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INTRODUCTION

The complex structure of proteins found in nature
has long been & reaX barrier ta inveatigators in the field
af protein chemistry and has impeded their learning the
reaaons for the varying praperties often encountered
with these involved molecules. The very early workers dise-
caovered that when proteins were subjected te the action
of acids, alkalies and eertain enzymes (themselves pare
tially protein), a breakdown in the moleecule occurred
with the production of geamine acida predominantly. To
date, some twenty to twenty-five such acida have been
identified from these hydrolysates. The manner in whieh
these aecids are linked together is no longer a mystery.
Several investigators (1, 2) have noted that on enzymatic
hydrolyais of E:::ateina'ﬁiﬁh trypsin or pepsin that amino
and carbexyl groups are liberated in the ratio l:l. This
suggests the amide linkage and ias supported by the fact
that few free aminoe and carboxyl groups are found in
proteins (3). The free amine groups eccurring are largely
due tao the diamino acids, such as lysine, and only & very
small fraction is due to the monocamino acidse. Another
supporting bit of evidence for the amide linkage is that
synthetic peptides when subjected to the action of enzymes
hydrolysing naturally occurring proteins, are aplit at



the amide linkmge. Furthermore, this linkage has been
found in simple substances occurring in nature such as
pantothenic acid, glutathione and hippuric acid. Most
of the simpler peptides isolsted from hydrolysates have
been synthesized, which in itself ceconstitutes partial
syntheais ef the protein molecule. Consequently the pros
tein molecule may be rather definitely ssid to be made
up of a great number of these amide linksges between the
Awamine acid and the earboxyl group of its neighbore.
This linkage is classically referred to as the peptide
linkage.

unfertunately, the inveatigator is this field is
hampered aince hydralytic procedures do not reveal the
order of the smino scids as they occurred in the proteine
Some simpler peptides, however, have been identified
(4, 5)e Synge (6) has given & very good review on the
subject of protein hydrolysatea which well summarizes
the progress made in this difficult study. However, the
suregt way to learn the seeret of the protein is to pre-
pare the simple molecules bearing the peptide linkage
and build up to the larger molecules. In this way the
exact order of the aminoc acids may be eatablished. This
avenue is not one that has yielded immediate success
since the physioclogical mechanism of protein action has
not been explsined through synthetic procedures. However,
the possibility of discovering this source of activity

must certainly not be excluded and in al1l prabability the



answer to the praeblem is along this route.

The first c¢laim for the synthesis of the peptide
linknge waa made by Curtius (7). However, all his efforts
to hydralyse selectively benzoylglycylglycine did not
give him the desired peptide, glycylglycime. In 1901,
Emil Fischer (8) succeeded in preparing the first peptide
through the hydrolysis of 2,5-diketopiperazine with con-
centrated hydrachleoric acid, obtaining glycylglycine hy-
drochlaoride. The free peptide was obtained ss a erystal-
line solid by preparing the silver salt and treating it
with hydrogen sulfide.

Since this successful endeavor, & number of proce=-
dures have been evolved which hsve been succeasful to
different degrees. The methods that have been utilized
agre set forth briefly as foellowas
l. Bydrolysis of diketopiperazines

H
N
/
N (R)
: HCY ReCH=C0-NH.CH(R )=«CQOOH
0=C CH-R conc. }
N,/ NHp . HC1
N
H

This procedure enjoys limited use since it is neces=-
garily restrieted to the aynthesis of dipeptides. Another
limiting feature is the availgbility of the diketopipera-
zine intermediate. If an unsymmetrical anhydride were
used, two peptides would be obtained and the difficulty

in separating two such isomerides would be nearly



insurmountable. The most complicated peptide synthesized
through this method was l-cystinyl-le-cystine (9).
2. Helogenaeyl methad

R-CHBr=-CO=~Cl < R'-CH~COQH
!

NHy

WV

R~ CHBr=CO=NH~-CH(R"* )=COOH NH-, 25% )
. sealed
tube

R-CHwCO-NH~CH(R ? )= COCH
|

NHp

This is Fischer?'s (10) classical method for the
synthesis of peptides. Realizing the necessity for exten«
sion of peptide syntheses te a chain of more than twa
amino acida, he first applied it in the preparation of
diglyeylglycinee. Yields are usually improved by the use
of the amino acid or peptide ester, rather than the free
gcid (11). The largeat peptide made by Fischer, using this
method partislly, was leleucyltriglycyl=leleucyltriglycyl=-
I-leucylectaglycylglycine, an octadecapeptide (12). The
largest peptide ever prepared was made in 1916 ‘by Abderhgle
den and Podor (13) who succeeded in making a nineteen
membered ‘cempatmd.

One novel method used for peptide esters for the re-
placement of the halogen by the amino group involves sub-
stitution of the halogen by the azido group and then re-
ducing with platinum te the amine group (14, 15). Hy-
drolysis yields the peptide.



There are a number of limitationa to this classical
procedure howevere. Hydroxyamino asnd diamino acids can be
used in dipeptide work, but the series can not be extended
because phosphorus pentachloride does not form the dipep-
tide mcid chloride. In addition, such peptides as phenyle
alanylglycine can be prepared in low yields only, because
ammonis splits out halogen hydride yielding a cinnamamide
(16), in the following fashione.

CgHg=CHy~CHBr~CO-NH=CHy =COOH NHz

WV

CgHgCE=CH=C0~NH-CHg~COOH

3+ Bater condensation

Fiascher observed that esters of amino acids possessing

a /2 or f-aminoe group condensed te give dipeptides (17)e

HpNe ( CHg ) = CH~COOMe ~100°
Rl _
NHy
HQHA(CHg)n—?HbGO-NHb(CHg)n-?HbGOOMb

NHy Mo

N/

Similarly, di-» and tripeptides can be condensed in good
yvield (better than 70% in some cases) to yield tetra~and
hexapeptide esters (18, 19)e The usefulness of this re-
action is limited te extension of the peptide chain, since
most esters condense to give diketopiperazines. The three

methods given thus far are all a result of rFischert's attack



on the structure of peptides. He summarized this work very
beautifully up te 1906 in a very long paper to the German
Society (20).

4. Azlactone synthesis

HO- ~CHO =+ HyN-CHy-COOH __Acg0, NaOAc
CHz~C00~ -CH=C==(C=0
| \o
N\ Va L J
~ C-Me
NH
[ 1]
HoN-CH- (CHp ) 3~ NH-C-NH, Acetone N

COOH d- qrqinir\e

H
CHz~CCO- -CB;?-CO-NH-?H;(Cﬁg)3~NH;G-NH2
TRH CCOH Ho Pt
O= C-‘GHS
NH
CHz~CO0w -caé-?ﬂpce-NH~?Hs(CH2)3-NH.&-NH2
NH COOH HOH,HC1 |
0=B-CHjy
yH
HO- -Cng?Hpcc-NH-?Hb(CHQ)S-NH-C-NHZ
NHy COOH

Qetyrosyl~dwarginine



It was not until 1926 that the azlactone methaod of
Bergmann was described (21). Erlenmeyer (22) first de-
scribed the Fformation of oxazolones (azlactones) in 1895
and later used them for preparing X =-amineo acids (23).

The beauty of the azlactone method for peptide prépara-
tion ia that for the first time the more complicated amineo
acids could be used. uUnfortunatdy, the yields are not good
in the procedure and the lepeptides are difficultly
accessible.

5. Carbobenzyloxy method

HOOC~CHy=CH,wCH-COOH 4  CgHg=CHy~0~CO-C1 >

NHé Cbzo-chlaride
| 0 1
CBZO-NH-CH&CHQ-CngCOOH Aco0 3 =CwCH2-CHg ~-CH=(=0
COOH Cbzo-NH "
HQNhCHbcHQ~OH2~GOOEt
J N\
COOEt k4
HOOC-CHy=CH,CH~CO~NH-CH=CHg~CHy ~COOE® NaOH _ ~
[ | 4
Cbzo-NH GOOQEt
HOOG-CH2~CH2-CH-OQ-HH-?H-CHQ—UH2-GOOH
! Ho o Pd >
Chzo-NH COOH

HOOC-OHQaCHQ-?H-CO—NH#?H~CH2-CH2-GOOH
NH, COCH

deglutamyl=d=glutamic acid
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Thirty years after Eische; synthesized glycylglycine,
Bergmann and Zervas (24) prepared d-glutamyl-d-glutamic
acid in 31% overall fieid. This synthesis is without
doubt the moat elegant of zll peptide syntheses known today.
It is interesting that rischer (25, 26) had used carboeth-
oxy and carbomethoxy chlorides to bleck the amino and hy-
droxyl groups of several ascids, but had been unable tao re-
move them with any great success. The important step in
Bergmann's syntheais was the catalytic hydrogenolysis
of the benzyl group.

By using other methods to remove the carbobenzyloxy
group, the sulfur containing peptides have been obtained,
notably glutathione (27)e. A rather comprehensive review
of this method has been made recently by Bergmann and
¥ruton (28). The best feature of this aynthesis is that
opticaliy active amino acids can be used without affecting
their configuration. The peptides thus obtained are excel~
lent for hydrolytie studies involving enzymes.

6. X~-Keto acid method

NH-=COClH
CHS-CO—COOH - CHsuco—NH2 9 CH@-?—GOOH
NH~CO-Clg
NHaCOnCHs
t
y  CHz-C—0C=0
| I
N O - R-CH-COOH
eb/. ! _—'____7>

[
&g NHo



f
-C=-C0~NH-CH-COOH > CHz=CO0=CO0-NH~-CH-COOH
CHS : £ 3=C0 g 00
NHe CO=CHg

CHgwCw CO=NH=CH-COOH
—_— 3-C~CO=NHC >
NOH R
CHy~CHwCO~NH-CH-COOH
t |
NH, R

Using this methad, Schemin and Herbst (29) were
able to prepare several glanyl peptideas. ror the prepa-
ration of the pyruvyl derivatives, the method of Berg-
mann and Grafe (30) was used. In the reduection to alanyle
rhenylalanine, the grometiec ring was reduced and only the
cyclohexyl derivative could be made. This methed is
further atymied by the difficulty encountered in the prepa-
ration of the pyruvyl derivatives.

Although the procedures outlined are all a step
forward, none could be consider;‘ed ideal. Undoubtedly, the
most important Procedure is the carbobenzyloxy method
since it allows the synthesis of complex peptides and does
not interfere with optical gctivity. This method and the
hzlogenacyl method alsao leave no doubt as to the sequence
of componenta in the peptide.

However, the Bergmann method requires the free amino
acid for the synthesis. In the case of certain amino acids
this is a problem, but not necessarily a drawback. Never=

theless, the use of a method which incorporates the synthesis
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of the amino acid in situ, when the peptide is forme d,
would certainly be helpful and poasibly more econcomical
in special cases. #ischer's classical method, of course,
has this as one of its features.

Hamlin (31l) demonstrated that oximinoe acids could be
prepared im high yields from substituted acetomcetic esters
using s modification of Bouveault and lLocquin's nitrosa-

tion procedures (32, 33, 34).

CHz=C~CH(R)~COOEt __BuONO R~C~-COOH
v ;50,7
¢ NOH

This method is limited, however, to compounds in which

R is an alkyl or unsubstituted benzyl groupe. Barry (35)
subsequently developed a method of more general applicae
tion for synthesizing oximino acids, which is zalso useful
if the aromatic nucleus is highly substituted. Using an
alkyl nitrite in the presence of aodium ethoxide, he was
able to obtain oximino acids in yields ranging from 60 to
75% from the aubstituted malonic and acetoacetic esters.

oga
BuQ-C=0-Et
_COOEt 1
R«CH BuONO RaCuli=0 HC1
~ ]
COOEt Na.OEt > COOEL -——Tﬁﬁr__€>
ReC~COOH

" 4+ BuOH -*> 2EtOH
NOH



He obtained even better yields when the substituted
malonic acid and alkyl nitrite were szllowed to react in
the presence of hydrogen chloride. Mattocks (36) has shown
thet such oximes as /Z=(3,4-diethoxyphenyl)~ X =oximino=
propionic acid and its methylene dioxy anaiogs are readily
accessible through these methods.

