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IMIOTJCTIOI

1% h&s been kaorcaa fo r quite m m  tins© th a t proteins when 

hytiteolytfed by acid© or alkali©© or by the fersseiits y ie ld  proteos®®, 

peptones, and f in a l ly  o(*mdm  ac ids. Of oh® laaasrous acid© obtained 

in  th is  manner, the constitu tion  of the m ajority i s  now km m  and many 

have been prepared syn the tica lly .

There are eighteen amino acid© of general oecureneef glycine* 

leucine, ty rosine , se rine , •glut®!© acid , aspartic  acid# pheiylalanine* 

alanine, ly sine , arginine, Id s tid in e , valine, prolino, tryptophan, 

lydrosyprolino, isolauoloe, usetiaonine, threonine* To these must be 

added sew n acid© of narrow d is trib u tio n  (tiiyroxiii©., diiodotyrosine, 

dibromotyro sine , nor leucine, cystine, cysteine and î ydroscy’glutajrdc 

acid) and five  of very lim ited occurence but 'which saay be present in  

proteins (th io liusiid in© , dihydroxyplieiylalanin©, c itru llin e , canavun- 

ine , d^enikolic ac id ), to  which must probably be added Xanthiomjm*

There are f in a lly  about twenty acids which haw not been complete ly  

id en tif ied  with ra th e r vaguely defined maim- acid© such a© those 

believed to  be present In liv e r  antian&emia factor* (1)

Two of the siaple&t K -amino alij>hatic acids, namely glycine 

or c{ -aiiinoacetic acid , and alanine or c{ ~aci.no propionic acid, are 

s&iong the coJiuiorujst d\ *»amino acius found in  protein©» On the other 

hand, cK-aminocaproic acid or nor leucine is  known to occur in  only 

a few p ro te ins. I t  i s  often seen tluat the naturally  occur.mg a lip h a tic  

c(**m&.fiQ acids contain on© or more side chain© or group© such as



2*

h y d r o s  methyl or igdaao in  addition to  the asd.no group. For instance,

isoleucine or ai •̂ sxSxtô  -^^i^'^l^npvalorio acid , and leucine or 

p{ -aMnoisoeaproic acid, which arc Isomeric T&th horleucine, contain 

a methyl group a t  the f  and T  carbon atone, respectively* The impor- 

ta u t na tu ra lly  occaring a lip h a tic  c{ -amino acids are H ated in  fable I# 

AH o£ the other e ssen tia l c{ **aissino acids contain e ither a hem em , 

phenolic, or heterocyclic ring  in  th e ir  toolecules*

TABLE I

A liphatic Amino Acids Found in  rroteisac

Amino Acid Chemical }mm of the Acid Fcsm&A

Alanine o( -amiacpropioriic Cfk-QMOTH

Arginine -amino- -gu&nidliio- 
n-v&Xerie

j®
HgM-Kl-tCHaJj-CSJ-COT

A$partic Acid o( -amino succinic IBOO-CBp-CB-COQH«— hM -U
mh

Cystine di-{«{ -amino f -tM opropioai c) Cs*CB^CH~COCe)o
m*

Glutamic
Acid

c{ -aminoglutarie HOCXJ-CHo-CE^CH-COOH
£ mto

Glycine c{ -aminoacetic HoOCOOH
mi2

^hydrozyglu-
tamic acid

^-aaaino- f -hych’omy- 
g lu ta ric

IDOOCil̂ -GH-Gh-COOH
c“ oh mh



Aliphatic Amino Acids Found in  Proteins

Amino Acid Chesleal Bmm of the Acid Formula.

Leucine "-«aK'dno-iso caproi c
* * f e 2

Isoleucine
nrvalerie

H«C-C%-CH-CH«COOH 
9 CK|Wg

lysine
»-caproie

Methionine
th io  l-n*4ratyr ic

HjO*S»(CHg) g-gJ-COOH

Korleucine o( -a2:iirK>-i>»caproic HjC-tcagL-CH-COOH
2

Serine o( ^hydrojQ^ 
propionic

Ho^*Cf«OOH 
*0H Mlg

Threonine <K -amino-- -hydros^— 
butyric

HJ>CH -  CH*C00!i 
•* Oil HHg

Valine o( -am ino-isovaleric
H*CV
^ ^CJHpfc-COOH££ £* OT-?JTjŜ W ^
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gm rnxsiB  of m o m iis

lifdrolytic mtfoods have contributed xaosi to, our present 

uadorsiandlJBg of the ehanloal structu re  and nature of the protoin® 

and th e ir  eo^pouents# Ilyitrolyeis of proteins can be accomplished 

s&inly by three isayst (1) by acids, ( 2) by a3imXi.es and (3 ) by 

eusgmsf the m a t convenient being the treatment with hot aqueous 

m ineral adds*  The a lkaline hydrolysis i s  lim ited in  i t s  scop©* despite 

the f a c t  th a t proteins are earaplefeely hydrolysed to  th e ir  constituents, 

fo r cfcjrlng the process a notable x^opnrtion o f  tlw m ine acids ©hicfr 

proesdLsi in  pur© o p tica lly  active form becoea© raceTdsecU Alkalies 

have om advantage over acids in  th a t they do not do stray  iryptaph&m* 

ffence they are often  used ~dtom th is  acid I s  derived or ©stimtod*

E&syme hydrolysis of proteins has the p rac tica l dis&dvEsriage of slow 

and often  incomplete action, 1'jonever i t  does not cause raoessd.nation or 

decomposition of tlie more sensitive  acids*

All the simple proteins y ie ld  m m r& &  am l mixtures of amino 

acids on hydrolysis by acids, a lk a lie s , or emyaes* Purines, ryriiai^ 

dines, carbohydrates, and Xipoicml substances ar© also l ib e ra te d  daring 

the hydrolysis of the w conjugatedt! proteins?! homnrer, th e  saain products 

consist o f amino acids*

Anong the acids th a t have been used to hydrolyse proteins, 

su lfu ric  acid  ce rta in ly  holds f i r s t  place, both from the h is to ric a l 

and the* p rac tica l standpoints* Braoannoi (2) in  1820 iso la ted  the 

amino acid, glycine trim  su lfu ric  acid hydrolya&les of gelatin  and



and also o f  meat* Since then su lfu ric  acid has been used almost by 

every investigator o£ p ro tein  c^m lstry* The concentration of su lfu ric  

acid usually  used la  s^progE$wt»3y JS per cent * In 1673 Hlaaiwcts 

and Haberaann (3) introduced 3^?drochloric acid m  an agent fo r  hydros 

lyssing p ro te ins, Ilydrochloric acid i s  preferred to su lfu ric  acid #i#n 

the m>msssdm acids are to  be detorralnad* JJpdrolyoia i s  generally carried  

m t  with 20 per cent acid* Other acids have also been used# E^rmsiein 

(ii) hy&rolyssod proteins with 5? per cent hydrio-di© acid in- the presence 

of dilydrogon phosphate,. A mixture of hydrochloric acid arid formic 

acid m s esaployed by lUXXer and du ?ignoaucl ( ? )  for the hydrolysis of 

insulin* Use of titanoue d ilo ride in  the presence of hydrochloric acid 

m s reported by Hess and Sullivan* (&) This mixture hydrolyses proteins 

with the formation of l i t t l e  hm in and with a shortening of the time of 

!>ydrolys±s *

Sodium hydroxide, potassium hydroxide, barirn  i^droxide are 

among the group of agents used for alkaline hydrolysis of proteins*

Tie a lk a lies  have the advantage, over a d d s  only in  th a t they do not 

destroy tryptophane* Hence they are often used when th is  m&m acid 

i s  to  be iso la ted , Acsaoniian hydroxide or amraonim carbonate have 

also been used fo r the hydro ly s is  of pro teins but o ffer no advantages*

The th ird  group' of I^ndrolytic agents consists of ©nssynes*

En&y&ee tiiat are capable of catalysing the liydrolysis of proteins. are 

termed p ro teo ly tic  ensymcs, They occur widely in  nature* Sehulce 

and co-^orhers were the f i r s t  to study the action of vegetable cnssyiisss 

on p ro te in s , M ine, CTnittendra, Kossol, Eutscher, Dsrochsol, W illsta te r, 

L etts , ifcrthrop, Sunner, Iiavo studied the action of animal ©nsymes



Oft diffor®*# protein®, Pepsin, trypsin , ore-pftin* papain are mong 

th© .grasp ©f oftftgapftg-Q!om®®ter fo r the ^dpo l^sio  of protein** 2to®

lgrita&yile action ©X the pqpoteoilyfcic en^ya©* on pro ta in  is  probably 

never ectt̂ X®i©> feat .in oom* instances w y  fee nearly so 0,0 i® alkaline 

or ac id  hydrolysis* (?) S ^^a ly si*  of protoi.no by ©negwcs m e t bo car

r ie d  m& under sp ec ific  conditions* in  intim ate kncv/lcdgo ssnst bo 

as$»ir*d of ih© potency of the m%ym$ i t s  activation*. and inactivatie%  

it® *£*gtfiaity* tiw ac id ity  of it® optiBajft ca ta ly tic  effect, and the 

tfanoftrrtlwrrffi ■

sm isK  of meshqss w  s s w m s  of ^  m&zw  acids

The m ajority of tins methods of the synfefaeeis of <£ ^amino 

acids have been aairve^ed by Hamlin, (8) Barry* (9) and Haifco©k% (10) 

feat in  most of there jaadifiG&tions have boon iintrodacod since then and 

hence th e ir  .re*Kmeideratioa liar© K ill m t  fee out of pl&oe*

jB&no acid# jaay b® ^mtfecsiftcd fey the fo llo ring  type reactions# 

X* jjeiaatiott of °( -halogen acid% mis&turafcod dicarfeorylic acid esters  

and anhydrides.

I I .  ifendrolysi* ©f © aiftonitriles propped %  reaction  of Maonia and 

feydro cyanic acid \d th  aldehydes, (Streetcar reaction)

III#  I$rdr©lya&* of the aeyi, a ry l or ctoaternary aEraoaiua derivative
'< - i

of malordLc e s te r , or ©yanoacetic e s te r  and of the pthaltEiicb, feenswa* 

ido, or ©(‘■’•ocsdniino derivatives of the®© es te rs ,

I?* liydrolysta of the products prepared fey the reaction  of aldehydes 

m th  Mppnrio acid, hydantoin® or dllzotopipora^inos^fl^leraLeyer^ 

synthesis)



V* Beolqaaim hydrolysis of cyeXokeioxmes

hy brordnation and m im tio n  of the resu ltin g  o( ~asn.no i^noearbossyXie

UCldjS .

71« Oxidation followed by hydrolysis of bmmylmxtm  alcohols*.

7IX* BbslcU gM 'q?  hydram ie  acid  and c(**mino acids (S<dmdi synthesis 

ox c i ur A no sidds ) *

m i ,  Addition of sodii»a o m l malomtm  to  f> ~ m m tw ate4  acid 

e s te rs  (rdehael condensation)«

IX* D e^adation of substitu ted  smlns&e acid hydr&aidcs {^urtlua 

reaction) *

X* C atalytic reduction ami amination of c{~koto acids*

XI* C ataly tic  reduction of codjaes and pl^nylhydraaones of U *4eeto 

ac ids.

