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1.
TNTRODUCTTION
General,

It hao been kuwown for guitc sowe lime that proteins when
hydrolysed by acids or alkelies or by the ferments yield protecses,
péptones, and finelly o -anine acids. Of che mmerous acids obiained
in this manner, the constitution of the wajority is now kuoown and many
have been prepared synthetically.

There are eighteen amine acids of general occcurence; glycine,
lgucine, tyrosine, serine, glutemic aeld, aspartic acid, phenylalanine,
alanine, lysine, arginine, histidine, valine, proline, tryptophan,
hydroxyproline, isolsucine, wethicnine, threonine. %o these must be
added seven acids of nparvow distribution (thyroxine, diiodotyrosine,
dibronotyrosine, norleucine, eystine, cysteine and hydvozxyglutanic
acid) and five of very limited ocowrence bubt which may be present in
proteins (thiolhistidine, dihydroxyphenylalanine, eltyrulllne, cansvan—
ine, djenkolic acid), to which mst probably be added lanthionine,
There are finally about dwenty aeids which hawe not been gouplelely
identified with rather vaguely defined amino aclds ouch a3 those
pelieved to be present in liver antlanaenia factor. (1)

™o of the simplest A -anino alirhatic acids, namely glycine
or «=-anincacetic acid, and alaunine or ¢f -acino propionic acid, ave
among the comonest A ~amine aclds found in protelns, On the other
hand, o =aninocaproic acid or norleucine 1s known te occur in only
a few protelns. It is often seen that the naturally occuring aliphatic

o »zxino acids gortain ome or more side chaing or groups such as
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hydroxy, methyl or imimo in addition to the amino grovp. For instance,
isoleucine or o =amino= f’ =pethyl-nevaloric acid, and leucine or

K ~aminoisocaproic acid, which are isomeric with norleucine, contain
a methyl group at the (5 and ¥ carbon atene, respectively, The inpors

tant naturally occuring aliphatic & ~amino ceids are listed in Table T.

A1l of the other essential o =amine acide

gontaln elther a bengene,

phenclic, or heterogyclic ring in their wolsoules,

TABLE I

Aliphatic Anine Acids Found in [roteins

Amine Acid Chamdeal Hame of the Acid Porumla
Alanine o =auincpropionic Clig=CHmCOOH
Mily
i
Arginine X mgmino= § -guanidine- Hgh~ G- CH) 3~csx-csmz
nevaleric Hlly
Aspartic Acid & —azrinoguccelinic HGOO*GHQ-%%GQOH
Cystine dim{ o ~amino f ~thdoprosionic)| (BwChy-Ci-CO0H),
Bt
Glutaric « =amirogluteric HOOC~Clip=CH,=CH=COOH
Leid B&u’\
Glycine of =zainoacetic HpCmCO0H
I,
~hydrorygla- | Amamino- P -hydoae HOUGmCHL,=Cli=CHmCO0H
tamic acid glutaric © OH M,
-




TABIE ¥ {combrd,)

Kiiphatic Amino Acids Found in Froteins

Aning Acid Chemical Nome of the lAoid Forom 1a
Loucine « =grino~igacaproic (cH }Qaﬂwngw IGO0
3 %ﬂg
leugine A waming-  ~methyli~ HyC~CHy -ii-Gri=Coon
n=yvalerie H}ﬁﬁg
lysine o mapitioe € =aming- H,ﬁ;(&ﬁg) 3=GHRCOOH
necaproic “H 1y W{Q
kiethionine  =aainp- Y -methyl~ HgGuiw{ CHlp ) ~QH-COOH
thicl=r=butyric " i
Norleucine K =zl No=T~caLroic u’-ﬁ(.a""({aﬁg) «C@»ﬂﬁ@ﬂ
2
Serine o ~arrino= {5 whydroxye G CHmGO0H
provionic “0H xéH@
Threonine « marrinoe (8 =hydroxy- Hy E? - %Wﬁﬁ*i
butyric i
x\rjc;\
Valine  =amino-isovalerie _ ClGHRCOOH
Hye o
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Hydpolytic metbods have econtributed most to cur present
mnderstonding of the chemicel structure and vature of the protelns
and theiy components. Hydrolysis of proteins can bo accomplished
mainly by three wayss (1) by acids, (2) by alkelics and {3) by
enzyses; the most convenient belng the treatment with hot aguoous
mineral acide, The alkalive hydrolysis 1s Linited in its seope, despite
the fact that proteins are sompletely hydrolyzed to thelr constituents,
for dming the rrocens a motable vroprrdion of the smine acide which
preexist it pure optically setive form become recemiged, Alkalles
have one advantage over agids in that they do not destroy trypteophang.
Hence they are often used whan this acid is derived cr sstinated.
Brgyme hydrolysis of proteins has the proobleal disadvantage of slow
and often incomplete action, however it does mot couse racemization or
decorpozition of the more sensitive aclds,

A1l the simple protelins yield anponis and abwbures of amino
acids on hydrolysis by seids, slkalies, or enarmes. Purines, jyrigde
dnes, carbohydrates, ond lipoidal subgtances are alse liburated during
the hydrolysis of the Ueonjugated® proteins; howover, the selin products
consist of amino acids,

Acong the zeids that have been used to hylrolyse probeins,
sulfuric acid eertainly helds first place, both frem the hipberical
and the practical standpointe, Braocsnnod (2) in 1820 isolated the

aino acld, glyeine from sulfuric neid hydrolyzates of gelatin and
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and also of meat., Since then sulluwric acld has been used almost by
every investigator of proteln chemisizy, The concentration of sulfurie
acid usually used is approximetely 35 per cent., In 1873 Hlsasiwots
and Habermann (3) introduced hydrochloric aeid as an agent for hydrow
Iyeing proteine. Hydrochlorie acid is preferrced to sulfuric acid when
the nonoamine acids are to be determsined. Hydrolysis is gensrally carried
st with 20 per cent acld, Other acide heve also been uged. Bernsbein
(L) hydrolyred proteins with 57 per cent hydriodiec aslid in the presence
of dibydrogen rhosphate, A& minbture of hydrochloric acid and formic
aeld was exployed by Biller and du Vigneaud (¥) for the hydrolysis of
insulin, Use of titanous chloride in the prosence of hydrochlovic aeid
was reported by Hece and Sullivan, (6) This mixbure hydrolrses vroteins
with the formation of litidle hmin and with a chorterning of the time of
yirolyeis,
Sodiuwe hydroxdide, potassium iydrexide, bariws ydroxide are
ammon; the proup of agends used for allaline hydrolysis of probteing.
Twe aliralies have the advantage over acids only in that they do not
destyroy tryptoshane, Hence they arc often used when this amine acid
is to be isolated. Ammonium hylroxide or ammoniwmn carbonete hevwe
alsc been used for the hydroliyois of protelos bub offer no cdventages.
The thixd group of hpdiolytic agenis eonsisis of eng es.
Zazyees that arc cepable of catalyzing the lydrolysis of proteins arve
terued roteolyblc enzymes. Thoy ocour widely in matwre. Sehulsze
il comatoriiors vore the Flist to stady the acblion of vegetabile enmypes
on proteins, Inhne, Chliitendei, Kogsel, Kubscher, Drechsel, Willstater;

Ieltz, liortlroy, Suner, hove sltudicd the action of amimel onzymes
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on many diffopent proteins. Fopsin, taypsin, wrepsin, papain are auong
tho group of ensymes commonly used for the hydrolysis of yrodeins., The
Wydrelitic acblon of the proteclytic engyues on protein is probebly
oever somplete, bub in scue instances way e oerly so os 1s aliuline
or acid hydrelysis. (7) Hydvolysis of proteins by ongymwes must be cape
ried oub under specific condiitlong. an intiscie lwewledps must be
seguired of the poitenoy ol the eagyue, Lo avtivatlon, and irsctivetion,
188 specificlty, tie acidity of 1ts optimum catalytic effect and the
sanperature,
REVI:Y OF METHODS OF SYNTHESIS OF A wiil0 ACIDS
The majority of the wetheds of the gymthesls of o =~awlin

acids have been surveyed by Huulin, (8) Barry, (9) and Moibbtoeks, (30)
bat in most of ther wodificatlions have Loon introduccd since then and
hence their regonsijeration here will not be out of plavs,

Amino acins way be gynthesized by the following type reactlons.
1. suigetion of o ~nalogen aclidsy, unseburated dlcarboxgylic acld esters
and anbydridcs.
I1. Hydrolysie of aminonitriles propired by recscticn of ammonisc and
hydrocyanic a2cié with aldelydes. (Strecker weaction)
111, Hydrolysis of the wcyl, aryl or guatcrnary mumoniun derivative
of malonic ester, or cyancacetic ester and of e pthalinido, bensene
ido, or o =~ecclmino derivutives of these esters.
v, lydrolysis of the products prepared by the reactlon of aldehydos
with hipraric Q@i&; hyﬁantoinm or dikctopiperazives,(frlemmeyerts

syuthesis)
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V. Beclmamn mmmmm a.nd hydrelysis of cyelokeboxings followed
by bromination sod amdnation of the resulbing o wanine menoearboxrliic
acids.

VI, Cxidatlion followed by hydrolysis of Lenmoylaming alcoohols,

VIT. Reactions of hydrasolc acid and o -amino acids (Seimidd synihosis
of dlanino acids).

VIII, Addition of sodiwa onmel malonates o o, P ~unsaturated acid
esters (lGichael condensation).

IX, Degradation of substituted melonic acid hydrasides (Surtius
reaction).

X. Catalytic reduction and aminmation of o-kelo ascids,

XI, Catalytic reduction of oxines and phenylhpdraszenss of o« ~keto
acids.
i. Ore cof the cldest and most geveral methods of preparing

azino seids consisis of treating an o -halogen acid with amsonia
(13432;13,138) d~bromo acids are readily prepared and are more reactive
than f -ohlore acide.