The success of these workers lays the foundstion for
the amino acid synthesis and subsequently peptides. Hamlin,
us ing Hartung'®s reduction (37) with palladium ehloride
on characoal in the presence of hydrochloric acid, was

able to obtain a number of amino scids in good yield.

R«C-COOH Ho, Pd ) R-CH-COOH
" HC1 3
NOH NHé

Mattocks has also used this reduction for the preparation
of tbe amino acids more highly substituted in the sromatic
nucleus. Since amino acids sre rather readily available
by this method, it is feasible that the ideal intermediate
for the synthe#is of peptides might be through the oeximino
acids.

waters (38), using a great variety of unsuccessful
procedures, demonstrated that it was impossible to obtain
the keto acids from the oximino acids. Moreover, it was
shown to be impoasible to prepare the oximino acid chlorides
using the conventional reagents, because of the reactivity

of the oximino group. Hence, two rather convenient routes



through the oximino acids were barred.

Consequently, the obvious procedure was to block
the oximino group. Waters found that this may be done by
preparing the O~ethers, R-gagooﬂ, These compounds are
typical carboxylic acids from which the acid chlorides may
be obtained. These acid chlorides react with amines to form

the corresponding amides. E«Qe,

R«-C-COQ0H 3 R-C-C0O0H 3 R-C=C0-C1
] - n "
NOH NOR!* NOR?®

R-C-CO-NH-CH(R'' ).COOH
——> Rej-so-mmeGERT
NOR?

\ 4

R~CH~CO-NH-CH(R** )~CO0H
t

NHy

Oxime ethers are not new, especially the lower alkyl
derivatives. They were usually synthesized by treating the
oxime in sodium ethoxide with the appropriate alkyl
iodide. It was through this method that the first ketoxime
ether of an aromatic ketone was prepared (39). Unfar tu-
nately, the directions are notft as clear as they should
be. In 1889, Beckmann (40) recrognized that he had obtained

two distinct compounds aon the benzylation of benzaldoxime.
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Shortly afterwards (41), Goldschmidt showed that both a
nitrugen‘and.oxygenfalkyl derivative were obtained when
aromatic eximes were reacted with alkyl iodides. Dunstan
and Goulding (42) in 1901 gave an excellent review of the
gtructure of these two types of oxime ethers and showed
that invariably, the N ethers, along with the 0 ethers,
were obtained when oximes were alkylated with iodides.
The early workers in this field assigned the cyclie

structure (I) to these nitrogen ethers. This structure

R, _N,R'* R ,0
¢ (II) JC=N
o R! R'!

(1)

w\

R

has been supplanted more recently by the so-called nitrone
structure (II). The physical properties of the nitrogen
ethers have shown this to be most true. The pogitim in
regard to these isomers of oxime ethers has been well
summarized by Taylor and Baker (43).

As will be pointed out later, the demonstrated ease
with whieh benzyl ethers can be catalytically split makes
this alkyl group of particular importance, for if the
oxime group were blocked witn the benzyl group, it wuld be
expected that the ether could be split more easily than if
other alkyl groups were used. These ethers are not new,
the benzyl ether of oximinomalonic ester being reported in
1881 by Conrad and Bischoff (44). These workers prepared
the ether from the oximino ester in alcoholic sodium ethomx=

ide using benzyl chloride as the benzylating agent. The
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benzyl ether of acetone oxime has been prepared similarly
by Meyer (45) and Janny (46). Janny established, by hy-
drolysis &ithAhydriodic acid, that the benzyl group was
bound to the oxygen rather than the nitrogen. Spiegler was
the first to study the oxime ethers of the aromatic com-
pounds. Like previous inveatigators with -aliphatic oximes,
his alkylations were carried out in alcoholic sodium ethox-
ide. Brady and Klein (48),using similar techniques, were
able to prepare the p=~nitrobenzyl ether of benzaldoxime in
89% yield. This ether was especially suitable in the study
of the geometrical isomers obtained when oximes were alkyle-
ated.

Hantzseh (49) prepared some interesting oxime ethers
of of-oximino acetic and propionic acids. His procedure
for the preparation of the oxime was to carry out the al-
kylation of the oximino acid with chloroacetic acid by
heating in agqueous potassium hydroxide for six to eight
hours. All of Hantzscht's products were shown %o be O-alkyl
derivatives.

very little is known about the catalytic dealkylation
of oxime ethers. Jonea and iajor (50) have studied the re-
duction of certain O-alkyl derivatives of oximes. Using
platinum oxide in dilute ethanol with hydrochloric acid,
they obtained primary and secondary amines, along with
unrecovered oxime ether. Adkins and Reeve (51) were able
to prepare the ethyl ester of threonine from ethyl O-ethyle

oximinoacetoacetate using Raney nickel at 90° and with 300
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atmospheres of hydrogen.

1the catalytiec debenzylation of O and N bound benzyl
and benzal groups, however, is better known. Rosenmund (52)
first showed that benzyl benzoate in xXylene was split to
toluene and benzoie acid,with palladium on barium sulfate.
Iater, he extendad the wark to the reduction of mandeloace-
tates (53). The same palladium catalyst was used by Kari-
vone and Ximura (54) in a study of the reduction of vari-
ous acetals of benzaldehyde. The method as reported by
these workers was excellent. Wolfes and Krauss (55) cited,
in an often quoted German patent, the use of palladium
for the reductive debenzylation of ethers.

sreudenberg and co-workers (56, 57) have shown that
certain benzyl and benzal sugars can be split using plati-
num black. iror benzyl-diacetone-glucose, they show that
hydrogenation in ethanol does not yield the desired pro-
duct, while acetic acid is satisfactory. The same situa-
tion does not pertain to benzal ( o -methyl) glucosie,
however. Good yields with benzyl sugars were alao obtained
with sodium and alcohol. Sigmund (58) was able to sk ow that
platinum was excellent for certain acetals but that the
catalyst produced methylcyclohexane.

Catalytic methods, particularly with palladium, have
been widely used for the removal of benzylidene residues
for sugars (59, 60). Like Freudenberg, KFischer (61, 62)
debenzylated several benzyl derivatives of sugars with
with palladium inacetic acid. Thia was the reduction em-

ployed by Bergmann and Zervas (24) in their classical
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peptide gynthesis, except that methanol was used in con-
Junction with the acetic acid. DuVigneaud (27) removed the
carbobenzyloxy group with sodium in liquid ammonia and
Harington and Mead (63) used phosphonium iodide in prepar-
ing optically active glutathicone through the Bergmann and
Zervas method.

More recently Baltzly and Buck (64) studied the hydro-
genolysia of 0O~ and N~ bound benzyl groﬁps. They found that
substituents on the K-carbon atom and on the benzene ring
stabilized the aystem towards palladium. Simonoff {(65)
ecarried out debaenzylations using palladium catalysts and
gives a review of the catalysts used for debenzylati one.
Mattocks (66) has combined the use of platinum and palladi-
um in the'quéntitative debenzylation of benzyl /g—alanine.

Not too much work seems to have been done wiithh Raney
nickel as a debenzylating agent. However, Van Duzee and
Adkins (867) in a rather good survey of hydrogenolysis of
ethers in general, showed that benzyl ethers are definitely
easier to hydrogenolyse than other ethers, the reaction
being carried out in ether at temperatures ranging somewhat
over 100°. They attribute this ease to the more reactive
/3 ~double bond found in benzyl ethers.

waters in a few preliminary experiments withh the alk-
oximino acids, was led to believe that the benzyl deriva-
tives were much easier to reduce than the ethoximino com-
pounds. Raney nieckel was not successful. As will be shown

in the experimental section, the debenzylation itself is



not too difficult, apparently, but the reduction te the
preptide is somewhat subborn.

17
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RESEARCH AIM

Previous work in these Iaboratories gave promise that
peptides might be satisfactorily prepared accarding to
the following scheme:

ReC=COOH CeH5CHaCL R~-C-COOH S0C1
" > " —=3
NOH NO-CHp-CgHg
R
ReC=C0=C1l R'-CH~COOH Ree G COwNHwCHwCOOH
1) NH_? _ ~ u
NO-CH, - CgHy = NO-CHg-CgHg
~ ReCH=-CO-NH=-CH(R * )~ COOH
= 1 _
Ni,

Since dipeptides are but the first step in a really
successful synthesis for peptides, an effort. has been
made to extend the work to peptides having more than

two amino acid constituents, thus:

ReC=CO~NH~CH(R ' )-C0=Cl

ReCaCO=-NH«CH(R'® )~-COOH
u (R*) PGIQ, > 1]
No-cﬂé-csﬁs KO-GHQ-GGHS
R**.CH~-COOH
NHg. > R- CwCO-NH=CH(R?® )=CO-NH-CH(R** )-COOH
0

The next logical step, of course, would then be hydrogenation



to the tripeptides In such a way the various amino acid
constituents could be tied together im a known sequence.
This is one necessary prerequisite for a study of peptides
and their reactions.

watersts work was limited to the preparation of severw
al o(-ethoximine acids and two o -benzyloximino acids
with the corresponding acid chlorides and anilides. In
the firat stages of the investigation reported here,
studies were made of the benzylation of oximino acids with
the aim of making the synthesis more practicable. Further-
more, the extension of Waterst's work to the establis hment
of the peptide linkage and the reductions of the inter-
mediate amides had to investigated.

This dissertation deascribes:

ae The synthesia of intermediates necessary for the
initial benzylation studies.

be The benzylation of of-oximino acids under varied
conditions.

Ce The preparation of the acid chlorides of the
K -venzyloximino acids.

d. The establishment of the peptide linkage with var-
ious amino acids.

e. The reduction of these K«benzyloximino acid amides.

foe The attempts to extend the synthesis beyond two

amino acids.



EXPERIMENTAL SECTION
I. INTERMEDIATES

A number of the intermediates used in this work were
purchased from various commercial sources and used without
purification. Among these were the following'white label*
producta from BEastman Kodak Co.: ethyl ethylmalonate,
ethyl n~butylmalonate, isopropyl bromide, glycine, dl-alaw
nine, 1l(-)leucine, dl-leucine and 1l(-)tryptophane. The
ethyl o -oxalpropionate used was obtained from the Ue S.
Industrial Chemicals Co. The sec-butyl and isobutyl bro-
mides from the Columbia Organic Chemicals Co. l(4)Glutamic
acid was obtained from the Pfanstiehl Chemiecal Co. and
dl-phenylalanine from A. D. McKay.

Some of the chemicals used were redistilled before
use, such as ethyl mslonate, ethyl acetomcetate and thionyl
chloride from Hastman XKedak Coe3 Ce Pe grade benzyl c¢hlore
ide, usually slightly yellow in color as obtained from the
Je Te Baker Chemical Coe; "white label" butyl nitrite from
Eastman was found to be impure. The three compounds last
mentioned were all stored in the refrigerator after purifi-
catione
A. Malonic Esters and Acetoacetic HBstersa,

Ethyl benzylmalonate

ithe usual preparation of this compound has been desw
eribed in Organic Syntheses (68). A slight modification of

this metheod, consisting of raising the molar gquantity of
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benzyl chloride, gave better yields.

in a 2-liter, 3-necked flask, equipped with a Hersh-
berg atirrer, dropping funnel and a condenser, provided
with a drying tube, was placed 1 liter of absolute ethanol
(distilled from calcium oxide). To thia was added 46 gnm.