X* One of the o ldest and Boat general, methods of preparing

amino acids consists of trea tin g  an o(**lm2ogen ac id  niih. aimojsia#

«l^bro0o acids are r#adl2y prepared and are mm reactive 

tl^aa o(~QixL0rQ acids *

The eaaonia i s  ugaally  supplied in  the fora  of coneentratod mmr&tm 

hydroxide* Chesrenle and S p it»eu ll© r ( l^ j imported th a t the addition 

of mmonlvm carbonate to  th® ammonium hydroxide generally increased 

the y ie ld . This isethod. of preparing amino acids i s  useful only when 

tlio necessary o{^lialogen acids are read ily  available*

$L ** CH ** COOHi
X

2L» K *• CH -  COOH + KHĵ X
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;U ipbatie d acids as*© made by direct/ brominshiaa of
the corresponding fa t ty  acid . In other ins’bmees the corresponding 

m Ion ic acid i s  «Bi$$cyed* 3eeause of the much greater ease of .hrcsaiisa^ 

tio n  of th is  type of car^pouixl* i t  i s  possible to  prepare broiao acids 

containing groups Tshich m>uld thwasolvos. bo bromnabed under more 

drastic conditions*
Special : -etliodo of preparation of o( «*broEjo acids hmo been 

developed in  the synthesis o f mar% ccsajplex amino acids, Bnis serine 

is  synthesised in  the follovdng wsattp* ( 0 )

110Br
B̂ *CBWOGKfe  ------- > H^CIK JG*!

ID Br

BOH
H ^ C B ~ C 0QMe ______ >

HO HH-CO-^ HO Ifflg
serine es te r

Sebrauih and Geller (16) found th a t v&wn mercuric sa lts  in. alcohol 

eere  aUcecd to  reac t isith ^ unsaturabed cscrbeasylic acid * Bgfer 

m s  introduced in  the ^ position  and the a3icyl group of the alcohol 

is the p position*

ClkOH Br2
E0C;=C~COOB + Hg (Oile/o ----— > B2OCIM30C!H' ---1—>

EBr IfeO iW3r

E'2—G-~CIf—COOH g %QB  ̂ Eg-C-CH-COOH JBr Hjr-G-CH-COOH

HeO a  KeO HH2 HD



%

!Throoid«e# l^ Iro ^ io x ’valiine have boon prepared by th is

method*.:"

1b some eases d irec t a g n a tio n  of iim&iurabed dieorhojcylie 

acid e s te r  i® mpl&y®d p re p a y  the casino acid* 'TIuio aspartic  acid 

i s  made in  about 40 por cent of the th eo re tica l y ie ld  by antoclaving 

a jaiaebure of 3ryv%l*an»ia and d ie thy l fwprate*. (1?)

m  
/  \

Aspartic acid i s  also obtained when m le lc  ariiydri'de is  haatad 

with aqueous ©aaonia in  an autoclave, followed by hydrolysis of the 

interm ediate so lids with concentrated hydrochloric acid*

X$* ”he conversion of am aldehyde or a ketone to  an MLno acid 

with one nor© carbon a tm  was axMOKpllahed by Sir acker in  1850* (16) 

fhe reaction  nay bo carried  out in  a varie ty  of trnysj the water* alcohol 

or ether so lution of the aldehyde or the ketone may be treated with 

ammonia or aRaoqgum s n l t r  followed by hydrogen cyanide or sodium oyanid% 

or the cyanohydrin nay be f otvmd f i r s t  and then trea ted  with ocramia*
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R-SSMSB

mm
KJIID B-CH-CN iMp-cooii

(L
I
%

E-CIf-OH
I

In any case an am n o n itrile  resu lts*  which os hydrolysis Kith strong 

acids or bases i s  converted to  the aaino acid* fhe im v a ila b ili ty  

of saner aldehydes and th e ir  tendency to undergo side reaction® lim it 

the application  of th is  reaction* Despite the many improvements and 

modifications made in  the Strecker synthesis* (1£* 20*21) i t  i s  ra re ly  

used except in  the synthesis of glycine and alanine*

H I* Another method fo r the preparation of acid is  the

Sorensen1 s extension (22) of the Gabriel Phthalimicle procedure * 

Fhthaliisidcsaalonic e s te r is  ea s ily  obtained frcsa potassium phthalizaid© 

and broEJcaaalonic e s te r .  (23) I t  contains a hydrogen atom itfiicih can be

M  t  Br-CH

COOEt

COOEfc GQGEfc

COOEt

CIIgE
>



0
— COOH 

— CQ0H

11

replaced by an a lky l group by treatment ?rith sodium and alkyl halide# 

lysine, (2lt) methionine, (25) cystine, ( 26) and tyrosine (27) have 

been prepared by th is  method *

malonic e s te r  has become read ily  availab le . I t  is  not .suitable for 

use In the synthesis of f a m in e  acids since the free  amino group 

■would undergo a b l a t i o n .  However, I^&oylated derivatives of th is  

e s te r  have proved v e ry  usefu l Intermediates* (13, 28, 29$ JO, 31,32)

The alky lation  proceeds smoothly, although the aoylmjrfnmm&lonie 

e s te rs  are not as ea s ily  a lly  la  ted as i s  malonic e s te r  i ts e lf*  The 

subsequent steps are effected in  ex ce llen t yields* Ethyl acetamido- 

cyanoacetate has been substitu ted  in  place of ethyl acetsualdomalonat© 

and has proved more advantageous* (33, 34) An in teresting  variation  of 

th is  n e t  ioc lias been developed by Snyder and Smith* (35) They discovered
■4*

th a t quaternary ammonium compounds of the type Ar-CHg-N (CHj)^ ^ 1 1  

alky la te  r.ialonic asters*

Witii the advent of ca ta ly tic  reduction procedures, amino*-

COOEt COOEt

JWpWSOOH



COOEt COOEt

Ai'-CHg-IJ (CHjp f   > Ar-CHg-G-HH-CO-E

COOEt COOEt

vtrfHJW/il
 —•» *MJH2»G-C00H

~co2 t .%

This discovery led  to  an excellent preparative method for iryptophaa© •

I?* <?(-Amino stteid s  containing arosatio  residues can bo prepared

by the so-called  asalactone method of Brlemeyer* ( |6 )  In th is  reaction 

the acyl derivative of glycine i s  trea ted  with the aromatic aldehyde* 

sodium acetate  and ace tic  anhydride, The acylglyein© is  eoim rted 

in to  an oxatsolone (asalactom ) which possesses an active methylene 

group and condenses read ily  with the aldehyde to  give an unsatnr&ted 

azalacrione, This can be hydrolysed to N^aey! unsaturatcd acid* or

 6*0 M H -G ------ G
1 * Ac2° "| | B»GH0 | I
m  — -— > 1 0    > I  0
I Kamo \  /  AC.O NtiM* \  /
CO-R G 2 C

the reduction and hydrolysis can be performed a l l  in  one stage by 

beating with hydriodic acid and rod phosphorus# Reduction of tn© 

unsatrxated acid (ac^laminoacrylic acid) m y be effected with sodium 

amalgam (37) mixture of g lac ia l acetic  acid and acetic  anhydride (38) 

or c a ta ly ti ca lly  using platinum as tlx© ca ta lyst . (39*fa0) Other glycine 

derivatives such as hydantoin and dilcetoyiperizino also read ily  condense
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with aronatlc aldehydes to  give imeaturaied derivatives Triiioh can 

be hydrolysed and reduced, to the free asaino acid .

m  —  cho
)

O 'C

m — c = o

E-CIIO
■Ĉ CH-E

■> 0 88 c I
I 1

m%-— c ^ o
ii

b- ch2-ciwooh

HHg

o=c-

Ĉ G
2 ECHO

*

2:5 DilcetopiperaBine

HB-
I

:h =c
Io=c-

-c=o

C=*CB»E
BOS

2 IM%*CIKiOT
JSig

H ie^lalanine* tyrosine, tryptoplxarj© and o ther aro m tic  amino acids 

have been prepared, by th is  method, but not rr ith  a it j  advantages over 

the asalacious method.

V* The orinos of cyclic ketones such ao cyclopentanone, eyelo-

hexanone undergo the Becidsann rearranga^ent ??h©n t r e a te d  \vith su lfu ric  

ac id . Talcing advantage of th is  f a c t  Kek and I,larvel (lii) prepared 

ly sin e , s ta rtin g  xd-th cyelohexanone«

Beckmann

CH2/ &*
\

HoC 0 0

rear rai^er-ient Ho0
*1

HgC

MI

ch2

p. r;v»

t  BgB- ( CĤ  )0*-COOH --------- >► 0 — CÔ-IvIIi— (ClI2 ) ĉ CQQH ------- -—  ̂ ->



, m *

B r  fc g

% M C % )ifC B ^ J O C «
k a

Although several steps are involved, each proceeds sBoothly and the 

overa ll y ie ld  i s  satisfactory* Ornithine has been prepared by applying 

the same se rie s  of reactions to eyaXopcm&aroae* (42) Tfee formation of 

«{ -*asaino acids can also be accomplished by the Jfeokmoxn rcarrangmont 

ox f - iso n itro so  esters*  (43)

1®Ij>0H*I1C1 Bedkjserm
H^O-CCVGH^COOSt — :--------- > l!j(>^Cr{a--COOim

rearrangement

HOB
H^C-CO-lll-CRg-COOSt ----------> HglhGRĝ OOOH

Tie-Ids cf c(-*mino acids varying fran per cent are obtained

by th is  procedure*

Tim In recent years o^ataino alcohols have become available

conmercially. These alcohols can be smoothly converted into <?( -*amIno 

acids in  good yields* (hh)

K-CH-CISgGH K2Cr2°7 IMJH-COOH HOH ^ H-CHf-OOOH 
ki-CO~<fi “ op KMnOl * HH-CO-0 1b2

G ly c in e , a la n in e , and many other simpler amino a c id s  have been p re p are d  

by th is  p ro c e d u re .
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¥11. Another interesting imy of preparing c(->&sairio a elds is  by 

I^ d ra io ii *$b& reac tion f Schi&idt prepared glycine, aspartic 

acid, phenylalanine i»  from 80-96 per cent yields by the action of 

hydracoic acid o n  acetoacetic ester*

BDIr
% 0-GO-p-OOOBt + HK| ---------> iljCWO-iE-OIMOOlt — 1_ >  JM3H-CQGB

E R iliiss

o( -Amino acids do not undergo th is  reac tion , lacing advantage of th i  

ia e t ,  lysine nas prepared from ^ ^m ln o p im o lic  a c id . (l.}>)

0

QH?
/  \

H0C CHg
hh3 - I  | BOH

> h2c caa-cooBt -------- >ci

0= C  -EH

SDH HU
 > HOCO ( CII2 ) j,-CIi-COOU -------- 3-> H2JJ-(CH2)|,-Ca-COOH

^ 2  HHg-

A serious draubacl: to  t i l s  procedure is  th a t lydrassole a c id  is  

extremely tox ic and © plosive i f  not properly handled,

VXII* rhe Uichael condensation 1ms been applied in  a  very sa tisfac 

to ry  manner to  the preparation of g lutaaie acid from methyl acrylate 

and phthaliaido or acetQJ-iidomlonic os to r .  (Lt6jh7)



coost
I IfaOEt

HgOsO&tCOGB* •+ J8W H*R ------------*  Mof!OC-G::2-c:U2-C -(C O Q rt).

coogt ;ai

i

h c i mm
 >  > HOOG-Cag-CĤ -CH-COOH

Reactions of tills type b m  ta n  studied extensively in recent years 

by Connor, e i»  a l , ,  (i48,ii9,SO,51,52»£3)

32L* Substituted oaionie e s te rs  sisy be converted into «< -aiaino 

acids by the following reactions.

COOEt COOEt CO-iffi-iilt,
I Eon I ii2M-m2 I * is o ,

i H p i  > R̂ CII ------------- -> &*CH  >

COOEt COOK COOK

Curtius rearrasigeaent
E-CH —  - - -■ - - ------------------> B-GIJ-COOH

COOE *3%

T!ig use of eubrtituteri cynnoaeetic e s te rs  has boon enployod by 

Darap3lcy (hl:>55) in  the? preparation of glycine, valine, loncine, and 

by Kuo-IIao Lin and co-t9orkers (£6) in  the preparation of , tA**tm±i3&~ 

isob'atyrlc acid.

