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THE PROBLEM

The original sim of this investigatlon was to prepare inter-
mediates which may be used in peptide synthesis. At first it was
thought thet it should be relatively simple to prepare K -ketoacids
from the of -oximinocacids. By utilization of the & -ketoacids it was

hoped to obtain dipeptides through the following steps:

R R
| |
R-CO-COOH + NHRCH~-COOH —-=ev) R-CO-CO-NH-CH~COOH _—

NOH i, R
i
R~C~CO-NH~CHCOOH 5 R~CH~CO-NH~CH-COOH

Although it is possible and practlcal to prepare the C -oximino acids,
no suiteble procedure has been found thus far for converting then
into o -ketoacids. Therefore, the next step was to try to protect
the & -oximino group through alkylation, followed by preparation of
the acid chloride, subseguent coupling with an amino-grouping to form
an intermediszte of the general structure  R-C-CO-NH-CHR -COOH,

gOR
and finally reducing the alkoximino group. &ince this promises to be
a more fruitful approach to the solution of the prohlem of peptide

synthesgis the work was directed toward this end.
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Recently it has been stated (2) that the information relating
to L -ketoacids in the literature is either missing, misleading, or
erroneous; it was decided, therefore, that a literature-survey of this
class of compounds would be desirable. This materiel is presented as
a portion of the introductlon, following a discussion of the dipeptide

linkege.



INTRODUCTION

THE PEPTIDE LINKAGE

When a solution of acid, alkali, or proteolytic enzyme acts
upon a protein, a decrease in the total mass of water in the solution
occurs and the final product of the reaction is a mixture of R -amino
acids. The manner of linkage of these amino acids in the protein has
been the subject of a considerable amount of investigation. Several
investigators (16, 123, 130) have shown that the action of pepsin
and trypsin on various proteins always resulis in the simultaneous
liberation of amino groups and carboxyl groups in the ratio of 1:1.

The only type of linkage which, as fer as is known, can yield, by
hydrolytic splitting, an amino group and a carboxyl group is an amide,
-C0-NH-. Therefore, the protein molecule may in general be conceived
as consisting of amino acids bound to each other through condensation
of the (X —amino group of one acid with the carboxyl group of the adja-
cent acid. In proteins this amide type of union is usually referred

to as the peptide linkage.

In view of the enormous complexity of the protein molecule,
it is manifestly impossible to determine by hydrolytic splitting the se-
quence of the various groups of amino acids participating in the molecule.

If we are to learn more of the proteins, we must make a study of known
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protein "models®. These models can perhaps be best obtained through
chemical synthesis. Such synthetic molecules may be used to study
the physiochemical properties of the protein. When one considers,
for example, the physiologicel properties of insulin, it is not in-
conceivable that the essential grouping of the molecule msy be ob-
tained synthetically.

It has been claimed that the first peptide linksge was pre-
pared by Curtius (42) in 1882. However, since he was unable to remove
the benzoyl group from his benzoylglyecylglycine, the credit for pre-
paring the first peptide goes to Fischer and Fourneau (60). This was
accomplished by heating the diketopiperazine glycine anhydride, with
concentrated hydrochlorie acid thus, obtaining glycylglycine. Since
then a number of procedures for the formation of the peptide linkage
have been advanced. The procedures which have been most successfully

used mey be briefly summarized, as follows:

1, Hydrolysis of diketopiperazines

H
N_ .0
7~
HSCH,-CH C”
| | HC1
C. HC-CH >
T 25H
0 )

H

l-cysteine diketopiperazine
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H,N-CH-CO-NH~CH-COOH ~>  HOOC~CH~NH-CO~CH-CHy~S~S~CH,~CH-WH-CO~CH-
| l | | [ |
CHp CH, CH, NH5 COOH CH;
[ {
SH SH S -S
l-cysteinyl-l-cysteine l-cystinyl-l-cystine

The most complex representative of this method of synthesis is 1=
cystinyl-l-cystine, accomplished by Greenstein (71), as shown in the
equations above. The procedure is obviously limiied, as only available
diketopiperazines can be converted into dipeptides. In a heterogeneous
anhydride molecule containing two amino acids it would, of course, be
possible to obtain two isomeric dipeptides and one would be faced with

the subsequent difficulty of separating them,

2. Use of oc-Halogen Acids

0

~CH~ y R-CH=C 7
R ?H COOH > R 9H C\\

+ NHB-(I'}H-COOH ——
cl

cl1 Cl Rt

R-CH-CO-NH-CH-COOED NHa —} R~CH-CO-NH=-CH-COOEt

f ) l |
cl R! NH, R!

Fischer (61) was the first to use this procedure. From the

OC-halogen acid he prepared the acid chloride which was easily coupled



4.

with an amino acid; the helogenated amide was allowed to react with
ammonia and the resulting dipeptide separated. Using this procedure
Fischer prepered a great number of peptides. Bertho and Mzier (18)
have introduced a modification for the substitution of halogen by
NHp; they treat the halogenated peptide eater with sodium azide;

subsequent catalytic hydrogenation and saponification yields the

dipeptide.

2, _Azlactone procedure.

CHa~C
,0 o TR
Cotls—=C_ + CHaCO-NH-CHp-COOH —=H20 N +
H |
CeHs=CH=C — € = 0
HOOC-C'SH-CHz-CHa-COOH —NeOH ¢ Hg~CH=C~CO-NH-CH~CHp~CH,~COOH —Ha
|
NH, CHaCO-NH COOH

C5H5-CH2-('3H—CO-NH-?H—CH2—CH2-COOH HCl, CGHS—CHE,-(I)H-CO—NH-?H-CHZ—GH2-COOH
CH5CO~NH COOH NH, COOH

dl~Phenylalanyl-d-glutamic acid

This procedure is based on & reaction first reported by Erlen-

meyer and Friustick (54) who observed that, if an sromatic aldehyde was



5

allowed to react with N-acylglycine in the presence of a dehydrating
agent, an azlactone was formed. Bergmamm, Stern and Witte (15) noted
that the azlsctone reacted energetically with amino acids in an alkaline
solution forming N-acyl unsaturated dipeptides; the dipeptides were
then obteined after catalytic hydrogenaticn and removal of the N-acyl
group with hot hydrochloric acid. This method was an improvement over
other peptide procedures and has led to the synthesis of a number of
different peptides. One of the disadvantages of the procedure is thet
there is some breakdown of the molecule in the removal of the N-acyl

group by the hot acid.

L, e "carbcbenzoxy" thesis

HzN-\'lJH—COOEt

CH,
0
Z
+ Collg=CHz=0-C __ .
Cl
OAc (Cbzo-Chloride)
(1) (11)
0
C6H5-CH2-O—CO-NH-CH—COOEt Cbzo—NH—CH-C\\ HQN—?H—COOEt
CH,
OH

(III) (IV) (M)
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Cbzo—NH-?H—CO—NHACHACOOEt HC1~HoN~CH~CO-NH-CH-COOE S
CH, CH, CH, CH,
Hpp P4 1V a
CH30H,HC1 NaHCO3
OAc OH OH OH
(V1) (VIT)

szo—~»NH—(IJH-CO~NH~?H~COOH
CH, CHp
——M——) Hz ) Pd 4_)
CoHsOH, HC1
OH OH
L x
(VIII)
r -
Iv__ NeoH , _Hps P4 NH,~GH-CO-NH~CH~CQHVE-CH~COOH
NaHCO, C2HsO0H, HC1 CH, CH, CH,
OH OH OH
B i 2

tyrosyl-tyrosyl-tyrosyl-tyrosine
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This procedure was first proposed by Bergmann and Zervas (17)
in 1932. The most recent synthesis reported in this manner is that of
tyrosyl-tyrosyl-tyrosyl-tyrosine (Equations above) by Barkdall and Ross(7).
The masking of the amino group with the carbobenzoxy group is unique
in that this group can be removed quantitatively by the catalytic
hydrogenation at room temperature yielding the regenerated amino group,
carbon dioxide and toluene. A recent review by Bergmann and Fruton(1l3)
gives extensive references to papers describing the preparation of

peptides by this method.

5, Use of dJA-keloacsids

o H-CO~CHg RY-CO~CH
CHz~CO-COOH + caa-ci ~— ) CH3~C=COOH ——-y CHs=C—— C = 0
NH |
2 HN-CO~CHj bl, cl,
S g7
{
CHa

NI-[I-CO-CH3

+ R-C'?H-COOH ——3 CHs-C-CO-NH—(‘JH-COOH ~—~ee—3p CH3-CO-CO-NH-CH-COOH
|

NH, l R R
NH--CO-CHg

——>  CHoC-CO-NH-(H-COOH ——————3  CHy~(H-CO-NH~CH~COOH
NOH R NH,, R
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Schemin and Herbst (121) used the procedure represented by
the equations above for the preparstion of dipeptides. These investi-
gators employed a reaction originally employed by Bergmann and Grafe(14)
and were able to capitalize on Hartung's (79) reduction procedures.

Each of the above procedures has merit, although none may be
considered ideal. The ideal procedure should employ intermediates of
such a nature that there can be no doubt regarding the menner of linkage
or the sequence of the components. The use of the halogen acids
(Method 2 above) meets this requirement, but is limited in reaction since
the conversion of R-CHX-CO-NH-CHR-COOH to the amino compound gives poor
yields and since R-CHX-COX cannot be prepared for all desired compounds.
The ideel intermediate might be prepared from RTE:CO—NH~CHR-COOH, where
(RTE:CO-) could be first joined to an amino acid and then converted
into the R-CH(NH,)-CO-NH- group with minimal or no effect or reaction
on the rest of the reactive points in the molecule.

