reaction mixture was refluxed for 3% hours; alcohol was
removed. The thick viseious mess was teken up in 50 ml., water, and trens-
ferred with stirring to a besker containing 300 g. ice and 30 ml. of
gleciel acetic acid. A white shining flocculent product precipitated on
further chilling, leaving the unrescted ethyl malonete at the bhottoms The
product was filtered, washed with water and dried. The filtrate was concen-
trated and cooled, but no further erystalline product was obtained. The
product was recrystellised from elcohol, and weighed 24.5 g. (40.6%)
melting et 500. The velue agreed with thet reported for p~-nitrobenzyl.
malonic ester (85). Thus, it sppears that if & large excess of ethyl
malonete is employed, it is possible to obtain an apprecisble yield of

mono=p~nitrobenzylmelonic esters
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P=Nitrobenzylmalonic acid:

CHo-CH(CO00C 235% H,~CH(COOH),

HOH
KOH

N/

In 60 mi. of 70% slcohol were dissolved 14.75 g. (0.05 mole) of
p-nitrobenzylmalonic ester end 8 ge KCH; the solution wss refluxed for
3 hours. Alcohol wes distilled off, and the squeous solution was acidified,
end chilled overnight in the ice box. The dsrk yellow product was recrystale
lised from 70% alcohol by tresting with charcosl, The feint yellow product
weighed 9.8 g. (82%), end did not melt but charred at 2580. Ressert (86)
reported that this escid cherred at 2400.

Attempted elkeline nitrosstion of p-nitrobenzylmalonic ester:

Following the directions of Berry (51), to a2 solution of 0439 g.
(0017 mole) cf sodium in 40 ml. ebsolute ethenol, wes added 5 ge (0.017 mole)
of p-nitrobenzylmelonic ester, end the mixture wes stirred for 20 mine
utes, the color chenged to purple. The solution was cooled to 50; and to
it was added 3.5 g.(0.034 mole) of n~butyl nitrite, and then the reaction
mixture wes heated on the water bath for 20 minutes at 600; elcohol was
removed under reduced pressure; the residue was acidified, and extracted
with ether. The ether was evaporested off, asnd dark gummy product wes

obteined. A repetition of this reection with isopropylnitrite gave similar

results, and no further attempt waes done to identify this product.



Attempted nitrosation of p-nitrobenzylmelonic scid:

As p-nitrobenzylmelonic acid did not dissolve in ether, the com-
pound was suspended in ether and treeted with isopropyl nitrite and dry
hydrogen chloride, but it was found thet no reaction hed teken places In
15 ml. of diox=apne 4.78 g. (.02 mole) of penitrobenzylmelonic acid was
dissolved, and to it was added 3.6 g« (.04 mole) of isopropyl nitrite
with stirring and dry HCl ges was slowly pessed beneath the solution for
15 minutes. The resction mixture beceme reddish brown, dioxsne was re-
moved, and a derk gummy product was left, which failed to give any ery-

stelline product, and was not further cheracterised.
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MISCELLANKEQUS

Attempted condensation of ethyl orthoformete with o-nitrotoluene:

CHz  HO(00.H ) EQ—C(00235£
NaOC
NOs 2H5) Hs

Og

HOH

In a 250 ml. three neck flask fitted as ususl, wes placed 30 ml,
ebsolute ethanol, in it was dissolved 2.3 g. (0ol mole) sodium, =nd to it
was added with stirring a mixture of 13.7 g. (0.l molé)o—nitrotoluene end
14.8 g. (0e1l mole) of ethyl orthoformete, the temperesture of the reasction
being mainteined 2t 0-50. The reasction mixture was stirred for 3 hours
more snd kept overnight, the color of the solution changed to dark brown.
The reaction mixture was refluxed for 1} hours on a water bath, alcohol
was removed under reduced pressure, the residue was taken in water ayd
treated with ascetic acid keeping slightly alkaline, and then was extracte
ed with ether. From the extrsct the ether was removed, and the residusal
liquid wes distilled under reduced pressure. The distillate was collectwm
ed at 155-1750/6 mme and was dark red. Nitrogen: celculated for 01231704N
5,8% Tound 12.04%. Now it was thought thet during refluxing the reaction
mixture, the product might heve decomposed; so reaction was cerried out in

cold with the same smount of reactents without refluxing the resulting
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Teaction mixture, but kept in ice box for 3 days, the solution chenged
color to dark red. Then the solution wes treated with scetic acid, =nd
extracted with ether., Ether was removed, and the residuel liquid was
distilled under reduced pressure. The first distillate collected at

o
. o
80-85 /6 mm. was o-nitrotocluene, and the other collected at 85-90 /6 mm.

