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INTRODUCTION

The concept t h a t  su b s ta n c e s  c h em ic a lly  r e l a te d  to  a m e ta b o li te  

may i n t e r f e r e  w ith  th e  norm al fu n c tio n  o f t h a t  m e ta b o li te  in  l iv in g  

c e l l s  i s  a t t r a c t i n g  w id e -sp rea d  i n t e r e s t  among chem ists  and b io lo g is ts *

For th e  o rg an ic  ch em is ts  t h i s  concept f r e q u e n t ly  p ro v id e s  a unique 

s t a r t i n g  p o in t  f o r  th e  s y n th e s is  of b io lo g ic a l ly  a c t iv e  compounds and 

th e  s tu d y  o f  th e  r e l a t i o n  betw een chem ical s t r u c tu r e  and a c t iv i ty *  The 

s tim u lu s  f o r  many o f th e  in v e s t ig a t io n s  under rev iew  came from th e  d i s ­

covery  o f  th e  s t r i k in g  r e la t io n s h ip  betw een p-am inobenzoic a c id  and s u l ­

fa n ila m id e  type  compounds* Not a l l  im p o rtan t a n ta g o n is ts  a re  s t r u c tu r a l l y  

r e l a t e d  to  th e  a f f e c te d  m e ta b o l i te ,  how ever, and th e  v a lu e  o f  s p e c i f ic  

antagonism s in  e lu c id a t in g  th e  fu n c tio n s  o f  m e ta b o li te s  and e x p la in in g  

th e  a c t io n  o f drugs has been  rec o g n ise d  f o r  sometime*

A lso  many ty p e s  o f antagonism s a re  known* They may be c l a s s i f i e d  

acco rd in g  to  t h e i r  e f f e c t s ,  namely, in to  d i r e c t  chem ical o r physicochem ical 

e f f e c t s ,  which f re q u e n t ly  obey th e  law s o f mass a c t io n , and in d i r e c t  o r 

p h y s io lo g ic a l  antagonism s due to  o p p o s ite  b u t independen t ac tio n s*

A lthough th e re  i s  no sh a rp  l i n e  o f d em arca tio n , in  t h i s  rev iew  th e  em phasis 

i s  p la c e d  on a n ta g o n is ts  hav ing  a d i r e c t ,  r e v e r s ib le  e f f e c t  on th e  syn­

th e s i s  o r  u t i l i z a t i o n  o f s p e c i f i c  m e ta b o lite s*  In  g e n e ra l ,  n a tu r a l ly  

o c c u rr in g  antagonism s ( i* e ,  th e  a n ta g o n is t  may a lso  be a m e ta b o li te  ta k ­

in g  p a r t  in  norm al c e l l  p ro ce sse s ) and th e  numerous antagonism s betw een 

p a i r s  o f  d rugs have n o t been  included*

In  1940 Woods (1) i s o la te d  in  a crude foim  from y e a s t  c e l l s  a sub­

s ta n c e  which in h ib i te d  th e  a n t i c a c t e r i a l  a c t io n  o f s u lf a n i l im id e  and s u l -  

fa p y rid in e *  Stamp (S) and Green (3) had o b ta in e d  s im ila r  e x t r a c t s  from
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o th e r  o rgan ism s. A f te r  c o n c e n tra tin g  h i s  e x t r a c t ,  Woods concluded  from an 

exam ination  o f  i t s  chem ical p r o p e r t i e s  th a t  th e  substance  m ight be s t r u c ­

t u r a l l y  r e l a t e d  to  s u l f  a n i l  amide© The b e h av io r  of th e  m a te r i a l ,  resem b ling  

th e  c o m p e titiv e  i n h ib i t io n  o f enzyme r e a c t io n s  by compounds s t r u c tu r a l l y  

r e l a t e d  to  th e  s u b s tr a te  o r  p ro d u c t, p o in te d  to  th e  same conclusion*  Accord­

in g ly  p-am inobenzoic a c id  (PABA) was t r i e d  and found to  be h ig h ly  a c t iv e .

Both th e  u n s u b s t i tu te d  amino group and th e  ca rb o x y l group p a ra  to  i t  p roved  

t o  be n e c e s sa ry  f o r  a n t is u lfa n i la m id e  a c t i v i t y .  Woods c o n s id e re d  th a t  th e  

r e s u l t s  p ro v id ed  s tro n g  c ir c u m s ta n t ia l  ev idence  f o r  th e  i d e n t i t y  of th e  

y e a s t  f a c t o r ,  and suggested  th a t  PABA i s  an e s s e n t ia l  m e ta b o li te  f o r  th e  

growth o f m icro-organ ism s#

Many organism s a re  u n ab le  to  s y n th e s is e  one o r more o f th e  known amino 

a c id s . These e s s e n t i a l  m e ta b o l i te s  a re  th e  b u i ld in g  b lo ck s  o f th e  c e l l  p ro ­

t e i n s ,  and th e y  a re  u s u a l ly  re q u ire d  in  l a r g e r  q u a n t i t ie s  th a n  many of th e  

growth f a c to r s #  P ro te in s  a re  n o t only  th e  b a s ic  u n i t s  of c e l l  s t r u c tu r e  b u t 

a l s o ,  in  c o n ju n c tio n  w ith  a c t iv e  p r o s th e t ic  g ro u p s, assume acco rd in g  to  

M itc h e ll  ( 4 ) ,  th e  r o le  o f  enzymes to  c a ta ly s e  many m e tab o lic  re a c tio n s#  

F in a l ly  some o f  th e  amino a c id s  p robab ly  se rv e  as p re c u rso rs  o f o th e r  e s ­

s e n t i a l  m e ta b o li te s  Dixon (5)#

In  s tu d y in g  th e  p ro d u c tio n  o f in d o le  from try p to p h a n , F i ld e s  (6) not*, 

ed t h a t  th e  growth o f  E# c o l i  was in h ib i te d  by in d o le a c ry l ic  a c id .  F o llow ing  

up t h i s  e a r l i e r  o b s e rv a tio n , he (7) found th a t  M/8000 ^ - in d o le a c r y l i c  a c id

IH-COGH

HH

DH'CH-OOOH

H
^ - I n d o le a c r y l i c  a c id  In d o le  T ryptophan

p re v e n te d  grow th, w h ile  a number of r e l a t e d  su b s ta n c e s , such as in d o le a c e t ic

and p ro p io n ic  a c id s ,  produced v e ry  s l i g h t  o r  no grow th in h ib i t io n .  S in ce

in d o le a c r y l ic  a c id  i s  c lo s e ly  r e l a t e d  to  try p to p h a n  in  s e v e ra l  r e s p e c t s ,
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F i ld e s  reaso n ed  t h a t  in d o le a c r y l ic  a c id  m ight i n t e r f e r e  w ith  an enzyme 

system  concerned  w ith  th e  m etabo lism  o f try to p h a n . He d em onstra ted  e x p e r i­

m e n ta lly  t h a t ,  a lth o u g h  n o t i t s e l f  a growth s t im u la n t ,  th e  l a t t e r  c o u n te r­

a c te d  th e  i n h ib i t i o n  produced by th e  fonner# -Although th e  grow th was p ro­

p o r t io n a l  to  th e  amount o f  try p to p h a n  added, th e r e  was no q u a n t i t a t iv e  r e ­

l a t i o n  betw een th e  a n ta g o n is t ic  e f f e c t  o f th e s e  two compounds* U n lik e  th e  

su lfonam ide  -PABA r e l a t i o n s h ip ,  th e  resp o n se  o f th e  organism s was a fu n c t io n  

o f  th e  try p to p h a n  c o n c e n tra tio n  o n ly , r e g a rd le s s  o f  th e  amount o f in d o le ­

a c r y l ic  a c id  p r e s e n t .  These r e s u l t s ,  which were confirm ed  on ]3. typhosum , 

le d  to  th e  su g g e s tio n  th a t  in d o le a c ry l ic  a c id  i n t e r f e r e s  w ith  th e  fo rm a tio n  

o f  try p to p h a n  r a t h e r  th a n  i t s  u t i l s a t i o n .  Under th e s e  c o n d it io n s  no quan­

t i t a t i v e  r e l a t io n s h ip  betw een th e  two would be ex p ec ted  and minimum amount 

o f  try p to p h a n  n e c e s sa ry  f o r  grow th shou ld  re v e r s e  any re a so n a b le  amount o f 

in d o le a c ry l ic  a c id .  However, th e r e  shou ld  be a q u a n t i t a t iv e  r e l a t i o n s h ip  

betw een th e  a c r y l ic  a c id  and a p re c u rs o r  o f try p to p h a n . In d o le  i s  a p re c u rso r  

f o r  B. typhosum . b u t  no in te r f e r e n c e  w ith  th e  a c t io n  o f in d o le a c ry l ic  a c id  

by t h i s  su b s ta n c e  was found . To e x p la in  th e  la c k  o f  any re v e rs in g  a c t io n  

o f  in d o le ,  F i ld e s  assumed th a t  e i t h e r  th e  b lo ck in g  e f f e c t  o f in d o le a c ry l ic  

a c id  on try p to p h a n  s y n th e s is  i s  n o t r e v e r s ib le  o r ,  because o f th e  grow th 

in h ib i t io n  produced by in d o le  i t s e l f  a t  h ig h e r  c o n c e n tra t io n , th e  e f f e c t  

would n o t be d em o n stra ted .

Block and E rlenm eyer (8) re p o r te d  th a t  1 -n a p h th y la c ry lic  a c id  and 

s ty r y la c e t i c  a c id  resem bled  in d o le a c r y l ic  a c id  in  t h e i r  b e h a v io r .

SH-CHCOOH

1 -N a p h th y la c ry lic  a c id

!H=CHCH©COOH

S ty r y la c e t ic  a c id .



These su b s ta n c e s  w ere p re p a re d  to  s tu d y  th e  a n ta g o n is t ic  e f f e c t  to  th e  

grow th s t im u la t in g  a c t io n  o f try p tophan#  ( Growth s t im u la t io n  u s u a l ly  

in d ic a te d  t h a t  th e  m e ta b o li te  was a  l im i t in g  f a c t o r  f o r  th e  grow th o f th e  

p a r t i c u l a r  o rgan ism , r a t h e r  th a n  a  growth f a c t o r  a s  d e fin e d  by F ild e s #  Thus 

th e  s y n th e t ic  a b i l i t y  o f th e  organism  f o r  th e  m e ta b o li te  i s  l im i t e d ,  and 

th e  a d d i t io n  o f  th e  perform ed m e ta b o li te  p ro v id e s  a more fa v o ra b le  medium 

f o r  growth* U nder th e s e  c o n d i t io n s ,  any grow th in h ib i t io n  i s  l i k e l y  to  be 

l e s s  e f f e c t i v e  r e g a rd le s s  o f W hether i t  i s  a  s p e c i f i c  a n ta g o n is t  f o r  th e  

m e ta b o li te  i n  q u estio n *  C o n seq u en tly , s p e c i f i c  antagonism s a re  f r e q u e n t ly  

more d i f f i c u l t  to  e s t a b l i s h  when th e  m e ta b o li te  i s  a  growth s tim u la n t* )

W hile tra n s -c in n a m ic  a c id  gave s im i la r  r e s u l t s ,  th e  a u th o rs  conclude

ed  t h a t  try p to p h a n  m etabolism  was in v o lv ed  in  t h i s  ease*  D ihydrocinnam ic , 

b e n z o ic , and fum aric  a c id s  produced no e f f e c t#

W ith s e v e r a l  s p e c ie s  o f  l a c t i c  a c id  b a c t e r i a ,  S n e l l  (9) was a b le  t o

s u b s t i t u t e  a n th r a n i l i c  a c id  f o r  tryp tophan*  S in ce  a n th r a n i l ic  a c id  i s  a

p o s i t io n

isom er o f p-am inobenzoic a c id  (PABA) he s tu d ie d  th e  co rre sp o n d in g  isom er o f 

s u lfa n ila m id e  (o rth a n ila m id e ) a s  w e ll  as o r th a n i l i c  a c id  and 2 -o r th a n i l- .  

am idopyrid ine*  None o f th e se  su b s ta n c e s  in h ib i te d  growth prom oted by a n th ra ­

n i l i c  ac id*  S n e l l  concluded t h a t ,  i f  i t  e x is te d  a t  a l l ,  th e  a n t i b a c t e r i a l  

power of o r th a n ila m id e  in  r e l a t i o n  to  a n th r a n i l i c  a c id  was o f a  much low er 

o rd e r  o f m agnitude th a n  in  th e  c a se  o f th e  co rre sp o n d in g  s u lfa n ila m id e  -PABA 

re la t io n s h ip *  A nderson (10) found th a t  th e  b a c t e r i o s t a t i c  a c t io n  o f DL-5-

A n th ra n i l ic  a c id O r th a n i l ic  a e id  2 -o r th a n ila m id o p y rid in e
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m e th y ltry p to p h a n  on E* o o l i  i n  sim p le  m edia was re v e rs e d  by L - try p to p h a n , 

th e  in h ib i t io n  r a t i o  b e in g  ap p ro x im ate ly  1000:1 o v er a  c o n s id e ra b le  range  

o f  c o n c e n tra tio n s*

XH,GH,

H

5**Methyl try p to p h a n

On th e  o th e r  hand th e y  a ls o  d em onstra ted  t h a t  th e  try p to p h a n  req u ire m e n ts  

o f c e r t a i n  E* e o l i  b a c te r io p h a g e s  c o u ld  be m et by th e  5**methyl d e r iv a tiv e *  

E a r l i e r ,  Gordon and Jackson  (11) had shown th a t  th e  l a t t e r  compound was 

to x ic  to  r a t s  on a  try p to p h a n  *»defle len t d i e t ,  b u t  had  no  e f f e c t  on an im als 

r e c e iv in g  an ad eq u a te  d ie t*

G ladstone (IS) in v e s t ig a t in g  th e  amino a c id  req u irem en ts  o f 5* a n th r a -  

c i s  observed  a  number o f  c u r io u s  in t e r r e l a t i o n s h ip s  among groups o f chem** 

i c a l l y  r e l a te d  amino acids*  When le u c in e  o r  v a l in e  was e lim in a te d  from  th e  

s y n th e t ic  medium, th e  organism  f a i l e d  to  grow, and th e  rem oval o f is o le u c in e  

r e s u l te d  in  d e lay ed  and incom plete  growth* The absence of a l l  th r e e  amino 

a c id s ,  s u r p r i s in g ly  enough, allow ed growth to  o c c u r , b u t th e  a d d i t io n  o f  

any one o f th e s e  amino a c id s  to  a  m ix tu re  in  which a l l  th re e  were o r ig in a l ly  

a b se n t co m p le te ly  in h ib i t e d  growth* I s o le u c in e  was th e  most e f f e c t i v e ,  pre*. 

v e n tin g  growth a t  a  c o n c e n tra tio n  o f M /312,500 under th e se  c o n d itio n s*  The 

p resen c e  o f  th e  u n n a tu ra l  isom ers d id  n o t account f o r  th e  r e s u l t s ,  s in c e  

th e  same e f f e c t s  were o b ta in ed  w ith  b o th  p u r i f ie d  isom ers* F u r th e r  s tu d y  

re v e a le d  s e v e ra l  o th e r  s im i la r  r e l a t i o n s h ip s ,  which were summarised as fol«* 

low s by G lad sto n e . The to x i c i t y  o f le u c in e ,  (CH3 ) 2 *0H.CHg.CH(EH2 ) .00CH,
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- th r e o n in e ,  CHg*CHOH*CH(NHg)*00011, and<>4»aminobutyrio a c id ,  CH5 *CHg*CH(NH2) 

GOGH, i s  c o u n te ra c te d  by v a l i n e ,  (GHg) 2*CH*GH(NH2) *G0QH, and v ic e  v e rsa*

The t o x i c i t y  o f  i s o le u c in e ,  GHg*CHg*CH(CHg)♦CH(NBg) *C0QH, n o r le u o in e , 

CH5 *CHg *0Hg#CHg,GH(MHg) .COCH and s e r in e ,  CH20H.CH(NH2) .COCH, i s  c o u n te ra c te d  

by a  com bination  o f  v a l in e ,  (CH^) 2 *CH*CH(NH2) *C0CH, and le u c in e ,  (CH3 )g*CH*- 

GH2*CH(NH2 ).C00H. The t o x ic i ty  o f  s e r in e ,  CH2GH*CH*CH(NHg) #C00H, i s  c o u n te r -  

a c te d  by th re o n in e , CH3CH0H#CH(HH2 )*000H, and v ic e  v e r s a .

On th e  b a s i s  o f  th e  s i m i l a r i t y  in  chem ical s t r u c tu r e  o f th e  growth 

i n h ib i t o r s  and t h e i r  a n ta g o n is ts ,  G ladstone su g g ested  th a t  some common r e ­

a c t io n  n e c e ssa ry  f o r  growth m igh t be in v o lv e d . T hus, an excess o f one amino 

a c id  m ight b lo ck  th e  enzymes n e c e ssa ry  e i t h e r  f o r  th e  s y n th e s is  o f a n o th e r  

c h em ic a lly  r e l a t e d ,  o r  f o r  b u i ld in g  i t  when s y n th e s is e d  in to  more eomplex 

su b stan ces*  Numerous o th e r  in s ta n c e s  in  which one amino a c id  may i n te r f e r e  

w ith  th e  u t i l i s a t i o n  o f a n o th e r  have been re p o r te d . The r e s u l t s  o f  th e s e  

s tu d ie s  a re  summarised in  T ab le  I .  I t  i s  u s u a l ly  assumed i n  th e s e  c a se s  

t h a t  th e  a n ta g o n is t  i n t e r f e r e s  w ith  an e s s e n t ia l  m e ta b o li te ;  an ex cess  o f 

one ( th e  a n ta g o n is t)  b lo ck s  th e  fu n c tio n  o f th e  o th e r  ( th e  m e ta b o lite )  

because  o f th e  s t r u c t u r a l  s i m i l a r i t y  betw een them. Such e f f e c t s  a re  m ost 

f r e q u e n t ly  observed  in  r e l a t i v e l y  sim ple c u l tu r e  m edia.
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T ab le  I

A n ta g o n is tic  R e la tio n s h ip  Between Amino A cids

A n ta g o n is t

H^UCHs*CH2 —

coce

|S -A lan in e  

ch34Ch e *gh2. -

ch2 . c h (hh2) —

COCH

N orleuo ine  

COOE.CHg.CH- 

(NHg) .COCH 

A s p a r tic  

a c id

CHg(Mig) .COCH 

Glyc ine

(CH3 ) g.CH .CHg, 

C H (m 2 ).C 0 0 H  

L eucine

M e ta b o lite  Organism

HgN *C 0 *CH g Y east

CH(13H2 ) *COCH 

A sparag ine

CHg.S.CH2 .CH2 .<- E sc h e r ic h ie
c o l i

CH(KHg) «COOH

M ethion ine

O ther O b serv a tio n s 

p -A lan in e  a c t s  as grow th 

s t im u la n t  o n ly  in  p resen ce  

o f a sp a ra g in e  o r  a s p a r t ic  

acid*

N o rv a lin e  a ls o  an an tagon­

i s t i c ;  in h ib i t io n  r a t i o

N orleuc ine  : M ethionine 
1000 : 1 

ap p r oxim at e ly

R eference

(15)

H^N.C0.CH2 .CH2. -  L a c to b a c i l lu s  A sparag ine and g lu tam ic
C ase i

ch (nh2) . coch

G lutam ine

a c id  a ls o  e f f e c t iv e  in  

p re v e n tin g  growth 

i n h ib i t io n  caused  by 

a s p a r t i c  a c id .

CHg.CH(NHg) .COOH S tre p to c o c c u s  B a c te r io s t a t i c  a c t io n  o f
f e c a l i s  R

°(-A lan in e  g ly c in e  a ls o  low ered by

p y rid o x in s*

-  GH3 .CH2.CH(CH3 ) . -  P a s t e u r i l l a  V a lin e  a ls o  re v e rse s  a n ta g -
p e s t i s

CH(NHg).COCH o n is t ic  a c t io n  o f le u c in e ;

Is o le u c in e no t due to  growth prom oting 

a c t io n .

(16)

(17)

(18)

( 19)



T able I  ( e o n t’ d)

A n ta g o n is t M e ta b o lite  O rganism

P h e n y la la n in e , I s o le u c in e  N eurospora c r a s s a
and

o r  N o rle u c in e , V a l in e

o r N o rv a lin e .