In view of Hamlin's and Barry!s success in preparing the various

K -oximinoacids, it was thought that, if proper experimental conditions
could be developed, these substances might be converted into the corres-
ponding (-~ketoacids; these might, in turn, be joined (through amide
linkage) to an amino ecid to form intermediates of the genersl structure
R-C0-CO-NH-CHR-COOH. It was anticipated that the keto group could be
converted, by esteblished procedures (92), into a carbinemine. Un-

fortunately as described in the experimental portion of this thesis
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the o(-ketoacids sre not easily prepared from their oximino acids.
It was also found impossible to prepare the chloride of

o( -oximinoacids by means of either thionyl chloride or the phosphorus
chlorides. Attention was next turned to the possibility of protecting
the oximino group, e.g., by alkylation or acylation, during formation
of the acid chloride. It has been found that dlkyloximino acids may
be conveniently synthesized; and since these form a new type of
compound, a study of their properties was undertaken before investi-
gating their velue in the peptide synthesis, which should proceed

according to the equation:

* R-~-C~CO-NH=-CH~COOH

| |
0 %\IOR' 4
R=C~COOH ——y R—S-c Z  ———% R~C~CO-NH~CH-COOH ————

i cl [ |
NOR’ NOR’ koR' R”

——— RF?HFCO—NH-?H-COOH
#

NH, R
The alkyloximino acids may be converted to acid chlorides which react
characteristically. At room temperatures, the ethoximino group is re-
duced to the amino group with difficulty under the conditions tried.
Using glacial acetic acid as solvent the benzyloximino group may be
reduced with hydrogen and palladinized charcosl at room temperature and
sbout two atmospheres pressure. These studies are described in the

experimental portion of this thesis.
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THE OF -KETOACIDS

Ever since Berzelius (19) described the properties of

pyruvic acid in 1835, biochemists hsve shown considersble interest in

& ~ketoacids, Few issues of biochemical journels appear without
some reference tc them. Westerkemp (132) isolated a number of such
ecids from the bloocd serum of horses and hogs. Neuberger and Sanger
(107) indicated that the metabolism of lysine passes through its keto
analog to glutaric ecid, suggesting that a knowledge of ketozcids is
desirable to an understanding of amino acid metebolism. Although im-
portant, this cless of compounds receives meager treatment in organic
trestises. FElementary textbooks usually dismiss the subject with a
brief discussion of pyruvic acid, and some of the advanced texts do
but little better. Richter (119) gives a description of five o€ -
ketoacids and outlines two general methods for their preparation. In
view of the scarcity of such information a literature survey was
undertaken., It was planned to check all the original references in
Beilstein, then check 21l the references in Chemical Abstracts and
finally present s condensation of this literature survey. However,
it zppears that since this would be the subject for a monograph, it
would prove too extensive for presentation at this time. Some evidence

of the magnitude of the literature on the o -ketoacids is indicated
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by the fourteen and a half pages which Beilstein devotes to pyruvic
acid alone and the more than one humdred references given for oxalo-
acetic acid. The completed survey of phenylpyruvic acid yielded
about 120 references, including thirteen different procedures for
its preparation. In view of this extensive material in the litera-
ture, it was decided to confine this review to:
1. A discussion of general properties of the
&€ ~ketoacids;
2. A discussion of the methods which have been found
most general for their preparation; end
3+ The presentation of a teble showing some of their

history and giving references to their preparstion.

1. Properties of o€ -Ketoacids

The branched-chained of -ketoacids and the phenyl-substituted

CC-ketoacids vary in physiecal characteristics from liguids to high

melting solids;i-hydrayphenylpyruvic acids melts at 220°, The normal
straight-chain o€ -ketoacids are either liguids or low melting solids.

Adickes and Andresen (2) pointed out that if the straight
chain & -ketoacids are arranged in two series, one of odd carbon atoms
and one of even carbon atoms, there is a definite increase in the melt-
ing point as we go up the series. For example, going from 5 to 7 carbon

atoms increzses the melting point 23° and going from 6 to & carbon atoms
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increases the melting point 25°; from 7 to 9 gives an increase of 14°
and from 8 to 10 gives an increase of 14°, It mey also be cbserved

that the introduction of keto group in the/%:)sition of the fatty acids
causes an lncrease in the melting point. Table I serves to illustrate

these observations:

TABLE I

MELTING POINTS OF STRAIGHT CHAIN ©C -KETOACIDS
AND OF FATTY ACIDS

0)8]3) EVEN
Mumber L~ Number of~
Carbon Keto Fatty Carbon Keto Fatty
Atoms Acid Acid Atoms Acid Acid
MePe °C. MeDe OCQ MeDe OQ. MePeo OQ'
3 14 -4 4 31 -5
5 6 34 6 7 -1
7 29 =10 8 33 16
9 43 12 10 b 31
11 55 29 12 57 43
13 62 LYy 14 64 54
15 68 53 16 69 63

Gault and Weick (68) have pointed out that the ester of pheryl-
pyruvic scid exists in three forms, the cis-trans enol forms and the keto

form.

H
n
Et00C-C-0H HO-C~COOEt 0 = C-COOQEt

cis trans keto



13.

No doubt the other o« -ketoacids capable of enolization will show this
tendency.

Many of the ¢ -ketoacids are unsteble and on stending lose
caerbon dioxide and form the lower fatty acid or corresponding aldehyde.
Their decomposition by micro-orgenisms arnd by enzymes has been studied;
generally CO, is eliminated and the lower alcohol or aldehyde is formed.
Lead tetra-acetate effects a quantitative evolution of C0,. Pyrolysis
yields carbon dioxide, carbon monoxide, lower aldehyde or acid, and
other dehydration products. Although the & -ketoacids appear to be
somewhat unsteble, they show remarkable stebility when heated with
acids and bases. This is evidenced by the fact that it is not unusual
to find that a particulsr ketoacid has been prepared by heating an
intermediate with acid or alksli, thus splitting out the &K -ketoacid.
A typicel example of this is the preparation, described in Organic
Synthesis (82), of phenylpyruvic acid by boiling o -acetaminocinnamic
acid with normel hydrochloric acid for three hours; Erlenmeyer's (52)
hydrolysis of phenylcyanopyruvic acid ester by heating for 12 hours
with 66% sulfuric acid may also be mentioned. However, Karrer (89)
states that all known of -ketoacids yleld carbon monoxide when warmed
with concentrated sulfurie acid.

The ¢k ~ketoacids generally form well-defined ketone deri-
vatives. The oximes are usuelly steble compounds and are not easily

reconverted to the original acids; they are stsble to slkali and with
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dilute acids lose carbon dioxide and form a nitrile with one less carbon
atom (33). With ferric chloride many ketoacids develop a characteristic
color., The acids may be titrated with bases, forming well defined
calcium, barium and silver saslts. The sodium bisulfite-addition com-
pound of phenylpyruvic acid has been described. As & rule they reduce
ammonical silver nitrate. They are reduced by hydrogen to the corres-—
ponding hydroxyacids, end hydrogenation in the presence of ammonia

forms smino acids. Knoop and Osterlein (92), employing catalytic
hdrogenation in the presence of mono- and of di-methylamine, respec-
tively, were able to obtain several methylaminoacids.

Ketoacids form amino acids from ammonium salts in the pre-
sence of dog's blood. Transamination occurs when Q€ -ketoacids are
allowed to react with & -amino acids, the amino acid being reduced
to the lower aldehyde (8l)., The condensation of the o ~ketoacids
with acetemide has been investigated by Shemin and Herbst (121) who
assume that the first reaction is the formation of an «-hydroxy-

of -acetemino derivative; this then reacts with another molecule of
ecetamide to form the disubstituted compound. With CgHg-CO-COOH,

the disubstituted derivative was isolsted, with CgHsCH,-CO0-COOH,
a molecule of water is apparently lost at the first step with the
formation of o€ -acetaminocinnamic acid; with &€ -keto-glutaric acid,
decarboxylation tekes plece with the formation of Y » )f-diacetamino-

butyric scid. A number of investigators heve condensed amines with
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o -ketoacids; Hahn and coworkers (73, 74, '75) have shown that o€ -
ketoacids capsble of enolizing react with the /& -m-hydroxyphenethyl-
emine derivatives to form the corresponding tetrahydroisoquinoline-l-
carboxylic ecids.

In the presence of strong acids or alkalies the o¢ -ketoacids
show a tendency to condense with themselves with the formation of
lectones. The condensation with sldehydes follows the aldol conden-
sation pattern,

It has been shown (115) that dimethylpyruvie acid reacts
with benzene in the presence of concentrated sulfurie acid to form
an addition compound which is then dehydrated to £ , £ —dimethyl-

o« -phenylacrylic acid. Toluene rescts with phenylpyruvic acid
in the presence of cold concentrated sulfuric acid to form o« , o€ -

ditoluyl-# -phenylpropionic acid (20); ethylbenzene and xylene

reect similarly.

2. Preparstion of & -Ketoacids

Probsbly more ot ~ketoacids have been prepared as oxidative
degradation products in the course of proving the structure of a
more complex compound than by any other method. Frequently special
methods for preparing individual oL -ketoacids are better than many
of the so-called "general" methods. Notable among these are:; the

preparation of phenmylpyruvic acid (82) and of benzoylformic acid (39)
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as described in Organic Synthesis; the preparation of pyruvic acid by
the distillation of tartaric acid (85); and the preparation of hydro-
xypyruvie acid (103) by the breakdown of nitrocellulose. Krebs (97)
developed a biological technigue for the deamination of the o -amino
acids by means of kidney slices; this procedure has been used by a
number of biological chemists for the preparation of of-ketoacids.

Four chemical methods seem to be rather general:

A. Hydrolysis of the Acyl Cyanide

R-C0~-Cl + MCN > R-00-CN ———) R-CO-COOH

This method was first proposed by Claisen and Moritz (41) in 1880;
they employed Hubner's (86) procedure, using silver cyanide to prepare
the acyl cyanide. In 1929 Tschelinzeff and Schmidt (127) improved

the procedure by substituting cuprous cyanide for silver cyanide. In
some caseg the hydrolysis was accomplished with cold concentrated
hydrochloric acid and in others with a dilute, warm solution. The
method was not successful for o¢-ketomscids containing more than five

carbon atoms (127).
B. The Hydrolysis of the Oxime Ester

formic acid

R=C( :NOH)~-COORL ~~ R-C0-C00R; ~——— 3 R~C0~COVH
Hp504 .NO
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This method as originally used by Bouveault and Locguin (31)
in 1902 calls for 85% formic acid and lead chamber crystals. Many
variations have been tried, some with success. Attempts to prepare
phenylpyruvic acid by this procedure were unsuccessful (77). The
method has been quite popular and a great number of oC-ketoacids have

been prepared in this mznner.