was ethyl orthoformste,

Attempted condensation of ethyl formate with o-nitrotoluene:

3
0, + HCO0CHg NaOC JHy

Wislicenus (87) was able to get 90% yield of ethyl formylphenyl-
acetate from ethyl phenylecetate by treating with ethyl formate using
sodium ethoxide the condensing sgent. Peechmann (88) prepsred ethyl
formlyacetate in 70% from ethyl acetate and Yourtee (89) prepared ethyl
o(-o(adifonmylsuccinate from ethyl succinate., In & 250 ml. three-~neck
flask fitted os usuel, was pleced 100 ml. of ebsolute etheanol, in it
was dissolved 6.9 go (0.3 mole) of sodiume To the sodium ethoxide solw
ution was added a mixture of 41.1 g (0.3 mole) of ownitroluene end
18.6 g. (0,3 mole) of ethyl formate. The resction mixture was stirred
for 6 hours at 5-100, the color changed to dark red; it was allowed to
stand for 40 hours at room tempersture. Alcohol wes distilled off, and
the eold residue was scidified with dilute HCl end extrescted with ether,
The ether was removed, leaving reddish oil., The product was et once
subjected to cetelytic reduction)l5 ml. of this product wes dissolved

in 60 ml, elicohol, end to it was edded palladium charcosl ceatelyst.
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The mixture was shesken in en atmosphere of hydrogen. During the course

°f 3 hours 2000 ml. of hydrogen wes teken up. The cetalyst was filtered,

the filtrate wes distilled under reduced pressure; the dark crystelline mass
left was treated with elcoholic HCl; end white crystelline product Was
obteined. Benzenesulfonyl derivetive of this product melted at 1240 and

Was identified the derivative as o-toliudine. The result indicated that

no condensation had teken place.

Attempted condensstion of ethyl orthoformate with o-nitrophenylpyruvie scid:

CH2- ~CO0H gH- «~CO0H
H(OC oH
0p © 4 HO(0CH) oy 5}

To e solution of 2.3 g. (0.1 mole) of sodium in 40 ml. absolute
ethenol, was added a mixture of £20.9 g (0.1l mole) of ownitrophenyl-
pyruvic escid dissolved in 10 ml. slcohol &nd 14.8 g. (0.1 mole) of ethyl
orthoformete. The reaction mixture wes stirred for 4 hours at 5«100, end
ellowed to stend overnight. Then the solution was refluxed for one hour,
alcohol was removed. The residual liquid wes treated with HCl. A dark

brown ter resulted, from which no product could be isolated. However,

further investigation of this resction was not attemptede



Attempted preparstion of w({p~nitrophenyl )~ « «benzyl oximino propioniec

acid ethyl ester:

Hz-gggooc oHs H-4-C0002H5

OCHgCgHs

CgHsCHSC1

v

In & 500 ml. 3wneck flesk, fitted with a reflux condenser bearing
a celcium chloride tube, stirrer and seperatory funnel, was placed 90 ml.
of sabsolute ethanol, in it was dissolved 1.32 g. (0,06 mole) of sodium.
To this was added 7.56 g. (0.03 mole)} of finely powdered«x&oximino~f?-
(p-nitrophenyl)-propionic scid ethyl ester, and stirred well, a homogeneous
red color solution resulted. To the hot solution was added 7.6 ge (0+06 mole)
of benzyl chloride; the mixture was refluxed for 3 hours till neutrel to
litmus. To this resction mixture wes added 20 ml. of 20% elcoholic KCH
solution, end refluxed for 2 hours, Alcohol was distilled under reduced
pressure. The residue was acidified with cold dilute HC1l end extracted
with ether. The ether extract was dried, ether was removed, and the dark
red product obtzined was recrystallised from slcohol by treating with
charcoel. The red product weighed 3.5 g. charred at 1480. The product
was dissolved in 10% NaHiCO3 solution, and was extracted with ether to
remove the impurities. The aqueous extract was acidified, and tarry red
product was obtained. The reaction was repeated three times under differw
ent conditions, but there was no evidence that formation of the desired

product had teken place.
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Attempted preparation of!B-(O-nitrophenyl)««Ebenzyloximino propionie acid:

In a 250 ml. 3 neck flask, as ususl a solution of 0.92 g. (0.04 mole)
of sodium in 60 ml. absolute ethanol was prepered. To this was added 4.48 g.
(0402 mole) of X=oximino-P-(o-nitrophenyl) ~propionic acid, and then 5.06 g
of benzylchloride was added to the hot solution. The mixture was refluxed
for 3 hours till neutral to litmus. To the mixture was added 20 ml. of 20%
ethanoliec KOH, and refluxed for 2 hours. Alcohol was removed, 2nd the res-
idue was acidified with cold dilute HCl; and extracted with ether. On evap=~
oration of the ether, 2.8 g. of yellow solid, melting at 176°b was obtained.
Due to deep yellow color, no neutrsl equivalent could be obtained. Nitrogen:
celculated for C, H, ,0.N,=12.89% found 6e497%~6+45%e

Waters' method was tried to prepare «~ethoximino acid by using diethyl
sulfate, but no reaction was observed. Every evidence showed that nitro group

in the phenyl nucleus hinders the preparation of benzyloximino and ethoximino

compounds.

/Study on ethyloxalate condensation with v-tolylarsonic acid:

H C o= —00002H5
(74
00C H NaOCH ( g;
5 \ [
+ i 5 .
00C Sty ‘\%//
ASO
ASOH, 3o

The p-tolyarsonic acid wes propared according to the method deseribed
by Ruddy (90). In a 250 ml. 3 neck flask was placed 25 ml. methyl alcohol
in which 1.15 g. (0.05 mole) of sodium was dissolved, to it were added in

the c0ld 7.30 g« (0.05 mole) of ethyl oxalate and 10.8 g. (0.05 mole) of
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P~tolylarsonic acid. The reasction mixture wes stirred for 2% hours, and
@llowed to stend overnight. The colloidal white mixture wes centrifuged,

end white erystalline product was obtained. Oxime of this product pre-

pared, melted at 335°C. with decomposition, while p-tolylarsonic acid melted
at 330°C. The ersenic content of the compound was determined by the mod-
ified method of Waters (91). Calculated for oxime, 011H1406NAS’ Ag 22,6%
Found 32.4%. Calculated for p-tolylersonic acid, CpHgOmfis, 34.7%e This
indicated that reaction was not accomplished. The reaction was repeated

with three equivalents of sodium methoxide, but found the same product.

This showed that AsOgHs group might interfere in the Claisen type condensation.

Further study on ethyl oxaleste condensation with e{-picoline:

00CgHgy
s T 30002}15 NeQfs . Hp-§-00C2Hs

In 8 250 ml. 3-neck flask was plsced 60 ml, of sbsolute ethanol, in
which wss dissolved 4.6 g£. (0.2 mole) of sodium; to it was added over a
period of 30 miputes, & mixture of 18.62 g. (0.2 mole) of ¥=~picoline snd
27,4 g. (0.2 mole) of ethyl oxslate, The reaction mixture wes stirred
£or 4 hours snd then ®llowed to stznd overnight. The reaction mixture wes
refluxed for 20 minutes =nd then to it was sdded 120 ml. of water, end
again refluxed for 3 hours. The reaction mixture wes distilled with steam
till free framn(-picoline. Then the solution was acidified in the cold.

A black brown ter resulted from which i1t was impossible to extract with

eny of the ususel orgenic solvents any well defined product. It was thought
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the reaction might be sensitive to hest, so it wes carried out without
refluxing in the cold. Then the reaction mixture wes ecidified with
alcoholic HC1l, white crystelline product precipitated, it was filtered
&nd dried. On enslysis it was found to be the inorgenie compound NsCla
Without success an effort was mede to identify the filtrate by prepare.
tion of an oxime. This proved that candensation was not accomplishede
Similer negative results were obtained in the esase of'Ylpicoline. How-

ever, further investigetion of this reaction was not studieds

Ethyl nitromaslonate: The litersture (91,92,93,) relating to the prepar-
ation of ethyl nitromslonate is very unsatisfactory. Recently Canonice
(94) found that specislly prepared MnO, oxidised ethyl oximinomelonate