NH2*C (NH) «NH. -  NE^CHg* ( ® g ) g . -  N eurospora
c ra s s a

fOHg) g*CH{NHg) ♦- GH(NH2).C00H 

COCH

A rg in in e  L ysine

N o rleu c in e  M ethionine P ro te n s  m organ ii

A sparag ine ^S-Alanine Y east

O ther O b se rv a tio n s  

A n ta g o n is tic  e f f e c t  

l im i te d  to  m utant 

s t r a i n ,  r e q u i r in g  

prefo im ed is o le u c in e  

and v a lin e *

Only n a tu r a l  form s o f 

amino a c id s  showed 

e f f e c t s  l im i te d  to  

m utant s t r a i n ;  in h ib ­

i t i o n  r a t i o  app rox im ate ly  

2 : 1
N o rv a lin e  and a l lo th r e o -  (22)

n in e  a ls o  a n ta g o n is t ic

b u t l e s s  s p e c i f i c .  R a tio

N o rleu c in e  : M ethionine 
1000 : 1

Growth s t im u la te d  by (23)

p a n to th e n ic  a c id  b u t

u n a ffe c te d  by asparag ine*

R eference

(so)

( 21)
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S e v e ra l amino su lfo n ic  a c id s  s t r u c tu r a l l y  r e l a t e d  to  th e  n a tu r a l

t^ -am ino  c a rb o x y lic  a c id s  were s tu d ie d  by M cllw ain (1 3 ,1 4 ) . The s u l fo n ic  

a c id  an a lo g s  o f  amino a c id s  such as g ly c in e ,  a la n in e ,  le u c in e  and v a l in e  

w ere p rep a red  by t r e a t i n g  th e  c o rre sp o n d in g  aldehyde b i s u l f i t e  d e r iv a t iv e s  

w ith  aqueous ammonia. I t  was found t h a t  in  a ch em ica lly  d e fin e d  medium 

organ ism s which r e q u ir e d  preform ed amino a c id s  were in h ib i te d  by ^ - a m in o -  

s u l f o n ic  a c id s .  T here appeared  to  be c o n s id e ra b le  o v e rla p p in g  in  th e  r e v e r s e -  

in g  e f f e c t  o f th e  amino a c id s .

Thus, th e  grow th in h ib i t io n  produced by c^ -am in o iso b u tan e su lfo n ic  

a c id  was p a r t l y  re v e r s e d  by g ly c in e , o r a la n in e , more e f f e c t iv e ly  by v a l in e ,  

b u t n o t a t  a l l  by le u e in e *

However, o f th e  v a r io u s  m e ta b o li te s  t e s t e d ,  on ly  th e  amino a c id s  were 

cap ab le  o f p re v e n tin g  th e  growth i n h ib i t io n  o f th e  o ^ -a ^ ia o su lfo n ic  a c id s .

s u s c e p t ib le .  M cllw ain a ls o  in v e s t ig a te d  th e  a c t io n  o f  c y s te ie  a c id , t a u r in e  

and ta u ra m id e , th e  r e s p e c t iv e  analogs o f  a s p a r t ic  a c id  and ^ - a l a n in e .  These 

s u lfo n ic  a c id s  were n o t in h ib i to r y ,  and som etim es s t im u la te d  subop tim al 

grow th.

One o f  th e  e a r ly  experim en ts in d ic a t iv e  o f  a  m e ta b o lic  antagonism  

betw een an e s s e n t ia l  amino a c id  and r e l a t e d  compound was re p o r te d  by D yer, 

(24) who i n i t i a t e d  b io ch em ica l s tu d ie s  on th e  r e la t io n s h ip  betw een meth­

io n in e  and e th io n in e .  She observed  th a t  e th io n in e  was to x ic  to  young r a t s  

m a in ta in ed  on a m e th io n in e -d e f ic ie n t  d i e t .  T h is  t o x ic i ty  was o f f s e t  by

( CHg) gCH-^HSOgEI (CHg) E-CH-COOH

o ^ -A n in o iso b u tan esu lfo n ic  a c id V a lin e

I n  g e n e ra l ,  b a c te r ia  w hich s y n th e s is e  t h e i r  own amino a c id s  were n o t
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th e  a d d it io n  o f  m eth io n in e  to  th e  d ie t#  L a te r  th e  " a n tim e th io n in e "  

e f f e c t  o f  e th io n in e  was shown a ls o  f o r  E . c o l i  hy  H a r r is  and Kohn, (16) 

who r e p o r te d  t h a t  th e  i n h ib i t io n  o f b a c t e r i a l  grow th by e th io n in e  was 

c o m p le te ly  overcome by m eth ionine#

C gH5 .  S# CHgGHgCjH. C 00H CHgSCHgCH^CH. COOH

NHg k 8

E th io n in e  Ifo th io n in e

m 2

M ethoxinine

R o b lin  and h i s  co -w orkers (25) s y n th e s is e d  m ethox in ine  and s tu d ie d  i t s  a c t io n  

on HL* S ta p h , au reu s . The grow th in h ib i to r y  e f f e c t  o f t h i s  com­

pound was p rev e n ted  by L -m eth ion ine b u t n o t by th e  D - iso m e r. One mole 

o f DL-m ethionine re v e r s e d  th e  a n t i b a c t e r i a l  a c t io n  o f  500 to  1000 m oles 

o f  DL-methoxinine o r  D L -eth ion ine .

H istam ine i s  p r e s e n t  in  a p p re c ia b le  q u a n t i t i e s  in  most body f l u i d s  

and t i s s u e s .  I t  i s  a  su b s tan ce  o f  m u lt i f e ro u s  a c t io n s , m inute  amounts 

e x e r t in g  a pow erfu l v a s o d i la to r  e f f e c t  w h ile  c o n tr a c t in g  o th e r  smooth 

m usc le . To account f o r  th e  absence o f th e s e  e f f e c t s  under norm al con­

d i t i o n s ,  h is tam in e  i s  g e n e ra l ly  assumed to  occur in  a bound form in  v i t r o .  

A lthough i t s  r o l e  has n o t been com plete ly  e lu c id a te d ,  th e  l i b e r a t i o n  

o f  h is ta m in e  appears to  be an im portan t f a c to r  in  a n a p h y la tic  shock (26) 

and many a l l e r g i c  c o n d it io n s  such a s  asthm a and hay fe v e r  (2 7 ) . Ivlost 

v a s o c o n s t r ic to r  su b s ta n c e s  c o u n te ra c t th e  v a s o d i la to r  e f f e c t  o f  h i s ­

tam ine , and spasm o ly tic  a g e n ts  such as a t r o p in e ,  n e u t r a l i s e  th e  coun-
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te r& c tin g  a c t io n  o f h is ta m in e  on smooth muscle* However, o th e r  ag en ts  

have been  found w hich, a t  l e a s t  in  some c a s e s ,  appear t o  be more d i r e c t  

end s p e c i f i c  h is ta m in e  a n ta g o n is ts*  E d lb a c h e r  and h i s  co -w orkers (28) 

f i r s t  d em o n stra ted  t h a t  a rg in in e ,  h i s t i d i n e ,  and c y s te in e  i n h ib i t  th e  

e f f e c t  o f  h is ta m in e  on i s o l a t e d  s t r i p s  o f g u in ea  p ig s .

^ - ch2- oh2

HHg

C-CH o CHC00H

H istam ine H is t id in e

HHg-|^ H C H gCHgCHg-^-COOE

A rg in in e

-CHg-<pCOOH
m 2

I  (3 ) -m ethy l h i s t id i n e

HC

CV\ C-CH_-OH-MHOOOHJ3HJSHa f  COOH 2 2  2

A nserine

S im i la r ly ,  m e th y la tio n  o f th e  imino g roup , as 1 (3 )-m ethy l h i s t id i n e  and 

a n s e r in e , d e s tro y e d  th e  a n ta g o n is t ic  a c t io n  of th e  p a re n t compound* 

N ie ls e n  (29) o bserved  th a t  th e  grow th s t im u la tin g  a c t io n  o f 

p - a la n in e  on y e a s t  was an tag o n ised  by ^3 -a ra in o b u ty ric  acid*

HgNCHg-CHgCOOH

A lanine

HgN-CHg-CJH-CHg-C 00H
NH*

^ -A m in o b u ty rie  a c id

HgN*CHgCHgS03H

T aurine
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I n  th e  absence o f p - a l a n i n e  t h i s  a c id  had n e i th e r  g row th-prom oting  n o r 

g r o w th - in h ib i t in g  ac tio n *  T a u r in e , p -h y d ro ^ y p ro p io n ic  a c id  and 

p - a la n y g ly c in e  were in e r t*  N ie ls e n  and Johansen  (30) concluded  th a t  

p  -am in o b u ty ric  a c id  i n t e r f e r e d  w ith  th e  s y n th e s is  o f p a n to th e n ic  a c id  

from  j3 - a la n in e  by y e a s t  c e l ls *  They found i s o s e r in e ,  b u t n o t N -m ethy l-  

p - a la n in e ,  to  have a s im i la r  a c t io n  and su g g e s te d  th a t  th e  a n ta g o n is ts  

m ight a c tu a l ly  be c o n v e rte d  to  i n e r t  compounds c o n ta in in g  p -a m in o b u ty r ic  

a c id  o r  i s o s e r in e  in s te a d  o f  - a la n in e .

The s i m i l i a r i t y  in  s t r u c tu r e  o f  jB - a la n in e  and p ro p io n ic  a c id  

su g g ested  t h a t  p ro p io n a te s  m ight owe t h e i r  b a c t e r i o s t a t i c  and f u n g i s t a t i c  

a c t i v i t y  to  a c o m p e titiv e  in te r f e r e n c e  w ith  th e  s y n th e s is  o r  u t i l i s a t i o n  

o f p - a l a n in e  o r  p a n to th e n ic  a c id . W right and Skeggs (31) s tu d ie d  th e  

com parative  b a c t e r i o s t a t i c  a c t i v i t y  o f  sodium s a l t s  o f  a c e t i c ,  p ro p io n ic  

a c id s . The r e s u l t s  in d ic a te d  th a t  th e  b a c t e r i o s t a t i c  a c t i v i t y  o f  sodium 

p ro p io n a te  f o r  IS. c o l i  was c o u n te ra c te d  to  a c o n s id e ra b le  deg ree  by sm all 

amounts o f  p - a l a n i n e .  p -A la n in e  was s p e c i f i c  among th e  amino a c id s  

and grow th f a c to r s  s tu d ie d  in  showing t h i s  e f f e c t .  A denine, and to  a 

l e s s e r  e x te n t  b i o t i n ,  fu n c tio n e d  s y n e r g i s t i c a l l y  w ith  sodium p ro p io n a te  

in  i n h ib i t in g  th e  grow th o f  E . c o l i .

The e f f e c t  o f p - 2 - th ie n y la l a n in e  (3 2 ,3 3 ) , an i s o s t e r  o f  phenyl­

a la n in e ,  upon th e  growth o f Saccharom yces c e r e v i s ia e , E . c o l i  and c e r t a i n  

o th e r  m icro -o rgan ism s has been re p o r te d  by du V igneaud and h i s  co-w orkers 

(34 ,35) and by B e e rs te c h e r  and S h ive  (3 6 ).
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!Ho-CH-C00H
m g

■CH-COQH
KHg

P h e n y la la n in e p - 2 -T h ie n y la la n in e

T h ie n y la la n in e  was in h ib i to r y  tow ard th e  grow th o f th e s e  o rgan ism s, and 

th e  i n h ib i t i o n  was c o u n te ra c te d  by p h en y la lan in e*  These in v e s t ig a to r s  

found t h a t  as th e  c o n c e n tra t io n  o f p h e n y la la n in e  in  th e  medium was in ­

c re a se d  la r g e  amounts o f th ie n y la la n in e  were re q u ire d  to  produce in ­

h i b i t i o n  growth* Thus, th ie n y la la n in e  was shown to  a c t  a s  an " a n tip h e n y l­

a la n in e ” f o r  th e s e  o rgan ism s. O ther amino a c id s ,  in c lu d in g  ty r o s in e ,  

were in e f f e c t iv e  in  p re v e n tin g  th e  g ro w th - in h ib ito ry  a c tio n *

B e e rs te c h e r  and S h ive  (36) s tu d ie d  th e  c o m p e titiv e  in h ib i t io n  o f 

p h e n y la la n in e  u t i l i s a t i o n  in  E . c o l i  w ith  p  -h y d ro x y p h en y la ln in e  (37) 

and p - 2 - th ie n y la la n in e ,  and th e  e f f e c t  o f p h en y la la n in e  and try p to p h a n  

on t h i s  i n h ib i t io n .  The r e s u l t s  in d ic a te  th a t  try p to p h a n  may be a  p re ­

c u rs o r  o f phen y la lan in e*  -Ilydroxypheny lalan ine  a lso  i n h ib i t s  com peti­

t i v e l y  th e  fu n c tio n in g  o f  p h e n y la la n in e  in  L a c to b a c i l lu s  a ra b in o su s  17-5  

and i n  S tre p to c o c c u s  f e c a l i a  JR, b o th  o f which r e q u ir e  an o u ts id e  so u rce  o f 

p h e n y la la n in e  f o r  maximum r a t e  of grow th. In  an a ttem p t to  determ ine how 

try p to p h a n  and p h e n y la la n in e  were m e ta b o lic a lly  r e l a t e d ,  J3 -p h e n y l-  

e th y la m in e , p h e n y su lfu r ic  a c id ,  and pheny lpy ruv ic  a c id  were t e s te d  and 

found to  show no e f f e c t  on th e  t o x i c i t y  o f th ie n y la ln in e  o r  ^ -h y d ro x y -  

p h e n y la la n in e  e i t h e r  in  th e  p resen ce  o r absence of tryp tophan*  C om petitive
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i n h ib i t i o n  of grow th o f a m icro -o rgan ism  r e s u l t s  from th e  c o m p e titio n  

o f  th e  analogue w ith  a  m e ta b o li te  f o r  s p e c i f i c  enzyme, t h a t  th e  

analogue-enzym e complex i s  in ca p ab le  o f p e rfo rm ing  th e  norm al fu n c t io n  

o f  th e  m e ta b o l i te ,  and t h a t  th e  growth o f th e  m icro -o rgan ism  i s  a func­

t i o n  o f  some p roduct n o rm ally  fo m e d  by th e  b locked  enzyme, when t h i s  

system  becomes a l im i t in g  f a c t o r  (3 8 ). A ccording  to  t h i s  c o n c e p t, 

p  -h y d ro x y p h en y la lan in e  and [Z - 2 - th ie n y la la n in e  b lo ck  th e  u t i l i s a t i o n  

o f p h e n y la la n in e  in  a p ro c e ss  e s s e n t i a l  to  th e  grow th o f  th e  o rganism . 

Yuan and L i (3 9 ) ,  p o in te d  o u t t h a t  exam ination  o f  th e  fo rm ula  o f th ie n y ­

la l a n in e  r e v e a l s  a  s t r u c tu r a l  s im i l a r i t y  to  th e  su lfu r-am in o  a c id ,  

m e th io n in e . They su g g e s te d  t h a t  th ie n y la la n in e  m ight se rv e  as a d ie t a r y  

so u rce  o f m e th io n in e .

S ince fu ra n  compounds a re  i s o s t e r i c  w ith  analogous th iophene  

compounds (40) C la rk  and D ittm ar (41) s tu d ie d  th e  e f f e c t  o f jS - f u r y l -  

a la n in e  on th e  grow th o f  m icro -o rgan ism s and compared i t s  a c t i v i t y  w ith  

t h a t  o f  p - S - th ie n y la la n in e .

H3C CHgCHg-<p-C00H HC" CH

"CHg-CH-C 00H

M ethionine

■COOH !H-C00H

-2 -F u ry la la n in e ^ - 2 - P y rro l© alan in e



They found t h a t  p h e n y la la n in e  was th e  m ost a c t iv e  amino a c id  f o r  th e  r e ­

v e r s a l  o f th e  fu ry la la n in e  i n h ib i t i o n  o f bo th  S* c e r e v is ia e  and E . c o l i  

growth* T h is would in d ic a te  t h a t  f u r y la la n in e ,  l i k e  th ie n y la la n in e  i s  an 

na n tip h e n y la la n in e w f o r  th e s e  organism s* However l e u c in e ,  i s o le u e in e ,  and 

try p to p h a n  a ls o  have an a p p re c ia b le  e f f e c t  on th e  in h ib i t io n  o f  y e a s t  

grow th by fu ry la la n in e *  F o r th e  r e v e r s a l  o f th e  i n h ib i t io n  o f  growth o f  

E* c o l i  * ty r o s in e  and try p to p h a n  had a h ig h  degree o f  a c t i v i t y .  T h is i s  

s im i la r  to  th e  e f f e c t  t h a t  th e s e  amino a c id s  have on th e  t o x i c i t y  o f  

th ie n y la la n in e *  J u s t  in  what way th e  amino a c id s  which showed an  apprec­

ia b le  a c t i v i t y  i n  c o u n te ra c tin g  th e  " a n t ip h e n y la la n in e ,f p r o p e r t i e s  o f  

f u r y la la n in e ,  a re  r e l a t e d  t o  p h e n y la la n in e  rem ains to  be s tu d ied *  S ince  

th ie n y la la n in e  and fu ry la la n in e  have been shown to  i n h ib i t  m ic ro b ia l  

grow th presum ably due to  t h e i r  s t r u c tu r a l  s i m i l a r i t y  to  phen y la lan in e*

The co rre sp o n d in g  n i tro g e n  a n a lo g  J3 -  2 -p y r ro l  e a l  a n i ne was s y n th e s is e d  

q u ite  r e c e n t ly  by H erz , D ittm e r and C r i s to l  (42) to  c o r r e l a t e  th e  s t r u c ­

tu r e  o f amino a c id s  w ith  t h e i r  b io lo g ic a l  a c t iv i ty *  These w orkers were 

n o t  a b le  to  i s o l a t e  -2 -p y r ro le a la n in e  in  a pu re  form* The crude  p ro d u ct 

was t e s te d  and found to  i n h i b i t  th e  growth o f S* c e r e v is ia e  and E* c o l i * 

The in h ib i t io n  was re v e rse d  by phen y la lan in e*

The mechanism o f a c t io n  o f  a l l  d rugs canno t be ex p la in e d  on th e  

b a s i s  o f a  d i r e c t  antagonism* N e v e r th e le s s , i t  i s  a p p aren t t h a t  sim ple  

enzym atic r e a c t io n s ,  th e  grow th o f  m ic ro -o rg an ism s, and th e  fu n c t io n  o r  

re sp o n se  o f  v a r io u s  t i s s u e s  may be an tag o n ised  by mechanisms which a re  

s t r i k in g l y  s im ila r*  C onsequen tly , i t  may n o t be u n reasonab le  to  assume 

t h a t  t h i s  resem blance i s  more th an  s u p e r f ic i a l  and t h a t ,  f o r  exam ple, th e  

in h ib i to r y  a c t io n  o f m alonic a c id  o r  su c c in ic  a c id  dehydrogenase, th e  

a n t i b a c t e r i a l  a c t io n  o f  p a n to y l ta u r in e ,  end th e  a n ta g o n is t ic  e f f e c t  o f
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trim ethy locty laim aonium  c h lo r id e  tow ard th e  a c t io n  o f  a c e ty lc h o l in e  on 

smooth m uscles a re  c lo s e ly  r e l a t e d  phenomena* In  each  case  th e  an tag ­

o n i s t  ap p ea rs  t o  compete w ith  th e  m e ta b o li te  f o r  an  a c t iv e  c e n te r ,  o r  

r e c e p to r  and i n  so do ing  b lo ck s  th e  norm al r e a c t io n ,  w hether i t  he th e  

o x id a t io n  o f  s u c c in ic  a c id ,  th e  growth o f m icro -o rgan ism s dependent on 

th e  p a n to th e n ic  a c id ,  o r  th e  c o n tr a c t io n  o f a  m uscle under th e  s tim u lu s  

o f  a c e ty lc h o lin e *  S in ce  in  many r e s p e c ts  t h i s  i s  a  r e l a t i v e l y  new and 

r a p id ly  d ev e lo p in g  f i e l d ,  i t  i s  n o t p o s s ib le  to  a s s e s s  a l l  im p lic a tio n s  

in h e re n t  i n  th e  b ro ad  concept o f  m etab o lic  a n ta g o n is ts .  However, a s  an 

approach  to  th e  mechanism o f  a c t io n  o f a number o f  d ru g s , a s  a gu ide  i n  

th e  s y n th e s is  o f  new th e ra p e u t ic  a g e n ts , and as a  means o f e v a lu a t in g  

th e  norm al mode o f  s y n th e s is  and  fu n c t io n  o f  m e ta b o l i te s  in  l i v i n g  c e l l s ,  

th e  concept a p p ea rs  to  o f f e r  many p o s s i b i l i t i e s  as y e t  unexplored*
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KESEABCH AIM

M ost o f th e  m e ta b o lic  a n ta g o n is ts  r e p o r te d  in  th e  rev iew  show 

t h a t  r e l a t i v e l y  s l i g h t  s t r u c t u r a l  changes in  many b io lo g ic a l ly  e s­

s e n t i a l  amino a c id s  r e s u l t  i n  th e  fo n a a tio n  o f  new compounds which 

may be m e ta b o lic  a l l y  a n ta g o n is t ic  to  th o se  from  which th e y  a re  s t r u c ­

t u r a l l y  derived*  T h is g iv e s  encouragem ent to  th e  id e a  t h a t  p o s s ib ly  

b e t t e r  and more e f f e c t iv e  and u s e fu l  a n ta g o n is ts  a re  s t i l l  u n d isc o v ere d , 

and t h a t  th e  se a rc h  f o r  such p ro d u c ts  i s  a w orthy endeavor*

Womack and Bose (45) have dem onstra ted  i n  a co n v in c in g  manner 

t h a t  p h e n y la la n in e  i s  e s s e n t i a l  to  grow th in  ra ts *  They have a lso  shown 

t h a t  good grow th i s  p o s s ib le  w ith  a v e ry  l im i te d  in ta k e  o f ty ro s in e #  

T y ro sin e  can n o t r e p la c e  p h e n y la la n in e , b u t  w hether p h e n y la la n in e  can be 

c o n v e rted  t o  ty ro s in e  in  th e  norm al i n t a c t  organism s rem ains to  be de­

term ined* p-A m inophenylalanine has n o t been  found in  n a tu re ;  as an 

armnono analogue o f  ty r o s in e  i t  i s  n o t in co n c e iv a b le  t h a t  i t  may be 

m e ta b o lise d  in  a  manner s im i la r  to  t h a t  o f  ty ro s in e  and hence may be ex­

p e c te d  to  be p h y s io lo g ic a l ly  ac tiv e*  M attocks (44) s y n th e s is e d  in  t h i s  

la b o ra to r y  p -am inopheny la lan ine  e th y l  e s te r*  D r. P o r te r  (45) made a 

p re l im in a ry  exam ination  o f  t h i s  compound and observed th a t  i t  s t im u la te d  

a c id  p ro d u c tio n  by S trep*  fe e  e l  is*  and t h a t  i t  would re p la c e  p h e n y la la n in e  

and ty r o s in e  ( to  a l im i te d  degree) w ith  t h i s  organism  b u t n o t w ith  

L . d e lb ru c k ii* Through th e  c o u rte sy  o f D r. P o r t e r ,  th e  r e s u l t s  o f m icro­

b io lo g ic a l  exam ination  o f p -am inopheny la lan ine  e th y l  e s t e r  were g iven  in  

T ab le  I I*

T h is  o b se rv a tio n  encouraged th e  su g g e s tio n  th a t  a l l  th e  Isom eric  

am inopheny la lan ines be s y n th e s is e d  so t h a t  t h e i r  b io lo g ic a l  p ro p e r t ie s  

may be compared*
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TABLE NO IX

E f f e c t  o f p-A m inophenylalanine e th y l  e s t e r  on L a c to b a c i l lu s  d e lb ru c k tl .  

and S tre p to c o c c u s  f e c a l i s  (4 5 )s

L . delbrucfcii S t r e p t * f e e a l l s

Medium Growth ml.ofo.INNaGH Growth iol»ofo*o5NNaGE
* **

(1) B asa l medium -334- 12 I I I - 11*6

(2) " " compound
(5mg/ml*
f i n a l
amount) m  11 .7  - H i -  1 5 .5

(3) n "(n o  pheny l­
a la n in e )
compound £ ?  0 .9  -H i-  1 1 .4

(4) " " (n o  ty ro s in e )
compound £ ?  1 .3  I r  5 .95

(5 ) » " (n o  pheny l­
a la n in e  o r  
ty ro s in e )

compound + ?  1 .2  j r ?  2 .5

B asa l medium (n o t in o c ­
u la t e d ,
c o n tro l)  -  0*9 -  2 .0

♦Medium and tec h n iq u e  employed was t h a t  d e sc r ib e d  by Stolces and 

h i s  co -w orkers (4 6 ,4 7 ) .