C. Hydrolysis Ethyl Esters of Oxaloacids

COOEt HoC~COOEt CO~CHCOOEY
| P E NaOEt 0 ? 20 10%

COOEt R 7 R - RCH,~CO-COOH
COOEL Hz50,

Adickes and Andresen (2) advanced this as a mew method in
1943, and prepared twelve o ~ketoacids in yields varying from 8 to 94
per cent, however, Wislicenus (136) had suggested an analogous reaction,
using oxaloacetic acid in place of diethyl oxalate. The procedure is

probably the most general yet developed.

D. Hydrolysis of the Addition Product of Grignard Reagents and

Diethyloxamates

COOEL COOEb

CO-R
+ NH(CzHs)a ———é | + RMgX————} |

O//C"'N(CaHs) 2 O,,C—N (02H5) 2

___._9 R-CO-COOH

COOEt
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Barre (8) proposed this method in 1927 and showed its applica-
bility in the preparation of four compouhds. It would seem that the
method should be very general; however, the necessity of performing the
condensation at -15° and the tediously long refluxing time requisite
for the preparation of diethyl oxamate have discouraged other inves-
tigators from extending the method. The author claimed 60 per cent
yields and said that, when one considers the difficulties of the other
methods for the preparation of oc -ketoacids, this method could be

used to advantage.

3. Additional Information on O -Ketoacids
In Table II is summerized part of the information which has
been accumuwlated in the course of a literature survey. The data cover

only the <€ -ketoacids having the general formula CnH2n 03 and those
—~2

acids which can be considered as precursors of the naturally occurring
oC¢ -amino acids that are deseribed in Beilstein and listed in the indices

of Chemical Abstracts. In the majority of cases a complete literature

survey has been made; the Beilstein reference is given for the four
acids on which the survey is incomplete.

The acids are classifled as derivatives of pyruvic. The re-
corded melting points are given in a seperate column. Under "First
Prepared By" is given the author and date, along with the appropriate

reference. In the fourth column, under "General Method", the letters
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A, B, C, and D refer to the four general methods, respectively, discussed
above on pages 16 to 18. In the last column are given literature re-
ferences to other methods of synthesis. References to the chemical

and biological reactions of the of -ketoacids have not been included.



R
R'-é-co-coon

R® Melting

Point
R _R' _R" °C,
H H H 13.6
H H CHa 31
H CHa CHs 31
H H nCSHly 7
H H iso -1.5
C3Hy

CH; CH; CHy 125
H CHz GCoHs 35

TABLE IT

INFORMATION ON o -KETOACIDS

First
Prepared

— By

Berzelius
1835
(19)

Cleisen and
Moritz
1880
(41)

Moritz
1881
(105)

Moritz
1881
(105)

Brunner
1894
(35)

Kondo
1912
(95)

Locguin
(1904
(102)

Glucksman
1889
(69)

Mebus 1905
(104)
Bouveault

end Locquin

1905 (32)

Genersl
Method

(as described

in text)

A (41,127)
B (31,102)
¢ (135)

D (8)

2 (105)
B (102)
Cc (2)

A (105,127)
¢ (117)

B (101, 32)

20.

References to
Other lMethods

of Preparation

Beil. III. p. 608

(137,65,43,5,128)
(57,53,49,116,40)

(21, 58, 62)

(34,1,45,126)
(98,70,93,35)
(94,83,110,26)

(111,70,1)

(4,118,23,24,38)
(64a)
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i
R'-?~CO—COOH
R" Melting
Point
R R R" _°C. .
52
29
H H iso
04H9 22

CHs CHz CyHs 1lig.

118
33
106
43
60
H H n-CrH
7515 L7

TABLE II (continued)

General
Method
(as described

—.in text)

First
Prepared

—By___

Prezwalsky

1913

(114)
Adickes and (2)
Andresen

1943

(2)

Fittig end B (102)
Raechlbrandt

1899

(63)

Anschutz
Reuff
1903 (4)

Smedley-
MacLean and B (122)
Pearce 1934

(122)

Adickes and
Andresen C (2)
1943 (2)

Smedley-
MacLean and B (122)
Pearce 1934

(122)
Adickes and
Andresen c (2)
1943 (2)

Smedley -
MacLean and B (122)
Pearce 1934

(122)

Adickes and
Andresen c (2)

Reference to
Other Methods

of Preparation



R
R'-0-CO-COOH  Melting
R" Point

R R! R" ~2C.

H CHy n-CgHy, Llig.

H H n-C 8H17 55

H iso iso

H H n-CgHg 57

H H n- 62
C30Hpy

H H N—-
CioHpy 68

H H n- 65
C13H27

H H n- 83
C15Hog

H H OH liqg.

H H SH

H OH CHs

H H  CHaSCH,

H H COOH 176

22.

TABLE II (continued)

First
Prepared
— By

Locquin

1904 (102)

Adickes and
Andresen
1943 (2)

Freylon
1910 (67)

Adickes and
Andregen
1943 (2)

Adickes and
Andresen
1943 (2)

Adickes and
Andresen
1943 (2)

Kuwate
1938 (99)

Windaus and
Van Schsar
1926 (134)

Wichelhaus
1867 (133)

Parrod

1942 (109)

General
Method
as described

in text)
B (102)

References to
Qther Methods

of Preparation

c (2)

¢ (2)

c (2)

c (2)

(6)

Beil. III Pe 869

Hoff-Jorgensen

1940 (84)

. Waelsch and
Borek 1939
(199)

Fenton and Joneg

1900 (56)

(36)

Beil. III p. 777



R
R'-C-CO~COOH Melting
R® Point
2 R R" 2C, __
H H CHg~ 113
COOH
H H Cels 153
H H 2-0H
Cely
H H 3-0H 165
Celly
H H LoH 220
CeHy
H H NH, 103
(CHz)3
H H NH, (CHp) 2
H H -Imidazolyl
H H -Indolyl 212
Thyroxine analog 173

First
Prepared
By.

23.

TABLE II (continued)

(General
Method References to
(as described  Other Methods

in text) of Preparation

Blaise and
Gault 1908
(22)

Plochl
1883 (112)

Plochl and
Woffrum
1885 (113)

Flatow
1910 (64)

Neubauer

1909 (106)

Wollfenstein

1893 (138)

Krebs
1939 (%)

Novello

Harrow

Sherwin
1926
(108)

Ellinger
and
Matsuoka.
1920
(48)

Canzanelli

Guild and

Harrington
1935
(37)

Beil. III. p. 789

c (13%) (82,29,27,30,46)
D (8) (47,120,49,50,52,12)

(55,64)

(76)

(12)

(x) (Author in doubt
es to exact formuls)

(72,11,87,10,25)
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EXPERIMENTAL

SOURCE OF MATERIALS USED AS INTERMEDIATES

1. Commercially Availsble Chemicals

The following chemicals used in the preparations which are
described later are commercially available: butyl alcohol, thiomyl
chloride, benzyl chloride, diethyl sulfate, diethylmalon=te, aceto-
acetic ester, butyl bromide, and the common reagents. These chemicals

were used without further purification,

2. n-Bubtyl Nitrite
n-Butyl nitrite was prepared in yields of 80 to 85 per cent
according to the directions of Hamlin (77a). The product was stored

in the refrigerator and redistilled at three month intervals.

3. Acetoacetic Ester Derivatives

Ethyl n~butylacetoacetate and ethyl benzgylacetoacetate were
prepered according to general directions of Marvel and Hager as de-
scribed in Organic Synthesis (103a); yields were 72 per cent and 74
per cent, respectively. A small gquantity of etlyl ethylacetoacetate
was obtained from the graduate laboratory as a student preparation and

was redistilled.
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4, Malonic Ester Derivatives

Approximately 50 g. of benzylmalonic acid and approximastely
10 g. of ethylmalonic acid were prepared by Dr. Richard Barry end have
been used in this work. FEthyl n-butylmalonate was prepared in 38 per
cent yield by the method of Adams and Kamm as described in Qrganic
Synthesis (la). The ester was converted into the acid in yields of
92 per cent by use of 504 . potassium hydroxide solution according

to the directions of Barry (9).

5. o -Ketoximino Acids

The ketoximino acids used were prepared according to the
methods described by Hamlin (78) and by Barry (9). Hamlin's procedure
consist of nitrosation of substituted acetoacetic esters in the pre-
sence of 85 per cent sulfuric acid; it is somewhat more cumbersome
and the product is not as pure as that obtained by Barry's method.
Barry (9) nitrosated malonic acid derivatives in an ether solution.

During the nitrosation of the malonic acid derivatives cer-
tain observations were made which led to a modification of the pro-
cedure described by Barry. He employed absolute ether, giving the
impression that anhydrous conditions were preferable for successful
yields. During the course of the present investigation, it was ob-
served that in the nitrosation of rather large quantities (30 g.) of

¢C -oximinohexanoic acid yields were very low if anhydrous conditions
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were maintained. Barry worked with smaller guantities and in an open
beaker, which no doubt permitted the adsorption of water., The ad-
vantages of a modification of the Barry procedure may be seen in the

following nitrosation studies.

A, Nitrosation under Anhydrous Conditions
To a 250 ce. three-necked flask equipped with stirrer, gas
surrounded

delivery tube, Cafl,; tube and/by an ice-salt bath, was added 16 g.
of C4HgCH(COOH), and 100 cc. of absolute ether. To this mixture was
added 25 cc. of butyl nitrite. The stirrer was started and a stream
of dry HCl gas passed into the reaction flask at a rate of 2 to 3 bubbles
per second. After stirring for one hour, the mixture was transferred

to a separatory funnel and extracted with 10% sodium hydroxide. The

alkaline solution was then carefully neutralized with hydrochloric

acid using congo red as the indicator; an oil separated which was first
thought to be an ester of of -oximinohexanoic acid, however, when iso-
lated and hydrolyzed with 10 per cent NaOH the original substituted
malonic acid was obtained. In a repeat of this experiment, it was
possible to isolate 8 g. of the original C4HqCH(COOH), and 3 g. of

the desired C4HyC(NOH)COOH.