to ethyl nitromelonate in glacial acetic seid et room temperature. The
method outlined by Arndt and Rose (95) for the preparation of methyl nitro-
malonate wes followede In a one-liter 3-neck flask, fitted with e stirrer,
separatory funnel, and condenser, was placed 100 mls. of ethyl malonetes« To
it wes added very carefuily over a veriod of 2 hours, keeping the tempera~
ture 0-5°, 300 ml, of fuming nitric =scid (density l.5)« Then the mixture
was stirred for 1 hour more, and then removed from the cooling bath, allow-
ing the temperature to rise slowly to 309; the resction mixture was then
kert for 3 hour &t 30-35°, Again it was placed in the cooling bath &t
0-5°; apd stirred for 2 hourse Then the reactior ilixture was pourad on
erushed ice ip a B-liter besker with stirringe The 21l separeted, wes
extracted with =ther. The ether extrsect wses shaken with 20% NaBOOS s0lu~-
tion with successive voclumes till the elkelipe axtreet wes no longer reds
The ether extrect wes washed with weter, =nd then dried over snhydrous
sodium sulfate. Ether was evesporated off on the steam bath; the residusl

oily liquid was distilled under reduced pressure. The distillate first
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collected et 110°/8mm was unreacted ethyl melonate, =2nd then the distillete

collected st 135-1238°/8Bmm was ethyl nitromelonste. The yield was 32 ge;
M 265 14440,

Ethyl benzylnitromalonate:

~CHoC1 ~CHp-(~(C00CHg)e
2

—

In a one-liter 3-neck flesk fitted as usuel, was placed 50 ml. of
gbsclute ethenol, in it was dissolved 2.3 go (0.1 molz) of sodiume To the
sodium ethoxide solution wes added over & period of %—hour with stirrving,
20.5 go (0.1 mole) of ethyl nitromelonste end 12465 g. (0.1 mole) of benzyl-
chlorides The rezction mixture was refluxed on water beth for 3 hours, +ill
it was slightly alkeline to litmuse Alcohol was distilled under reduced
pressure snd the residue was acidified with cold dilute HC1l end then ex-
tracted with ether. The ether extract was washed and dried. Ether was
evaporated on water bath; and the residuesl liquid wss distilled under
reduced pressure. The distillate wes collected at 65-67°C/8Bmm; the yield
was 845 ge (28.9% theoreticelly calculatea)(nﬁs'5 1.5212, Nitrogen:cal-

culesed for Cy4H;,05N-4.7%, Found 4.75%.
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MICROBIOLOGICAL ACTIVITY

Dr. Porter's results of preliminery testing of the ethyl ester of
p-eminophenylal anine (as hydrochloride) on bacteria have alresdy been
described. (vide supra page 18). Through the courtesy of Messrs, Warren
Weever and Joseph P. La Rocce, nine of the compounds prepared during the
course of this investigation have been submitted for testing their effect
on fungi. The results of these tests, while only of & preliminary nature
and es yet unverified, are sumarised in Tsble ITII, It is surprising that
campounds numbered 2, 3 and 4 show complete inhibition on A. niger under
the conditions triedes Although it is too early to put too mueh reliance
on these results, they do offer some justifications for underteking the
progrsm of synthesgis described in this thesis. These findings encourage
the hope that some of the products here described for the first time may

prove useful,
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TABLE NO III

Fungicidel Activity

Organism: A. niger Concentration: 1000 parts per million
NOS. Compound Growth % Inhibition

Hours Millimeters

1 = ~0ximinow B~ (ownitrophenyl) -

propioniec acid 169 51 27
2 owAminophenyllactic acid

hydrochloride " - 100
3 o-Aminophenylalanine

dihydrochloride " - 100
4 of =Indolecarboxylic scid " - 100
5 Ethyl P-indolylglyoxylate " 53 24
6 o =oximinow P «(penitrophenyl)=

propionic acid " 40 42
7 K=0ximino- F—(p—nitrophenyl)-

propionic acid ethyl ester 92 21 36
8 p-Aminophenyllactic =cid ,.

ethyl ester hydroehloride 169 71 3
9 p~-Aminophenylalenine

ethyl ester dihydrochloride " 39 44

De As Control n 70 -

Plsin Control " 66 -
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DISCUSSION AND SUMMARY OF RESULRS

The objectives of the resesrch here described may be considered

under the following broesd heasdings:

A The condensation of ethyl oxelate with en sctive methyl group, e.g.,
X~CH X
COOG;;H5

It was found that with o~ and penitrotoluene this reaction proceeded %o
the extent of 70 to 80 per cent. Neither of the asters, nor of the core
responding acids obteined by hydrolysis of the esters, is new, However,
it was found that ethyl p-nitrophenylpyruvate, contrary to earlier des
criptions, is stablses over et least half a year if sppropiate precsutions
ere teken in its isoletion, as described under "experimentel", The method
of isclation of ownitrophenylpyruvic acid was improved and better ylelds
were obtained. Ethyl oxelete treeted under similer conditions, with
o<r and\ytpicoline, showed evidence of resction, but the corresponding
derivatives of pyruvic acid were not isolated. p~Tolylarsonic acid d4id not
react with ethyl oxselate.