W

BE- ?’& - OOl —— P tlTi Coce  + I’-ﬁ'ihji
X 1at,

fam]

The smonia is wewally suplied in the form of coneentrated awmonium
hydroxide. Cheronis and Spitemenller (1h) rervorted that the addition
of ammonium carbonate to the ammonium hydroxide generally inerecased
the yield. This method of “**ﬁpmr' i amino aeids is usefml only when

the necessiry A ~halogen scids are resdily available,
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Alipbatis o ~bpomo acids are nade by divect Lroxination of
the corresponding fatty acid. In other lnstances the corresponding
malonic acid io eployed. Because of the much greater case 8f brouina-
tion of this type of compound, it is gﬁ‘&wi‘;blﬁ to prepare brope aclis
containing groups which would themsclves be brominated under more
drastic conditdonsa,

Specilal rethods of prepsration of o ~bromo acids have besn
developed in the synmthesls of more complex amine acidas, Thus serine
is synthesized in the following menner, {(15)

HOBy
HpC=CH-CO0le ———  H,C~Ci-CO0te
0 Dr
HOH
HaOmCH~COOe 5 HaGuCH-CO0Ue
HO ME-CO- HO Wi

serine egboy

Sehrauth and Geller {16) found that vhen mercuric salts in aleohol
were allowed to react with « , P unsatureted carboxylic acid , HgBr
s introduced in dhe o position and the aliyl group of the aleohel

in the P position.

Brs

.

CH,0H
RZC#}*CQOH + Ig (OM)Q TIBrL> RQO*QWQQH S

100 HgBr

P.z-(i}afﬂmﬂﬂmi M> g=0~CH-GO0N! By tig=G~CH-GOOK
¥eO Br ¥eO Wi HO iHp

—
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Threonine, seripy gad  hydroymorvelive heve been prepared by this
method, 1 -

In some cases diregt mminstion of unsaurated di carboxylic
acid ester s erployed tn;ra;m the aning acid, Tmo asqardlc acid
is made m a'b@n‘ta 60 per cent of the theoretical yield hy autoclaving
a wixture of dry’iamronia and diethyl fumarote. (17)

Cli-CHysCOMHy

HO=GO0H

3

Aspartic acid is also obtalned when melelc anhydride is heated

with aquecus awmonia in an aubociave, followed by hydrolysis of the

intermediate solids with coneentroved hydrochlosdic aeid.
& The comversion of an olleiye or & ketone to an amino aecld

with oue nore carben atem whs aceowplished by Strecker in 1800, (18)
The reoction nay be carried out in a vardety of vors; the water, aleohel
or cthor polution of the eldelyrds or the Metone nay be treated with
amonia or awioam selte followed by hydrogen cyanide or sodium cyanide,

or the oyanohydrin mey be formed first and then trected wlth armonia,
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Rﬂﬂf&m
&7 %
HOH
PeCHO Iﬂ“?f Tm(H > Eim?f"ﬁ'-‘ﬁmﬂ
\ éj KHp» MIQ
Q«CII-O’&
i,

In any case an aminonitrile results, which on hydrolysis with strong
acids or bases is converted to the anmino acid. The inavailability
of many aldehydes and thelr tendency to undergo side reccbiong limit
the application of this reaction, Despite the nany improvements and
modifications mede in the Strecker synthesis, (19,20,21) it is rarely
used except in the synthesis of glycine and alanine.

117, Another mcthod for the preporation of  eamino ecid is the
Sorensent's extension (22) of the Gabriel rhithalimide procedure.

Fhthalinmidomalonic ester is caslly obtalned freom potessium phthalinide

and bromomalonie sster. (23) It contains & hydrogen abom which con be

'coam oot
—Co
>h’£‘£ 4+ DpeCH - NGl T
~-Co [
GO0 COORE

¥a 7 N~co HIOH

GmCHpwle  —— \ FG(co0Et ),
o

N bnoR



— COOH
HemCHoymCmGCOOH
P + — COOH
Nl

replaced by an alkyl group by treatuend witih scdim and alkyl halide,
Lysine, (2L) methionine, {25} cystine, (26) and tyrosine (27) have
been »repared by this nethod,

Wit the advent ol cetalytic reduction procedures, wiinow
malonic ester has becone readily awvailable. It is mot suitable for
use in the synthesis of « ~amino acids sinee the free amino group
would underpgo alkylation. However, Meacylated derivatives of this

ester have proved very useful intermediates. (13,28,29,30,31,32)

COoOEt COOE

HaOEL | Hou
La—zm-m-, RY RGO ¢ o R=CC00H
boons oozt 2 i

The alkylation proceeds smoothly, although the acylapinomalonic

esters are nod as easily alkylated as is malmﬁz: egter itself. The
subsequent steps are effected ineo xeellent ylelds. IEthyl acetamido-
cyanoacetate has been substitubed in place of ethyl acetanidomalonate
ard has jroved iore advantageous, (33,3L) An interesting variation of
this “etof has been dJdeveloped by Smyder and Smith. (35) They discovered
that quaternary amcniws compounds of the type :‘ir—-CHg—-?ﬁ'- (CH3)3 will

alkylate nalonic esters.
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o g

AreCil-1l (Giigly +  GEMRCOE  —>  Ar-Clig~Grili-CO-r

COOBL CO0R%
HOH
"'002 1&;2

This discovery led te an excellent preparative method for tryptophane,
Iv. ; A =Amino aeids containing aromatic residues ean be prepared
by the so-called azalactone method of Irlemmeyer., {36) In this reaetion
the acyl derivative of glyeine is treuted wlith the aromatic aldehyde,
godium acebate and acetic anhydride. The acylglycine iz converied
into an oxagolone (aszalactone) which possesses an active methylene
groun and condenses readily with the aldehyde to give an unsaturated
azalactone, This can be hydrolyzed to Yeacyl uncaturated acid, or

CiLz-CGGi{ EIQC — =0 PeCH=0 —— (00
| “ Aex0 | R~CHO l |
h:: | EE— 0 > bt 0
| RaOko A4 Ac,.0 NaOhe N /
CO~R c 2 6

R R

the reduction and hydrolysis can be performed all in one stage by
heating with hydriodic acid and red phosphorus. Reduction of the
unsaturated acld (acyleminoacrylic acid) nay be effected with sodiwm
analgan {(37) mixture of glacial acetic zell ond acetic anhydride (38)
or catalybically using platimun as the catalyst. (39,40) Other glyeine

derivatives such as hydantoin and dilketosiperizine also readlly condense
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with aromatic aldehydes $o give unsaturated derivatives which can

be hydrolyzed and reduced to the free amino aclid.

— CHp I —— G = it

R~CI0
— 0=¢

! l
HN——0C=0

HN —-"lk()
l ] E*GH#I"J C=Cl=I3

oot
#m

7
=3

> ReClip~CH-COOk
) i,

HOH

—> 2 BeCHy~CHGOOH
|

H,

0=0— IH 2 Mty

235 Diketoriperazine

thenylalanine, tyrosine, tryptorhone and ohhey aronstic amino aclds

have been proepercc by thds nmethwd, but nov with any advartapen over

2

the azalactone mcthod.

Ve The cximcs ol cyclic ketones suech as eyclopenionone, cyclos
hexonone wndergo the Beclmann rearrangement when freated with sulfuric

(]

acid., Taling adventare of this fact Tek and Larvel (U3) prepared

lysine, starting with cyclobezanons,

/SN
=0 oL Beckmann I'Qlll ‘i} 0
? mam*a.zzzgfm‘-zer;;_’ Hi?(f Il'-iﬂ
§ c ﬂ"'t

_—> HBH-(CHa) g-CO0H —> ¢-CD*I>§H-( CIIQ ) 5-COOH




il
(~Co-1i-(CHg) yGEGO0H 2, (B GO=Hi1n (CHo ) }-CHGO0R
Br

Nidg
BoH
> Hpl~{CHp)j~(H-CO0H
Nip

Although several steps are lnvolved, easch proceeds moothly and the
overall yield is satlisfectory. Ornithine has been prepured by apylying
the same series of reactlions to eyclopentanone. (42) The fopmation of
& =sdno aclds cen also be accomplished by the Beolwamm rearrengenent

of P=-isonitroso esters. (L3)

HHo0H HCL Becimann
Hy0-00~CRp=CO0EE ~ —————>  HlgCm(-Ciy=0000% N
| i*}&:{ rearrangenent
HOHE

HBC-CO-E;%MRE-CGQEH; > HoptwCllamGO0H

Ticlds of L =omino acids varving feon 25«40 ver cent are obtained

thiz procedure.

39

. In recent yesrs f=amine alechels have becose aveilsble
cormereially, Thesc elcohols can be mwothly converted into  =amine

o s s ,
neids in peod ylelis. (Ldi)

wmCH-CIlgOH  EpCrp0y R=GH-COON  _ HOM  R-GH-COOH
|*' ! ' LTt
0H-CO~() cr-m,_‘—M MH-CO- ¢ 1y

¢lyeine, alanine, and many other sinpler amino acids have been prepared

by this procedure,



Vil. Another imteresting way of preparing J-anine acids ie by
Sclmidt hydrasoie aeid reactions Schuidt prepared glycine, aspartic
acid, phenylalanive im from {O~98 per cent yielde by the action of
hydirazoic scid on acetoacetic estor.
1o
HBCwGG-(.E{-GGODb + HHB > H3C~LCmBH=CH-CO0Z —— RN?I%CGOE
I

 =amino acids do not underge bhis resebtion. Teking cdwentege of this

o

fact, lysine was prepered Ivom f~aninopiiciic acid. (43)

EEB = HOM
LooEE —=> HE\’J CH=-GO0HE —_—

M

———>  Ho0C=(Clp) h-nffzwoaﬂ 2 > Hyt(CHg) Exl;:ﬁ-cmz
Llp Lilp

5

A gerious drandaci: to bils procedure is that lydrameic acld e
extrenely toxic 2id explosive 1f pot properily handled.

VIII. Yhe lichael cordensabticu has been ap.lied in a very sotisfac-
tory nanner to the preporation of gplutamic acld Iros metiyl acrylate

and phthalimido or acctaiddoualonic cebtor. (LO,4L7)



QO0Rt
| HaOht
Hy0=CHCOCke -+ B’&I:-wmm — Msoocwczzguczzzgm{l;-(mam) 5
0GR ?m
R

bEion ) 1H},0H
— —> HQQG*—-G}fTCHQw?H-ODOﬁ

Resstiocns of this typc have been studied extensively in regent years
by Connor, et. al.. {4’4@3&93501534:52953)
3K Gubstituted malonic esters may be converted into o =amine

acids by the following reactions,.

