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SUMMARY 

The synthes is  o f  2,5-dihydroxy[carboxy-14C]benzoic ac id  ( g e n t i s i c  a c i d )  

i s  described. The procedure u t i l i z e d  [carboxy-14C]sal icy l ic  a c i d  as a s t a r t i n g  

m a t e r i a l .  S a l i c y l i c  a c i d  was converted t o  g e n t i s i c  a c i d  us ing potassium 

p e r s u l f a t e  hydroxy lat ion.  The m ix tu re  o f  hyd roxy la t i on  products i n  t h i s  

r e a c t i o n  was e a s i l y  separated by UV-visual i z e d  quar t z  column chromatography t o  

o b t a i n  t h e  des i red  isomer i n  h igh  p u r i t y  ( o v e r a l l  y i e l d  o f  38%). This 

procedure may be used f o r  micro and semimicro p repara t i on  o f  t h e  t i t l e  

compound. 
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INTRODUCTION 

S a l i c y l i c  ac id  ( L ) ,  a pr imary m e t a b o l i t e  o f  a s p i r i n ,  has been shown t o  be 

equipotent  t o  a s p i r i n  i n  t h e  reduc t i on  o f  p ros tag land in  format ion and in f l am-  

matory exudates i n  v ivo,  b u t  i s  a weak i n h i b i t o r  o f  PGH-synthase i n  v i t r o  (1). 

It has been suggested t h a t  these i n  v i v o  a n t i i n f l a m n a t o r y  e f f e c t s  might be due 

t o  format ion o f  an " a c t i v e  metaboli te," g e n t i s i c  ac id  (2; r e f .  2). Th is  has 

has been confirmed by t h e  observed i n  v i t r o  a c t i v i t y  o f  g e n t i s i c  a c i d  as an 

i n h i b i t o r  o f  prostaglandin synthes is  ( 3 ) .  Fur the r  o x i d a t i o n  o f  g e n t i s i c  a c i d  

t o  a r e a c t i v e  quinone species cou ld  l ead  t o  i r r e v e r s i b l e  i n h i b i t i o n  of 

cyclooxygenase by covalent  mod i f i ca t i on .  This  hypothesis has been supported by 
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the observation that gentisic acid caused a time-dependent irreversible 

inhibition of PGH-synthase when subjected to oxidative electrolysis in the 

presence of the enzyme (4). 

I n  order to evaluate the quantitative aspects of this inhibitory 

phenomenon, the synthesis of 14C-labeled gentisic acid was required. The 

synthesis of [carbo~y-~~CIgentisic acid had been previously reported utilizing 

I4CO2 (5) but this procedure is inconvenient for the synthesis of small 

quantities. We report herein a straightforward method for synthesis of 

radiolabeled gentisic acid starting from the available [carboxy-14C]salicylic 

acid utilizing a modified hydroxylation procedure (6). 

&'OH 1.) K2S208/HO-m 

OH 
2.) aq. H2S04A 

OH OH 

2 - 3 1 - - 

EXPERIMENTAL 

Materials: [Carboxy-14C]salicylic acid (53.8 mCi/mol) was obtained from New 

England Nuclear Corporation, Boston, Massachusetts. Reagent grade potassium 

persulfate was obtained from J. T. Baker Chemical Company, Glen Ellyn, 

Illinois. Zinc silicate powder was obtained from Dupont Luminescent Chemicals 

Division many years ago. Merck silica gel, grade 60 (230-400 mesh) was 

obtained from Aldrich Chemical Company, Milwaukee, Wisconsin. A quartz tube 

(0.7 x 30 cm) was obtained from the University of Minnesota Glass Technology 

Services. Ultraviolet detection of chromatographic separation utilized a 

hand-held Mineralight Nodel UVGL-58 with short (254 nm) and long (366 nm) 

wavelength capability. 

England Nuclear) with a Beckman LS6800 scintillation counter with a counting 

efficiency of 72 percent. The purity o f  reagents and products was determined 

by thin-layer chromatography on silica gel plates (Analtech No. 47521 

hard-layer) utilizing methanol/chloroform 1:9 v/v as the eluent. 'H-NMR 

Radioactivity counting was performed in Aquasol -2  (New 
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determinat ions were made w i t h  a JEOL FX-9OQ (90 MHz) spectrometer i n  acetone-dg 

(Chemical Dynamics Corporation, South P l a i n f i e l d ,  New Jersey). A l l  o t h e r  

so l ven ts  and reagents were commercial ly a v a i l a b l e  reagent grade mater ia ls .  