The condensation of o-nitrotoluene, or owpitrophenylpyruvic acid,
with ethyl formate or ethyl orthoformate was slso attempted. It is ex~
pected thet the desired formyl derivetive will prove useful intermedliate

for the synthesis of indole compounds,; €ege,



It is regretted thet the desired sldehydes were not obtained,
and it is hoped thet further intensive studies of this asspect of the

general problem will overcome the difficulties.

B Tha conversion of the pyruvic acid compounds into the corres=-

ponding oi-ketoximino acids, and the reduction of these o the corresw

ponding elanine derivatives, thus:

Noz.caﬁ4cﬂg-g-coor1(or CHg) s N02.GSH4GHE-§6§OOH(01' CoHg)
——5 NH=C H 4=6}12--1%1;:--(;00}1(or CH)
2

By this procedure both the o~ and p-sminophenylalenines were prepareds

The owisomer is described here for the first time; it was
obtained as the dihydrochloride. As slready mentioned, this compouﬁd
showed 100 per c2nt inhibition, under the conditions employed in
screening tests, to the growth of A. niger.

The peisomer was previously described by Erlemmeyer end Lipp (81),
who obtained it wie the nitration of phenylelenine, and by Teksoki Sasaki
(48), who employed glycine enhydride and p-nitrobenzeldehyde as sterting
materiels. It is believed that the procedure described in this thesis
is superior to either of those methods. The method employed here is
essentielly thet described by Mattocks (44). He, however, limited his

jnvestigetions to the preparstion and hydrogenstion of the oxime of

€6
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the ethyl ester of p~nitrophenylpyruvic scid. In the current studies this
Work was repeated and extended to the oxime of the free acid es well., Thet
is, the oxime of the ester wes hydrolysed to the oxime of the free scid,
and the oximinc 2cid was reduced, in the presemce of hydrogen chloride, to
p-eminophenylelenine, isolated as its dihydrochloride. The oximino acid
and the dihydrochloride are here described for the first time.

The conversion of the oximino acids into their corresponding benzyle
oximino acids, according to the procedures of Weters (57) and of Weever (58)
wes unsuccessful, in the limited pumber of experiments underteken, snd the
investigetion was not pursued further.

Ce The synthesis of m-aminophenylelsnine:

Since menitrotoluene cannot be used, &s mey its isomers, for the synthesis
of an intermediete leading t0 mesminophenylelenine, resort was hed to other
procedures. The most promising epproach appeared to be through m-nitrobenzyl-
melonic acid (or ester). Accordingly the aveileble m-nitrobenzaldehyde was
reduced, by means of aluminium isopropoxide, to the alcohol, which was, in
turn, converted into m-nitrobenzyl chloridee By allowing this chloride to
react with a lerge excess of melonic ester, 2 yield of 57.6 per cent of
mono-m-nitrobenzylmalonic ester was obtained.

Berry (51), in his review, reported thet J~oximino acids may be
conveniently obteained in good yields from either the mono-substltuted
malonic acids or their esters. In the current study both n-nitrobenzyl-
meloniec acid and its ester, were treated with nitrosating agent eccord-
ing to the directions given by Barry. But in neither instence did the pro-
duct prove to be the desirsd oxime of mwnitrophenylpyruviec ecid (or ester).
There Was reaction, but the products were not identified. That this be-

havior of m-nitrobenzylmelonic acid is not sn isolated phenomenon was



68

demonstrated by similer results when p-nitrobenzylmalonic scid or ester

Were similarly treated.

Previous investigstors reported that the resetion
of p-nitrobenzyl chloride with ethyl sodiomelonate
p?oduced predominently the disubstituted derive-
tive. Mattocks (44) obtained a yield of only 7 per
cent of the mono derivetive. It has now been found
thet if 1 mole p-nitrobenzyl chloride is employed
for 3 moles ethyl melonste and 1 mole sodium eth—
oxide, then yields up to 40.6 per cent Of MONO=pw=
nitrobenzylmalonic ester are obtaineds.