B. Nitrosation with Moisture Present

Since this procedure was successfully employed in the pre-
of
paration/three of-oximino acids ( o -oximinobutyriec, o€ -oximino-
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hexanoic, end g -phenyl- « -oximinopropionic acid), it will be
described as a general method.

In a 250 cc. beaker, eguipped with a mechanical stirrer and
surrounded by an ice salt bath, was placed 0.05 to 0.10 mole of sub-
stituted malonic acid, 100 cc. of ether, 1 cc. of water, 1 cc. of
hydrochloric acid, and two equivalents of butyl nitrite. HCl gas
was passed in at a rate of about 2 to 3 bubbles per second and the
mixture stirred vigorously for about an hour; evaporated ether was
replaced. The mixture was then transferred to a separatory funnel
and the o -oximino acid extracted with 10 per cent sodium hydroxide
solution. The alkaline extract was washed with several small por-
tions of ether and made acid with concentrated hydrochloric acid,
using congo red as the indicator. After standing for about an hour
in the cold, the precipitated o —oximino acid was filtered and washed
with cold water. In the case of o -oximinobutyric acid, which was
somewhat soluble in water, the acidified solution was extracted with
ether., The ether layer was washed with a saturated sodium chloride
solution, then dried over anhydrous sodium sulfate, filtered, and the
solvent evaporated in a stream of dry air. 1In general, purification
was effected according to the recommendations of Barry and Hamlin.

Yields obtained using this procedure were from 70 per cent

to 80 per cent of the theoretical.
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C. Nitrosation with Aqueous Hydrochloric Acid as Catalyst

In a 250 cc. beaker was placed 16 g. of 04H90H(COOH)2 dis-
solved in 100 cc. of ether. To this was added 25 cc. of butyl nitrite
and 1 cc., of concentrated hydrochloric acid. The mixture was stirred
vigorously with a mechanical stirrer and after ten minutes an additional
1l ce. of hydrochloric acid was added. The stirring and the adding of
hydrochloric acid was continued until 10 cc. of concentrated hydro-
chlorie acid had been added. After adding 25 ce. of water the mix-
ture was extracted with ether.

The ether solution was then extracted with 10 per cent sodium
hydroxide solution. By acidification of the alkaline layer and
filtration with subseguent purification 5 g. of Chﬂgc(NOH)COOH was
obtzined. This would indicate that anhydrous conditions are not

necessary for the nitrosation.

D. Nitrosation under Mild Conditions

The nitrosation of benzylmalonic acid under mild condiﬁions
which Barry reported (9) has been repeatede To 4 g. of benzylmalonic
acid dissolved in 25 cc. of absolute ether was added 5 ce. of butyl
nitrite and 1 cc. of absolute ethanol containing 0.1 g. of HC1l per cc.
This mixture was placed in the refrigerator for one week. A yield of
3 grams or 85 per cent of the theoretical amount of A -phenyl- « -

oximinopropionic acid was obtained. This equals the yield reported

by Barry (9).
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ATTEMPTS TO HYDROLYZE €K -KETOXIMINO ACIDS

The hydrolysis of aldoximes and ketoximes, by acids or by
alkalies, to yileld the corresponding aldehydes or ketones, is & reaction
described in general organic texts. Unfortunately these reactions do
not apply to the synthesis of @€ -ketoacids.

Bouveault and Locquin (33) found that if oximes of the o= -
ketoacids are heated with dilute acids, they lose carbon dioxide and

water, forming a nitrile containing one less carbon atom:

R~C( :NOH) COOH > RCN + CO, + H0

This observation was confirmed during this investigation; the oxime
of phernylpyruvic zcid boiled with dilute acid, even with 0.1 N hydro-
chloric, formed phernylacetonitrile,

Organic text books also indicate that nitrous acid is capable
of removing the oximino groups from eldoximes and from ketoximes,
Keagle (91) was able to obtain succindisldehyde in yields of 90 per
cent by treeting succindisldoxime with nitrous acid. Accordingly,
seversl procedures employing nitrous acid were tried, all unsuccess-
ful, many forming phernylacetonitrile.

Phenylpyruvic acid cannot be prepared from its oxime by
employing formic acid and nitrosyl sulfate (a method previously dis-

cussed) as reported by Hell, Hynes and Lapworth (77).
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Sumerford and Delton (124) have proposed the use of & mix~
ture of cuprous oxide, hydrochloric acid and acetone for the hydrolysis
of quinone oximes; this procedure does not seem to be applicable to the
hydrolysis of ©C -oximino scids.

Karrer and Hoffmann (90) used hydrogen peroxide to effect
the hydrolysis of a nitrosophenol and Wallech (131) employed aqueous
oxalic acid to the same end; neither of these reagents showed promise
for effective removal of the oxime group from the oxime of phenylpyruvic
acid, Transoximination with acetone or with benzaldehyde did not
appear to teke place.

Since M™unusual" reactions sometimes occur in liguid ammonis
the oxime of three o -ketoacids, e.g. phenylpyruviec, o -keto-n-
hexanoic, and oK -ketobutyric acids were allowed to stand during two
hours in an excess of liquid ammonia. The ammonium salts were formed
and the original acid could be guantitatively recovered. A second
series employing esmmonium chloride and liquid ammonia gave similar
results.

It was observed during the course of the investigation that
small amounts of phenylpyruvic acid were formed if the oxime was allowed
to stand at room temperature for a month in 85% sulfuric acid.

With ethanolic hydrogen chloride, Bouveault and Locquin (31)
obtained small emounts of of -ketoacid from the oxime; a modification
of their procedure substituting & reflux condenser for a sealed tube

gave only traces of the o <ketoacid.
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Hemmerle (80) has shown that phenylpyruvie scid forms e
stable sodium bisulfite-addition compound., 1In attempts to utilize
this property, it was noted that a small amount of the o¢ -ketozcid
was formed when a mixture of the oxime, sodium bisulfite and hydro-
chloric acid was allowed to stand at 35° for several days. Efforts
to speed up this reaction through heating resulted in the formation of
phenylacetonitrile,

In Table III are summarized, as briefly as possible, the
procedures which have been employed in an effort to hydrolyze the
oxime of phenylpyruvic acid. The general procedure was to treat the
oxime with the reagent under given conditions, then ecidify if not
elready acid, (or if strongly acid, dilute) and extract with ether.
The solvent was then removed and an attempt was made tc identify the
resulting materizl. Small residues were checked by Erlemmeyer's (50)
test, charascteristic for phenylpyruvic scid, namely, the formetion of
a green ring at the interface between an ether solution containing the
phenylpyruvic acid and a dilute solution of ferric chloride. The re-
covered oxime was identified by mixed melting points. Phenylacetonitrile
was identified after isolating the oil resulting from a 10% acid hydrolysis;
the nitrile was distilled under diminished pressure; the product distil-
ling between 762 and 78° at 1 mm. was identical in boiling point and
refractive index with a known sample of phenylacetonitrile as well as

duplicating values reported in the literature.



32.

2
Hydrolysis product: [N]D5 = 1.5212;

2
Phernylacetonitrile (129a): [N]Ds = 1.52105



SUMMARY OF ATTEMPTS TO HYDROLYZE

Reagent
HC1l, 3%

HCl, 0.1 N
H,80,, 10%
H,S04, 10%
HoS04, 85%

HyS04, conc.
HOAc, 90%

HoCp04, 5%

NaOH, 10%
NaOH, 10%
NH,O0H, conc,
Alc. XOH, N/2

HN02 ’ N&NOQ
dil H,S0,

HNOz ’ NENOQ
ail. H,S0,

TABLE III

OXIMINOPROPIONIC ACID

Conditions of

the Reaction

reflux

reflux

boiling

70°C.

room temp.

room temp.
room temp.

steam bath

room temp.
reflux
room temp,
reflux

25%,mech,
stir.

50°C., mech.

# ~PHENYL- &% -

Oxime
Reaction Recovered
Time Per Cent
1 hr. 0
30 min, 0
10 min, 30
1.5 hr. 30
1 week 75
1 week 0
1 mo. 50
20 min. 40
1 week 100
2 hr,. 90
1 week 100
30 min. Q0
30 min. 95
20 min, 0
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Remarks

Phenylaceto-
nitrile formed

Phenylaceto-
nitrile formed

Phenylaceto-
nitrile formed

Phenylaceto-
nitrile formed

Some ketoacid
probably formed

Carbonization

3

Phenylaceto-
nitrile formed

Phenylaceto-
nitrile formed



Reagent

HNO,, NaNO,
H,0

HNO,, BuNO,
85% H,S0,

HNOp, BuNO,
8594 H,S0,

NaHS05, dil.
HC1

NaHSO5, dil.
HC1

NaHS03, dil.
HC1

Alc., HCl, Abs,
ale. + 7% cond.
HCL

Hy0py a1 N
HCL

H,0,, ROH
HC1

Cuz0, HCl-
acetone (124)

Cu,0, HOAc-~
acetone (124)

Acetone, NaAC

Ce¢HsCHO,
neutral + alc.

CaHsCHO,
neutral + ale,

NHg, liguid
NHs, liquid
NH,,C1

TABLE III (continued)

Conditions of
the Resction

room temp.

at 5°C.

on ester,
5°C.

steam bath

steam bath

35°C.

reflux

70°C.

boil

25°C.

reflux

reflux

shake-25°C.

reflux

Oxime
Reaction Recovered
_Time Per cent
18 hr. 0
1.5 hr. 95
1 hr. 70
10 min. 80
30 min. 0
36 hr. 70
1.5 hr. 0
10 min, 0
20 mino 90
45 min, 0
l hr, 0
1.5 hr. 80
3 hr. 70
2 hr. 70
2 hr, 100
2 hr, 100
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Remerks

Phenylaceto-
nitrile formed

Phenylaceto-~
nitrile formed

Phenylaceto-
nitrile formed

Some ketoacid
probably formed

FEsterification and
probably some
ketoacid

Phenylaceto-
nitrile formed

No ketoacid
identified

Test for ketoacid
negative

Test for ketoacid
negative

Some ketoacid
probably formed

Test for ketoacid
negative

Test for ketoacid
negative

NH, salt formed
NH, salt formed
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ATTEMPTS TO PREPARE AND HYDROLYZE OC -KETIMINOACIDS

In view of the failure to obtain o -ketoacids by the methods
described, it seemed that they might be prepared from their correspond-

ing ketimines:

R-C(:NH)-cooH —HOH » R-CO-COOH + NHj

On the basis of previous work in these laboratories, it was believed
that the desired ketimine might be formed as partial hydrogenation pro-
ducts of the oximino acids.