**Degree o f  grow th as m easured by tu r b id i t y  

±?Q ,uestionab le  growth

W ith L . d e lb  ru e  kt  ̂ i t  lo o k s  l i k e  p -sm inopheny la ln ine  e th y l  e s t e r  

w i l l  n o t r e p la c e  p h e n y la la n in e  o r  ty ro s in e  column ( 3 ,5 ) ,  but i s  n o t 

in h ib i to r y  column (2 ) . However w ith  S t r e p * f e c a l i s  i t  may a c tu a l ly



s t im u la te  a c t i v i t y  some see  column (2) in  th e  com plete medium, r e p la c e  

p h e n y la la n in e  (3) c o m p le te ly  and ty r o s in e  to  a l im i te d  degree*

Takaoki S asak i (48) was ab le  to  s y n th e s is e  E L -p h en y la lan in e  by 

a llo w in g  g ly c in e  anhydride  to  condense w ith  a ldehydes to  y ie ld  3 ,6 -  

d ia lk y l id e n e  -2 ,5 -d ik e to p ip e r a z in e ,  which was c o n v e rte d  by h y d ro ly tic  

c leav ag e  in to  th e  acid*

H idenosuke Uede (49) u n d erto o k  th e  s y n th e s is  o f th e  th r e e  am inophenyl- 

a la n in e  by th e  S a sa k i m ethod. The p re lim in a ry  c o n d en sa tio n  p roduct o f  th e  

g ly c in e  anhydride w ith  o -n itro b e n za ld e h y d e  y ie ld e d  no f r e e  o-am inophenyl- 

a la n in e  on red u c tio n *  W hile in  th e  case  o f m- and p -n itro b e n z a ld e h y d e , he 

was a b le  to  g e t th e  co rre sp o n d in g  ami nophenyl e l  en ine  s  •

B is s e r t  (50) found th a t  b o th  o - and p - n i t r o to lu e n e ,  b u t n o t m -n i t r o -  

to lu e n e  ta k e  p a r t  i n  a C la ise iw ty p e  r e a c t io n  w ith  e th y l  o x a la te ,  fo rm ing  

th e  c o rre sp o n d in g  n itro p h e n y lp y ru v ic  acid* The s y n th e s is  o f o~ and p -  

am inopheny la lan ine  was c a r r i e d  ou t by th e  fo llo w in g  sequence o f r e a c t io n s :

fH-COOH

SIg-fl-COOCgHg

HCH N02-
-COGH

HgNOH^ N02

,-COOH
‘oh

-(jJH-COOH
m z
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P o s s ib le  m ethods f o r  th e  s y n th e s is  o f m-Aminophenyl a la n in e  a re  

in d ic a te d  as fo llo w s :

CH g-0H(C000gH 5 ) 
1 2

CHg(COOCgHg)

m -N itrobenzy lm alon ic  e s t e r  i s  th e  common s t a r t i n g  p o in t  f o r  any­

one o f th e  th r e e  ro u te s  in d ic a te d  below:

CH2—CH(C QOC gHg)
2

NaOC gHg 
RONO

CHg-C ~C OOC gHfj
Ice

JHo-C-COOE
h a

HCH

CH2-pH-C00H
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B
Hg-CH(COOCgHg)

RONO
HC1

CHg-G-COOH 
ICE

7 ’

Hg-CH-COOH

,CHg-GH-COBr’HgCH(COOCgS-) ■CHoCOOH

CHg^H-COOC 8H5 ^3Hg-^ -0 0 0 C g H 5 .0 1

ĵ ĤOg Ha0N° } l̂ | 'N02' M  ?

IHg-CH-COOH
-COOH
CH
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The ev idence of s u c c e s s fu l  r e s u l t s  of B erry  (51) in  the  n i t r o -  

s s t i o n  of s u b s t i tu te d  m elonic e s t e r s  w ith  sodium e th o x id e  end b u ty l 

n i t r i t e ;  and a ls o  in  th e  n i t r o s a t i o n  o f s u b s t i tu te d  m elonic  a c id s  w ith  

hydrogen c h lo r id e  end b u ty l  n i t r i t e  su g g ested  th a t  o(,-oxim ino-(3 - (m -n itro -  

p h e n y l) -p ro p io n ic  e c id  m ight be c o n v e n ie n tly  expected  by methods A end B, 

r e s p e c t f u l ly .  E xperim ents in  th e se  d i r e c t io n s  were perform ed, b u t the  

p ro d u c ts  o b ta in e d  showed th a t  no r e e c t io n  had tak en  p la c e . S im ila r  r e s u l t s  

were o b ta in e d  in  th e  a tte m p ts  to  p rep a re  K .-oxim ino- ( - p -n i t r o p h e n y l) -  

p ro p io n ic  a c id . I t  was assumed th a t  n i t r o s a t io n  f a i l e d  in  th e  c a se s  of 

m- and p -n itro b e n z y lm e lo n ic  acidQ o r e s t e r s  due to  th e  p resen ce  of n i t r o  

g roups; and th ese  r e a c t io n s  were n o t f u r th e r  s tu d ie d .

Lepercq. (52 ,53) in  1893, re p o rte d  t h a t  th e  re a c t io n  of e s t e r s  of 

e^ -helogen  a c id s  w ith  sodium n i t r i t e  y ie ld s  e s t e r s  of ^ -o x im in o  a c id s . 

Hamlin (54) was a b le  to  g e t 65% y ie ld  o f e thy l© < -ox im inoceproete  from 

e th y l o(-brom ocaproete  w ith  sodium n i t r i t e .  T h is o b se rv a tio n  encouraged 

th e  s y n th e s is  o f m -© m inophenylalanine e th y l  e s t e r  by undergoing  th e  

r e a c t io n s  as o u t l in e d  under C.

Weerman (55) p rep a red  o -n itro p h e n y la c e ta ld e h y d e  from  o - n i t r o -  

cinnam ide by the  Hofmann d e g ra d a tio n  r e a c t io n ;  and re d u c tio n  of th i s  

compound y ie ld e d  in d o le . I t  was thought to  p rep a re  an in d o le  d e r iv a tiv e  

such as a low er homolog of try p to p h a n  to  s tu d y  i t s  p h y s io lo g ic a l  ac­

t i v i t y  by th e  fo llo w in g  sequence o f r e a c t io n s .

CHgCH(0C2H5^

N0o 00CgH5
QOC2H5
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W |H ---------------- <jr-C00CgH5
II c h (o c ^ 5) 2 0

HOH

H -fi-C O O C ^  
HO 0 
°2

—<-*COQC gHg 
[OH

JJH-COOCgHg

C ondensation  o f e th y l  o rth o fo rm a te  w ith  o -n itro to lu e n ©  was n o t 

accom plished; th e  co n d en sa tio n  o f  e th y l  fo rm ate  was t r i e d  h u t no r e ­

a c t io n  to o k  p la c e .  I t  was though t th e  fo llo w in g  type  o f  r e a c t io n  m ight 

ta k e  p la c e

-NO,
HC{OCgHg^ | f-NOg

----------------- C-COQH

:h--------------a —oooh

H„NCH ^  I  | |  4 H ( ° C 2H5> ^  HOH v
a lk a l in e  K / ^ r  >



i~COGH 
fOH —

IH-OOOH

H

The c o n d en sa tio n  f a i l e d  from  th e  b e g in n in g .

Janny  (56) was s u c c e s s fu l  in  p re p a r in g  th e  benzy l oximino g roup ing  

by a llo w in g  to  r e a c t  b e n z y lc h lo r id e  a ce to x in e  i n  p resence  o f sodium e th -  

ox ide to  form  benzy lox im inoace tone . W aters (57) was ab le  to  g e t 56$ 

y ie ld  o f p~phenyl-® <.-benzyloxim inQ -.propionic a c id  by condensing  

p -p h e n y l-o ^ -o x im i noprop io n ic  a c id  w ith  ben zy l c h lo r id e  in  sodium hy­

d ro x id e  s o lu t io n .  Weaver (58) u sed  sodium e th o x id e  s o lu t io n  as th e  con­

densing  a g e n t, and g o t 66$  y i e ld .  I t  was found to  t r y  th e  co n d en sa tio n  

o f o < -o x im in o -p - (o -n itro p h e n y l)  p ro p io n ic  a c id  w ith  b en zy l c h lo r id e  by 

th e  above two p ro ced u res  to  g e t th e  d e s ire d  compound p ~ in d o ly l  g ly c in e .

-COOH rCHp-G-CO OH
*  n o c h 2c 6h 5 

Lno2

HCOOGgHg
N 0g
OHO N<

i-COOH
[0CHgG6H5
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B e n z y la tio n  o f o i-o x im in o -p  - (o -n i t ro p h e n y l)  -p ro p io n ic  a c id  was 

n o t o b ta in e d ; so i t  was th o u g h t to  c a r ry  o u t b e n z y la tio n  o f <<-oxim ino- 

^ ~ (p ~ n itro p h e n y l)  -p ro p io n ic  a c id  e s t e r  to  s tu d y  w hether th e  n i t r o  group 

on th e  pheny l n u c le u s  was a h in d ra n c e . The same ty p e  o f  n e g a tiv e  r e s u l t  

was o b ta in e d  w ith  p-isom er* Time d id  n o t p e rm it f u r th e r  a tte m p ts  a t  th e  

c o n d e n sa tio n  o f  o -n itro p h e n y lp y ru v ic  a c id  w ith  e th y l  fo rm ate  and e th y l  

o r th o fo rm a te , and th e  r e a c t io n  o f  benzy l c h lo r id e  w ith  - o x i m i n o - -  

(o -n itro p h e n y l)  -p ro p io n ic  ac id#

The re d u c t io n  o f p -n itro p h e n y lp y ru v ic  a c id  e th y l  e s t e r  formed th e  

ex p ec ted  p -a m in o p h e n y lla c tic  a c id  e th y l  e s t e r .  The c a t a l y t i c  re d u c tio n  

o f o -n itro p h e n y lp y ru v ic  a c id  i t s e l f  g iv es i n t e r e s t i n g  r e s u l t s .  In  th e  

p resen ce  o f  a c id ,  th e  p ro d u c t i s  s a l t  o f  o -am in o p h en y llac tic  a c id . In  

n e u t r a l  so lv e n t  th e  p ro d u c t i s  «?<rindolecarboxylic a c id , undoubted ly  

r e s u l t i n g  from  in te r n a l  a n i l  fo rm a tio n  as  in d ic a te d .

.COOH •COOH

■KHgHcl

•COOH
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In d o le  r e a c t s  w ith  e th y l  o x a la te  to  form e th y l  ^ - in d o l y l g ly -  

O x a la te  (59) • I t  was expec ted  t h a t  t h i s  -k e to n ic  a c id  e s t e r  would 

form  an o x in e , th e  re d u c t io n  o f w hich would g ive  th e  h i th e r to  e lu s iv e  

j S - in d o ly lg ly c in e  e s te r#  The custom ary c o n d itio n s  f o r  oxime fo rm a tio n  

were t r i e d  b u t f a i l e d  to  y ie ld  th e  d e s ire d  p ro d u c t, and i n s u f f i c i e n t  

in te rm e d ia te  d id  n o t p e rm it f u r t h e r  s tu d ie s  along  t h i s  l i n e .  The r e ­

d u c tio n  o f e th y l  jB -in d o ly lg ly o x a la te  i t s e l f  r e s u l te d  in  th e  fo rm atio n  

o f  th e  e s t e r  o f ^ - in d o ly lg ly c o l i c  a c id .

H

C00CgH5

V
H

■f

m  o h  
2

K°00*

EL

E

D uring th e  co u rse  o f t h i s  in v e s t ig a t io n  a study  of th e  re a c ­

t i o n  o f e th y lo x a la te  w ith  p - to ly la r s o n ic  a c id , a n d ^ - p ic o l in e  was 

c a r r i e d  ou t u n d e r v a ry in g  c o n d it io n s ,  w ith  th e  hope o f o b ta in in g  

in te rm e d ia te s  le a d in g  to  th e  co rre sp o n d in g  a la n in e  d e r iv a t iv e s .  The 

e th y l  o x a la te  c o n d en sa tio n  w ith  th e se  compounds to  g e t the  c o r r e s -
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ponding  p y ru v ic  a c id s  was n o t s u c c e s s fu l .

I t  was th o u g h t i n t e r e s t i n g  to  p rep a re  e th y l  n i tro m a lo n a te , and 

to  s tu d y  i t s  r e a c t io n  w ith  b en zy l c h lo r id e ,  and compounds l i k e  o - ,  m -, 

and p -n i tro b e n z y l  c h lo r id e  to  g e t  in te rm e d ia te s  f o r  th e  c o rre sp o n d in g  

p h e n y la la n in e  d e r iv a t iv e s .

CHg(COOCgHg) p HNO^ ^ NOg-CHfCOOCgHg) 2  C^HjjCHgCl KOa-p -G H gCfiHR

HOH -0 0 o 0 H C5HoCH-000H H0 C*HcCHoCH-C00H > _ J 2 _ >  6 5 ^   S-------- ^  6 5

E th y l n itro m a lo n a te  was o b ta in e d  in  encou rag ing  y ie ld s ,  b u t  th e  

r e a c t io n  o f i t s  so d io  d e r iv a t iv e  w ith  benzy l c h lo r id e  d id  n o t g ive  pu re  

e th y l  b e n z y ln itro m a lo n a te . R eg re t ab ly  because o f la c k  of s u f f i c i e n t  tim e , 

t h i s  i n t e r e s t i n g  and p rom ising  approach was n o t c a r r ie d  to  a s a t i s f a c to r y  

c o n c lu s io n .
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^ERIMENTAL 

O-AMI NOPHB NYL ALANINE 

o ~ N itropheny lpy ruv ic  a c id :

Og 6000^ NaOCgH5

-G-COOCgHg

iHg-fj-COOH

Meyer and B e lle  (60) f i r s t  p rep a red  e th y l  o -n itro p h e n y lp y ru v ic  

a c id  b u t d id  no t m ention  th e  y i e l d .  E lk e s  e t  a l  (59) fo llo w ed  t h i s  

m ethod, end found th a t  i t  was tim e consum ing, and some o f th e  p ro d u ct 

d e s tro y e d  d u rin g  i s o la t io n *  D iC srlo  (61) showed t h a t  e th y l  o - n i t r o -  

p h en y lp y ru v a te  which was form ed d u rin g  th e  co n d en sa tio n  of e th y l 

o x a la te  w ith  o - n i t r o to lu e n e  shou ld  be h yd ro ly sed  co m p le te ly , end 

th e n  excess o f o -n i t r o to lu e n e  removed by d i s t i l l a t i o n  w ith  steam , 

to  g e t pure compound in  © v e ry  good y ie ld .  H is method was fo llow ed  

in  e e r ly  experim en ts d u rin g  t h i s  s tu d y  and found a ls o  u n s a t is fa c to ry *  

A f te r  p e rso n a l co rrespondence  w ith  D iC arlo  and fo llo w in g  h i s  su g g e s tio n s  

and undergo ing  v a r io u s  m o d if ic a tio n s  th e  fo llo w in g  method was found 

s a t i s f a c to r y :
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I n  a o n e - l i t e r  3 -n eck  f l a s k  f i t t e d  w ith  r e f lu x  c o n d en se r, ca lc ium

c h lo r id e  tu b e ,  m echanical s t i r r e r  and d ropp ing  fu n n e l, was p ie c e d  160 m l.

a b so lu te  e th a n o l ,  in  which was d is so lv e d  co m p le te ly  1 3 .8  g . (0 .6  mole)
o

o f  sodium . Then w ith  th e  c o n te n ts  o f f l a s k  k e p t a t  0 -5  by means o f an 

i c e - s a l t  b a th ,  was added over a p e rio d  o f  t h i r t y  m inutes a m ix tu re  of 

8 2 .2  g* (0 .6  mole) o f  o - n i t r o to lu e n e ,  and 86.6  g . (0.6  mole) o f e th y l  

o x a la te .  The r e a c t io n  m ix tu re  was s t i r r e d  a t  t h a t  tem p era tu re  f o r  3 hours 

more and was th e n  allow ed to  s ta n d  a t  room tem p era tu re  f o r  about 15 ad­

d i t i o n a l  h o u rs . The r e a c t io n  m ix tu re  was th e n  r e f lu x e d  on a w a te r  b a th  

f o r  30 m in u te s , and to  i t  was added 350 m l. w a te r , and th e  whole re f lu x e d  

f o r  4  h o u rs , th e n  a llow ed  to  s ta n d  o v e rn ig h t. D uring  t h i s  p e r io d  th e  

s o lu t io n  changed c o lo r  from  d a rk  brown to  f a i n t  y e llo w , and se p a ra te d  

in to  two l a y e r s .  The s o lu t io n  was d i s t i l l e d  w ith  steam ; th e  reco v ered  

o - n i t r o to lu e n e  w eighed 13 g . The f l a s k  was s to p p e re d  and p la c e d  in  an 

i c e - s a l t  b a th ,  and to  th e  c o n te n ts  was added v e ry  c a r e f u l ly  and w ith  

v ig o ro u s  sh ak in g  c o ld  conc. HC1. As th e  a c id  was addea, o i l  began to  

s e p a ra te  and th e n  to  c r y s t a l l i s e ;  th e  l i g h t  ye llo w  c r y s t a l l i n e  p roduct 

s e p a ra te d  was c h i l l e d  in  th e  ic e -b o x  t i l l  th e  su p e rn a ta n t l i q u id  was 

c l e a r .  The p ro d u ct was t r a n s f e r r e d  to  s in te r e d  g la s s  fu n n e l ,  le a v in g  

in  th e  f l a s k  th e  dark  brown decomposed m ass. The c r y s t a l l i n e  ye llow  

p ro d u c t was washed w ith  w a te r  th o ro u g h ly , and th en  d r ie d . To t h i s  was 

added h o t to lu e n e  to  remove co n tam in a tin g  im p u r i t ie s .  The p ro d u c t th u s  

o b ta in e d  w eighed 88 g . and m elted  a t  1 1 7 ° . I t  was taken  up in  h o t 40% 

e th a n o l, p u r i f i e d  w ith  c h a rc o a l ,  th e  s o lu t io n  f i l t e r e d  and th e  p roduct

allow ed to  c r y s t a l l i s e .  The p ro d u c t weighed 84 g . , y ie ld  79.6% based

o
on o -n i tr o to lu e n e  n o t re c o v e re d , and m elted  a t  121 ♦ The re p o r te d  m e lt-

0
in g  p o in t  f o r  o -n itro p h e n y lp y ru v ic  a c id  i s  119-121 (6 1 ).
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oQ» Oximino -y ft- (o -p itro p h e n y l)  -  p ro p io n ic  a c id

,-COQH
ioNGH.HCl
faQAc

Hg-C-COGH 
NQH

A  m o d if ic a t io n  o f p re p a r in g  oximes o f *v'-keto a c id s  o u t l in e d  by Shemin

and H erb st (62) was adopted* In  600 ml* b eak e r 16*72 g. (0 .08  m ole) o f

o -n itro p h e n y lp y ru v ic  a c id  was d is s o lv e d  in  80 ml* of 50$ a lc o h o l. To

t h i s  was added a s o lu t io n  o f 16*98 g* (0*12  mole) o f sodium a c e ta te  and

8*34 g . (0 .1 2  mole) hydroxy l ammonium c h lo r id e  d is so lv e d  in  80 m l. o f

50$ a lco h o l*  The s l i g h t l y  a lk a l in e  s o lu t io n  was warmed on steam  b a th

f o r  about 10 m in u tes  and th e n  was kep t a t  room tem p era tu re  ov e r a
o

p e rio d  o f  20 h o u rs . The r e a c t io n  m ix tu re  was now cooled  a t  0 -5  and

made a c id  to  Congo red  w ith  d i l u t e  HC1* The s o lu t io n  was th en  d i lu te d

w ith  ex cess  o f  w a te r  to  fo rc e  ou t th e  oxime and was kep t in  th e  ic e

box o v e rn ig h t . The b e a u t i f u l  w h ite  n e ed les  were p r e c ip i t a te d  a t  th e

bo ttom . The p ro d u c t was f i l t e r e d ,  washed w ith  w a te r t i l l  f r e e  from
o

c h lo r id e ,  and d r ie d ,  th e  y ie ld  was 1 5 .8  g. m e ltin g  a t  159.5  .  The

p ro d u c t a f t e r  r e c r y s t a l l i s a t i o n  from  30$ e th a n o l and d e c o lo r iz a t io n

w ith  c h a rc o a l ,  w eighed 14*0 g*f 78.12$ o f t h a t  t h e o r e t i c a l ly  c a lc u la te d .
o

The r e c r y s t a l l i s e d  p ro d u ct m e lted  a t  161 • T h is v a lu e  agreed  w ith  th a t
o

found by R i s s e r t  (63) w h ile  N eber and Huh (64) re p o r te d  171 m. p . 