(2 moles) of sodium at such a rate as to keep the alcohol
refluxing (1 to 1% hours). Then 480 gm. ( & moles) of ethyl
malonate was added all at once through the funnel, followed
by 253 gm. (2 moles) of benzyl chloride, which was added
dropwise over a period of 2 hours. The reaction mixture

was refluxed from 20 to 24 hours and about 800 ml. of
alcohol removed; the residue was poured into 750 ml. of
water and allowed to separate in a separatory funnel. After
drawing off the dark red product, the aqueous layer was
extracted twice with ether-benzene and the extract added

to the product. On diatilling through an 8-inch Vigreux
column, the excess malonic ester (be pe. 90-91°/15 mm.)

was recovered and 328 to 331 gme. of ethyl benzylm=lonate
(be pe 117-118°/.25 mm.) was obtained, representing a

66 to 67% yield. A sizable amount of liquid residue re-
mained, presumably ethyl dibenzylmalonate.

When the alcohol was treated with sodium and dis-
tilled from ethyl phthalate, according to the method of
Manske (69), the yield was boosted to 73% of theory.

Ethy1l aecnbutylmalonate

This compound was prepared in 83% yield using the
method described by Organic Syntheses (70). This procedure
is essentially the same aa that described for ethyl



22

benzylmalonate. It is neceasary to use a rather good cole-
unn to separate the ethyl mslonate that diatils over, since
the product boils at 105+109°/10~11 mm.

Ethyl isobutyImmslonate

This compound was prepared by the above procedure in
81% yield. The product boiled at 98-108°/10-11 mm.
Ethyl isopropylmalonate

The preparation of this compound was carried out ac-
cording to the method of Adams and Kamm (71), which is
much like the above syntheses. A yield of 60% of theory
was obtained; the product boiled at 112°/28 mm.

Ethyl methylmalonate

This compound was most conveniently prepared through
ethyl of-oxalpropionate accerding to the method of Cox and
McElvain (72).

Three hundred three gme. (1.5 moles) of ethyl o(-oxale
propionate was heated in a I-liter, round-bottomed flask,
equipped with a condenser, on an oil bath for eight hours
at 150-160°. When the evolution of carbon moncxide ceased,
the liquid was distilled by elevating the bath temperature
to 220°. A colorless liquid, 238 gm. (91% of theory), was
obtained boiling at 194-198°. “

Ethyl asec-butylacetoacetate

A1l attempts to prepare this compound by standard
procedure (73) were discouraging in that the yields of
desired produﬁt were only 15 to 20% of theory. This was

also found to be true for the isomeric isobutyl compound.
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Varying the quantity of halide and acetoacetic eater had
no effect on the end result. sSubstitution of isopropyl
alcohol for ethyl alcohol was no advantage. This alcohol
reacts much slower than ethyl alcohol with sodium and,
furthermore, sodium isopropoxide is not nearly as soluble
in isopropyl alecohol as sodium ethoxide is in ethyl alcohol.
In the case of ethyl isobutylacetfoacetate, on at least
one occasion, when the reaction mixture was refluxed some-
what longer than usual (20 hours), a liquid boiling at
60°/13 mm. was obtained. This befling point is much too low
for either the product or unreacted acetoacetic ester.
Armmonolysis with concentrated ammonium hydroxide at room
temperature for one week yielded a white solid melting at
118-118.5%. This corresponds to the amide of isocaproic
acid which melts at 120-121° (74). The liguid product was
praobably ethyl isocaproate. Receht waork (75, 76) has shown
that secondary halides and halides bearing substituents onm
the alpha carbon atom always give low yields in the aceto~
acetic eater condensation. iHortunatly, for the purposes
of this work, the corresponding malonic esters can be ob-
tained in good yields.
Be Oximino acids.

The oximino acids used in this work were prepared by
the alkaline nitrosation of substituted malonic esters,
as reported by Rarry (35). The yields are not changed mari-
edly if the quantity of butyl nitrite is varied between

one~third and one mole of excess nitrite. It does not seem
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to be necessary to concentrate the reaction mixture to a
vasty mass, especially if the butyl nitrite is of good qual-
ity. The following example demonstrates the general proce-
dure used for the preparation of the oximino acids used in
this worke.

/ggghenylﬁ-0<—oximinoprapianic acid.

Eleven and onedmlf gm. (.5 mole) of soedium was added
to 1 liter of absolute alechol contained in & 2-liter,
3-necked, round-bottomed flask equipped with a condenser,
drying tube, stirrer and dreopping funnel. After reszction
of the sodium, 125 gm. (.5 mole) of ethyl benzylmalonate
waa added to the hot mixture, which was then cooled in an
ice=salt bath to 09. Then 103 gm. (1 mole) of butyl nitrite
was added slowly beneéth the aurfaée of tﬁe mixture over a
period gf about one hour keeping the temperature below 59,
The cooling bath was removed, the mixture allowed to reach
room tempersture alawly (one hour) and then heated $o re-
flux. Suction was applied to remove the butanocl and etha-
nol until a volume of sabout 200 mi. remained. Then 600 ml.
of ice and water were added, the product acidified with
hydrochloric acid and extracted& with ether. The ether ex-
tract was extracted with 10% sodium hydroxide, which was
then hested on the steam bath for about an hour. After adde
ing ice, the mixture was acidified with concentrated hydro-
chloric acid. The precipitate which formed was then fil-
tered and dried in vacuo over phosphorus pentoxide. Yield:
95% of light tan solid melting at 160°. Barry reported
169° for the recrystallized product.
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The oximino acids obtained by this method usually
melted 10 to 20° below the reported values and were tan
in color. The lower oximes, such as £ ~oximinopropionic
acid are more soluble in water. Conasequently, the mother
liquor remaining after filtering off the initial precipi-
tate was extracted with ether in a continuous extraction
apparatus for 24 to 48 hours. The ether was then blown off
with =ir. For the lower acids the amount of product ob-
tained by this extraction was as much as one-fifth the
total yield and decreased progressively as the molecular
weight increased.

X -0Oximinopropionic acide.

This acid was prepared like the above compound. The
yield of crude product (m. p. 163%°i.) ranged from 62 to
70% of theoretical. Inglis and Knight (77) reported a
melting point of 180-181° for the pure material.

of «Oximinobutyriec acide.

Using the same procedure, a yield of c¢rude material
(m. pe 131°d.) representing 66% of theoretical was ob-
tained. Barry (35) reported 154° for the pure product.

KX -Oximinohexanoic acid.

Uusing one-third mole of excess butyl nitrite, an 84%
yield was obtained. The reddish-brown, crude solid melted

at 120°9d. Barry (35) found the pure product melted at 1359.
X -Oximinoisecaproic acid.

This compound was prepared in 54 to 60% yields using
the general procedure given. The crude material melted at
147°d., but on recrystallization from ligroin, the white

needles melted at 153-154°9. Locquin (34) reported a melting
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paint of 159-160°.
ﬂ -Methyl- & -oximinobutyric acid.

A poor yield of this compound was obtained on one rune.
The experiment was net repeated and the reason for the
poor yield was not determined&. The light-tan, crude product
melted at 148%°d.; Bouveault and Wahl (78) reported 163-165°
for the pure producte.
ﬁ-Metlg;-P(-oximinevaleric acid.

Repeated runs with this compound gave yields of only
22 to 33%. The crude material melted at 140%i., but on re-
crystallization from ligroin, the white needles melted
at 152-153°. Hamlin (31) reported a melting point of 1459.;
Bouveault and Locquin reported 164°. Whether this method
is not applicaﬁle to this and the above ester was not
determined.

Since the products obtained by this method were usually
of fair purity, they were often used without subsequent
recrystallization for the preparation of the benzyl ethers.
C. Butyl nitrite.

The method of Noyes (80) as modified by Barry was used

in the preparation of this compound.

2 C,HgOH + 2 NaONO + HpSQy 3 2 C4H ONO + NapSOy -+

2 HOH
In a 3-liter, 3-necked, round-bottomed flask, e-
quipped with a Hershberg stirrer, thermometer and a drop-

ping funnel with the stem leading beneath the surface,
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was placed a solution prepared from 500 ml. of water and
380 gm. (5.5 moles) of sodium nitrite. To it was added a
kge of finely erushed ice. A previously chilled mixture of
100 gm. of ice, 136 ml. of concentrated sulfuric acid and
457 ml. (5 molea) of butyl alcohol was then added slowly
over a period of'one hour. The flask was cooled in an ice-
salt bath during this time, and the temperature was not
allowed to rise over 6%. After the addition was completed,
the mixture was allowed to separate and water was added

to dissolve the salt in the flask. The butyl nitrite layer
wag separated in a 2-liter separatory funnel and washed
with two 50 ml. portions of a solution of 2 gm. of sodium
bicarbonate and 25 gm. of sodium chloride in 180 ml. of
water. The light-yellow liquid obtained (453 gm., 88%
yield) was stored in the refrigerator over anhydrous mag-
nesium sulfate. The material was sufficiently pure to

use directly, without distillation, in the nitresation

of the malonic eaters.

II. BENZYLATION OF OXIMINO ACIDS

TWaters was able to prepare certain & -ethoximino acids
in rather good yielda. However, the preparation of the
corresponding tX-benzyloximino acids was not attended with
similar success. He was able to prepare /q-phemyl-tx'-ben-
zyloximinopropionic acid in 56% yield and tX-benzyloximino-

hexanoic acid in 42% yield. These benzylations were
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carried out in the presence of agqueous sodium hydroxide
and acetone. Unfortunately, the difficulties encountered
in the isolation of the benzyl derivatives accounted for
the lowered yields reported. Consequently, it was consid-
ered advisable to study the benzylations; e. g., the
effect of temperature, ratio of reagents and to improve
the method of isoclation of the product. This study was
mgde with ﬁ-phenyl- p( ~oximinopropionic acid. Waters'a
found that the sodium salt of this acid is soluble in the
benzyl alcohol formed during the reaction and the isola-
tion of the pure acid from the salt is difficult. The work

repeated here hears this out.

CgHg-CHp-C=-COOH CgHg-CH,C1 NaOH
NOH
€l =CHp~C~COOH
NO-CH,-CgHg

General procedure: (After Waters)

To a 500-ml., three-necked, round-bottomed flask
equipped with a stirrer, condenser and two dropping funnels
was added s suitable amount of sodium hydroxide, acetone
and /G-phenyI» X -oximinopropionic acid. The contents were
slowly raised to reflux temperature while benzyl chloride
and a solution of sodium hydroxide were added at approxi-

mately equal ratea. After the addition was completed, the
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mixture was refluxed for a definite period of time, after
whiich the acetone was removed under reduced pressure, water
being added as necessary to prevent the mixture from solid-
ifying. ‘the benzyloximino acid wes then isolated, if possie
ble using various procedures.

Wiaters extracted the alkaline mixture, after removing
the acetone, with ether. At this paoint, it was observed
that the sodium salt of the benzyloximino acid was also
extracted along with the benzyl alcohol. The free acid was
obtained by washing the benzyl alcohol €rom the sodium
salt with cold absolute ether, after which the acid was
obtained on acidification with hydrochlaoric acide.

a. Uatersts Procedure.