As stated earlier, Hamlin observed that during the hydrogena-
tlon of o ~oximino acids approximately half of the theoretical amount
of hydrogen needed for complete reduction was taken up rapidly; to
complete the second half of the reduction usually required four to
five times as long., Hamlin supposed that this slowing down was due
to the complete formation of the imino intermediate which was then
more slowly reduced to the amine. TIf Hamlin's supposition were correct,
it should be comparatively easy to reduce to the helf-way stage and
hydrolyze the resulting imino intermediate to the & -ketoacid. Ac-
cordingly the behsvior of oxime of phenylpyruvic acid on reduction was
studied further,

The hydrogenation was carried out as described by Hamlin,

The general procedure was to place a mixture of 3.3 g. of palladinized
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charcoal (78), 9% cc. of 95 per cent ethanol, 4 cc. of concentrated
hydrochloric acid and 2 g. of /2 -phenyl- « -oximinopropioniec acid
in a 250 cc. flask ané connect to the hydrogenator. After exhausting
the apparatus three times, the shaker was started and readings of the
volume of hydrogen ebsorbed were made at intervals.

The results, given graphically in Figure 1, confirm Hamlin's
observation that when approximately half the calculated hydrogen is
taken up, the rate of reduction drops markedly, but if allowed to go
to completibn forms phenylalanine in substantially quentitative yields.
In the next two experiments, reduction was interrupted at the hslf way
point; the product consisted of a mixture of approximetely eguimolar
amounts of unchanged oxime and phenylalanine. In a fourth experiment
reduction was stopped when three quarters of the calculated amount of
hydrogen had been taken up; the product consisted of a mixture of un-
changed oxime and phenylalanine in a molar ratio of about 1 to 3.

These results suggest that the phenylalanine as it forms
acts as an anti-catalyst. In order to test this hypothesis, several
experiments were performed,/%ﬁich 1 g. of phenylalanine and 2 g. of

f? -phenyl- o -oximinopropionic acid were mixed and subjected to
catalytic hydrogenation. Figure II is a typlecal curve for this re-~
duction. After two hours the reduction was only sabout 50 per cent
completed., Obviously, the amino acid has some deterr=nt action on

the speed of hydrogenation.
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To prove further that the slowing down in the reduction of
the oximino acid is an anti-catalytic phenomenon and not a formation of
the intermediary imine as Hamlin postulated, which is subsequently re-
duced at a slower rate, the following experiment was performed: To
the 250 cec. hydrogenation flask was attached a Claisen neck fitted
with a burette so connected as to form a closed system which permitted
no pressure change when additions were made to the reaction flask from
the burette. In the reaction flagsk was placed the catalyst, 80 cc.
of 95 per cent ethanol, and 1 cc. of concentrated hydrochloric acid.
In the burette was placed a 10 per cent solution of /? -phenyl- £ =
oximinopropionic acid (3.75 g. oxime, 33.5 cc. ethanol and 4 ce. of
concentrated hydrochloric acid). Twenty cc. of the oxime solution
(2 g.) was run into the reaction flask, the apparatus exhausted, and
hydrogen introduced. The shaker was started and readings were taken
at two minute intervals. After one hour, (that is, when approximately
half of the theoretical amount of hydrogen had been taken up) another
portion consisting of 10 ce. of the oxime solution (1 g. of oxime) was
run into the reaction flask. It may be observed from Figure II, point
a, that there was no increase in the rate at which the hydrogen was
taken up. After the elapse of a further thirty minutes, the final
7.5 cc, of the oxime mixture (0.75 g. of oxime) was added; again there
was no increase in the rate at which the hydrogen was taken up (Figure

IIT, voint b). This experiment shows that the addition of fresh /9 -



28,
phenyl o —-oximinopropionic acid to a mixture of the acid already in
the process of hydrogenation does not cause an increase in the rate
of hydrogen ebsorption. It must be concluded that the phenomenon of a
slow-down in the rate of hydrogenation is an anti-catalytic phenomenon
and is not due to the formation of a more difficult hydrogenated pro-
duct. In passing it is interesting to note that in Figure I the curve
after approximately one-half of the hydrogen has been taken up, is

strikingly similar to the typical curve shown in Figure IT.
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X ~ALKOXIMINOACIDS AND THEIR DERIVATIVES

Although the OC-ketoacids are not easily prepared from the
oximino acids, it is felt that the oximino zcids may still be suc~
cessfully employed in the preparation of the dipeptides. In 1933,
Adkins and Reeve (3) made an interesting synthesis of threonine in

which they prepered the O-ethyl ether of oximinoacetoacetate and later

reduced the product thereby removing the O-ethyl to give the free amino

group. It seemed logical that alkyleation would protect the oximino
group, permitting the synthesis of an acid chloride derivative which
may be coupled with an amino acid; subsequent reduction should form

the amino group, thus giving a dipeptide. The theoretical equations

are:
0
R~C~COOR »  B~C-CO0H ———) R~C~C7 RNCH(NHL)COOH
" 1
NOH NOR! Nor! C1
I II III
R~-C~CO-NH-CHR"-COOH 7} R=-CH=(0=~NH-CHR"=COOH
i {
NOR NH,

IV A

During the course of this investigation three ethoximino

(Type II, R' = Et) and two benzyloximino acids (Type II, R' = CHyCgHs)
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were prepared. Of these four were converted into their corresponding
acid chloride (Type III, three where R' = Et and one where R' = CH5CgHs)
Time did not permit the condensation of these acid chlorides with amino
acids; however, the fact that they will form amides is proved by the
fact that the corresponding anilides have been synthesized. Reduction
studies are incomplete.

Since these compounds are representative of & new class, Dr.

E. J. Crane, Fditor of Chemical Abstracts, was asked to give his

opinion as to the proper nomenclature. Dr. Crane referred to the
letter to Dr. Austin Patterson, who replied as follows:

"Dr, Cappel and I rather like ethoxyimino betiter than
ethylisonitroso and have no particular objection to
ethoximino (We could use such names as ethoxyimino
now in C.A. indexing since they are combinstions of
radical names already in our published list, but would
have to regard ethoximino, methoximino, etc. as new
radical names).

I am sorry to have tsken all this time to say that we
see no objection to your propcsed names, but think this
wes the besi procedure.

I might note that by the present C.A. practice the com-
pound in your letter of December 30th would probably
be indexed as pyruvic acid, phenyl, QO-ethyloxime.
Treating such compounds as derivatives of the corres-
ponding Oxo compound accounts for our scant use of
isonitroso".

A description of the experimental phase of this work is sum—

marized under the following headings:
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l. Preparation of ¢ -slkoximino acids

2. Preparation of (X -alkoximino acid chlorides

3. Preparation of ethyl esters of K -alkoximino acids

4. Preparation of the anilides of the  -alkoximino acids

5. Hydrogenolysis of the substituted oK-oximino acids

1. Preparation of e&¢C-Alkoximino Acids
A, X-Ethoximino Acids

The preparation of the K-ethoximino acids was accomplished
by ethylation with diethyl sulfate in a slightly alkaline medium in the
presence of acetone. The method is adapted from a methylation procedure
which Tipson and Levene (125) had found so successful in their sugar
gtudies. The three acids which were prepered were found to be low
melting solids and could be purified by distillation under diminished
pressure.

(1) _fF ~Phenyl- X -Ethoximinopropionic Acid

CgHg~CHy-C~COOH
gOCQHS
Since this synthesis msy be used as a type procedure for
the preparation of € -alkoximino acids, it will be described in detail.
A tenth mole, 17.9 g. of [ -phenyl- ot -oximinopropionic acid was
placed in a 500 ce. three-necked flask and dissolved in a 100 cc. of

a 5 per cent aqueous solution of sodium hydroxide and 50 cc. of acetone.
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The flask was equipped with a mechanical gtirrer and two burettes

so arranged that & solution of sodium hydroxide and diethyl sulfate
could be added simultaneously. A total of 100 cc. of diethyl sulfate
and 100 cc. of sodium hydroxide solution (30.5 g. per 100 cc. of solu-
tion) was added. The rate of addition after the initial addition of
10 cc. of the sodium hydroxide was such that 1 drop of alksli was
added per drop of diethyl sulfate. Since the concentration of the
alkali solution was such that 1 cc. of alkali would neutralize the
acid formed during the hydrolysis of 1 cc. of diethyl sulfate, the
mixture was slightly alkaline throughout the ethylation, The addi-
tion of the ethylating reagent required about thirty minutes and
during this time the temperature of the water bath was raised to

70°. As a general rule 5 moles of diethyl sulfate were added per
mole of oximino acid.

When the addition was completed, the burettes were replaced
by a reflux condenser, and the temperature of the bath was raised to
boiling. The mixture wzs refluxed helf an hour, after which the re-
flux condenser was removed and the heating continued about an hour,
or until most of the acetone had evaporated; the last traces being
removed by suction. The reaction mixture was cooled, made definitely
acid to congo red, using 25 cc. of concentrated hydrochloric acid, and
extracted completely with ether. The combined ether extracts were

washed with several small portiong of water, filtered, and dried over
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anhydrous sodium sulfate. The solvent was removed and the resulting
material distilled at 1 to 2 mm. pressure., The fraction distilliing
at 115° to 120° was collected; a yield of 16.3 g. or 79 per cent of
the theoretical /7 -phenyl- of -ethoximinopropionic acid was obtained.

The colorless crystals melted at 58.5-59.0°.

