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ARGENTATION THIN-LAYER CHROMATOGRAPHY OF THE p-NITROBENZYL 
ESTERS OF GIBBERELLINS AND THEIR PRECUESORS 

Erich Heftmann and Gary A .  Saunders 

Plant Biochemistry Research Unit, Western Regional Research 

Center, Science and Education Administration, U.S. Department of 

Agriculture, Berkeley, California 94710 USA 

ABSTRACT 

Thirteen p-nitrobenzyl esters of gibberellins and their 
precursors have been separated by thin-layer chromatography on 
silver nitrate-impregnated silica gel. 
by sulfuric acid was used for their detection. 

The fluorescence produced 

INTRODUCTION 

Thin layer chromatography (TLC) is one of the most important 

analytical techniques for biochemical research on gibberellins. 

In earlier work, reviewed by Paleg (11, difficulties were encoun- 

tered i n  resolving, by adsorption, pairs of compounds differing 

only by the presence or absence of a double bond. Partition 

systems have solved this problem in some instances (2-61, but 

argentation TLC, which is generally used for such pairs in the 

lipid field ( 7 ) ,  has so far not been applied to the gibberellins. 

Having accomplished difficult separations of this kind by 
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334 HEFTMA" AND SAUNDERS 

argentation high-pressure liquid chromatography (81, we are now 

reporting that closely related gibberellin analogs (Fig. 1) ( 9 )  

are easily resolved on silver nitrate-impregnated silica gel 

plates. 

Because carboxylic acids are too strongly adsorbed by silver 

nitrate, they were chromatographed in the form of their 

- p-nitrobenzyl esters. 

free acids by spraying the plates with dilute sulfuric acid, and 

they are useful derivatives for mass spectrometry (8). 

The esters are as easily detected as the 

MATERIALS 

Thin-layer plates, 5 x 20 cm, were ordered to contain 10% 

AgN03 on a silica g e l  G layer, 250 

were spectroquality (11). 

thick (10). A l l  solvents 

The preparation of the 2-nitrobenzyl esters was carried 

out in a Reacti-Vial System (12), consisting of an electrically 

heated metal block (Reacti-Therm heating module) and l-ml vials 

with conical wells (Reacti-Vials), which were seaked with 

Teflon-lined screw caps. The reagent was p-Nitrobenzyl8 (121, 

a 0 . 1  solution of 0-2-nitrobenzyl-N,N'-diisopropylisourea in 

dichlorome thane . 
The chromatograms were viewed under long-wave ultraviolet 

light (365 nm) in a dark-cabinet ( 1 3 ) .  
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FIGURE 1 

Structures of Gibberellin Analogs 
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336 HEFTMANN AND SAUNDERS 

METHODS 

The e s t e r f i c a t i o n  r e a c t i o n  is o u t l i n e d  f o r  g i b b e r e l l i c  a c i d  

It was r o u t i n e l y  performed by h e a t i n g  t h e  d r y  i n  F ig .  2 .  

g i b b e r e l l i n  analog wi th  t h e  p-Nitrobenzyl8 r e a g e n t  ( 2  P1 o f  

r eagen t  per pg )  a t  80°C f o r  2 h r  i n  t h e  React i -Vial  System ( 1 4 ) .  

The r e a c t i o n  m i x t u r e ,  e q u i v a l e n t  t o  1 pg o f  g i b b e r e l l i n  

ana log ,  was a p p l i e d  t o  t h e  t h i n - l a y e r  p l a t e s  w i thou t  p u r i f i -  

c a t i o n .  The p l a t e s  were s t o r e d  and developed i n  t h e  da rk .  

All chromatograms s t a r t e d  2 cm from t h e  bot tom edge o f  t h e  

p l a t e s  and developed over  a d i s t a n c e  of  17 cm. The s o l v e n t  

HO a . . o "  CH2 HO W.0. CH2 

CH3 i=" CH3 C=O 

__c 
I 
OH 

Q 
NO2 

FIGURE 2 

NO2 

Formation o f  t h e  GA3 2-Nitrobenzyl  Ester 
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systems were: 1, carbon t e t r a c h l o r i d e - a c e t o n e  ( 3 : l ) ;  

2 ,  - n-pentane-acetone ( 7 : 3 ) ;  3 ,  - n-hexane-ethyl a c e t a t e  ( 1 : l ) .  

A f t e r  they had been sprayed with s u l f u r i c  acid-water ( l : l ) ,  

t h e  chromatograms were heated on a hot p l a t e  a t  low h e a t  

( c a .  100DC) f o r  0-20 min and examined under long-wave UV l i g h t  

a t  i n t e r v a l s .  

RESULTS 

Table 1 shows t h e  hRF v a l u e s  of  t h e  p-n i t robenzyl  e s t e r s  of 

g i b b e r e l l i n  analogs i n  t h r e e  so lvent  systems and t h e i r  f luores-  

cence behavior  i n  the  s u l f u r i c  ac id  r e a c t i o n ,  i . e .  t h e  t i m e  o f  

appearance and c o l o r  of  t h e  zones. 