Five-hundredths (.05) mole of oximino acid was dis-
solved in 25 ml. of 10% aqueous sodium hydroxide (.06 mole).
After the addition of 100 ml. of acetone, .25 mole of
benzyl €hloride and 50 ml. of 34.7% aqueous sodium hydroxide
(.26 mole) were added simultanecusly. The mixture was re-
fluxed twe hours, after which the acetone was removed and
the zlkaline solution extracted with ether. The benzylox-
imino acid was isolated as mentioned above in 56% yield.

An investigation of this reaction was made to deter-
mine whether the five molar equivalents of benzyl chloride
are necessary. In addition a study of the influence of
temperature and alkali on the course of the reaction had to

be carried out.
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b. Influence of Alkali.

To .05 mole (9 gm.) of /6-phenyl-tX'-dximiﬁopropionic
acid was added 50 ml. of 5% sodium hydroxide (.06 mole)
and 25 ml. of amcetone. While the temperature was slowly
raised, .25 mole of benzyl chloride and 50 ml. of 35%
sodium hydroxide (.44 mole) were added asimultaneously.
After refluxing one hour, the acetone was removed under
reduced pressure, water being added te prevent the mixture
from solidifying. At this point, the twoe layers present
in the reasction flask were removed and allowed to s eparate.
The lower alkzline layer, on acidification with dilute
sulfuric acid, gave a white precipitate weighing 4 gm.
and melting at 163-1659. Pure oximino acid melts at
165-169°%. No ﬁ-—phenyl.-. A ~benzyloximinoprapionic acid
could be obtained from the organiec layer after acidifying
and extracting with ether. Undoubtedly, the excess alkali
preaent hydrolysed the benzyl chlaride hefore it reacted
with the oxime. It will be shown later that €oo little
alkali is alsoc detrimental.

In almost 21l of the aguecus~-acetone benzylations
carried out in this work, acidification of the alkaline
layer yielded some quantity of unchanged oxime. Waters
did not attempt to work up his alkaline residues after
extraction with ether. The fact that unchanged oxime may
be isolated, however, is very important because it shows
that the reaction under these conditionas is not quantita-

tive. It should be noted that one great difficulty in this
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Procedure is that the benzyl aleohol always comes over
with the benzyloximino acid. Waters was able to remove the
benzyl alcaohol by cold ether extm;:tion and probably lost
some of the oxime ether in the process. Purthermore,
crystallization of the (X -benzyloximine acid from ethanol
and water using decolorizing carbon invarizbly causes con-
siderable losas of product.
c. Influence of temperature.

Instead of slowly raising the temperature while adding
«25 mole of benzyl chloride and .24 mole of socdium hydrox-
ide, the addition was carried out while the mixture was
actively refluxing. After refluxing one hour and removing
the acetone, the mixture (now neutral to litmus) was
extracted with ether. The ether on evaporation yielded only
a smsall quantity of white solid melting at 160°(unchanged
oxime) and much dark residue, which was probably a mixture
of benzyloximinoe ascid and unchanged¢ oxime. Only oils could
be obtained, however, when recrystallization fromaidified
water and ethanol was attempted. Undoubtedly, the intro-
duction of the benzyl chleoride into the hot refluxing
slkaline mixture is unastisfactory, because of the unde-
girable condition of the product, which makea it impossible
to recrystallize.
de. Reflux time.

As a rule, the mixtures were refluxed only one to
two hours after the addition of the benzyl chloride and
alkali, and never more than three hours. When the mixture

was refluxed far six hours a black 0il was obtained, from
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witich it was impossible to isolate any benzylated preduct.
€. Quantity eof benzyl chloride.

No attempts were made to prepare the pure acid while
varying the quantity of benzyl chloride. However, in a
succeeding section (i), it will be shown that it is not
necessary to use five equivalents of benzyl chloride, nor
will one equilvalent suffice. However, two equivalents of
benzyl chloride give yields fully as satisfactory as fivee.
f. Removal of benzyl chloride by steam distillation.

It was felt that some better way of isolating the
product, that is, freeing it from benzyl alcohol, was
necesgary to improve the process. With this in view, the
following experiment wmss carried out, wherein the benzyl
alcohol was removed by steam distillstion.

To .05 mole of /g-phenyl- A ~oximinopropionic acid
was added 50 mle. of 5% sodium hydroxide (.06 mole) and
25 ml. of acetone. Then .25 mole of benzyl chloride was
added simultaneocusly with 26 ml. of 35% sodium hydroxide
(.25 mole). After refluxing one-half hour, the bemzyl
alecochol was removed by distilling with ateam for one houre.
Ice was added, the mixture acidified with concentrated
hydrochloric acid, exiracted with ether and the ether
extracted with 5% sodium hydroxide. When the alkaline ex-
tract was acidified with concentrated hydrochlorie acid,
an o0il separated which was crystallized from ethanol and
water. about 5 gm. (40% of theory) of product melting at

65° was obtained. The pure benzyloximino acid melts at 799,
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Recrystallization and decolorization with charcoal rought
the melting point up to 78°.

Ihis method of isolating the product is certazinly
easier than the other pracedure used, but the extraction
proceases, although giving a better looking product, proba-
bly account for the lowered yields.
€. Benzylation with another agent.

It has been reported (8l) that good yields of benzyl
ethers aof phenols could be obtained using benzylphe nyl-
dimethylaomonjium chloride as the benzylating agent. This
was prepared by mixing dimethyseniline and benzyl chloride
in chloroform and heating on the steam bath for eight hours,
after which absolute ether was added to precipitate the
light-gray solid product.

In a 500-ml.,; 3-necked, round-bottomed flask were
placed 9 gm. (.05 mole) of ﬂ-phenyl— & -~oximinopropionic
acid and 80 ml. of 5% sodium hydroxide sclution (.1 mole).
To the refluxing solution was added 15 gm. (.06 mole) of
benzylphenyld imethylammonium chloride in 25 ml. of water.
After refluxing for three hours, the alkaline mixture was
extracted with ether from which no product could be iso-
lated. However, the aqueocus portion when acidified and ex-
tracted with ether gave almost quantitatively on evapora-
tion the original oxime. Under these conditions, the agent
is not satisfactory for the benzylation of oximino acids.
h. Benzylation in alcohol.

In a 500-ml., 3-necked, round-bottomed flask equipped
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with & stirrer and a condenser was plsced 150 ml. of
commercial absclute alcohol. This this was added 2.3 gm.
(I mole) of sodium. After the sodium had reacted, 9 gn.
(«05 mole) of finely powdered ﬂ»phenyl— o -oximinopropi-
enic scid was added and then 12.6 gm. (.1 mole) of benzyl
chloride was added to the hot solution. The mixture was
refluxed for two hours and allowed to cool. Water and 75
nl. of 20% sodium hydroxide were added to the solid in the
flask and the mixture heated on a hot plate for one-~half
hour. The mixture was extracted with chloroform and the
aqueaus layer acidified and extracted with ether. The
chloroform extract on evaporation yielded 9.5 gm. of solid,
presumably the sodium salt of the ﬂ-phenyl- A ~benzyl-
oximinopreopionic acid, The ether extract yielded 3. 5 gni.
of material which was presumably the free acid. The dried
residues were combined, dilute hydrachloric acid and etha-
nol were added and the mixture allowed to crystallize.
Seven grams of white so0lid melting &t 78~79° was obtained,
representing a 52% yield.

This method was encouraging since no unreacted oxime
was isolated. The following modification gave a better
yield. The same quantities of reagents were used as above
and after refluxing the mixture until it was neutral to
litmus (2 to 4 hours)} and coocling, the solid materizl was
filtered off. The solid after drying was tthen dissolved in
water and hydrochloric acid and extracted with ether. On
evaporation of the ether 8.6 gm. of white solid, melting

at 78-79° was obtained. This represents a 64% yield.
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Even though this procedure gave good yields far this
benzyloximine acid, it was felt that some benzyl ester
might be lost in the alcohol. Furthermore, some of the
oximes of lower molecular weight did not erystallize as
well from the aleoholic reaction mixture. Consequently,
the following procedure was adopted and has shown rather
general application for the preparation of these benzyl-
oximino acids.

/ =Phenyl- & -benzyloximinoprepionic acid.

0635-—0}{2-&3—600}1

In a 1-liter, 3-necked, round-bottomed flask equipped
with a stirrer, condenser and drying tube were placed 500
ml. of commercial abasolute alcohol and 1l.5 gm. (.5 mole)
of freshly cut sodium. After the sodium had reascited, 45
gn. (.25 mole) of finely divided ﬁ-phenyl-p( «~oximino-
propionic acid was added. Then to the hot solution, 64 gm.
(.5 mole) of benzyl chloride was added all at once and
the mixture refluxed for two hours, or wmtik it becanme
neutral. Then 100 ml. of 20% potassium hydroxide in 95%
ethanol was added and about 400 ml. of alcohol was dis-
tilled out of the mixture. Water and enough hydrochloriec
acid to make the solution acid were added and mhe mixture
extracted with ether. The ether was removed in vacuo along
with a goad portion of the benzyl alcchol. The dry material

in the flask was then dissolved in ethanol and water and
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allowed to erystallize. Usually a qQuantitative yield of
brown solid was obtained. When this material was recrys-
tallized from ethanclemmter and decolorized with Nuchar,
the yield of solid was 43.5 gm. (66%), melting at 78-79°,
Waters (38) reported 79-80°. '

o ~Benzyloximinopropiocnic acid.

CH,~C~COOH
3"

NO-CH,~CgHg

Using the alcohol method, the solid obtained after
reaction was dissolved in water, made alkaline, extracted
with ether to remove some traces of benzyl alcohol, acid-
ified with hydrochleric acid and extracted with ether. The
ether on evaporation gave the desired product. Undoubtedly,
some praduct was lost on the first extraction with ether.
This procedure, using 25.8 gm. (.25 mole) of SHf-oximino-
propionic acid gave 27.5 gm. (57%4) of A -benzyloximino-
propionic acid, a white solid melting at 73-750, af tex
recrystallization from ethanol and water.

o =Benzyloximinobutyric acide

Gy~ CHy = C~COOH
NO=CHo~C gH,

A quantitative yield of crude product was obtained
when the reaction mixture was treated with alcoholic po-
tassium hydroxide and excess alcchol removed. However,

some difficulty was encountered in purifying the product
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from ligroin and isopropanol. It is felt that a better
Yield would have been obtained if the usual ethancl-water
recrystallization had been used. From 20.7 gm. of oximino
acid, 16.4 gm. of product was obtained (45% of theory),
which melted at 86° when recrystallized from very dilute
ethanol.

_o(=Benzyloximinoisocaproic acid.

CHs-CH(Cﬂs)uGH2-§~GOOH

Using the procedure as given for g ~benzyloximino-
propionic acid,; a 68% yield of product was obtained. When
the alcecohol method inceorporating alcoholie potasaium
hydroxide was used, a 79% yield was obtained. The white
crystala, after recrystallization from ethanol and wter,
melited at 79-80°.

i. ﬂ -Phenyl- A =benzyloximinoprapionyl chloride.