N e u tra l  e q u iv a le n t ;  c a lc u la te d  f o r  Cg%05Ng 224; found 225.6 and 225 .3 . 

P re p a ra t io n  o f p a llad iu m  c h a rc o a l c a t a ly s t ;  The procedure  o f  H artung (65)



was fo llow ed#  To 3 g . o f  nuchar was added 0*3 g# o f p a llad iu m  c h lo r id e  

c ry s ta l s *  T h is  m ix tu re  was p la c e d  in  a  b o t t l e  and 100 ml* o f 50% a lc o h o l 

was added* The b o t t l e  was f i t t e d  to  th e  P a r r  h y d ro g en a to r (P a rr  I n s t r u ­

m ent Co* In c* )*  The a i r  was removed by e v a c u a tin g  th e  b o t t l e ,  f i l l i n g  

i t  w ith  hydrogen and re p e a t in g  th e  p ro c e ss  a t  l e a s t  fo u r  t im e s ; th en  

l e f t  an atm osphere o f p r a c t i c a l l y  pure  hydrogen keep ing  a p re s su re  o f 

30 l b s / s q .  in -

When th e  u p tak e  o f  hydrogen had ceased  th e  b o t t l e  was removed, and th e  

c o n te n ts  f i l t e r e d  on a s u c t io n  fu n n e l. The p a l la d in iz e d  c h a rc o a l was 

washed th o ro u g h ly  w ith  95% a lc o h o l, and th e n  w ith  e th e r*  C are must be 

ta k e n  to  av o id  spon taneous i g n i t i o n  o f th e  m a te r ia l .  The c a t a l y s t  when 

n e a r ly  d r ie d  was p la c e d  in  a vacuum d e s ic c a to r  over c o n c e n tra te d  s u l­

f u r i c  acid*  A f te r  s ta n d in g  o v e rn ig h t i t  was ready  f o r  use* 

o-Amino ph eny1 e la n in e  d ih y d ro c h lo r id e ;

To 2*24 g* (0*01 mole) of * < -o x im in o - |3 - (o -n itro p h e n y l)-p ro p io n ic  a c id  

d is s o lv e d  in  100 m l. o f 50% a lc o h o l was added 5 m l. o f 36% h y d ro c h lo r ic  

a c id  and th e  p re v io u s ly  p rep a red  p a lla d iu m -c h a rc o a l c a ta ly s t*  The reduc­

t i o n  was c a r r i e d  o u t in  th e  P a r r  h y d ro g en a to r a t a p re s su re  o f 50 l b s / s q .  

i n .  u n t i l  th e  t h e o r e t i c a l  q u a n ti ty  o f hydrogen 1120 m l. was tak en  up 

d u rin g  a p e r io d  of 4 |- hours* The r a t e  o f hydrogen a b so rp tio n  was fo llo w ­

ed  by o b se rv in g  th e  f a l l  in  p re s su re  on a gauge p re v io u s ly  c a l ib r a te d  

4 l b s  2:1000 m l. The c a t a l y s t  was f i l t e r e d  o f f ,  th e  f i l t r a t e  was con-

PdClg—f- H2 ------ ^ Pd 4 -  2 HC1

-COCK
[OH

Pd *

:-cooh
:gHCi
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c e n t r e te d  under w a te r pump. As th e  s o lv e n t was removed, th e  w hite  c r y s t a l ­

l i n e  p ro d u c t was l e f t  suspended in  w a te r . When a l l  th e  a lc o h o l was removed, 

th e  p ro d u c t in  w a te r su sp en s io n  was c h i l l e d  in  th e  ic e  box. The f lo c e u le n t  

w h ite  p r e c i p i t a t e s  were s e t t l e d  down a t  th e  bottom . The p ro d u ct was f i l ­

t e r e d  and d r ie d ,  1 .8  g . (71.1$) o f s l i g h t l y  p in k ish  w h ite  c r y s ta l s  o f

amino- pi —(o-am i nophenyl) -p ro p io n ic  a c id  d ih y d ro c h lo r id e  was ob tained*
o

The compound m elted  a t  204 w ith  decom position  and gave x e n th o p e tr ic  r e ­

a c t io n  t e s t .  N itro g en : c a lc u la te d  f o r  CgH-^^OgNgClg 11 .06$  found, 1 0 .d? and 

10.91$*

o -A m lnopheny llac tic  a c id  h y d ro c h lo r id e ;

-G00H
Pd
W 1

I t  was th o u g h t t h a t  d u rin g  re d u c tio n  o f  o -n itro p h e n y lp y ru v ic  a c id , i f  th e  

amino group as form ed by re d u c tio n  o f th e  n i t r o  group was p ro te c te d  as 

gamine h y d ro c h lo r id e  s a l t ,  th e n  c y c l is a t io n  would no t tak e  p la c e . T his r e ­

a c t io n  was c a r r ie d  o u t in  th e  p resence  of h y d ro c h lo ric  ac id  s o lu t io n ,  and 

was found tru e *

To a s o lu t io n  o f 2 .09  g. (0 .01  mole) o f o -n itro p h e n y lp y ru v ic  a c id  

in  100 m l. o f 50$ a lc o h o l was added 1 .5  m l. o f 36$ h y d ro c h lo r ic  ac id  and 

3 g. o f 10$ p a llad iu m  c h a rc o a l c a t a ly s t .  The c a lc u la te d  q u a n ti ty  of hydro­

gen was ta k e n  up by th e  compound w ith in  a p e r io d  o f 3|- h o u rs . The r e a c t io n  

m ix tu re  was f i l t e r e d  to  remove th e  c a t a l y s t .  The a lco h o l was removed under 

reduced  p r e s s u re .  The y ie ld  o f  o -sm in o p h en y llac tic  ac id  h y d ro c h lo r id e ,

p u rp le  c o lo r  c r y s t a l l i n e  p ro d u c t, was 1 .5  g. (69 .1$  t h e o r e t i c a l ) .  The
o

product, m elted  a t  180 w ith  decom position . N itro g en : c a lc u la te d  f o r  

°9H11°3N*HG;L found 6 .5 8 $  and 6 .5 3 $ .
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°C~Indolecarbo:gylic acid :

00H

H

Pd

o«*Nitrophenyl p y ru v ic  a c id  h as been  co n v erted  in to  o ^ - in d o le c a rb o x y lic  

a c id  by chem ical p ro ced u res  (5 9 ,6 6 ,6 7 ,6 8 ,6 9 ,7 0 )  b u t n o t by c a t a l y t i c  

m ethods* I t  was th o u g h t t h a t  o -n itro p h e n y lp y ru v ic  a c id  would c y c l is e  

and g iv e  o ^ - in d o le c s rb o s y lic  i f  shaken  in  n e u t r a l  s o lu t io n  in  an a t ­

m osphere o f hydrogen w ith  th e  c a ta ly s t*  To a s o lu t io n  of 2*09 g*

(0*01  m ole) o f o -n itro p h e n y lp y ru v ie  a c id  in  100 m l. o f  50$ a lc o h o l was 

added 3 g . o f  10$ p a llad iu m  c h a rc o a l c a ta ly s t*  The h y d ro g en a tio n  went 

sm oothly to  th e  c a lc u la te d  end p o in t  w ith in  3 hours* T reatm ent o f th e

re d u c t io n  p ro d u c t in  th e  o rd in a ry  manner y ie ld e d  L 3  g. (73$) in d o le -
o

c a rb o ^ y lic  acid* The p ro d u ct m e lte d  a t  204 w ith  decom position . T h is
o

compound i s  r e p o r te d  to  m e lt a t  202-204 ( 70)*

In d o le :

H

v .

00H
- 00 . r

H

In  th e  l i t e r a t u r e  v a r io u s  m ethods have been d e sc r ib e d  f o r  th e  p re p a ra t io n  

o f in d o le  d i r e c t l y  o r in d ir e c t ly *  th e se  w i l l  n o t be review ed here* Accord­

in g  to  th e  method o f S ik e s  e t  a l  (59) 1 6 .4  g* (0*1 mole) o f pure



c s^ -in d o leca rb o x y lic  a c id  was p lac ed  in  a 250 ml* round bottom  ground

g la s s  f l a s k  f i t t e d  w ith  a lo n g  a i r  condenser. The p ro d u ct was h e a te d  on
o

a sand b a th  keep in g  temp. 240-250 f o r  a p e r io d  of 5 h o u rs , t i l l  d eca r­

b o x y la t io n  was com plete . The dark  c o lo re d  l iq u i d  l e f t  was th en  co o led ,

and d i s t i l l e d  under reduced  p re s su re  from  a m od ified  C la is e n  f l a s k .  The
o

c o lo r l e s s  l i q u i d  d i s t i l l e d  a t  140-143 a t  8 mm. p re s s u re .  The d i s t i l l a t e

c o l le c te d  w eighed 7 .4  g. (63.2% t h e o r e t i c a l l y  c a lc u la te d ) ,  and s o l i d i f i e d
o

on c o o lin g . The p ro d u c t m elted  a t  51 and p o ssessed  an in te n s e  f e c a l  odor. 

E th y l J 3 - in d o ly lg lo x a la te :

G00CsH5 
T GOOCHS

H

A ccord ing  to  th e  m ethod of E lk es (59) , in  a 500 m l. 3 neck f l a s k  f i t t e d  

w ith  r e f lu x  c o n d en se r, c a lc iu m  c h lo r id e  tu b e , s t i r r e r  and dropp ing  fu n n e l, 

was p lac ed  50 m l. o f a b so lu te  e th a n o l,  in  which was d is so lv e d  4 g.

(0 .174  mole) o f sodium. The c o n te n ts  o f th e  f l a s k  were co o led  by i c e - s a l t  

b a th ,  and to  them were added over a p e rio d  o f 20 m inu tes 10 m l. o f p y r i ­

d in e  (d r ie d  over BaS) and a m ix tu re  o f 11 .7  g. (0 .1  mole) in d o le  d is so lv e d  

in  10 m l. a b so lu te  e th a n o l and 1 4 .6  g. (0 .1  mole) o f e th y l o x a la te .  The 

s o lu t io n  was s t i r r e d  f o r  one hour on co ld  b a th  w ith  e x c lu s io n  o f m o is tu re  

and th en  re  f lu x e d  f o r  fo u r  h o u rs  on a w a ter b a th ,  c a u t io u s ly  a t  f i r s t  

because  of f r o th in g .  A f te r  th e  r e a c t io n  was com plete , a lc o h o l was removed 

under reduced  p re s su re  and th e n  th e  re s id u e  was n e u tr a l i s e d  w h ile  s t i r r i n g  

w ith  c o ld  2 norm al HC1. A brown c r y s t a l l i n e  p roduct p r e c ip i t a te d ,  was
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f i l t e r e d t end washed w ith  w a te r , and th en  w ith  e th e r  to  remove th e  t a r r y  

im p u r i t ie s .  The p ro d u c t was d r ie d  in  a vacuum  d e s ic c a to r  over conc. HgSO 

On r e c r y s t a l l i s a t i o n  from  a lco h o l th e  p ro d u c t o b ta in ed  weighed 9 .0  g*

e th a n o l ,  was added 3 g# o f  p a llad iu m  c h a rc o a l c a t a l y s t .  T his m ix tu re  

was shaken  in  an atm osphere o f hydrogen a t  a p re s su re  o f  50 lb s /sq #  in# 

f o r  2 h o u rs ; th e r e  was found no a b so rp tio n  of hydrogen; th e  c a ta ly s t  

was f i l t e r e d ,  and to  th e  f i l t r a t e  was added 0 .1  g . o f Adamsf s p la tinum  

oxide c a t a l y s t  (American P la tin u m  Works) and was shaken in  th e  atmos­

phere  o f hydrogen. The t h e o r e t i c a l  q u a n ti ty  o f hydrogen was tak e n  up in  

3 hours#  The c a t a ly s t  was f i l t e r e d ,  a lc o h o l was removed under reduced  

p re ssu re #  The p ro d u ct was found o i ly  suspended in  w a te r , on c o o lin g  i t  

was c r y s ta l l i s e d #  The p ro d u c t was e x tr a c te d  w ith  e th e r ,  e th e r  was 

e v ap o ra te d  and brown c r y s t a l l i n e  p ro d u c t 1 .8 4  (83.8$) was obtained# 

N itro g e n : c a lc u la te d  f o r  C^gEL^O^N 6#46$; found 6#29$ and 6#33$.

(41#4?S t h e o r e t i c a l l y  c a lc u la te d )  and m elted  a t 178 th e  v a lu e  ag reed  

w ith  t h a t  o f E lk e s  (59)#

E th y l ^ - in d o ly lg ly c o la t e :

;~C00C^I5

J N 
HH

To 2*L7 g* (O.Olmole) o f  e th y l  ^ . in d o ly lg ly o x a la te  in  100 m l. 70$ 
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Attem pted preparation  o f oxime of e th y l p ~ in d o ly lg ly  o x a la te  

-COOCgHg
NHgOH.HCl ~G-C00C2H5

NOH

H H

In  a 850 m l. b eak er 4 .34  g. (0 .03  mole) o f e th y l  ^ - in d o l y l g ly  o x a la te  

was d is so lv e d  in  20 m l. o f 75$ e th a n o l.  To t h i s  was added a s o lu t io n  o f 4 .34  g. 

(0 .0 2  mole) o f sodium a c e ta te  and 1 .3 9  g . (0 .02  mole) o f hydroxyl ammonium 

c h lo r id e  in  20 m l. w a te r . The r e s u l t i n g  homogeneous m ix tu re  was k ep t a t  

room tem p era tu re  o v er a p e rio d  o f 20 h o u rs . Then th e  r e a c t io n  m ix tu re  was

co o led  a t  0 -5  and a c id i f i e d  w ith  d i lu t e  BD1. The w h ite  c r y s t a l l i n e  p roduct 

p r e c ip i t a te d  o u t a t  th e  bo ttom , w hich was f i l t e r e d  and d r ie d . The p roduct 

d id  n o t m elt and p roved  to  be an in o rg a n ic  s a l t .  The f i l t r a t e  was c o n c e n tra te d , 

and e x tr a c te d  w ith  e th e r .  The e th e r  was removed, and th e  p roduct th u s  o b ta in e d ,

p la c e .  The r e a c t io n  was re p e a te d  u s in g  sodium hydrox ide  in s te a d  o f sodium 

a c e ta te ,  b u t th e  r e s u l t s  were n o t encouraging* The la c k  o f s u f f i c i e n t  m a te r ia l  

d id  n o t pe rm it adequate  study  of th e  d e s ire d  ox im etion  rea c tio n #

o

m e lted  a t  176 showing e th y l  ^ - in d o ly g ly  o x a la te ,  and no oxim© fo rm a tio n  took
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m-Aminophenyl a l  an ine  

The s u c c e s s fu l  s y n th e s is  o f m -am inophenylalanine l a r g e ly  depends 

on th e  p re p a ra t io n  o f th e  in te im e d ia te  oxime. The case  o f n i t r o s a t io n  

o f  m alon ic  a c id s  and e s t e r s  p o in te d  m -n itrobenzy lm alon ic  a c id  and e s t e r  

as  a  so u rce  o f th e  d e s ir e d  oxime and th e  s y n th e s is  by th e s e  ro u te s  was 

u n d e rta k e n .

P re p a ra t io n  o f  m— n itro b e n z a ld e h y d e : F o llow ing  th e  p ro ced u re  o f Heyman (71), 

c o n c e n tra te d  700 m l. s u l f u r i c  a c id  was tak en  in  a two l i t e r  3 neck f l a s k  

f i t t e d  w ith  r e f lu x  c o n d en se r , s t i r r e r  and se p a ra to ry  fu n n e l ,  and su r ­

rounded by  i c e - s a l t  ba th*  To th e  co o led  a c id  was added v e ry  c a r e f u l ly  

300 m l. fum ing n i t r i c  a c id ,  th e  tem p era tu re  du rin g  th e  a d d it io n  was kep t 

5 -1 0 ° , Then 212 g . (2 m oles) of benzaldehyde was added v e ry  c a r e f u l ly

over a  p e r io d  o f 2 hou rs w ith  co n tin u o u s s t i r r i n g  to  th e  n i t r a t i o n  m ix-
o

tu r e  k eep in g  th e  te m p era tu re  10-15 * A f te r  th e  a d d it io n  o f  benzaldehyde 

was com plete , th e  s t i r r i n g  was c o n tin u ed  f o r  one hour m ore, and th e n  th e  

r e a c t io n  was t r a n s f e r r e d  to  th e  c ru sh ed  ic e  in  a 5 - l i t e r  b eak e r. As th e  

ic e  was m e lte d , more ic e  was s u p p lie d . The g ra n u la r  ye llow  p ro d u ct p re ­

c i p i t a t e d  was c h i l l e d  f o r  about 1 hour t i l l  com plete ly  s e t t l e d  down a t  

th e  bottom* The p ro d u c t was f i l t e r e d  th rough  a s in te r e d  g la s s  fu n n e l 

and washed th o ro u g h ly  to  remove th e  u n re a c te d  benzaldehyde* The p ro d u ct 

was sucked  d ry , and was ta k e n  in  95$ a lc o h o l,  and t r e a t e d  w ith  c h a rc o a l. 

