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Abstract:
A comprehensive review and discussion of known synthetic plant growth-regulators is given. Two
main series of compounds, the substituted phenylhydrazono-acetic and propionic acids, were
synthesized and tested for activity as plant growth-regulators, The parent acids,
phenylhydra-zonoacetic acid and α-phenylhydrazonopropionic acid, were found to be highly active. All
of the substituted derivatives were considerably less active and in most cases were inhibitory.

α-Phenyliminopropionic acid, ethyl β-(p-chlorophenylamino)-acrylate, and ethyl
β-(p-methylphenylamino)-acrylate were also prepared and tested. All three of these compounds, with
the possible exception of the p-chloro-compound, were inactive. 2-Nitro-4-methoxyphenoxyacetic acid
was prepared and tested in order to test a hypothesis proposed by the author. 
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I .  ABSTRACT

A comprehensive rev iew  and d is c u s s io n  o f known s y n th e t ic  p la n t grow th- 

r e g u la to r s  i s  g iv en . Two main s e r ie s  o f  compounds, th e  s u b s t i tu te d  

phenyIh y d razono-ac e t i c  and p ro p io n ic  a c id s , were sy n th es ized  and te s te d  

f o r  a c t i v i t y  as  p la n t g ro w th -re g u la to rs , The p a ren t a c id s ,  phenylh y d ra - 

zo n o ace tic  a c id  and <&-phenylhydrazonopropionic a c id ,  were found to  be 

h ig h ly  a c t i v e .  A ll o f th e  s u b s t i tu te d  d e r iv a t iv e s  were co n sid e rab ly  le s s  

a c t iv e  and in  most cases were in h ib i to r y .

AC-Phenylim in o p ro p io n ic  a c id ,  e th y l^ - (p -c h lo ro p h e n y la m in o )-a c ry la te , 

and e th y l  ^ -(p -m e th y lphenylam ino)- a c r y la te  were a ls o  p rep ared  and t e s t e d .  

A ll  th r e e  of th e s e . compounds, w ith  th e  p o s s ib le  ex cep tio n  of th e  p ^ ch lo ro - 

compound, were in a c t iv e .  2 -N itro-4-m ethoxyphenoxyacetic a c id  was p repared  

and t e s t e d  in  o rd e r to  t e s t  a h y p o th esis  proposed by th e  a u th o r .
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I I .  INTRODUCTION.

In  1938 K p ep fli, Thimann and Went ($6) pub lished  th e  f i r s t  compre­

h en siv e  re p o r t  on s y n th e tic  p la n t g ro w th -re g u la to rs . From t h e i r  e x p e r i­

m en ta l ev idence , th e y  concluded th a t  th e  minimum s t r u c tu r a l  requ irem en ts 

f o r  c e l l  e lo n g a tio n  a c t i v i t y  in  h ig h e r p la n ts  a re :  (a) a  r in g  system as 

n u c leu s , (b) a double bond in  t h i s  r in g ,  (c ) a s id e  ch a in , (d) a carboxyl 

group (o r  a s t ru c tu re  r e a d i ly  converted  t o  a carboxyl group) on t h i s  s id e  

ch ain  a t  l e a s t  one carbon atom removed from th e  r in g ,  and (e) a p a r t i c u la r  

space r e la t io n s h ip  between th e  r in g  and th e  carboxyl g roup . Follow ing 

t h i s  s t r u c tu r a l  req u irem en t, Zimmerman and H itchcock (126) t e s t e d  a s e r ie s  

o f phenoxyacetic  a c id s  and benzoic a c id s  and found in  th e  case of c e r ta in  

halogen d e r iv a t iv e s  rem arkable growth re g u la t in g  a c t i v i t y .  The most prom­

is in g  o f th e s e  compounds b e in g  2 ,4 - d iC hlorophenoxyacetic a c id  (2 ,4 -D ). Up’ 

to  th e  p re se n t tim e , t h i s  compound and i t s  d e r iv a t iv e s  have rem ained th e  

most a c t iv e  o f a l l  s y n th e t ic  g ro w th -re g u la to rs .

S ince t h i s  work o f Zimmerman and H itchcock , a la rg e  and d iv e rse  group

of o rgan ic  compounds has been re p o r te d  to  re g u la te  p la n t grow th. Many o f
'

th e  d e te rm in a tio n s , however, do not m easure th e  a c c e le r a t in g  e f f e c t s  on 

grow th, b u t th e  in h ib i t io n  of growth or t o x i c i t y  e f f e c t s .  Such evidence 

does no t s u f f ic e  t o  id e n t i f y  th e  substance  a s  growth re g u la to r s  which may 

e i th e r  in c re a s e  o r in h ib i t  growth depending upon t h e i r  c o n c e n tra tio n .

W ith th e  excep tion  o f a few is o la te d  compounds only  th e  fo llow ing  

s e r ie s  o f  compounds have shown prom ise a s  t r u e  g ro w th -reg u la tin g  compounds: 

th e  benzo ic  a c id s ,  th e  phenoxyakylcarboxylic  a c id s , th e  th iio-phenoxyakyl- 

c a rb o x y lic  a c id s ,  th e  naph tho x y a lk y lcarb o x y lic  a c id s , th e  in d o le a lk y lc a r -
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boxyI i c a c id s ,  and th e  p h e n y la lk y lca rb oxyI i c a c id s .  Of th e s e  s e r ie s ,  only 

th e  benzo ic  and phenoxyacetic  a c id s  have rece iv ed  co n sid e rab le  a t te n t io n ;  

e s p e c ia l ly  from th e  s tan d p o in t o f r e l a t in g  chem ical s t r u c tu r e  w ith  physio ­

lo g ic a l  a c t i v i t y .

The purpose o f t h i s  re se a rc h  was, th rough  s t r u c tu r a l  analogy, to  

propose and sy n th es iz e  a new s e r ie s  o f compounds having g ro w th -reg u la tin g  

p r o p e r t i e s .



I I I .  HISTORICAL AND THEORETICAL DISCUSSION

Chemical N ature of th e  Auxins

Bonner and Wildman (18) in d ic a te d  in  1946 th a t  in d o le a c e t ic  a c id  (IAA) 

i s  a p r in c ip le  n a t iv e  aux in  in  h ig h e r p la n t s .  With th e  development of 

chrom atography, c o u n te rc u rre n t d i s t r ib u t io n ,  and spec tro p h o to m etric  m icro­

m ethods, th e  i d e n t i f i c a t io n  and e stim atio n , o f p la n t growth substances have 

been extended (9 7 ,1 2 3 ,9 8 ,3 5 ,6 6 ,9 9 ) .

In  a t  l e a s t  fo u r  in s ta n c e s ,  th e  growth substance a c t i v i t y  of a p la n t  

co n ce n tra te  has been found to  r e s id e  in  p a r t  in  m a te r ia ls  no t id e n t ic a l  to  

IAAe In  a l l  in s ta n c e s ,  however? th e  m a te r ia l  in  q u e s tio n  has tu rn e d  out to

be e i th e r  a  d e r iv a t iv e  o f IAA or c lo se ly  r e la te d  to  i t .  The f i r s t  o f th e s e
■ 1 •

was th e  case  o f th e  n e u t r a l  growth substan ce  d esc rib ed  by L arsen (6 l)«

T h is  was id e n t i f i e d  a s  in d o le  ace ta ld eh y d e  and i s  a c t iv e  only a f t e r  con­

v e rs io n  in  th e  p la n t to  IAA (6 2 ) . A second case i s  t h a t  o f th e  f r u i t  set*? 

t i n g  f a c to r  co n ta in ed  in  immature corn k e rn e ls  (8 5 ) . T h is su b stan ce , which 

i s  re p o r te d ly  100 tim es more a c t iv e  th a n  IAA, was shown to  be th e  e th y l 

e s t e r  o f IAA (8 5 ) . T h ird ly , in  th e  c o u n te rcu rren t d i s t r ib u t io n  of th e  a c id -  

id  n f r a c t io n  of cabbage le a v e s , H o lley  e t . a l .  (50) found, in  a d d itio n  to  IAA, 

two sep a rab le  a lth o u g h  m inor components, bo th  a c t iv e  in  th e  Avena cu rv a tu re  

t e s t .  A lthough th e  chem ical n a tu re  o f th e s e  su b stances has no t been e s ta b ­

l is h e d , b o th  g ive  th e  Salkow skl r e a c t io n  and a re  p o s s ib ly  r e la te d  to  IAA in  

some m anner. F in a l ly ,  Jones e t . a l .  (54) i s o la te d  in d o le a c e to n i t r i le  from • 

p la n t  t i s s u e  and i t  was found to  be more e f f e c t iv e  a s  an aux in  fo r  Avena 

c o le o p t i le  t i s s u e  th a n  IAA (1 2 ) . Stowe and Thimann (93) have re p o rte d , 

however, th a t  IAA can be d e te c te d  by paper chromatography in  s o lu tio n s
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o f in d b le a c e to n i t r i le  on which Aveha c o le o p t i le  s e c tio n s  grow f o r  24 hours 

a s  w e ll a s  in  e x t r a c ts  of th e  c o le o p t i le  t i s s u e ,  th u s  in d ic a t in g  th a t  t h i s  

t i s s u e  co n v erts  th e  n i t r i l e  to  th e  a c id .  Thimann (103) r e p o r ts  th a t  th e  

n i t r i l e  i s  in a c t iv e  in  th e  pea t e s t ,  b u t th e  e th e r  e x tr a c t  o f c o le o p t i le  

s e c tio n s  grown fo r  48  hours on a s o lu t io n  of th e  n i t r i l e  causes a response 

in  th e  pea t e s t  which would in d ic a te  a  conversion  o f more th a n  50% by th e  

c o le o p t i le  t i s s u e .  Thus th e re  i s  s t i l l  no s tro n g  evidence to  in d ic a te  the  

p resen ce  o f any n a t iv e  growth substance  o th e r  th a n  IAA.

Methods o f T e s tin g

The p r in c ip le  d i f f i c u l t y  in  a p p ra is in g  a l l  th e  l i t e r a t u r e  p e r ta in in g  

t o  chem ical s t r u c tu r e  and p la n t growth a c t i v i t y  l i e s  in  th e  c o r r e la t io n  o f 

d a ta  d e riv e d  from many d i f f e r e n t  p h y s io lo g ic a l re sp o n se s . Of a l l  th e  

resp o n ses  u sed , such a s  in d u c tio n  o f parthehocarpy  ( 67 , 130) ,  organ m o d ifi­

c a tio n  ( 97, 129, 131) ,  c o n tro l  o f  a b sc is s io n  ( l i d ) ,  i n i t i a t i o n  o f ro o ts  (46 , 

127) ,  c b l l  e lo n g a tio n  ( 16 , 56, 13 , 17 , 72) ,  in h ib i t io n  of ro o t growth (2 , 14, 20 , 

36 , 45 , 84 , 95) and seed germ ina tion  (2 8 ) , th e  s tim u la tio n  o f c e l l  e lo n g a tio n  

has been used most e x te n s iv e ly .

Due to  th e  v a r ie ty  of t e s t s  a p p lie d  t o  v a rio u s  compounds, many f a l s e  

co n c lu s io n s  have been drawn by m ixing r e s u l t s  ob ta ined  w ith  d i f f e r e n t  t e s t  

m ethods. T h is  d is c u s s io n  w i l l  co n ta in  p r im a r i ly  th e  r e s u l t s  of work 

o b ta in ed  by using  a c e l l  e lo n g a tio n  method sin ce  only by th e  use of homo­

geneous m a te r ia l  can co n c lu sio n s  be s a fe ly  drawn.

The Avena s t r a ig h t  growth (1 5 ,1 3 ,7 1 ,7 2 ,2 4 ) and th e  pea t e s t  (87 ,100 , 

80*18) a re  th e  two p re fe r re d  methods s in c e  secondary f a c to r s  ( p e n e t r a b i l i ty ,  

p o la r  t r a n s p o r t ,  in a c t iv a t io n  o f compounds) a re  excluded to  a la rg e  e x ten t ®

-  8  -
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However, th e  complex n a tu re  o f th e  pea t e s t  a s  w e ll a s  o th e r  f e a tu re s  (24 ) 

make i t  l e s s  s a t i s f a c to r y  th a n  th e  Avena s t r a ig h t  growth method,

Norman and W eintraub ( 76) have c le a r ly  o u tlin e d  th e  l im i ta t io n s  o f 

e x is t in g  d a ta  as  determ ined by th e  v a r ia t io n s  in  t e s t  o b je c ts ,  d i f f e r e n t  

ex p erim en ta l c o n d itio n s  and te c h n iq u e s , e t c . ,  th u s  many o f th e  a v a ila b le  

d a ta  p o ssess  only  a s e m i-q u a n tita t iv e  c h a ra c te r .

In  ex p ress in g  th e  r e s u l t s  of a c e r ta in  t e s t  method in  ab p lu te  te rm s, 

i t  must be remembered t h a t  th e  response to  s tim u la tio n , which becomes an 

in h ib i t io n  a t  h ig h e r c o n c e n tra tio n s , i s  d e sc rib e d  by an a c t i v i t y  curve 

w ith  a maximum. I t  i s  obv ious. th e n , th a t  two compounds may have t h e i r  max­

imum response  a t  d i f f e r e n t  c o n c e n tra tio n s , However, a s  V e ld s tra  (113) has 

in d ic a te d ,  r e l a t i v e  a c t i v i t i e s  a re  o f te n  more im portan t th a n  a b so lu te  ones 

i n  study ing  s t r u c tu r e - a c t iv i t y  r e la t io n s h ip s  and th e re fo re  i t  i s  e s s e n t ia l  

t h a t  th e  a c t i v i t i e s  of compounds under comparison be determ ined sim u ltane­

o usly  under id e n t i c a l  c o n d itio n s .

S tru c tu re  and A c tiv i ty

The c o r r e la t io n  between chem ical s t ru c tu re  and p h y s io lo g ic a l o r 

pharm aco log ica l a c t i v i t y  has always been fa s c in a t in g  because i t  may have 

a double purpose: a b a s ic  p a t te rn  f o r  s y n th e tic  work aim ing a t  new com­

pounds. o f comparable o r enhanced a c t i v i t y  and a p o s s ib le  in s ig h t  a s  to  th e  

mode o f a c t io n .  However, due to  th e  com plexity  o f th e  s t r u c tu r e  o f th e  

a c t iv e  compounds and th e  t e s t  methods used in  a s s e s s in g  a c t i v i t y ,  l i t t l e  

o r no c o r r e la t io n  can be made. P la n t growth su b stan ces , however, appear 

ve ry  a t t r a c t i v e  f o r  t h i s  k ind  o f a n a ly s is  because bo th  th e  s t ru c tu re s  and 

t e s t  methods a re  r e l a t i v e ly  sim ple *
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In. 1938 K o ep fli, Thiraann and Went ( 58) . p u b lish ed  th e  T iitSt compre­

h en siv e  re p o rt, on s y n th e t ic  p la n t g ro w th -re g u la to rs .■ They concluded from 

t h e i r  work th a t  th e  minimum- s t r u c tu r a l  requ irem en ts  f o r  growth a c t i v i t y  in  

h ig h e r  p la n ts  a re :  (a) a r in g  system  as  a n u c leu s , (b) a double bond in  t h i s

r in g ,  (c ) a s id e  ch a in , (d) a carboxyl group (o r a s t ru c tu re  re a d ily  con­

v e r te d  to  a carboxy l group) on t h i s  s id e  chain  a t  l e a s t  one carbon atom r e ­

moved from th e  r in g ,  and (e) a p a r t i c u la r  space re la t io n s h ip  between th e  

r in g  and carboxyl group.

In  subsequent y e a rs  a la rg e  number o f compounds have been screened fo r  

a c t i v i t y  and from th e  r e s u l t s  o b ta in ed , re s ta te m e n ts  o f th e  s t r u c tu r a l  r e ­

qu irem ents in  d i f f e r e n t  forms have appeared . S ev e ra l review s, of th e se  

developm ents have been p u b lish ed  ( 1 1 3 ,7 4 » 1 0 1 ,8 1 ,1 0 2 ) For tfye purpose o f 

d is c u s s io n , c e r ta in  of th e s e  req u irem en ts  w i l l  be re p e a te d  h e re .