The Gurtius reaction may be of special use* itien brairlm tion
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of .© instituted m louio  mm®% h® carried  out because of the

re&cpt&rltgr of th© substituent group* (57)
I t  m iim  winm r®ds*ee& with the palladium in  the

preeeac* of mmmte fM A  eL«*sm&m m$&M« Wsmp and too tarlin  

f i r s t  studied th is  reaction* I t  m s farther developed h j 

and Baimr* {#£) Ifc® VHrited ®bw*s good yields of amino acids but is  

Hsaiied by the Isssk of available d  ̂ Icoto acids* (59&)

XI* Various derivative© of <<**j£©te m ills eg* «b£©% phesiyl* 
hydraeones can also  fee ooi'WORiontlj rockiood to  acids f fk ta

method of obtainisjg th© amine has boon used extensively la  rooaiit
yeer© and w ill bo titstmsoed here in  greater detail.*

and Reduction of Fhe»llm1ra«omai Substituted

acctoaoetic asters are oounrerted in to  the phei^lfeydraaome of «<«*3£«t© 

acids by the action of berssenediasondiBii chloride* The reduction of 

the phenylbydrasone y ield s o(*^siino acid., Fischer and grab

H2
II^C-CO-CH-COCSt ------v --  >  R~0«0003Bt  > SWSH-CGKm
J i II I

E 1 MSfe
I *

HOH
-> EKJ&-C00H

li%

obtained a s m l l  amount of alanine by reduction of pyruvic acid 

phenylhydraaone with aluminum amalgam* Feofil&Jctov and collaborators 

(61*62*63*61**6#) have modified the Fischer^Groh method into a general
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procedure for synthesis of «<*»amine> acids. The orime and phenyl** 

hydrmom of c(" aceto-* Y ^sat^olacton®, a valuable intermediate in th© 

syttttoalfi of isetMcriiftO (66#67) t»Br© also prepared (63) by the action 

of nitrous acid and bemonaclia^onim chloride mBpoeiiimly oa th©

chloric acid, th© hyth^ehlorid© of o( Y ^butyr&Mctom- *tm

obtained* In the ciadjjr of the catalytic reduction of the phcny f̂dra**

•‘••he «{’-anino* Y -bixtjrolactom» Hoover redaction in ethyl acetate
contairdng acetic anhydride g&vo a nt&tur© of aoet&ailid© and «( 
anino- y -butyrelactone*

acids can he gooothly reduced cctalytic&lly or chersic&lly to the 
c( -anino acids • The reduction probably proceeds throng th© intey-w 

i-se&iate 5mn© stage * ( 8,9*69). - However liter s  and tfartuog (69a)
found that in the hy\h*ogenaiion of tlio oxiii® of pherylpyrwic acid# i f  

the reduction was interrupted before co lla tio n , only phenylalaniiie 
and unchanged oadjalno acid could fee isolated*

y^l&cioim. 13h©n this phcnylfeyfeeanone ms reduced ndLth tin  and hydro** 

lo by fynder e t. al.* i t  ms retooled that the reduction in alcohol 
aooG-a50° id.th fancy nlc’cel yielded the dikctopiperi&ine Instead of 

reparation and deduction of Oscinos* Grdaaca of <p<-4re'fco

WM

•G-COOH
II

 > s- g- cocb: --------->
catalyst 11 catalyst'

MI

XM3JW0GL

MXg

The acids (or eaters) m y  fee prepared in  seirer&l

mys?* Thea© r.*ethode m y  be b r i e f ly  c la s s if ie d  as fo llow s:
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1 .  R ea ctio n  o f  « (- k e t e  a c id s  and hyxirazvla-;iinC ♦

a l k a l i
R-C-COO l +  H

II
0

t*HGl R-OCODH

!H (s t)

2 , R e a c tio n  o f  e s te r 's  o f  o( —h a lo g en  a c id  w ith  l^ drosxyl 

a n in e  or  in o r g a n ic  n i t r i t e s .

IIpHOH
^ ii—€—COOEt

I o r  n
X M Oo BOH

3 .  H itr o s a t io n  o f  s u b s t i t u t e d  age to  a c e t i c  e s t e r s .

H3 0-C-CH~COOEt 

0 R

m b------ £=----- 7

BaOEt '+ HOMO
>

HOSOlH

IbSQi, J

HOH

h*  H itr o s a t io n  o f  s u b s t i tu te d  m stloaic a c iu s  (o r  e s t e r s )

COOH

R-CH
HC1

COOH
WHO

h- c- cooh
Jl
HOH

GOOEt
1

WSH
I
COOEt

BaOEt

RONO
-> R—O—COOEt

MI
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TAien an o^-kebc acid  is  trea ted  with Ii^droi^laiaine hydro- 

cloride in  the presence of a base* the corresponding o( -oximino acid 

Is  obtained. Many irorkers (?G,?1*?2) have prepared the ©3dm© of 

pyruvic acid# glyoacalic acid# «(-ketoisovaloric acid by this- procedure 

in  good y ie ld s , The serious drawback of th is  procedure is  the d iff icu lty  

in  obtaining the o( -keto acid®*

The es te rs  of «<-oximino acid.© are also obtained when es te rs  of 

oi,-halogen acids reac t' ' with inorganic nitrite©  such as sodiim 

n i t r i t e ,  (73) Sodium n i t r i t e  was replaced T?*Xth hydrosylaiaine to prepare 

o( -oxiDj.no-aeetic#-propionic and -bu ty ric  acid© in  th is  manner-. (7k) 

Beeently Hamlin (8) has prepared ethy l •<-cmiaimeaprcate in  6$ per 

cent y ie ld  from ethyl << -bromocaproate and sodiisa n itr ite *  The 

required o( -halogen es te rs  can be easily  obtained by the method of 

Zelinsky*

The oxim© of the << -keto acid© are more conveniently obtained
by

d ire c tly  from substitu ted  acetoacetic ester© than the above do-scribed 

methods, Acetoacetic «-s te rs  reac t read ily  with nitrous acid or n itro— 

sy lsu lfo ric  acid or with alky lid  t r i t e  to y ield  the ^ -oxim.no e s te rs .

Ethyl y -oxisinopropicnate was prepared from methyl acetoagctic ester 

by lieyor# Znblln and by Meckmrm and GroeneveXd (?5#?&) using nitrous 

acid and ethyl n i t r i t e  in  presence of sodium ethoxide, respectively*

A series of In teresting  papers were published by Bonveault and Loequin 

(7?#78#79#8G,8l) on the use of n itroay leu lfu rie  acid with alkyl sub

s ti tu te d  acetoacetic e s te rs . They obtained o(—1oximino acetic# —proi>* 

ionic#-totyrio#-valeric#—isovaleric#-iBOcaproic#- P -Kiethylvaleric 

and -dsoheptanoic acid© in  y ields ranging fro® 85-90 per cent.
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M ls m s g  the methods ef-I&sskaarm w& also of BouveauXi and XoequiE, 
Wislicemis aM Ortttimr (82) obtained diethyl o( *©x±^ioglutarat© 

aocl ©ttayl (<-o3cimim phenyXacetat©* fa 1915, Hall, Hynes, and lap* 

worth, (83) applying the aseihed of Bowwmlt obtained the 

m id  corresponding to phenyl&X&nin©* Recently the method of Bmswault 

and Locquin ims been modified and used ext ©naively by several workers 
for obtaining o( -oximino acids* (8, 9# £&, 85,86,8?)

<^*<bdmn0 acids or th e ir  esters are obtained also- from 

substitu ted  saalcnio esters* Baeyer (88) in  XB&i* prepared oxindm 

maIonic ac id  fro© oxii^nobarM turic acid* Following the underlined 

p rincip le  of the method of Baey©r, Dicckmann and Qroensveld (?d) and 

la te r  Fischer and wstgert (89) u til is e d  the reaction  fo r the pre$arat$0@ 

of e thy l << -oximlnopro^-ioimtc and ethyl ^*o^dssinocyammlcrat© from 

asthylsaaloni© and ey&mpropyM&Xmiic ea ter, respeciXvely* They nitrosatcd  

the malordc e s te rs  with ethyl n i t r i t e  in  the presence of sodium ©tho9d.de* 

la  1903, Bouveault and Wahl (90) prepared oximimmaloni© ea ter 

using sodls&E ©tlioxid© and methyl n i t r i t e  which m s improved la te ly  by 

mdsmam and Dana (91) by um of n*femtyl n i t r i t e  in  place of methyl 

n i t r i t e .  Recently Shivers and Hauser (92,93) synthesized certain  

o(-*orimino ea ters  from substitu ted  malonie ester© a© m il. as from 

substitu ted  aceteac©tie ea ter and they have gotten b e tte r yields with 

substitu ted  malcnic eaters*

The reduction of m  o( *oximXno acid m s f i r s t  reported by 

Guthnecht (91) in  1880* lie reduced th© s ilv e r ©alt of c< -ox:uainc~ 

propionic acid by i»eans of t in  and liydrochloric acid to  alanine* Since, 

th a t time many workers (80, 81,95,96*97,98,99# 100,101,XO2,303,io!j.) hate
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applied th is  or chemical reduction procedures fo r the reduction

of «(̂ oadmitio acids to  the corresponding *(<*asnlno acids* fhe ca ta ly tic  

reduction of these cadses h&re also been accomplished* Wassil^w (10S) 

using nickel as a Catalyst in  the hydrogenation of oxLmes obtained 

both primary and secondary amines* A pyrasine derivative m e obtained 

by the reduction of *( *<CQci2Jilmacetoacetic e s te r  with B&rny nickel by 

Adkins* (106) but he and Heave (87) shornd th a t good y ields of primary 

•amine can be obtained when tho m th y l e ther of the oxIes© was used. 1b 

Bauguess and Berg (107) used the smm ca ta lyst fo r th© redaction 

of the o( -oxisdno acid corresponding to tryptophan©* t©v©n© and Scho©-* 

mailer (108) and la te r  kedciaann and Duim (91) used i t  to reduce oximi.no** 

malor&e e s te r  to aminomalonic e s te r . Recently Olivers and Hauser (93) 
have reduced certain o( -oximno e s te rs  with Raney nickel a t  high pres

sure and vat temperatures 70&-75»°C**

Platinum cata ly st has been used in  the reduction of ox:ta&$s* 

Sheain and Herbst (hO) used platinum oxide to reduce <?( -Gximino acids 

to  amino acids* Reductions of *(-oxteinoglutarate and <<-oximino- $  

-ch loro- V -valereM  clone have been accomplished by the same catalyst,

m
The use of p a l la d ia  in the reduction of oxises was f i r  a t 

made by Paul and. Gcrum (109) in  1908*. they reduced bomtaldoxime. 

These two workers and Gulewitsch (13.0) found th a t the reduction leads 

to  the formation of secondary aminos and. other aid© products. R oseranund 

and pfankuch (111) using palladium on barium su lfate were able to reduce 
bensaldoxiaa to bensyarain© without the formation of secondary amine.