The h o t a lc o h o lic  f i l t r a t e  was c h i l l e d  o v e rn ig h t, ye llow  c r y s t a l l i n e  

p ro d u c t was o b ta in e d , th e  y ie ld  was 165 g* From th e  f i l t r a t e  on f u r th e r

c o o lin g ,  more p ro d u c t was o b ta in e d . The t o t a l  y ie ld  was 190 g* (62*9$),
o .

m elted  a t  58*5 , th e  v a lu e  agreed to  t h a t  o f Lippmann (7 2 ) .
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P re p a ra t io n  o f alum inium  iso p ro p o x id e : A ccord ing  to  th e  d i r e c t io n s  of

W ilds (73) , 27 g* o f alum inium  p re v io u s ly  c le an e d  w ith  emery p a p e r , to  

i t  was added 300 m l. o f  is o p ro p y l a lco h o l (d r ie d  over calc ium  c h lo r id e

end d i s t i l l e d  a t  83 ) and 0 .5  g. m ercu ric  c h lo r id e .  The f l a s k  was f i t t e d  

w ith  s p i r a l  H insburg  c o n d en se r , w ith  ca lc iu m  c h lo r id e  tu b e . The s o lu t io n  

was a llow ed  to  r e f lu x  on th e  h o t p l a t e ,  a f t e r  ^  h o u r, added 4 m l. o f 

carbon  t e t r a c h l o r i d e  th rough  th e  co n d en ser. The aluminium re q u ire d  7 hours 

to  go co m p le te ly  in  s o lu t io n ,  th en  th e  s o lu t io n  was re f lu x e d  f o r  2 hou rs 

m ore. The h o t s o lu t io n  was t r a n s f e r r e d  to  th e  C la ise n  f la s k *  F i r s t  a lc o h o l 

was d i s t i l l e d  under reduced  p re ssu re *  The d i s t i l l a t e  was c o l le c te d  a t

140-142 a t  8 mm. p r e s s u re .  The y ie ld  was 162 g . (78*8$ t h e o r e t i c a l ly  

c a l c u l a t e d ) .  The m o lten  aluminium iso p ro p o x id e  was t r a n s f e r r e d  in to  

wide mouth amber c o lo re d  b o t t l e ,  and th e  b o t t l e  was se a le d  w ith  p a r a f f in  

to  ex c lu d e  m oistu re*

P re p a ra t io n  o f m -n itro b e n z y l a lc o h o l: Becker (74) and Thorp & Wildman

(75) p re p a re d  m -n itro b e n z y l a lco h o l from co rresp o n d in g  aldehyde by 

C ann izaro  r e a c t io n ;  b u t th e  y ie ld  was low due to  equal amount o f form a­

t io n  o f  a lc o h o l and co rre sp o n d in g  acid*

R ed u c tio n  w ith  alum inium  iso p ro p o x id e  appeared to  be th e  v e r s a t i l e  

r e a c t io n  f o r  th e  p re p a ra t io n  o f m -n itro b en zy l a lc o h o l in  f a i r l y  

la r g e  y i e ld .  In  200 m l. o f iso p ro p y l a lc o h o l, 6 0 .4  g. (0 .4  mole) o f 

m -n itro b en z y la ld eh y d e  was d is s o lv e d ,  and th e  s o lu t io n  was t r a n s ­

f e r r e d  in  © 2- l i t e r  3-neck  f l a s k  f i t t e d  w ith  A ll ih n  condenser and 

w ith  a s t i r r e r .  The s o lu t io n  was re f lu x e d  on th e  o i l  b a th , and to  i t

o
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was added 14 g. (0*068 m ole) o f aluminium iso p ro p o x id e  and 300 ml* o f  

iso p ro p y l a lc o h o l .  The s o lu t io n  was a llow ed  to  r e f lu x  f o r  8 h o u rs , 

k eep in g  th e  te m p e ra tu re  o f th e  o i l  b a th  a t  110°* D uring t h i s  p e rio d  

ace to n e  as form ed, was d i s t i l l e d  o f f  and more iso p ro p y l a lc o h o l was 

su p p lie d . The r e f lu x in g  was c o n tin u ed  f o r  2 hou rs more t i l l  th e  d i s ­

t i l l a t e  d id  n o t g ive  th e  t e s t  f o r  ace tone  w ith  2-4  d in it ro p h e n y l— 

h y d raz in e  reag en t*  Most o f  th e  rem ain ing  a lc o h o l was removed under 

red u ced  p r e s s u r e ,  th e  r e s id u e  was coo led  and h y d ro ly sed  w ith  c o ld  

d i lu t e  HD1* The o i ly  l a y e r  s e p a ra te d  was e x tr a c te d  w ith  e th e r ,  th e n  

th e  e th e r  e x t r a c t s  were mixed and t r e a te d  w ith  10$  sodium b i s u l f i t e  

s o lu t io n  to  remove u n re a c te d  a ldehyde. The e th e r  e x t r a c t  was washed 

w ith  w a te r ,  and d r ie d  over anhydrous sodium s u lfa te *  E th e r  was r e ­

moved, and th e  r e s id u e  was d i s t i l l e d  under reduced  p ressu re*  The c o lo r -
o

l e s s  d i s t i l l a t e  was c o l le c te d  a t  181-183 a t  6mm* p re s s u re ,  and i t

s o l i d i f i e d  on cooling*  m -N itrobenzy l a lc o h o l th u s  o b ta in ed  was 42 g .
o o

(68. 6$) ,  and m e lte d  a t  27 which agreed  w ith  th e  m e ltin g  p o in t  27 ,

r e p o r te d  by B ecker (74)*

P re p a ra t io n  o f m -n itro b en z y l c h lo r id e ; In  a 500 ml* tw o-neck f l a s k  

f i t t e d  w ith  a d ropp ing  fu n n e l ,  and r e f lu x  condenser a tta c h e d  w ith  a 

gas a b so rb in g  t r a p ,  was p la c e d  55 g. (0 .36  mole) o f m -n itro b en z y l 

a lc o h o l, t h i s  was h e a ted  on a w a te r b a th  and d u rin g  th e  c o u rse  o f 

-§■ h ou r, 59.5  g . (0*5 m ole) o f th io n y l c h lo r id e  was added drop by 

drop* The s o lu t io n  was th e n  re f lu x e d  f o r  3 h o u rs , t i l l  th e  r e a c t io n  

was co m p le te . E xcess o f th io n y l  c h lo r id e  was d i s t i l l e d ,  and th e  d srk  

l iq u id  re s id u e  c r y s t a l l i s e d  on c o o lin g . The p ro d u ct was d is so lv e d  in  

95$ a lc o h o l and t r e a te d  w ith  c h a rc o a l. The c le a r  f i l t r a t e  was poured 

in  w a te r , which c r y s t a l l i s e d  on cooling* The d a rk , s h in in g , c ry s -
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t a l l i n e  p ro d u c t was f i l t e r e d ,  and d r ie d  in  a d e s ic c a to r  over conc. 

H2S04* ^  P roduct was i r r i t a t i n g  to  th e  sk in , i t  w eighed 51 .0  g .

( 8 2 .6 $ ) ,  and m e lted  a t  47 , which ag reed  w ith  th e  m e ltin g  p o in t 
o

45-47 ,  r e p o r te d  by N o r r is  (7 6 ). 

n u N itro b en zy lm a lo n ic  e s t e r :

G ull and (77) o b ta in e d  a m ix tu re  o f e th y l  m -n itro b en zy lm alo n a te  

and e th y lb  is - (m -n itro b e n z y l)  -m alonate  by a llo w in g  m -n itro b en z y l c h lo r ­

id e  to  r e a c t  w ith  sod io -m alo n ic  e s t e r .  I t  was though t by u s in g  h ig h ly  

d i lu te d  re a g e n ts  and a la r g e  ex ce ss  o f sod io -m alo n ic  e s t e r  on ly  th e  

m o n o -su b s ti tu te d  p roduct m ight be o b ta in ed , and t h i s  method was u sed . 

I n  a 500 ml* 3 -neck  f l a s k  f i t t e d  w ith  r e f lu x  condenser a tta c h e d  w ith  

ca lc iu m  c h lo r id e  tu b e ,  s t i r r e r  and s e p a ra to ry  fu n n e l was p lac ed  60 ml* 

o f a b so lu te  e th a n o l ,  in  which was d is so lv e d  2 .3  g . (0 .1  mole) o f so d ­

ium. To th e  b o i l in g  sodium e th o x id e  s o lu t io n  were added over a p e rio d
o

o f  one hour 48 g . (0*3 mole) o f e th y l  m alonate ( d i s t i l l i n g  97-99 a t 

6 mm.) end 1 7 .15  g . (0 .1  mole') o f  m -n itro b en zy l c h lo r id e  d is s o lv e d  

in  15 m l. a b so lu te  e th a n o l. The s o lu t io n  was re f lu x e d  fo r  4 h o u rs , 

ex cess  o f a lc o h o l was rem oved, and th e  re s id u e  was a c id i f i e d  w ith  

d i lu t e  HC1, th e  o i ly  l a y e r  w hich se p a ra te d  was e x tra c te d  w ith  c h lo ro ­

form , ch lo ro fo rm  was removed on steam  b a th , and th e  re s id u e  was d is ­

t i l l e d  under reduced  p re s s u re .  The fo re ru n  c o n s is te d  of ch lo ro fo rm
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and e th y lm a lo n a te , end th e  f i n a l  d i s t i l l a t e  c o n s is te d  o f a p a le
o

y e llo w  l i q u i d  which was c o l le c te d  a t  140—141 a t  d m *  p re ssu re #

The y i e ld  was 17*0 g . (5 7 .6 $  o f  th e  t h e o r e t i c a l  amount)# N itro g en : 

c a lc u la te d  f o r  N 4 .7 4 $ ; found 4 .6 6 $  and 4 .6 9 $ .

m -N itrobenzy lm alon ic  a c id :

b 8g h (0000A ) 8

hos
KOH

H^CHtCOOH)

In  80 ml# o f  50$ e th a n o l were d is so lv e d  15 g# (0 .051 mole) 

m -n itro b en zy lm a lo n ic  e s t e r  and 7 .5  g. o f  po tassium  h y d ro x id e . The so lu ­

t i o n  was re f lu x e d  on w a te r b a th  f o r  3 h o u rs . A lcohol was removed, and
o

th e  dark  aqueous s o lu t io n  rem ained which was acid ified  a t  0 ,  w ith  conc.

HC1 and th e n  e x tr a c te d  w ith  e th e r .  The e th e r e a l  e x t r a c t  was d r ie d  

o v e r anhydrous sodium s u l f a t e ,  and th en  e th e r  was removed, le a v in g  

b e h in d  th e  r e s id u a l  m -n itro b en zy lm a lo n ic  a c id . The p roduct was re c ry s ­

t a l l i s e d  from  30$ e th a n o l by t r e a t i n g  w ith  c h a rc o a l . The c o lo r le s s

c r y s t a l l i n e  m -n itro b en zy lm a lo n ic  a c id  th u s  o b ta in e d , weighed 8 .5  g .
o

(7 1 $ ), and m e lted  a t  170 w ith  decom position* The v a lu e  agreed  w ith  

t h a t  r e p o r te d  by G ulland  (7 7 ).

A ttem pted  n i t r o s a t i o n  of m -n itrobenzy lm alon ic  e s t e r :  A ccording to  th e  

d i r e c t io n s  o f B arry  (5 1 ), in  a 500 m l. 3-neck  f l a s k  equipped w ith  

s t i r r e r ,  r e f lu x  condenser and dropping  fu n n el was p laced  50ml. o f 

a b so lu te  e th a n o l ,  in  which was d is so lv e d  0 .78  g . (0 .034  mole) sodium .
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The f l a s k  was co o led  by i c e - s a l t  b a th , and to  th e  sodium e th o x id e  

s o lu t io n  was added w ith  s t i r r i n g  10 g. (0 .034  mole) m -n itro b e n z y l— 

m alonic  e s t e r  over 2q m in u te s ; th e  c o lo r  changed to  c h e rry  red* To 

t h i s  r e a c t io n  m ix tu re  was added 5 .2  g. (0 .051 mole) o f b u ty l n i ­

t r i t e  (7 8 ) , and th e  s o lu t io n  was s t i r r e d  f o r  hour m ore, and th en  

th e  w a te r  b a th  was h e a te d  to  75 and s t i r r i n g  co n tin u ed  f o r  15 min­

u te s  m ore. A lcohol was rem oved, and th e  s o lu t io n  was coo led  and a c id i­

f i e d  w ith  c o ld  d i lu t e  HgSO^. The o i ly  l a y e r  s e p a ra te d  was e x tr a c te d  

w ith  e th e r ;  th e  e th e r e a l  e x t r a c t  was shaken w ith  10$ NaOH s o lu t io n  to  

e x t r a c t  th e  ex p ec ted  oxim ino compound. The a lk a l in e  e x t r a c t  was h e a ted  

f o r  -J- hour to  h y d ro ly se  any f r e e  e s t e r  rem a in in g . Now th e  s o lu t io n  

was a c i d i f i e d  w ith  co ld  d i l u t e  HgSO^, th e  d a rk  brown t a r r y  mass was 

i s o la t e d  w hich f a i l e d  to  g iv e  any d e f in i te  c r y s t a l l i n e  p ro d u c t, and 

was n o t f u r t h e r  c h a r a c te r i s e d .  The experim ent was re p e a te d  u s in g  

iso p ro p y l n i t r i t e  in s te a d  o f  b u ty l  n i t r i t e ,  b u t th e  r e s u l t s  were no 

more en co u rag in g .

A ttem pted  n i t r o s a t i o n  o f m -n itro b en zy lm alo n ic  a c id : A gain , fo llo w in g  

th e  d i r e c t io n s  o f  B arry  (5 1 ) ,  in  a 250 m l. b e ak e r surrounded  by ic e -  

s a l t  b a th ,  4 .7 8  g . ( .0 2  m ole) o f  m -n itrobenzy lm alon ic  a c id  was d is ­

so lv ed  in  20 m l. e th e r .  To i t  was added 4 .5  g* ( .0 4  mole) o f n -b u ty l  

n i t r i t e  w ith  s t i r r i n g  and d ry  HC1 gas was slow ly  passed  b en ea th  th e  

s o lu t io n  o v e r a p e rio d  o f 20 m in u tes . The r e a c t io n  m ix tu re  became 

deep brown in  c o lo r ,  e th e r  was removed, and a dark  brown p ro d u c t was

o b ta in e d . I t  was re  c r y s t a l l i s e d  from a lc o h o l and th e  p ro d u ct m elted
o .

a t  149 . T h is  compound c o n ta in e d  8 .3 $  n i tro g e n  on a n a ly s is .  C a lc u la te d

n itro g e n  f o r  m -n itro b en zy lm alo n ic  a c id , C^QHgOgN, 5 .9 1 $ . C a lc u la te d

n itro g e n  f o r  m -n itro p h en y lp ro p io n ic  a c id , C^qHqO^N, 7 .2 6 $ . T h is  su g -
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g e s ts  t h a t  n i t r o s a t i o n ,  i f  i t  took  p la c e  a t  a l l ,  p roceeded  on ly  p a r­

t i a l l y .  T h is  r e a c t io n  was no t f u r th e r  in v e s tig a te d #  

m -N itro p h e n y lp ro n io n ic  a c id :

HOH
00

In  one l i t e r  3 -n eck  f l a s k  equ ipped  as u a u e l ,  was p laced  20 g» o f

KCE d is s o lv e d  i n  100 ml* o f  80% a lc o h o l, th e  f l a s k  was h e a ted  on th e  w a te r

bath#  To th e  h o t a lk a l in e  s o lu t io n  was added g ra d u a lly  56*2 g« (0*2 mole)

o f m -n itro b en z y lm a lo n ic  e s t e r  over a p e r io d  o f 40 m inu tes by co n tin o u s

s t i r r i n g *  The s o lu t io n  was re f lu x e d  f o r  16 h o u rs , w a te r  was added to

th e  m ix tu re  d u rin g  t h i s  p e r io d  as re q u ire d  to  p rev e n t s o l id i f i c a t io n *

A lco h o l was removed u n d er reduced  p r e s s u re .  Then th e  aqueous s o lu t io n
o

was h e a te d  f o r  3 h o u rs  on th e  o i l  b a th  a t  th e  tem p era tu re  o f 170-180 •

The s o lu t io n  was c o o le d , and was t r a n s f e r r e d  in  a b eak er su rrounded  by 

an i c e - s a l t  b a th , about 200 g# of c ru sh ed  ic e  was added to  th e  m ix tu re , 

and c o ld  conc# HC1 was added drop by drop w ith  c o n tin o u s  s t i r r i n g .

D uring  th e  co u rse  o f a d d it io n  o f th e  a c id , some po tassium  s a l t  o f th e  

ac id  was s e p a ra te d , b u t r e d is s o lv e d  on f u r th e r  a d d it io n  o f th e  a c id , 

th e n  th e  m ix tu re  was made a c id ic  t o  Congo re d . The o i ly  la y e r  which 

s e p a ra te d  was e x t r a c te d  w ith  e th e r .  The e th e r  e x t r a c t  was d r ie d ,  th e  

e th e r  was e v a p o ra te d , le a v in g  a syrupy  l i q u i d  which was d r ie d  over­

n ig h t  i n  th e  vacuum d e s ic c a to r .  The p ro d u c t was r e e r y s t a l l i s e d  from 

a lc o h o l and t r e a te d  w ith  c h a rc o a l. B e a u tifu l  w hite  c r y s t a l l i n e
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-m -n itro p h e n y lp ro p io n ic  a c id  th u s  o b ta in e d , weighed 22.5  g , (62$) 
o

and m e lte d  a t  118 , t h i s  v a lu e  ag reed  to  th a t  r e p o r te d  by G rab ie l and 

Steudem ann (79)*

Q^~Brom o^^3».(Tn».nitrophenyl)-propionic a c id  e th y l  e s t e r ;

CHo-CH-COBr

G H g ^ C O O C ^

&

The p ro ced u re  o f  Z e lin sk y  (80) and adopted  by Hamlin (54) was

fo llow ed^ 1 8 .1  g# (0 .2  m ole) o f -m -n itro p h en y lp ro p io n ic  a c id  was

d is so lv e d  i n  20 ml# dry  benzene. The s o lu t io n  was p laced  w ith  0*93 g*

(•03  mole) o f  phosphorus in  500 ml# th re e  neck  f l a s k  p ro v id ed  w ith  a

s t i r r e r ,  r e f l u x  condenser a tta c h e d  w ith  a gas t r a p ,  and s e p a ra to ry

funnel#  To th e  r e a c t io n  m ix tu re  was added s t i r r i n g  v e ry  c a re fu l ly ^

10 g# (0*2 m ole) o f brom ine. The r e a c t io n  was c a r r ie d  out by h e a tin g
o

on a w a te r  b a th  a t  70-80 f o r  4 h o u rs , t i l l  no more bromine vapour 

came o ff#  The acy lbrom ide th u s  form ed was co o le d , and to  i t  was added 

30 m l. o f a b so lu te  e th a n o l over a p e rio d  o f 15 m in u tes . A f te r  th e  

a d d it io n  o f  a lc o h o l was co m p le te , th e  r e a c t io n  m ix tu re  was warmed on 

a w a te r  b a th  f o r  h a l f  an h o u r. Then th e  m ix tu re  was t r a n s f e r r e d  to  th e  

s e p a ra to ry  fu n n e l ,  th e  e s t e r  l a y e r  se p a ra te d  was washed th re e  tim es 

w ith  w a te r , end d r ie d  over anhydrous sodium s u lfa te *  The s o lu t io n
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was d i s t i l l e d  under reduced  p ressu re#  The c l e a r  d i s t i l l a t e  o f ^ -b ro m o -

12 mm. The y i e l d  was 19*2 g . (63*4$ t h e o r e t i c a l l y  c a lc u la te d )*  Bromine: 

c a lc u la te d  f o r  C11H1204BrN 27.77%, found 26.98% and 26.94%.

A ccord ing  to  th e  d i r e c t io n s  o f Hamlin (54) in  500 ml* E rlenm eyer 

f l a s k ,  was p la c e d  a s o lu t io n  o f 17 .28  g. (0 .051 mole) o f ^ -b ro m o -p  « 

(m -n itro p h e n y l) -p ro p io n ic  a c id  e th y l  e s t e r  in  70 m l. o f 95% e th y l  a lc o h o l. 

To t h i s  was added w ith  s t i r r i n g  a s o lu t io n  o f 24 .8  g . (0 .36  mole) o f sod­

ium n i t r i t e  d is s o lv e d  in  80 m l. w ater*  The r e s u l t i n g  homogeneous m ix tu re  

was a llow ed  to  s ta n d  a t  room tem p era tu re  f o r  8 days w ith  o c c a s io n a l shak­

in g . The w h ite  c r y s t a l l i n e  p ro d u c t was seen  p r e c ip i t a t i n g  o u t ,  allow ed 

i t  to  s ta n d  f o r  4 days m ore. The c r y s t a l l i n e  p roduct o b ta in e d  was f i l t e r e d ,  

and d r i e d ,  th e  y ie ld  was 2*4 g. R e e r y s ta l l i s e t io n  from a lc o h o l, the  p roduct

o b ta in e d , weighed 1 .9  g. (15.6%) and m elted  a t  92 . N itro g en : c a lc u la te d  

f o r  C ^E^O gN g 11.11% found 10.94% and 10.91%. 

m ..Am inophenylalanine e th y l  e s t e r  d ih y d ro o h lo r id e :

^ - (m -n i tr o p h e n y l) -p r o p io n ic  a c id  e th y l  e s t e r  was c o l le c te d  a t  1 2 9 -1 3 2 /

&/-Qxim ino- S -(m -n itro p h e n y l)  -p ro p io n ic  a c id  e th y l  e s t e r :

'Hg-OH-C 0QC gHg

2NaN0

^ C ° ° C gH5

-V NaBr+NaNOg

o

IHg-C-COOC^

m 2h o i

■CH-COOCoHk
NHgHCl

TO '1.26 g . (0 .005  mole) o f oxim ino—p  « (m—n itro p h e n y l) —p ro p io n ic
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a c id  e th y l  e s t e r  d is s o lv e d  in  80 m l, o f 70$ a lco h o l was added 2 ,5  m l. o f 

36% HC1 and 5 g. pallad ium *-charcoal c a ta ly s t*  The m ix tu re  was shaken in  

hydrogen a t  a p re s su re  o f 50 l b s / s q .  in* and th e o r e t i c a l  q u a n ti ty  o f 

hydrogen was absorbed  in  3 h o u rs . The m ix tu re  was f i l t e r e d  to  remove th e  

c a t a l y s t ,  and th e  c le a r  f i l t r a t e  was c o n c e n tra te d  under reduced  p re s s u re ,  

le a v in g  a deep ye llow  c o lo r  s o lu t io n  ab o u t, 3 m l . ,  to  th e  h o t r e s id u a l  

s o lu t io n  was added iso p ro p y l e th e r ,  and a ye llow  c r y s t a l l i n e  p roduct was 

o b ta in e d  on cooling*  The p ro d u c t was f i l t e r e d  and d r ie d j  0*9 g* (64.1$)

o f  th e  e th y l  e s t e r  o f m-ami nophenyl a la n in e  d ih y d ro c h lo rid e  was obtained*
o

The c r y s t a l s  were y e llo w , and m elted  a t  227 w ith  decom position . N itro g en : 

c a lc u la te d  f o r  C^B-^gOgl^, 2HC1 9*96$; found 9*74$ end 9*77$.
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p-iMNOPHEiraJSLMINE

E rlenm eyer and L ipp (81) n i t r a t e d  phenyl e l  ©nine and o b ta in e d  th e  

p - n i t r o  compound in  r a th e r  low y ie ld s .  R eduction  of t h i s  compound gave 

p -am inopheny la lan ine*  F r ie d le n d e r  (82) o b ta in ed  p -am inopheny la lan ine  by 

re d u c t io n  o f  p—n itro p h e n y l-  n i t r o a c r y l i c  acid*

p -N itro p h en y lp y ru y ic  a c id  e th y l  e s t e r ;  W is lice n u s  and Schulz  (83) were 

a b le  to  g e t 79$> y ie ld  o f p -n itro p h e n y lp y ru v ic  a c id  e th y l e s t e r  by a llo w - 

in g  p - n i t r o to lu e n e  to  condense w ith  e th y l o x a la te  in  th e  p resen ce  of 

sodium m ethoxide* M attocks (44) fo llow ed  t h e i r  method and d u p lic a te d  

t h e i r  r e s u l t s *  However, s in c e  th e se  p rev io u s  w orkers d id  n o t o b ta in  the  

s t a b le  e s t e r ,  th e  method i s  g iven  in  d e t a i l .