Neutralization Equivalent (phenolphthalein)

Calc. for CllHIBNOB’ 20722 Found : 209.5
209.9

Nitrogen (Kjeldshl)

Calc. for CpiHy3NO,: 6.7% Found: 6.+59%
6.56%

(2) _of -Ethoximinobutyric Acid

CoHg~-C~-COOH
gOCQHS
The ethylation was carried out according to the directions
given for the preperation of /?-phenyl- A -ethoximinopropionic acid.
From 11.7 g. (0.1 mole) of (€ -oximinobutyric acid, 8.6 g.(60 per cent
of theoretical) (R -ethoximinobutyrie acid was obtained. The fraction
distilling at 89-95° under 12-14 mm. pressure was collected. When
cooled the product crystallized in long colorless needles which melted
at 61.0-61.5°,



X -ethoximinopropionic acid.

hexanoic acid was obtained.

1 to 3 mm. pressure was collected.

Neutralization equivalent (phenolphthalein)
Calc. for CgHyi04N: 145.2 Found:

Nitrogen (Kjeldahl)

Calec, for 06H1103N: 9.65% Found:

(3) K -Ethoximinohexanoic Acid

CH3 (CH,) 3~C-COOH
"
NOCsz

The ethylation of C-oximinohexanoic acid was carried out ac-

less needles. The crystals melted at 23°

Neutralization equivalent (phenolphthalein)

cording to the directions given under the preparation of /4 -phenyl-
From 29 g« (0.2 mole) of & -oximino-
hexanoic acid, 28.1 g. or 80 per cent of the theoretical C-ethoximino-
The fraction distilling at 83-88° under

The product was a clear liquid

~which when allowed to stand in the refrigerator solidified as long color-

Calc . for CSH1503 H 173 . 2 Found H 1714 0

Nitrogen (Kjeldahl )

174.6

Cale. for 08H1503 : 8.09% Found: 7.85%

7.38%
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B. X -Benzyloximino Acids

Since various investigators have enjoyed considerable success
with catelytic debenzylation, it was thought that it vwould- be advanta-
geous to prepare the benzyl substituted X-oximino acids and make
a study of their reduction, As early as 1883, Janny (88) succeeded
in preparing the benzyloximino grouping. He reacted benzyl chloride
and acetoxime in the presence of sodium ethoxide to form benzyloximino-
acetone., It was found that essentially the same procedure as described
above for ethylation could be used for benzylation of the OC -oximino
acids. When five equivalents of benzyl chloride were used, the mode
of isolation of the benzyl derivative was different from that used for
the ethoximino acids. It was expedient to isolate the sodium salt of
the —benzyloximino—acids since they were somewhat soluble in a
mixture of ether, benzyl alcohol, and residual benzyl chloride. After
isolation, the sodium salt was dissolved in water and the free K-
benzyloximino acid precipitated by acidification. The yields obtained
were 42 and 56 per cent, respectively, for the two acids prepared. It
is believed that these yields may be greatly increased if the mode of

isolation is improved.

(1) £ -Phemyl- K -Benzyloximinopropioniec Acid

CoHsCH,C~-COOH
i
NOCH,CgHs
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In a 500 cc. three-necked flask was placed 9 g. of /7 -phenyl-

o -oximinopropionic acid dissolved in 25 cc. of water, containing
2.5 g. of godium hydroxide, and 100 cc. of acetone. This mixture was
heated to 40°, the mechanical stirrer started, and 5 cc. of a sodium
hydroxide solution (34.7 g./100 cc.) was added from a burette. Benzyl
chloride was then added drop by drop from a second burette and an
equal volume of the alkali added drop by drop, simultaneously. This
equel rate of addition was continued until 30 cc. of benzyl chloride
(5 equivalents) and a total of 30 cc. of alkali had been added, the
addition requiring about 30 miﬁutes. During the addition the tem-
perature of the water bath was slowly raised to 70°. The burettes
were replaced by a condenser and the mixture was refluxed for an hour
at 70° with continued stirring; the reflux condenser was then removed
end the temperature of the bath raised to boiling, thus removing the
acetone, The heating was continued for two hours; during the latter
part of the heating, a current of air was drawn over the mixture and
several portions of water were added to prevent the mixture from
solidifying. The mixture was cooled and extracted with ether. The
etherial extracts were allowed to stand overnight in a stream of dry
air. The resulting semi-solid material was treated with small por-
tions of absolute ether; the oily constituenits dissoclved leaving be-
hind 10.3 g. of colorless solid which was soluble in water and gave

a strong alkaline reaction after ignition. It was assumed to be the
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sodium salt of /£ -phenyl- o{ -benzyloximinopropionie acid. The 10.3 g.
of "sodium salt" was dissolved in water and the solution made acid to
congo red. The precipitate which formed was filtered and recrystallized
from ethyl alcohol. A yield of 7.5 g., or 56 per cent of the theore-
tical /-phenyl- o -bengyloximinopropionic acid, was obtained as

colorless crystals melting at 79-80°.

Neutralization Equivalent (phenolphthalein)

Calc. for C16H;505N: 269.3 Found: gzi.g

Nitrogen (Kjeldahl)
Cale. for 016H1503N: 5.20% Found: 5.12%
5.13%

(2) (X -Benzyloximinohexanoic Acid

CH3 (CH, ) 3C~COOH
{
NOCHzCgHp
Using the procedure described for the preparation of & -
phenyl- X -henzyloximinopropionic acid, 7.2 g. of R-oximinohexanoic
acid gave 4.8 g. (42 per cent theoretical) of X ~benzyloximinohexanoic

acid. The white crystals melted at 61.0-61.5°,

Neutralization Equivalent (phenolphthalein)

Celc. for Cy3Hy70,N:  235.3 Found: 236.3
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Nitroge jeldahl
- Calc. for C_ H 0O N: 5.95 Found: 5.87%
13717 3 * 5.87%

2+ Preparation of the X -Alkoximino Acid Chlorides

The chlorides of the @c-alkoximino acids may be prepared
in good yields by the action of thiomyl chloride on the free acid.
Two QC-ethoximino acid chlorides were prepared and their structures
confirmed by anslysis, and by subsequent preparation of the corres-
ponding ester and anilide. One X-benzyloximino acid chloride was
prepared and its structure verified through analysis and subsequent
preparation of the corresponding anilide. The preparation of another
acid chloride is described, although the product was not completely
characterized. Two of the acid chlorides were prepared by allowing
the reaction to take place in a dry solvent. The other reasction was
effected without the use of a solvent., There are indications that
in the prepsration of the acid chlorides of lower molecular weight,
the solvent is necessary; it also seems that in the case of the
lower molecular weight compounds, heat mey cause a lowering of the
yield. There was a marked darkening when thionyl chloride was re-
fluxed with C-ethoximinohexanolc acid, resulting in the formstion
of tars during the distillation under diminished pressure. When this

reaction was repeated using a solvent, permitting the reaction mixture
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to stand overnight and then refluxing for a short time, the yields
were good, although a small amownt of unreacted acid was recovered;
the mixture darkened after refluxing for 20 minutes. It may be that
only a slight excess of thionyl chloride should be employed; however,
in the preparation of /-phenyl- o -benzyloximinopropionyl chloride,
three equivalents of thionyl chloride were added and the mixture re-
fluxed in dry benzene for a couple of hours.

The ecid éhlorides are clear colorless liquids which may be
distilled under diminished pressure. They do not react actively with
cold water, but hydrolyze slowly to give a positive chloride test
when shaken with water for several mimutes. The lower molecular
weight acid chlorides have a rather pungent odor; [ -phenyl-c -
benzyloximinopropionyl chloride, on the other hand, is practically
odorless. It was observed that of-ethoximinohexanoyl chloride darkens

when held in a sealed glass ampule during a period of two months.

A. O¢ =Ethoximino Acid Chlorides

(1) /£ =Phenyl- K ~Ethoximinopropionyl Chloride

_0
C gHg=CHp=C~C

I e
C,HsON

To 6.6 g of [ -phenyl- K -ethoximinopropionic acid in a

125 cc. flask, was added 6.6 g. (4.0 cc.) of freshly distilled thionyl
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chloride. The mixture was refluxed for half an hour, during this time
the condenser was protected from moisture by 2z celcium chloride tube.
To remove the excessive thionyl chloride and the liberated hydrogen
chloride, two portions of 50 cc. each of dry benzene were added and
removed under reduced pressure. After all the benzene had apparently
been removed, the product was distilled under 1 to 2 mm. pressure
and the fraction distilling at 95-97° was collected. A yield of

6.0 g. or 85 per cent of the theoreticel (5 -phenyl- (X-ethoximino-

propionyl chloride was obtained.

Nitrogen (Kjeldahl)

Calc. for C11HjoOoNCl: 6.21% Found: 6.04%
6.03%

Chlorine
Calc. for Cy3H,,0oNCl: 15.72% Found: 15.61%
1 15,574

(2) _X-=FEthoximinohexanoyl Chloride

0
CH3(CH2)3—C—C\
I ol
C,H5O0N
To 10.0 g. of (K-ethoximinchexanoic acid dissolved in 25 cc.
of dry benzene wes added 9.8 g. (6.0 cc.) of thionyl chloride dissolved

in 15 cc. of dry benzene. The mixture was allowed to stand overnight,
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protected from atmospheric moisture, and then refluxed on the steam bath
for about 20 minutes or until the mixture started to darken. The excess
thionyl chloride and the liberated hydrogen chloride were removed by
the addition of two portions of dry benzene with subsequent distillation
under reduced pressure. After all the benzene had apparently been re-
moved distillation of the acid chloride wes effected at 1 to 3 mm. pres-
sure. There was obtained 7.8 g. of product distilling between 58° and
63°, An additional 1.2 g. of material distilling within the range of
the original o -ethoximinohexanoic acid (78-83°) was then collected.
Allowing for the recovered acid, the yield of chleride was 81 per cent

of the theoreticel K-ethoximinohexanoyl chloride.