As more compounds became known, th e  requ irem en ts  a s  s ta te d  by K oepfli 

e t . a l .  f e l l  sh o rt o f accoun ting  f o r  a l l  o b ta ined  r e s u l t s .  V e ld s tra  (106 ,' 

lb ? ) r e s ta te d  th e  req u irem en ts  fo r  a p la n t  growth substance  a s  fo llow s:

(a) th e  substance  should have a  b a s a l  r in g  system w ith  h igh  su rfa ce  a c t i v i t y ,  

and (b) i f  should have a carboxyl group in  a very  d e f in i te  s p a t i a l  p o s i t io n  

w ith  r e s p e c t  to  t h i s  r in g  system .

L a te r  on V e ld s tra  and B ooii (108). fo rm ulated  th e  req u irem en ts  in  more 

d e t a i l  a s :  (a ) a b a s a l  r in g  system (n o n p o la r p a r t)  w ith  h igh  in te r fa c e  

a c t i v i t y  and (b) a carboxy l group (p o la r  p a r t ) ,  in  g e n e ra l a g ro u p .o f a c id ic  

c h a ra c te r ,  in  such a s p a t i a l  p o s i t io n  w ith  re sp e c t to  th e  r in g  system , t h a t  

on a b so rp tio n  of th e  a c t iv e  m olecule to  a boundary, t h i s  fu n c tio n a l  group 

w i l l  be s i tu a te d  a s  p e r ip h e ra l ly  a& p o s s ib le .  T h e ir th e o ry  i s  e s s e n t ia l ly
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one of a l t e r e d  p e rm e a b ility  o f c e l l  membranes caused by th e  a d so rp tio n  o f 

g ro w th -c o n tro llin g  compounds to  t h i s  phase boundary. The th e o ry  was based 

m ain ly  on a p o la ro g ra p h ic  in v e s t ig a t io n  in  which th e  e f f e c t s  of th e  com­

pounds on th e  oxygen maximum were used a s  a measure o f th e  a b s o rb a b i l i ty  of
j

th e  compounds and th e re fo re  o f t h e i r  p h y s io lo g ic a l a c t i v i t y .  P a leg  and 

M uir (S i)  p o in t out t h a t  t h i s  th e o ry  f a l l s  f a r  sh o rt of accoun ting  of th e  

a c t i v i t y  o r n o n -a c t iv i ty  of many compounds, and conclude th a t  chem ical 

r e a c t iv i t y  i s  more im portan t th a n  a b s o r b a b i l i ty .

V e ld s tra  (113) f u r th e r  proposed th a t  f o r  p o s i t iv e  a c t i v i t y ,  a non­

c o p la n a r ity  e x is t  between th e  carboxyl group and th e  r in g  system . The con­

c lu s io n  r e s u l te d  from th e  s p e c ta c u la r  d if f e re n c e  in  p h y s io lo g ic a l a c t i v i t y  

between th e  c i s  and tra n s -c in n am ic  a c id s  (106) ( th e  c is  form being  a c t i v e ) . 

Only th e  t r a n s  form te n d s  to  occur in  a f l a t  form (1 1 3 ). The same r e s u l t s  

have been found in  th e  case o f c i s - t r a n s  te t r a l id e n e a c e t i c  a c id  and nap h th - 

a l e n e - l - a c r y l i c  a c id  (1 0 6 ).

In  th e  op in io n  of th e  a u th o r , th e  most prom ising in te r p r e ta t io n  a s  to  

th e  mode of. a c t io n  o f g ro w th -reg u la to rs  and th e  s t r u c tu r a l  requ irem en ts 

n ecessa ry  f o r  a c t i v i t y  has' been proposed by Hansch and M uir (72 ,40 ,39 ,74 )»  

They f i r s t  proposed th e  "o rth o  e f f e c t"  (3 9 ) , s ta t in g  th a t  compounds must 

have a f r e e  or p o te n t ia l ly  f r e e  o rth o  p o s i t io n  to  be a c t iv e  in  c e l l  e lo n ­

g a tio n . In  1950, Muir and Hansch (72) l i s t e d  th e  minimum s t r u c tu r a l  r e ­

qu irem en ts fo r  growth a c t i v i t y  a s : (a) an u n sa tu ra te d  r in g  (p re fe ra b ly  

a ro m a tic ) , (b) a carboxy l group o r a group capable of conversion  to  a c a r­

boxyl group ( t h i s  group may be a tta c h e d  th rough a chain  o f one or more 

atoms or d i r e c t ly  to  th e  r in g ) , (c) a t  l e a s t  one of th e  p o s i t io n s  on th e
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r in g  o rth o  to  th e  p o in t of attachm ent of th e  carboxyl group or th e  s id e  chain  

c a rry in g  th e  carboxyl group must be capab le  of re a c tio n  w ith  an e le c tro n -  

r i c h  p la n t s u b s tr a te  ( th e  o rth o  p o s i t io n  must hold  th e  p ro p er e le c tro n  dens­

i t y  and th e  group o r atom a t  th a t  p o s i t io n  must be capable  of d isp lacem ent 

under th e  c o n d itio n s  o f r e a c t io n ) ,  (d) accord ing  to  V e ld s tra  and Booij (108) 

th e  r e l a t iv e  ly o p h il ic  c h a ra c te r  of th e  m olecule compared to  th e  h y d ro p h ilic  

n a tu re  of c e r ta in  a tta c h e d  groups such as  th e  carboxyl group may e f fe c t  th e  

a c t i v i t y  o f a compound as a g ro w th -re g u la to r , and (e) c h a r a c te r i s t i c s  such 

a s  th e  r e la t io n  o f th e  s id e  chain  carboxyl group to  an o rth o  p o s i t io n  may be 

o f im portance in  determ in ing  th e  a c t i v i t y  of a compound, bu t l i t t l e  i s  known 

about them .

In  1951 Hansch, Muir and M etzenberg (40) p o s tu la te d  th e  tw o-po in t sub­

s t r a t e  re a c t io n :

Cl CHCO-Protein

,/Mg

OCHgCOOHjN'CHCO-Protein 
Cl H sia2

Cl

OCH2COOHtN"
X X V  q ^CHCO-ProteinĉrC2

Cl

,COOHXN+M-
Cir^  N lI ^ c 3^ H C O -P ro te in  

ĈH0

Cl

O-CH/ C=O
>NH

CHCO-Protein

Cl
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T his  mode o f a c t io n  i s  supported  by co n sid e rab le  evidence which w i l l  be 

g iven  in  d e t a i l  in  th e  d is c u ss io n  o f th e  phenoxyacetic  a c id s .

S ince s e v e ra l req u irem en ts  fo rm ulated  f o r  a c t i v i t y  p e r ta in  to  a s p e c ia l  

group of growth su b s tan ces , th e y  w i l l  be d iscu ssed  w ith  th e  re s p e c tiv e  ty p e s  

o f compounds.

The Ring System

The p resence  o f a r in g  system appears  to  be an unquestioned  re q u ire ­

ment f o r  a c t i v i t y .  Up to  th e  p re sen t tim e , no a c t iv e  compound has been 

found la ck in g  a r in g  n u c le u s . A lso , up to  now no a c t iv e  compound has been 

found which la c k s  a t  l e a s t  one double bond w ith in  th e  r in g ;  when only one 

i s  p re se n t (a s  in  cyclohexene) a p o s i t io n  o f  th e  s id e  ch ain  nex t to  th e  

double bond seems t o  be n ecessa ry  f o r  a c t i v i t y  (121 ).

V e ld s tra  (113) co n sid e rs  th e  a re a  o f th e  r in g  system a s  being  im portan t 

and l i s t s  th e  naph th alen e  or in d o le  nuc leu s  a s  be ing  most fav o ra b le  in  s iz e .  

He su g g es ts  th a t  t h i s  s iz e  i s  eq u a lled  to  some e x ten t by c e r ta in  s u b s t i tu te d  

benzene n u c le i ,  e .g .  2 ,4 -d ic h lp ro p h e n o l. The in a c t iv i ty  o f  such compounds 

a s  2 , 6 -d ich lo ro p h en o x y ace tic  a c id  (96,129) and 2-fluoro-4 '-m ethyIphenoxy- 

a c e t ic  a c id  '(119) a s  compared to  th e  v e ry  high  a c t i v i t i e s  o f 2 ,4 -d ic h lo ro -  

phenoxyacetic  a c id  and 2-m ethy1 -4 -flu o ro p h en o x y ace tic  a c id  ( 119) would seem 

to  in d ic a te  th a t  th e  a re a  o f th e  r in g  system could a t  most be o f minor 

im portance in  th e  s t r u c tu r e  o f a c t iv e  compounds.

The P o la r  Group in  th e  S ide Chain

The p resen ce  o f a carboxy l group in  th e  s id e  chain  ap p ears  t o  be 

e s s e n t i a l  f o r  a c t i v i t y .  Replacement o f th e  carboxyl group by SO3H g e n e ra lly  

r e s u l t s  in  i n a c t iv i ty  o r a t  th e  most only s l ig h t  a c t i v i t y .  2- ( !-N aph thalene)



— 14 —

-e th a n esu lp h o n ic  a c id  ( 106) ,  and ! -n a p h th a le n e - s u lfu r ic  a c id  (113) have 

been shown t o  be in a c t iv e .  Indole-r3-m ethanesulphonic a c id  (113)  ̂arid 'ih d o ly l -  

su lp h u ric  a c id  (106) show s l ig h t  a c t i v i t y ;  th e  a c t i v i t y  o f  th e  form er has 

been q u estio n ed  however (1 2 2 ). Sodium 2 -(2 ,4 -d ic h lo ro p h e n o x y )-e th y l s u l f a te  

( 114, 47 , 57) i s  th e  on ly  n o n -carb o x y lic  compound, which has an a c t i v i t y  com­

p a ra b le  to  t h a t  o f c a rb o x y lic  compounds.

The S ide Chain

That th e  carboxy l group must be sep a ra te d  from th e  r in g  system by a t  

l e a s t  one carbon atom (K o ep fli e t . a l . ) ,  can no lo n g e r be h e ld  as  a  ̂ s t r u c tu r a l ' 

req u irem en t. The abandonment o f  t h i s  requ irem en t r e s u l te d  when th e  high 

a c t i v i t y  o f 2 ,3 ,6 - tr ic h lo ro b e n z o ic  a c id  (13) became known. S ince t h i s  

i n i t i a l  d isco v e ry , many s u b s t i tu te d  benzo ic  and naphtho ic  a c id s  have been 

shown to  be a c t iv e .

Synerholm and Zimmerman ( 96) observed an o s c i l l a t i o n  in  th e  a c t i v i t y  

o f tt) -(2 ,4 -d ich lo ro p h en o x y )-a lk y lca rb o x y lic  a c id s  and W-(^-naphthoxy) - a lk y l -  

c a rb o x y lic  a c id s ;  th e  a c e t ic  and b u ty r ic  a c id s  were a c t iv e ,  th e  p ro p io n ic  

a c id  in a c t iv e .  These a u th o rs  suggested  t h a t  th e  h ig h e r homologues would 

no t be a c t iv e  p e r se b u t ,  being  su b je c t to  a ^ -o x id a t io n ,  would produce th e  

a c t iv e  2 ,4 - d ich lorophenoxyac e t i c  a c id  on ly  when p o sse ss in g  an even number of 

carbon atoms in  th e  s id e  c h a in . T h is rea so n in g  has been supported  by 

Faw cett e t . a l .  (2 9 ) , who found evidence o f /6 -o x id a tio n  in  th e  s e r ie s  of
f

W -phenoxyalkylcarboxylic a c id s  in  f l a x  p la n t s .

S u b s t i tu t io n  of a m ethyl group in  th e  ^ -p o s i t io n  o f  a phenoxyacetic  

a c id  has l i t t l e  e f f e c t ,  w hile  a phenyl group or d i-m eth y l s u b s t i tu t io n  

g r e a t ly  d ecreases  a c t i v i t y .  Wain e t . a l ,  (89 ,88) co n sid e r th e  a lpha  hydrogen
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atom as  be ing  e s s e n t i a l  to  a c t i v i t y .  Due t o  th e  a c t i v i t y  of th e  benzoic 

and naph tho ic  a c id s , t h i s  au th o r p re fe r s  t o  c o n sid e r th e  &-s u b s t i tu t io n  

e f f e c t  a s  a s t e r i c  f a c to r .

P h e n y la ce tic  Acid and R ela ted  Compounds

P h e n y la ce tic  a c id  has a r e l a t i v e ly  h igh  a c t i v i t y  a s  compared to  th e  

n e a r ly  in a c t iv e  phenoxyacetic  a q id , D i-a lp h a  s u b s t i tu t io n  in  th e  s id e  ch ain  

com pletely  in a c t iv a te s  the. compound ( l ) .  T h is  d e f in i t e ly  seems to  be a case 

of s t e r i c  e f f e c t s  a s  seen from th e  fo llo w in g  evidence: d l  oi-n-propylp h e n y l-  

a c e t ic  a c id  and d l  a - a l l y lpheny! a c e t ic  a c id  a re  more a c t iv e  th a n  th e  p a re n t 

pheny! a c e t ic  a c id , w h ile  th e  branched chain  compound, d l  oti-is opropyIpheny1 -

a c e t ic  a c id ,  i s  alm ost in a c t iv e  (1 0 9 ).
• ' •

Thimann (102) concluded th a t  th e  in tro d u c tio n  of a n i t r o  group in to  

th e  r in g  of phenyla c e t i c  a c id  a b o lish e s  a c t i v i t y  s in ce  he found both  th e  4 -  

n i t r o -  and 2 ,4 - d i n i t r o -  d e r iv a t iv e s  to  be in a c t iv e .  He proposed th a t  t h i s  

s u b s t i tu e n t ,  being  .h ighly  d e a c tiv a tin g  to  th e  benzene r in g ,  low ers th e  

b ind ing  c a p a c ity  o f th e  m olecu le . V e ld s tra  (113) h a s , however, found th e  

2 - n i t r o -  and 3 - n i t r o - d e r iv a t iv e s  to  have an a c t i v i t y  eq u a l to  o r g re a te r  

th a n  th e  p a re n t compound, and s ta te d  th a t  Thimann1s g e n e ra l iz a t io n  was not 

j u s t i f i e d .  The -T e f f e c t  of th e  n i t r o  group o f f s e ts  t h e +T e f f e c t  of th e  

carboxymethoxy group in  th e  o rd er of p a ra> o rth o rn e ta ; t h i s  i s  in  re fe re n c e  

t o  th e  proposed bonding a t  an o rth o  p o s i t io n  to  th e  ca rb o x y lic  s id e  chain . 

T h is  o rd e r i s  th e  same a s  t h a t  observed f o r  th e  a c t i v i t i e s  of th e  th re e  

i s  on ers .

T h is r e la t io n s h ip  o f p o s i t io n  to  a c t i v i t y  i s  s im ila r  fo r  th e  benzoic 

and phenoxyacetic  a c id s  and w i l l  be d iscu ssed  l a t e r  in  more d e t a i l .

'T
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As s ta te d  p re v io u s ly , on ly  c is-c in n am ic  a c id  (106) p o sse sse s  a c t i v i t y .  

N ivard (113) in v e s t ig a te d  s e v e ra l s u b s t i tu te d  c is-c in n am ic  a c id s .  I t  was 

found th a t  th e  2 and 4 -c h lo ro  compounds had an enhanced a c t i v i t y ,  th e  4 -  

chlorocinnam ic a c id  being  th e  more a c t iv e .  Both 2 -  and 4 -n itro c in n am ic  a c id  

were in a c t iv e .

Ci s - l-p h e n y Ic y c lo p ropane-2-carb oxyI i c a c id  was found to  be a c tiv e  and 

l ik e  th e  cinnam ic a c id s ,  th e  t r a n s  isom er was in a c t iv e  ( i l l )* .  