?OGEt GOOEL COmlE=ilkly
KOl [ HyNeeliHey I 1HO
a-?-— i
COUBb

> ReCi > e —2
COOK CO0K

| Curtius rearrangeuent
1‘-10‘1 —_ fi‘-»{;.‘&i—cmﬁ

COOE i

e use of subrtituted cyanoacetic cstors has been armloyed by
Darepalay (51,59) in the —wesaration o glyeine, veline, loucine, and
by Feo~Hao Iin and co-workers (56) in the rreparation of o-amino-
{isobutyrie acid.

The Curtius reaction may be of specizl use when bromlnation
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of suhstituted nalonic sgids cannpt be corried out because of the
reactivity of tis substitment group, (57)

Xo K wEato aoids when reduced with the palladium in the
presence of mmoria yield oA=exine acide. EKnoop and Oesterlin (58)
Tirgt studied this react
and Ratoer, {59) The methed gives good yields of amino acids bub is
Himited by the lack of available «~keto acids. {59a)

ions Tt was further developed by Shoenheimer

i3I, Various derivatives of oA=keto aclds eg, owimes, phenylw
hydragones oam alec be conveniently reduced to L ~amine seids, This
mothod of obtalning the emine seids has been uvsed oxbenslvely in recent

years and will be discussed bere in greater detail.

E&sﬁxﬂ.‘i@n end Reduction of Ehgixyl&ayc}mmmm Substituted

acctoacetic esters ere comveried into the phenylhydrawones of =keto
acids by the action of bengenediazonium chloride, The reduction of

the phenylhydrazone ylelds o »anlno acid. Figcher and Groh (60)

Py A:Hv r ’ Ko ‘
$13C=COmCE-C0078 it B~C-0008Y = > BCHI-C00RY
| |
4 lﬂz m“ig
NG He
HoH

> Ii’:-{ii}i-'CO(}H
iiHp

obtaired & muall amount of slanine by reducticon of pyruvic acld
phenylhydragons with alumimm amalpem. Feofilalktov and collaborators

(61562,63,6L,68) have modified the Fischer=Croh method into a general
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procedure for the synthoois of { -~aminoe acids. The oxime and pheryl-
hydragone of o-acetow Y -butyrolactore, a valuable internediate in the
sthesis of wmethiomtne (66,67) wore nlso wwepered {60} by the action
of nitrous acld an benzencdiczonimm ehloride respectively on the
y~lactons, hen this phenylhydrazone was veduead with tin and hydre-
chloric asid. the hvirochloride of o=aminos Y ~bntvrolackone was
Y=lactene, When thls phenylhydrazone was rveduesd with tin and hydre-
obtained. In the study of the eatalytic reduction of the phenylhydraw
wona by Oymder et, al,, it wos roevenled thot the redustion in slechol
at 1009-150° with Paney nichel vielded the diketopiperigine instesd of
“he & =anino- Y ~butyrolactone. However reduction in ethyl scciate
containing scebic avhydrides gave a nixture of zootanilide and o wacet-

amino- Y -butyrelactone,

Ireporebion and Neducilon of Oxines: Oximes of & ~hketo
acids can be anoothly reduced cetalytienily or chemically to the
q ~avine acids. The reductlion nrabably proceeds Yhrough the inbeps

nedlote Inmine stoge. (09,89}« However Vabters and Hartung (69a)
found that in tike tnlrogenation of the ‘c:-m:;:‘um ol phernylpyruviec acid, if
the reduction was interrupbed hoefore completion, only phonylslanine
andl unchenged oximino aecld could be imgolated,

Hp o o0
ImeCeeCO0OH —> RBe(wCUCH —_ R»?ﬁﬁ-ﬂf}mi

il catalyst 1l entalyat
HOH HH Ny

The o~oxinino acids (or coters) mey be preparcd in several

ways. These wethods uey be bricfly cleasificd as follows:
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1. Reaction of o ~hete ccids and Hydrorplanine,

. ‘ alikali
BeC=-COOH + HoROHeHMCI —u—o ﬁ-a':"ﬂ-cmﬂ
I
Q (rt) mwn o )

2, Neaction of esters of & ~halopen acid with lydroxyl

anine or inorsanlce nitrites.

1, 10R
D=CHAUOLE  —— >  I-000E%
I or L

X NalNO» WOR

3. lidtrosation of substituted agebe agstic esters,

By0-C-CR-CO0BG _ MOy

CR
Ha0rt \ + T0H0 > Rwﬁ-CO{)Et
HOH
%zo::;OlLH
1230y,

L. Hitrosation of substituted walonic aciis (or esters).

CooH COORt
| el o HaORh

peCH T i=O=CO0H R~CH —————  I~C-COOES
| ROHG I l RONO i
COOH NOI COOEt NOTT



then an o ~kete acid 1s treated with hydroxylamine hydro~
éioride in the iares&ne@ of & base, the corresponding o« =oximino aeid
is obtained, MHany workers (70;?1,72) have prepared the oximes of
pyruvic acid, glyoxalic acid, o~ketoisovaleric acld by this precdedure

in good wields., The serious dravbach of this procedure is the difficulty
in obtaining the o =keto acids,

The esters of o =oximine acids are also obtaincd when esters of

of =halogen acids  react ' with inorganic nitrites sueh a3 sodium
nitrite. (73) Sodiun nitrite wns replaced with hydroxylamine to prepare
o =oximino—acetic,~proplonic and «butyric aclds in this manner, (7hL)
Fecently Hemlin (8) has prepared ethyl «-oximineoeaproate in 65 per
cent yield from ethyl « ~bromocaproate and sodium mitrite. 'The
required o ~halogen esters ecsn be easlly obiained by the method of
Zelinsky.

The oximes of the «=kote aclds are nore eonvenlently cbhbtained
dirvectly from substituted acetoacetic esters thm? y'hh@ above described
uethods, Acetoacetic «sters react readily with nitreus acld or nitro-
sylsulfuric scid or with alliyinitrite to yleld the {=oximinoe estoers.
Etnyl o =oximinorroplenste was preparved from retiyl acetoagetic ester
by leyor, Zublin and b Diechmann and Groeneveld (75 276} uslng nitrous
acid and ethyl nitrite in presence of sodium eth xide s respectively.,

A series of ‘ntoresting Lapers wore published by Beuveault and loeguin
(77,78579580,81) on the usc ol nitrosylsuliuric scid with allyl sub-
stituted acetomcetic esters. They obtained of-oximine acetic, =prop~

icnicy=butyric,~valeric,~isovaleric,~isocarroicy= B ~ncthylvaleric

and -isoheptancic acids in ylelds ruuping fyom 05=90 per cent.
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Pollowing the methods of Dieckmarm and also of Bouveault and loequin,
¥islicenus and Grutsner (02) obteined diethyl o -oximinoglutarate
and ethyl ~oximino phenvlacetate, In 1915, Hall, Hymes, and Lap-
worth, (83) applying the method of Bouveault obtained the o =oximino
atld gerresponding to phewylalanine, Reecently the method of Douwvsauld
and Iooguin has been modified and used extensively by seweral workers
for obtaining o ~exinine aecida. (8,9,8k,85,66,87)

K »Oximino acids or thelr esters are obtained also from
substituted malonio esters., Baeyer (88) in 1B6L prepared ecximine
maiondc acid from exiwincbarbituric acids Following the underlined
principls of the method of Basyor, Uieelmann snd Groeneveld (76) and
later Fischer and veigert (89) utilized the reaction for the preparation
of ethyl «-orximinopropiomate and ethyl o ~oximinogyanovalerate from
methylmalonie and cyanopropylmalonic ester, respectively. They nitrosated
the malonde esters with ethyl nitrite in {the prescnce of sodium ethoxide.

Tn 1903, Bouveoult and ¥ahl ($0) prepared oximinemalonic ester
us.ng sodiamme ethoxide and methyl nitrite which wns lnproved lately by
“edemann anc Dunn (91) by use of n~butyl nitrite in place of methyl
nitrite. HRecently Shivors and Haueser (92,93) synthesized cordain

o ~orimino esters from substitutd moleonic esters as well as from
substituted acetoacetie ester and they have gotben bebter yields with
substitutod malonic esters.

The rciuction of an o -oximino acid was first reported by
Gutinecht (9L) in 1880, He reduced tie silver salt of o —oximino~
propionic acid Ly means of tin and hydrechloric scid to alanine. Sineco

that time many workers (80,81,95,96,97,98,99,100,101,102,103,10L) have
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aprlied this or stmilar chemical reduction procedures for the reduction
of o =oxinminoe acids to the correovending o =amine aclds. The catalytic
reduction of these oximes have alsc been accomplished. Vassilijew (105)
using nickel ne a eatalyst in the hydrogeration of oxl.es obbtalned
both orimary and secondary emines, A pyrapine derivative wmas obteined
by the reduction of f-oximincacetoacetic cster with Haner nickel by
Adliing, (106) but he and keeve (87) showe! that good ylelds of primary
arine can be obtained when the methyl ether of the oxisme was used. Tn
193 Baugness and Berg (107) used the samwe catalyst for the reduction
of the o =oximino acild corresponding to tyyptophane, Ievene and 3choe—
mller (10B) and later tedemann and Jumn {91) used 1t to reduce sximinoe
malonie ester to anminomalonic ester. Decently Shivers and Hauser (93)
have reduced certain o =oximing esborg with Reney nickel at high pres-—
sure and at bemeratures TOO-75°C..

Platinom cotalyst has been uscd in Uhe reduction of oximes.
Shemin and Herbst (L0) used platimm oxlde to reduce  -oximine acids
to arine aeids, FReductions of L ~omiminoglutorate and £=~oximino- )

~chloro~ Y ~valeralactone hove been accompiished by the same catalyst.

(8k)

The use of palladiun in the roductlon of oximes was firat
made by Paal and Germm (109) in 1908, when they reduced bengaldoxiie.