Nitrogen (Kijeldahl)

Calec. for 08H1402NCl: 7.21% Found: '7.20%
7.19%

Chlorinest
Calc. for CgHyjO0,NCl: 18.51% Found: 15.6%
16.1%9

(3) ¢ =Ethoximinobutyryl Chloride

To 7.2 g+ of o —ethoximinobutyriec acid was added 13.2 g.

(8.0 cc.) of thionyl chloride and the mixture refluxed on the stesm

# The analysis of chlorine is admittedly unsetisfactory, but is
reported here as 8 rapid rough quantitative anaslysis to indicate
the high chlorine content of the distilled product. The
identity of the compound is further substantiated by its ecter
and anilide, both of which are described lester,
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bath for ten mimutes during this time the mixture became very derk,
accordingly the hesting was discontinued. The excess thionyl chloride
and the liberated hydrogen chloride were removed by adding two portions
of 50 cc. each of dry benzene and distilling under diminished pressure.
After all the benzene had apparently been removed, the product wes
distilled under 15 to 18 mm. pressure, and the product distilling
between 50° and 55° was ccllected. Only 3 g. or 36 per cent of the
theoretical X -ethoximinobutyl chloride was obtained. The materisl
remaining in the flask seemed to have polymerized and no unreacted
original products could be distilled oul of the mixture.

The anzlysis for chlorine was unsatisfactory, but it is
reported here to indicate the high chlorine content of the distilled
product. No nitrogen analysis was made; however, the structure was
indicated by the fact that hydrolysis with 10 per cent sodium hydroxide
gave the original K-ethoximinobutyric acid. It is believed that if
technique worked out subsequent tc this attempted preparation were

employed, the product could be obteined in good yields.

Chlorine

Calc. for CgHypO,NCl: 21.7% Found: 18.2¢



53

B. & -Benzyloximino Acid Chlorides
(1) -Pheryl- R —Benzyloximinopropionyl Chloride
.0
CGHS-CHQ—C-C\
Ccl
CgHs~CH,ON
To 5.0 g. of /[ -phenyl- o =benzyloximinopropionic acid
dissolved in 25 cc. of dry benzene wes added 6,6 g. (4.0 cc.) of
thionyl chloride dissolved in 15 cc. of benzene. The mixture was
refluxed for two hours, during this time the mixture was protected
from atmospheric moisture by means of a cslcium chloride tube. To
remove the excess thionyl chloride and liberated hydrogen chloride,
two portions of 50 cc. each of dry benzene were added end removed
under diminished pressure. After a2ll the benzene had apparently
been removed, the product was distilled under 1 to 2 mm. pressure,
and the product distilling at 170-175° was collected. A yieid of

4.7 g. or 88 per cent of the theoretical /A -phenyl- & ~benzyl-

oximinopropionyl chloride was obteined.

Nitrogen (Kjeldahl)

Calc, for CygHy0,NCL: 4,879 Found: 4.82%
4,7%6%

Chlorine
Calc. for CjeH3/40,NC1: 12.34% Found: 12,13%

12.09%
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3. The Preparation of the Ethyl Esters of R -Alkoximino Acids

The ethyl esters of the (X -ethoximino zcids may be easily
prepared by permitting the acid chloride to react with absolute etiyl
alcohol. Two of the esters were prepared in order that the structure
of the corresponding acid and acid chloride could be more conclusively
established. The esters are clear colorless liguids which may be
distilled under diminished pressure. They have shown no darkening

in color over s three months period.

A. Ethyl Bsters of R -Ethoximino Acids

(1) Ethyl £ -Phenyl- R —ethoximinopropionate

CgHsCH,~C~CO0C,Hs
/I\gOCQHs

About 3 g. of [ -phenyl- X -ethoﬁciminopropionyl chloride
was added to 10 cc. of absolute ethyl aslcecohol and the mixture was re-=
fluxed on the steam bath for half an hour. The excess slcohol was
removed under diminished pressure,and the residue taken up with ether,
The ethereal solution was washed with two small portions of saturated
salt solution, then dried over anhydrous sulfate, and filtered into
the distilling flask. After removal of the solvent, the residue was
distilled at 1 to 3 mm. pressure. The fraction distilling at 118-120°

was collected. The ester so prepared was a clear colorless liquid,
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Nitrogen (Kjeldahl)

Calc. for CysH,~03N: 5.95% Found: 5.79%

Seponification Velue

Calc. for 013H1703N: 235.3 Found: 231
232

(2) Ethyl £ ~ethoximinohexsnoste

CH3 ( CHz ) 3"C“"COOCQH5
[l

NOC,Hs

To 4.0 g. of KR-ethoximinohexanoyl chloride was added 25 cc.
of sbsolute ethyl slcohel, and 't:he mixture was refluxed on the steam
both for one hour. The excess alcohol was removed under diminished
pressure, the the residue taken up with ether. The ethereazl solution
wag washed with two small portions of saturated salt solution, then
dried over anhydroug sodium sulfate and filtered into a distilling
flask. After removal of the solvent, the ester was distilled under
1 to 3 mm. pressure. The product distilling at 60-65° was collected.

A yield of 3.7 g. or 88 per cent of the theoretical ethyl X -ethoximino-

hexanoate was obtained as a clear colorless liquid,

Nitrogen (Kjeldshl)

Cale, for 010H1903N: 6.%% Found: gcggé



Saponification Value

Cale. for C]_OH1903N: 201.2 Found: igé.é

L, Preparstion of the Anilides of the o -Alkoximino Acids

The anilides of the R -alkoximino acids may be prepared by
the reaction of aniline with the acid chloride. Two R -ethoximino
anilides and one (K-benzyloximino anilide have been prepared in order
that the structure of the corresponding acids and acid chlorides could
be more conclusively esteblished. It was also desired to attempt the
reduction of a compound of this class.

Two of the anilides are colorless crystelline products; their
melting points are very close to those of the acid from which they may
be considered as being derived. A -Ethoximinohexanilide is a liquid
and may be distilled under diminished pressure; O -ethoximinohexanoic

acid is also a liquid,

A. X =BEthoximino Anilides

(1) A =Phenyl- O -ethoximinopropicnanilide

CGHS-C!Hz-c-’CO-NH'C 6H5

i
NOCsz

To 9.2 g. of crude ,@-phenyl— X =ethoximinopropionyl chloride

(product not distilled but excess thionyl chloride removed under diminished
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pressure) dissolved in 25 cc. of dry benzene was added 9.2 g. (9.0 cc.)
of aniline. The mixture was refluxed on the steam bath for half an
hour, then cooled and the precipitated aniline hydrochloride filtered.
The benzene was removed by distillation under diminished pressure, and
the residue taken up with 20 cc. absolute ethyl ether. To this solution
was added 80 cc. of petroleum ether; a light yellow precipitate was
deposited which was at first thought to be the desired anilide. This
product weighed 3.2 g. and on further purification (dissolving in
absolute ether and precipitating with petroleum ether) had a constent
melting point of 88-89°, Nitrogen analysis, neutralization equivalent
and hydrolysis products indicate that this materisl is a2 salt of aniline

and ﬁ -phenyl- (X -ethoximinopropionic acid.

Nitrogen (Kjeldeshl)

Calc. for 011H13N03.66H5NH2: 9.30% Found : g.sgé

Neutralization Fouivalent (0.J N NaQH)

Calc. for CyyHy3NO,.CeHgNHy: 300.3 Found 304 to

3 318

(End point with phenolphthalein indefinite because
of the inherent color of the solution; apparently
liberated aniline)

Hydrolysis with 10 per cent Sodium Hydroxide

Aniline identified as a product.

{7 -Pheryl- K ~ethoximinopropionic acid identified
as a product.
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f?-Phenyl- R -ethoximinopropionanilide was isolated from
the etheresl filtrates by evaporation to dryness end purificstion of
the residue by dissolving in ethyl alcohol and precipitating by the
addition of water. A totsl of 5.2 g. of anilide which melted at

59-60° was cbtained.

Nitrogen eldahl)

Calc. for C 0-N,: 9.92% Found: 9.849
182

(2) QX -_Ethoximinohexanilide

CH3 (CHz ) 3"'C"CO"NH"CGH5
!

NOC,Hg

To 4.2 g. of (€-ethoximinohexanoyl chloride, dissolved in
25 cc. of dry benzene, was added 4.2 g. (4.1 cc.) of aniline dissolved
in 15 cec. of dry benzene. The aniline hydrochloride, which formed as
& white precipitate, was filtered after the mixture had stood for half
an hour. The solvent was removed under diminished pressure, and the
residue distilled under 1 to 3 mm. pressure. The product distilling
at 133-138° was collected. A yield of 4.3 g« ,0r 77 per cent of the
theoretical OC -ethoximinohexanilide, was obtained as a slightly yellow
somewhat viscous liquid, which failed to crystsllize on prolonged

standing at room temperature.
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Nitrogen (Kjeldahl)

Calc. for Cy4H No: 11.31% Found: 11.18%

0
1972 11.14%

B. QE‘-Bengxloximino Anilides

(1) -Phenyl -~ ~benzyloximinopropionanilide
C 6H5 -GHz -C"CO"NH"C 5H5
]
N-0-CH,=CaHs

To 1.1 g. of ;?-phenyl— & -benzyloximinopropionyl chloride
dissolved in 25 cc. of absolute ethyl ether was added 0.8 g. of aniline
dissolved in 10 cc. of absolute ethyl ether. The mixture was 2llowed
to stand for one hour and the precipitated aniline hydrochloride filtered.
The solvent was removed under diminished pressure; the residue was
purified by dissolving in warm 95 per cent ethyl alcohol and precipitat-
ing by the addition of water. A yield of 1.2 g. or 90 per cent of the
theoreticel ,3 -phenyl- OU-benzyloximinopropionanilide was obtained

as a colorless crystalline substance which melted at 73.5-74.0°.