The problem was further studied in greater d e ta il by Hartung (112)



who m s able to  reduce o x im e s  to  primary m%±m§ in  good y ields with 

pallad in ised  charcoal .In alcoholic hydrochloric acid solution* This 

c&t&lysi has been used by Harrington and E&ndall (86) to reduce ethyl 

o( -oximino^ P «4tetogluiarste to I^lrosygltttarate to hydroc^glut&me acid , 

tfoing two equivalents of hydrogen chloride in  95 per cent alcohol* Hamlin 

and Barry (.7*8) were able to  reduce several <^oxIMno acids or ea ters to  

the corresponding << -amino acids or es te rs  in  good y ie ld s . The redaction 

of the alko3drd.no acids a t  room temperatures and a t  low pressures lias 

been studied by Waters (69) and I t  lias been observed th a t hydrogenation 

of the alkoxisin© acid takes plac® slowly when alcohol 3m & xisocl as the 

solvent* However when alcohol m s substitu ted  by g lacia l ace tic  acid as 

solvent, a b e tte r  y ie ld  of the centre spending ^ sss iro  a d d  w  obtained*

methods or mmmm Msmmxmm %$mm 

The alkylated aalonie es te rs  can be synthesised in  toe©  my®* 

( i)  AlkyXaticn of iualonic ester* 

d o  G&al&te condensations •

( i i i )  Condensation of an aldehyde with malonie e s te r .

The all-elation of laalonic es te r is  usually carried out by trea ting  the 

sodiomalonie e s te r  with an a lky l ha3d.de in  absolute alcohol*

Ila jcH(COOEt)J * + EX __ > COCT.'t

ffie reaction i s  a very general method f  or the preparation of alkyl 

derivative® of Emlonic e s te r ,  fo r there arc very few Ihnitation® of the



tjyp® of alkyl halide tfcat cm be used with fu lly  satisfactory results#
Conrad arid Biseheff (333) la te r  Mohael (1 Hi) prepared ©thylmlonic 

a s te r  in  th is  mnnar*

m&$% iMautyl^lomte »  prepared, by this procedure %f Bls- 

eboff (115) and also Adams and flannel (116)* Directions for t o  prep

aration of-th is « s t»  «s» bfc £ou»d in "Organic Qyiitosis"* (XX?) bevea® 

and c H is t e s  (11B) applied this reaction for the preparation of ethyl 
i>*undeeylisalorac ester, rixx&i indicates th a t higher alky! halides can he 

employed for the alkyl&tion of the malonic ester*

Coiadensatiom of the Olalsen type between ethyl oxalate and 

esters of f a t ty  acids producing ^-ettet& X yl ©stars isere f i r s t  carried 

out by Msli©©m.St{Hp) Applying th is  p rincip le  to the condensation of 

ethyl carbonate m th  other es te rs*  I^ lling fo rd  md others (120} were able 

to produce yields of 10 to  $6 par cent of alkylm lonic esters« Hop-lacing 

the ethyl carbonate with ethy l oxalate aad tpder forcing conditions# i t  

i s  possible to obtain good y ie lds of K^etho^alyl esters.# (121}

—00 OoOEt
8-CHo-COOEt + {COO£t)2 ----> R-CB-CQ̂ CQOEfc  > E»CII<'* I COOEfc

CQQJSi

o< ^tlxo:oalyl es te r

She «(-^thoxalyl e s te rs  may then be thermally tkiioarboaylated to yield 

alkyimalonic esters*

A JQaoevcnagel type reaction  between an aldehyde and aolonie 

e s te r followed by ca ta ly tic  l^cxogenation of the resu lting  product over 

Raney nidcel# (122) renders available another method for the alicylation



of Stt&ontc ester*  (123) For th is  purpose an aldehyde i s  allowed to react 

with imlonie- *st#r i»  ihs presence- of piperidine# The resu lting  unuat- 

urated e s te r  in then hydrogenated over Raney nickel a t  room temperature.

COOIt
I

î ch2- gh

CQOlt

A number of alkylm&lonie es te rs  have been prepared by th is  procedure.

RBSRAECK IB!

The usefulness of °< -oxlmino acids as good po ten tia l in te r

mediates fo r the synthesis of «(•amino acids m s nicely indicated fey 

Hamlin and by Barry* (0*9) The la t te r  described a general method of 

n itro sa ting  substitu ted  smlonie e s te rs  by a lky l n i'tr ite  in  presence 

of sodium ethaxfde* a reaction reported by Bieckmam and G&roenveld* (76) 

Excellent y ie lds of o< -oxiaino acids were obtained b. th is  procedural 

besides* unlike Bouveault, B aalists method (n ito sa tio n  of substitu ted  

aeetoacetie es te r) th is  method has few Irfeait&tions*

The primary aba of tid e  investigation ms. to  synthesise some 

long clxain «( -amino acids* study th e ir  properties and# time permitting* 

to link  thorn in  the form of a peptide chain fey the method- of l i t e r s  and

heaver. (69*133)

The long-chain o( —amino acids* RCh(HHq)COO& where it varies 

fron &~Cg}H'i2 bo n-ClBH37* may be looked upon as hybrids or crosses

R-CRO +- %
Piperidine

OGBt

COOBt
I

> r- ciik;

COOBt

He

li&mj nickel
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between the components of proteins and those of fats*  Hone has been 

id en tified  free  natural source©* yet th e ir  undiscovered bio logical 

properties excite om*s imagination. I t  i s  not unlikely th a t they m i l  

be antagonists to some of the e ssen tia l amino acids and perhaps, they 

say be antagonistic to  the f a t ty  acid© also,.

Th© peptide-like union of these Xong~ch&in amino acids should 

be of in te re s t to  the collo id  chemist* for  example, i f  B is

E€H(1S2)0CX>H -------> BCH(Hl2) CO-I^MiS-QOOB .  =>

m*w. 299 a#w# 580

m.w, 871 m.w, XiOk

Thus appears the prospect of a tran s itio n  from the molecular to macro* 

molecular to colloid s ta te , with perhaps many of the functional properties 

of the peptide linkage not too such masked.

To a tta in  the purpose, the problem w ill be approached in  the

following ways

1, To find the optimum conditions fo r the alfcylatlon of 

malonic es ter with higher alkyl halides*.

2* To extend the n itrosa tion  method developed by Barry to  these 

es te rs  fo r the preparation of ^-oximino acids.

3* To hydrogenate Hie ^-oxlmino acids to the corresponding 

«*amin© acids.
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m im im im t

General

i l l  temperatures recorded as the boiling points of the 

alkTlraaloaic es te rs  sjn tliesifed  are uneorrected*

the melting point determlimtione of a l l  the products m m  

carried  out on the Fisher melii$ig*-point block b u ilt  by Fisher isaend 

Company*

fh© “absolute alcohol17 used in  the various experiments m,s 

prepared from eonsaercial absolute alcohol by the process of Lund and 

Bjerrum (12li) given in  the “Exrperiisents in  Organic Chemistry1* * (12$)

In th is  process, a mixture of $ g* of magnesiuffi turnings* 60 co. of 

eo^.iercial absolute alcohol and 0.5 g* of iodine i s  refluxed :Ln. a 

large flask  u n t i l  a vigourous reaction s ta r ts  and u n til  nearly a l l  the 

magnesium has reacted and i s  converted in to  fi&gnes&um ©thoxide* line  

hundred cc. of com ereia l absolute alcohol is  then added and the mixture 

is  refluxed fo r one hour and the anhydrous alcohol is  d is t i l le d  into a 

receiver carrying an anhydrous calcium chloride tube* The product is  

stored in  a uell-sboppered bottle#

The various a lky l halides used in  the alkylation of m lonic 

e s te r  and malonic e s te r  i t s e l f  are  commercially available in  fa ir ly  

yore condition and vere used without fu rther purification*

SXHTH33SIS

Ethyl n^butylmloaatea

This e s te r was synthesized by using a modification of
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th$ method of Adams and Gam# (13-7)

H2C(CD2E i)2 +  m o m  t  «^C^%ar  -> .a-C^OI^COgUtJg + CpĤ OH +* IfeBr

A dry ©a®*ltit«r bhr®®"*m©k flask  ©quipped irith a reflux  

©ondeuser carrying a drying tube* seolmnic&l s t i r r e r  and a separately 

funnel ms placed over a steam bath* In the flask  m® placed 250 ec* 

of absolute alcohol and then 11*5 g* of clean sodium (0.5 gram atom) was 

added slowly through the condenser# After a l l  the  epdima went in  solution, 

the sodium alcoholaie solution was cooled to  about 50°C« and s tirre d  

after which 82*5 g* £?8 ce*, approx* 0*5 mole) of diethyl xsalonat© ms 

added fcropwise through the separatory fvtmml* A half mole (68*5 g«* 5iu5 

ee*) of butyl bromide was High added gradually* After the butyl bromide 

was added completely, the mixture m e refluxed u n ti l  neutral to moist 

liiBEis. the alcohol from the mixture was then d is t i l le d  off over the 

steam bath, under slightly reduced pressure (water asp irator was used)* 

the residue in  the flask m s dissolved in  200 ee* of water and the upper 

layer separated* The water layer was extracted twice with ether and the 

ether extracts were added to the upper layer of the f i r s t  separation* 

this etherial solution was washed tlrree times with ra te r , twice with 50 cc. 

portions of d ilu te  sulfuric acid  and then maned completely free of acid 

with water. It was dried over anhydrous sodium su lfate and a f te r  removing 

the ether, d istilled  from a Claisen flask under reduced pressure* Color

less ©star, d istillin g  a t 12&*132°/18 m , was collected*, fhe yield  m s 

81 g. (75 Per cent of th© theo re tica l amount)*
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i>»Butyliaalonf e A dd;

Following the method of Barry (9) for the sapoidflc&tion of 

ethyl benzyissaloimte, 13*5 g* of ethy l irtutylnalonat©  m* added dropr&oe 

through a separatory funnel into a solution of 13 ee* of HpO and 13 g* 

of BS per oeafc EOS in  a three-ueck flask* equipped with a mechanical 

s tir re r*  flm f la sk  was heated on a s’tscsi bath* Gentle suction -was 

applied a t  the mek of the f la sk  to  rem m  ©thyl alcohol fo iled  during 

the Iiydrolysis o f  the ester* Heating and s tir r in g  were continued for 

two hours arid water added to  th© mixture to prevent so lid ifica tio n  * The 

mixture was poured in  a beaker which m s ch illed  by an ic e -sa lt bath* I t  

m s made d is t in c tly  acidic to  Congo red paper with concentrated HOI* A. 

white so lid  separated out which was f i l te re d  off and the f i l t r a t e  was 

salted  out and exhaustively extracted with other* The ether ex tract rms 

dried over anhydrous sodium culfat© and evapox-at@d by means of a o u r r m i t  

of dry air* Vary l i t t l e  so lid  was obtained from the ether ex trac t which 

m s  added to  the main product and the combined solids wore c ry sta llised  

fTom toluene* The y ie ld  of n-»butylnmlonic acid m s 1$ per osnt| m*p* 1D10, 

reported a.p* 102°, (126) The eater can be more convenientXy saponified 

by the following procedure* In a ICC cc. beaker* 1*32 g* (.02 mole) of 

e thy l irtutylm alonatc was saponified by heating with excess of $0 per cent 

IMJH solution* A white curdy mass formed floating  on the top of the 

so lu tion , heating \m a  continued for another five irdmtes and then water 

was added ju s t su ffic ien t to  dissolve the. soap (sodium sa lt  of n-butyl- 

malonic acid) in  the hot solution* ‘Hie solution m s then cooled and 

extracted with ether and the water layer was acid ified  to Congo red paper 

with concentrated HCX* keeping the C'.uitainor cool with an ice bath*
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oThe yield of i>*butylE3alonic acid, m.p, 10C) C** ■was 2.5 g ,, ?0 per cent# 

The procedure -me slightly modified when ethyl n-dodccylmalomte and 

higher a,ll l̂maloimt8S were saponified. After heating tli-e esters with 50 

per cent DMU eolation# the soap that was formed ms washed twice with 

acetone and was decomposed with concentrated HC1 to got the fire© acid,
!

By the procedure outlined fo r  the preparation o f ethy l n-fcutyl* 

malonaie, 11*25 g* (3T cc*> 0,25? raolo) of malonic e s te r  was allrylated 

with 53 g* (0.25 mole) of iodide, Th© d is t i l la te  frac tio n  to ilin g

a t  I55"l58^/l8 vm* m s co llected . It weighed 38 g* representing approve* 

imuiely a 6k per cent y le ld j the reported b.p* is  Xi$~3i8°/35 (12?)