In d o le -3 -a lk y lc a rb o x y lic  Acids

S u b s t i tu t io n  in  th e  p y rro le  nuc leus s tro n g ly  reduces a c t i v i t y  in- 

in d o le -3 -a c e t ic  a c id  (48 ,91#92). T h is  would in d ic a te  th a t  a f r e e  p o s i t io n  

2 i s  e s s e n t i a l  f o r  a c t i v i t y .  S u b s ti tu t io n  in  th e  benzene r in g  of th e  in d o le  

nuc leus d ec rea se s  bply s l ig h t ly  and may even enhance a c t i v i t y .  The 4 -,5 -#  

and 6 -c h lo r in d o le -3 -a c e ti c  a c id s  (48) have a c t i v i t i e s  eq u a l to  o r g re a te r  

th a n  th e  p a ren t a c id . S u b s t i tu t io n  in  p o s i t io n  7, however, g e n e ra lly  

causes a d ecrease  in  a c t i v i t y ,  p a r t i c u la r ly  i f  th e  in d o le -3 -a c e t ic  a c id  i s  

a lre a d y  s u b s t i tu te d  e lsew here .

The ap p aren t im portance o f p o s i t io n s  2 and 7 (a d jacen t o r o rth o  to  th e  

NH group) r e c a l l s  th e  im portance imposed upon th e  o rth o  p o s i t io n  in  th e  

phenoxyacetic  a c id  s e r ie s  (Hansch and M uir (3 9 ))•

K oepfli e t . a l .  (58) s tu d ie d  th e  e f f e c t  o f s u b s t i tu t io n  in  d - in d o le -3 -  

p ro p io n ie  a c id  and yt-indoI e-3-b u ty r ic  a c id .  These p a re n t a c id s  were found 

t o  have h igh  a c t i v i t i e s  in  th e  pea t e s t .  The 2-carboxy d e r iv a t iv e s  and th e  

5 - ,6 - ,  and 7-methoxy d e r iv a t iv e s  of th e  p ro p io n ic  a c id  were a l l  i n a c t iv e .

As m entioned above, t h i s  in a c t iv a t io n  does not occur w ith  in d o le -3 -a c e tic  

a c id ; 5 -# 6 -, and 7 -n ie th o x y in d o le -3 -ace tic  a c id s  a re  q u i te  a s  a c t iv e  as th e



p a ren t a c id  (3 1 ).

Phenoxy Compounds

The p r a c t i c a l  im portance o f 2 ,4 -d ich lo rp p h en o x y ace tic  a c id  (2,4-D ) has 

caused ex ten s iv e  in v e s t ig a t io n s  on th e  e f f e c t s  of n u c lea r s u b s t i tu t io n  in  

phenoxyacetic  a c id . N uclear s u b s t i tu t io n  s tu d ie s  o f some o f th e  h ig h e r 

homologues have been conducted, bu t to  a  l e s s e r  d eg ree . Most o f th e  

c o r r e la t io n s  between p h y s io lo g ic a l a c t i v i t y  and chem ical s t ru c tu re  have 

r e s u l te d  from th e s e  s tu d ie s  o f th e  phenoxyacetic  a c id  compounds. As w i l l  be 

seen l a t e r ,  th e  s u b s t i tu te d  benzoic a c id s  have a ls o  re c e iv e d  co n sid erab le  

a t t e n t io n .

Bonner (15) suggested  th a t  th e  r e l a t i v e  growth prom oting a c t i v i t i e s  o f 

th e  s u b s t i tu te d  phenoxyacetic  a c id s  m ight be accounted fo r  by th e  d i f f e r ­

ences in  th e  degree o f io n iz a t io n  of th e  a c id s . However, M uir e t . a l .  (71) 

and Hayes and Branch (41) have shown th a t  no such r e la t io n s h ip  occu rs.

Leaper and Bishop ( 64) in  1951 p rep ared  a l l  of th e  mono-, d i - ,  and t r i -  

ch lo rophenoxyacetic  a c id s  and te s te d  t h e i r  e f f e c t  on tom ato p la n ts  and as  

i n h ib i to r s  o f growth o f Lupinus a lb u s  s e e d lin g s . M uir e t . a l ,  (71,73>72) 

and Thimann (102) o b ta in ed  com parative a c t i v i t i e s  fo r  a number of th e  com­

pounds. Leaper and Bishop ( 64) summarized t h e i r  r e s u l t s  in  a ta b le  (Table 

I )  in  which th e .m o st a c t iv e  compound ( in  c e l l  e lo n g a tio n ) was ra te d  as  100, 

Because of th e  in a c t iv i ty  o f th e  3 ,5 - ,  2 ,3 ,5 - ,  and 3 ,4 ,5 -  a c id s  in  th e se  

t e s t s  th ey  proposed th a t  an open p o s i t io n  p a ra  to  an open o rth o  p o s i t io n  i s  

re q u ire d  fo r  a c t i v i t y  and th e  a c t iv e  m olecule i s  invo lved  in  th e  fo rm ation  

o f qu in o id  compounds in  p la n t  c e l l s .  Wain and Wightman, however, examined 

th e s e  same compounds fo r  a c t i v i t y  in  th e  s t r a ig h t  growth of AvenA c o leo p tile s ,

-  17 -
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TABLE I

R e la tiv e  A c t iv i t i e s  of Chloropherioxyacetic A cids in  Tomato T est ( 64)

P o s i t io n  o f c h lo r in e  
groups in  nucleus

A c tiv i ty  in  c e l l  
e lo n g a tio n  
(e p in a s ty , e t c , )

A c t iv i ty  in  ro o tin g  
i n t a c t  stems

2 2 .0 1 0 .0

3 10.0 12.5

4 10*0 2 5 .0

2 ,3 1 .0 5 .0

2 ,4 66*6 77.5

2 »5 100.0 100.0

■2 ,6 0 .0 0 .0

3 ,4 20 .0 1 0 .0

3*5 0 .0 0 .0

2 ,3 ,4 1 .0 0 .0

2 ,3 ,5 0 .0 QfaO

2 , 3 ,6 0 .0 0 .0

2 ,4 ,5 ' 4 0 .0 250.0

2 ,4 ,6 0 .0 0 .0

3 ,4 ,5 0 .0 0 .0

and in  th e  pea t e s t  (1 1 7 ). They found in  bo th  t e s t s  t h a t  th e  2 ,3 - ,  2 ,3 ,4 ’-,

2 ,3 ,5 -  and 3 ,4 ,5 -a c id s  were a c t iv e .  I t  i s  seen th a t  th e s e  compounds do n o t 

comply w ith  th e  h y p o th es is  of' Leaper and Bishop and y e t a re  a c t i v e .

Osborne and Wain (77 ,78 ,79 ) s tu d ie d  a s e r ie s  o f a ry lo x y a c e tic  a c id s  

in  d i f f e r e n t  t e s t s  ( in c lu d in g  s t r a ig h t  growth and th e  pea t e s t )  and found 

th a t  mono-alpha s u b s t i tu t io n  in  th e  s id e  chain  had l i t t l e  e f f e c t  upon



a c t i v i t y .  The « ,tf~ d isu b s titu te d  compounds ( i . e .  ary l-0C C (CHj^COOH) were 

in a c t iv e  in  th e  s t r a ig h t  growth t e s t  and showed bu t s l ig h t  a c t i v i t y  in  th e  

pea t e s t .  Due to  th e  i n a c t iv i ty  o f th e  <t5fi& -disubstituted d e r iv a t iv e S5 Wain 

and coworkprs proposed th e  h y p o th esis  th a t  th e re  i s  a chem ical re a c tio n  in ­

vo lv in g  a hydrogen atom in  th e  a lpha  p o s i t io n ,  and th a t  a t  l e a s t  one such 

hydrogen atom i s  n e ce ssa ry  f o r  a c t i v i t y .

The a c t i v i t y  of a -m e th y len ep h en y !ace tic  a c id  and th  e h igh  a c t i v i ty  o f 

2 ,3 # 6 - tr ic h lo rb e n z o ic  a c id  would in d ic a te  t h a t  t h i s  a lpha  h y p o th esis  i s  

in v a l id .  As m entioned p re v io u s ly , th e  in a c t iv i t y  of t h e e - d i s u b s t i t u t e d  

a c id s  could be due conceivab ly  to  s t e r i c  h in d ran ce , which p rev en ts  th e  m ole­

cu le  from f i t t i n g  in to  a r e q u is i t e  p a t te rn  n ecessa ry  f o r  a c t i v i t y .

As p re v io u s ly  m entioned, M uir and Hansch (71) proposed a tw o-po in t 

r e a c t io n  th e o ry . T h is c o n s is te d  o f an amide lin k ag e  w ith  th e  carboxyl 

group and a n u c le o p h ilic  a t ta c k  on an o rth o  p o s i t io n  by a s u lfh y d ry l group . 

The r e a c t iv e  s u b s tr a te  u n i t  be ing  a f r e e  c y s te in e  group. T h is tw o-po in t 

th e o ry  has co n sid e ra b le  ev idence in  i t s  fa v o r . F o s te r , McRae and Bonner 

(33) have shown by p. s tudy  of enzyme k in e t ic s  t h a t  in h ib i t io n  of growth by 

g ro w th -reg u la to rs  a^ h ig h e r  c o n c e n tra tio n s  would be expected  i f  th e  sub­

s tan ce  r e a c ts  by a tw o -p o in t a ttachm ent mechanism. The a c t iv e  complex 

would have a g ro w th -reg u la to r m olecule a tta c h e d  a t  two p o in ts  on th e  sub­

s t r a t e ;  a s  th e  c o n c e n tra tio n  o f re g u la to r  in c re a s e s , th e  p ro b a b i l i ty  of two 

m olecu les a t ta c h in g  a t  th e  two s u b s tra te  s i t e s  in c re a se s  and th e  number o f 

tw o -p o in t a ttach m en ts  o f one g ro w th -reg u la to r m olecule form ing th e  a c tiv e  

complex p ro g re s s iv e ly  d im in ish es .

Thimann and Bonner (104,105) observed th a t  io d o a c e ta te , a rse n a te  and

— 19 —
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p-ch lorom ercuribenz o a te  (which r e a c t  w ith  su lfh y d ry l groups) in h ib i t  th e  

e lo n g a tio n  of Avena s e c t io n s .  T h is may be in te r p r e te d .a s  in d ic a t in g  some 

ty p e  of r e a c t io n  between s u lfh y d ry l enzymes and th e  growth—r e g u la to r .

Bonner ( I ? )  a lso  re p o rte d  an in h ib i t io n  in  th e  growth o f Avena c o le o p t i le  

s e c tio n s  by L -c y s te in e , in d ic a t in g  a p r e f e r e n t i a l  r e a c t io n .  The f a c t  th a t  

c y s te in e  i s  used f o r  d e to x if ic a t io n  o f bromo—# ch lo ro — and iodobenzene and 

o f naph thalene  in  an im als would in d ic a te  th a t  th e  h y p o th esis  f o r  fo rm ation  

o f  th e  th io  e th e r  i s  n o t u n rea so n ab le . Brbmobenzene i s  converted  to  p-rbro- 

mopheny1-mereap tu r ic  a c id  (90) and naph thalene  to  p -n ap h th y lm ercap tu ric  a c id  

(1 9 ,5 3 ) . 'In  bo th  c a se s , th e n  th e  amino group has been a c e ty la te d ;  t h i s  

f u r th e r  su p p o rts  th e  tw o -p o in t attachm ent th e o ry .

As M uir and Hansch (71) p o in t o u t, t h i s  h y p o th esis  e x p la in s  v e ry  s a t i s ­

f a c to r i l y  th e  a c t i v i t y  o f c i s —cinnam ic a c id  in  e lo n g a tio n  and th e  in a c t iv i ty  

o f th e  t r a n s  form a s  w e ll a s  o th e r  c i s - t r a n s  a c id s  of t h i s  ty p e , s in ce  th e  ■ 

tw o -p o in t a ttachm ent r e s u l t s  in  a r in g  s t r u c tu r e . The ease  of r in g  forma­

t io n  in  a c i s - a c id  over th a t  o f th e  tra n s - iso m e r i s  obvious.

The in te r p r e ta t io n s  o f th e  tw o -p o in t a ttachm ent th e o ry  do n o t account 

f o r  a l l  o f th e  observed r e s u l t s  and th e  p ro p o sers  have not a ttem pted  to  

e x p la in  th e  extreme s p e c i f i c i ty  o f c e r ta in  s u b s t i tu e n ts  and p o s i t io n s .  The 

au th o r cannot ag ree  w ith  th e  p ro p o sa l o f  a n u c le o p h ilic  a t t a c k  on th e  benzene 

r in g .  N u c leo p h ilic  d isp lacem en ts  o f  a rom atic  hydrogen do not o rd in a r i ly  

occu r. Benzene i t s e l f  i s  fundam entally  n u c le o p h ilic  and th e  f i n a l  e je c t io n  

o f a hydrogen an ion  i s  u n l ik e ly . N u c leo p h ilic  s u b s t i tu t io n  a t  an a rom atic  

carbon should be f a c i l i t a t e d ,  b y i (a ) any in f lu e n c e  which in c re a s e s  th e  no r­

m ally  u n re a c tiv e  c h a ra c te r  of th e  a ro m atic  nu c leu s , and (b) by s u b s t i tu t in g
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f o r  th e .h y d ro g en  which i s  d isp la c e d  a s  a n eg a tiv e  io n , some atom or group 

which more r e a d i ly  e x i s t s  as  a n e g a tiv e  io n . In  o th e r w ords, a pow erful 

m eta o r ie n t in g  group should  f a c i l i t a t e  th e  SWg (bim olec u la r  n u c le o p h ilic  

s u b s t i tu t io n )  ty p e  d isp lacem ent o f any group capable o f e x is t in g  as  an an ion  

when t h i s  second group i s  lo c a te d  o rth o  o r p a ra  to  th e  meta o r ie n tin g  g roup» 

The fo llow ing  examples a re  i l l u s t r a t i v e .  The h y d ro ly s is  o f chlorobenzene to  

phenol i s  only  accom plished a t  e le v a te d  tem p era tu res  and p re s su re s ; th e  Dow 

Chemical Co. p rep a res  phenol com m ercially in  t h i s  manner (38) and uses 6t8% 

aqueous NaOH a t  300° C and 2000-3000 p . s . i .  p re s su re . In  d i s t i n c t  c o n tr a s t ,  

o - and p -n itro ch lo ro b en z e n es  a re  r e a d i ly  hydrolyzed by aqueous.NagGO  ̂ a t
C

130° C and atm ospheric  p re s su re  (124)• T h is  la b e l iz in g  e f f e c t ,  a s  would be 

ex p ec ted , i s  n o t observed w ith  m -n itro ch lo ro b en zen e . Thus, a n u c le o p h ilic  

d isp lacem ent o f a hydrogen atom o rth o  o r p a ra  t o . a  s tro n g  o rth o -o a ra  d i r e c t ­

in g  group (such  as th e  carboxymethoxy group) i s  v e ry  im probable i f  not im­

p o s s ib le . The mechanism proposed f o r  th e  s u b s t i tu te d  benzoic  a c id s , a s  w i l l  

be seen l a t e r ,  fo llo w s th e  p r e r e q u is i te s  f o r  a rom atic  n u c le o p h ilic  d is p la c e ­

ment .

