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SUI4MARY 

A general method f o r  microscale synthes is  o f  
I4C-labeled indole-3-acet ic  acids w i t h  halogen 
s u b s t i t u t i o n s  i n  t h e  benzene r i n g  i s  described. The 
method u t i l i z e s  alogen s u b s t i t u t e d  phenyl hydrazines 

halogenated i ndole-3-aceti  c acid. 3-Chlorophenyl- 
hydrazine y i e l d e d  a mixture o f  t he  4 and G ch lo ro  
compounds t h a t  was resolved by C 8-reverse phase 
h i g h  performance 1 i q u i d  chromatography. 

reacted d t h  [ 18 C]-2-oxoglutarate t o  generate the  

Key Words: Chloroindole-3-acetic acid, F ischer  i n d o l e  synthesis, 
indole-3-acet ic  ac id  allalogues, rad io labe led  indoles.  

INTRODUCTION 

4. Chloro indole-3-acet ic  a c i d  (4-C1-IA4) i s  a n a t u r a l l y  occu r r i ng  

compound i n  Pisun sativum, V i c i a  faba, and Lathyrus sp. (6-9,11,12). Some 

monochloro s u b s t i t u t e d  indole-3-acet ic  acids show p l a n t  growth promoting 

a c t i v i t y  greater  than o r  equal t o  t h a t  o f  t h e  phytohormone, indole-3-acet ic  

a c i d  ( I A A ) ,  when app l i ed  i n  a v a r i e t y  o f  t e s t  systems (1,15).  The greater  
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b i o l o g i c a l  a c t i v i t y  o f  4-C1-IAA r e l a t i v e  t o  I A A  has Seen a t t r i b u t e d  t o  i t s  

r e s i s t a n c e  t o  a t t a c k  by o x i d a t i v e  enzymes (13) ;  hobtever, t h i s  hypo thes i s  has 

never been t e s t e d  d i r e c t l y  i n  v i vo .  Several  o f  t h e  d i c h l o r o i n d o l e - 3 - a c e t i c  

ac ids  have a l s o  been s t u d i e d  and found t o  be t o x i c ,  or  t o  i n h i b i t  I A A  

induced y rowth  (1,5,15). 

S tud ies  o f  t h e  metabo l ism o f  t h e  ha logenated  IAAs have been l i m i t e d  by 

t h e  unavai  1 ab i  1 i t y  o f  t h e  r a d i o 1  abe led  conpounds. The o n l y  r e p o r t e d  

p r o d u c t i o n  o f  a r a d i o a c t i v e  ha logenated  I A A  was t h e  b i o l o g i c a l  l a b e l i n g  o f  

4-C1-IAA by i r r i g a t i o n  o f  pea p l a n t s  w i t h  a s o l u t i o n  c o n t a i n i n g  r a d i o a c t i v e  

c h l o r i d e  ( 3 ) .  However, t h e  p roduc t  ob ta ined  vias o f  low s p e c i f i c  a c t i v i t y  

and was o b t a i n e d  i n  amounts i n s u f f i c i e n t  f o r  f u r t h e r  study. The 

a v a i l a b i l i t y  o f  a v a r i e t y  o f  r a d i o a c t i v e  ha logen s u b s t i t u t e d  IAAs a t  

r e l a t i v e l y  h i g h  s p e c i f i c  a c t i v i t y  would g r e a t l y  f a c i l i t a t e  i s o l a t i o n  o f  

these m a t e r i a l s  f r o m  p l a n t  sources, would a i d  i n  s t u d i e s  u t i l i z i n g  these 

substances t o  de termine t h e  mol e c u l a r  requ i rements  f o r  phytohormone a c t i o n  

(see Ref. l o ) ,  and i rou ld  be u s e f u l  i n  s t u d i e s  o f  t h e  metabo l ism o f  these 

compounds. We have developed a general  method f o r  t h e  p r o d u c t i o n  o f  

r a d i o l a b e l e d  halogen s u b s t i t u t e d  I A A s .  The produc ts  o b t a i n e d  a r e  s u i t a b l e  

f o r  a v a r i e t y  o f  s t u d i e s  or, a l t e r n a t e l y ,  can be f u r t h e r  e l a b o r a t e d  t o  e s t e r  

or a:aide con jugates  by methods t h a t  have been p r e v i o u s l y  desc r ibed  (2,14). 