Teoe two workers and Culewitseh (110) foond that the reduction leads

"
"

to the formabion of sceondary amines and obner pide products. H osemmand
and rfantmeh (111) using pallodiu: on borium sulfate were oble to reduce
benzelder’me to benzyamine without the formotion of secondary amine.

The problem was further studied in greater detail by Hartang (112)
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who was able to reduet oximes to primary amines in good yields with
palladinized ehareoal in alcoholie hydrochloric aeid solution. This
tatalyst has been used by Harringbon and Randall {(86) to reduce ethyl

o =oxining- £ ~ketoglutarate to Wyrdroxygluterate to hydremyglutamic acid.
Using two equivalents of hydrogen chloride in 9% per cent aleohol, Hemlin
ard Barry (7,8) were able to reduce soveral Jwoximino acids or esters to
the corresponding «=-amine aclids or esters in good yields. The reduction
of the alkoximino aclids abt room temperatures and at low presswres has
been studied by Waters (69) and it has been observed that hydvogenation
of the alkoximine acid takes place slowly when aleohol is used as the
solvent. However when alcohol wos substituted by glacial zeetiec acid as
solvent, & better yleld of the corresponding o~agine acid was obtained.

HETHODS OF FPREPARTHG ALEYLMALOUIC ESTIRS
HETHODS OF FPREPARTHG ALEYLMALOUIC ESTinS

The alkyloted malonie esters can be synthesized in three ways:
{i) Alkylaticn of malonic ester.
(11) Oxalate condensations,
(iii) Condenmsastion of an aldehyde with malonic ester.
The allylation of malonic ester is usually carried out by troatlung the

sodiomalonic ester with anm 2liyl halide in absolute alcoohol.

" - o
wa [om(ooome)) " omr g SOOE Ly

he reaction s a verr peneral method for the prepareation of alkyl

derivetives of malonie ester, for there are very few limitetions of the
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type ai‘ alkyl m;_icim that can be used with fully satisfactory results.
Gom'ad and Biw&wfr {133) and later Michael (11h) prepared ethylmalonic
estmr in thia mmwr..

‘ mmd Mutyhﬁlomta was prepared by this proecedure by Bls-
choff (11%) and also Adems and Harvel {116). Directlons for the prep-
aration of this ester ¢an be found in "Organic Synthesis®. (117) levene
and Wksars {118) applied this reaction for the preparation of ethyl
r~undegylimaloniec ester, which indicates that higher allyl halides oan be
enployed for the alirylation of the melonic ester.

Gawamatiom of the Clalsen type between ethyl oxalate and
esters of fatty acids producing £ -ethoxalyl csters mere first carried
out by Wslicems,.{(119) Aprlying this principle to the eondensation of
ethyl earbonate with other esbers, Wallingford and others (120) were able
4o produce yields of 10 to 86 per cent of alkylmalonic esters. Replacing
the ethyl carbonate with ethyl oxalate and ymder forging conditions, it
is possible to obtain good ylelds of Lwethorzalyl esters, (121)

| ~CO __ Cooxt
R-CHy~COOEt + (COOLt); — BeCH-00-0008,  ———> BeCUC

£ =gthexalyl ester

alkylmalonic esters,
A Enoevenagel type reaction between an aldelyde and malonde
estor followed by catalytic lywrogenation of the resulbting product over

naney nickely {128) renders available ancther method for the aliylation
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of nalonic ester, (123) For this purpose an aldelyde is allowed to reach
with malonie ester in the presence of plperidine. The resulbing unsate

urated ester is then hydrogenated over Raney nickel at room temperature.

COOEY COOE%
Fiperidine | Hy |
P=CHO + = BeOHEC —_— B=CHp=CH
Laney nlckel
COUEe Coon

A mwmber of aliylmalonic esters have been prepared by this proeedure,

RIBUARCH ATH

The usefulness of «~oxinino aclds as good potential inter-
mediates for the symthesis of o« -amine aclds was nicely indicated by
Hamlin and by Barry. (58,9) The latter dezcribed a gereral method of
ritrosating substituted malonic esters by allyl nitrite in the precence
of sodiuwm ethoxide, & reaction reported by Diecimam and Croemveld, (76)
Dxeellent yields of £ ~oximino acids were cbiained b this procedures
besides, unlike Douveault, Hamlints method (nitrosation of substituted
acetoacctic ester) this method has few limitations.

The primery aim of this investigation was to synthesice some
long chain o =amino acids, sbudy their properties andy, time permitting,
to 1ink thom in the form of a peptide chuin by the wethod of Waters and

Weaver. (694130)
The longechain «=~arine acilds, }‘i‘.GII(ZxIHE)C!}OH where H varics

\

from I?"Céﬂjg to n~C18Hy7, nay be looled upon as hybrids or crosses
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between the components of proteins and these of faits. None hos been
identifisd fronm natural sources, yet thelr undiscovered blological
propm;ties excite one's imeginction. It is not unlikely that they will
be autagonists to some of the essential amino aclids and perhaps, they
=ay be antagonistic to the fatlty aecids also,

The peptide~lile union of those long-chain amino aecids should

be of interest to the colloid chemist. For example, if R is Cyglys,

RCH(NHp)COOH ——>  RCH{Nio)CO-NH=CHR~COCH >
DWW, 299 m.w, 580

R@(@Q)C@-m%ﬁmmhﬁmﬂ —_— ﬁi&lzﬁiﬂ%ﬂ@(%&@fﬁi) h*W%ﬁCGOH
B.We 071 WeWe 1704

Thus appesrs the prospest of a transitlon from the wolecular to macrow
nolecular to colloid state, with perheps mayy of the fusetional properties
of the peptide linkage not too mmch meshed,
7o atbolin the purpose, the problem will be appreached in the
following vay:
1. To find the optimm conditions for the alkylation of
malonic ester with highor allyl halides.
2. To extend the nitrosation nethod developed by Bsrry to these
eaters for the preparation of £ ~oxluine acids.

3, To hydrogerate the & =~oximino acids to the eorrcsyonding

-aminog acids.
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EXVERTLENTAL
Genoral

A1) temperatures recorded as the boiling peoints of the
allmyinalonic esters synthesiged are uncorrceted.

The nelbing point determinations of all the products were
carried out on the Fisher malbting-poimb block built by Fisher Amend
Conpany.

The "absolute algohol? used in the verious experinents wos
prepared from commercial absclute aleohol by the process of Lund and
Bjerrum (12L) given in the “Ixperiments in Orgenic Chemistry®. (125)
In this process, a mixture of 5 g. of magnesium turnings, 60 ce. of
ecimercial sbsolute aleohol and 0.5 g. of iodine is refluxed in a
large flasi until a vigourous reaction sharts and until nearly &ll the
magresiuzm has reacted and is converted inbo magnesium ethoxide, Hine
hundred cc. of commereial absolute alechol is then added and the mixbure
is refluxed for one hour and the anhydrous aleochol is distilled into a
receliver carrying an anhydrous calcium ehloride tube. The product is
atorcd in a weli~stoppered bottle,

The various sliyl halldes used in the allyletion of malonic
ester and malonic ester itsell are comercially availsble in falrly

sure condition and vere used withoud further purification.

SYNTHISTS

Ethy) n-butylmalonzte;

This ester was symthesiced by using a nodificotion of
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the method of Adams and Kam. (117)

HoC(COsEL)p + EtONa + wwC)Hohr > n-C)HoCH(COoEY)p + ColiOH + HaBr
A dry ore-litter three-neck flask equipped with a reflnx
tordienser earrying & drying tube, mechaniecal stirrer anl a separatory
funnel was placed over a stean bath, In the flask was placed 250 ce,
of absolute alechol and then 11.5 g. of clean sodium (Q.5 gram atom) was
added slowly through the eondenser, After 2ll the sodium went in solubtion,
the sodium aleoholate solubion was cooled to aboub 50°C, and stirred
after which 82,5 g (78 co., approx. 0.5 mole) of diethyl malonote was
added droypwise through the separatory fumnel. 4 half mole (68.5 gey ShebS
oc.) of butyl bromide was then added gradually, After the butyl bromide
was added completely, the nixture wms refluxed until neutral to moist
1Iitmus, The aleohol from the mixture was then distillied off over e
steau bath, under slightly reduced pressure (wabter aspirator was used).
The regidue in the flasl was diszolved in 200 ce. of wabter and the upper
layer geparated, The water layer was eubtractod twice with ethey and the
ether extracts were added to the upper layer of the first separsation,
This etherial solution was imghed three tines with water, twice with 50 cev.
portions of dilute selfurie acid and then washed coyletely iree of acid
with vater, It wos dried over anhydvous sodium oulfate and after removing
the ether, distilled fronm a Claisen flas!: under reduced yressure. Colore
less ester, distilling at 120-132°/10 mm, was collected. The yield was
81 ge (75 per eent of the theoretical amount).
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m=Butylnalonie Aedd:
Following the method of Barry (9) for the saponification of

ethyl benzylmalonate, 13.5 g« of ethyl n-butylualonste we added drorvise
through a separatory funnel into a solutlon of 13 ce. of Hp0 and 13 g.

of B5 per cent IOH in a throe-uecch flaslk, equipped with a mechanical
stirrer. The flask was heated on & gtean bath, Conbtle suctlon was
applied at the neck of the flask to ravove eyl alechol formed during
the hydrolysis of the ester. Heating end stirring were conbimed for
two hours and water added to the mixture to prevent solidifieation., The
mixture was poured in a beakeyr which was chilled by an ice=sald bath. It
vas mde distincsly acidic to econge red paper with concentrated HOL. A

e

white soiid serarated out which wes £iltered ofi and the {ilbrate woo
salted ocut and exhwustively oxbrected with elher. The ether extract ws
dried over anhydrous sodiun suliate and eveporated by means of a curvend
of dry air. Very iititle solid was obtalined Irom the sthor exiracs which
was added to the main product and the combined solids were crystollized
fron toluene., The yicld of n-bubylmalonic acid was L9 por ceubty m.p. 10 319,
reported m,p. 102°, (126} The ecter can be more eonvenlently sapenified
by tie following procedure, In o 100 cc. beaer, 11,32 ge (W02 mole) of
ethyl nebutyimalonate vao ooocmfied by heobing with ercecs of 50 por cent
0l solution. 4 wilte curdy mass lorned floabliyr cn the top ol the
soluticn, leablin was contimed for ancother five minutes and then weter
ms added just sufficient to diasclve the soap (sedium zalt of n-bubyl-
malonic acid) in the hot solntion, The colublon was then coclod and
extracted vwith ethor nnd the water layer was acidificd to congo red paper