I f  th e  r in g  c lo su re  a t  th e  o rtho  p o s i t io n  i s  not accom plished by an 

a t ta c k  of th e  n u c le o p h ilic  SH group, i t  seems lo g ic a l  to  p o s tu la te  th e  

in te M e d ia te  fo rm ation  o f a sulfonium  o r carbonium ion  ( th e  only  evidence o f 

S-C bond fo rm atio n  i s  th e  d e to x if ic a t io n  re a c t io n  in  an im als) and an e le c t r o ­

p h i l i c  a t ta c k .  From an e le c tro n ic  view  p o in t ,  th e  carbonium io n  fo rm ation  

would be the lo g ic a l  ch o ice , g iv in g  r i s e  to  a re a c t io n  s im ila r  to  a F r ie d e l-  

C ra ft r e a c t io n .  T h is h y p o th esis  would meet a l l  o f th e  requ irem en ts  fo r  

a ttachm en t to  a p o s i t io n  o rth o  to  th e  carboxymethoxy g roup . There a re  th re e
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f a c to r s  which seem to  be o f an  obvious im portance in  d e term in ing  an a c tiv e  

s t r u c tu r e :  (a) th e  p o s i t io n  o f th e  arom atic  s u b s t i tu e n t ,  (b) th e  e le c tro n ic

e f f e c t  o f t h i s  substitU O nt r e l a t iv e  to  f u r th e r  s u b s t i tu t io n  and (c) th e  s iz e  

o f  th e  s u b s t i t u e n t . F a c to rs  (a) and (b) a re  c lo se ly  t i e d  to g e th e r ,  i . e .  be­

fo re  a s u b s t i tu e n t  can e x e r t an in f lu e n c e , i t  must be lo c a te d  in  a s u i ta b le  

p o s i t io n .  The s iz e  f a c to r  would e x p la in  why only th e  halogens and th e  . 

m ethyl group a re  p a r t i c u la r ly  e f f e c t iv e  s u b s t i tu e n ts .  A comparison of 

atom ic r a d i i  shows th e  m ethyl group t o  be alm ost th e  same s iz e  a s  th e  io d in e  

atom,

Althpugh th e  hydroxy group and th e  amino group have a s u i ta b le  s iz e ,  

th e y  would be excluded by f a c to r s  (at) and ( b ) , Both o f th e se  groups have a 

■ stronger+T e f f e c t  th an  th e  OCHgGOOH group and would, when lo c a te d  o rtho  

o r  p a ra  to  th e  s id e  c h a in , cause s u b s t i tu t io n ,o r th o  o r p a ra  to  them selves 

(upon c o n s tru c tio n  o f H irs c h fe ld e r  m o lecu lar m odels, i t  can be seen th a t  

th e  only p o s i t io n s  capab le  of form ing a r in g  w ith  th e  c y s te in e  re s id u e  a re  

th e  p o s i t io n s  o rth o  to  th e  s id e  c h a in . The meta p o s i t io n s  w i l l  form r in g  

s t r u c tu r e s ,  bu t only  w ith  co n sid e rab le  s t r a i n ) .  I f  th e  OH or NHo group i s  

lo c a te d  in  the  m eta p o s i t io n  o f phenoxyacetic  a c id , i t  would be p a ra  to  

th e  2 p o s i t io n .  The 2 and 4 p o s i t io n s  a re  th e n  most prone to  e le c t r o p h i l ic  

a t ta c k ,  p robab ly  in  th e  o rd e r o f  2 g re a te r  th a n  4 . T h is reaso n in g  would 

p re d ic t  m eta-hydroxyphenoxyacetic a c id  to  be h ig h ly  a c t iv e ,  b u t experim ent­

a l  ev idence shows i t  to  be in a c t iv e .  However, i t  must be remembered th a t  

th e  a t ta c k in g  c y s te in e  u n it  i s  most p robab ly  a tta c h e d  t o  a p ro te in  re s id u e  

th rough  i t s  carboxy l group and a t ta c k  by such a bulky m olecule would be 

h in d ered  to  a much g re a te r  e x te n t by th e  OCHgCOOH group a s  compared to  th e



-  23 -

r e l a t i v e l y  sm all hydroxy or amino group. The im portance o f s iz e  i s  ev iden t 

in  th e  s u b s t i tu t io n  o f a lk y l  benzenes (6 5 ) . As th e  a lk y l  group o f th e  

a lk y l  benzene in c re a se s  in  s iz e  from m ethy l to  t e r t - b u t y l ,  p a ra  s u b s t i tu t io n  

becomes in c re a s in g ly  fav o red . S im ila r ly , as  th e  s iz e  o f th e  a tta c k in g  r e ­

agent becomes la r g e r ,  p a ra  s u b s t i tu t io n  should be fa v o re d . T his h indrance  

o f and by th e  a t ta c k in g  m olecule may w e ll e x p la in  why th e  p o s tu la te d  f a c to r  

( c) i s  o f a paramount im portance . I f  t h e +T e f f e c t  o f a m eta s u b s t i tu e n t  i s  

on ly  s l ig h t ly  g r e a te r  th a n  th a t  o f th e  OCH2COOH group and th e  s iz e  g re a te r  

th a n  th a t  of th e  OH or HHg, some a c t i v i t y  would be ex p ec ted . The methoxy 

group f i t s  bo th  requ irem en ts  and has been re p o rte d  to  be a c t iv e  when in  th e  

m eta p o s i t io n  ( 119) .

When a s u b s t i tu e n t  i s  s tro n g ly  e le c tro n  a t t r a c t i n g  (by peraanen t 

p o la r iz a t io n )  th e  n ear-b y  o rth o  p o s i t io n s  should  be more s trong ly , d e a c t i ­

v a ted  th a n  th e  more d i s ta n t  p a ra  p o s i t io n  and th e  o rth o -p a ra  r a t i o  should 

d e c re a se  (3 ) .  T h is e le c t r o n ic  e f f e c t  i s  ap p a ren tly  more im portan t than  

s l ig h t  s iz e  in c re a s e s , s in ce  th e  n i t r a t i o n  of th e  halobenzene s e r ie s  th e  

s iz e  o f th e  s u b s t i tu e n t  in c re a se s  from fluorobenyene to  iodobehzene, bu t 

o rth o  n i t r a t i o n  becomes in c re a s in g ly  more pronounced in  descending th e  

s e r i e s .  I t  i s  w e ll known th a t  th e  e le c t r o n - a t t r a c t in g  power of th e  h a lo ­

gens a ls o  d ecreases  in  th e  same o rd e r . T h is could e x p la in  why p h e n y la c e tic . 

a c id  i s  h ig h ly  a c t iv e  and phenoxyacetic  a c id  i s  v i r t u a l l y  in a c t iv e .  Two 

compounds which would be anologous in  t h e i r  s u b s t i tu t io n  re a c t io n s  a re  

phenol ( to  phenoxyacetic  a c id ) and to lu e n e  ( to  p h e n y la c e tic  a c id ) . With an 

e n te r in g  s u b s t i tu e n t ,  phenol d i r e c t s  p redom inantly  to  th e  p a ra  p o s i t io n , 

w h ile  toluene"m ay -have"an 6 r th o -p a ra . r a t i o  g re a te r  th an  l ;0 ( 5 0 ) « p : 'Thus, i f



I

phenoxyacetic  a c id  i s  p r e f e r e n t i a l ly  a tta c k e d  in  th e  p a ra  p o s i t io n ,  i t  could
1

a c t  a t  b e s t  as  an a n t ia u x in . E i th e r  p a ra  s u b s t i tu t io n  ta k e s  p lace  and no 

r in g  c lo su re  by th e  amide lin k ag e  or p re fe ra b ly , th e  amide lin k ag e  (o r  th e  

in te rm e d ia te  s a l t  lin k ag e ) i s  formed and no r in g  c lo su re  fo llo w s due to  th e  

d ire c te d  p ara  s u b s t i tu t io n .

The d if f e r e n c e s  in  th e  a c t i v i t y  o f th e  th re e  ch lorophenoxyacetic  a c id s  

. could be accounted f o r  by th e  above c o n s id e ra t io n s . The c h lo rin e  atom i s  

o r th o -p a ra  d i r e c t in g ,  b u t due to j th e  r e l a t i v e ly  h igh i-I e f f e c t ,  th e  r in g  i s  

l e s s  e a s i ly  s u b s t i tu te d  th a n  b e n z e n e .• The r e la t iv e  r a t e s  o f n i t r a t io n  

(benzens = 1 .0 ) o f chlorobenzene; in  th e  o rth o  and. para  p o s i t io n s  a re  0 .030 

and 0 .139 re s p e c t iv e ly .  . So th e  p re d ic te d  o rder of a c t i v i t y  would be para>  

m eta> ortho . This i s  th e  observed o rd e r ob ta ined  by many in v e s t ig a to r s .

The e f f e c t  of th e  o rth o  c h lo rin e  atom on f u r th e r  s u b s t i tu t io n  may ex p la in  

why o-ch lo ropherioxyacetic  a c id  i s  a c t iv e  ( th e  a c t i v i ty  i s  low bu t s i g n i f i ­

can t) and -phenoxyacetic a c id  i s  in a c t iv e .  The acety lam ino group has n e a r ly  

th e  same e le c t ro n ic  e f f e c t s  as  th e  OOHgOOOH group and th e  fo llo w in g  d a ta  

would app ly  w ith  on ly  m inor d if f e r e n c e s  to  phenoxyacetic  and o -c h lo ro - 

phetidxyacetic  a c id : (a) a c e ta n i l id e  y ie ld s  on n i t r a t i o n  96$ para  s u b s t i tu ­

t i o n  (4 9 ), (b) o r th o -c h lo ro a c e ta n i l id e  on n i t r a t i o n  y ie ld s  on ly  59$ para 

s u b s t i tu t io n  (2 7 ) , th e  in c re a se  in  o rth o  s u b s t i tu t io n  b e in g  n e a r ly  10 f o ld .

•It i s  in t e r e s t in g  to  n o te  t h a t  in  th e  s u b s t i tu t io n  of th e  th r e e  c h lo ro a ce ta n - 

i l i d e . iso m ers , th e  amount of o rth o  s u b s t i tu t io n  in c re a se s  in  th e  o rder o f 

p a ra  > meta > o rth o  (26 ) .  Another f a c to r  which probab ly  a id s  th e  o rth o  sub­

s t i t u t i o n  of o -ch lo rophenoxyace tic  a c id  would be th e  r e s u l ta n t  non-coplan­

a r i t y  o f the  OCHgCOOH group. T h is  p a r t i a l  r e s t r i c t i o n  o f r o ta t io n  may

— 24 "
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d ec rea se  th e  h indrance  encountered  by th e  e le c t r o p h i l ic  a g e n t, and must in  

tu rn  be o f g re a te r  im portance th a n  th e  e f f e c t  on resonance due to  non­

c o p la n a r ity  »

■The presence  of a m eta d i r e c t in g  group in  th e  benzene r in g  g re a t ly  

i n h ib i t s  e le c t r o p h i l i c  s u b s t i tu t io n ,  e s p e c ia l ly  when th e  a tta c k in g  group i s  

l a r g e . The a t ta c k  by th e  p o s tu la te d  p la n t  s u b s tra te  i s  comparable to  a lk y ­

l a t io n  by th e  F r ie d e l- C r a f ts p rocedu re . In  both cases th e  s iz e  o f  th e  a t ­

ta c k in g  group i s  r e l a t i v e ly  la rg e  and s t e r i c  f a c to r s  become o f paramount 

im p o rtan ce . One c h a r a c te r i s t i c  f e a tu re  o f a lk y la t io n  by th e  F r ie d e l-C ra f ts  

p rocedure i s  th a t  meta d i r e c t in g  groups, w ith  few e x c e p tio n s , p rev en t r e ­

a c t io n  com ple tely . T h is could th e n  e x p la in  th e  in a c t iv i ty  of a l l  compounds 

which c o n ta in  a m e ta -d ire c t in g  group .

The e f f e c t  of two or more s u b s t i tu e n ts  in  phenoxyac e t i c  a c id  would be 

d i f f i c u l t  to  p re d ic t  w ith o u t su p p orting  experim en ta l e v id en ce . However, th e  

high a c t i v i t y  o f 2 ,4 -0  and th e  in a c t iv i ty  o f  2 , 6 -d ic h lo rophenoxyac e t ic  a c id  

a re  obvious from th e  above c o n s id e ra t io n s . The a c t i v i t y  o f 3> 4 -d ich lo ro - 

phenoxyacetic  a c id  can be accounted  f o r  by th e  a d d i t iv e  e f f e c t s  o f a p a ra  and 

m eta c h lo r in e . 2 ,3 -  and 3#5 -d ich lo ro p h en o x y ace tic  a c id  would d i r e c t  p rim ar

is-ily to" th e  p a ra  p o s i t io n  and due t o  m u ltip le  c h lo rin e  s u b s t i tu t io n ,  may have 

l i t t l e  d i r e c t io n  to  th e  o rth o  p o s i t io n .  The high a c t i v i t y  o f 2 , 5 -d ic h lo ro ­

phenoxyacetic  a c id  would be d i f f i c u l t  to  e x p la in , u n le ss  f o r  seme reason  i t  

d i r e c t s  p r im a r i ly  to  th e  o rth o  p o s i t io n .

There a re  many o th e r  compounds, whose a c t i v i t y  o r in a c t iv i t y  can be 

w e ll ex p la in ed  by use o f  e le c tro n ic  th e o ry , but th e  a u th o r  m ainly w ishes to

point Out the strong p o ss ib ility  that the two-point attachment i s  in part

• * -  ■
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an e le c t r o p h i l ic  a t ta c k ,  th e  p r o b a b i l i ty  of occurrence being  determ ined by 

th e  e le c tro n  d e n s i ty  a t  th e  o rth o  p o s i t io n  ( f o r  compounds as  th e  pheny— 

la c e t i c  and phenoxyacetic  a c id s ) . Thimann (102) was th e  f i r s t  to  suggest 

some c o r r e la t io n  between a c t i v i t y  and arom atic  o r ie n ta t io n ,  bu t he f a i l e d  

to  g ive any su p p o rtin g  ev idence . The only  se r io u s  o b je c tio n  to  t h i s  hypo­

th e s i s  i s  th e  ev idence re p o rte d  by Wain (116) th a t  2 ,4 - d i c h lo ro -6 - f lu o ro -  

and 2 ,4 -d ib ro m o -6 -flu o ro p h en o x y ace tic  a c id s  have h igh  a c t i v i t y  in  th e  e lon ­

g a tio n  o f Avena c o le o p t i le  s e c t io n s .

The Benzoic Acids

S u b s ti tu te d  benzo ic  a c id s  were in tro d u ced  as  p o s s ib le  g ro w th -reg u la to rs  

by Zimmerman and H itchcock (6 0 ) . They re p o r te d  a s l ig h t  a c t i v i t y  fo r  2 -  

b rom o-3 -n itrobenzo ic  a c id  in  c e l l  e lo n g a tio n  and fo rm ative  e f f e c t s  w ith  2 -  

c h lo ro -5 - n i t ro -  and 2 , 3 , 5 -tr iio d o b e n z o ic  a c id .  B en tley  (13) re p o rte d  a h ig h  

a c t i v i t y  f o r  2 , 3 , 6 - tr ic h lo ro b e n z o ic  a c id  in  th e  e lo n g a tio n  o f Avena c o ie -  

o p t i l e  s e c t io n s . T h is  f in d in g  which was co rro b o ra ted  in  o th e r  t e s t s  (102, 

112, 132) ,  s tim u la te d  a renewed in t e r e s t  in  compounds of t h i s  ty p e  and le d  to  

th e  in v e s t ig a t io n  of many o th e r  s u b s t i tu te d  benzoic  a c id s  (7 2 ,1 1 1 ,1 3 3 ,6 9 ),

From th e  r e s u l t s  o b ta in ed  by th e s e  in v e s t ig a to r s  i t  can be concluded 

th a t  s u b s t i tu e n ts  having a s tro n g  +T e f f e c t  do not co n fe r a c t i v i t y  w hile 

th o se  s u b s t i tu e n ts  w ith  r e l a t i v e ly  weak o rth o  p ara  d i r e c t in g  in flu en c e  

(C l,B r ,I , CH^, e t c . )  may do so. The n i t r o  group may o r may not be e f f e c t iv e  

i n  th e  3 -p o s i t io n .  O r th o -su b s ti tu tio n  " a c t iv a te s "  benzoic  a c id , and appears  

to  be e s s e n t i a l .  D i-o rth o  s u b s t i tu t io n  causes a more pronounced a c t i v i t y  

and 2 , 3 , 6 -d e r iv a t iv e s  seem to  g ive a maximum resp o n se . In d ic a t io n s  a re  th a t  

th e  4 -p o s i t io n  must rem ain f r e e .
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Due to  th e  ap p aren t n e c e s s i ty  o f o rth o  s u b s t i tu t io n ,  M uir and Hansch 

( 72) suggested  th a t  th e  a c t i v i t y  of th e s e  compounds invo lved  th e  d isp la c e ­

ment o f  an e le c t r o n - a t t r a c t in g  group (halogen o r n i t r o )  in  th e  o rth o  p o s i­

t i o n ,  and th a t  th e re  i s  a tw o -p o in t a ttachm ent w ith a c y s te in e  u n it  in  th e  

same manner as  th a t  proposed f o r  th e  phenoxyacetic  a c id s .  Hansch e t . a l .  (40 ) 

were a b le  to  dem onstrate  th e  r e le a s e  o f c h lo r id e  from 2 , 6 -d ich lo ro b en zo ic  

a c id  d u ring  th e  growth o f Avena c o le o p t i le  s e c t io n s , th u s  s u b s ta n tia t in g  

t h i s  h y p o th e s is . According to  V e ld s tra  and van de W esteringh ( l id )  th e  d a ta  

of Hansch e t . a l .  do no t perm it th e  co n c lu sio n  th a t  th e  r e le a s e  of c h lo r id e  

io n  i s  e s s e n t i a l ly  connected w ith  th e  p h y s io lo g ic a l a c t i v i t y  of th e  com­

pounds; th ey  p o in t out th a t  th e  in a c t iv e  2 ,A ^dichlorobenzoic a c id  re le a s e s  

c h lo r id e  io n  and such a r e le a s e  should no t be found fo r  an in a c t iv e  com­

pound. V e ld s tra  (110,113) fu r th e r  p o in ts  out th a t  on th e  b a s is  of th e  o rth o  

re a c t io n  concep t, 2 , 6-dibrom obenzo ic  a c id  should be a c t iv e ,  bu t i t  was found 

to  be in a c t iv e  (H O ) . On th e  o th e r hand, 2 , 6-d im ethy lbenzo ic  a c id  i s  

s l i g h t l y  a c t iv e ,  3 -n itro -2 ,6 -d im e th y lb e n z o ic  a c id  i s  a c t iv e  and 3 -c h lo ro - , 

3-brom o-, and 3 -io d o -2 ,6 -d im e th y lb en zo ic  a c id  a re  h ig h ly  a c t iv e  (H O ). Be­

cause o f t h i s  V e ld s tra  concludes th a t  a re a c t io n  w ith a p la n t s u b s tra te  

in v o lv in g  d isp lacem ent o f th e  m ethyl group o r an o th er form o f chem ical re a c ­

t io n  w ith th e  i n e r t  o rth o  s u b s t i tu e n t  can be ru le d  o u t.