I n  a  one l i t e r - 3 - n e c k  f l a s k  f i t t e d  w ith  m ercury se a le d  s t i r r e r ,

d ropp ing  fu n n e l and r e f lu x  condenser to  which i s  a tta c h e d  a ca lc ium  c h lo r id e

tu b e , was p ie c e d  100 m l. o f  m ethano l, in  which 6 .9  g. (0 .3  mole) sodium
o

was d is s o lv e d .  The f l a s k  was k e p t in  i c e - s a l t  b a th  a t  CW5 * To th e  sod­

ium e th o x id e  s o lu t io n  were added over a p e rio d  o f h a l f  an hour 43*8 g.

(0 .3  mole) o f  e th y l  o x a la te  and 41 .1  g. (0*3 mole) o f powdered p - n i t r o ­

to lu e n e .  The r e a c t io n  m ix tu re  began to  change c o lo r  to  b r ig h t  re d  a f t e r  

2 hours s t i r r i n g ,  and th e  s t i r r i n g  was co n tin u ed  fo r  3 hours m ore; i t  

was th en  a llow ed  to  s ta n d  o v e rn ig h t a t  room tem p era tu re . The r e a c t io n  

m ix tu re  was tu rn e d  to  dark  red  and a red  c r y s t a l l i n e  product had s e t t l e d  

o u t .  The e n t i r e  m ix tu re  was t r a n s f e r r e d  to  th e  s in te re d  g la s s  fu n n e l, 

and th e  c r y s t a l s  sucked d ry , and washed on th e  fu n n e l w ith  a b so lu te  

e th e r  to  remove u n re a c te d  m a te r i a l .  The p roduct was d r ie d  in  a d is c c a to r  

oyer ca lc ium  c h lo r id e . T his d a rk  re d  p ro d u c t was th e  sodium s a l t  o f th e
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q u in o id  form  of e th y l  p -n itro p h e n y lp y ru v a te  end th e  y ie ld  was 69 g. 

Twenty f iv e  g* o f th e  sodium s a l t  was added w ith  s t i r r i n g  to  b o i l in g  

30 m l. g l a c ia l  a c e t ic  acid* The c le a r  red  s o lu t io n  th u s  o b ta in ed  was 

t r a n s f e r r e d  in to  500 m l. w a te r , whereupon b e a u t i f u l  f lo c c u le n t  ye llow  

c r y s t e l l s  p r e c ip i t a t e d  o u t. The p ro d u c t was f i l t e r e d  washed w ith  w a te r

and d r ie d ;  th e  y ie ld  was SO.5 g. and th e  c r y s t a l s  m elted  a t 104 • On

r e c r y s t a l l i s e t i o n  from  a lc o h o l, th e  p ro d u c t weighed 1 8 .0  g. (71.2$) end
o o

m e lte d  a t  106 • P re v io u s ly  reco rd ed  m e ltin g  p o in t  106 (4 4 ). C o n tra ry

to  th e  o b se rv a tio n s  o f M attocks, t h i s  k e to  e s t e r  was found s ta b le  a t

l e a s t  h a l f  a y e a r  w ith o u t any v i s i b l e  change in  p h y s ic a l  p ro p e r tie s*

p-A m inophenyllactic ac id  e th y l e s te r  hydrochloride:

I n  80 ml* 95$ e th a n o l c o n ta in in g  1 .1  g. 36$ h y d ro c h lo r ic  a c id ,  

was d is so lv e d  2 .37  g. (0*1 mole) o f p -n itro p h e n y lp y ru v ic  a c id  e th y l  e s t e r ,  

and to  th e  c le a r  s o lu t io n  was added 3 g. o f 10$ p a llad iu m -ch a rco a l c a t a l y s t .  

The r e a c t io n  m ix tu re  was reduced  as u s u a l .  The c a lc u la te d  q u a n ti ty  o f 

hydrogen was ta k e n  w ith in  3 hours* The c a t a ly s t  was f i l t e r e d ,  a lc o h o l was 

removed from th e  f i l t r a t e ,  le a v in g  only  5 ml* o f  s o lu t io n .  On th e  a d d it io n  

o f iso p ro p y l e th e r  to  t h i s  h o t s o lu t io n  a brown c r y s t a l l i n e  p ro d u c t p re ­

c i p i t a t e d ,  which f i l t e r e d  and d r ie d  g iv in g  1 .8  g . (73 .3$) o f e th y l  e s t e r
o

o f p -a m in o p h e n y lla c tic  a c id  h y d roch lo ride*  T h is  m elted  a t  142 w ith  de­

co m p o sitio n . N itro g e n : c a lc u la te d  f o r  O^H^^OgN.HCl 5 .72$ ; found 5 .63$

o

(JHg-jJ-C00CsH5
0

Pd

and 5 .65$
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KOH

,HC1

In  20 ml* o f 20$ e th a n o lic  KOH s o lu t io n  was d is s o lv e d  4 .9  g .

(0 .02  m ole) o f p -am in o p h e n y lla c tic  ac id  e th y l  e s t e r  h y d ro c h lo r id e , and 

th e  s o lu t io n  re f lu x e d  f o r  4 h o u rs , t i l l  h y d ro ly s is  was com plete . The 

s o lu t io n  was c o o le d , and a c id i f i e d  w ith  c o ld  d i lu t e  HC1, a  b e a u t i f u l  

f a i n t l y  y e llo w  p ro d u c t was o b ta in e d . R e c r y s ta l i i s a t io n  from 70% a lco h o l 

gave 2 .8  g . (76*5$) o f p -a m in o p h en y llac tic  a c id , which m elted  a t  188° .  

T h is  v a lu e  a g re e s  w ith  th a t  re p o r te d  by W islin een u s and S chu lz  (83)* 

o ^ -O zlm in o - ^ - (p - n i t r o p h e n y l )  -p ro p io n ic  a c id  e th y l  e s t e r :

In  th e  p re p a ra t io n  o f oxime v a rio u s  m o d if ic a tio n s  under d i f f e r e n t  

c o n d it io n s  were t r i e d ,  and i t  was found th a t  oxime cou ld  be o b ta in ed  in  

good y ie ld  from th e  sodium s a l t  o f th e  q u in o id  form o f  p -n i tro p h e n y l-  

p y ru v ic  a c id  e th y l  e s t e r  in s te a d  o f from th e  f r e e  e s t e r  i f  n e ce ssa ry  

p re c a u tio n s  a re  o b se rv ed . I n  400 m l. b e a k e r, 23 .1  g . (0 .1  mole) o f the  

sodium s a l t  o f th e  qu ino id  form  o f p -n itro p h e n y lp y ru v ic  a c id  e th y l  e s t e r  

was d is s o lv e d  in  50 m l. m eth an o l, and to  th e  s o lu t io n ,  warmed on th e  w a te r 

b a th , was added 20 m l. g l a c i a l  a c e t ic  a c id . The r e s u l t in g  c l e a r ,  deep 

re d  c o lo re d  s o lu t io n  was m ixed w ith  s t i r r i n g  w ith  13 .8  g . (0 .2  mole) 

hydroxyl amine h y d ro c h lo rid e  and 27 .2  g . (0 .2  mole) sodium a c e ta te  d i s ­

so lv ed  in  100 m l. w a te r . The r e a c t io n  m ix tu re  was t r a n s f e r r e d  to  a one- 

l i t e r  S rlenm eyer f l a s k ,  i f  any o i ly  l iq u id  was l e f t  i t  was d is so lv e d
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by add ing  s u f f i c i e n t  q u a n ti ty  o f methanol* The s o lu t io n  was th en  allow ed to  

s ta n d  w ith  o c c a s io n a l  sh a k in g , a t  room tem p era tu re  f o r  3 h o u rs  and was 

th e n  p la c e d  in  th e  ic e  box o v e rn ig h t, when y e llo w  n e ed le s  p re c ip i ta te d *

The p ro d u c t was f i l t e r e d ,  washed w ith  w a ter and d ried*  On r e c r y s t a l l i s a t i o n  

from  a lc o h o l 20*4 g . (80*9$) ye llo w  c r y s t a l l i n e  ° ^ - o x i i£ in o - ^ - ( p - n i t r o -  

p h e n y l) -p ro p io n ic  a c id  e th y l  e s t e r  was o b ta in e d , which m e lted  a t  163°* 

C * v - Q x im in o - (p -n itro p h e n y l)  -p ro p io n ic  a c id :

qHg— fl-COGH 
CH

HCK

In  15 m l. o f 95$ e th a n o l was d is so lv e d  7.56 g . ( .0 3  mole)

c> ^-O xim ino-yS «(p«n itropheny l)-p rop ion ic  a c id  e th y l  e s t e r ,  and to  i t  was

added 25 m l. o f 10$ sodium hydroxide* The s o lu t io n  was re f lu x e d  f o r

4 h o u rs ,  and th e n  th e  d a rk  re d  s o lu t io n  was coo led  and a c id i f i e d  w ith

c o ld  cone* HgSO^* A y e llo w  c r y s t a l l i n e  p ro d u c t p r e c ip i t a t e d ,  was f i l t e r e d

and d r ie d *  On r e c r y s t a l l i s a t i o n  from  a lc o h o l by t r e a t i n g  w ith  c h a rc o a l ,

y e llow  c r y s t a l s  o f o < -o x im in o -£ - (p -n i tro p h e n y l) -p ro p io n ic  a c id  were ob-
o

ta in e d  w eigh ing  4 .5  g# (67$) and m e ltin g  a t  127 * The n e u tr a l  e q u iv a le n t 

o f  th e  a c id  was o b ta in e d  by  d is s o lv in g  in  60$ h y d ro -a lc o h o lic  s o lu t io n  

and u s in g  p h e n o lp h th a le in  as an i n d ic a to r .  N e u tra l e q u iv a le n t:  c a lc u la te d  

f o r  O9H8O5N2224; found 222 .5  and 2 2 2 .8 .

R ed u c tio n  o f o ^ -o x im in o -^ B -(p -n itro p h e n y l)-p ro p io n ic  ac id  and of 

th e  e th y l  e s t e r  was c a r r i e d  ou t w ith  p a llad iu m  ch arco a l c a t a l y s t ,  b u t 

found th e  r a t e  o f a b so rp tio n  o f hydrogen was v e ry  slow , and as th e
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r e a c t io n  became s lu g g is h ,  e x tr a  p a llad iu m  c h lo r id e  was added b u t w ith o u t 

e f f e c t*  I t  was obvious t h a t  a  d i f f e r e n t  c a t a l y s t  was needed f o r  th e  red u c ­

t i o n  o f th e s e  compounds, so a m ixed c a t a l y s t  p la tin u m -p a lla d iu m  was p re ­

p a re d  a cco rd in g  to  th e  d i r e c t io n s  o f  Iwamoto and H artung  (84)* 

P la tin u m -p a lla d iu m  m ixed c a t a l y s t : I n  250 m l. of norm al sodium a c e ta te

s o lu t io n ,  0 .1  g . o f  p a llad iu m  c h lo r id e ,  0 .05  g. o f c h lo r o p la t in ic  a c id  

and 3 g . o f nuchar w ere suspended. The m ix tu re  was shaken in  an atmos­

p h ere  o f hydrogen u n t i l  a b so rp tio n  was complete# The c a t a ly s t  was f i l ­

t e r e d  o f f ,  washed w ith  a le o h o l, and th e n  w ith  e th e r ,  and th en  d r ie d  over 

co n c . s u l f u r i c  a c id  in  d e s ic c a to r  o v e rn ig h t b e fo re  u se . 

p -A rainophenylalanine d ih y d ro c h lo r id e ;

To 2 .2 4  g . (0 .01  m ole) < ^ -o x im in o -p - (p -n itro p h e n y l) -p ro p io n ic  a c id  

d is s o lv e d  i n  100 m l. o f  70$ a lc o h o l,  was added 5 m l. o f 36$ HC1 and 3 g . 

o f th e  palladiuxEw platinum  c a t a l y s t  d e sc r ib e d  above. The re d u c tio n  m ix tu re  

was shaken a t  a p re s su re  o f  60 l b s / s q .  in .  The c a lc u la te d  q u a n ti ty  o f 

hydrogen was ta k e n  up in  6 h o u rs . The c a t a ly s t  was f i l t e r e d  o f f ,  and th e  

s o lv e n t was removed under reduced  p re s s u re . A f te r  e v ap o ra tio n  o f so lv e n ts  

th e r e  rem ained a re s id u e  o f f a i n t  brown c r y s t a l s .  T h is was re d is s o lv e d  in  

a b so lu te  e th a n o l ,  and was r e p r e c ip i ta t e d  by th e  a d d it io n  of iso p ro p y e th e r , 

f i l t e r e d  and d r ie d  over conc. HgSQ^in a d e s ic c a to r .  The c r y s t a l s  were

5H-C00H
SHgHCl■C00H
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brown in  c o lo r  and very h ygroscop ic , the y ie ld  was 1 .96  g . (77*4%) m elt­

ing  a t 194 w ith  the e v o lu tio n  o f ga s. N itrogen: c a lc u la te d  fo r  C^HigOgNg. 

2HC1 11*06—; found 11 .19#  and 1 1 .23# . 

j^Aminophenylalanine e th y l e s t e r  dihydroch loride:

!Ho -CH—C 00C pH k 
* fe g H C l &

To 2 .52  g . (0 .0 1  mole) o f o ^ -o x im in o -p -(p -n itro p h e n y l) -p ro p io n ic  

a c id  e th y l  e s t e r  d is so lv e d  in  100ml. o f 70# e th a n o l ,  was added 5 m l.

o f  36# HC1 and 3 g . o f th e  p a llad iu m -p la tin u ra  c a t a l y s t .  The re d u c t io n  m ix tu re

was shaken a t  a p re s su re  o f 50 lb s /sq .. in* The c a lc u la te d  q u a n ti ty  o f

hy d ro g en , 1120 m l. was taken  up in  5 h o u rs . The c a t a l y s t  was f i l t e r e d  o f f ,

th e  so lv e n t was removed under reduced  p re s s u re , th e  re s id u e  o f ye llow

c r y s t a l l i n e  p ro d u c t was d is so lv e d  in  a b so lu te  e th a n o l and r e p r e c ip i ta t e d

by a d d i t io n  o f iso p ro p y l e th e r .  The p ro d u ct w eighing  2 .2  g . (78 .2#) was
o

p-am inophenyl e th y l  e s t e r  d ih y d ro e h lo r id e , m e ltin g  a t  97 w ith  decom posi­

t i o n .  T h is  o b s e rv a tio n  agreed  w ith  th e  m e ltin g  p o in t  re p o r te d  by M attocks (4 4 ) . 

p -N itro b en zy lm alo n ic  e s t e r :

HoCl

NaCHfCOOCgH^

H g-0H (C 00C gH 5 ^
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L ellm an  and S c h le ic h  (85) re p o r te d  t h a t  a lk y la t io n  o f m alonic e s t e r  

w ith  p -n i tro b e n z y l  c h lo r id e  gave low y ie ld s  due to  fo rm a tio n  o f much b i s  

compound* M atto ck s , in  t h i s  la b o r a to ry ,  was ab le  to  g e t 7*3$ o f p - n i t r o  

benzy lm alon ic  e s te r*  I t  appeared  in  o rd e r  to  s tu d y  d i f f e r e n t  c o n d itio n s  

w ith  a view  o f  in c re a s in g  th e  y ie ld  o f  mono s u b s t i tu te d  p ro d u c t, and 

a v o id in g  th e  f o m a t io n  o f  b i s  compound* In  one l i t e r - 3 - n e c k  f l a s k ,  120 m l. 

a b so lu te  e th a n o l was p la c e d , in  which was d is so lv e d  4*6  g* (0*2  mole) 

sodium* To th e  h o t sodium e th o x id e  s o lu t io n  was added over a p e rio d  o f 

20 m in u te s  96 g . (0*6 m ole) o f e th y l  m alonate  and th e  s o lu t io n  was 

re f lu x e d  f o r  h a l f  an hour* To t h i s  was added a h o t s o lu t io n  of p ~ n itro -  

b en zy l c h lo r id e  3 4 ,3  g . (0*2 mole) d is s o lv e d  in  30 m l, o f a b so lu te  

e th an o l*  The r e a c t io n  m ix tu re  was re f lu x e d  f o r  3|^ h o u rs ; a lco h o l was 

removed* The th ic k  v is e io u s  mass was tak en  up in  50 m l, w a te r ,  and t r a n s ­

f e r r e d  w ith  s t i r r i n g  to  a b e ak e r c o n ta in in g  300 g* ic e  and 30 m l. of 

g l a c ia l  a c e t i c  a c id , A w h ite  s h in in g  f lo c c u le n t  p roduct p r e c ip i t a te d  on 

f u r t h e r  c h i l l i n g ,  le a v in g  th e  u n re a c te d  e th y l  m alonate a t  th e  bottom* The 

p ro d u c t was f i l t e r e d ,  washed w ith  w a te r and d r ie d . The f i l t r a t e  was concen­

t r a t e d  and c o o le d , b u t no f u r t h e r  c r y s t a l l i n e  p roduct was obtained*  The

p ro d u c t was r e e r y s t e l l i s e d  from a lc o h o l, and weighed 24*5 g* (40*6$) 
o

m e lt in g  a t  60 # The v a lu e  ag reed  w ith  th a t  re p o r te d  fo r  p -n i tro b e n z y l-  

m alonic  e s t e r  (8 5 ) . Thus, i t  appears t h a t  i f  a la rg e  ex ce ss  o f e th y l 

m alonate  i s  employed, i t  i s  p o s s ib le  to  o b ta in  an a p p re c ia b le  y ie ld  of 

m on o -p -n itro b en zy lm elo n ic  e s te r*
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JgyN itrobenzylm alonic a c id :

KOH

In  60 ml* o f 70% a lc o h o l were d is s o lv e d  14*75 g . (0*05 mole) of 

p ^ n itro b en z y lm a lo n ic  e s t e r  end 8 g* KCH; th e  s o lu t io n  was re f lu x e d  f o r  

3 h o u rs . A lcoho l was d i s t i l l e d  o f f ,  and th e  aqueous s o lu t io n  was a c id i f i e d ,  

and c h i l l e d  o v e rn ig h t in  th e  ic e  box* The d a rk  yellow  p ro d u c t was r e c r y s t a l ­

l i s e d  from  70% a lc o h o l by t r e a t i n g  w ith  ch arco a l*  The f a i n t  ye llow  p ro d u ct

w eighed 9*8 g . (82%) j  and d id  n o t m elt b u t c h a rre d  a t  238°, R e sse r t  (86)
o

re p o r te d  t h a t  t h i s  a c id  c h a rre d  a t  240 •

A ttem pted  a lk a l in e  n i t r o s a t i o n  of p -n itro b e n zy lm a lo n ic  e s t e r :

F o llow ing  th e  d i r e c t io n s  o f B arry  (5 1 ) , to  a s o lu t io n  o f 0*39 g .