The aim of this problem was to prepare the acié chlor-
ide from the @f~benzyloximine acid, so that the peptide
linkage could be established when the acid chloride was
reacted with amino acids. Since the g =benzyloximino acids
proved to be difficult te isolate from the agqueous ben-
zylation mixtures, this isolation was circumvented. The
following procedure gave best resulis.

in a l-liter, 3=-necked, round-bottomed flask equipped

with a stirrer, two dropping funnels and condenser were
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placed 45 gme. (.25 mole) of ﬂ-phenyl- A -oximinopr opi-
enic acid, 125 ml. of 10% sodium hydroxide (.3 mole) and
250 ml. of acetone. While the temperature was slowly
raised to reflux, 64 gm. (5 mole) of benzyl chloride and
52 ml. of 35% sodium hydroxide (.45 mole) were added simul-
taneously over a pericd of one-half hour. The mixture was
refluxed one and one-half hours and the acetone removed
under reduced pressure. Benzene was added to the mixture
and the lower aquecus layer separated. The benzene layer w=
washed with dilute hydrochloric acid and then dried over
anhydrous magnesium sulfate. The dry, lighit-brown solution
was filtered into a l«liter, round-bottomed flask equipped
with a condenser and drying tube. Then 90 gm. (.75 mole)
of redistilled thionyl chloride was added and the mixkui:-e
refluxed one hour, during which it usually turned gquite
dark. Another 30 gm. (.25 mole) of thionyl cechloride was
added and the refluxing continued another hour. The excess
benzene and thionyl chloride were distilled off and the
fraction boiling at 162-167° at .75~1.0 mm. pressure
was collected. The yield aof light-brown liguid varied from
46-49% of theoretical accounting for the oxime recovered.
The material is colerless when pure.

when only one molar equivalent of benzyl chloride was
used, no product was obtained. The yields actually seem to
be better when two equivalents of benzyl chloride were
used rather than fivee.

Uunfortunately, this method for preparing the acid
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chloride is fraught with one difficulty. When the dis-
tillation of the praoduct us ecarried out, the distilling
flask always contains a goad portion of heavy black ail,
part of which distils at a much higher temperature than
the product. This o0il tends to hold back the product, and
at times, it was necessary to raise the temperature of the
distilling bath to 250° to obtain the last portions of
acid chloride. Attempts to work up the heavy o0il were un-
successful. The color of the residue may be due to the
presence of seome unreacted oximino acid, which is known

to form tars with thionyl ehleoride.
ITI. ACID CHILORIDES

One method for the preparation of the acid chloride
of / =~phenyl- & =benzyloximinopropi@nic acid has been
given in a previocus section (II,i). However, the difficul-
ties of this procedure and the color of the product often
gave in turn poor amides when reacted with the amino acids.
Consequently, it was felt advisable to prepare the acid
chlorides from purer starting materials, which were made
available in quantity through alkylation in ethanol.

Wa.ters observed some difficulty in the preparation of
the acid chlorides using thionyl chloride. The same diffi-
culty was observed in the work repeated here. rurthermore,
thionyl chloride, though redistilled, does not seem to

carry the reaction to completion. In addition, it is
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neceasary to reflux the acid with thionyl chiloride to
ebtain any product at all. Therefore, phosphorus pentachlore
ide was used in plasce of thionyl chloride with better re-
sults. The reaction usuaslly takes place at room tempera-
ture in benzene (quite vigorously at timea) and never
requires more than slight warming. The by-product of the
reaction, phosphorus oxychloride, distils below the acid
chloridea of the g -benzyloximino acida. Phosphorus penta-
ehloride is a rather difficult, chemical to weigh accurste-
ly, however, and its purity must be accepted at face value.
It has & tendency to sublime, when unreacted, consequently
coloring the acid chlorides slightly yellow. This never
affects the quality of the amides, howevere.

It was observed that the use of phosphorus pentaechlor-
ide and thiaonyl chloride together gave better yields than
either alone. By using slightly less than the theoretical
amount of phosphorus pentachloride and then adding thionyl
chleride, the color of the product improved and no resi-
dues or sublimation was noted. The excess thionyl chloride
is removed with the lower boiling fractions.

The benzyloximino acid chloridesa are all colorleas
liquids when puree. /guPhenyl~&X’»benzylaximinopropicnyl
chlioride has little odor, but the acid chlorides of lower
molecular weight possess peculiar, pungent, straw-like
odors. All of the acid chlorides boil under reduced
pressures without appreciable decomposition. They slowly

turn dark on storage. Waters showed that, even when stored
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in ampules, these acid chlorides darkened after several
months. When poured into water they do not generate heat,
but seem to react only slowly. No attempt was made to
analyse the acid c¢hlorides, but they were all characterized
through their anilides. Residues of the acid chlorides
turned to a red solid when stored in glass-stoppered

bottles for several months.

X -Benzyloximinppropionyl chloride.

CH,-C-CO-C1
3 H

& -Benzyloximinoprepionic acid, 9.65 gm. (.05 mole),
and 18 gm. (.15 mole} of thionyl chlaride were refluxed in
100 ml. of benzene for three houra. The excess thionyl
chloride and benzene were removed under reduced pressure
and the liquid product was collected at 95-100°/.75 mm.
The yield was 4.7 gm., 45% of the theoretical. The time of
refluxing for this compound was too long; it is felt that
phogphorua pentachloride would have given better yields.

A -Benzyloximinobutyryl chleride.

GHS-CHQ‘s-CO'Cl

To 15.6 gm. (.075 mole) of &'-benzyloximinobutyric
acid dissolved in 100 ml. of benzene was added 15.6 gm.
(.075 mole) of phosphorus pentachloride in two portions.

Considerable heat was generated and some product was lost
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in the foam of hydragen chloride. Then 5 ml. of thionyl
chloride was added and, after the benzene and excess thic-
nyl chloride were removed, the product distilled. The
yield of liquid beoiling at 114%/1.5 mm. was 13.4 gn.

(804 of theory).

X -Benzyloximinoisocapreoyl chloride.

CH3-CH(CHjz )=CHg=G=C0~C1
"
NO-CHy~C  Hg

X -Benzyloximinoisocaproic acid, 11.75 gm. (.05 mole),
and 24 gm. (.20 mole) of thiényl chloride were refluxed in
100 ml. of benzene for one hour. After removing the excess
thionyl chloride and benzene, 8.3 gm. (65% of theoretical)
of liquid boiling at 105-107°/.3 mm. was collected.

VWhen the mixture was refluxed for two hours, the yield
dropped to 40% of theory. A Better yield was obtained
using phosphorus pentachloride.

The & -benzyloximino acid, 23.5 gm. (.1 mole) wasa
dissolved in 250 ml. of benzene and 20.8 gme. (.1 mole)
of phosphorus pentachloride was added. After a short in-
duction period, & rather violent reaction set in (hydro-
gen chloride evolved) and some product was lost through
the condenser. When the product was distilled (117-118°/

+85 mm.), 16.9 gm. (67% of theory) of liquid was obtained.

ﬂ ~Phenyl- X -benzyloximinopropionyl chloride.

CgHg-CHp=C-CO-C1
NO-CHp-CgHe
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To 26.9 gm. (.1 mole) of/élphenylp A -benzyloximino-
propionic acid in 200 ml. of benzene was added 20.8 gm.
(+1 mole) of phosphorus pentachloride, in several portions,
shaking the flask after each addition. The mixture was
then warmed for one-half houre. On diastillation, 20.8 gm.
(73% of theoretical) of liquid boiling at 171°/.8 mm.
waa collected.

When the same quantities of benzyloximino acid and
phosphorus pentachlecride were used and few ml. of
thionyl chloride were added, 24.) gm. (84% of theory)

of product boiling at 1649/.7 mm. was obtained.

IV. AMIDES AND ANILIDES

Coupling the amino acids with the alkoxXimino acid
hglides proved successful. This was accomplished using
a modification of the method of McKie (82). The feature
of this method is acylation in a two phase system of aque-
ous alkali and ether; that is, the acid chloride is added
t0o the ether-alkali mixture containing the materisl to be
acylated. Such a method saves valugble intermediates,
in the case at hand the amino azcids, and allows eaay
isolation of the reaction product. rurthermore, acid-
senaitive subatances such as tryptophane are easaily
acylated.

the & -benzyloximino acid anilides were not prepared

by this method because of the availability of aniline to
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serve a3 base to neutralize the hydrogen chloride liberated
and of the ease of separation of aniline hydrochloride

from the anilide produced. All of the anilides prepared

in this work were white solids melting below 100°. They were
sometimes difficult to crystallize, cooling and stirring
being necessary to induce crystallizatione.

The c(ubenzyloximine acid amides of the amino acids
were usually white solids melting around 100°, but in
severali cases difficulty was encountered in crystalliza-
tion. Like the anilides, they regquired cooling in many
cases and repeated stirring to induce crystallization.

This sometimes was a barrier in purification of samples
for analysis, since the products repeatedly separated

a3 0ils from the crystallizing medium. The amides of lower
molecular weight were somewhat soluble in water, but the
higher amides could be crystallized, as a rule, almosti
quantitatively from ethanol and water.

1l. Derivatives of /glphenylp 0(~benzyloximinopropionic acid.

/g-Ehenylp ﬂ(-benzyloximinQqupionanilide.

CgHg=CHp-C-CO-NH-Cg Hy
NO-CHy=CgHg

To 1.9 gme. (.02 mole) of aniline and 20 ml. of dry
benzene in a smull beaker was added, with continuous
atirring, 2.9 gi. (.01l mole) of -phenyl- A(—benzyloximino-

propionyl chloride. During the addition, a light-yellow
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pPrecipitate formed and the contents of the beaker became
warm. The mixture was allowed to siznd several hours, the
aniline hydrochloride was filtered off and the benzene
evaporated from the filtrate on the steam bath. The yellow
0il remaining was taken up in ethanol and water and
allowed to cool. An o0il separated which after cooling
crystallized. The crystals were filtered off and dried in
¥vacuo over phosphorus peantoxide. ‘he anilide melted at
72-73%; yield, 2.8 gm. (81% of theory).

Waters reparted a melting point of 73.5-74°.

/ ~Phenyl-~ & -benzyloximinopr QD ionyl,:gly cine.

CSHS-CHg-?'—CO-NHe-CHg-COOH
NO-CH,~CgHg

Glycine, .75 gm. (.01 mole), was dissolved in 4 ml.
of 10% sodium hydroxide (.01l mole) and 6 mnl. of water in
a small Erlenmeyer flask. The solution was overlayered
with 10 ml. of ether. Then 2.9 gm. (.01l mole) of /e-phenyl—
A =benzyloximinopropionyl chloride in 10 ml. of absolute
ether was added alternately, while stirring, with 4 ml.
of 10% sodium hydroxide (.01 mole) in 6 ml. of water.
A little heat was developed in the reaction flask. The
mixture was then allowed to stand in the refrigerator
overnight. The lower alkaline layer was neutralized with
a amall amount of concentrated hydrochloric acid. The oil

which separated crystallized, after being cooled. After
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drying in vacuo over phosphorus pentoxide, 2.95 gm. (90%
of theory) of white solid was obtained. After recrystalli-
zation from ethanol and water, the product melted at 96.5=
97°.

in larger runs, the yields ranged up to 98%. This
procedure exemplifies the method for the preparation of

these amides.

_ga}?henyl- A -benzyloximinopropionylslanine.

cﬁxsucﬂg-g-co-NH-CH(CHs)-GOOH
NO-CHy~CgHg

Using the general procedure given above, 2.9 gm.
(.01 mole) of acid chloride and .89 gm. (.01 mole) of
alanine gave 3.08 gm. (91% of theory) of white solid,
which melted, after recrystallization from dilute alcohol

at 112°.

4£’-Phenyl-d( - benzyloximinopropionyl-1l{~)leucinee.

(CHz ) 5CH~CHy
~
Cg g~ CHy~C-CO-NH-CH-COOH

Using the method outlined, 2.9 gm. (.01 mole) of
acid chloride and 1.31 gm. (.01 mole) of 1(-j)leucine
gave 2.93 gm. (77% of theory) of white solid, which melted

at 86-87° on recrystallization from aqueous alcohol.
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ﬂ ~Phenyl- A’ ~benzyloximinopropionvl- ﬂ -phenylalanine.