In vieWw of these negative results snother procedure was tried,
nemely the resction of the e<ubromo ester with alksli nitrite, & re~
action first reported by Lepercq (52,53) and slso studied by Hemlin (54).
Accordingly the m~nitrobenzylmslonic acid was converted, by steps
already described, into ethyl Xwbromo- P w(m-nitrophenyl)~propionate.

This ester, allowed to stand in ethemnolic solution with sodium nitrite,
formed a low yield of the desired ester of o<}oximinu»P-menitrophenyl)-
propionic ecide Since the quantity of product was limited only the ester
was hydrogensted end the dihydrochloride of m~aminophenylslenine ester
obtsined. However, no difficulty would be anticipated in converting the
intermediste oximino ester into the corresponding oximino acid, and thus,
8 synthesis of m-sminophenyleslanine appears possible.

In the course this study on m-aminophenylelanine the following
compounds were prepared for the first time;
h(rBromo-?5-(m-n1tr0phenyl)-propionic acid ethyl ester.
a(-Oximino-{ﬁ-(mwnitrophenyl)-propionic ecid ethyl ester.

m~Aminophenylalenine ethyl ester dihydrochloride.
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D The preparation of aminophenyllactic =acids {or esters) :

The mere eveilsbility of the appropiate intermediates suggested their
conversion into o=~ and p-2minophenyllactic acids.

X aCOOH(OI‘ Cgﬁs)

o sy K-GH-COOH(or CgHg)
CH

By this procedure o~ and D-aminophenyllectic acids end p~aminophenyl=-
lactic ethyl ester were prepared. The o~isomer end the ethyl ester of
the p-isomer are not been reported in the availsble literature. They
were isolated s hydrochlorides o-Aminophenyllectic acid showed 100 per
cent inhibition, while the ethyl ester of the p-isomer showed 3 per cent
inhibition to the growth of A. nigere

It was anticipitated thet omnitrophenylpyruvic scid if shaken
in neutrel solution in an atmosphere of hydrogen with the cetalyst,

would cyclise and give o(.—indolecarboxylic acide

=

This result is consistant with the observations of previous workers
(50,59,66 ,68,69,70) , who reduced o-nitrophenylpyruvic acid with
emmonis snd ferrous sulfate, and sodium hydrosulfite in equeous sod-
ium hydroxide solution in the ususl manner.e(yIndolecarboxylic ecid
showed 100 per cent inhibition to the growth of A, nigers

In order to obtain o-sminophenyllectic acid it was necessary
to avoid the sponteneous cyclization into the indole heterocycle.
This Was accomplished by carrying out the hydrogenation in the

presence of inorganic acid. This suggests that if the aromatic samino

FISEY e

eyl
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8rOUDP is converted into the emmonium sslt a&s it forms, it is no longer

@vailable for enil resction which precedes the formation of the indole

nucleus,

B Indole derivetives:

As mentioned above, one aim was to prepare the compound of structure I,

Gr==CO-COOH(or CzH5)
%y

Og

a hypothetically desireble intermediaste for the synthesis of FLdndolyl-
glycine, II, a lower homolog of tryptophan. Compound I was not obteained,
however, by the methods tried. Hence a new route to compound II was

sought through ethyl F3~indolylglyoxalate, as follows:

O’n&HOH—COOCgH5
Y
i

Ester of Il
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Indole was obteined in yields up to 63 per cent by decsrboxyla-
tion of -érindolecarboxylic acid, whose preparstion is discussed under
"experimental™, The chemical reduction employed by Rissert (50,67) is
recommemded by Tyson (96) for the preparastion of indole; but now the
cetalytic reduction method employed in this investigation mey be
better end more convenient; end the oversll yield of indole is 32 per
cents The reection of indole with ethyl oxelate was described by Elkes,
BEllicot and Hems (59); their results were substantially dupliceted. The
ettempts to convert this <&,keto ester into the c<~oximino eater were unsucCw
cessful, and the lack of sufficient meterisl did not permit adsquate study
of the desired oximation reection. It was possible, howsver, by means of
Adams's pletinum oxide cetalyst, to reduce the ketonic ester to the corres-
ponding ethyl Flindolylglycolate; which is reported here for the first time,

F Ethyl nitromelonete as an intermediate;

From a single experiment, in whieh benzyl chloride was allowed to react
with ethyl nitromslonste in the presence of sodium ethoxide, the product
wes probsbly impure benzlnitromalonie esters This type of reaction is
anslogous to the alkylstion of mitroscetic acid, described by Lyttle and

Weisblet (97), snd therefore merits further study.
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