The melting point of ac id  corresponding to  the ester m s  101^-105°f repor** 

ted IDS0. (127)
Ethyl rMieptyljaalonate:

©je alkylation  of ljl.,25 g* (0,25? mol©) of m lonic e s te r  with 

56.5 g# (0.25 mol©) of j»*h©piyl iodide was carried out in  the usual manner# 

iihen the allcylated, es te r  was d is t i l le d  under induced pressure# tl.iree 

frac tions came over a t  d iffe ren t temperatures and a good amount of residue 

of dark brown color reiiLainod in  the Claisen f la sk , liicn an attempt was 

made to d is t i l] ,  th is  residue, there was considerable amount of deoorapoete 

tio n  and therefore th is  frac tio n  was discarded* This variety  in the 

d is t i l la t io n  temperatures was probably due tc sons d isubstitu tion  of 

ijalonic ester* In  order to overcome th is  d isc rep an t in  stab le  d is t i l l in g  

ten iera tiire , the amount of nalonic e s te r  was doubled with respect to the 

alky l halide used in  the  second run, A half mole (80 g .) of zaaloric e s te r 

was alkylated with 56.5 g* (0*25 mole) of n-heptyl iodide* The yield  of
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e thy l iv^ieptylmalonjate 'boiling a t li;&*lU&°/7 m* was U6.5 gf (72 per 

cent of the theore tica l anount)* Beported h»p* in  the lite ra tu re  is  

136-138°/3 s»u* (123) The corresponding i>-heptylealonie acid molted 

a t 95-95°! imported au$»* 95-960* (123)

Ethyl n-ociylzaalQXiatc a

iSalonic e s te r  -weighing 80 g* (76 ©©♦, 0*5 mole) mm alkylated  

with  60 g* (0*25 mole) of n^ootjl iocM.de in  the  usual manner, The weight 

of the r a d ia te d  e s te r  boiling  a t l? l- l? li° /l3 m\w was ^7*0 g. (68 per 

cent of the th eo re tica l amount)* The reported b*p* is  XSo~l53°/7 m* *

(128) Saponification of the e s te r  yielded moctyl^alo-nic ac id , melting 

a t  llii-1150,  reported m#p* being 116°* (129)

Ethyl n^decjlaalom tes

fiie a2i<yiatio» of 80 g* of malonic ester with 67 g* (0*25 mole) 

of n«*deeyl iodide resu lted  in  the formation $k g* of e thy l n^tecyl- 

aaJLonate boiling  a t l?8-18l°/8  s&u (Tit per cent of the theo re tica l amount}» 

The alkyl es te r i s s  reported to  b o il a t  155-158°/J mu (130) n-Deeyl- 

malontc ac id  which m o obtained by saponification of the e s te r  melted a t 

119-120°, when c ry s ta llised  from toluene $ reported ®.p* 120°* (131)

Ethyl n-dodecylmalo natc s

fills e s te r  m s prepared in  53 per cent yield  by alkyiation of 

80 g* of malonic e s te r  and 75 g* (0*25 mol©) of n-dodecyl iodide, The 

weight of the  product bo iling  a t 170-182 /5  ®a* was hh g** Reported b*p* 

i s  l?0-173°/3 aau. (132) The corresponding malonic acid molted a t  117- 

118°j reported m.p* in  l i te ra tu re  being 119°# (135)

Ethyl n-tetrade cy liaalo nat e ;

By the usual procedure 80 g. (0, 5 mole) of nalonic es te r m s
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alky lated  wifcb f t  $* sartetradecgrl iodide* Hthyl a - te tra

d©eylm3j0wbe' c a »  om r  a t  2$9*^3 /M  » * *  but m llk e  the p r e s e t  which 

should hafi?e a  isnXorless ap|x£arance# i t  bss dark yellow 1b color * This 

, «as mm %& the i ^ a r x t j  :1b the mute, a lk y l € s ta r  which d is t i l le d  jm t  

before tb s  di^lXX&tim, teiapemtur© of the estop m& reached* Hie pre

d ic t  was re d is t i l le d  to  remove the impurity# hut apparently there m e 

iwa^r l i t t l e  sbangs in  ©olisr except fo r s lig h t fading 1b i t*  Suspecting 

the  imparity to he due to  iodine re su ltin g  tstm  the decomposition of 

sed&ai iodide adhering to the ester# i t  %mu thought th a t reaashing the 

e s te r  with sodim  to io  su lfa te  solution and then with water s ig h t i mp̂ mm 

i t s  appearance* Ihem so trea ted  and red is tilled #  the es te r c&m orer as 

c o l o r l e s s  l iq u id *  I t  w eigh ed  22 g* r e p r e s e n t in g  Zk  p er  c e n t  y ie ld *

In another run 80 g*. of m lon ic  e s te r  was alkylated with 69*2 g* 

{0*25 ssole) of .a-tetradecy! bromide instead of tbe iodide. Condensation 

seejaed to  precede very smcethyl* The y ie ld  of ethyl n-tetr&decyJtoloa&te 

by tills  s lig h t m rla tio n  increased from 24 to  52 per cent* The weight of 

the allqflsialonic es te r boiling  a t  X98~£01°/9 »# . m s 46*3 g . | reported h.p, 

being X82-l85°/2 mi* (130) The melting po in t of n-tetradecyliaalonic acid 

was 120-121°# Bell and dordanoff reported the same netting  point fo r the 

acid* (133)

Ethyl s^Iiexadecylmloristte;

This e s te r  m s prepared in  h9 per cent y ie ld  when 48 g* (0*3 

xaole) of malonic e s te r  was alkylated with 55*5 g* (approx* 0,15 mole) of 

nr-hexadecyl bromide* The boiling  point of the a lk y l e s te r  m s 212-2l5°/10 

and the weight m s  28 g«» Exported b#p* i s  196-199°/2 sul## (134) The 

corresponding n-hexa&eeylmloixic acid melted a t  117-119°# reported m,p* 

119-12G®. (135)

mm*
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Btliyl n~o ctado<£fImalonate t

jh ia  aXLyl es te r was prepared like the otheis by ad u la tin g  

60 g* of xaalonic ester with 83 g* (0*25 sole) of rf-ootadecyX bromide. 

n-Oetadocyl bromide being a so lid  a t room temperature was dissolved in  

5>Q go* of absolute alcohol and uas then added to  the  sodio-malonie ester 

so lu tion  in  the reaction  flask  through the separatory funnel* The 

weight of e thy l n-*octadeeylmlonate bo iling  a t  2Q2~*2G5°A sam* ® a IS g* 

(approximately kh per cent)* The nrOGtadecyXmlonic acid melted a t  

122-123° *
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TABLE I I

Alkylmloiiic Esters and Acids Synthesised

Eatm Bolliny Point 
(unconnected)

Per Cent 
H eld

E*P. of corres
ponding 
nalonic Acids

Etliyl »-buty3rialoimte 128- 132° / l 8 he . 75 10C-1Q10

Bfchyl n-liso^Ijaaloimt© 155-158 /IE  he. 64 ioii.-io5°

Etl .ijl i>*hepiylimlorj&te l)42"liit°A » . 'V O j &
0

9h-9$

ISfchyl n-o ctyliiialo note 171-m °/13  am. 68 nlt*xx5*

Ethyl a^deeylmXonate 178~-l8l°/8 « *
/

7t
0

119-120

Ethyl &^d©cylia&lomie 178*182 /5  sia. 53 117-U.S0

Ethyl n«*tetradecyl- 
sialonate

XS>8-201°/9 aa. 52 120- 121°

Ethyl yWoeradecyX* 
m lonate

212- 215°AO rain. up 13,7-119°

Ethyl nr-octadscj^l- 
imlonate

202- 205° / ' i sia. lilt *2 r\t*\ 0*1*0
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• (&€adm&m acids were prepared by Barry* (9) ’patera* (69) and 

TSfeWir (136) by nitros&tion oi  alkyliaaXoiiic ester® and aligrlsnaloutc acids 
under alkaline and acid conditions respectively* in order to find out a 

suitable method for the preparation of < -̂oximino long-chain acids* both 
methods m m  employed and the results co^ared*

In  a l l  tbs Mtroe&tion experiments n**butyl n i t r i t e  m s used as 

a nitrosating agent* I t  ms prepared by the following procedure* 
nitrite;

In a three liter  three-neck fla sk  equipped with mechanical 

s tirre r*  a thermc^eter and a  separatory funnel were placed 370 g* (5 moles) 
of f*4mtyl alcohol* 380 g, (5*5 moles) of finely jxywdered sodium- n i t r i t e  

end 500 g* of crushed ice#. Use flask wk» cooled with an ice-s&lt bath* 

Keeping the -mixture in  the flask m il stirred*  500 cc* of cold 'concentre^

■feed. BO! m s  added through the separately funnel* The flow qf the BOX 

m s  so adjusted th a t the temperature of the reacting mixture m m r  rose 

above 5°* After a l l  the BOX m s added*, the stirring was continued for 

another five minutes and then the mixture m s allowed to  separate in a 
three l i t e r  separatory funnel* The slig h tly  gre©nisI>4p3llow layer of 

butyl n i t r i t e  m s separated and washed once with Ice water* twice i«dth 

saturated solution of sodium bicarbonate and then twice with ice m ter*

The light-yello'w liqu id  m s dried over anhydrous sodium sulfate and d is

til le d *  Ihe weight of the frac tio n  boiling a t  75~78° m s 1*50 g* (87 per 

cent)* the product was stored in  the re frig era to r in a m ll-stoppered 

flask* I t  keeps fo r a period of t o  months without appreciable decomposition.



2fc %#$.*** thsm^mok flask carrying a reflux condenser with

drying tub** mechanical s t i r r e r  and a separatory f te © l ,  was placed $0 oo«

«£. absolute alaeM*# GX©&% fresh3y~<ftit sodium migliing 2*3 g* (0 .1  ggam-..atom)
«M added ie  i t .  After the reaction  of the sodium, 21.6 g* (0 .1  mole) of

ethy l i^bubylm lom te m s  added to the warm mi-drore, which m s then cooled
o

in  m  e f f ic ie n t iN M sslt bath to  0 .* Then 16.8 g. (0*15 mole) of butyl 

n i t r i t e  m s slowly introduced beneath the rarffeee of s tirre d  solution*

As the addition of the n i t r i t e  proceeded, the color of the mixture changed 

from lif^t*y©llow to  deep red, but no appreciable r is e  in  iomperatisrs m s 

noted (below 5°)* After a l l  the butyl n i t r i t e  was added, the solution wm 

s tirred  for 15 minutes longer. The ice-s& lt berth was remowd and the sol-* 

u tion  m s allowed to  come to room tesajw&tur©* The flask  was connected to 

suetioii (condenser and d ro p p ii^ f ta a a l removed) ami placed in  a warm water 

bath a t  65*70®« After the ethanol and butanol were nearly removed, (sol* 

u tion  becomes pasty) 25 oo. of cold water was added to the pasty mass end 

the mixture was ac id ified  with hydrochloric acid to  Congo red* I t  m  

extracted fhrcmgikty with ether mid the combined ether extracts were shaken 

several times with 10 per cent sodium hydroxide solution to  extract the 

oadrnim  compound. The alkaline ex tracts were treated  with 3 f* of norite 

and heated on a sieam-b&ih fo r an hour, The solution m s f i l te re d  through 

a f lu ted  f i l t e r  paper# The lig h t brown solution » s  cooled in  m  ice bath 

and ac id ified  with concentrated BOX. A lig h t brown solid  separated which 

was f i l te r e d  o fff the f i l t r a t e  was sa lted  out and exhaustively extracted 

m th  ©than evaporation of the ether gave more of the so lid  which was added 

to  the main product and the combined solids (11.6 g+$ ia#p. 122-125°, 00 

per cent) wore c ry sta llised  from a mixture of ether and n-heptan©* The 

product C r y s t a l l i z e d  in  long white needles3 and melted a t 138-139° (dec*).