2,5-dihydroxy[carboxy-14C]benzoic acid:  To 0.1 mg (0.7 umol) o f  [carboxy- 

14C]sa l i cy l i c  a c i d  (53.8 mCi/mnol) mixed wi th  13.7 mg o f  un labe l l ed  s a l i c y l i c  

a c i d  i n  2.0 m l  o f  aqueous 0.23 N potassium hydrox ide a t  OOC ( i c e  bath)  was 

added s low ly  dropwise 32 mg (0.12 mnol) o f  potassium p e r s u l f a t e  d i sso l ved  i n  

2.0 m l  o f  water. A f t e r  t h e  a d d i t i o n  was complete, t h e  i c e  bath was removed and 

t h e  r e a c t i o n  m ix tu re  s t i r r e d  f o r  15 hr a t  room temperature. Fol lowing t h i s  

p e r i o d  t h e  m ix tu re  was a c i d i f i e d  by t h e  a d d i t i o n  o f  0.7 m l  concentrated 

s u l f u r i c  a c i d  and then b o i l e d  f o r  45 min. The r e s u l t i n g  s o l u t i o n  was ex t rac ted  

w i t h  e t h y l  acetate (30 ml) .  A f t e r  d r y i n g  over anhydrous sodium s u l f a t e  t h i s  

organic  s o l u t i o n  was evaporated i n  vacuo t o  prov ide 12 mg o f  a brownish s o l i d ,  

which was a m ix tu re  o f  s a l i c y l i c  acid, g e n t i s i c  acid, and 2,3,5-trihydroxy- 

benzoic ac id  (3) .  

I 

This m ix tu re  was d i sso l ved  i n  0.5 m l  o f  5% methanol /ch loroform (v / v )  and 

app l i ed  t o  t h e  t o p  o f  a wet-packed sho r t  column o f  s i l i c a  gel (1.0 gm; Merck 

230-400 mesh), t h a t  had been i n t i m a t e l y  mixed w i t h  15 rng o f  z inc s i l i c a t e  as a 

pho tosens i t i ze r ,  i n  a qua r t z  g lass  tube (0.7 x 30 cm). This column was then 

e l u t e d  w i t h  25 m l  o f  5% methanol/chloroform, fo l l owed  by 10% methanol/ 

ch loroform as necessary. The progress o f  t h e  separat ion was fo l lowed by 

i n t e r m i t t e n t  v i s u a l i z a t i o n  o f  bands us ing  a hand-held u l t r a v i o l e t  lamp 

(Minera l  i g h t )  as general l y  suggested by o the rs  (7) .  The fas tes t  running 

s a l i c y l i c  a c i d  band appeared green under short-wavelength (254 nm) 1 i g h t ;  t h e  

des i red  g e n t i s i c  a c i d  band t h a t  f o l l owed  appeared b l u e  f l uo rescen t  under 

long-wavelength (366 nm) u l t r a v i o l e t  l i g h t .  C o l l e c t i o n  o f  t h e  g e n t i s i c  a c i d  

band prov ided 6 mg (38% y i e l d )  of [carboxy-14C]gentisic ac id  (400 vCi/mnol) 

a f t e r  evaporation. The slower running t r i hyd roxybenzo ic  a c i d  was no t  

q u a n t i t a t e d  i n  t h i s  experiment. [Carboxy-14C]gentisic a c i d  prepared i n  t h i s  

manner was i d e n t i c a l  t o  a g e n t i s i c  ac id  re ference sample by TLC (Rf  = 0.16; 
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1 silica gelhethan01 :chloroform 1:9) and H-NMR (acetone-dg: 68.4 (bs, lH), 7.4 

(d, JAx = 1.8 Hz, lH), 7.2 (dd, JAB = 9.0 H z ,  JAx = 1.8 Hz; l H ) ,  7.0 (d, JAB = 

9.0 Hz). 

DISCUSSION 

This described procedure enables the rapid and convenient preparation of 

[carboxy-14C]gentisic acid, a radiolabelled aspirin metabolite, and potentially 

other hydroxylated salicylate derivatives as well. In principal, this 

procedure could be optimized for the preparation and purification of other di- 

and tri-hydroxybenzoic acid derivatives according to previously observed 

chemical selectivity in this hydroxylation procedure (6). The quantitative 

attachment of this quinonoid precursor to enzymes and proteins other than 

cyclooxygenase (4) via this electrochemical technique is under investigation to 

prepare radiolabel led macromolecules and specifically functional ized 

(electromodi f ied) proteins. 
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