T h is au th o r i s  in c l in e d  to  agree w ith  V e ld s tra  in  th a t  th e  above and 

fo llo w in g  evidence te n d s  to  in v a l id a te  th e  o rth o  re a c t io n  h y p o th e s is . As 

was p o in te d  out in  th e  d is c u s s io n  of th e  phenoxyacetic  a c id s ,  th e  arom atic  

r in g  c o n ta in in g  a meta d i r e c t in g  group lo c a te d  o rth o  o r p a ra  to  a group 

which can r e a d i ly  e x is t  as  an an io n , i s  prone t o  n u c le o p h ilic  a t ta c k .  The
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mechanism proposed by M uir and Hansch (72) i s  a n u c le o p h ilic  d isp lacem ent 

o rth o  to  th e  carboxyl g roup . Although t h i s  mechanism would ex p la in  th e  

a c t i v i t y  o f c e r ta in  o rth o  s u b s t i tu te d  benzoic  a c id s ,  i t  cannot account f o r  

th e  i n a c t i v i t y  o f such compounds as  2 -c h lo ro -5 -n itro b e n z o ic  a c id  and 2 ,4 -  

d ich lo ro b en zo ic  a c id . I f  th e  a c t i v i t y  i s  dependent on a n u c le o p h ilic  d is ­

placem ent in  the  o rth o  p o s i t io n ,  2 -c h lo ro -5 -n itro b e n z o ic  a c id , w ith  th e  

n i t r o  group para  to  th e  o rth o  ch loro  group, should have a v e ry  high a c t i v i t y  

and i t  i s  t o t a l l y  in a c t iv e  (7 2 ) . Holleman and De Mooy ($ l)  l i s t  th e  fo llo w ­

in g  o rd e r fo r  r e l a t i v e  r a t e  c o n s ta n ts  fo r  a number of d ich lo ro n itro b en zen es  

in  t h e i r  n u c le o p h ilic  rep lacem ent r e a c t io n  w ith  sodium m ethoxide: 2 ,4 ; 3 ,4 ;  

2 ,5 ;  2 ,3 ;  2 ,6  ( th e  r e l a t i v e  r a t e  c o n s ta n ts  in  hours- ^ b e ing  19 .41 ; 17.42; 

3 .9 3 ; 1 .74  and 0 .14  r e s p e c t iv e ly ) .  A ll  th e se  compounds have an o rth o  ch lo ro  

group excep t th e  3 ,4 -iso m er and i t  i s  seen th a t  th e  l e a s t  r e a c t iv e  isom er i s  

th e  2 , 6 - d e r iv a t iv e ; t h i s  low r e a c t iv i t y  i s  ex p la in ab le  by th e  s t e r i c  in h ib i ­

t i o n  o f reso n an ce , i . e .  any s t r u c tu r a l  m o d if ic a tio n  which te n d s  to  d e s tro y  

c o p la n a r ity  i n h ib i t s  resonance and w ithou t resonance th e  n i t r o  o r carboxyl 

group cannot e x e r t  i t s  -T e f f e c t .  As was s t a t e  above, th e  2 , 6-r-d isubstitu ted  

benzo ic  a c id s  a re  among th e  most a c t iv e  a s  p la n t growth r e g u la to r s ,  so i t  

would seen th a t  i f  a n u c le o p h ilic  mechanism i s  o p e ra tin g , some f a c to r  o f a 

paramount im portance i s  g iv in g  r i s e  to  th e  d isc rep an cy  in  th e  r e s u l t s  which 

have been ob ta in ed  th u s  f a r .

The au th o r does not l ik e  to  ru le  out th e  n u c le o p h ilic  d isplacem ent 

h y p o th esis  as  th e re  i s  a s  much evidence in  i t s  fa v o r a s  a g a in s t  i t .  Only 

th rough  e x ten s iv e  study of f u r th e r  d e r iv a t iv e s  can th e  problem  be c l a r i f i e d ^
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A c tiv i ty  and O p tic a l Isom erism

Kogl and V erkaaik  (59*60) found (+) fli- in d o le -3 -p ro p io n ic  a c id  to  be 30 

tim es a s  a c t iv e  in  th e  Avena cu rv a tu re  t e s t  as th e  ( - )  isom er. In  th e  

s t r a ig h t  growth t e s t  th e  two isom ers were e q u a lly  a c t iv e .  However, i t  was 

proved th a t  th e  d if f e r e n c e s  in  th e  Avena cu rv a tu re  t e s t  were caused by r e ­

te n t io n  o f th e  ( - )  a c id  in  th e  apex by s e le c t iv e  a d so rp tio n .

L a te r , however, d if f e re n c e s  in  a c t iv i ty ,  between o p t ic a l  enantiom orphs 

were found in  th e  s t r a ig h t  growth and pea t e s t s  (8 8 ,8 9 ,1 0 9 ,1 1 5 ,1 0 1 ,1 ) . A 

survey  o f th e s e  r e s u l t s  shows t h a t  th e  (+) -form showed th e  s tro n g e s t growth 

s u b s ta n c e 'a c t io n . Fredga and M a te ll (34) apd M a te ll (68) e s ta b lis h e d  th a t  

th e  a c t iv e  enantibm orph o f a d l  p a i r  has th e  d c o n f ig u ra tio n . V e ld stra  

( 113) s t a t e s  t h a t  th e se  r e s u l t s  s t r e s s  th e  eminent, im portance o f th e  s p a t i a l  

form of th e  a c t iv e  m olecule,, and i f  th e  growth response  depends on th e  

degree., of f i t t i n g  of th e  a c t iv e  m olecule on th e  prim ary a c t iv e  s i t e ,  one 

would expect th e  m ost a c t iv e  an tip o d es  to  belong  to  th e  same s t e r i c  se r ie s*  

i r r e s p e c t iv e  o f t h e i r  s ig n  o f r o ta t io n .  I t  must be remembered, however, 

th a t  th e  most a c t iv e  growth su b stan ces , ip d o le a c e tic  a c id , nap h th alen e-

a c e t ic  a c id  and 2 ,4 -d ich lo ro .phenoxyace tic  a c id  a re  no t o p t ic a l ly  a c t iv e  and

h ind ran ce  w ith  th e  in te r a c t io n  o f th e  growth substance and i t s  c e l l u la r  

s u b s t r a te .

M on-acidic Compounds

Acid d e r iv a t iv e s ,  such as  -e s te rs  and amides have been found g e n e ra lly  

a c t iv e ,  b u t t o  a l e s s e r  ex ten t th an  th e  a c t iv e  f r e e  a c id .  I t  i s  g e n e ra lly  

accep ted  th a t  a conversion  o f th e , d e r iv a t iv e  in to  th e  p a re n t a c id  i s  a p re -
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r e q u is i te  f o r  a c t i v i t y .

A ll in d ic a t io n s  a re  th a t  th e  a c t i v i t y  o f aldehydes (1 1 3 ,5 ,6 3 ) , n i t r i l e s  

(101,127) and a lc o h o ls  (113) i s  due to  a conversion  to  th e  corresponding  

a c id .  There i s  some in d ic a t io n ,  however, th a t  some n i t r i l e s  a re  a c t iv e  p e r 

se (4 2 ,5 4 ) .

New P la n t G ro w th -regu la to rs

The two main s e r ie s  of compounds which were chosen fo r  s tudy  were th e  

s u b s t i tu te d  phenylhydrazones o f g ly o x y lic  and pyruv ic  a c id s .  S ev era l 

t f - a n il in o a c r y l ic  a c id s  were a ls o  sy n th esized  and te s t e d .  The s t r u c tu r a l  

s im i la r i ty  of th e se  compounds to  in d o le a c e tic  a c id  and th e  phenoxyacetic 

a c id s  i s  obvious:

C H 2 C O O H
H
C C O O H
Il

C O O H
I

H H

/ f X  f C H ,
r  I C C O O H

(I
H C C O O H

Il

1V x n Z h

To th e  a u th o r 's  knowledge, th e  only  compounds of a s im ila r  s t ru c tu re  which 

have been te s t e d  a s  p la n t g ro w th -reg u la to rs  a re  th e  mono-and d i - n i t r o -  

pnehylhydrazone d e r iv a t iv e s  of le v u l in ic  a c id  (70) and ^ -d iphenylam ino- 

p ro p io n ic  a c id  ( 4 ) .  A ll th e se  compounds were re p o rte d  to  show a c t i v i t y  as  

g ro w th -reg u la to rs  o r h e rb ic id e s . The phenylhydrazono group i s  s im ila r  in  

s iz e  to  th e  phenoxy group and has an o rth o -p a ra  d i r e c t in g  in flu en c e  on th e  

benzene r in g .  I t  should not be u n lik e ly , th e n  f o r  th e se  compounds to  show 

a c t i v i t y  as  p la n t g ro w th -re g u la to rs . The same arguments would app ly  to  th e
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/8 -a n ilin o a c r y l ic  a c id s ,

2 -riitro -4 -m eth o x y p h en o ^race tic  a c id  was a lso  sy n th es ized  and te s t e d  

in  th e  hope th a t  th e  combined o r ie n ta t io n  e f f e c t s  o f th e  n i t r o  (s tro n g  

-T ) and th e  methoxy (strong+ ?) groups would p a r e l l e l  th a t  o f  th e  2 ,4 -  

d ic h lo ro  d e r iv a t iv e .

ct-Phenylim inopropionic a c id  was a ls o  p repared  and t e s t e d .

f *
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IV. EXPERIMENTAL

The t e s t  p la n ts  were grown acco rd ing  to  Bonner (1 5 ) . The headrow o a t 

seeds were germ inated in  sand in  th e  dark  a t  a tem p era tu re  o f 29° C and a 

r e l a t i v e  hum id ity  o f 80—90$’. A fte r  96 hours th e  a p ic a l  5 mm (app rox .) • o f 

th e  c o le o p t i le  were removed and two hours l a t e r  s e c tio n s  were cut from th e  

apex w ith  th e  p rim ary  le a f  in c lu d ed  w ith in  th e  c o le o p t i le .  No more than  

two s e c tio n s  were cu t from one c o le o p t i le .  The c u t te r  used gave sec tio n s  

7 .6 1  u n i ts  (5«74 mm) in  le n g th  w ith a s tan d ard  d e v ia t io n  o f 0.03  u n i t .  

S in g le  d e te rm in a tio n s  c o n ta in in g  e i th e r  10 o r 15 se c tio n s  were run.. The 

s e c tio n s  were f lo a te d  on th e  su rfa ce  o f 25 ml of th e  s o lu t io n  in  a P e t r i  

d ish  and p laced  in  an in c u b a to r a t  28° G f o r  24 h o u rs . M easurements were 

made w ith  an o c u la r  m icrom eter mounted in  a b in o c u la r  m icroscope (13X)„

B efore p la n t in g ,  th e  sand was leached  w ith  d i lu te  h y d ro c h lo ric  a c id  

and th en  w ith  d i s t i l l e d  w a ter u n t i l  th e  f i l t r a t e  proved f r e e  from c h lo rid e  

io n .

P re p a ra tio n  of S o lu tio n s

Whenever p o s s ib le , th e  compounds were sim ply d is so lv e d  in  d i s t i l l e d  

w a te r . The a d d itio n  o f base was n ecessa ry  in  many in s ta n c e s ,  due to  th e  

low s o lu b i l i ty  o f th e  f r e e  a c id .  In  a l l  e s s e s , however, th e  pH o f th e  

s o lu tio n  was below 7 .0 .  Due to  th e  very  low s o lu b i l i ty  o f  th e  e s te r s ,  an 

em ulsion was employed. The fo llo w in g  example o f e th y l 06-phenyhydrazono-

p ro p io n a te  i s  ty p ic a l :  0.2062 g o f e th y l  &-phenyIhydrazonoprop ionate  was

p laced  in  a 250 ml v o lu m etric  f l a s k  and I  ml of EMCOL H-68c ( generously  

su p p lied  by th e  Em ulsol Chemical C orpo ra tion ) s o lu tio n  (10% in  xy lene) was 

added and th e  m ix tu re  g e n tly  shaken u n t i l  complete s o lu t io n  was o b ta in e d .
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A pproxim ately 150-200 cc of w ater were added and the  m ix tu re  shaken v ig o r­

ously  to  y ie ld  a m ilky-w hite  em ulsion„ The em ulsion was th e n  made up to  

volume and shaken. T h is procedure y ie ld s  a 0,004 M em ulsion of th e  e s te r  

and c o n ta in s  ca , 0*4% xylene and c a , 0,04% EMCOL H-86c . T h is  co n ce n tra tio n  

of xy lene and e m u ls if ie r  and th e  c o n c e n tra tio n s  con tained  in  subsequent 

d i lu t io n s  were shown to  have no e f f e c t  on th e  growth o f th e  c o le o p t ile  

s e c t io n s ,

Q^-Phenylhydraz onopropionic Acid

8 ,8  g ( 0 ,1  mole) o f py ru v ic  a c id  were d is so lv e d  in  40 cc of e th y l e th e r  

and 10,8  g (0 ,1  mole) o f pheny!h y d raz in e  d is so lv e d  in  50 cc of e th y l  e th e r  

w ere 'added  w ith  s t i r r i n g  d u rin g  a p e rio d  o f 5 m in u tes . The l ig h t  yellow  

p r e c ip i t a t e  which formed im m ediately , was removed by f i l t r a t i o n ,  washed 

tw ic e  w ith  e th e r  and a i r  d r ie d .  The hydrazone was r e c r y s t a l l i z e d  from d i lu te  

a lc o h o l to  y ie ld  l i g h t  yellow  n e e d le s . The y ie ld  was 16 .5  g (97% of th e o re t^  

i c a l ) ' ,  C orrec ted  m e ltin g  p o in t:  192p C„ C u rtu is  (26 ) g iv e s  th e  m eltin g

p o in t a s  192° C„

P henylhydrazonoacetic  Acid (21 )

20 g of d ic h lo ro a c e tic  a c id  were d is so lv e d  in  20 cc o f w ater and a 

s o lu t io n  o f 34 g o f potassium  hydroxide in  60 cc of w a ter was added. To 

t h i s  s o lu t io n ,  16 g of pheny!hydrazine d is so lv e d  in  20 cc o f  95% e th y l 

a lc o h o l were added and th e  r e s u l t in g  s o lu tio n  re f lu x e d  f o r  two ho u rs . The 

a lc o h o l was th e n  removed by d i s t i l l a t i o n  and th e  aqueous s o lu tio n  e x tra c te d  

w ith  th r e e  20 cc p o r tio n s  o f e th e r .  The rem aining e th e r  was removed by 

d i s t i l l a t i o n .  The s o lu t io n  was allow ed to  coo l to  room tem p era tu re  (c a .