061{5-03{2
CgHg=CHy ~C=-CO-NH~CH~COOH
l'\; O-CH2—06H5

When the higher amino acids, such as phenylalanine,
were used a somewhat larger quantity of water was neces-
sary for initial solution. Otherwise the procedures
are exactly the ssme. From 2.9 gm. (.01 mole) of acid
chloride and 1.65 gm. (.0l mole) of phenylalanine was
obtained 3.51 gm. (85% of theory) of white solid, which
melted at 140-141° after recrystallization from ethanol
and water. This amide did not separate as an oil, but
always separated as a so0lid when the hydrochloriec acid

was added to the alkaline mixture.

/gsPhegyIp-A’-ben@zloximinoprqpionyl—l(+hglutamic acid.

_CHg-CHgy-COOH
06H5-CH2-C-CO-NH-Qg
. n COOH
NO-CHo~CgHsg

1(4)Glutamic acid, 2.94 gm. (.02 mole) was dissolved
in 4.8 ml. of 32.5% sodium hydroxide (.04 mole) and 20
ml. of water. To this solution was added 20 ml.ef ether.
Then 5.76 gnr. (.02 mole) of /5-phenyl-d(-benzyloximino-
prépionyl chloride in 20 ml. of absolute eher was added
alternately, while shaking, with 2.4 ml. of 32.5%

sodium hydroxide (.02 mole) in 15 ml. of water. The mix-

ture was allowed to stand in the refrigerator overnight,

the lower alkaline layer was separated and acidified with
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hydrochloric acid. In this manner, 3.3 gm. of product wasa
isolated. On cencentration of the mother liquor, another
1.3 gm. was obtained. The overall yield of product melting
at 110° was 58%.

A[QLPhenylng(—benzyloximinopropionyl—l(-)tyrosine.

P=FO-CgHg=CHy
G Hg=CHp = 0-GO~NH- CH-COOH
NO-CHg-CgHg

This product was very difficult to isolate and repeat-
edly came down &8 an oil. It was decolorized with charcoal
and crystallized several times. Ultimately, fine white
platelets melting at 67° were obtained. The yield was poor
becguse of losa during repeated recrystallization. 1t is pos-

gible that the hydroxyl group was esaterified.

2. Berivatives of o~benzyloximinopropionic acid.

o{ =Benzyloximinocpropionanilide.

Cli3~C~CO-NH=CgHy
NO- CH, ~CgHg,

This anilide was preparced by the method described
for /g-phenylpo(-benzyloximinOPropionanilide. From 2.1 gne.
(01 mole) of of-benzyloximinopropionyl chloride and 1.9
gn. (.02 mole) of aniline was obtained 2.25 gm. (84% of

theory) of white needles melting at 70-71°.
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_¢{-Benzyloximinopropionylglycine.

CHz~C-CO-NH-CH,~COOH
gO—CH2-06H5
Using the general method described for the prepara-
tion of these amides, 1.06 gm. (.005 mole) of o =benzyl-
oximinopropionyl chloride and .38 gm. (.005 mole) of
glycine gave .74 gm. (60% of theory) of white solid melt-
ing at 127° when recrystallized from water.

& -Benzyloximinaepropionylalanine.

CH3z-C-CO-NH-CH(CHgz)-COOH
§0-CH2-6655
Using the general procedure, 1l.06 gm. (.005 mole)
of of~benzyloximinopropionyl chloride and .45 gm. (.005
mole) of alanine gave .71 gm. (54% of theory) of white
s0lid melting at 118°%, when recrystzllized from 10%

ethanol.
3. Derivatives of o(-benzyloximinoi.socaproic acid.

X -Benzyloximinoisocappoanilide.

CH3~CH(CHz )~CHy=C~CO-NH=CgHg
u
NO-CH,-CgHg

Then 1.26 gm. (.005 mole) of O(-benzylo}:iminoisocaproyl
chloride and .93 gm. (.0l mole) of aniline were reacted

aa described for ﬁuphenyl- X -benzyloximinopropionanilide,
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1.18 gm. (777% of theoretical) of white solid was obtained,

which on recrystallization from dilute alcohol, mdted at
57°.

X-Benzyloximinoisocaproylglycine.

CHs-GH(CHs)&CHQ-C-CO—NH-CH2-COOH
t

NO- CHg=CgHg

When l.26 gm. (.005 mole) of X -benzyloximinoiso-
caproyl chloride and .38 gn. (.005 mole) of glycine were
reacted in the usual way, .65 gm. (45% of theory) of
white solid was obtained, which melted at 58-59° on
recrystallization from 10% alcohol. This series of gmides
was characterized by being unusually difficult to crys-
tailize.

{-Benzyloximineisocaproylalanine.

CHG-CH(cﬂs)-CHznc-co NH-CH(CHz )~COOH
NO-GHz CeHg

Using the general procedure, 1l.26 gm. (.005 mole)
of o{-benzyloximinoisocaproyl chloride and .45 gm. (.005
mole) of alanine gave .80 gm. (52% of theory) of white
solid melting at 70% on recrystallization from dilute
alcahol. The lowered yields of the last four amides was
due to the increased solubility of the amides im water.
In a repeat experiment, the mother liquor was concentrated,

and 3.79 gm. (.015 mole) of acid chloride and 1.34 gmn.
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(.015 mole) of alanine gave 4.3 gm. of solid, representing
a 94% yiel&.

0( ~Benzyloximinoisocaproyl- /-phenylalan ine.

]
CHz~CH(CHg )~ CH,~C~C0-NH-CH-COOH

M
NO~CH,-CgHg

The general procedure, using l.26 gm. (.005 mole)
of ~benzyloximinoisocaproyl chloride and .825 gm.
(.005 mole) of phenylalanine gave 1.37 gm. (73% of theory)
of white microcrystals which melted at 116-116.5° on

recrystallization from ethanol and water.

X -Benzvloximinoisocaproyl=1(-)leucine.

(CHz ) CH~CH,
I
CRS—CH(Cﬂs)~CH2-§?CO-NH-CH-COOH

When 2.31 gme (.017 mole) of 1(=)leucine and 5.1 gm.
(.02 mole) of acid chloride were reacted in the usual way,
an 0il separated from the acidulated water. All atéempts
to make this o0il crystallize were fruitless. The difficultiy

was probably due to contamination with the acid.

0(-Benzyloximinoisocgproyl»dl-leucine.

(Gﬂs)ZCH-?Ha
cnz-cn(cas)-cﬁz-g-co-NH-CH-COOH

NO-CHp-CgHg
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When 1.97 gme (+015 mole) of dl-leucine and 3.79 gm.
(.015 mole) of acid chloride were reacted in the usual
manner, 4.8 gm. (92% of theory) of white solid was obtained,

which melted at 45-469, after crystallization from water

and alcohol.

X -Benzyloximino isocaproyl~1l(-)tyrosine.

p-HO-06H5~?H2
CH3-03(0H3)-CH2~3-co~nnaeH-000H
NO~CH5-CgHg

Using the general procedure, 2.72 gm. {(.015 mole)
of tyrosine and 3.79 gm. (.015 mole) of acid chloride
gave 2.9 gm. of light-yellow solid melting at 78.5-799.
Yield, 46% of theory. The low analysis (page 72) indicates
that the desired compound was not obtained.

A «Benzyloximino isocaproyl-1l(4)eglutamic acid.

_CHy~CHg~COOH
GH3-CH(CH3)-CHz-inco-NﬂﬁngocH
NO-CHs-CgHp
When 2.21 gm. (»015 mole) of l(+4)glutamic acid and
3.79 gm. (015 mole) of acid chloride were reacted in the
usual menner, 4.3 gm. (74% of theory) of white solid

melting at 101° was obtained.
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0(-Benayloximinoisocaprqyl-l(e)tzyptqphane.

,CH5™
CH,,~CH(CHgz )~ CHo~CwCO~NH-CH
3 2 N
n ~CO0OH
NO-CHg-CgHg N
H
When 1.02 gme (+005 mole) of 1(~)tryptophane and

1.27 gme (005 mole) of acid chloride were reacted in the
usual way,taking care to avoid excess acid, 1.8 gm.
(86% of theory) of white solid melting at 909 was
obtained. The produect was recrystallized from ethanol and

water for analysis.
4. Derivatives of & =benzyloximinobutyric acid.

A -Benzyloximinobutyranilide.

CHg~CHy-C-CO-NH-C6Hs
NO=-CHo-CgHg

When .57 gm. (0025 mole) of Of~henzyloximinobutyryl-
chloride and .47 gm. (.005 mole) of aniline were reacted
as described for ﬁ-phenyl- A -benzyloximinopropionanilide,
.61 gm. (84% of theory) of white solid melting at 719

was isolated.

X ~Benzyloximinobutyrylalanine.

cng-cng-c-co-NH.cH(CHs)»COOH
/|

Using the general procedure for these amides as
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described for /glphenylu a(-benzyloximinopropionylglycine,
4.56 gm. (.02 mole) of 0(-benzyloximinobutyryl chloride
and 1.78 gm. (.02 mole) of alanine gave 4.73 gm. (84%
of theoretical) of white crystals, which melted at 94°
when recrystallized from ethanol and watere.

The amides obtained from o =benzyloximinobutyryl
chloride and the amino acids were charac#ieristic in that

they rarely separated from the crystallizing medium as oils.

0(~Benzy1oximinobuty:ylg;ycine.

CHg=CHg=G-CO- NH-CHp-COOR
NO- CHg~CgHjg

When 1l.14 gm. (005 mole) of X =benzyloximinobutyryl
chloride and 38 gm. (005 mole)} of glycine were reacted
in the usual manner, 1l.20 gm. (90% of theoretical) of
white crystals were isolated, which melted at 106° when
recrystallized from dilute ethanol.

0(-Benzylaximinobuzyzyl—dl-leucine.

(CH3)26H~?H2
CHsacﬂg-ﬁnco-NHsCH-COOH
NO~CHo-CgHg
Vhen 1l.14 gme (005 mole) of acid chloride and .66 gm.
(.005 mole) of dl-leucine were reacted according to the
general procedure, l.25 gnm. (77% of theory) of white seolid

was isolated, which melted at 87° when recrystallized from

alcohol and wateres
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0(-Bengyloximinobutynzl-/6;pheqy1alaning.

i
CHs-CHg-G-CO-NH-CH~GOOH
1"
NO-CHy-CgHg
Using the general procedure, .83 gm. (.005 mole)
of phenylalanine and 1l.14 gm. (.005 mole) of acid chloride
gave l.46 gm. (82% of theory) of white needles, which

melted at 89° after recrystallization from ethanol-water.

X «Benzyvloximinobutyryl-1l(+)glutamic acid.

CHg~CHp-COOH
O~ Cp - C~CO-NH~CH~CO0H

The general procedure, using .82 gm. (.005 mole)
of 1(¥)glutamic acid and l.14 gm. (.005 mole) of acid
chloride gave .93 gm. (52% of theory) of white solid.
This material was exceptionally soluble in water and some
produet undoubtedly was lost in the acidulated water.
Using the smallest amount of water and ethanol possible,

a white product melting at 92~93° was obtained.
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" Ve HYDROGENATIONS

Since the amides from the amino ascids and the
d-benzyleximino acid chlorides were so readily available,
the nexti logical step was their reduction to the corres-

ponding dipeptides. ithe catalytic debenzylation of certain

R=C-CO-NH- ' 3 e CH=(CO~NH~ -
: CHR'*-COOH R ?H CO~NH~-CHR'~COOH

NO-CHg-CgHg NH,
benzyl ethers hsas been discussed and the situation here
seemed to be similar. Likewise, Hamlin's (31) success
in reducing oximino acids to the curreapoﬁding,amino acids
encouraged the thought that the dipeptides whould be
rezdily available.