TN

with concentrated HC1, leeping the cobalner cool with an ice bath.
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The yicld of nebutylmalonic acid, m.p. 100°C., was 2,5 g., 70 per cent.
The procedure was slightly modified when ethyl n-dodecylnalonate and
higher allolmalonates were saponified. After heating the esters with 50
rer cent NaOH solution, the soap that was formed was woshed twice with
acetone and was decomposed with concentrated HCL to get the free aeid,

EEhy) n-hexylmalonates
By the procedure outlined for the preparation of ethyl n-butyle

malonate, L1425 gs (39 cC., 0257 mole) of malonic ester was allylated
with 53 ge (0.25 mole) of n-hoxyl fodide, The distillate fraction boiling
at 155-1580/18 mm, was collected. It weighed 30 g. representing approx-—
inctely a 6L per cent yield; the reported bap. is 1US-1h8%/15 mm,. (127)
The melting point of acld corresponding to the ester was 10L=-105°; repor-
ted 105°, (127)
Ethyl ' n-heptvlnelonate:

The aliylation of L1.25 g. (0.257 nole) of malonic ester with

56.5 g. (C.25 nole) of n=hepityl iodide was carried oubt in the usual manner.
vhen the allylated ester was distilled under reduced pressure, tirvec
fractions came over at different temperaturcs and a good amount of residue
of cark brown color remaincd in thoe Claisen flagl, ¥hen an attenmpt was
nade to distill this residuc, thore was considereble amount of deconogis-
tien and therefore this fraction wes discapded. This variet, in tho
distillation teuperatures wasg probably due Lo oone disubstitubtion of
walonic ester. In order to overcome this digerepancy in steble ddstilling
te persture, the amount of malondle eater was doubled with respect to the
aliz 1 holide uscd in the second run, 4 half wmols (80 g.) of melo-ic ester

-8 allylated with 56.5 g. (0.25 nole) of neheptyl iodide, The yileld of
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ethyl neheptrimalonate boiling at Ui2milh? /7 s, vms 46,5 ga (72 per
gent of the theorebical amount)s Reported b.p, in the literaturc is
136~138%/3 mm.. (123) The corresponding n-heptyimalonic acid nelted
at 9L=950; veported m.p. 95-96%, (123)
Ethyl moctylmalonate:

Kalonic ester welghing B0 ge (76 ©oey 0.5 mole) was aliylated

with 60 g, (0.25 mole) of mwootyl jodide in the usual wonner. The weight
of the allylated ester boiling at 171-170°/13 ma, was L7,0 g. (68 per
cent of the theoretical amount). The rejorted b,p., is 150-153°/7 m,.
(128) sSaponificaticn of the estcr yielded nwoctylualonie acid, nolting
at 1M~115%, roported m.p. being 116°, (129)

Bthyl pedecylmalonate:

The allylotion of 80 g. of malonic eopter with 67 g. (0,95 mole)
of nwdecyl iodide rerulted in the formaticn 5L g. of ethyl nwdecyle
malonate boiling at 178-181%/8 wm, (7L ver cent of the theorctical amount),
The alkyl ester was reporbed to boll at 155-158°/3 ma. (130) n-Decyl-
malonic acid wiich wae obltained by seponificatlon of the ester wmelbted at

1319-120° » hen erystallived from btoluene; reported m.p. 120°, (131)
Bthyl n-dodecylmalonate:

This coter was prepared in 53 por cent yleld by allbwlation of
20 g. of malonic estor and 75 g {(0.25 mole) of n~dodecyl iodide, The
weight of the rroduct boiling at 176-182°/5 mm, was Il g Reported b.p.
is 170=173%/3 mm.. (132) The corresponding melonic acid melted at 117w
118%; roported m.p. in literature being 119°, (139)

Dthyl rrte‘bradeq;ﬂmalomte:

By the usual procedurce 80 p. (G, 5 mole) of malonic esber was
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alkylated with 81 gv {0.25 mole) of p~tetradecyl ledide. .thyl netetra
Gﬂ@ymmaw cwer ab 199‘*2{}36/ 10 maey bub unlike the product wiich
should have o gelorless appearance, it was dark yellow in color, This
was due te the impurity in the crude alkyl ester which distilled just
before Hae distillation temperature of the cster was reached. The pro-
duet was recistilled to remove the lmpurity, bub spparently there was
very ktile change in color except for slight fading in it. Suspecting
the impurity to be due to lodipe resulting from the decomposition of
sodiim iocdide adhering to the ester, it was thought thet rewashing the

ter with sodium thlesulizte solubion and then with water might improve
its appearance. Then so tresbed and redistilled, the oster came over as
celorless liguid. It weighed 22 g. representing 24 per cent yield.

In another run 80 g. of malomic esier was alkylsbed with 69.2 g.

{0.25 mole) of m~tetradecy) browide instead of the icdide. Condensation
seemed to procede very swootinyl. The yield of ethyl netetradecgyimalonate
by this slight varistion inereased from 2L to 52 per cemt. The welght of
the allyimalonic esier boiling at 198-2019/9 mm. was 6.3 g3 reported b.p.
being 182-185°/2 mm, (130) 7The melting point of n-betradecylmalonic aeid
was 120~121°, Hell and Jordaroff rencrted the same melting point for the
acid. {133)
Dyl pebezadecylualonate:

This ester wes prepared in L9 per cent yield when Ll g. (0.3
mole) of malonic cster was alkylated with 55.5 g. (aprror. 0.15 mole) of
p~hexadecyl bromide. The boiling poimb of the aliy) vster was 212-215%/10 mm,
ané the weight wos 20 g.. heported bep. is 196=-199°%/2 mm.. (13L) The

eorresponding n-hexadecylmclonic acid melted at 117-119%, reyorted m.p.

119-120°%, (135)



Ethyl neoctadceylnalonates

Thig allyl ester wos prepared 1lihe the othersby alilating

80 g. of malonic ester with 03 ge (0420 mole) of neoctadecyl Lroside.
m=Octadenyl bromide being & solid at room temperaturc was dissolved in
50 ce. of absolute alechol and was thon added to the sodio-malonic ester
a0ludion in the reaction flask through the separatory fumnel. The

wolrht of ethyl n-octadecyimalonate boiling at 202~205°

v, wme LY g
(aprroximately L por cent). The neoctadecylualonic acid melted at

122.123°,



Alkylmalonic Dsters and Acids O

FERS LN

TARLE I1
B e e

},

e

laber

Boiling Peint
{uncorrected)

ey Conb

Tisid

PeFe of torres-—
ponding
nelonie Acids

a1y~

Sthyl nebutylmalonate
Ethyl nehexylmalonate
Tyl nehertyimalonato
Bthyl r~octylswlonate
Zehyl n=Coeyimalonate
Sthyl n~cdodecylmalonate

Ethyl netetradecyls
mlonate

Thyl nehorzdecyle
nalonate

2l peoctadecyl-

E4

melonzte

128-132°/18 rrm,

o
155-158 /18 mm.,

\ Q 4
170-1817/0
/

* ry ﬂ
178-182 /5 wm,

198~201°/9 ren,
£12-215° /10 1,

202-2057 /1 n,

1001017

10 105Y




90 ACEDS FRON ETIYL wALLYTL ALONAYES
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- of=Cicimine acids werc prepared Ly Barry, (9) iaters, (69) and
Waver (138) by nitrosation of alkylmelonic csters and allyluslonic acids
e and acld gonditions respectively., In order to find out a

suitable method for the preparation of o=oximino Jongwchain acids, both
mpthods were employed and the resulis cowpared.

In all the nitrosation experiments nwbutyl nitrite wac used as
& nitrosating agent, It was prepared by the following procedure.
o-Butyl nitrite:

In a three liter three-neck {lask equipped with mechanical
stirrer, a thermometer and a separatory funnel were placed 370 g. {5 noles)
of n-butyl aleohol, 380 g, (5.5 moles) of finely powdered sodium nitrite
and 500 g. of crushed jce, The flack was cooled with an ice-salt bath.
Eeeping the mixture in the flask well siixred, 500 cc. of cold concentra~
bec HC1 was added through the scparatory funnel. The flow of the HCL
was so adjusted that the temperature of the reacting mixbure never rose
above 5%, After all the HCL wus added, the stirring was contlmed for
another five mimutes and then the ndwbure was allowed te separsie in a
three liter scparatory fununel, The slightly greenlsh-freilow layer of
puty) nitrite was sepsrated and washed ones with ice water, twice with
gaturated solution of sodium bicsrbonate and then twice with lce mater.