25° C) and s tro n g ly  a c id i f ie d  w ith  a c e t ic  a c id .  The red -o ran g e  p r e c ip i ta te



awas f i l t e r e d  o f f  and ,d isso lv e d  in  c a . 2500 cc of warm w a te r (45- 50° C5 

tem p era tu re  h ig h e r th a n  t h i s  g iv es  r i s e  to  e x ten s iv e  decom position upon th e  

fo llo w in g  a c i d i f i c a t i o n ) .  The s o lu tio n  was f i l t e r e d  and 30 cc o f concen­

t r a t e d  h y d ro c h lo ric  a c id  was added. Upon coo ling  to  5-10° C5 long dark 

brown n eed le s  se p a ra te d . P u r i f ic a t io n  was accom plished by re d is so lv in g  th e  

p roduct in  2500 cc o f warn w ater (45-50° C) con ta in in g  10 g o f potassium  - 

hydrox ide , s t i r r i n g  w ith  a sm all amount o f N o r ite 5 f i l t e r i n g  and a c id ify in g  

w ith  30 cc o f co n ce n tra te d  h y d ro ch lo ric  a c id . Cooling o f th e  so lu tio n  • 

y ie ld e d  la rg e  l i g h t  brown n e e d le s . The y ie ld  was 19.6  g (81% of t h e o r e t i ­

c a l)  . M elting  p o in t w ith  decom position: 141° G ( c o r r e c te d ) . M uller (75) 

g iv e s  th e  m e ltin g  p o in t as  142-3° C.

Busch e t . a l .  (21) o b ta ined  two iso m eric  forms w ith  t h i s  p rocedure, bu t 

th e  a u th o r  was unab le  to  d u p lic a te  t h e i r  r e s u l t s  on many a ttem pted  ru n s .

Due to  th e  i n s t a b i l i t y  o f t h i s  compound, i t  was converted  t o  i t s  p o ta s ­

sium s a l t  by t r e a t i n g  i t s  a lc o h o lic  s o lu t io n  w ith th e  e q u iv a le n t amount o f 

a lc o h o l ic  po tassium  h y d ro x id e . The p re c ip i ta te d  s a l t  was washed w ith  r 

a b so lu te  a lc o h o l and d r ie d  in  a vacuum d e s ic c a to r .  A n a ly sis  of percen t p o ta s ­

sium: c a lc u la te d , 19 . 34%> found, 1 9 .28%.

M -Phenylim inopropionic Acid

8 .8  g ( 0 .1  mole) o f py ruv ic  a c id  were d is so lv e d  in  40 cc o f e th y l e th e r  

and a s o lu t io n  o f 9-3 g (0 .1  mole) of a n i l in e  d is so lv e d  in  40 cc of e th e r  

was added w ith  s t i r r i n g .  The l ig h t  ye llow  p r e c ip i ta te  was f i l t e r e d  o f f  and 

r e c r y s t a l l i z e d  from an a lcoho l-benzene  s o lu t io n . The y ie ld  was 6 .8  g (42% 

of t h e o r e t i c a l ) . M elting  p o in t:  '127-28° C ( c o r r e c te d ) , B e i l s te in  ( 8) l i s t s  

th e  m e ltin g  p o in t as  127-28° C.

-  34 —
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-E th y lfo rm y lac e ta te . S o d im  E no late  (125)

In  a th ree -n eck ed  f la s k  f i t t e d  w ith  a r e f lu x  condenser, a m ercury- 

s e a l  s t i r r e r ,  and a drop fu n n e l were p laced  350 cc of anhydrous e th e r  and 

23 g o f sodium w ire . A m ix tu re  o f 90 g of e th y l a c e ta te  and 85 g of e th y l 

form ate  was slow ly added over a p e rio d  o f approx im ate ly  one hou r. The 

m ix tu re  was s t i r r e d  under g e n tle  r e f lu x  f o r  approx im ately  4 h o u rs . 5 cc o f 

95% e th y l  a lco h o l were th e n  added and th e  m ix tu re  re f lu x e d  an a d d it io n a l  4 

h o u rs , or u n t i l  th e  l a s t  t r a c e s  of sodium had d isap p ea red . Upon s tan d in g  a 

dense ye llo w  p r e c ip i t a t e  form ed. The p r e c ip i ta te  was removed by su c tio n  

f i l t r a t i o n  and allow ed to  a i r  d ry . The p r e c ip i t a t e  c o n s is te d  o f f in e  

yellow  n e e d le s . The y ie ld  was 86 g . By re p e a te d  washing w ith  dry e th e r  a 

n e a r ly  c o lo r le s s  p roduct was o b ta in ed . A nalysis  showed th e  compound to  be 

75*5% p u re ; t h i s  compares to  th e  r e s u l t s  o b ta ined  by W islicen u s (125).

E th y l /d -a n i l in o a c r y la te  (82)

4 .6  g (0 .05  mole) o f a n i l in e  was d is so lv e d  in  100 cc o f 5% a c e t ic  a c id ,  

A s o lu t io n  o f e thy lfo rm y! a c e ta te ,  sodium e n o la te  (9 ,6  g in  50 cc o f w a te r; 

eq u iv a len t to  0 ,05  mole o f e n o la te )  was added w ith  s t i r r i n g .  The yellow  

p r e c ip i t a t e  which formed im m ediately , was f i l t e r e d  o f f  and r e c r y s ta l l i z e d  

from 95%> a lc o h o l . The p ro d u c t sep a ra te d  a s  l ig h t  y e llo w  p la te s .  The y ie ld  

was 5 .4  g (57% of t h e o r e t i c a l ) .  M eltin g  p o in t:  113° C. S trau s  and Voss 

(94) g ive  th e  m e ltin g  p o in t a s  114-14 .5° C.

2 .4 -D ic h lo ro a c e ta n il id e  (22 , 86)

100 g of a c e ta n i l id e  were d isso lv e d  in  800 cc of g l a c i a l  a c e t ic  a c id  

and 125 g o f sodium a c e ta te  ( f r e s h ly  fused  and powdered) were added. The 

f l a s k  and i t s  c o n ten ts  were ta r e d  and c h lo r in e  was passed  in to  th e  m ix tu re



— 36 —

th rough  a s p e c ia l  a d d it io n  tu b e  (3 0 ) , T h is a d d itio n  tu b e  was n ecessa ry  to  

p reven t c logg ing  by th e  p r e c ip i ta t io n  o f p -c h lo ro a c e ta n il id e  and l a t e r  th e

2 . 4 -  d ic h lo ro a c e ta n i l id e . As soon a s  th e  p -c h lo ro a c e ta n il id e  had com pletely  

p r e c ip i ta te d  (a b so rp tio n  o f c a . 53 g o f c h lo r in e ) ,  th e  f l a s k  was heated  on 

a w a ter b a th  and th e  passage o f c h lo rin e  was continued  u n t i l  a t o t a l  of 

105 g had been absorbed . The m ix tu re  was allow ed to  coo l and th e ' s o lid  

which sep a ra te d  was removed by f i l t r a t i o n .  The sodium c h lo r id e  was removed 

from th e  p r e c ip i t a t e  by d ig e s t io n  w ith  w a te r . No a ttem p t was made to  r e ­

cover a l l  of th e  2 , 4 -d ic h lo ro a c e ta n i l id e ,  s in ce  th e  m other l iq u o r  was used 

f o r  th e  c h lo r in a t io n  o f an o th e r 100 g o f a c e ta n i l id e  (125 g of sodium 

a c e ta te  ag a in  being  added ). A fte r  th e  s o l id  from th e  second c h lo r in a tio n  

had been removed by f i l t r a t i o n ,  th e  m other l iq u o r  was d i lu te d  w ith  an' eq u al 

volume of warm w ater and th e  m ix tu re  cooled to  c a . 5° C. The s o l id  which 

p re c ip i ta te d  was removed and combined w ith  th e  f i r s t  two y ie ld s .  The com­

b ined  p roduct was d ig e s te d  w ith  w ater to  in s u re  complete removal o f  sodium 

c h lo r id e , d r ie d  and r e c r y s t a l l i z e d  from 95% e th y l a lc o h o l . The r e c r y s t a l ­

l i z a t i o n  y ie ld e d  la rg e  w h ite  c r y s ta ls  which gave a c o rre c te d  m eltin g  p o in t 

o f  145° C. Chattaway e t . a l .  (22) re p o r t a m e ltin g  p o in t o f 144° C. The 

t o t a l  y ie ld  was 268 g ( 89% of t h e o r e t i c a l ) .

2 .4 -  D ic h lo ro a n ilin e  (22 )

268 g o f 2 , 4-d ic h lo ro a c e ta n i l id e  were d is so lv e d  in  450 cc of concen­

t r a t e d  s u l f u r ic  a c id  and th e  so lu tio n  h ea ted  a t  a tem p era tu re  between HO 

and 120° C f o r  ca.* one h o u r . The ,.so lu tio n  was allow ed t o  coo l to  room 

tem p era tu re  (c a . 26° C) arid poured slow ly in to  2 l i t e r s  o f co ld  (0° C) 25% 

sodium carbonate  s o lu t io n . The heavy w h ite  p r e c ip i ta te  was f i l t e r e d  o f f
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and washed once w ith  ic e  co ld  w a te r . The 2 ,4 - d ic h lo ro a n ilin e  was then  su s­

pended in  ca . 2 l i t e r s  o f co ld  w a ter an d .40% NaOH was added u n t i l  th e  mix­

tu r e  was b a s ic  to  l i tm u s . A fte r  s t i r r i n g  ra p id ly  f o r  30 m inu tes, th e  2 ,4 -  

d i c h lo ro a n ilin e  was f i l t e r e d  o f f  and a i r  d r ie d .  The y ie ld  was 202 g (94.8% 

o f t h e o r e t i c a l ) . M elting  p o in t:  62-63° C. Hyde (52) g iv e s  th e  m eltin g  

p o in t a s  62 .5 -63° 0. I f  th e  2 ,4 -d ic h lo ro a c e ta n il id e  i s  o f h igh  p u r i ty ,  no 

f u r th e r  p u r i f i c a t io n  o f th e  r e s u l t in g  a n i l in e  i s  n ecessa ry .

2 ,4 -D ich lorophenyIhydrazine  H ydrochloride

W ith s e v e ra l m o d if ic a tio n s , th e  p rocedure of Coleman (25) fo r  th e  

p re p a ra t io n  o f phenylhyd raz in e  was fo llo w ed . In  a 500 m l, 3-necked f la s k ,  

f i t t e d  w ith  a m echanical s t i r r e r ,  were p laced  62.5  cc o f co n cen tra ted  

commercial h y d ro c h lo ric  a c id  (22 Be ) .  4 0 .5  g (0 .25  mole) o f 2 ,4 -d ic h lo ro -

a n i l in e  were th en  added and th e  m ix tu re  s t i r r e d  u n t i l  a th ic k ,  homogenous 

paste  .Was-rTormed, The f la s k  was surrounded w ith  a f re e z in g  m ix tu re  o f ic e  

and s a l t ,  and when th e  ,contents were O  ̂ o r  low er, s t i r r i n g  was s ta r te d  and 

62 g o f cracked ic e  were added; th en  a co ld  s o lu tio n  ( 0° o r lower) o f 18 .1  

g o f NaNO-j d is so lv e d  in  38 cc o f w ater was allowed to  run  in  slow ly (20-30  

m inutes) from a dropping fu n n e l, th e  end o f which was drawn to  a sm all t i p  

and reached  n e a r ly  to  th e  bottom of th e  f l a s k .  V igorous s t i r r i n g  was main­

ta in e d  and th e  tem pera tu re  was kept a s  n e a r  zero  as  p o s s ib le  by freq u en t 

a d d itio n  of cracked  ic e  (up to  65 g ) .

During t h i s  a d d it io n , a sodium s u l f i t e ,  s o lu tio n  was p rep ared  by d is ­

so lv in g  80 g o f  anhydrous sodium s u l f i t e  in  375 cc of w a te r . The s o lu tio n  

was p laced  in  a 3 l i t e r ,  3-necked f la s k  and cooled to  m inus 5° 0 . Approxi­

m ate ly  30 g o f ic e  was added to  t h i s  s o lu tio n  and w ith ra p id  s t i r r i n g  th e

it
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diazonium  s a l t  so lu tio n  was added a s  r a p id ly  a s  p o s s ib le . I f  th e  two 

s o lu tio n s  a re  not s u f f i c i e n t ly  c o ld , ppor red u c tio n  r e s u l t s  due to  lo s s  o f 

SO2 . The f la s k  was th en  warmed on a steam bath to  70° C, and 25 cc of con­

c e n tra te d  h y d ro ch lo ric  a c id  was added ( t e s t in g  w ith  litm u s  to  be sure th e  

s o lu t io n  was a c id ) .  The f la s k  was kept a t  60-70° C f p r c a .  2 h o u rs .

250 cc of co n cen tra ted  commercial h y d ro ch lo ric  a c id  were th en  added 

and th e  m ix tu re  was cooled t o  0 ° . The p r e c ip i ta te d  2 ,4 -d ie h lo ro p h e n y l-  ; 

hydrazine  h y d ro ch lo rid e  was f i l t e r e d  o f f  and a i r  d r ie d .  Tpe p roduct was 

r e c ry s ta l 'l iz e d  from a d i lu te  e th y l a lc o h o l so lu tio n  to  which a few cc o f 

co n cen tra ted  h y d ro c h lo ric  a c id  had been added. The compound was d r ie d  over­

n ig h t in  a vacuum d e s ic c a to r .  The y ie ld  was 44 .1  g (82.5% of t h e o r e t i c a l ) .

A n a ly sis . C a lcu la ted  f o r  C l, 4 9 ,8 3 . Found: C l, 4 9 . 69 .

N e u tra l iz a t io n  e q u iv a le n t . C a lcu la ted : 213 . 5 ; found: 212 .8 .

The m e ltin g  p o in t was 212° C. w ith  decom position . Chattaway and Pearce (23) 

g ive th e  m e ltin g  p o in t a s  210° C w ith  decom position . The f r e e  base i s  

ob ta in ed  by t r e a t in g  an aqueous s o lu tio n  o f th e  h y d ro ch lo rid e  w ith excess 

b a se . R e q r y s ta l l iz a t io n  from d i lu t e  a lc o h o l y ie ld s  n e ed le s ; m e ltin g  p o in t 

was 94° C. Chattaway and Pearce g ive  94° C.

The procedure g iven  f o r  th e  p re p a ra t io n  of 2 ,4 - d ichlorophenyIhydraz in e  

h y d ro ch lo rid e  i s  a g e n e ra l one and was used w ith  only m inor changes fo r  th e  

p re p a ra t io n  o f th e  fo llo w in g  a ry !h y d raz in e  h y d ro c h lo rid e s . 

p-T o ly Ihyd raz in e  H ydrochloride

The p roduct was r e c r y s t a l l i z e d  from ca . 2 N. h y d ro c h lo ric  a c id  and 

sep a ra te d  a s  c o lo r le s s  n e ed le s . The y ie ld  was 105 g ( 86% o f t h e o r e t i c a l ) . 