37.

'The reported molting point i s  137°* ( 8)

.. t Bi emtfeer a solution of 8 g* (0*05 mole) nrbutyl-

mljoatc acid i a  30 ee* of ether was placed in  & 200 so* three^neck flask

mrrmn^md by an lee^sa lt bath.* $© th is  solution was added with s tir r in g

10*3 g* (0 .1  Biol©) of n*%ittyl n i t r i te  , and a steady s tream of dry HC1 was

slowly passed in to  the so lu tion , After a l l  the butyl n i t r i t e  m@ added*

s tir r in g  m s  continued fo r another five  minutes a f te r  which the solution

m s  poured in  an evaporating dish and ether blown o ff by means of a cur**

ren t of air* She brown residue when crysta llised  twice from a mixture of

ether and B*h*fian8 melted a t  134° (dec*). The product weighed 1*3 E*

{S9 p&e cent)*

<A^(bdmino^n>*octasx)ic Acids

By the procedure outlined for the preparation o f K^^osdmino-'

n-hex&noie acid , 2lt*h g» (0*1 laole) of ethyl r*4,mylmk>nat© m s nitron

sated* In the ex traction  of the oximino compound from the ether ex tract

with 10 per cent sodium hydroxide solution in  th is  case, i t  was observed 
of

th a t mere shaking th© etheri&l solution with the a lk a li did not ex tract ;;, 

the oximino compound completely* therefore the e ih e ria l solution a f te r  

the f i r s t  three or four extractions with the 10 per cent $MH .solution 

m s  shaken with additional 25 cc* o f tlx© a lk a li and le f t  over night*

After th a t period, i t  m s seen th a t the alkali^ layer m s tin ted  dark red 

indicating the ex traction  of the oximino compound* Furthermore# i t  was 

noticed that when th is  layer 'was ac id ified  with concentrated IIG1 a fte r  

heating i t  on a steam bath as In the other case, more o f  the deaired 

o(*oximin0 ac id  was obtained. Crude <?< ^ximinooctanoic acid a f te r  two 

rcc ry sta lliza tio n s  from n~heptan© weighed 12*2 g* {70 per cent) and



Baited a t 109- 110° .
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Mion 12.9 g, (0,05 aolc) of ethy l s^heptylm lem te m s n itro - 

sated by th» general method outlined* the y ield  of «<-*oxtmino r̂Hnomnio5.c 

acid  melting a t  9J^9^° TO  k*7 g . ($0 per cent) *

I t  has been reported (137) th a t access of the alkyl n i t r i te  

omxsm rmiowBl of the < ^ 3dmlno $?cmp*- A ttributing th is  sudden drop, 

l a t h e  y ie ld  to  th is  observation* i t  m s decided to use lesser quantities 

of the alky l n itr i te *

In  another preparation of K^oxisino-»i>'nori£Uioio acid* 2$ *8 g* 

(0*1 saolc) of e thy l n^heptyhnaloimt© waa n itrosated  using 11 g* (0*1 mlm 

and about 5 per cent excess) of a^butyl nitr.it©* The weight of the crude 

product* melting a t  8>*860 m s  16*2 g** Wim cry sta llised  t^ioe from 

r>-heptane* 13*3 g* (71 per cent) of oKimino acid  m s  obtained* lb© Com* 

pound melted a t 99° *

<K*OxiTdno î»*<ieoancdc Acids

By following the general n itrosation  procedure outlined* 

lf0*8 g* (0*.3£ m2&) of ethyl r«efcyb3aX©mte m s n ltrosatsd  with 16*3 g* 

of nrhutyl n itr ite *  The crude y ie ld  of <<«oxisiinc^i>Hlecanoic acid m s 

2lu5> g* (81 per cent)* Hecryotalliaed from aribeptans* the melting point 

of the oximino acid m s raised  about 11 degrees*, now meltim: a t  9£°#

The recovery ox the pure product t r m  re  c ry sta llisa tio n  was about 80

per cent* 

r/ ~Cix:minO"fr~dodecano 1c acid;
■» llMM* r ri '-.i.iM Tnnnnrfi‘î Ĵ ‘-:ĵ *fc     l■̂ l̂ ""l,̂ ,̂

Following the general method of nitrosation* 19 g* (03 per 

cent) of ^“oxhaino-n^^iodocanoic acid (m*p* 83**85°) m s obtained from
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3 0  g* {0 * 1  n ^ e ^ M a l o n a t e *  B o c ry s t& ll iz e d  from  » 4 ic p ta n e ,

:a 1b  w h ite  s i l k y  f lak e ©  m e lt in g  a t  93° .

^  ^ te im in e ^ i^ e t r M e - e a T ^ lo  A cids

' Mirosaiieh of 1&J& g* {0*05 mole} of e th y l n~dodecylmlomte 

m s tr ie d  I s  the usual manner* On acidifying the residue obtained after 

removal of alcohol, a lighi-yeXletf ©olid n a  separated* Mien the mistiur© 

me extracted with e th er, i t  went in to  solution in  the solvent* Mmi the 

ether extract m s shaken with 30 per cent llaOH, there was no color change 

.In the allc&li-layer (usually  &3Jc&li-layer turns brown}* Tm separatory 

funnel containing the other ex trac t and. !M$! solution was therefore le f t  

over night to  ex trac t the wdm$m acid* fhe mm% dey i t  was observed tha t 

a  Hght^yellew so lid  had se ttle d  down and clogged the separatory fennel* 

there m s a small ether layer on the top* She solid was filtered off and 

washed several times with water* I t  mas then suspended in  tfbm% $0 ee* 

of 10 per cent sodium hydroxide solution and heated on a medim temper-* 

s to re  hot pla te  and water m s  added u n t i l  a l l  the so lid  went into solution* 

Hie hot solution m s trea ted  with 5 g* of norite  and f il te re d  hot, applying 

suction* Om ac id ifica tio n  of the  cooled f i l t r a t e ,  the examine acid precip

ita te d  as a l ig h t yellow so lid  which w as f i l te re d  o ff and dried in a 

vacuum desiccator. $hen c ry s ta llised  frost a mixture o f n-heptane and ether* 

H ie  compound melted a t  82°  •

Us a n o th e r  r u n ,  t h e  p ro c e d u re  m s  s l i g h t l y  charged* H ie l i g h t *  

y e l lo w  s o l i d  t i i i c h  m s  o b ta in e d  o n  a c i d i f y i n g  th e  r e s i d u e  from t h e  n i t r o -  

n a t io n  m ix tu re  m& f i l t e r e d  o f f  and w ash ed  th o ro u g h ly  w itl i  w a te r*  IM S  

s o l i d  w as su sp e n d e d  i n  50  ce* o f  10 p e r  c e n t  BaOI! a f t e r  w h ich  th© sm m  

DX'omihi r e  a s  a b o v e , m s  a p p l ie d *  The o x m in o  a c i d  fro m  32*8 g . ( 0 .1  m ole)
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of mlsfcfl g* {63 per cent), aup* ?6°*

B$r fallowing the genfcrftX method with a few variations a® in 

a<s^ootoinot«rtra^imo.io acid, 17*8 g, (0,05 mole) of ethyl 3^*tetradeeyl« 

maXomi© m s Rltreeated* the weight of the crude c&imiro acid melting at 

73° Mae 13 $* (W J »  cent)*. Or rec^stallJLmtion fVoa a Mxbure of -ether 
and n~hepteae, the compound melted at ?6°.
^-Oasdmim^iMOtadecano i© Acid;

Mtvosation of W*% g* (0*05 mole) of ethyl n^temclee '̂lealomte 
was carried out by following the modified method used in the preparation 
of' o< ̂ zim3.noteiraflecanoie acid# *< HbdndiK^octadecanoAc acid ethyl ester 
obtained from acidifying the nitreaatiom vw&tfm when suspended in 10 per 
cent IMM and heated, did m t go into solution even after the addition of 
a large amount of water* However it was heated for an hour (m nor-Li® 
was added), cooled and acidified with coneehtrated BOX* Ihe- crude -oaeimiBO 
add when crystallised ffcoaa a suture of ether and a^ieptans weighed 11*6 g* 
{73 per cent)* ill© co^ound malted at 77°* 
lEtroaation of Ethyl ̂ wcrtaaccyl^lonatf t

mtrosation of hX+2 g* (0*1 mole) of ethyl nr^ctadec^dtolonate 
was ‘tried in the usual manner, tliea the residua from the irltrosat-ioB 
mixture was acidified, 20 g» of white low^lting solid was obtained, fen 
grams of this solid was suspended in excess of 10 per cent BaOH and heated 
for an hour* tl*e mixture cooled, and acidified with concentrated HG1.
Uan y  attempts were made to refine the product (m*p* 2$~*28°) but apparently 

with very l i t t l e  success. I t  was therefore sot aside fo r future stu^y.
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off . o^QSdJ&no Acids;

Tt observed by Barry (9) th a t d  -oxl-rano a old® behave

lik e  monobasic a ©ids and can be t i t r a te d  with s tand&rd a lk a li in  hydro*

ethanol!© using phenolphthalein ind ica to r, Sharp end points

are obtained in  such t i t r a t io n s .  The ^ se rv u tio n  was v erified  by work

off ^ t e r e  (69) who was able to  obtain good value© off the neu tra lisa tion

equivalents off several s^a lio sdm w  acids having the general s truc tu ra l

ffomala Ĵ <M300B«, I t  m© decided therefore to  characterise the omroino 
ilQIiV-

acids synthesized* by th is  procedure# The resu lts  are aimmrimd in the 

following tab le .

UBIM. I l l

IletttraH sation Bquivalents off cC«»e0dMno Acids

Compound Ber Cent Alcohol 
Used in  T itra tion

ISolocnlar
Isdphi

l^utrali& aiion
Equivalent

o{ —Oximno heranoi c Acid hO 155 3lj6

d *Csr:iirio0 ctario ic  Acid hO 173 173

< -<fcd^toonoMioic Acid ho 187 183

<A ~Gxjiainodc caix i  c Acid hQ 201 203

<j(*-0^jninododecanoic Acid 60 229 231

^-OGslYiiuotetradocanoic Acid 9$ 25? £60

^-Osdni nohoDcado cono i  c Aci d 95 285 266

t^-'-^bdjnirfiOoejtadeeaxioic Acid Insoluble
in 95



An m M  ©an be converted to a n ltrile with one less
e&a&on atom on treatment with acetic  anhydride according to  the following 

e la tio n ..  (138) She resu ltin g  n i t r l l e  can be then hydrolysed by one of

(Ae)o0
E- ĵ-COOH  ----- ±— > &~Gm  + C02 + %0

mm

the conventional methods to  the corresponding esrboscylic acid vhich ©an 

be id en tif ied  by i t s  molting point or boiling point# fhus the method 

fords another m y of identify ing  an ^-©ximAn© acid#

In the t i t r a t io n  stud ies on ^-oidmino acids* i t  m s  found 

th a t «̂*o3drdnoocta.decamic ac id  could not be t i t r a te d  owing to i t s  

insolubility in  95 per cent alcohol which is  used as a solvent fo r the 

oxiinino acid# I t  was characterisedtherefore by converting i t  to  n-hepba- 

decanoic or m rg arie  acid* the melting point of which is  Imown* the ex
perimental procedure i s  given below#