The Mght~yellow liquid was dried over anhyrirous sodlun sulfate and dis-
$111ed. The velcht of the fraction boiling at 75-78° was LSO g. (67 per
cent), The product was stored in the rofrigerator in o well-stoppered

flask, It keeps for a period of two months without aporeciable deeouposition,
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clijno~n-hexanoic aedds
In a 500 ge. thwee~noci flasi carrying e reflux condonser with

drying tube, wechanleal stirrver and a separatory funnel, was ylaced 50 ee.

ef absolute ‘almhﬁl, Clean, freshiyp-cut sodiws weighing 2.3 ge (Ol grom aton)

was added te ib, After the roaction of the sodiwm, 21,6 g. (0.1 wole) of
etiyl n-butylualonate was added bo the worm mixture, which was then ecoled
in an efficient ice-salt bath to Qﬁg Then 18.0 g. (0,15 mole) of butyl
nitrite was slowly introduced bencatil the swrface of stirred solubions

As the addition of the nitrite proceeded, the color of the uixture changed
from light~yellow fo deep red, but mo approciable rise in tewperature was
noted {b@l§W'5°)¢ After all the butyl nitrile was added, the solution was
sbirred for 15 mimbes longer. The lce-galt bath vwas resoved and the solw
ution was allowed to come o room temperature, The flash wos commected o
saetion (condenscr and dropplng-fummel removed) and placed in a warn water
bath at 65-TO¥, After the ethamol and butanol were nearly rewcved, (sole
ution becomes pasty) 25 o, of cold water wesadded to the pasty wass and
the mixture was acidified with hydrochloric acid to Congo red. It was
oxtracted tiwoughly with ether and the combined ether cxivachks were shaken
several times with 10 per cent sodimm hydroxide solution to extract the
oxining compound, The allaline extracts were treated with 3 g. of norite
and heated on a cteamwbath for an hour. The solution wes Liltered through
a finted £ilter paper. The light brown selution was cooled in an ioe bath
and acidificd with ceneentrated HCOL. 4 Jight browm solid scparated which
was filtered offj the filtrate was salted out and exhaustively extracted
with etherj evaporation oi the ether gave more of the wolld wirich was added
to the main product and the combined solids (11,0 gap HaPe 122~125°, 80
per cemt) were eryetallized from a wirturce of ether and w-heptane. The

product crystallized in long white needles, and melted at 1381399 (dec.).
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The reported melting point is 137%. (8)

. In amother experiment & solubion of 8 g. (0,05 nwole) n-butyl-
malomle acid in 30 eo, of ether was placed in a 200 ce. three-ncck flask
surrounded by an ice-salt bath., To this solution was added with stirring
10.3 g, (0.1 mole) of n-bubyl nitrite, and a steady stream of dry HCL was
slowly passed inmto the solution., After all the butyl nitrite wes added,
stirring was cormbimed for another five mimutes after which the solution
was ponred in an evaporabing dish and ether blewn off by neans of a curw
rent of alr. The brown residue when orystillised twice from a mixture of
ether and n-he' tane nelted ab 134° (decs). The product weighed L3 g
(59 per cent).

A~Oximino-n~octanoic Acids

By the procedure outlined for the preparation of Kwoximinog-

mehexanoic acld, 2h.h g. (0.1 mole) of ebhyl n-hexylualonate was nitro-
sated. In the exbtraction of the oximing compound froum the ether extract
with 10 per cent sodium hydroxide solution in this easc, it wms observed
that nere shai\:ing?fi;he etherial selution with the allipli did not exkroct:
the oxirdino conpound completely. Therefore the etherial solution afier
the first three or four extroctions with the 10 per cent Na@H solntion
was shalken with additional 25 ce, of the allkall and left over night,
After that peried, it waes peen that the alkali~-layer was tinted dark red
indieating the extraction of the oxinino compound, Furthervorey it was
noticed that when this loyer was acidified with concentrated HCL alter
heating it on a steam bath as in the other ease, mere of the desired

o woxinino acld was obtained., Crude  ~oximinooctancic ceid alfter two

reerystalllzations from n-hepbone weighed 12.2 g, {70 peor cent) and



‘melted at 109=110°.
o Aclds

Wben 12,9 ge (0405 mole) of ethyl n-heptylmlcmte vas nitro-
sated by the general method outlined, the yisld of o=oximino=fmnonancic
acid melting at 93-9U° was L7 g. (50 per cent),

It has been reported (137) that excess of the glkrl nitrite
causes reucval of the o=oorimine groups Attributing this sudden drop.
int he yield to this observation, it was decided to use lesser quentities
of the allyl nitrite,

In amother prepavation of ofwoximino-nenpnancic acid, 25.8 g.
(0.1 molc) of ethyl n-heptylmalonate was nitrosated using 11 ge (0.1 mols
and abouil 5 leor cent excess) of mebuityl nitrite. The weight of the crude
product, nelting at 03~06° was 16,2 g.. When crystallized twies from
o=heptanc, 13.3 g. {71 per cent) of oximino acid was obtoined., The come
round melted ab 599,

A =Oxininown~iecancic fcids

By following the geuneral ndtroszation yrocedure cutlined,
U048 ge {0LI5 mole)} of otiyl neoctylzalonate was nitrosated with 16.3 g.
of mebutyl nitrite. The crude yleld of o =oximine~pedecancic acid was
245 g. (81 per cent)s Recryotellized from mwhentans, the melting poind
of the oximine aeld woo ralscd aboud 11 deprees, now meltins at 95°,
The recovery of the purc product from recrystallization was about 80
per corrd.

o(-cucimino-n»dadecmwic Agids

Following the gencral method of nitresation, 19 g. (73 per

cent) of %-oxinino-nedodecancic acid (R.p. B3-85°) was obtained frow
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30 g, {01 mﬁg) o ethyl n-decylmalonate. Reerystallized from nwhepbane,
the oxinine avld was obbelned in vhite sllky flakes melting at 93°.
% =Quiminoenetetredocancio Acid:

 Fitrosation of 15.L g. {0.05 mole) of ethyl n~dodecylmalonate
ws tried in the uswel manner, On acidifying the residue obtained after
re“‘mra}. e‘af élwhel, a light-yellow solid was separated. then the wixture
was extracted with ether, it went into solution in the solvent. When the
sther extract was shaken with 10 per cent HaCH, there wes ne color change
in the alkali-layer (usuwally alkeli-layer twrne brown), The separatory
furmel containing the cthor extract and HadH solution was therefove left

over rnight to extract the oximine acidse The next day it wen observed that
a Mehisyellow solid had settled down and clogged the separatory fumnel,
There was & snall ether layer on the tops The solid was filtered off and
washed several times with waber. It was ther suerended in sbout 50 ce,
of 10 per cent sodium hydroxide solution and heated on a mediuwm tempere

atwre hot plate and water was added untll all the solid went into solubion.
The hot solution was treated with 5 g. of norite and filtered hot, applying
suction, On acidification of the cooled filtrate, the oxinine acld precip-
itated as a light yellow aolid vhich was filtered off and drisd In a

vacum desiccator. Uhen crvebtallised frem a mixture of n~heptane and ether,
the eompound melted at £29,

In another run, the procedure was elightly changed, The lightw
wellow solid which was obtained on acldifying the residue from the nitro~
astion mizture was Tiltered off and washed thoroughly with water. This
golid was suspended in 50 cc, of 10 per cent HaOH after which the same

roeedure as cbove, wos applied, The oxiulro acid from 32,0 g (0.1 nole)
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KO no~nebesadosanots Aeids
By following the goneral method with a few variations as in

Ampiminetetradoeancic acid, 17.8 g, (0.05 mole)} of etlyl n~tetradecyl-
malonate was nitrosated, The weight of the crude oximinoe aeld melting at
73° was 13 g, (DY por cent). On mcr*mtalmmﬁi@n fron & mivture of ether
and n~heptane, the compound m&l‘béd at 76°,

A ~Oxtnimpen-ootedscanoic Acid:

Hitrosation of 19,2 gi {0.05 mole) of ethyl n-hexadecyimalonade

was carried out by following the modified method used in the vreparation
of o ~oximinotetradecancic aeid, « ~Oximinooctadecanoic acid ethyl ester
obtained from geldifying the nitrosation residue when suspended in 10 per
cent MaOH and heated, did not go inte scolution even after the addition of

& large awount of water, However it was heated for an hour (o norite

vas added), cooled and acidiffed with concentrated HCl: The crude oximine
acid when orystalliced from & miwture of ethor and n~heptone welghed 11,8 g,

(73 per ecent)., The compound melted at 77°,

Hitrosation of E;hyl noctadecylmslonate:

Mitrosation of L1.2 ge (0.1 mols) of ethyl meoctadecyimalonate
woe tried in the usual wamnor, then the residue from the nitrosation
mixtare was aclidified, 20 g, of wixite Jowsmelbing wolid wag obdtained, Ten
grame of this solid was suspended in exceas of 10 per eent NaQH and heated
for an hour, the nixture cooled, and scidified with concentrated HCI.
Many attempbe were made to refine the product (m,p. 25+20°) but apparently

wlth very 1ibttle succees. It wms thereforc sel aside for future study.



JHoutralipation Equivalents of A«Oximino Acidss
T4 was observed by Barry (9) that A« -oximino aelds behawve

like monobasic asids and can be titrated with s tandard alkali in hydrow
ethanolic golution, using pherolphthalein indicator. Sharp end roints
are obtalned in such titrations, The cbhservotion wao varified by work
of Waters (69) who was able to cbiain good values of the neutralirzation
equivalents of several «=-alhorinine acids havipe the general structural
formla R-—G-CO'*E It wne decided thercfore to characherige the oxinino
acids s,mtflm\ved, by this precedure, The resltis are mmmerized in the

following table,
TABLE TIT
AR i

Heutralization Equivalents of L~oximine Acids

Compound Fer Cent Mcezgoﬂ Inleenlar | Heutralization
Uzed in Titration| Veipht Deudwalent
A=Mriminohexancic Aeid Lo 15 146
A «Oximdnooctancic Acld 50 173 173
L ~pininononanoic Acid iC 157 13
A =Ormirdnedecancic Acld be 201 203
d~Oxirdinodolecanolc Acid 60 229 231
A~Cximinotetradocimoic Acid 95 257 260
A~rmrirdnoheradeconeic Acld 95 201 ans

L ~~+Crimdnoootadecanoie Acid Insoluble
in 95




Charaeterigation of «~-oximinooctadecanoic Acid:
An o(woximinoe seid can be corverted to ¢ nitrile with one less
carbon atom on treatment with acetic anhydride according to the following

equation. (138) Fhe resulting nitrile can be then hydvolyzed by ong of

(m)go
RefeCOOH  ——2 5  ReC=N + COp + HoO
HOH

the conventional methods to the corresponding oarboxylic acid which ean
be identifled by ibts meliing poimt or boiling point, Thus the meothod af-
fords anpther way of identifying an o=oxwimine acld.

In the titretion studies on A-oximine acidsg, it was found
that A=oximincoctadecancic acid could not be titrated owing to its
insolubility in 95 per cent aleohol which is used as a solvent for the
oximine acid. It was characterizedtherefore by converting it to n-heptaw
decanoic or margaric acid, the wmelting point of which is krmown. The ex~
perimental procedure is glven below.