Nitrogen (Kieldahl)

Calc. for 022H2002N2: 8.14% Found: g.gié

5. Hydrogenolysis of the Substituted OC -Oximino Acids
Jones and Major (88a) made studies of the catslytic reduction
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of aryl oximino groups in 1930. Later Adkins and Reeve (3) reduced an
ethoximino group in their synthesis of threonine. These investigators
employed what may be considered drestic conditions for the reduction of
the alkoximino group; Adkins and Reeve used a pressure of 300 atmos-
pheres and a temperature of 90°. It was hoped that it would be
possible to reduce the alkoximino acids catalytically without resort-
ing to high pressures and elevated temperatures. Attempts have been
maede to effect this reduction at room tempersture and at a low
pressure using several different catalysts. These experiments have
not been crowned with complete success; however, reduction hag teken
place to give small amounts of the corresponding amino acid. It
appears that benzyloximino acids are more easily reducible since a
yield of 50% hes been obtained, These hydrogenation experiments will

be briefly described:

A. Reduction of /P -Phenyl- OC -ethoximinopropionic Acid
(1) Using Palladium as Catalyst
To 5.0 g« of ﬁ-phenyl—- ¢ -ethoximinopropionic acid
100 cec. of 95per cent ethyl alecohol, 5 cc. of hydrochloric acid and
3 g. of prepared palladium on charcoal catalyst (78) were added. This
mixture was shaken with hydrogen at a pressure of 2 atmospheres at room
temperature for 3 hours. About 0.4 g. of phenylalanine was obtained

along with 3.8 g. of the original acid.
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(2) Using Raney's Nickel
To 5.0 g of /F-phenyl- X -ethoximinopropionic acid
was added sodium hydroxide solution (the calculated amount to make the sodium
salt), 0.2 g. of prepared Rmney's nickel catalyst and 100 cc. of distilled
water. This mixture was shaken with hydrogen at a pressure of 2 atmos-
pheres at room temperature for three hours. About 0.6 g. of phenylalanine

was obtained; no originél acid was recovered,

B. Reduction of /Z-Phenyl- (X ~ethoximinopropionanilide

(1) Using Pelladium at Two Atmospheres Pressure

To 5.0 go of [-phenyl- X -ethoximinopropionanilide
95 cec. of 95 per cent ethyl aleohol, 5 cc. of hydrochloric acid, and
3.2 g, of prepared palladium charcoal catalyst (78) were added. This
mixture was shaken with hydrogen at 2 atmospheres pressure at room
temperature for four hours. There was no noticeable adsorption
of hydrogen. Accordingly, the mixture was transferred to the high

pressure hydrogenator.

(2) Using Palladium at Seventy-five Atmospheres Presgsure

The mixture which had been subjected to hydrogenation
at two atmospheres for four hours was transferred to the high pressure
hydrogenator and shaken with hydrogen at a pressure of 75 atmospheres
at room temperature for 16 hours. After this trestment, 3.6 g. of the

original anilide was isolated.
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Ce Reduction of X -Ethoximinochexanoic Acid

(1) Using Adams! Catalyst in Methyl Alcohol

To 3.5 g. of (X ~ethoximinohexanoic acid, 100 cec. of
methyl alcohol and 0.2 g. of Adams' pletinic oxide catalyst were added.
This mixture was sheken with hydrogen st a pressure of two stmospheres
at room temperature for four hours. At the end of this time about
0.4 g. of isoleucine was obteained along with 2.3 g. of the original

acid,.

(2) Using Adams! Catalyst in Ethyl Alcohol
To 3.5 g« of X -ethoximinohexanoic acid, 100 cc. of

ethyl alcohol and 0.2 g. of Adams! platinic oxide catalyst were added.
This mixture was shaken with hydrogen at a pressure of two atmospheres
at room temperature for four hours. At the end of this time about
0.2 go of isoleucine was obtained along with 2.0 g. of the original

acid.

D. Reduction of /?-Phenyl~ R ~benzyloximinopropionic Acid

(1) Using Palladium Catelyst in Fthyl Alcohol

To 5.0 g. of [ -phenyl- (X ~benzyloximinopripionic acid
95 cc. of 95 per cent ethyl alcohol, 5 cc. of hydrochloric acid and
3.2 g. of prepered palledium charcoal catalyst (78) were added. This
mixture was shaken with hydrogen at two atmosphereg &t room temperature
for five hours. About 0.6 g. of pherylalanine was obtained along with

2.5 g. of the original acid.
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(2) Using Palladium Catalyst in Glscisl Acetic Acid

To 4.0 g. of [F-phenyl-" (X -benzyloximinoprooicnic acid

100 cc. of glacial acetic acid and 3.3 g. of prepared palladium charcoal
catalyst (78) were added. This mixture was shaken with hydrogen at
two atmospheres at room temperature for six hours. The glacial acetic
acid was removed under diminished pressure; the last traces being removed
in a vacuum desiccator containing soda lime. The residue which remained
weighed 2.5 g.;from the portion which was insoluble in absolute ether
1.2 g. of phenylalanine was obtained, representing a yield of 50 per
cent of the theoretical.

From the experiments described above, it appears that
the hydrogenstion of benzyl substituted oximino acids may be accom-
plished using glacial acetic scid as the solvent. Time has not per-
mitted s study to ascertein the conditions which may prove more favor-
able for the reduction. The hydrogenations performed, which may
justly be considered as preliminary experiments, have indicated that
the benzyl substituted compound may be reduced in yields of at least

50 per cent,
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SUMMARY

I. A comprehensive literature survey of the (X -ketoacids
has been made.

IT. The catalytic hydrogenation of the oxime of phenyl-
pyruvic acid has been further studied; the hypothetical intermediate
imine is reduced more rapidly than the oxime, Phenylalanine acts
anti-catalytically in the reduction of the oxime of phenylpyruviec acid.

ITI. A method for the alkylation of the (X —oximino acids
has been devised and employed successfully.

IV. It has been shown that if the oximino group of the K -
oximino acid is protected by alkylation, the corresponding acid chlorides
may be prepared in good yields.

V. The acid chlorides of the (X -alkoximino acids have been
shown to react as charazcteristic acid chlorides.

Vi. In a study of the catalytic hydrogenation of the alkoximino
acids at room temperatures and at low pressures, it has been observed
that hydrogenstion takes place very slowly when alcohol is used as the
solvent. However, if glacial acetic acid is substituted for alcohol
as solvent, a yield of at least 50 per cent of phenylalanine can be
obtained from the corresponding X-benzyloximino acid.

VII. Teble IV summarizes the new compounds prepared.
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TABLE IV

NEW COMPOUNDS PREPARED

Melting Point or

Name Formula _ Distillation Renge
¢ ~Ethoximino-~ CH3CH,C~COOH m. 61-61,5 b. 89-95°
butyric Acid 1 12-14
NOC,Hs
OC -Ethoximino- CH; (CHy ) 3C~CO0H m. 23° b. 83-88°
hexanoic acid” Il 1-3
NOC,Hs
/?-Phenyl— X -ethoximino CgHsCH,C-COOH m. 58.5-59 b. 115-120°
propionic acid J| 1-2
NOC ,Hs
(X -Benzyloximino- CH3 (CH, ) 3C-COOH m.61.0-61.5°
hexanole acid il
NOCH,CgHg
[ ~Pheryl- X -benzyl- C g HsCHLC~COOH m. 79.0-80°
oximino propionic acid I
NOCH,CgHs
(X-Ethoximinobutyryl- CH3CH,C-CO-CL b. 50-55°
chloride il 15-1.8
NOC,Hs
O -Ethoximinohexanoyl- CH3 (CH, ) 3C-CO-C1 b. 58-63°
chloride i 1-3
NOCzﬁs
[F-Phenyl- OC~ethoximino CgHsCH,C~CO~CL be  95-97°
propionylchloride /| 1-2

NOC,Hs



TABLE IV (continued)

Name

/F-Phenyl- (X =benzyloximino-
propionyl chloride

A ~Ethoximinohexanilide

/J’ -Phenyl- X -ethoximino-
propilonanilide

,3 ~Phenyl- X =benzyloximino-
proplonanilide

R —ethoximino-
hexanoate

Ethyl

Ethyl @ -phenyl- X -eth-
oximino propionate

Melting Point or

Formula Distillation Range
CGHSCHa-Coco-Cl b. 170-175°
] 1-2

NOCH,CgHs
. CH3 (CHz ) 3C"CO‘NHC 6H5 b. 133"'1380
i 1-3
NOC,Hs
CgHs~CHa~C~-CO-NHC4Hsg
I
NOCQHS
C GHSCHQ-C-,CO-NH_C GHS Me
. 73.5=74.0°
CH3(CH2)3—C-COOCZH5 b. 60-65°
/ 1-3
NOCyHs
05H50H2-Cr60002H5 b. 118-120°
[ 1-3

NOCHs
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CONCLUSIONS

A method for the preparation of the X -alkoximino acids
has been presented which is believed to be applicable to the preparation
of any such acid. The method of isolation of the X ~ethoximino acids
has been well established; they may be conveniently separated by dis-
tillation. It should prove possible to increase the yields of the
R -benzyloximino acids reported in the present work; distillation
of these acids was not attempted. It is probable that the excess
of alkylating agent, particularly of benzyl chloride, is a hindrance
to obtaining high yields.
The prepvaration of the acid chlorides of the (X -alkoximino
acids appears to be a relatively simple matter; good yields of the
K ~ethoximino chlorides were isolated, and practically quantitative
vields were obtained in the preparation of the X -benzyloximino
chloride reported. It is thought that any X -alkoximino chloride
mey be prepared by using thionyl chloride in a low boiling, inert
solvent,
The reaction of aniline with the chlorides of the (X -alkoximino
acids gives anilides in excellent yields, It is reasonable to assume
that the reaction of the acid chloride with an amino acid will take

place giving a dipdptide linkage,
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Experiments on the hydrogenation of the OC-alkoximino
acids, which must be considered as trial runs rather than as a com-
prehensive investigation, have indicated that the acids may be reduced
under mild conditions., To find the optimum conditions for the reduction
of these acids, or of their derivatives, it will be necessary to con-
duct a routine investigation of the effect of varying the catalyst
and the solvent.

The next phase of this problem should logically be the
coupling of the acid chlorides with amino acids. If subsequent study
of the reduction of fhese coupled compounds should prove fruitful, the
poesibility of preparing peptides in which there can be no doubt re-
garding the manner of linkage or sequence of the components would

indeed appear encouraging.
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