(0#017 mole) o f sodium in  40 ml* a b so lu te  e th a n o l,  was added 5 g* (0.017 m ole)

o f  p—n itro b e n z y lm a lo n ic  e s t e r ,  and th e  m ix tu re  was s t i r r e d  f o r  20 min—
o

u t e s ,  th e  c o lo r  changed to  p u rp le .  The s o lu t io n  was coo led  to  5 ; and to

i t  was added 3 .5  g . (0*034 mole) o f n -b u ty l  n i t r i t e ,  and th en  th e  r e a c t io n
o

m ix tu re  was h e a te d  on th e  w a te r  b a th  f o r  20 m inutes a t  60 ; a lco h o l was 

removed u n d e r reduced  p re s s u re ;  th e  re s id u e  was a c id i f ie d ,  and e x tra c te d  

w ith  e th e r .  The e th e r  was e v ap o ra te d  o f f ,  and dark  gummy p roduct was 

o b ta in e d . A r e p e t i t i o n  o f t h i s  r e a c t io n  w ith  i s o p r o p y I n i t r i t e  gave s im i la r  

r e s u l t s ,  and no f u r th e r  a ttem p t was done to  id e n t i f y  t h i s  product*
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Attempted n itr o s a t io n  o f p—nitrobenzylm alonio a c id :

As p -n itro b e n z y lm a lo n ie  a c id  d id  n o t d is s o lv e  in  e th e r ,  th e  com­

pound was suspended in  e th e r  and t r e a te d  w ith  iso p ro p y l n i t r i t e  and d ry  

hydrogen c h lo r id e , b u t i t  was found th a t  no r e a c t io n  had ta k e n  p lace*  In  

15 ml* o f d ioxane 4*78 g* (*02  m ole) o f p -n itro b e n zy lm a lo n ic  a c id  was 

d is s o lv e d , and to  i t  was added 3 .6  g* ( .0 4  mole) o f  iso p ro p y l n i t r i t e  

w ith  s t i r r i n g  and d ry  HOI gas was slow ly  p a sse d  b en ea th  th e  s o lu t io n  f o r  

15 m inutes* The r e a c t io n  m ix tu re  became re d d is h  brown, d ioxane was r e ­

moved, and a d a rk  gummy p ro d u c t was l e f t ,  which f a i l e d  to  g ive  any c ry ­

s t a l l i n e  p ro d u c t , and was n o t f u r th e r  c h a ra c te r is e d *
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MISCELLANEOUS

Attempted conden sa tio n  o f e th y l orthoformate w ith  o -n itr o to lu e n e i

■CHg-C(0CgH5 )

HQH

'HgCHO

In  a  250 ml* th re e  neck f l a s k  f i t t e d  as u s u a l ,  was p lac ed  30 m l. 

a b s o lu te  e th a n o l ,  i n  i t  was d is so lv e d  2*3 g. (0*1  mole) sodium, and to  i t  

was added w ith  s t i r r i n g  a m ix tu re  of 13*7 g* (0*1 mole} o -n i tro to lu e n e  and 

1 4 .8  g* (0*1 mole) o f e th y l  o rth o fo rm a te , th e  tem p era tu re  o f th e  r e a c t io n

b e in g  m a in ta in ed  a t  0 -5  . The r e a c t io n  m ix tu re  was s t i r r e d  fo r  3 h o u rs  

more and k ep t o v e rn ig h t , th e  c o lo r  o f th e  s o lu t io n  changed to  dark  brown* 

The r e a c t io n  m ix tu re  was r e f lu x e d  f o r  l j  hours on a w a te r b a th , a lco h o l 

was removed under reduced  p re s s u re ,  th e  re s id u e  was tak e n  in  w a ter and 

t r e a t e d  w ith  a c e t ic  a c id  keep in g  s l i g h t l y  a lk a l in e ,  and th en  was e x t r a c t ­

ed w ith  e th e r*  From th e  e x t r a c t  th e  e th e r  was removed, and th e  r e s id u a l  

l i q u id  was d i s t i l l e d  under reduced  p ressu re*  The d i s t i l l a t e  was c o l l e c t ­

ed a t  155 -175°/6  mm* and was dark  red* N itro g en : c a lc u la te d  fo r  ^2.2^1704^ 

5*8$ found 12*04$. Now i t  was though t t h a t  d u rin g  re f lu x in g  th e  r e a c t io n  

m ix tu re , th e  p roduct m ight have decomposed; so r e a c t io n  was c a r r ie d  ou t in  

c o ld  w ith  th e  same amountT o f r e a c ta n ts  w ith o u t re f lu x in g  th e  r e s u l t in g

o
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r e a c t io n  m ix tu re , b u t k ep t in  ic e  box f o r  3 d ay s, th e  s o lu t io n  changed 

c o lo r  to  dark  red* Then th e  s o lu t io n  was t r e a te d  w ith  a c e t ic  a c id , and 

e x t r a c te d  w ith  e th e r*  .E ther was removed, and th e  r e s id u a l  l i q u i d  was 

d i s t i l l e d  under reduced  p re ssu re *  The f i r s t  d i s t i l l a t e  c o l le c te d  a t

80-85  /6  was o - n i t r o to lu e n e ,  and th e  o th e r  c o l le c te d  a t  85-90 /6  mm* 

was e th y l  o rtho fo rm ate*

A ttem pted c o n d en sa tio n  o f e th y l  fo rm ate  w ith  o - n i t r o to lu e n e :

3 a -CHcpHO
Og +  HCOOCgHg NaOC# 5  ,  U q

W islice n u s  (87) was ab le  to  g e t 90$ y ie ld  o f e th y l  fo rm ylpheny l- 

a c e ta te  from  e th y l  p h e n y le e e ta te  by t r e a t i n g  w ith  e th y l  form ate u s in g  

sodium e th o x id e  th e  condensing  agent* Peeehmann (88) p rep a red  e th y l  

fo rm ly a c e ta te  in  70$ from  e th y l  a c e ta te  and Y ourtee (89) p rep a red  e th y l  

c s^ -o ^ -d ifo im y lsu c c in a te  from e th y l  su c c in a te *  In  a 250 ml* th re e -n e c k  

f l a s k  f i t t e d  as u s u a l ,  was p lac ed  100 m l. o f  a b so lu te  e th a n o l, in  i t  

was d is s o lv e d  6 .9  g* (0*3 mole) o f sodium* To th e  sodium e th o x id e  s o l ­

u t io n  was added a m ix tu re  o f 41*1 g* (0*3 mole) o f o—n itro lu e n e  and

1 8 .6  g . (0 .3  mole) o f e th y l  form ate* The r e a c t io n  m ix tu re  was s t i r r e d
o

f o r  6 h o u rs  a t  5—10 , th e  c o lo r  changed to  dark  re d ; i t  was allow ed to  

s ta n d  f o r  40 hou rs a t  room te m p e ra tu re . A lcohol was d i s t i l l e d  o f f ,  and 

th e  c o ld  re s id u e  was a c id i f i e d  w ith  d i l u t e  HC1 end e x tr a c te d  w ith  e th e r .

The e th e r  was removed, le a v in g  re d d is h  o i l .  The p ro d u ct was a t  once 

su b je c te d  to  c a t a l y t i c  r e d u c t i o n 's  m l. o f t h i s  p ro d u c t was d is so lv e d  

in  60 m l. a lc o h o l, and to  i t  was added p a llad iu m  c h a rc o a l c a t a ly s t .
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The m ix tu re  was shaken in  an atm osphere o f hydrogen. D uring th e  course

o f 3 hou rs 2000 ml* o f hydrogen was tak en  up# The c a t a ly s t  was f i l t e r e d ,

th e  f i l t r a t e  was d i s t i l l e d  under reduced p re s s u re ;  th e  d a rk  c r y s t a l l i n e  mass

l e f t  was t r e a t e d  w ith  a lc o h o lic  HC1; and w h ite  c r y s t a l l i n e  p ro d u c t was
o

o b ta in e d , B enzenesu lfony l d e r iv a t iv e  o f t h i s  p roduct m elted  a t  124 and 

was i d e n t i f i e d  th e  d e r iv a t iv e  as o - to l iu d in e .  The r e s u l t  in d ic a te d  th a t  

no c o n d en sa tio n  had tak en  p lace#

Attempted condensation o f e th y l orthoformate w ith  o-nitrophenylpyruvic a c id :

/ V c H 2 -g-C00H / Y f t ° ° 0H
rog h  +  H0(0CjH5)3 NaOOgHs S t_H02 ^

To a s o lu t io n  of 2 ,3  g . (0 .1  mole) o f sodium in  40 ml# a b so lu te

e th a n o l ,  was added a m ix tu re  o f 20.9  g . (0*1 mole) of o -n itro p h e n y l-

p y ru v ie  a c id  d is s o lv e d  in  10 m l. a lc o h o l and 14*8 g# (0*1 mole) o f e th y l
o

o r th o fo rm a te . The r e a c t io n  m ix tu re  was s t i r r e d  f o r  4 hours a t  5~10 , and 

a llow ed  to  s ta n d  o v e rn ig h t . Then th e  s o lu t io n  was re f lu x e d  f o r  one h o u r, 

a lc o h o l was removed. The r e s id u a l  l i q u i d  was t r e a te d  w ith  HC1. A dark  

brown t a r  r e s u l te d ,  from  which no p ro d u c t cou ld  be i s o la te d *  However, 

f u r t h e r  in v e s t ig a t io n  o f t h i s  r e a c t io n  was n o t attem pted*
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Attempted  preparation  o f ^ ?-(p~nitrophenyl)- -benzyl oximino propionic  

.acid  e th y l e a te n

iHs-C-COOCgHs 
V NOE

C6H5CHgCl

2-G-C00CsH5
N0CH2C6H5

NO.

In  © 500 m l. 3~neck f l a s k ,  f i t t e d  w ith  a r e f lu x  condenser h e a r in g

a ca lc iu m  c h lo r id e  tu b e , s t i r r e r  and se p a ra to ry  fu n n e l , was p la c e d  90 m l.

o f  a b so lu te  e th a n o l ,  in  i t  was d is s o lv e d  1 .52  g. (0*06 mole) of sodium*

To t h i s  was added 7*56 g . (0 .03  m ole) o f f in e ly  powdered o^-oxim ino-y£-

(p -n i tro p h e n y l) -p ro p io n ic  a c id  e th y l  e s t e r ,  and s t i r r e d  w e l l ,  a homogeneous

r e d  c o lo r  s o lu t io n  re s u lte d *  To th e  h o t s o lu t io n  was added 7 .6  g* (0*06 mole)

o f  benzy l c h lo r id e ;  th e  m ix tu re  was re f lu x e d  f o r  3 hours t i l l  n e u tr a l  to

l i tm u s .  To t h i s  r e a c t io n  m ix tu re  was added 20 m l. o f 20$ a lc o h o lic  KOH

s o lu t io n ,  and r e f lu x e d  f o r  2 hours* A lcohol was d i s t i l l e d  under reduced

p re s su re *  The r e s id u e  was a c id i f i e d  w ith  co ld  d i lu t e  HG1 end e x tr a c te d

w ith  e th e r*  The e th e r  e x t r a c t  was d r ie d ,  e th e r  was removed, and th e  dark

re d  p ro d u c t o b ta in e d  was r e c r y s t a l l i s e d  from  a lc o h o l by t r e a t i n g  w ith
o

ch arco a l*  The re d  p ro d u c t weighed 3*5 g . ch a rred  a t  148 • The p ro d u ct 

was d is s o lv e d  in  10$ NaHCO  ̂ s o lu t io n ,  and was e x tr a c te d  w ith  e th e r  to  

remove th e  im p u r i t ie s .  The aqueous e x t r a c t  was a c i d i f i e d ,  and t a r r y  red  

p ro d u c t was o b ta in e d . The r e a c t io n  was re p e a te d  th r e e  tim es under d i f f e r ­

e n t  c o n d it io n s ,  b u t th e re  was no ev idence  th a t  fo rm atio n  o f th e  d e s ire d  

p ro d u c t had ta k e n  p la c e .
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Attempted p rep aration  o f  ^ —(o -n itro p h en y l)—̂ b e n z y l oximino prop ion ie  a c id :

In  a 250 ml# 3 neek f l a s k ,  as u su a l a s o lu t io n  o f  0 .9 2  g . (0*04 mole) 

o f sodium in  60 ml* a b so lu te  e th a n o l was prepared* To t h i s  was added 4 .4 8  g* 

(0*02  mole) o f o4—o x im in o -P -(o -n itro p h e n y l) -p ro p io n ic  a c id , and th e n  5*06 g* 

o f  b e n z y lc h lo r id e  was added to  th e  h o t so lu tio n *  The m ix tu re  was re f lu x a d  

f o r  3 h o u rs  t i l l  n e u t r a l  to  l i tm u s .  To th e  m ix tu re  was added 20 ml* o f 20$ 

e th a n o lie  KOH, and re f lu x e d  f o r  2 h o u rs . A lcohol was removed, and th e  r e s ­

id u e  was a c i d i f i e d  w ith  c o ld  d i lu t e  HC1; and e x tr a c te d  w ith  e th e r .  On evap­

o r a t io n  o f  th e  e th e r ,  2 .8  g . o f  ye llow  s o l id ,  m e ltin g  a t  176°0 was obtained*  

Due to  deep y e llo w  c o lo r ,  no n e u tr a l  e q u iv a le n t cou ld  be o b ta in e d . N itro g en : 

c a lc u la te d  f o r  C ^H ^4 0gN2-1 2 .8 9 $  found 6*49$*-6*45$*

W aters* method was t r i e d  to  p rep a re  o^-ethoxim ino a c id  by u s in g  d ie th y l  

s u l f a t e ,  b u t no r e a c t io n  was observed* Every ev idence  showed th a t  n i t r o  group 

i n  th e  phenyl n u c le u s  h in d e rs  th e  p re p a ra t io n  o f benzy l oximino and ethoxim ino 

compounds.

^Study on e th y lo x a la te  condensation  w ith p - to ly la r s o n ie  acid :

-COOCoH,

NaOCH

The p - to ly a r s o n ic  a c id  was p rep a red  acco rd in g  to  the  method d e sc rib e d  

by Ruddy (90) * In  a 250 m l. 3 neck f l a s k  was p laced  25 m l. m ethyl a lc o h o l 

in  which 1 .1 5  g . (0 .05  mole) o f sodium was d is s o lv e d , to  i t  were added in  

th e  co ld  7*30 g . (0 .0 5  mole) o f e th y l o x a la te  and 1 0 .8  g. (0 .05  mole) of
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p - to ly la r s o n ic  a c id . The r e a c t io n  m ix tu re  was s t i r r e d  f o r  2|r h o u rs , and 

a llow ed  to  s te n d  o v ern ig h t*  The c o l lo id a l  w hite  m ix tu re  was c e n tr ifu g e d , 

end w h ite  c r y s t a l l i n e  p ro d u c t was obtained* Oxime of t h i s  p ro d u c t p re ­

p a re d , m e lted  a t  335°C. w ith  decom position , w h ile  p - to ly la r s o n ic  a c id  m elted  

a t  330°C. The a rs e n ic  c o n te n t o f th e  compound was determ ined  by th e  mod­

i f i e d  m ethod o f  W aters (9 1 ) .  C a lc u la ted  fo r  oxime, C^H^OgNAs, As 22*6%  

Found 32*4$. C a lc u la te d  f o r  p - to ly la r s o n ic  a c id , 34.7^* T his

in d ic a te d  t h a t  r e a c t io n  was no t accom plished. The re a c t io n  was re p e a te d  

w ith  th r e e  e q u iv a le n ts  o f  sodium m ethoxide, b u t found th e  same p ro d u c t.

T h is  showed t h a t  AsO^ig group m ight i n t e r f e r e  in  th e  C la ise n  ty p e  co n densa tion . 

F u r th e r  s tu d y  on e th y l  o x a la te  condensa tion  w ith  o6 - p ic o l in e :

'OOC2H5
iQOCgHg

In  a  250 ml* 3-n ee k  f l a s k  was p la c e d  60 m l. o f  a b so lu te  e th a n o l, in  

w hich was d is so lv e d  4 .6  g* (0 .2  mole) o f  sodium; to  i t  was added over a 

n e r io d  o f 30 m in u te s , a  m ix tu re  o f  1 8 .6 2  g* (0 .2  mole) o f * (-p ico lin e  and

27 .4  g . (0 .2  mole) o f e th y l  o x a la te .  The re a c t io n  m ix tu re  was s t i r r e d  

f o r  4 h o u rs  and th e n  a llow ed  to  s ta n d  o v e rn ig h t. The r e a c t io n  m ix tu re  was 

re f lu x e d  f o r  20 m in u tes  and then  to  i t  was added 120 m l. of w a te r, and 

a g a in  re f lu x e d  f o r  3 h o u rs . The r e a c t io n  m ix tu re  was d i s t i l l e d  w ith  steam 

t i l l  f r e e  f r o m ^ - p ic o l in e .  Then th e  s o lu t io n  was a c id i f i e d  in  the  cold*

A b la c k  brown t a r  r e s u l t e d  from which i t  was im possib le  to  e x tr a c t  w ith  

any o f  th e  u su a l  o rg a n ic  s o lv e n ts  any w e ll d e fin e d  p ro d u c t. I t  was th o u g h t
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th e  r e a c t io n  m ight be s e n s i t iv e  to  h e a t ,  so i t  was c a r r i e d  out w ithou t 

r e f lu x in g  in  th e  co ld*  Then th e  r e a c t io n  m ix tu re  was a c id i f i e d  w ith  

a lc o h o lic  HC1, w h ite  c r y s t a l l i n e  p roduct p r e c ip i t a te d ,  i t  was f i l t e r e d  

and d ried *  On a n a ly s is  i t  was found to  be th e  in o rg an ic  c cm pound NaCl* 

W ithout su c c e ss  an e f f o r t  was made to  id e n t i f y  th e  f i l t r a t e  by p re p a ra ­

t io n  o f  an oxime* T h is proved th a t  co ndensa tion  was n o t accom plished* 

S im ila r  n e g a t iv e  r e s u l t s  were o b ta in ed  in  the  ease  o f  ^ p i c o l i n e .  How­

e v e r ,  f u r t h e r  in v e s t ig a t io n  of t h i s  r e a c t io n  was n o t s tu d ied *

E th y l n itro m a lo n a te : The l i t e r a t u r e  (9 1 ,9 2 ,9 3 ,)  r e l a t i n g  to  th e  p re p a r­

a t io n  o f  e th y l  n itro m a lo n a te  i s  very  u n sa tis fa c to ry *  R ecen tly  Canonice 

(94) found th a t  s p e c ia l ly  p rep a red  MnOg o x id ise d  e th y l oxim inom alonate 

to  e th y l  n itro m a lo n a te  in  g l a c ia l  a c e t ic  a c id  a t  room tem perature*  The 

method o u t l in e d  by A rndt and Rose (95) f o r  t h e  p re p a ra tio n  o f  m ethyl n i t r o ­

m alonate  was follow ed* In  a  o n e - l i t e r  3-neck f l a s k ,  f i t t e d  w ith  a s t i r r e r ,  

s e p a ra to ry  fu n n e l,  and c o n d en se r, was p lac ed  100 ml* o f e th y l  m alonate* To 

i t  was added v e ry  c a r e f u l ly  over a p e rio d  o f  2 h o u rs , keep ing  th e  tem pera­

tu r e  0 - 5 ° ,  300 ml* o f fum ing n i t r i c  a c id  (d e n s i ty  1*5)* Then th e  m ix tu re  

was s t i r r e d  f o r  1 hour m ore, and th en  removed from th e  c o o lin g  bath,  a llow ­

in g  th e  te m p era tu re  to  r i s e  slow ly  to  30°; th e  r e a c t io n  m ix tu re  was th en  

k e p t f o r  J  h ou r a t  30-35°* A gain i t  was p lac ed  in  the  c o o lin g  ba th  a t  

0 -5 ° ;  and s t i r r e d  f o r  2 hours*  Then th e  r e a c t io n  f i x tu r e  was poured on 

c ru sh ed  ic e  in  a  3 - l i t e r  beaker w ith  s t i r r i n g .  The o i l  s e p a ra te d , wes 

e x tr a c te d  w ith  e th e r .  The e th e r  e x t r a c t  was shaken w ith  20$ NagOO^ so lu ­

t i o n  w ith  su c c e ss iv e  volumes t i l l  th e  a lk a l in e  e x tr a c t  was no lo n g e r  red* 

The e th e r  e x t r a c t  was washed w ith  w a te r , and th en  d r ie d  over anhydrous 

sodium s u lf a te *  E th e r  was e v ap o ra ted  o f f  on th e  steam  b a th ; th e  r e s id u a l  

o i ly  l iq u id  was d i s t i l l e d  under reduced  p re s s u re . The d i s t i l l a t e  f i r s t
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c o l le c te d  a t  110°/&nm was u n rea c te d  e th y l  m alo n ate , and th e n  the d i s t i l l a t e  

c o l le c te d  a t  135-138°/8mm was e th y l n itro m a lo n a te . The y ie ld  was 32 g . ;

In  a  o n e - l i t e r  3-neck f l a s k  f i t t e d  as u s u a l ,  was p lac ed  50 m l* of 

a b so lu te  e th a n o l ,  in  i t  was d is so lv e d  2 .3  g* (0 .1  mole) o f sodium* To th e  

sodium e th o x id e  s o lu t io n  was added over a p e r io d  o f -jg hour w ith  s t i r r i n g ,