DISCUSS 101.1 

Several  p o s s i b l e  r o u t e s  e x i s t  f o r  t h e  p r o d u c t i o n  o f  r a d i o a c t i v e  halogen 

s u b s t i t u t e d  I,Us. The major  r o u t e s  wh ich  appeared t o  show promise f o r  our 

work were as f o l l o w s :  1) The e l a b o r a t i o n  o f  a halogen s u b s t i t u t e d  i n d o l e .  

A v a r i e t y  o f  aonohalogen s u b s t i t u t e d  i n d o l e s  a re  a v a i l a b l e  f ro in  c o m e r c i a 1  

sources3 ( i .e.  A l d r i c h ,  Signa, K and K / I C I . I ,  P f a l t z  and Bauer)  and these  

can be conver ted  t o  t h e  s u b s t i t u t e d  yramine. The convers ion  o f  t h e  gramine 

t o  I A A  u s i n g  C14Clcyanide i s  a w e l l  e s t a b l i s h e d  procedure (17) .  The 

n a j o r  d isadvantage o f  t h i s  approach i s  t h a t  t h e  d i - s u b s t i t u t e d  compounds a re  

n o t  r e a d i l y  a v a i l a b l e  c o i m e r c i a l  ly. 2) A v a r i e t y  o f  halogen s u b s t i t u t e d  
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14 [ C l a n i l i n e s  are a v a i l a b l e  (Pathf inder  Laborator ies)  and these could be 

converted t o  t h e  corresponding I M  (16) .  However, the process i s  a two step 

synthes is  and we have found t h a t  the y i e l d s  are usua l l y  low ( < 5 X ) .  In 

add i t i on ,  t h e  compounds are a v a i l a b l e  a t  on ly  moderate s p e c i f i c  a c t i v i t y  and 

a l a r g e  number o f  d i f f e r e n t  l abe led  cornpounds would be requ i red  i n  order t o  

synthes ize a v a r i e t y  o f  d i f f e r e n t  p o s i t i o n a l  isomers. 3) Subs t i t u ted  I A A  

can be generated f rom the appropr ia te phenylhydrazine by a two s tep F ischer  

i ndole synthes is  us ing 3-formylpropionate ( f rom glutamic ac id )  as described 

f o r  p repara t i ve  scale synthes is  by Engvi ld  (4 ) .  A l t e r n a t i v e l y ,  we have used 

t h e  s i n g l e  s tep  synthes is  from a phenylhydrazine and 2-oxoglutarate 

described by Robinson (16) f o r  synthesis o f  unsubs t i t u ted  [14C]IAA (see 

r e a c t i o n  scheme) and have found t h i s  t o  be nore consis tent  f o r  micro-scale 

preparat ions than the  nethod described by Engvi ld  ( 4 ) .  In our hands t h i s  

method proved t o  be genera l l y  app l i cab le  although, as w i t h  the method o f  

Engvi ld ,  t h e  y i e l d s  va r ied  w i t h  the d i f f e r e n t  s u b s t i t u t e d  phenylhydrazines. 

Radioact ive 2-oxoglutarate i s  ava i l ab le  i n  a v a r i e t y  o f  d i f f e r e n t  forms 

which a l lows f o r  t h e  synthes is  o f  e i t h e r  carboxyl l abe led  compounds o r  

compounds w i t h  l abe l  i n  f o u r  pos i t i ons  ( r i n g  2, 3 and both s ide  chain 

carbons). Two t y p i c a l  syntheses t h a t  y i e l d  m u l t i p l e  l abe led  compounds are 

coon 
I 

I 2 2-oxoglutarlc acld 

Pyrldln 
HCl/H3PO, , 

n 
NH-NH2 86. c 

I 
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described i n  d e t a i l  i n  t h i s  repo r t .  I n  addi t ion,  we have produced labe led  

4,6-di-Cl-IAA and have r u n  non-radioact ive microscale syntheses o f  f o u r  

o the r  halogenated IAAs. 