T reatm ent o f  th e  h y d ro ch lo rid e  w ith  excess base l ib e r a te d  th e  hyd raz ine .



which sep a ra te d  a s  c o lo r le s s  l e a f l e t s  upon r e c r y s t a l l i z a t i o n  from d i lu te  

a lc o h o l .  M elting  p o in t of th e  f r e e  base : 64° C. Bamberger (?) g iv es  th e  

m e ltin g  p o in t a t  65° G. 

p -C hlo rophenyIh y d raz in e  H y d roch lo ride . •

The compound was r e c r y s t a l l i z e d  from w ater which co n ta in ed  a few cc o f 

co n cen tra ted  h y d ro ch lo ric  a c id .  J t  c r y s ta l l iz e d  as a f in e  ppwder and m elted  

w ith  decom position a t  228-230° C. The y ie ld  was 46 g (52% o f t h e o r e t i c a l ) . 

B e i l s te in  (lO) g iv es  th e  m e ltin g  p o in t a s  225-230° C w ith  decom position. 

A n a ly s is . C a lcu la ted  fo r  C^HgNgClg: C l, 3 9 .6 ? . Found: C l, 39 .56 . 

N e u tra l iz a t io n  e q u iv a le n t . C a lcu la ted : 179 .0 j found: '1 7 8 ,2

The f r e e  base c r y s ta l l i z e d  a s  n eed le s  from e th e r ;  m e ltin g  p o in t 90° C. 

B e i l s te in  (10) g iv e s  90° C. 

o-ChlorophenyIh y d raz in e  H ydrochloride

The compound c r y s ta l l i z e d  from d i lu te  a lc o h o l as  f in e  ye llow  n e ed le s . 

The y ie ld  was 56 g (63% o f  t h e o r e t i c a l ) . M elting  p o in t : 194° C, w ith

decom position . B e i l s te in  (9) l i s t s  th e  m e ltin g  p o in t as  194° C w ith  decom­

p o s i t io n .

A n a ly s is . C a lcu la ted  f o r  Ĉ lHgNgClg; C l, 39 .67 . Found: 177*9 

The f r e e  base  c r y s ta l l i z e s  as  n eed le s  from d i lu te  a lc o h o l . M elting 

p o in t:  47° C. B e i l s te in  (9) g ives 46-47° C.

2 . 5-D ichlorophenyIh y d raz in e  H ydrochloride

The h y d ro ch lo rid e  sep a ra ted  as  v e ry  f in e  l ig h t  brown n eed le s  from 

d i lu te  a lc o h o l . Y ie ld  was 4 9 .6  g (93% o f th e o r e t i c a l ) .

A n a ly sis . C a lcu la ted  f o r  C^HyNgCl^; C l, 49 .83 ; N,. 1 3 .1 2 . Found:

-  39 -
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C l, 49; N, 13 , 06 .

N e u tra l iz a t io n  e q u iv a le n t . C a lcu la ted : 213 .5 ; found: 212 .6 .

The f r e e  base c r y s t a l l i z e s  as  n eed le s  from w a ter. M elting  p o in t:

1060C. Z e t t e l  (126) g iv e s  th e  m e ltin g  p o in t a s  105° C.

<K -(p-Tolylhydrazono)-propionic a c id

15.86  g (0 .1  mole) o f p - to ly !h y d ra z in e  h y d ro ch lo rid e  were d is so lv e d  in  

80 cc o f w a ter (c a . 70° C) and 8 ,9  g (0 ,1  mole) of. py ru v ic  a c id  d is so lv e d  

in  20 cc of w a ter were added w ith  s t i r r i n g .  The yellow  p r e c ip i ta te  which 

formed was f i l t e r e d  o f f  a f t e r  th e  m ix tu re  had cooled to  c a . 10°,C . The 

hydrazone was r e c r y s t a l l i z e d  from d i lu te  a lc o h o l . I t  c r y s ta l l i z e d  as 

yellow  n eed le s  and m elted  a t  l6 l° C . The y ie ld  was 7 ,4  g (39% of th e o r e t i ­

c a l)  . B e i l s te in  ( l l )  g iv es  th e  m e ltin g  p o in t a s  162°C,

N e u tra l iz a t io n  e q u iv a le n t. C a lcu la ted  f o r  CqoHigNgOg; 192 .2 ; found: 

192 . 8 .

E th y l /d -(p-methyl a n i l i n o ) -a e ry I a t e

The procedure used was s im ila r  to  th e  one employed in  th e  p re p a ra tio n  

o f e th y l  /S -a n i l in o a c ry la te . The yellow  p r e c ip i ta te  which formed was r e -  . 

c r y s ta l l i z e d  from d i lu te  a lco h o l to  y ie ld  l ig h t  ye llow  p la te s .  The y ie ld  

was 4 .1  g (40% of t h e o r e t i c a l ) ,  M elting, p o in t:  116° C. Pechmann (82) 

g iv e s  th e  m e ltin g  p o in t as  116° C.

A n a ly s is . C a lcu la ted  f o r  CigHi^NOg: N, 6 .8 2 / Found: N, 6 .73 .

# - ( o-G hlorophenylhydrazono)-prop ion ic  Acid

8.95 g (0 .05  mole) o f o -ch lo ropheny lhyd raz ine  h y d ro ch lo rid e  were d i s ­

so lved  in, 250 cc o f warm w ater (70-80° C) and 4 .45  g (0 .05  mole) o f 

py ruv ic  a c id  d is so lv e d  in  10 cc o f w a ter were added w ith  shak ing . A ye llow
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p r e c ip i ta te  formed im m ediately and a f t e r  co o lin g  th e  m ix tu re  to  ca. 20° C,

■ th e  p r e c ip i ta te  was f i l t e r e d  o f f  and r e c r y s ta l l i z e d  from a lc o h o l . The 

y ie ld  was 3 .5  g (33% of t h e o r e t i c a l ) .  The hydrazone c r y s ta l l i z e d  as  lemon- 

y e llow  n e e d le s . M elting  p o in t:  '1 7 6 °  C. H ew itt (44) g iv e s  th e  m eltin g  

• p o in t a s  178° C.

A n a ly s is . C a lcu la ted  fo r  C ^H ^N gO gC lC l, 16 .68 . Found: C l, 16 .73 .

N e u tra l iz a t io n  e q u iv a le n t , C a lcu la ted : 212 .6 ; found: 212 .6 .

fl& -(p-Chlorophenylhydrazono)-propionic Acid

The procedure was th e  same a s  t h a t  used fo r  a -(o -ch lo ro p h en y lh y d razo n o )-  

p ro p io n ic  a c id .  The hydrazone was r e c r y s t a l l i z e d  from d i l u t e  a lco h o l and 

sep a ra ted  as  lem on-yellow  n e e d le s . The y ie ld  was 5.3 g (50% of t h e o r e t i c a l ) .  

M elting  p o in t:  199° C. H ew itt (43) g iv es  th e  m eltin g  p o in t a s  199° C.

A n a ly s is . C a lcu la ted  f o r  CgHgN2C^Cil: C l, 16 .68 . Found: C l, 16 ,61 .

N e u tra l iz a t io n  e q u iv a le n t . C a lcu la te d : 212 .6 ; found:. 213 .4 .

E th y l 2 .4 -D ich lo rophenyIhydrazonoaceta te  (24)

10 .68  g (0 .05  mole) of 2 ,4 -d ich lo ro p h en y !h y d raz in e  h y d ro ch lo rid e ,

8 .27  g (0 .05  mole) o f c h lo ra l  h y d ra te , and 50 cc of a b so lu te  a lco h o l were 

p laced  in  a 200 ml round-bottom  f la s k  which was p rovided  w ith  a r e f lu x  

condenser. The m ix tu re  was slow ly hea ted  on a steam b a th  u n t i l  evidence 

o f r e a c t io n  o ccu rred  (c a . 650 C ). The m ix tu re  was th e n  slow ly  heated  to  

b o il in g  and g e n tly  re f lu x e d  fo r  30 m in u te s . Approxim ately 25 cc of a lc o h o l 

were removed by d i s t i l l a t i o n  and th e  re s id u e  was allow ed to  co o l to  room 

te m p e ra tu re . The brow nish-yellow  prism s which p r e c ip i ta te d  were f i l t e r e d  

o f f  and r e c r y s t a l l i z e d  from 95% a lc o h o l. The r e c r y s t a l l i z a t i o n  y ie ld ed  

p a le  ye llow  p rism s . The y ie ld  was 6 ,9  g (53% of t h e o r e t i c a l ) . M elting
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p o in t:  122° C. Chattaway and B ennett (24) giy.e th e  m e ltin g  p o in t as  

121 .5° C.

A n a ly s is . C a lcu la ted  f o r  C10H10N2O2Cl2 : C l, 2 7 . l6 .  Found: Cl, 2 7 .0 9 .

2 , A -D ichlorophenylhydrazonoacetic- Acid ■'

5 g (0 .019  mole) of e th y l  2 ,4 -d ich lo ro p h en y lh y d razo n o ace ta te  were 

added to  a f la s k  c o n ta in in g  a 10% po tassium  hydroxide s o lu t io n  in  95% 

a lc o h o l . The s o lu tio n  was. re f lu x e d  fo r  c a . I . 5 hours and 70 cc of w ater 

were added. The a lc o h o l was removed, by d i s t i l l a t i o n  and th e  'c le a r  red  

re s id u e  was cooled to  room te m p era tu re . 20 cc of co n cen tra ted  h y d ro ch lo ric  

a c id  were added w ith  s t i r r i n g  and th e  r e s u l ta n t  g re e n ish  p r e c ip i ta te  r e ­

moved by f i l t r a t i o n .  A ll a ttem p ted  r e c r y s t a l l i z a t io n s  r e s u l te d  in  a f ip e ly  

powdered p ro d u c t. The y ie ld  was 3 .8  g (85% of t h e o r e t i c a l ) .  M elting p o in t . 

was 158-9° G. Np l i t e r a t u r e  value  was found.

A n a ly s is . C a lcu la ted  f o r  CgH^N2O2Cl2 : C l, 30 .42 . Found: C l, 30*50,

N e u tra l iz a t io n  e q u iv a le n t. C a lcu la ted : 233 ,1 ; found: 233 .1 .
v

E th y l q-C hlorophenyIh y d razo n o ace ta te

8.95 g ( 0.05  mole) of p -ch lo ropheny!hydrazine  h y d ro ch lo rid e , 8 .3  g 

(0 .0 5  m ole)of c h lo ra l  h y d ra te  and 100 ml of a b so lu te  a lc o h o l were p laced  

in  a 200 ml round-bottom  f la s k  and slow ly heated  to  b o i l in g .  The so lu tio n  

was re f lu x e d  f o r  30 m inu tes and a f t e r  co o lin g  was poured in to  ca. 500 cc 

o f cold! w a te r . The brownish p r e c ip i ta te  was f i l t e r e d  o f f  and r e c r y s ta l l i z e d  

from d i lu te  a lc o h o l . The y ie ld  was 7 ,4  g ( 65% of th e o r e t i c a l )  of f in e  

n e e d le s . M elting  p o in t:  132° C w ith  decom position . No l i t e r a t u r e  value

was found,

A n a ly s is . C a lcu la ted  f o r  G10H^oN2O2Ol: C l, 15 .64 . Found: C l, 15.6'#.
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E th y l 2 , $-D lchlorophenyIh y d razo n o ace ta te

The procedure was s im ila r  to  t h a t  used f o r  th e  p re p a ra t io n  o f e th y l

2 , 4 - d ichlorophenyIhydraz o n o a ce ta te . R e c ry s ta l l ic a t io n  from d i lu te  a lc o h o l 

y ie ld e d  a f in e  ye llow  powder (which c o n s is te d  o f m icroscopic  p r ism s ) , The 

y ie ld  was 7 .1  g (54% of t h e o r e t i c a l ) .  M elting  p o in t:  85-6° C. No l i t e r ­

a tu re  v a lu e  was found.

A n a ly s is . C a lcu la ted  f o r  Cio H10N2O2CI2 : C l, 2 7 .1 6 . Found: Cl,

2 7 .2 2 .

(2 .4 —D ichlorophenylhydrazono)-p ro p io n ic  Acid

10 .6  g (0 .05  mole) o f 2 ,4 -d ich lo ro p h ep y !h y d raz in e  h y d ro ch lo rid e  were 

d is so lv e d  in  IpO cc o f w a ter (c a . 80-90° C) and a so lu tio n  o f 4 .4  g (0 .05  

mole) o f  py ruv ic  a c id  d is so lv e d  in  40  cc of w ater was added w ith  s t i r r i n g .  

The s t i r r i n g  was con tinued  f o r  15^20 m in u tes ; th e  m ix tu re  was cooled and 

th e  p r e c ip i t a t e  f i l t e r e d  o f f .  R e c ry s ta H iz a tio n  from d i lu t e  a lco h o l y ie ld e d  

f in e  ye llow  c r y s ta l s .  The y ie ld  was 4 .8  g (39% of t h e o r e t i c a l ) .  M elting  

p o in t:  198-'99° C. No l i t e r a t u r e  v a lue  was found.

A n a ly s is . .  C a lcu la ted  f o r  C9HgN2O2C ^ :  C l, 2 8 .7 0 . Found: C l, 2 8 .6 1 .

N e u tra l iz a t io n  e q u iv a le n t . C a lcu la ted : 247 . 1 ; found: 2 4 7 .9 .

E th y l j6 - ( p -c h lo ro a n il in o ) -a c ry la te

The procedure was th e  same as t h a t  used fo r  the  p re p a ra t io n  of e th y l  

^ L a n il in d c ry la te ,  excep t h y d ro ch lo ric  a c id  was used in  p la ce  o f a c e t ic  

a c id .  The o i l  which formed upon a d d it io n  o f th e  e n o la te  s o l id i f i e d  on 

co o lin g . The s o l id  was r e c r y s t a l l i z e d  from a lco h o l to  g ive  a brown powder. 

The y ie ld  was 4 .1  g  36% of t h e o r e t i c a l ) .  M elting  p o in t : .67-70° C (no

sharp  ra n g e ) . No l i t e r a t u r e  value was found .
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A n a ly s is . . C a lcu la ted  f o r  G10H12NO2 C l: C l, 16 .76 . Found:'. C l, 1 6 .6 8 .

E th y l a-P henylhydrazonoprop ionate

26 .7  g (0 .15  mole) of a-phenyIhydrazonoprop ion ic  a c id ,  150 cc of 

a b so lu te  a lc o h o l and 5 g o f co n cen tra ted  s u l f u r ic  a c id  were p laced  in  a f l a s k  

and re flu x e d  f o r  4 .5  h o u rs . The so lu tio n  was cooled and poured in to  1000 cc 

o f  co ld  w a te r . The o i l  which formed s o l id i f i e d  w ith  s t i r r i n g .  The s o lid  

was f i l t e r e d  o f f  and r e c r y s ta l l i z e d  from d i lu te  a lc o h o l . The e s te r  sep a ra ted  

as  la rg e  yellow  p rism s. The y ie ld  was 24 .3  g (79% of t h e o r e t i c a l ) . M elting  

p o in t:  192° C. F is h e r  (32) g iv es  th e  m e ltin g  p o in t as  192° C.

C L -(p-B rom ophenylhydrazono)-propionic Acid

11.2  g (0 .05  mole) o f p-brom opkeny!hydrazine h y d ro ch lo rid e  were d is so lv e d  

in  50 cc o f d i lu te  a lc o h o l . To t h i s  so lu tio n  was added a s o lu tio n  of 4 .4  g 

(0 .05  mole) o f py ru v ic  a c id  d is so lv e d  in  50 cc of w a te r . The m ix ture  was 

heated  to  b o i l in g  and r e f luyed  f o r  10 m in u tes . On c o o lin g , long  l ig h t  brown 

n eed le s  s e p a ra te d . The p roduct was r e c r y s t a l l i z e d  from d i lu t e  a lco h o l to  

y ie ld  7 .3  g (57% of th e o r e t ic a l )  of l i g h t  yellow-brown n e e d le s . M elting  

p o in t:  184° 0 . B albiano (6) g ives th e  m e ltin g  p o in t a s  182° C.