2 0 .5  g . (0 .1  mole) o f  e th y l  n itro m a lo n a te  and 12*65 g . (0 .1  mole) o f b e n zy l-  

c h lo r id e *  The r e a c t io n  m ix tu re  was re f lu x e d  on w a te r b a th  f o r  3 h o u rs , t i l l  

i t  was s l i g h t l y  a lk a l in e  to  litm us*  A lcohol was d i s t i l l e d  under reduced 

p re s s u re  and th e  r e s id u e  was a c id i f i e d  w ith  c o ld  d i lu t e  BD1 and th en  ex­

t r a c t e d  w ith  e th e r*  The e th e r  e x t r a c t  was washed and d ried *  E th e r  was 

e v ap o ra te d  on w a te r  b a th ;  and th e  r e s id u a l  l i q u i d  was d i s t i l l e d  under 

red u ced  p re s su re *  The d i s t i l l a t e  was c o l le c te d  a t  65-670C/8mm; th e  y ie ld  

was 8*5 g* (2 8 .9 $  t h e o r e t i c a l l y  c a lc u la te d )^ )B ^*5 1.5212* N itrogen ; c a l ­

c u la te d  f o r  C14H1706N -4 .7 $ , Found 4.75$*

E th y l  b e n z y ln itro m a lo n a te ;

NOgCH( C00C gHg) NaOC gHpj
CHg-G-(COOCgHg)g
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MICROBIOLOGICAL ACTIVITY

Dr# P o rte r*  s r e s u l t s  o f p re lim in a ry  t e s t i n g  o f  th e  e th y l  e s t e r  o f  

p -em in o p h en y la lan in e  (a s  hyd ro ch lo rid e) on. b a c te r ia  have a lre a d y  been 

d e sc rib e d #  (v id e  su p ra  page 18) • Through th e  c o u rte sy  o f  M essrs. W arren 

Weaver and Jo sep h  P# La R occa, n ine  o f th e  compounds p rep a red  d u rin g  th e  

c o u rse  o f  t h i s  in v e s t ig a t io n  have been subm itted  f o r  t e s t i n g  t h e i r  e f f e c t  

on fung i#  The r e s u l t s  o f th e s e  t e s t s ,  While on ly  o f a p re lim in a ry  n a tu re  

and a s  y e t  u n v e r i f ie d ,  a re  summarised in  Table I I I*  I t  i s  s u rp r is in g  t h a t  

compounds numbered S, 3 and 4 show com plete in h ib i t io n  on A* n ig e r  tinder 

th e  c o n d it io n s  t r ie d *  A lthough i t  i s  to o  e a r ly  to  p u t to o  much r e l ia n c e  

on th e s e  r e s u l t s ,  th ey  do o f f e r  some j u s t i f i c a t i o n s  f o r  u n d e rta k in g  th e  

program  o f  s y n th e s is  d e sc r ib e d  in  t h i s  th e s is #  These f in d in g s  encourage 

th e  hope t h a t  some o f  th e  p ro d u c ts  h e re  d e sc rib e d  f o r  th e  f i r s t  tim e may 

prove u se fu l*
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Organism ; A* n ig e r  

NOS* Compound

4

5

6

8

TABLE NO I I I  

F u n g ic id a l A c tiv ity

C o n cen tra tio n : 1000 p a r t s  p e r  m il l io n

Growth #  I n h ib i t io n

Hours M illim e te rs

Oximino- j@ -(o -n itro p h en y l)  -  

p ro p io n ic  a c id  

o -A m inopheny llac tic  ac id  

h yd r o c h lo r  i  de 

o-A m inophenylal an ine  

d ih y d ro c h lo r id e  

o ^ - In d o le c a rb o x y lie  a c id  

E th y l ^ - in d o ly lg ly o a y la te

-ox im in o - p  -  (p -n i tro p h e n y l) -  

p ro p io n ic  a c id

(^ -ox im ino - |3 - (p -n it ro p h e n y l)  -  

p ro p io n ic  a c id  e th y l  e s t e r  

p -A m inopheny llac tic  a c id  

e th y l  e s t e r  h y d ro c h lo rid e  

p-A m inophenylalanine 

e th y l  e s t e r  d ih y d ro e h lo r id e  

D* A* C o n tro l 

P la in  C o n tro l

169

92

169

51

53

40

21

71

39

70

66

27

100

100

100

24

42

36

44
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DISCUSSION MD SU3VMARY OF RESULTS

The o b je c t iv e s  o f th e  re s e a rc h  h ere  d e sc rib e d  may be c o n sid e red  

u n d er th e  fo llo w in g  b road  h ead in g s;

^  ?h e  c o n d e n sa tion o f  e th y l  o x a la te  w ith  an a c t iv e  m ethyl g roup , e>gt ,

I t  was found  t h a t  w ith  o— and p—n itro to lu e n e  t h i s  r e a c t io n  proceeded to  

th e  e x te n t  o f  70 to  80 p e r  c e n t .  N e ith e r  of th e  e s t e r s ,  no r o f th e  co r­

re sp o n d in g  a c id s  o b ta in e d  by h y d ro ly s is  o f th e  e s t e r s ,  i s  new. However, 

i t  was found th a t  e th y l  p -n itro p h e n y lp y ru v a te , c o n tra ry  to  e a r l i e r  des­

c r i p t i o n s ,  i s  s ta b le  over a t  l e a s t  h a l f  a  y e a r  i f  ap p ro p ia te  p re c a u tio n s  

a re  ta k e n  in  i t s  i s o l a t i o n ,  a s  d e sc r ib e d  under "ex p e rim e n ta l” * The method 

o f i s o l a t i o n  o f  o -n itro p h e n y lp y ru v ic  a c id  was improved and b e t t e r  y ie ld s  

were o b ta in ed #  E th y l o x a la te  t r e a te d  under s im ila r  c o n d it io n s , w ith  

o^- and ^ t p i c o l i n e ,  showed ev idence  o f r e a c t io n ,  b u t th e  co rre sp o n d in g  

d e r iv a t iv e s  o f  p y ru v ic  a c id  were n o t i s o l a t e d .  p -T o ly le rso n ic  a c id  d id  no t 

r e a c t  w ith  e th y l  o x a la te#

• The c o n d e n sa tio n  o f o - n i t r o to lu e n e ,  o r  o -n itro p h e n y lp y ru v ic  a c id , 

w ith  e th y l  fo rm ate  o r e th y l  o r th o fo m a te  was a ls o  a ttem p ted . I t  i s  ex?- 

p e c te d  t h a t  th e  d e s i r e d  form yl d e r iv a t iv e  w i l l  prove u s e fu l  in te rm e d ia te  

f o r  th e  s y n th e s is  o f  in d o le  compounds, e#g#,

+  f 000*
C00C^ 5
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T
H

I t  i s  r e g r e t t e d  th a t  th e  d e s ire d  aldehydes were n o t o b ta in e d , 

and i t  i s  hoped th a t  f u r th e r  in te n s iv e  s tu d ie s  o f t h i s  a sp ec t o f th e  

g e n e ra l  problem  w i l l  overcome th e  d i f f i c u l t i e s .

B The c o n v ers io n  o f th e  py ruv ic  a c id  compounds in to  th e  c o r r e s ­

ponding ^ k e to x im in o  a c id s ,  and th e  re d u c tio n  o f th e se  to  th e  corres*. 

ponding  a la n in e  d e r iv a t iv e s ,  th u s :

^  NHg-CgH^GHg-^H-COOH(o r  OgHg)
2

By t h i s  p ro ced u re  b o th  th e  o - and p -am inopheny la lan ines were prepared#

The o -iso m er i s  d e sc r ib e d  here  f o r  th e  f i r s t  tim e; i t  was 

o b ta in e d  a s  th e  d ih y d ro c h lo r id e . As a lre a d y  m entioned , t h i s  compound 

showed 100 p e r  c e n t i n h ib i t i o n ,  under th e  c o n d itio n s  employed in  

sc re e n in g  t e s t s ,  to  th e  grow th o f A. n ig e r .

The p«*isomer was p re v io u s ly  d e sc r ib e d  by E rlenm eyer and L ipp (8 1 ) ,

who o b ta in e d  i t  v i a  th e  n i t r a t i o n  o f  p h e n y la la n in e , and by Taksoki S a sa k i

(4-8 ) ,  who employed g ly c in e  anhydride  and p -n itro b e n za ld e h y d e  as s t a r t i n g  

m a te r i a l s .  I t  i s  b e lie v e d  th a t  th e  p rocedu re  d e sc rib e d  in  t h i s  th e s i s  

i s  s u p e r io r  to  e i t h e r  of th o se  m ethods. The method employed h ere  i s  

e s s e n t i a l l y  t h a t  d e sc r ib e d  by M attocks (4 4 ) . He, however, l im i te d  h i s  

in v e s t ig a t io n s  to  th e  p re p a ra t io n  and hyd ro g en a tio n  of th e  oxime of

Y

c /
h 2

I
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th e  e th y l  e s t e r  o f  p -n itro p h e n y lp y ru v ic  acid* I n  th e  c u rre n t s tu d ie s  t h i s  

work  was re p e a te d  and ex tended  to  th e  oxime o f th e  f r e e  a c id  as w ell*  That 

i s ,  th e  oxime o f th e  e s t e r  was hyd ro lysed  to  th e  oxime o f th e  f r e e  a c id , 

end th e  oximino a c id  was reduced , i n  th e  p resence of hydrogen c h lo r id e ,  to  

p-am inophenyl a la n in e ,  i s o la t e d  a s  i t s  d ih y d ro c h lo r id e . The oximino a c id  

and th e  d ih y d ro c h lo r id e  a re  h e re  d e sc r ib e d  fo r  th e  f i r s t  tim e .

The co n v e rs io n  o f th e  oximino a c id s  in to  t h e i r  co rrespond ing  b e n z y l-  

oxim ino a c id s ,  a cco rd in g  to  th e  p rocedu res of W aters (57) and of Weaver (58) 

was u n s u c c e s s fu l ,  in  th e  l im ite d  number o f  experim ents u n d ertak en , and th e  

i n v e s t i g a t io n  was n o t pursued  fu r th e r*

0* The s y n th e s is  o f m -am inophenylalanine:

S in ce  m -n itro to lu e n e  cannot be u sed , as may i t s  iso m ers , f o r  th e  sy n th e s is  

o f an in te rm e d ia te  le a d in g  to  m-aminophenyl a la n in e , r e s o r t  was had to  o th e r  

p ro c e d u re s . The m ost p rom ising  approach appeared to  be through m -n itro b e n z y l-  

m alon ic  a c id  (o r  e s te r ) #  A ccord ing ly  th e  a v a ila b le  m -n itrobenzaldehyde was 

re d u c e d , by means o f  alum inium  iso p ro p o x id e , to  th e  a lc o h o l, which w as, in  

t u r n ,  c o n v erted  in to  m -n itro b en zy l ch lo rid e*  By a llow ing  t h i s  c h lo r id e  to  

r e a c t  w ith  a  la rg e  e x ce ss  o f m alonic e s t e r ,  a y ie ld  o f  57.6 p e r c en t of 

m ono-m -n itrobenzy lm alon ic  e s t e r  was o b ta in ed .

B arry  (5 1 ) , in  h i s  rev iew , re p o r te d  th a t  ^ /-ox im ino  ac id s  may be 

c o n v e n ie n tly  o b ta in ed  in  good y ie ld s  from  e i th e r  th e  m o n o -su b stitu ted  

m alon ic  a c id s  o r  t h e i r  e s t e r s .  In  th e  c u rre n t  study  b o th  m -n itro b en z y l-  

m alon ic  a c id  and i t s  e s t e r ,  were t r e a te d  w ith  n i t r o s a t in g  agent accord­

in g  to  th e  d i r e c t io n s  g iven  by B a rry . But in  n e i th e r  in s ta n c e  d id  th e  pro­

d u c t p rove to  be th e  d e s ir e d  oxime o f m—n itro p h e n y lp y ru v ic  ac id  (o r e s te r )  • 

sphere was r e a c t io n ,  b u t th e  p ro d u c ts  were n o t id e n t i f i e d .  That t h i s  be­

h a v io r  o f m -n itro b en zy lm a lo n ic  a c id  i s  n o t an i s o la te d  phenomenon was
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d em o n stra ted  by s im i la r  r e s u l t s  when p -n itro b e n z y lm slo n ic  a c id  o r e s t e r  

were s im i la r ly  t r e a te d *

P re v io u s  in v e s t ig a to r s  re p o r te d  th a t  th e  r e a c t io n  
o f  p -n i tro b e n z y l  c h lo r id e  w ith  e th y l  sodiom alonate 
produced  p redom inan tly  th e  d i s u b s t i tu te d  d e r iv a ­
t iv e *  M attocks (44) o b ta in ed  a y ie ld  of only  7 p e r 
c e n t o f th e  mono d e r iv a tiv e *  I t  has now been found 
th a t  i f  1 mole p -n itro b e n z y l c h lo r id e  i s  employed 
f o r  5 m oles e th y l  m alonate and 1 mole sodium e th — 
o x id e , th e n  y ie ld s  up to  40*6 p®r cen t of mono—p— 
n itro b e n z y lm a lo n ic  e s t e r  a re  obtained*

I n  view  o f th e s e  n e g a tiv e  r e s u l t s  ano ther p rocedure was t r i e d ,  

nam ely th e  r e a c t io n  o f  th e  0^—bromo e s t e r  w ith  a l k a l i  n i t r i t e ,  a r e ­

a c t io n  f i r s t  r e p o r te d  by Lepercq, (52,53) and a ls o  s tu d ie d  by Hamlin (54)* 

A cco rd in g ly  th e  m -n itrobenzy lm alon ic  a c id  was co n v e rted , by s te p s  

a lre a d y  d e s c r ib e d , in to  e th y l  ^-brom o -|8  - (m -n itro p h e n y l)-p ro p io n a te *

T h is  e s t e r ,  a llow ed  to  s tan d  in  e th a n o lic  s o lu t io n  w ith  sodium n i t r i t e ,  

form ed a low y i e l d  o f th e  d e s ire d  e s t e r  o f o ^ -o x im in o -p -(m -n itro p h e n y l) -  

p ro p io n ic  acid* S in ce  th e  q u a n ti ty  o f p roduct was l im i te d  only  th e  e s t e r  

was hyd rogena ted  and th e  d ih y d ro c h lo r id e  o f m -arainophenylalanine e s t e r  

ob ta ined*  However, no d i f f i c u l t y  would be a n t ic ip a te d  in  c o n v e rtin g  th e  

in te rm e d ia te  oxim ino e s t e r  in to  th e  co rresp o n d in g  oximino a c id , and th u s , 

a s y n th e s is  o f m-am inophenyl a la n in e  appears p o ss ib le *

I n  th e  c o u rse  t h i s  s tu d y  on m-aminophenyl a la n in e  th e  fo llo w in g  

compounds were p re p a re d  f o r  th e  f i r s t  tim e;

^ - B r o m o -  P - ( m - n it r o p h e n y l)  - p r o p io n ic  a c id  e t h y l  e s t e r *  

c^ -O x im in o - p -  ( m - n it r o p h e n y l) - p r o p io n ic  a c id  e t h y l  e s t e r *  

m -A m in o p h e n y la la n in e  e t h y l  e s t e r  d ih y d r o c h lo r id e .
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D ThQ p re p a ra t io n  of am inopheny llac tic  a c id s  (o r  e s te r s )  :

The mere ay e .ila b i l i t y  o f th e  ap p ro p ia te  in te rm e d ia te s  su g g ested  t h e i r  

c o n v e rs io n  in to  o<* and p -am in o p h en y llac tic  a c id s .

X-G-COQH(or CgHg) -----------------  ^ X-qH-COOH(or CgHg)
0 <H

By t h i s  p ro ced u re  o - and p -am in o p h en y llac tic  a c id s  and p-am inophenyl- 

l a c t i c  e th y l  e s t e r  were p re p a re d . The o~isomer and th e  e th y l e s t e r  o f 

th e  p—isom er a re  no t been  re p o r te d  in  th e  a v a ila b le  l i t e r a t u r e .  They 

w ere i s o l a t e d  as h y d ro c h lo r id e , o-A m inophenyllactic  ac id  showed 100 p e r 

c en t i n h ib i t i o n ,  w h ile  th e  e th y l  e s t e r  of th e  p-isom er showed 3 p e r  cen t 

i n h ib i t i o n  to  th e  growth o f A. n ig e r .

I t  was a n t i c i p i t a t e d  th a t  o -n itro p h en y lp y ru v ic  a c id  i f  shaken 

in  n e u t r a l  s o lu t io n  in  an atm osphere o f hydrogen w ith  the  c a t a l y s t ,  

would c y c l is e  and g ive  o (-in d o le c srb o x y lic  a c id .

-COOK

T h is  r e s u l t  i s  c o n s is t  a n t w ith  th e  o b se rv a tio n s  o f p rev io u s  workers 

( 5 0 ,5 9 ,6 6 ,6 8 ,6 9 ,7 0 ) ,  who reduced  o -n itro p h e n y lp y ru v ic  a c id  w ith  

ammonia and f e r ro u s  s u l f a t e ,  and sodium h y d ro s u lf i te  i n  aqueous sod­

ium hy d ro x id e  s o lu t io n  in  th e  u su a l manner* e^ -Indo lecarboxy lic  ac id  

showed 100 p e r  c en t i n h ib i t io n  to  th e  growth of A. n ig e r .

In  o rd e r  to  o b ta in  o -am in o p h en y llac tic  ac id  i t  was n ecessa ry  

to  avo id  th e  spon taneous c y c l iz a t io n  in to  th e  in d o le  h e te ro c y c le . 

T h is  was accom plished  by c a r ry in g  out th e  hyd rogenation  in  th e  

p re sen c e  of in o rg a n ic  a c id . T h is su g g e s ts  th a t  i f  th e  arom atic amino
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Si'ou.p c o n v e rted  in to  th e  ammonium s a l t  as i t  form s, i t  i s  no lo n g e r

av a i la b le  f o r  a n i l  r e a c t io n  which p reced es  th e  fo rm a tio n  o f th e  in d o le  

nu c leu s  *

ju d o le  d e r iv a t iv e s ;

As m entioned above, one aim was to  p rep a re  th e  compound of s t r u c tu r e  I ,

H

jsL*-**00-0 00H (o r  CgHg)

I  I I

a h y p o th e t ic a l ly  d e s i r a b le  in te rm e d ia te  f o r  th e  sy n th e s is  of ^ - in d o ly l— 

g ly c in e , I I ,  a low er homolog o f tryp tophan*  Compound I  was n o t o b ta in ed , 

how ever, by th e  m ethods t r ie d *  Hence a n e w  ro u te  to  compound I I  was 

sought th ro u g h  e th y l  B  - in d o ly lg ly o x a la te ,  as fo llo w s:

H H H

H

_ ii vH-COOC pHc

|  II 2

H

E s te r  o f I I
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In d o le  was o b ta in e d  in  y ie ld s  up to  63 p e r  c e n t by d ecarb o x y la ­

t io n  o f ^ - in d o le c a rb o x y l ic  a c id ,  whose p re p a ra t io n  i s  d isc u sse d  under 

E xperim en taln * The chem ical re d u c tio n  employed by R is s e r t  (50,67) i s  

recommemded by Tyson (96) f o r  th e  p re p a ra tio n  o f in d o le ;  b u t now th e  

c a t a l y t i c  r e d u c t io n  method employed in  t h i s  in v e s t ig a t io n  may be 

b e t t e r  and more co n v en ien t; and th e  o v e ra ll  y i e ld  o f indo le  i s  32 p e r 

cen t*  The r e a c t io n  of in d o le  w ith  e th y l  o x a la te  was d e sc rib e d  by B ik e s ,

E l l i c o t  and Hems (5 9 ) ;  t h e i r  r e s u l t s  were s u b s ta n t ia l ly  du p lica ted *  The 

a tte m p ts  to  c o n v e rt t h i s  o^-keto e s t e r  in to  th e  o^oxim ino e s t e r  were unsuc- 

c e s s f u l ,  and th e  la c k  of s u f f i c i e n t  m a te r ia l  d id  no t perm it adequate s tudy  

o f th e  d e s ir e d  o x im a tio n  re a c tio n *  I t  was p o s s ib le ,  however, by means o f 

Adamses p la tin u m  ox ide  c a t a l y s t ,  to  reduce  th e  k e to n ic  e s t e r  to  th e  c o rre s ­

ponding  e th y l  0̂ - in d o ly lg ly c o ls te ;  which i s  re p o r te d  h e re  f o r  th e  f i r s t  tim e . 

F E th y l  n itro m a lo n a te  as an in te rm e d ia te ;

From a s in g le  e x p e rim e n t, in  w hich b en zy l c h lo r id e  was allow ed to  r e a c t  

w ith  e th y l  n i tro m a lo n s te  in  th e  p resen ce  of sodium e th o x id e , th e  product 

was p ro b ab ly  im pure b e n z ln itro m s lo n ic  e s te r*  T h is type  o f r e a c t io n  i s  

analogous to  th e  a lk y la t io n  o f n i t r o a c e t i c  a c id ,  d e sc rib e d  by L y t t l e  and 

W e isb le t (97) ,  and th e r e fo re  m e r i ts  f u r th e r  s tu d y .
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