The i d e n t i t i e s  o f  t h e  r e a c t i o n  products were establ ished by a number o f  

c r i t e r i a .  F i r s t ,  a p a r a l l e l  synthes is  was r u n  on a l a r g e r  sca le s t a r t i n g  

w i t h  1-10 g o f  t he  appropr ia te phenylhydrazine and t h e  product o f  t h i s  

synthes is  was confirmed as fo l l ows .  The s y n t h e t i c  products had the  same 

Rf values on S i l i c a  Gel t h i n  l a y e r  chromatograms and Rt on C18-HPLC 

as authent ic  compounds (a g i f t  from 9r. K. C. Engv i l d  (4 ) ) .  The samples 

were analyzed by d i r e c t  probe mass spectrometry on a F inn igan 4000 se r ies  

instrument. The b i s -ch lo ro  compounds had predominant ions a t  m/z 243 (m') 

and at  198 (base peak) and the monochloro de r i va t i ves  had major ions a t  m/z 

209 and 164, thus conf i r m i  ng t h e  expected s t ruc tu res .  The 14C-1 abeled 

compounds were then compared w i t h  the  unlabeled compounds. For each 

compound synthesized, t h e  au then t i c  standard, unlabeled compound and the 

14C-labeled product a l l  had the same UV spectra, Kt on C18-HPLC 

and Rf on S i l i c a  Gel TLC. F i n a l l y ,  an i n j e c t i o n  on HPLC o f  a mix ture of 

t h e  I 4 C  compound and the  authent ic  standard gave a s i n g l e  peak which, 

when co l l ec ted ,  contained >95% o f  the  r a d i o a c t i v i t y  and the  s p e c i f i c  

a c t i v i t y  was constant over the  t ime  o f  e l u t i o n  o f  t he  peak. 

The s p e c i f i c  a c t i v i t y  o f  the f i n a l  product, when s t a r t i n g  brith 50 V C i  

o f  [14C-UL]-2-oxoglutaric ac id  d i l u t e d  t o  1 gmole w i t h  unlabeled 

2-oxoglutar ic  acid, should have been approximately 40 uCi/vnole a f t e r  loss 

o f  one 1 4 C  by decarboxylat ion. We usua l l y  obta ined s p e c i f i c  a c t i v i t i e s  

i n  the  range o f  22-27 uCi/umole. The reason f o r  t h e  lower than expected 

s p e c i f i c  a c t i v i t y  was probably due t o  a combination o f  t r a n s f e r  l oss ,  

degradat ion o f  t he  rad io labe led  compound p r i o r  i t s  d i l u t i o n  by unlabeled 

2 -oxog lu ta r i c  ac id  and a poss ib le  inaccurate determinat ion o f  concentrat ion 

by t h e  manufacturer. 
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EXPEHI NENTAL 

Rased on the  manufacturer's s ta ted  concentrat ion, 50 uCi (0.21 unole) 

of C14C-UL1-2-oxoglutaric ac id  (240 mCi/mnole, I C N  Isotopes)  i n  

ethano1:Mater (20:80) was mixed w i t h  0.8 unole o f  a f r e s h l y  prepared 

s o l u t i o n  of unlabeled 2-oxoglutar ic  ac id  (Sigma). This s o l u t i o n  was d r i e d  

-- i n  vacuo i n  a 10 x 70 nm i g n i t i o n  tube and the res idue resuspended i n  35 u l  

py r id ine .  20 umole of t h e  appropr ia te phenyl hydrazinc ( A l d r i c h )  was added 

i n  th ree  50 u1 a l i q u o t s  from a c h i l l e d ,  0.13 H suspension o f  t he  halogen 

s u b s t i t u t e d  phenylhydrazine i n  H C l  (conc):85J phosphoric a c i d  (2:1), w i t h  

s w i r l  i ng and c o o l i n g  between a1 iquo ts  . The r e a c t i o n  m i  x t u r e  was seal ed 

under vacuum i n  t h c  i g n i t i o n  tube a f t e r  f l u s h i n g  w i t h  I$, gas and f r e e z i n g  

w i t h  l i q u i d  nitrogen. The sealed ampule was heated a t  85OC f o r  17-20 hr. i n  

a d ry  block heater. 