The debenzylation of the benzyloximino acid amides
with certain catalysts has been established as positive.
Both palladium and a mixture of palladium and platinum
seem to accomplish this, either in ethanol, ethanolic
hydrochloric acid or glacial acetic acid. The aqueous
methanole=acetic acid and palladium catalyst method so
elegantly utilized by Bergmann and Zervas (34) did not
serve to debenzylate the benzyloxime ethers studied here.

the difficult part of the reduction to the free amino
group lies in reducing the oxime, which is supposedly
produced on the debenzylation of the ether, by the first
mole of hydrogen, as follows:

R-C-CO-NH-CHR'=COOH _1 Hp R~-C-CO-NH-CHR'-COOH

o M
NOCHg-CgHg NOH
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2 Ho o R-?H-CO~NH;CHR'-COOH
NHp

When the reduction is carried out in the presence of
hydrochloric acid, the peptide hydrochloride should be
produced. Ordinarily, this would not be thought to be a
barrier, since Hamlin very successfully isolated the free
amino acids by first evaporating the alcchol from the
reduction mixture, dissolving the hydrochloride in boiling
water and neutralizing with ammonium hydroxide. Addition
of malcohel then precipitated the free amino acid. {he sit-
uation as regards the solubility of the peptides in alco-
hol and water is largely parallel to that with the amino
acids. Both have fair solubility in water depending on the
molecular weight and both are largely insoluble in slcecochol.

Consequently, when the theoretical amount of hydrogen
was taken up on the reduction of the benzyloximino acid
amidesa, a very similar procedure waa followed. However,
the substances isolated did not seem to be as soluble in
water as was expected of the dipeptides. Nevertheless,
the melting po.ints checked the literature fairly closely.
A closer investigation of this situation revealed some
rather interesting facts, however. The diketopiperazines
corresponding to the various dipeptides have melting
points which are very close to the dipeptides theumselves.
The following chart shows the melting points of some
dipeptides of phenylalanine and leucine and their

correspond ing diketopiperazines (anhydrides).
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Peptide Diketopiperazine
1. Phenylalanylalanine,241°d.(83) 1. 267.268°d.(84)

2. Phenylalanylglucine,2730 (83) 2. 280° (85)

3. Phenylalanylphenyl- 288° (86) 3. 290-291° (87)
alanine

4. Leucylalanine, 248° (88) 4. 247°

Since the melting points are relatively close at this
high range, the melting point is of little value in dif-
Terentiating between the dipeptide and anhydride. Moreover,
both groups of compounds discolor before they reach their
melting pointse.

The only immediate method for differentiation is
solubility in acids and bases. liany of the compounds pre-
pared in this work were not soluble in acida or bases,
confirming that the peptide anhydrides were formed in

the isolation or reductione.

_NH_
ReCH=~CQ-NH-CHR *«. COOH NH, OH R.CH C=0
! o (Et) > i t
NH, . HC1 =C _ -OH-R!

Diketopiperazines are not ordinarily formed undex
conditions so mild as those used in this work. There are
several methods by which symmetrical anhydrides are formed
from the amino acids or their eaters. Apparently,the
method most used for preparation of the anhydrides from
the peptides involvea the use of the ethyl ester of the

peptide in alccholic ammonia (10, 11). Free peptides
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ordinarily do not pass into anhydrides except when heated
to rather high temperatures.
There are some indications alao that the free peptides

were obtained, but yields were low.

Palladium Catalvst for Reduction.

for the study of the reduction of benzyloximino acid
amides, /gophenyly af-benzyloxrminopropionylalanine was
used. The reductions, for the most part, were carried out
at room temperature and 20 atmospheres pressure in a
glass-lined vessel of such capacity that .01 mole of hydro-
gen gave approximgtely a 10«12 pound pressure drop, depend-
ing on the slight variations in amount of solvent used in
the hydrogenationg, The palladium catalyst was prepared
by the method of Hartung (39).
1. /g-Pheny1~ X -benzyloximinopropionylalanine, 5.1 gm.
(.015 mole), was dissolved in 100 ml. of ethanol,and 50 ml.
of water and 25 ml. of glacial acetic acid were added.
Then 5 gm. of 10% palladium catalyst on Nuchar WA was
added and the mixture shaken at room temperature under
20 atmospheres of hydrogen. No hydrogen uptake was observed;
the amide was recovered unreacted.

This procedure was repeated using 95%Z ethanol and
a few ml. of concentrated hydrochleric acid. lhe vessel
we.s heated to 70° and shaken. Again, no uptake of hydro-

gen was observed.

2. Pifteen-hundredths mole of amide was dissolved in 100 ml.
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of 95% ethanol and 5 ml. of concentrated hydrochloric
acid. After adding 5 gm. of 10% palladium catalyst, another
-5 gm. of palladium chloride was added and the mixture wasa
shaken at room temperature under 20 atmospheres of hydro-
gen. When the vessel was opened, a definite odor of toluene
was noted. The eatalyst was filtered off and the fi ltrate
neutralized with aqueous sodium hydroxide and the filtrate
evaporated on the steam bath. The residue was taken up in
water and alcohol was added. A very small quantity of
material melting at 268-270° precipitated. The diketopiper=-
azine melts at 267-268° (84).

Calcd. for phenylalanylalanine anhydride; 012H14N204:

nitrogen, 12.84%; carbon, 66.03%; hydrogen, 6.47%.

Hound :

nitrogen, 12.86%; carbon, 65.78%; hydrogen, 6.53%.

It was evident that while the hydrogen uptake was
good, that it was improper to use sodium hydroxide in the
neutralization.

After reductions of this tyme, the catalyst was
treated with hot water and sometimes ammonium hydroxide.
On evaporation of the water, no product was obtained. It
was apparent that the reduction product was soluble in
alcohol and hydroehloric acid. It was also interesting
to note that after neutralization of the filtrate with
ammonium hydroxide, that silver nitrate, when added to
the mixture,gave a precipitate which coniinued to form

even though the chloride ions were all theoretically
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removed. This precipitate quickly discolored. The unreacted
amide and amino acids do not form precipitates with silver
nitrate under these conditions. Consequently, the material
present might be the anhydride, since the theoretical
amoun® of hydrogen was taken up.

An attempt was made to obtain /g-phenyl— K woximino-
propionylalanine by hydrogenating the benzyl ether in alco-
hol and interrupting the hydrogenation when just enough
hydrogen had been taken up to debenzylate the ether (1
mole). The filtrate was evaporated in a desiccator contain-
ing sulfuric acid and soda lime. An alkali soluble oil
was obtained, which could not be crystallized.

Since a 10% catalyst failed to reduce and a fortified
catalyst carried the reaction on, a 40% palladium catalyst
was prepared and used in the reduction. At the end of
three and one-half houra, the theoretical amount of
hydrogen was taken up. The speed of the reduction was
typical of those carried out in later studies with mixed
pralladium-platinum catalysts. The time for the three
mole uptake waa as follows:

first mole «==-~ 7 minutes = debenzylation
second mole =~ 27 minutes

third mole -- 177 minutes - complete
Total 3 hrs. 31 minutes

Wwhen the hydrogenation of 3.4 gm. (.0l mole) of
/g;phenylp-A(-benzyloximinpropionylalanine, in 95 mli. of
ethanol and 5 ml. of hydrochloric acid with 5 gm. of 407%
palladium catalyst, was complete; the filtrate was dried
in vacuo and ammonium hydroxide and water added until the

solution was neutral. the solution was concentrated and
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alcohol added; 1.02 gm. of white solid Separated on cooling.
Some of this material was very soluble in water, indicating
the presence of ammonium chloride. In all probability, the
major part of the product was the diketopiperazine since
all the solid was not soluble in sodium hydroxide or
hydrochloric acid.

Reductions in ethanol without added hydrochloric acid
would not take up the theoretical amount of hydrogen. when
hydrochloric acid was added, the hydrogenations proceeded
to completion.

3. Since the dipeptide esters are known to form diketo-
piperazines easilyy it was thought that reductions in
another medium would be more satisfactory. using bdh a
10% and 40% palladium catalyst in glacial acetic acid,
about two of the three moles of hydrogen were taken up.
he ace@ic acid was removed under reduced pressure and the
solid taken up in ethanol and neutralized with ammonium
hydroxide. No precipitate occurred indicating presence of
alcohol soluble material. Sigce the dipeptides are insol-
uble in ethanol, the dipeptide obviocusly was not formed.
Concentration and addition of ether yielded only ammonium

acetate.

Raney Nickel

Five snd onedenth gm. (.015 mole)} of amide was
dissclved in 100 ml. of 95% ethanol and .8 to 1.0 gm.

of Raney nickel catalyst added. The mixture was shaken at
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room temperature and 20 atmospheres with no observable
uptake of hydrogen. The pressure was then boosted to 96
atmospheres and the mixture was shaken again. Still no
significant drop in hydrogen occurred. The vessel was then
heated to 75° and rocked for two hours. On cooling, the
uptake of hydrogen seemed to be gquantitative or nearly

g0, although a three atmosphere drop at presaures such

as these was difficult to detect. The alcohol had no defi-
nite odor of toluene, but on evaporation yielded an oil,
inscluble in water. There was isolated a small portion of
unreacted amide. The 0il was inscluble in alkali and sol-
uble in hydrochloric acid. However, when dissoclved in ether-
benzene, dried over amhydrous magnesium sulfgte and treated
with dry hydragen chleride, no precipitate occcurred. The

course of thias reaction wss uncertaine

Mixed Palladium-platipum Catalyst.

A number of reductions using Hartung's palladium
catalyst with added Adams® platinum catalyat (89) were
carried out on /g—phenylp A(-benzyloximinopropionylalanine.
1. When 015 mole of amide was reduced with 5 gm. of
10% palladium catalyst with .15 gm. of added platinum
in 95 mi. of ethanol and 5 ml. of concentrated hydrochloric
acid, the theoretical amount of hydrogen was taken up in
three and one-half hours. The ethanol was removed in vacuo
and ammonium hydroxide added. The material was dried on

the steam bath and extracted with absolute alcohol.
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A precipitate weighing .4 gm. separated from the alcohol
and melted at 240°. The dipeptide melts at 241° (83).

Calecd. for“clzﬂlﬁnzosz nitrogen, 11.86%; carbon,

61.00%; hydrogen, 6.84%. Found: nitrogen, 11.38%;

carbon, 62.98%; hydrogen, 7.48%.

The analysis indicatea some impurity. The residue alsa
yieléed .32 gm. of a water and alcohol insoluble product
melting at 254-258° with much decompasition. The analyses
indicated that ammonium chloride with some organic material
was present, presumably the diketopiperazine.

Another reduction using the same procedure was
carried out. Hot water was added to the residue which
had been treated with ammonium hydroxide. Some sticky
product remained behind, but a solid separated from the
water, melting at 246-254°d. Analysis indicated the
diketopiperazine contaminsted, perhaps, with some
dipeptidee.

Calcd. for C3oH;,NoOo: nitrogen, 12.84%; carbon,

66.03%; hydrogen, 6.47%. Foundj nitrogen, 13.05%;

carbon, 64.62%; hydrogen, 7.01%.

The following procedure gave fair yields of the
diketopiperazine. When 5.1 gm. {(.015 mole) of amide wes
reduced with 5 gm. of 10% palladium catalyst with .15 gm.
of added platinum oxide in 95% ethanol and hydrochloric
acid, the theoretical amouht of hydrogen was taken up.
The filtrate was treated with 10 ml. of concentrated

© ammonium hydroxide and evaporated in vacuo. About 300 ml.
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of water was added to the residue ( wt., 6 gm.). Some
of the material did not dissolve, .76 gm., but .73 gm.
separated from the water on cocoling. The material was
insoluble in acid and alkali, and melted at 248-252°.
Most of the material that analysed for diketopiperazine
in this work melted somewhat below the reported value.