One gram of ^^^imi.nooctadeeanoic acid  was placed in  a $0 eo# 

te s t  tube* carry!ng a reflux  condenser* with 3,0 ec# o f ace tic  anhydride* 

3ie mixture m s heated gently on a low flrae*  ¥h® oxled.no acid went in  

so lu tion  f i r s t  in  ace tic  anhydride and then there was a spontaneous evolu

tio n  of a gas (COg) * After bo iling  the solution for 10 minutes* i t  w  

evaporated to  dryness under reduced pressure# 1© the cooled residue 

m s added 25 eo* of 10 per cent BaQB solution and the resu lting  Bjbdure 

was refluxed fo r an hour# I t  was cooled slightly* ac id ified  with con

centrated HC1, cooled again and extracted with ether# On evaporation
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of the  ether «Kbra«t a maqr so lid  m s obtained which vae dissolved

i s  acetone, treated with $*!? g* of merit©, heated, -and filtered hot* A
* odttll*-whita aolid s it in g  at 58-59 ' was obtained, on ©mpcmtion. of acetone# 

its© jaelting point imported for saargarie acid, is  6l°*

HSMKBMTIOBS

l^ydrogenatlon of an e<-cxhiLnc acid or its  ester to the cor

responding X-anino acid has been studied by may workers in  those Ihb- 

oratorios and elsewhere# (8*9*10,93) The reduction proceeds to completion 

and the yields of ^-as&no acids are good* However Itelin  and Barry (8,9) 

observed that the reduction after reaching to the half-way point of the 

uptake of hydrogen, slowed down considerably which they attributed to the 

forsaation of intermediate indue state. T h is hypcthctical conclusion «

Pd. id ,
B-C-COOH -------->  R-0-C00H  > B~t3HX)0H

KOH H2 m  H*' '

shown to bo wrong by Voters and Hartung (69a) who wore able to iso la te  

only phenylalanine and unchanged oxiatno acid when the hydrogenation of 

^ -phenyl- <K -oxiastinopropionic acid vra© interrupted before completion,

In t r i a l  runs l i t e r s  (69) reduced d  ̂ allcoximino acids to the corresponding 

^-aiaino ac id s. The yields of o(~a23i±n© acids were not vary sa tisfac to ry , 

.-eaver (136) ime faced with the d if f ic u lty  of reducing amides, analides 

of ^-aU^oximino acids, the resu lting  products being dikeiopiper&sinss 

instead of dipepildes, Anticipating these d if f ic u lt ie s ,  the hydrogenations 

of the o( -oxii'iino acids vjore undcrtalcen.



Ite $  gtt.o? ao rite  were added 0*3 g* of palladium chloride and 

13*6 g* of fused eodium acetate*, The niicfcur© m s placed in o 0  ee  •

b o ttle  with 100 co* of d istilled  water and shaken on the Barr shaker in  

an atmosphere of hydrogen fo r one-half hour* The b o ttle  was removed 

from tlie hydro gem tor and hii© contents f i l te re d  on a suction funnel* The 

palladiaieed norite m s  m@hed m i l  with d is t i l le d  viator# t h m  twice with 

9$ per cent alcohol, fh© ca ta ly st was dried in  a v&euuia desiccator over 

concentrated su lfu ric  acid*

^^2iino-n**he:vanoie A d d  (H e r le u c in e )$

In a glass liner m s placed a solution of 7*25 g* (0*05 molee) 

of «< »eadBino^«r4ie:<aiioic acid  in  100 cc* of 95 per cent alcohol, 3 g* of 

palladium catalyst prepared as described above, and 10 oe* of concentrated 

HC1 (0*11 mole)* An- additional 0*5 g* of palladium chloride ms added to  

the mature after wdch the lin e r  was carefully fitted  in a pressure bast) 

of tine American Instrument Company, and subjected to a pressure of 10 at* 

mospberes of hydrogen. The r a te  of absorption of hydrogen can be followed 

b y  observing the fa ll in  pressure on the guage* Eeduciion to  the half* 

m y point was rapid  (about 30 minutes) as noticed by the previous workers 

(Sg9) but the theoretical amount of hydrogen m s absorbed v&m® the s&m 

bure m s ehanen about tiiree hours loiter*.

The glass container m s then removed i r o n  the bomb and the 

contents wore f i l te re d  by suction ano. the catalyst was washed twice with 

25 cc. portions of hot 95 per cent alcohol* The f i l t r a t e  and '’mailings 

mare combined and the -solvents removed under reduced pressure* Tlie 

resu lting  residue wua dissolved An a mlntama of d is t i l le d  water
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and filtered # 1$*© clear f iltr a te  m e and adjusted to- pH betvieen

&*£•*? fey 26 per «wai IS f^  using a BeckaaBin pH meter* A t th is  point a 

<fcUi"»hitft so lid  began to precipitate* After standing in  the refrigerator

overnight, the -solid m® filte red *  Tie f i l t r a t e  a f te r  concentration 

yielded add itional ©olid* The combined solids w e re  ree ry a ta lltsed  from 

bo iling  d is t i l le d  m iter to  ebieh tiiree volumes of alcohol m m  added# Tim 

y ie ld  of the amino acid m s  75 per cent* I t  melted a t  322*326° {dee*}*.

A «Aaino~n--octajio:Lc Acid:

Following the px-occduro outlined above* -the reduction of 3*5 g* 
{about 0*02 nolo) of o(^oadMiaooctanoic ac id  m s tried* Oan^mlf of the 

th e o re tica l amount of hydrogen. absorbed in  about an hour but a f te r  th a t 

the reduction slom d dovm considerably* The y^xture a f te r  shaking fo r an 

add itional four hours > m s  removed from the bomb and 0*1 g. of plat&nAe 

oxide (Adam| s ca ta ly s t)  m s added to  it*  The lin e r m s again placed in  

the bomb and the mixture was ag ita ted  with Jiyiirogen fo r  three hours longer* 

Even then the reduction did not pressed to  completion* Tim crude amino 

acid m s  iso la ted  by procedure described for iso la tio n  of iw leueine* Tb© 

white so lid  m s  recrysta lldsed  by solution in  200 oe* of water containing 

25 ce* of 28 \mr cent and .adding excess g lac ia l acetic acid to  p r e 

c ip ita te  the amino acid , y ie ld  1*6 g* (50 per cent)* The compound molted 

a t 257-259°, the reported melting points being 263*261*°§ (X3P>ll*0} 2?0{.3O)«

Eitro^en (Kjo Ida h i)

Gale, for CftH^OgK: 8*80 % Found: 8*61$

d ~/iM33*»n»nomnolc Acid:

Reduction of 3*75 g* (0*02 inole) of c( -oximinononanoic acid



1*6 *

m *  tr ie d *  A lte r  bow® tfe» t r a c t i o n  was in te rru p te d  and G*1 g*

e f  p la tin ic  oxide m e a d ^ d  as in  the redactions of ^ox'jjiiinoootanoic 

acid*. After an additional five  hours of slxakixig* the Mixture took the 

required amount of hydrogen* Homrer on iso la tio n  and p u rifica tion  only 

Q*S |*  of the desired amino acid  m s  obtained* ho unreacteci d  «»oximinQ 

acid  m& recovered* Apparently the raisleading guago-readiiag m s due to 

a  snaO! leak in  the pressure boafc* The amino acid molted a t  26^267°(deo*)* 

limiting point reported in  l i te ra tu re  is  270-273°* (30)

Calc, for 8*08$ Found Ht 1S9$

Tibo reduction of d  *w^&t)QmrmaaDi& acid even afte r nine imw® 

m s  not e x p ia te .  I t  was decided therefore to  attempt the reduction® of 

the other ojds&no acids in  d iffe ren t solvents and m th  d iffe ren t ca ta ly sts . 

i.eductiou of o(---og&ainc^oaaplc. Aciui

1# tfeing palladiuia-platijtajia ca ta lyst in  ethyl alcohol 

containing 20% ace tic  acid*

A solution of iu02 g. (0*08 mole) of «<Knclminodecamic acid 

in  80 ©c* of ethyl alcohol was placed in  a b o ttle  with 20 cc* of g lac ia l 

ace tic  acid and 3 g« of palladium catalyst* described before* The 

mixture m s hydrogenated on a Barr shaker a t k atjaogpher^g pressure:., of 

hydrogen*, lhe mixture m s shaken for s ix  hours but there m s no appreciable 

f a l l  in  the pressure^gu&g© reading* The shaker was stopped and the contents 

of th© b o ttle  were f i l te r e d  and. the ca ta ly st m s washed twice with 10 co. 

portion® of hot g la e ia l ace tic  acid* The combined f i l t r a te s  m re concent 

tra te d  uh&ilX almost dry a t  50-60° under reduced pressure.» a f te r  which JO cc.



of e ther m m  tfe© rvaddrae and tiio flask  kept in  the re frig e ra to r

f a r  m  hour* Hfcit& Solid j ^ e d ^ ta to d  which me f i l te r e d  and w h e d  with

10 cc , of ette%  1$*& filtr a te s  mr® saved. The scCild when <systa in ted
©

frcea SO per egrik aott&c acid* weighed 0*2 g. and su ited  a t 230 * The 

etheri& i filtra te© 'id m  w ipera ted  down to drymm  gave the nm$mto$#d 

<<̂ 03cimiiK> acid characterised by i t s  ’molting point* It weighed 3*1 g.#

2* Tfelng pl& iinie oxide ( M » fc  emt&lysi) in  g lac ia l acetic  acid. 

A© above k*02 g* (0*02 mole) of o<-oxL^inod©oanioio aoid was 

suspended in  300 cc* of g lac ia l a c e tic  acid* 0*1 g* of p la tin io  oxide 

ca ta ly s t added to  i t  and hydrogenated on the Parr shaker a t four etaac®* 

pherfes pressure: * After shaking the mixture for six  hours about one-third 

of the calculated amount of l^drogen m s absorbed* t e  the c<*®aino 

acid  -ass isolated* as in  the p receding caqpariaBiafc* it- weighed 0*87 g. (23 

per cent) and melted a t  237-239°* Reported m*p* is  264° (30)5 unchanged 

c{ -osdbdrso a d d  weighed 2.9 g*

n

Calc* fo r Cio%3p 2lh 7*1*8̂  found Is ?#12$

Reduction of o( -<bQjidix>dod8canolc Acid;

Reduction of b#58 g . (0.02 mole) of <^<xdaninododocanoic a d d  

was ca rried  out on Parr shaker* hhen the hydrogomtion mis interrupted 

a f te r  s ix  hours* a white so lid  had p rec ip ita ted  and covered tbs® m talyst*

The mixture mm f i l te r e d  and the residue on the f i l t e r  paper m s trea ted  

with 10 cc. of boiling  ace tic  a d d  and re f iltc ro d  to remove the amino 

acid cohering to  the catalyst*  This f i l t r a t e  m a added to tk© main f i l t r a t e  

and from cab in ed  f i l tra te s *  the  amino acid was iso lated  as previously



dem ibetU  fre® g la c ia l aoetie  acid* the y ie ld  of

dodemmixi affilll.JW&fctafc a t  85M3te°* m e 0*7 g* (l£ per cent)* The 

recovered es&alpe ac id  meigbed 3*13 £• *

i n
C a lc . t o  O ^ O g H i  6*51$ I te M  m 6 .32%

vtwm redaction of 5*1!* I* (0*02 male} of o(*KSKjhalnotetradecasiî c 
acid  n «  ca rrie d  ou t 0wn*-a- period of fiira hears in  glaelal ace tic  acid  

on the Bari' shaker nsimg 0*1 g. of platinie oxide ea taly it*  1*12 g. (23 

per cent) of a(^as&rtotetradecanoic acid  m s  obtained along with 3*7 g* of 

the o rig in a l cfidbaino acid* ■ The amino ac id  ae lted  a t  232-23^°,

I&irogen (Kjeldahl)

Gale* for CjfcBgpflfc!!* 5.76% Found lit $j6og

Md&c%Um o f  o(-<adrof irohexadacappic Acid?