N e u tra l iz a t io n  e q u iv a le n t . C a lcu la ted  f o r  CgH^N2Q2Br: 2 5 7 .I j  found:

2 5 7 .2 ,

d - (p -N itrophenylhydraz ono)-p ro p io n ic  Acid

7 .6  g (0 .05  mole) of p -n itro p h en y Ih y d raz in e  and 4 .5  cc of co n cen tra ted  

h y d ro ch lo ric  a c id  were p laced  in  a f la s k  and 50 cc of w ater were added.

The m ix tu re  was hea ted  u n t i l  s o lu tio n  was com plete. To t h i s  so lu tio n  a 

s o lu t io n  o f 4 .4  g (0 .05  mole) of py ruv ic  a c id  d is so lv e d  in  50 cc of w ater 

was added w ith  shak ing . The m ix tu re  s o l id i f i e d  to  a g e l  and th e  s o lid  was

I
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f i l t e r e d  o f f  and r e c r y s t a l I i zed from d i lu t e  a lc o h o l. The hydrazone sepa—: ' 

ra te d  a s  a ye llow  powder (composed o f m icroscop ic  n e e d le s ) . The y ie ld  was 

10 .2  g (91% o f t h e o r e t i c a l ) .  M elting  p o in t:  219° C. Hyde (52) g ives

th e  m e ltin g  p o in t a s  219- 20° C.

N e u tra l iz a t io n  e q u iv a le n t . C a lcu la ted : 223 .2 ; fo u n d : 223 .9 .

Z -M tro -1 ,4-dim ethoxybenzene (37)

41 g of I , 4-dim ethoxybenzene were added to  500 cc o f w ater and t h e  

m ix tu re  was heated  w ith  s t i r r i n g  u n t i l  th e  e th e r  had m elted  (c a . 50° C ). 

added and th e  tem p era tu re  was h e ld  between 50-55° C. The yellow  o i l  which 

formed g ra d u a lly  s o l id i f i e d  and a f t e r  th e  m ix tu re  had cooled  to  room tem­

p e ra tu re , th e  yellow  s o l id  was f i l t e r e d  o f f  and r e c r y s t a l l i z e d  from 50-60% 

a lc o h o l .  The p roduct sep a ra ted  a s  la rg e ,  b r ig h t  ye llow  n e e d le s . The 

y ie ld  was 53.6 g (99% of t h e o r e t i c a l ) .  M elting  p o in t:  7 1 ,5 °  C. Haberman

(37) g iv e s  th e  m e ltin g  p o in t as  70-71° C.

2 -N itro -4-m ethoxyphenol (55)

40 g o f 2 -n itro -l,4 -d im e th o x y b en zen e  were p laced  in  a 1500 ml f la s k  

and a s o lu t io n  o f 80 g o f NaOH d isso lv e d  in  700 cc o f w a ter was added.

The m ix tu re  was re f lu x e d  f o r  60 hours and 400 cc o f w a te r were added. The 

m ix tu re  was steam  d i s t i l l e d  u n t i l  no f u r th e r  u n r e a c t d ib ith e rd d is t i l l e d  

o v e r. The re s id u e  was cooled to  room tem p era tu re  and a c id i f ie d  w ith  con­

c e n tra te d  h y d ro ch lo ric  a c id .  The c o lo r  changed from a deep red  to  orange 

and co n sid e rab le  s o l id  s e p a ra te d . The s o l id  was f i l t e r e d  o f f  and r e c r y s t a l ­

l i z e d  from 50% a lc o h o l . The phenol c r y s ta l l i z e d  a s  la r g e ,  b r i l l i a n t  orange 

p rism s. The y ie ld 'w a s  32 g ( 87% of t h e o r e t i c a l ) . M elting  p o in t:  79 .2° C.
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Kauffman and F r i tz  (55) g ive  th e  m e ltin g  p o in t as  80° C.

2-Mi t r o-4-me th oxyphenoxyac e tI c  Acid

20 g of 2 -n itro -4 -m eth o x y p h en o l, 12,3 g o f c h lo ro a c e tic  a c id  and 21 g 

o f  50% sodium hydroxide were p laced  in  a 500 ml round-bottom  f la s k  and 100 

cc of w a ter was added. The f la s k  was a rranged  f o r  d i s t i l l a t i o n  and th e  

m ix tu re  slow ly d i s t i l l e d  u n t i l  th e  re s id u e  was n e u tra l  to  litm u s  (ca . 2 

h o u rs; 60-70 cc w a ter d i s t i l l e d  o v e r ) . H a lf l th e  above- q u a n t i t ie s  o f a l k a l i  

And b k lb ro a c e tic  a c id  and 50 cc o f w a ter were th e n  added and th e  s o lu tio n  

d i s t i l l e d  ag ain  u n t i l  n e u t r a l . A fte r  s tro n g ly  a c id ify in g  w ith  h y d ro ch lo ric  

a c id  th e  s o lu t io n  was coo led , p r e c ip i ta t in g  th e  a c id . . The compound was 

r e c r y s t a l l i z e d  from a lc o h o l . The y ie ld  being 13 g (U8% o f  th e o r e t ic a l )  o f  

go lden -ye llow  n e e d le s . M elting  p o in t:  149-150° 0 . No l i t e r a t u r e  value  was

found. „

A n a ly s is . C a lcu la ted  fo r  C^HgNO :̂ N, 6 .1 7 . Found: 6 .2 1 .

N e u tra l iz a t io n  e q u iv a le n t . . C a lcu la ted : 227 .2 ; found: 2 26 .8 .
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The d a ta  f o r  17 compounds a re  l i s t e d  in  t a b le  I I .  The value  g iven  i s  

th e  p e rcen tag e  in c re a se  (o r  decrease) r e l a t i v e  to  th e  growth in c re a se  o f 

th e  c o n tro l .  With a s tan d a rd  d e v ia t io n  o f 0.14 u n i ts  and an average c o n tro l 

growth o f 0 .49  u n i t s ,  any v a lu e  le s s  th an  ±; '29% could n o t be considered  

s t a t i s t i c a l l y  s ig n i f i c a n t .  The v a lu e  of th e  s tan d a rd  d e v ia t io n  (0 .14  u n i ts )  

i s  an average o f th e  v a lu e s  f o r  a l l  of th e  c o n tro l ru n s . C a lcu la tio n  o f th e  

r e l a t i v e  p e rcen tage  in c re a s e  o r d ecrease  was made using  th e  average v a lue  

o f th e  c o n tro ls  run d u rin g  th e  t e s t i n g  o f th e  compound in  q u e s tio n . I t  i s  

r e a l iz e d  th a t  th e  ass ig n ed  v a lu e  o f 29% f o r  s t a t i s t i c a l  s ig n if ic a n c e  i s  no t 

a r ig i d  one, b u t v a r ia n c e  from t h i s  v a lue  would not be g r e a t . , In  a review  

by Wain (116) i t  i s  s ta te d  t h a t  w ith  th e  use o f th e  Avena c o le o p t i le  s t r a ig h t  

growth t e s t ,  any growth d e v ia t io n  in  excess o f 5% of th e  c o n tro l may be con­

s id e red  s ig n i f i c a n t .  T e s tin g  a l l  o f th e  compounds a t  once would have been 

im p ra c tic a l  due to  th e  la rg e  number o f c o le o p t i le  s e c tio n s  which would be 

re q u ire d . T ab les IV and V a re  ty p ic a l  examples o f  th e  measurements reco rded  

during  a t e s t  ru n . T ab le  I I I  g ives th e  measurements o b ta in ed  fo r the  con­

t r o l s  run  s im u ltan eo u sly  w ith  th e s e  two compounds.

The a c t i v i t y  of th e  s u b s t i tu te d  phenyIh y d razo n o ace tic  a c id s  i s  g re a te r  

th a n  th e  corresponding  p ro p io n ic  a c id  d e r iv a t iv e s . T h is  would in d iq a te , 

a s  in  th e  phenoxyalky!carboxy lic  a c id s , t h a t  a lpha s u b s t i tu t io n  d ecreases 

a c t i v i t y .  There a r e ,  however, r e s u l t s  which a re  not in  common w ith  any o f 

th e  o th e r s e r ie s  o f growth re g u la to r s :  (a ) th e  p a ren t a c id s  show th e  g re a t ­

e s t  a c t i v i t y ,  (b) e th y l  2 ,4 -d ich lo rophenyIh y d razo n o ace ta te  i s  a c t iv e  w hile  

th e  f r e e  a c id  behaves a s  an in h ib i to r  a t  a l l  t e s te d  c o n c e n tra tio n s , and (c)
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(p-brom ophenylhydrazono)-propionic a c id  and CU-(p-ch lo ropheny lhyd razono) -  

p ro p io n ic  a c id  a re  h ig h ly  in h ib ito ry , a t  a l l  c o n c e n tra tio n s .

The s u b s t i tu te d  e h ty l  a c r y la te  s e r ie s  and th e  S c h if f  b ases o fyd-keto  

a c id s  may show prom ise w ith f u r th e r  s tu d y . The need f o r  more in v e s t ig a t io n  

on th e  two main .,series i s  a ls o  a p p a re n t.

The d a ta  o b ta ined  f o r  2 -n itr.o-4-m ethoxyphenoxyacetic  a c id ,  a lthough 

n o t s t a t i s t i c a l l y  s ig n i f i c a n t ,  in d ic a te s  t h a t  th e re  may be some com bination 

o f s u b s t i tu e n ts  and p o s i t io n s  which could p a r a l l e l  th e  e f f e c t s  o f th e  2 ,4 -  

d ic h lo ro  s u b s t i tu t io n ;  2 -m ethoxy-4-n itrophenoxyace tic  a c id  may prove to  be 

more p rem isin g .

S ince i t  i s  p o s s ib le  fo r  th e  phenylhydrazono-aceti c  and p ro p io n ic  

a c id s  to  e x is t  a s  c i s - t r a n s  iso m ers, some o f th e  d is c re p a n c ie s  no ted  may be 

a t t r ib u te d  to  th e  p resence  o f d i f f e r e n t  isom eric  s t a t e s .  As has been p o in ted  

o u t, only th e  c is - iso m e r o f p re v io u s ly  in v e s t ig a te d  c i s - t r a n s  p a i r s  e x h ib it  

a c t i v i t y  ( th e  g eo m etrica l s t ru c tu re  being  known in  th e s e  cases  (106, 111) .

The phenylhydrazonoacet’i c  a c id  p repared  i s  th e  h ig h e r m e ltin g  o f th e  two 

re p o rte d  isom ers (21) and i s  p robably  th e  tra n s - iso m e r  ( in  most cases th e  

tra n s - iso m e r  has th e  h ig h e r m e ltin g  p o in t ) „ I f  th e  phenylhydrazonoacetic  

a c id  does have th e  t r a n s -c o n f ig u ra t io n ,  t h i s  r e s u l t  i s  in  d i r e c t  c o n tra s t  

t o  th e  f in d in g s  c i te d  above. L i t t l e  work has been done tow ards e s ta b lis h in g  

th e  g eo m etrica l s t ru c tu re  o f th e s e  compounds; such in fo rm atio n  would be o f 

g re a t im portance in  fu tu re  in v e s t ig a t io n s  o f th e se  compounds.



T ab le  I I

P ercen tage  Growth R e la tiv e  to  C ontro l

Compound T ested
C oncentration x  IO4 m olar

0 .1 0 .5 1 .0  . 2 .0 5.0

2 ,4 -D ich lo ro p h en o x y ace tic ' acid",r +6? +98 +60 +19
P heny lhydrazonoacetic  acid"' +96 +95 +33 -16
fit-phenyIhy d razonopropionic acid" +51 -18 -16 —48
oL - (2-ch lorophenyIhydraz ono) -p ro p i onie ac id '' -12 -10 -27
cb-(4 -ch lo ropheny lhyd razono) -p ro p io n ic  ac id " -89 -90 -6 8 -82 -82
oL - { 2 3 4 -d i  chloroph eny Ihydraz ono) -p ro p i on ic .-acid"" -20 -14 • -  6
c£-(4-bromophenylhydraz ono) -p ro p io n ic  acid"5̂  
dr (4-m ethylphenyIhydraz ono) -p ro p io n ic  a Cicf' 
CL-(4 - n i t rophenyIh y d razono) -p ro p io n ic  acid" 
E th y l 4 -ch lo ropheny lhyd razonoace ta te7r

-75 
-24 
-19  
-  7

-78
-32
-12
-10

-72
-27
-14
-44

-75

E th y l 2 ,4 -d ich lo rophenyIh y d razo n o ace ta te" +63 +22 +24
2 ,4 -lich lo ro p h en y Ihy d razo n o ace tic  acid'" j. 
E th y l 2 , 5 -d ich lorophenylhydraz ohoacetate" 
E th y l /S -( 4 - chlorophenylam ino) -a e ry I a t

-74 -63 -74 -85 -88
+29
+6

+16 - 
+39

+2 ’ 
+20

E th y l /S’-  (4-m ethylphenyIam ino) - a  c ry la te " 14 -  3 -  8
Ct-Phenylim inopropionic ac id O +31 3 16
2-N itro -4 -m ethozyphenozyacetic  ac id -17 -28 -  7 +22

*  The sodium or potassium  s a l t  was used .
# An em ulsion w ith  MCOl H-86c was used .



-  50 -  

Table I I I

.GxiOVfbh o f :Avena i.Co le o p t l le . ,Sefetions .In : D is t i l l e d  J^ a te r . '

R e la tiv e  Length

C o n tro l Number I 2 3

8 .28
8.20
8 .18
8.40
8'.25
8.10
8.25
8.20
8,42
8.15

8 .30  
. 8 .30 

8.40  
8 .10 
8 .15  
8.25 
8 .20  
8.45 
8 .30  .
8 .20

8.30  
8.32  
8 .45 
8 .10
8.30 
8.32  
8 .10 
8 .30  
8.35 
8.43

TOTAL 248.05

Average 8 .27

Standard  D ev ia tion 0 .1 1

I
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Table IV

Growth of Avena C o le o p tlle  S e c tio n s  in  S o lu tio n s  
of Sodium Phenylhydrazonpacetate

C o n cen tra tio n  x  lcA m olar 2 .0 1 ,0 0 .5 0 .1

Measured le n g th  o f 
c o le o p t i le  s e c tio n s

8 .35  ■ 
7 .70  
8 .00  
8 .30  
8 .30  

■8.05 
7 .88  
8 .1 0  . 
8 .15 
8 .87

-8 .5 2  
8 .30  
8 .10 
8 .60 

- 8 .70
8.75 
8 .50 

'8 .5 0  
8.30 
8.45

8 .40
9.40 
9 .80  
8 .20  
9 .08  
9.00 
8.13 
9 .00 
9.10
8 .40

9.00
8.56
8.70
8.70 
8.90  
8.90  
8 .20 
9.30 
8 .60  
9 .80

T o ta l
.

81.70
1

84.72 88,51 88.66

Average 8.17 8,47 8.85 8.87

D ev ia tio n  frorti c o n tro l -0 .1 0 +0.20 + 0 .58 +0,60

R e la tiv e  pe rcen tag e  -• 
ir ic re a se  o r d ecrease -16 +33 +95 +98



-  52 -  

Table V

Growth o f Avena C o le o p tile  S e c t io n s . in  S o lu tio n s  
o f 0-Phenylim in o p ro p io n lc  Acid

C o n c e n tra tio n 'x  lcA m olar ’2 .0 1 .0 0 .5 0 .1

M easured:,length o f 
c o le o p tile c  s e c tio n s

. 8 .30  
8 .20 
8 .15 
8,55
7.90 
8 .00  
8.10
7.90 

' 8.40
• —  .

8 .70  
8 .50 
8 ,30 . 
8.12 

■ 8 .00  
7 .98  
8.20
7-95
8.46
8.28

8.20
8.10
8.60
8.45
8 .10
9.60
8.60
8.10
8 .89
7.92

8.23
8.20
8.95
8.25
7 .95  
8.40
8.25 
8.05  
8 .20 
8.20

T o ta l 73.50 82.49 84.60 82.68

Average 8 .17 8.25 8 .46 8.27

D ev ia tio n  from c o n tro l -0 .1 0 -,0.02 •6,0.19 0 .00

R e la tiv e  percen tage  
in c re a s e  o r d ecrease -16 -3 +31 0

* C o le o p tile  s e c tio n  dead.
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