Although t h e  l i m i t  of  d e t e c t i o n  was 10 ng i n  most c a s e s ,  t h e  

d a t a  i n  Table 1 a r e  based on chromatograms of 1 pg o f  each com- 

pound. 

The f luorescence  c o l o r s  o f  s e v e r a l  e s t e r s  changed cons ider -  

a b l y  a s  they were heated.  The yel low f luorescence  of GA7 and 

t h e  gray f luorescence  of  GA3 appeared i n  about 5 min a t  room 

temperature .  Upon hea t ing ,  GA7 char red  w i t h i n  5 min, whereas 

t h e  f luorescence  of  GA3 turned t o  yel low a f t e r  5 min, then  t o  

l i g h t  b lue  a f t e r  10 min. The gray  f luorescence  of  GA4 became 
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338 HEFTMA" AND SAUNDERS 

Compound 

I s o s t e v i o  
GA9 
GA25 
S t ev  i o  1 
GA14 
DHK** 
GA13 
GA4 
GA 7 
Gk20 
GA5 
GA 1 
GA3 

TABLE 1 

TLC o f  p-Nitrobenzyl E s t e r s  of  G i b b e r e l l i n  Analogs 

hRF Values i n  Solvent  Systems* 

1 2 3 

100 87 92 
92 78 88 
90 69 91 
71 68 76 
72 59 73 
62 64 50 
66 50 7 1  
63 56 57 
56 51 56 
51 46 45 
49 41 41 
31 23 18 
26 19 15 

- Fluorescence 

r i m e  (min) Color 

1 7  brown 

12 brown 
1 7  brown 
10 l i g h t  b lue  

7 gray 
1 2  brown 
10 ye l low 
0 yel low 

10 1 igh  t b l u e  
10 l i g h t  b lue  
15 l i g h t  b lue  

7 dark  b l u e  

0 gray 

*Solvent systems: 1,  CC14  - Me2C0 ( 3 : l ) ;  2,  C5H12 - Me2C0 ( 7 : 3 ) ;  
3 ,  C6H14 - EtOAC ( 1 : l ) .  

**DHK = 68, 78- dihydroxykaurenoic ac id  

yellow, while  the  gray  f luorescencene  of GA1 and DHK became 

l i g h t  b l u e ,  and t h e  l i g h t  b l u e  f luorescence  o f  GA14 turned  t o  

gray * 

DISCUSSION 

The s e n s i t i v i t y  and s p e c i f i c i t y  o f  t h e  s u l f u r i c  a c i d  

d e t e c t i o n  method f o r  t h e  p n i t r o b e n z y l  e s t e r s  was s i m i l a r  t o  

previous r e s u l t s  f o r  t h e  methyl e s t e r s  and f r e e  g i b b e r e l l i n s  ( 2 ) .  

GA3 and GA7 were e a s i l y  d i s t i n g u i s h e d  by t h e i r  f luorescence  a t  
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TLC OF p-NITROBENZYL ESTERS OF GIBBERELLINS 339 

room t e m p e r a t u r e .  The d a r k  b l u e  f l u o r e s c e n c e  o f  GA9 d i s t i n -  

g u i s h e d  i t  from o t h e r  nonpo la r  g i b b e r e l l i n  a n a l o g s .  

The zones were compact i n  S o l v e n t s  1 and 2 ,  b u t  somewhat 

d i f f u s e  i n  So lven t  3 .  The m o b i l i t y  o f  t h e  es ters  was ma in ly  

i n f l u e n c e d  by t h e  number o f  hydroxy l  g r o u p s ,  b u t  DHK i s  a 

n o t a b l e  e x c e p t i o n .  The o r d e r  o f  m i g r a t i o n  depended on t h e  

s o l v e n t  sys t em.  For i n s t a n c e ,  GA9 moved ahead o f  GA25 i n  

S o l v e n t s  1 and 2,  bu t  i n  S o l v e n t  3 t h e  o r d e r  was r e v e r s e d .  

The o r d e r  o f  GA13 and GA4 was l i k e w i s e  r e v e r s e d  between 

S o l v e n t  2 and S o l v e n t s  1 and 3. Such reversals  o f  o r d e r  are  

u s e f u l  f o r  r e s o l v i n g  complex m i x t u r e s .  

P a i r s  o f  g i b b e r e l l i n  es te rs  d i f f e r i n g  by t h e  p r e s e n c e  o r  

absence  o f  a doub le  bond m i g r a t e d  s i m i l a r l y ,  b u t  t h e  u n s a t u r a t e d  

ana log  was always more r e t a r d e d  t h a n  t h e  s a t u r a t e d  o n e .  The b e s t  

s e p a r a t i o n  o f  GA3 and GA7 from t h e i r  a n a l o g s ,  GA1 and GA4, 

r e s p e c t i v e l y ,  was ach ieved  i n  S o l v e n t  1, b u t  GA5 was b e s t  s epa ra -  

t e d  from GA20 i n  So lven t  2 .  Thus,  e s t e r i f i c a t i o n  i s  a u s e f u l  

d e v i c e  f o r  a n a l y s i s  by TLC a s  w e l l  as mass s p e c t r o m e t r y  (8). 
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