Cne gram of A=~oximdinococtadecancie aeid was placed in a 50 co.
test tube, carrying o reflux condenscr, with 10 ee. of acetic anhydride.
The mixture wes hoobed gently on o low flame. The oximine aeld went in
solution first in acetic anlyydride and then there was a mpontancous svolue
tion of a gas (COp), After boiling the solution for 10 minutes, it was
eva oreted Lo dryness under reduced pressure. To the c¢ooled residue
was ~dded 25 ee. of 10 per cent MaOH solution and the resulting mivbure
was refluxed for an hour. It was cooled slightly, secidified with con—

centrated ICl, cooled sgain and extracted with cther. On evaporation
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of the eblicr extract & brown, waxy solid wes obtalned which wes dissclved

in acetono, treated with €5 g of vorite, heatod, and filtered hot, A
- ‘10 $ : "

dullewhite solid melting ot 58-89 wns obiained on evaporation of acetone.

The nmelbing point reported for wergaric acld is 61°,

HYDROGENATIONS

Hydrogenation of an «=oximine aeid or ils euter to the core
responding K~amino acid has been studied by wany workers in thege Lab-
oratories and elsewhere. (8,9,10,93) The reduction proecesds to coupletion
and the yields of o -amino aelds ave good, Howover Hemlin and Barry (0,%)
observed that the reduction after reaching to the halfeway point of the
uptake of hydrogen, slowed down conslderably which they attributed to the

foruation of intermediate imine state, This hypdhetical conclusion wms

d, #d,
Bf-CO0H ——> 0000 ——  ReGreCo0H
NOH Hp e Hp 1y

shown to be iwong by vaters and Hartung (69a) who wore able to igolate

only rhenylalanine and unchanged oxlmino acld when the hydrogenation of
?—phen:,rbd-oﬁmiuopropionio acid was interrupted before complobion,

7n trial wins Faters (69) roduced  ~alloximine acids to the corresponding
L~arino acids, The yields of o ~amine acide weve not wery satisfactory.

eaver (136) we faced with the diffieulty of redueing amides, anclides

of d=clkoximine acids, the resulting products being diketopipsragines

instead of dipeptides. Anticipating these diffieulties, the hyirogenations

of the «=oximino acids were undertalien,



Freparation of Palladium Cebalyst:
To 3 g« of norite vere added 0.3 g. of palladium chloride and

1346 g. of fused sodium acetete, The niture wes placed in 250 ¢c.
bottle with 100 ecs of distllled woter cnd shalen on the Parr shaker in
an atuwosphere of hydrogen for one-half hour. The botile was removed
from the hydrogenator and the contents filiersd on a suction funnel, The
palladiniged norite was washed well with distilled waber, then twice with
95 per cent aleohol, The catalyet was dvied in a vacuun desiceator over

concentrated sulffurie acid.

 =Aminown-hexanoie 40id (Worleucine):

In a glass liner was placed a scolution of 7,25 g. (0.05 moles)
of £ =oximino-p~herancic acid in 100 cc. of 9% per ceunb alechol, 3 g« of
palladium catalyst prepored ag described asbove, and 10 oe, of concentrated
HC1 (0.1} mole). An additional 0.5 g. of pallaedium chloride was added to
the mixture after which the liner was carefully fitted in a pressure bombd
of the American Imstrument Company, and subjected to a pressure of 10 abe
mogpheres of hydrogen. The rate of absorviion of hydrogen can be followed
by observing the fall in pressure on the guage. leduction to the halfe
wey point wes rapid (about 30 mirutes) as noticed by the previous workers
{8,9) but the theoretical amount of hydrogen was absorbed when the mine
ture was shaten about three hours longer.

The glass coutoilor was then removed fron the bonb and the
goibente were filtered by suction anc the catolyot was washed YPwice with
25 ce. portions of hot 95 per cent alechwl, The filtrate and washings
ware combinsd and the solivents rewoved ander reduced pressure, The

resulting residue vias dissdlved in e wlmmm of distilled water



and filtered, The oleayr filtrate was warned and adjusted to pH between
6.5~7 by 26 per sent MiOH using & Declmann pH meter. At this point a
Aall~wirite solid began to precipitate. After standing in the refrigeratr
owvernight, the solid was filtered. Tie filtrate after concentration
vielded additional solid, The combined solids woroe recryetallized from
boiling diztilied water to which tiree volmes of alcohel were added. The

vield of the amino acid was 75 per cent. It melted at 3223200 (de6.).

A =fmino-peoctancic Aeid:
Following the procedure cutlined above, the reduction of 3.5 g.

(about 0.02 ucle) of « ~oximinooctaovoic acid wos tried. Onewhalf of the
tiaeoretical amount of nytirogen absorbed in about an hour but oftor that
tue reduction slowud down considerably. The mixture after sholing for an
additionzl four ours , was removed from the boub and 0,1 g. of platinde
oxide (Acam's catalyst) was added to 1it., The liner was cgaln placed in
tixe bomb and the alxiure was aglitoted with Iplvogen for thres hours longer.
Zven then the reduetion did not proceed to corpleticn. fThe erude amino
acid wes lgclated by procedure described for isolatlon of norleveine, The
wiite solid was recrystnllized by solutlon in 200 ce, of water containing
25 ece, of 20 per cent Bt OH and adding excess glacial acetic acld to pre-
cipitate tie amino acid, yleld 1.6 g. (50 per cent}, The comyocund melted

at 257~259%, thc rerorted melting pointe belny 263=26L°%, (139,140) 270(30).

+gy

Hitrogen (Kjeldanl)

Cale. for Cgliyg0oHs 05,80 % Pounds  B.6hLY

A =ipino-nenonancie Aeid:

Reduction of 3,75 g, (0.02 mole) of o ~oximinonenanoic acid
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was tried, After four hours the reductlon was interrupbted and 0.1 g.

of platinic oxide was adied as in the reductions of o woximinooctannic
acid, After en additiomal five noure of shalidng, the mixbure took the
required amount of hydrogen. However on leslation and yuriflieation only
048 go of the desired awivo a¢id was obiained., io wireacted o =oxining
acid was recovered. Appavently the uisleading guage-reading wes due to

a =all leak in the pressure boab, The anino acid welted at 265-2079(dec,).

lelting point reported in literature is 270-273%. (30)

trogen(kjeldahl)
Cale. for GgilygOplts 8.08% Pound M1 7.89%

The yeduction of ~uximinonenancic acid cven alter nine hours
was ol corplete, It was declded therefore to athenyt the reductions of
the other eximine aclds in difforent solwenits wnd with diffsrent cetalysts.

_imducbion of o —exilaiiodecancic helds

1. Using palladium-platimm eatalyst in othyl aloohw]
contalning 208 acetic zcid.
A sclubion of 0,02 ge (0.0 mole) of L~eiminodecanolic aedid
in 80 ec. of ethyl aleohol was placed in o bottle wlth 20 ce, of glacial
acetic 2cid and 3 g. o pallodivm cntalyot, described belore, The
nmixture w.g hydrogenated on 2 Farr shaber ab L atwospheres presgure. of
hydrogen, The w xture was shaken for siw hours but there was no appreciable
f£2ll in the presswre~guage reading, The shaker wves stopped and the contents
of the bottle were filtered anc the catalyst was washed twice with 10 co.
portiong of hot glacial acetic acids The goubined filtrates wore congenw

trated unpbil almost dry at 50=-60° under reduged presswre, after which 50 cc,
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of other wore added ko the residuc and the flask kept in the refvigerator
£or an hour, Whité solid precipilbated whlch was filtered and washed with
0 te, of ether, The filtrates were saved. The svlid wien arystallized
from SO per cent aeetdc aeid, welighed 0.2 g. and wlbed at 236° « The
e-;:heriai fﬁiﬁé{mwﬁa&n evaporated down to dryness gave the unchanged
A ~oximipo aeid sbaracterized by ites melting point. It welghed 3.1 g.
2. Using platinic oxide (Adam's catalyst) in glacial acetic acid,
As sbowe L.02 g. {0402 nole) of o ~oxininodecsncic acid was
suspended in 100 ec: of placial acetic apid, 0.1 g. of pladinic oxide
catalyst added to it and hydropenated on the Farr shaler ab four abmos~
pherks pressure:.., Aifter shaking the mizture for six hours about one-thixd
of the ealeulated amount of hydrogen ws absorbed. ihen the o{~maino
id was isolated, as in the preceding cxperiment, it weighed 0.07 g (23
per cent) and melted ab 237=239%, Reported nup. is 264° (30); unehanged

A ~oxinino acid weirhied 2.9 ge

Hitrogen (kKjeldahl)
Cale. for CiplpqOghit 7.L48Y Pound N: 7.128

Reduetion of o ~Ociminododecancie Acid:
Peduction of L.58 g. (0.02 mole) of -oximinvdodeconoic acid

was carried out on Parr shaler. then the hydrogonation wes interrupbed
after six hours, a white sclid hud procipitated and covered the catalyst,
The nixture was filtered and the residee on the filter paper vas treatod
with 10 ¢¢. of boiling acetic acid ond refiltered fo romove the amino

acid achering to the eataldyst, This filtrate wwe added fo the main filtrote

ang from the corbined filtrates, the auine scld was isolated as proviously
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desoribed, hscpystallized frem glacial acetlc acid, the yield of A-amine-
dodoganoic acid nalting abt 250-852°%, wes O.7 g (16 ver cent). The
recovereqd exiiino acid weighed 3,15 .,

ik, Tk WA R

Cale

o) n,i_

Beduction of o&mﬁm&fmtﬁm&c&QWiﬁ Aaids
when reduction of 5.1k g. (0,02 mole) of fwoximirotetradecancic

acld was earried out over a period of five hours in glaelal acetie acid
on the Farr shaker using 0.1 g. of platinie oxide catalyst, 1,12 g. {23
per cent) of JA~aminotetradecanoic acid was obbtalved along with 3.7 ge of

the ariginal oximino acid, The amine acid melted at 230-231°,

¥trogen (Kjeldahl)
Cale, for CypllpgOp: 5,767  Found N: 5,607

Reduction of o(~oximinohexacecanoic Aeid:

when 2,85 g. (0,01 mole) of =oxmiminohexedecancic seid was
hydrogenated for six hours, in 100 cc. of glaclal acetic acld with 0.1 g.
of platinic oxide cutalyst and isolated in the unoual mannery G2 ge of
Kwainohexadecanoie acid melting at 201~223° was obbdained along with