H um  2*35 g* (0*01 mole) of ^o^nim hm ^doom oio  acid m e  

hydrogeimted fo r  s ix  hours# in  100 cc* of g lac ia l ace tic  ac id  n&ih 0*1 g* 

of p la tird c  oxide ca ta ly st and iso la ted  in  the usual mammr# 0*2 g* of 

oC’̂ ainoh^adocanoic acid m elting a t  221^223° m s  obtained. along with 

2*1 g* of the- unchanged oximino acid*

nitrogen (KJoldahl)

Calc* fo r 5.16$ Found Ut h.12%

■AmfhiatioQ of oL̂ xhaimQctadoeai'toio Acid:

o (^ d i^ n e o c t a d e c a n o ic  a c id  aoighing 3*13 g* (0*01  molo) m s  

guspended i n  100 ce* of g l a c i a l  a c e t i c  a c id  along with 0*1 g# o f  p l a t i n i c



oxide. The fitfxfetss# was hydrogenated on the Farr shaker fo r five  hours 

but no notie&bi# drop i»  the gu&ge-re&diug occurred. 'ffam the mixture 

m s subjected to the same treatment as outlined previously* 2.5 g* 

of the o rig in a l csdaln© acid  m s recovered. Wo amino acid m s  obtained.

Tto© f o l lo w in g  h y d ro g e n a t io n s  w ere  c a r r i e d  o u t  w i th  t h e  p a l la d iu m  

c a t a l y s t  t h a t  m s  r e c o v e r e d  fro m  a  b o t t l e  m arked  **us©d p a l la d iu m  c a t a l y s t 11,  

u s e d  b y  th e  fo rm e r  w o rk e rs  i n  th e s e  l a b o r a t o r i e s *  I t  i® b e l i e r o d  t h a t  

t l i i s  c a t a l y s t  c o n ta in e d  m i  a p p r e c ia b le  am ount o f  p la tin u m  i n  i t *  h o w m r*  

no e le m e n ta l  a m ly & e s  w ere  c a r r i e d  o u t .  I t  w i l l  t h e r e f o r e  b e  d e s ig n a te d  

fro m  now on  a s  “r e c o v e r e d  p a l la d iu m  c a t a l y s t  **« I t  p ro v ed  t o  b e  m ore a c t i v e  

t l ia n  th e  fo rm e r  one  i n  t h e  r e d u c t io n s  o f  c<-«EdMiSQ a c id s *

~Aminodecano ic  Acid I-Iydrochloride g

A 100 c c .  a l c o h o l i c  solu tion  of it.02 g* {0.02 m ole) of ^~ox±rlLna~' 

d e c a n o ic  a c i d  c o n ta in in g  5 cc. o f  concentrated 1101 m s  hydrogenated in  the 

bonb a t  10 ati3G spheres, using 3 g. of palladinissed n o rite . The theoret

ic a l  essount o f  hydrogen m s  a b s o rb e d  in  about five  hours, a f te r  w hich  the 

s o l u t i o n  w as f i l te r e d  and the ca ta ly st w ash ed  three times, w ith  hot 95 per 

cent a l c o h o l .  The f i l t r a t e s  were concentrated under reduced pressure*

Ylben 50 cc. of water m s added to the residue, a whit© so lid  precip ita ted  

wfeicfc was f i l te r e d  on a suction funnel* Additional amount of so lid  » s  

obtained on concentrating the f  iltra te .T h e  coisbined solids were washed with 

ether to remove ary  unchanged acid and the crude product m s

purified  by re e ry s ta llis in g  from g la c ia l acetic acid . The m ight of the 

irydroehloridc- of -aminodecanoic acid was 1*0 g. (1*0 per cent) * I t  

melted a t  2h>2h5° (dec .).



Calc* fo r 6,26$ Found m 6*16$

Sanction of 4*58 g« (0.02 ssol©) of ^o îmii^^doeanoiG sold m* 

carried out in the %oib as docerlbod $b©Ve.' 0& ±&®t&%imx-m&. *®6frystall&-

mtionj the hgabrec&lortde ©f tie® asdao sold s it in g  af

weighed 1.9 g* (37 por cent). Beoovartd ©adaaino sold weighed 1*5 $««

5*14 g« (0.02 socle) of ^_^d^tiototesdtoai^i§ acid ig&a hFdrogeml^d I s  

the pressure boEih, ttm theo re tica l uptake of hydrogea wm mmplo ts  in  

about four and oa©*&alf hours* but hjdrofcsjmtion m s contliw d fear, an 

additional tear* I t  m s ot̂ wsrwad that there was a jBoall but .gradual f a l l  

i s  the gu&g© reading* I t m e probsblj duo to a ©wall leak in  the apparatus* 

ISfeigfai o f the purified- mtkm  acid  4$^©#il©rtda molting a t 247«249® (dee*) 

m s 1.1 g. (23 per cen t). Unchanged oC^o^lMmtotradecauoic acid wwigyrtl

2*0 g .*

Gale* for 5,56$ Found Hj 5*60$

t

Following _ the iBothod described &$.$&» pr©.©adi*sg two

iitrogop ( Kjol<M4.)
fSusd H{ 4*90$

Hlnhr/drin Tost;

A specific  to s t for ©(-aanino acids is  the m  called ^infaydrila 

t e s t ” (tri^kotohjdriudene hydrate)* The reaction th a t takes place
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b&^mm ninhydriii c< -valise 

shown below*

&ei4. be represented by the equation

+ &*ca-oooHi
,— c
-C >■OHOH -*

S-CHO +

a q u a lita tiv e  t e s t  m s preforsaed therefore on a l l  the a d o s  

acids synthesised*

In  a clean 25 cc* te a t  tube m s placed about 25 ng* of K-^aiaino 

acid* Four drops o f 1 per cent dhhgrdrin solution and 5 ce* of d is t i l le d  

water were added to  the tube and i t  m s placed in  a m ter-b a th  a t 90°.

In 5-10 m m te s , the so lu tion  in  the tube turned violet* The in tensity  

of coloration decreased as the molecular weight of the amino acid Increased*.

m m m s on m m ss

The reaction o f a  substitu ted  anionic e s te r  with an alkyl 

n i t r i t e  In the presence of sodium eihoi-cide* f i r s t  reported by Bieckia&im 

and Grooneveld (76) was modified and developed by Barry (9) to obtain 

s a t i s f a c t o r y  yields of ^ o x lrd n o  acids* K© and other® ( 8 * 9 3 )  have also 

shown, tne usefulness of the «C-oximLno acids and th e ir  © s te rs  as good 

po ten tia l sources of ajaino adds*

The present investigation  was an attempt to extend the nitre-*



-&&Mmi reac tion  to  higher fcllqylmafeaie es te rs  * Suffice i t  to  say that. 

feh©&® ester®  to te  to m  vttpotoottd in  good y ields to the corresponding 

J, ~o&imim  a@Ms fey vapyiftg the ea$^r:to iiial condition® ©lightly* $*w 

e f  th e  alkylraalonie acids mr© nitroBated fey the method outlined fey $ « y  

{?)* tos®v»r» i t  m s  found increasingly d if f ic u lt  to  iso la te  the  resu lting  

eodMlm ac ids in  fore condition from t o  reaction  B&xto*** ' t o  id trosa^ 

tieaa o f  substitu ted  smlonies ester in 'presence of sodium othoxide m s 

adopted therefore as a su itable procedure fo r the preparation o f  <?( ■*csdmis» 

long-ch&in acids.*

Several alhylm lonic es te rs  tor© been syisto«i«od fey a l% la tio n  

of malordc e s te r  and the optimum conditions for i t s  a d e la tio n  found* lliere 

m s  a  gradual drop in  the  y ie ld  of these ester© as  the a lky l chain lengthened* 

b&mrm?, i t  ms? <to to  the fa c t th a t  a eonsid^rafele amount of pyrolysis took 

place during thfeir d istiH at.iom *

fh# behavior of ^*oadfeaino acids as monobasic acids ? «  o t o w i  

fey 8mwy (9)* th is  observation lias been confirmed m  can fee seen from 

H id e  III*

The hydrogenation .studies of a<~ oadMno acids are  fey no wmm 

complete, although several attempts have been n&de to  effec t the reduction 

a t  room temperature and a t  moderate pressure® using d iffe ren t ca ta ly sts1 ■♦

These reduction© have not been crom^d uitfe complete success, l i o w »  

hydrogenations have taken place to  give small amounts of the coiTesponding 

amino acidp* &$ sfeo^n by m terff, (&9&) th is  is  probably due to t o  inh ib itory  

e ffe c t of the oCmmtno acid as i t  is  formed fey reduction of the <K -oxiiaino 

acid* on the ra te  of reduction o f unchanged oximino acid . Also i t  is  believed 

th a t as the reduction of an oximino acid (especially  the higher ones) precede® 

the «Ci*ffimlno acid  formed p rec ip ita tes  from the solvents and cover© the 

ca ta ly st thus rendering i t  lee© active* Carrying



out these redno&te® .*fc-higher t4ms*ratii*6# presmire# and in  proper ©oivent 

may remedy tM s i&tu&bion*

At this- point ** bmmMt hand. su ffic ien t in fa rm tio n  regarding 

the sa ltin g  points# behavior of < 4 « 8 M m | and K-a^ino acids*

A® th o s e  acid®  a r«  *&trafOn d e r iv a t iv e s  o f  th e  eo rrosp on d iq g  f a t t y  $.<&£$# 

i t  isiix he in te resting  to iixaapare th e ir  properti#© naith the acids £mm 

i&ieh they ero derived* (M fer to  Tabic I?}#.

Ti

of C&iiaino Acids# Asd-no Acid® ami Corresponding Patty  Acids

S o lub ility

Corree
"03Ŝ in o ^ fe id

S o lub ility

Correi
"A?lino Acid 

Solubility

Fatty Add M.P*
®C.

W* A* 2* M*P.
5C*

W# A* 1* «£*w#.
W* A* E*

Bexanoie -1*5 s i 81 SI 338 *̂1ti*L C C 326 81 ¥31 1

Octanoic ld*p VSl C c 110 Vwi F 0 25? 31 ¥81 VSl

Bonancde 12 VSl C c >9 81 71-t c 266 31 81 1

Becaroic 31 VSl c c 95 ¥31 F c 238 ¥81 ¥81 I

Bodocanoic 1*8 ¥81 F c 93 731 F c 252 1 VSl X
Tetrade-ea- 

noic
58 731 P c 82 ¥31 ip c 23ii 1 ¥31 X

Ec;;adeca~
noic

6b
I

731 31 rw 76 ¥31 F c 223 ! VSl I

A S Alcohol

G % Ooasplotejly 

B « Ether

P Z F a irly  

I  z insoluble 

31 5 Slightly

m  s  Very SligI

W 2 viator
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61.

s m r n i

I.A survey of synthetic iiw&bhods for the preparation of o( acids

has been made*

II* ilim  long'-ohain alkylmaXonlc es te rs  have been synthesised and the 

optimum conditions fo r the alky lation  have been determined*

H I .  These e s te rs  have been converted to  o(^oxlmino acids by trea tin g  

them with a-buty l n i t r i t e  In the presence of sodium ethoxid© in  ^ood y ields. 

IT* Barry *s observation th a t o( -oxbxiiiio acids behave as monobasic acids 

has been confirmed.

¥* llydrogenatlons of <^-ox;btino acids have been studied} the acids have 

been converted to the corresponding ^*££gino acids* i t  appears th a t the 

redaction reaction  is  nanti>-cata3^rsedw by the amino acid  as I t  forms.