A f te r  c h i l l i n g  on i ce ,  t he  v i a l  was opened and the s o l u t i o n  a c i d i f i e d  

w i t h  1 in1 0.1 M HC1. This  s o l u t i o n  was ex t rac ted  3X w i t h  1 m l  e ther  us ing a 

Mixxor e x t r a c t i o n  system (L idex) .  Ether f r a c t i o n s  were pooled and d r i e d  

over sodium s u l f a t e .  A f t e r  f i l t e r i n g ,  0.5 m l  water was added and the ether  

was removed i n  vacuo. 2-Propanol (0.3 m l )  was added and t h e  s o l u t i o n  

f r a c t i o n a t e d  on a 1 x 15 cm column o f  Sephadex LH-20 (Pharmacia) us ing 

2-propanol :water ( 1 : l ) .  

100 111 o f  t h e  s o l u t i o n  was used t o  determine s p e c i f i c  a c t i v i t y  and 

radiochemical p u r i t y  us ing  Cla reverse phase h i g h  performance 1 i q u i d  

chromatography on a 4.6 mn x 25 cm Whatman P a r t i s i l  ODs-3 column with 

e l u t i o n  by methano1:water:acetic a c i d  (60:39:1) and de tec t i on  a t  225 nm. 

[14C]5,7-di-C1-IAA e l u t e d  as a s i n g l e  peak between 18 and 22 m l .  The 

f i n a l  y i e l d  was 22% f rom 2-oxoglutarate ( s p e c i f i c  a c t i v i t y  27.3 uCi/uMole) 

and radiochemical p u r i t y  (by HPLC) was determined t o  be 97%. 
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i l icromole S y n t h e s i s  o f  Halogen S u b s t i t u t e d  Indole-3-Acet ic  Acids 

Compound % Yield  S p e c i f i c  A c t i v i t y  

[14C]5,7 di-C1-IAA 22% 27.3 uCi/pmol e 

C'4C]4-C1 -1AA + ['4C]6-C1-IAA 
6.0% 4-C1 21.8 pCi /umol e 
7.4% 6-C1 21.1 pCi/vmole 

[14C]4,6 di-Cl-IAAl 1 .OE 90.1 vCi/umole 

4,G di-C1-IAA 15%' Unl abel ed 

4.7 di-C1-IAA 25%' Unl abe l  ed  

4.5 di-C1-IAA + 5,6 di-C1-IAA 10%' (mix tu re )  Unlabeled 

7-C1-IAA 15%' Unlabeled 

'This r e a c t i o n  bras a t  the 200 m o l e  s c a l e  

2Yie lds  of un labe led  coinpounds a r e  e s t i m a t e s  based on s p o t  c o l o r  f rom 

13.4% (mix tu re )  

t h i n  1 aye r  chromatograms. 

S t a r t i n g  rri th 3-chlorophenyl hydraz ine  y i e l d e d  a mixture of 

['4C]-4-C1 - 1 A A  and ['4C]-6-C1 -1AA. The ['4C]-4-Cl-IAA and 

114C]-5-C1-IAA e l u t e d  t o g e t h e r  f r o n  the LH-20 column between 18 and 

22 ml. This s o l u t i o n  was reduced i n  volume t o  100 p1 and then t h e  compounds 

s e p a r a t e d  us ing  the same HPLC sys tem as  be fo re  bu t  w i th  e l u t i o n  by 

water : ine thanol :ace t ic  a c i d  (59:40:1).  ['4C]-4-C1-IAA e l u t e d  between 48 

and 53  ml and bras de te rmined  t o  be a 6% y i e l d  from 2 - o x o y l u t a r a t e  ( s p e c i f i c  

a c t i v i t y  21.8 pCi/uPlole) w i th  r ad iochen ica l  p u r i t y  of 95%. 

['4C]-5-C1-IAA e l u t e d  between 67 and 73 n l .  Yield was 7.41 from 

2 -oxog lu ta ra t e  ( s p e c i f i c  a c t i v i t y  21.1 uCi/ullole) and rad iochemica l  p u r i t y  

was 96%. 
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