2.1 g, of tie unchanged oximine acid,

Hitrogen (¥jelizhl)

Cale, for CiallyaOpll:s  5.167 Tound s L,82%

meduction of oA=oximinegetedecunnic Acid:
of wOriminooetadscancic acid o gy, 3013 2. (0,01 mole) wus

)

guspended 1n 100 ce. of glacial acetic acid alomg with 0.1 g. of platinic
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exicde. The mixture was hydrogemated on the Parr shaler for five hours
but ne mticam4. drop in the guage-reading occurred. when tho nixture
was subjected to the same treatment &s outlined previously, 2.5 g.
of the original oximine acid was recovered. lo amino acid was cbtalned,
The follewing hydrogenations were carriced oub with the palladimm
cotalyst that wes recovered from a bottlo warked *used palladium catalysth,
wsed by the fommer woriers in these laboratories. It is bellewved that
this coetalyst contzined an appreclable amount of platimm in it, however,
v elenental amalyres were carried oub. It will therefore be designated
fron now on as “recovered palladiuvm catalyst®. It mroved to be more active
than the former one in the reductions of A-oximine seids.
A =Aminodecancic Acid Hydrochloride:
4 100 ce, aleohiclie solution of L,02 g. (C.02 mole) of Awoximing-

decanoic acid conteining 5 ce. of concentrated HC1 was hydrogsnated in the
borb at 10 atmospheres, using 3 g. of palladiniged norite. The theoreds
ical amourt of hydroren vas absorbed in about five hours, a;f"bm« vhich the
sclution vams filtered and the catalyst washod three times with hot 9% per
cent alechol, The filtrates were concenitroted under reducced pressure.
vhen 50 ecc, of water was added to the regidve, a white solid precipitated
which wmas filtered on a suction fumnel, Additlonal amgunt of solid was
obtained on concentrating the filtrate,.The combined solids were washed with
ether tc remove ary unchanged K~oximine ~oid end the crude product was
purified by recrystallising frow glacial scetic acid, The welght of the
hydrociloride o & ~aminodeemoic neid wig 10 ge (L0 per cewb)s Tt

melted ab 232450 (dee, ),



Cale, for CipHpO,leHCl: 6.26% Found My 6,168

_A=hminododesanoic Aeid Hydrochloride:

| .mm:m of W58 ga (0,02 mole) of o -cximinedodecancic acid vwas
%rrieﬂ emt in the boih as deseribed ahove, @n i&alatwmi and reorystalli-
m%&an, the hydrochloride of the amino acid mlﬁm ab 2622657 (dec,)
weighed 1,9 g, (37 per cemt)., Recovered oximino aeid weighed 1.5 gua

Kitrogen (Kjeldahl)
Cale. for CygipgOpleHCl: 5.56%  Found Np 5.60%

radegancic Aeid Hydrochleride:
Ecuowmg the wethod degeribed in the preseding two mm@rmntm
Ss1li gs {0402 mole) of X -cximinotetradecancis acid was hydrogemated in
the pressure bomb, Ihe theorebiesl wptake of hyvirogen wes somplete in

about four and one-half hours, but hydrogenation was contimued for an
additional houwr. It wes observed that theve was & small bub gradusl fall
in the gunge reading, It was probably due to a small leak in the apparatus.
Weight of the purified amimo gcid hydroshloride melting at 2L7=~2U9° (dee.)
was 1.1 g. (23 per cent), Unchanged d-oximinctetradecanclc acid weighed

243 Zeon

Bitrogen (Kjeldanl)
Cale. for CyLHpgUplieHCl: 54008 Found Hs LSO

Hinhririn Test:

A specific tect for «-amino acids iz the sc called YEinhydrin
tepty (tri-ketohydrindene hydrate}, The reaetion that takes place



betwesn ninhwdrin ami K <aning eeld may be represented by the equation

shovn below:
0
]
o SO0y + BGH-OO0 —— >c;;m +
- Kil - g

R~CHO + NHy + COp

& qualltative teat was meformed therefore on all the amine
acids symbhesigzed,

In a clean 25 ce. test tube was placed about 25 mg. of K =amino
acide Four drops of 1 per cent ninhyirin solution and 5 ce. of distilled
vater were added to the tube and it was placed in a watcr-bath at 90°,

In 5=10 mimtes, the solution in the tube turned violet. The intensity

cf eeloratinn decrcased oo thoe molecular welpht I the anipe scid incroased.

COLLENTS O RESULTS

The reaction of a substituted nelonic ¢ster with an el
mitrite n the prosence of sodium cihonide, first reported by Diecimann
ang rroeneveld (76) waz modified and developsd by Barry (9) to obtain
satisfacbory yields of o -~omizdno acids, He aml others (8,93) have also
ghowm the usefulness of the o~oxinive aclds anc thedy soters ze good

potential sources of amino acids,

The presont investigetion was an abtempd o crxbend the nitro-



52.

sation yeaction to higher alkylmalonic esters. Bufflce it to say that
these esters have besn nitrozcted in good ylelds to the gorvesponding
4 ~oximine gedds by varying the experimental conditions elightly. Sene

of the aliylmaloniec acids wers nitrossbed by the wethod cutlined by Barry
{9)s howewer, it was found inersasingly difficult to isolate the resulting
eximino acids in pure conditien fram the reachion mixtures. The ndtrosa-
tion of substituted mslonle ester in presence of sodiun ethoxide was
adepted therefore as & suitable procedure for the prezaraetion of  =eximine
long~chain acids.

Jeveral alkylmalonic esters have been gyubhesised by allylation
of malonic ester and the gptimum condlbions for ite aligplation i'»:mn&. There
was a grodual drop in the yield of these esters ag the allyyl ebwmin lengthensd,
however, it was e to the fact that a compidereble amount of pyrolysis teok
place during thiir distillatlions.

The behavior of o(mmzimim aelds as monobasic aelds was obeerved
by Beyry (9). This observation has been confirmed as can be geen fyom
THhie IIT,

The hydrogenation studies of o~ oxlmine acids are by no ueans
somplete,albhough several attempts have been made to offect the .r\@ckmtion
‘@t room tenperature and ot moderate presmires using Gifferent catalysts .
These reductions bave nol been arowned with couplete success, however
hydrogenations have taken place to pive small amcunts of the corresponding
'agnimraem:g. &g ahoﬁm by Waterg, (69a) this is probebly Jdue to the inhibitory
effect of the L-amino acid ze& it is formed by reductlon of the X-oxilmine
acid, on the rate of mduf::tiaﬁ of unchanged oxlimine acid., Also it is believed
that as the rveaﬁwticm of an O}Lﬁnino aeld (especially the higher ones) procedes
the ot-—&im éncid formed pmcipiﬁa‘bw from the solvents and covers the

catalyst thus rendering 1t less active, Carrying



out these veduchione ab higher tenperaturo, pressure, and in proper solvent
may remedy thie aibuation.

At wm podnt we have at hand sufficlent informatlon regerding
the welblng péimﬁ’ golubility behavier of Leoxiudne, and «-amine acids.
43 these agids age nitwogen derivatives of the corresponding fetty aclds,
it m}_:; be interseting to conpare their properties with the acids frowm
whiich they are derived, (Befer to Table IV),

TABLE IV

Properties of Oximino Acids, Amino Acids and Corvesponding Patiy Acids

Correaponding Corresponding
A ~eimine Acid < ~fmino Aeld
Solubility Solubility Solubility
Fatty Aeid Et?c gl .&t El Iﬁépi W; fa-o EQ }13561:'. W‘, ﬁ. Em
ec. GQ g@
Hexanolie 151081 | 81 | 53 ] 338 3L | G ¢ i26 SL|v3l | I
Cctarnic 16,5 | vs1| ¢ C 1iG Vel | ¥ e 259 Sl | vEl | VL
Nonanciec 12 Vsl| C G g9 Bl | & C 266 51151 I
Decaroic 31 Usl| C < 95 FSL LT G 238 VoL Vol I
Dedecanoic | L6 vs1| P C 93 Vel F ¢ L T o|vel |1
Tetradece- (58 | VSL|TF |C | &2 salr ¢ |3k |1 o |wsy |1
‘ noie
. Hevadooca~ 6L 8L 51 | ¢ 76 Vel | 1 ¥ 223 TOovsl I
noic
A4 2 Alcohol F T Falrly WL = Very Slightly
C 2 Completely T 2 Insoluble Wom vimher
E 2 Ether

81 3 8lightly



The introduebion of the oxinino and emino groups into the
aliphatic ghain prefoundly elters the character of the fatiy acld ac can
be seen from the sbove table. The lower members ave colorless, orystalline
solids, but with increasing chain length, they tend to becoms waxy in
nature. The melding poiabts of both the owlmine and amine &cid are marie
edly higher than these of the fabty acidr from which they are derived,
Howewver, in the sximino acids, they tend to approash to the corresponding
fatty agid. The lower menbers of owimino and anino acid series are
moderately soluble in water, but the sclubility decreascs as the series
is astended. Unlike the fatty and oximine acids, which are soluble in
alochel and ether, the corresronding amino acids are only siightly or
eoupietely insoluble in these media, Little mayr be sald about the other

rroperties of these long chain oximdno and avine wcids, however it aay

be surmised, that they display o variety of properiies depsnding on the
chain of fatty acid and the point of attachment of the oxinine and anis

ETOUpS,
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61.
SUMARY

I.A swrvey of synthotic metheds for the preparation of o« -aminoe acids

hag been made.

II, Hine lonp~chain alkylmalonic esters have been gynthesized and the
optimun conditions for the alkylation have been determined.

III. These esters have been converted to o woximine acids by treating

ther with n-butyl nitrite in the presence of sodiuwm ethowide in good yields,
IV. Derryis obscrvation that « -oxinming acide behave as monobasic aclds

has been confirmed.

V. Hrdrogenations of «=oximine acids hawe been studied; the acids heve
been converted to the covresponding «~amine acids, It appears that the

reduction reaction is "antimocatalyred® by the auine eeld as it forus.