When 4.89 gm. (.015 mole) of Jephenyl- o’ «benzyl-
oximinopropionylglycine was reduced under these conditions,
a solid and an alcchol soluble o0il emained. The sclid was
treated with alcohol and water and on filtering, 1.3 gm.
of solid melting & 263-268°d. was isolated. This white
product was insoluble in acid and alkali and is presuma-
bly the anhydride although it melts more than 10° below
the melting point of the inactive amhydride. It is interest-
ing to note that the active laeve foerm of the anhydride
melts at 265.5%°d. (90).

Vhen 4.16 gm. (.01 mole) of/ﬁlphenyl— A(-benzylax-
iminopropicnylphenylalanine was reduced under the same
conditions, .5 gm. of solid melting at 283° was obtained.
Its solubility in alkali and acid indicated that the di-

ketopiperazine was formed.

In all these reductionas, t here is apparently con-
siderable mlcohol socluble materizl formed which is strange

since the anhydrides and dipeptides are insoluble in alcohkol.
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Even though the theoretical amount of hydrogen was taken
up, apparently msome other products are formed in the
reaction. It is important to note that the ethyl esters
of the peptides are much more socluble in alcohol than
the free peptides.

2. VWhen ﬂ -phenyl- y. 4 ~benzyloximinopropionylalanine was
reduced in ethanolic hydrochloric acid with added water,
a small quantity of substance (8%) melting at 240°d. was
ocbtained. This material was scluble in alkali and acid and
is probably the free peptide. Addition of water seems to
favor free peptide formation.

3. Reductions in glacial acetic acid with palladium~
rlatinum catalyats didn't take up the theoretical amount
of hydrogen. Removal of the acetic acid in vacuo gave
alcohol soluble products and certeinly not the diketopip-
erazine or peptide.

Indications are that the benzyl group is rather read-
ily removed by catalytic hydrogenation. However, the sub-
sequent course of the reduction and the influence of
solvent is obscure. Ethanol may form the peptide ester
which would account for the ready formation of anhydrides
and alcohol soluble substancea found in the reductions.
The addition of water to the ethanol certainly cutas down
anhydride formetion and seems to help peptide formation,
although the yields are low. The encouraging factor is that
the benzyl ethers are readily split under rather easy con-

ditions and would indicate that the selection of a good



67

reducing medium would sclve the problem of ester formation
(if this happens) and subsequent anhydride formation.

The difficulty is apparently not limtted to the
phenylalanine derivatives. When d ~benzyloximinoisocaproyl-
alaznine was reduced in aqueous ethanol with a platinum-
ralladium catalyst, some small amount of solid melting at
245-250° was aésolated. However, this material was rather
soluble in alcohol. With the diketopiperazines of lower
molecular weight, the alcohol solubility is much greater
than with the phenylalanyl derivatives. The lower peptides,
gsuch as leucylalanine, however, are not very soluble in

alcohol.
VI.. INCREASING PEPTIDE CHAIN

If it were possible to increase the number of amino
acids in the chain, the probability of diketopiperazine
formation would be eliminated. Furthermore, if the
reduction to the dipeptide itself is accomplished in
good yield, an extension of the chain would be most
desirable. Therefore, sveral experiments were carried out
on ﬂ-phenyl—p( ~benzyloximinopropionylalanine with this
in mind.

The benzyloximino acid amide, 1.7 gm. (.005 mole),
waa dissolved in 100 ml. of benzene and .02 mole of
thionyl chloride was added. The solution was refluxed

for one hour and the excess thionyl chloride and benzene
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were removed under reduced pressure. The crude material
remaining was reacted with .005 mole of aniline according
to the general procedure for making amides of the amino
acids. The lower alkaline layer was extracted with benzene
and neutralized with hydrochloric acid. A dark gum sepa-
rated which could not be crystallized.

Phosphorus pentachloride was used instead of thionyl
chloride. When the amide in decalin was refluxed with phos-
phorus pentachloride, the reaction turned red and a black
material separated. Consequently, the phosphorus pentachlor-
ide when refluxed at this high temperature is deleterious.

Therefore the feaction was carried out at room tempera-
ture. One-hundredth mole of amide was dissolved in 50 ml.
of absolute ether and .01 mole of phosphorus pentachloride
was added. The reaction mixture was agitatea ana aitexr
“thirty minutes was added to .02 mole of aniline in 25 ml.
of absclute ether. The white precipitate was filtered off
and wagshed with water to remove the aniline hydrochloride.
The regjdue remsining was crystallized from ethanol and
water and dried over phosphorus pentoxide. The white solid,
3 gm., melted at 102°. The ether filtrate on evaporation
yield a red product which was very difficult to @ecolorize
with chareocal. Indications are that the so0lid isoclated was
the anilide of ﬂ-phenylud—benzyloximinopropionylalanine.

This would indicate that the extensionm of the peptide

chain is possible.
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SUNMARY

I. A study of the benzylation of oximino acids has
been carried out and the yields improved over the existing
method. The influence of reaction temperature, tine of
refluxing and ratio of reagents on the course of the alkyla-
tion in aqueous zcetone has been studied. It is shown that
alkylation in alcohol is more satisfactory than alkylation
in aqueous acetone. Several new 0(-benzyloximino acids
have been prepared.

II. The preparation of the &(»benzyloximino;acid
chlorides has been carried out in good yield and the
superiority of the phosphorus pentachloride method over
thionyl chloride, alone, is demonstrated.

IIT. It has been shown that these acid chlorides
may be coupled with a variety of amino acids, usually
in good yield. A number of these new amides have been
prepared.

IV, A study of the reduction of these amides has
shown that the benzyl group is readily removed by palladium
and platinum catalysts at room temperature and at low
pressures. The reaction products isolated indicate that
the oxime ethers are reduced to the free amines in ethanol
and agueous ethanol with added hydrochloric acid. The
isolation of diketopiperazines from these reduction
mixtures suggeats that the ethyl ester is formed in ethanol

and hydrochloric acid, or that an exceptionally easy
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reaction for the formation of diketopiperazines has been
uncovered.

¥e Preliminary indications show that the acid chlorides
of the amides of the amino acida and benzyloximino sid
chlorides can be prepared, so that the synthesis can be
extended to peptides containing more than two amino acid

residues.
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NEW COMPQUNDS PREPARED

Name

¥ -Benzyloximino-
propionic acid

& -Benzyloximino-
butyric acid .

¥ -Benzyloximino-
isocapraic acid

o/ .Benzyloximino-
propionyl chleride

A -Benzyloeximino-
butyryl cehloride

oA =Benzyloximino=
isocapraoyl chloride

/; ~Phenyl- A -benzyl-
oXiminopropionyl-
glycine

ﬂ ~Phenyl- o =benzyl-
oximinopropionyl~-
1(=)leucine

ﬂ -Phenyle X =benzyl-
oximinopropionyle-
alanine

10. ﬁn)?henyl» X -benzyl-

oximinopropionyl-
phenylalanine

1l. /-Ph.enyl- & -benzyl-

12.

oximinopropionyl-
1(+)glutamic acid

/A-Phenyl- X -benzyl-
oximinopropionyl-
1(-)tyrosine

Page
36

a6

37

41

41

45

46

46

47

47

48

Propertieas

m. pe. 73%3-759, Nitrogens:

6310d0 s 7 026%
Pound & 7.07%
m. p. 86°, Nitrogen:
Calecd. «79%
«92%

M. pe 79-80°,. Nitrogen:
Calcd. 2 5&95%
Found t 6.23%

b. p. 95-1000/.75 mm.
be p. 114°/1.5 mm.
be pe 105-107°/.3 mm,

Mme Pe 73.5°. Nitrogen:
Calcd. 2 8.59%
Found s 8.70%

m. pe. 86-87°. Nitrogen:
Calcd. 2 7.3 3%
Found s 7.10%

m. p. 112°, Nitrogens
Calecde. : 8.23%
Found : 8.46%

m. pe 140-141°.Nitrogen:
Calcd. 3 6.73%
Found H 6.97%

m. p. 110°. Nitrogen:
Calcd. : 7.03%
Found s 6.90%

m. p. 670, Nitrogen:
Calcd. : 6.48%

Found : 5076%

Calcd. for bhis comp. ¢ 6.15%

Micro~analyses by Oakwold Laboratories, Alexandraa, Va.
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TABLE I (Continued)

Name

13, < -Benzyloximino-
propionanilide

1l4. d-Benzyloximino-
propionylglycine

15. A~-Benzyloximino-
propionylalanine

16. A-Benzyloximino—~
isocaproanilide

17. X-Benzyloximino-
isocaproylglycine

18. A -Benzyloximino-
isocaproylalanine

19. =Benzyloximino-
isocaproylphenyl-
alanine

20, X =-Benzyloximino=-
isocaproyl-dl-leucine

21. ¥~Benzyloximino-
isocaproyl=-1l(-)tyrosine

22, A-Benzyloximino=-
isocaproyl-1(+4)glutanic
acid

23, o -Benzyloximino-
igocaproyl-1l(=)trypto-
phane

24, X-Benzyloximino-
butyranilide

rage
48

49

49

49

50

50

51

51

52

52

53

53

Properties
me. p. 70-71°. Nitrogen:
Caled. : 10.44%
Found s 10.75%
me pe 127°. Nitrogen:
Calecd. & 11.20%
Found s 11.39%
Me Peo 118°. Nitrogen:
Calcd. : 10.14%
Found & 10.43%
me. p. 57°. Nitrogens:
Calcd. : 9.03%
Found $ 9.15%
m. p. 58-59°%. Nitrogen:
Caled. : 9.56%
Tound s 8.07%
m. pe. 70°. Nitrogen:
Calecd. : 2.15%
Found : 8.81%
m. p. 116“116.500 Nitrogen

7.33%

Calcd. s
: 7.33%

Found

m. p. 45-46°. Nitrogen:
Calcd. : 8.09%
Found : B.25%

Me pPe 78.5°-79°, Nitrogen:

Calcd. : 7.01%

Found s 6.06%

Calcd. for bis comp.: 6.82%
m. pe 101°. Nitrogens:
Calcd. : 7.69%

Found t 7.41%

m. p. 90°. Nitrogen:
Calcd.  9.97%

Found : 10.72%

m. pe. 71°. Nitrogen:
Calcd. H 9.93%

Found 210.33%
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TABIE I (Continued)

Name
25. K «Benzyloximino=
butyrylalanine

26. of -Benzyloximino
butyrylglycine

27. o{ «Benzyloximino-
butyryl«dl-leucine

28, X»Benzyloxininow
butyrylphenylalanine

29, X~-Benzyloximinow
butyryl-1(+)glutamic
acid .

30. P-Fhenyl- o =benzyl-

oximinopropionylalanyl-

anildide

Page

53

54

54

55

55

68

Properties
m. pe. 94°. Nitrogen:
Calcd. H 10.06%
Found : 10.31%
m. ps 106°. Nitrogen:
Calcd. t 10.860%
found $ 9Q.86%
m. ps 879, Nitrogens:
Calcd. 2 8.75%
Found 2 8.39%
m. pe. 89°. Nitrogen:
Calcd. & 7.91%
Found : 8.17%
m. pe. 92-93°. Nitrogen:
Calcd. 3 8.33%
Found : 7.89%
m. ps 1020. : Nitrogen:
Galcd. & 10.11%
Found : 9.67%
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