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RADIOSYNTHESIS OF H I G H  SPECIFIC A C T I V I T Y  TRITIUM-LABELED PRECOCENE I1 
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SUI4NARY 

The i n s e c t  a n t i j u v e n i l e  hormone precocene I1 (6,7-dimethoxy-2,2- 

dimethylchrornene) was r a d i o s y n t h e s i z e d ,  i n c o r p o r a t i n g  t r i t i u m  

s p e c i f i c a l l y  i n  t h e  gem-dimethyl group a t  h igh  s p e c i f i c  a c t i v i t y .  

Hydroxycoumarin was methylated (CH I / K O H )  and then  ox id ized  a t  6- 

p o s i t i o n  (K2S208/NaOH). 

methylated ( C H  I/KOH) and r e a c t e d  wi th  excess  C H MgI t o  g i v e  precocene 

11 - [2 -me th~ l -~H]  a t  a s p e c i f i c  a c t i v i t y  o f  32 C i / m o l .  Th i s  s y n t h e t i c  

scheme o f f e r s  a c c e s s  t o  r a d i o l a b e l e d  p r e p a r a t i o n s  of  a wide v a r i e t y  of  

mono- and dial icoxy-subst i tuted analogues of precocene 11. 

7- 

3 
The r e s u l t i n g  6-hydroxy-7-methoxycoumarin was 

3 
3 3 

&y m: 
dimethylchromene- [ 2 - ~ 1 e t h y l - ~ H I  . 

Anti j u v e n i l e  hormones; precocene II-[2-methyl-3H] ; 6,7-dimethoxy-2,2- 

I N T R O D U C T I O N  

Precocene I1 (6,7-dimethoxy-2,2-dimethylchromene) is one of two r e l a t e d  

chromenes i s o l a t e d  from APeratuq houston a t h a t  posses s  a n t i j u v e n i l e  hormone 

a c t i v i t y  i n  i n s e c t s  ( 1 , 2 ) .  Radiolabeled precocenes are e s s e n t i a l  f o r  metabolism 

and mode o f  a c t i o n  s t u d i e s  i n  i n s e c t s ,  and s e v e r a l  l a b e l e d  p r e p a r a t i o n s  have been 

desc r ibed .  I n i t i a l  r a d i o s y n t h e s e s  gave precocene I1 l a b e l e d  wi th  carbon-14 a t  

e i t h e r  t h e  u - d i m e t h y l  p o s i t i o n  ( 3 )  o r  t h e  4 -pos i t i on  of t h e  chromene r i n g  ( 4 ) .  

These p r e p a r a t i o n s  were u s e f u l  i n  e s t a b l i s h i n g  t h e  me tabo l i c  fa te  o f  precocene I1 

i n  systems (3-5) bu t  were of  i n s u f f i c i e n t  s p e c i f i c  a c t i v i t y  t o  be of use  
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3 in in vivo metabolism or  mode of action studies. Precocene 11-14- HI at 16 
3 Ci/mmol was synthesized by NaB H4 reduction and subsequent dehydration of the 

corresponding chromanone (6), but this preparation proved to be unstable in 

biological systems even after 16-fold dilution with unlabeled carrier (7). 

Recently, [6-metho~y-~H]-labeled ( 8 )  and [ 2-meth~l-~H]-labeled ( 9 )  preparations 

of grecocene I1 have been reported. 

limited by the metabolic lability of the label in the case of the methoxy-labeled 

preparation ( 5 )  and by their low specific activities. Because of the limitations 

of  previous labeled preparations, we sought a radiosynthetic route that would 

yield precocene I1 labeled with tritium at a high specific activity in a position 

expected to be refractory to metabolic attack. We now report the synthesis of 

precocene I1 specifically labeled with tritium at the =-dimethyl position at a 

specific activity of 32 Ci/mmol. 

The general utility of these compounds is 

DISCUSSION 

Previous studies established the feasibility of labeling the m-dimethyl 

group with excess radiolabeled Grignard reagent (3) and demonstrated that the 

--dimethyl position was not a site of oxidative attack ( 5 ) .  Accordingly, we 

prepared 6,7-dimethoxycoumarin (IV) for reaction with C H MgI (Figure 1) .  7- 

Hydroxycoumarin (I) was first methylated and then oxidized with potassium 

persulfate to give 6-hydroxy-~-methoxycoumarin (1111, which upon methylation gave 

IV. This sequence has broad radiosynthetic utility in this series, offering 

ready access to a variety of precocene analogs having different alkoxy 

substituents in which the radiolabel is introduced in the final synthetic step. 

For  example, ethylation of 7-hydroxycoumarin with ethyl iodide, followed by the 

subsequent oxidation and uethylation steps, would yield 7-ethoxy-6- 

methoxycournarin, the precursor of ethoxy-precocene I1 (7-ethoxy-6-methoxy-2,2 

dinethylchromene), a potent synthetic analog ( l o ) ,  whereas the use of I1 in the 

Grignard reaction would yield labeled precocene I (7-methoxy-2,2- 

dimethylchromene), the other naturally occurring antihormone (1,2).  

3 
3 

Efficient incorporation of the tritium label in the last step gave a product 
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w i t h  t h e  h i g h e s t  s p e c i f i c  a c t i v i t y  (32  Ci/mmol) o f  any l a b e l e d  precocene r epor t ed  

t o  d a t e .  Label ing a t  t h i s  p o s i t i o n  i s  advantageous s i n c e  t h e r e  is l i t t l e  

l i k e l i h o o d  of metabo l i c  l o s s  of t h e  l a b e l  from t h e  p a r e n t  carbon s k e l e t o n  ( 5 ) .  

Also, t h e  gem-dimethyl p o s i t i o n  i s  much less r e a c t i v e  t h a n  t h e  h i g h l y  a c t i v a t e d  

3-4 double  bond, s u g g e s t i n g  t h a t  t h e  --dimethyl l a b e l e d  p r e p a r a t i o n  might be 

more s t a b l e  than  t h a t  l a b e l e d  a t  t h e  4-posi t ion.  P re l imina ry  o b s e r v a t i o n s  

sugges t  t h a t  t h e  --dimethyl-labeled precocene I1 e x h i b i t s  i nc reased  s t a b i l i t y ,  

b u t  t h e  r e l a t i v e  rates of deg rada t ion  o f  t h e s e  two high s p e c i f i c  a c t i v i t y  

p r e p a r a t i o n s  under a v a r i e t y  of c o n d i t i o n s  have not  been determined.  

EXPERIMENTAL 

i n  o-. 7-Hydroxycoumarin ( I ,  6g, 0.037 mole; Aldrich,  

Milwaukee, W I ,  USA)  i n  anhydrous dimethylforffiamide (125 ml) was s t i r r e d  wi th  

"ao CH31 C H 3 0 m  NUOHIDME K 2 S 2 0 8  

v ' ' K O H  / 2) c o n c .  HCI 
I II 

CHGMgl  F 
HO THF 

III 19 

CH3 0 
P 

Figure  1.  S y n t h e t i c  r o u t e  t o  precocene I1 l a b e l e d  wi th  t r i t i u m  a t  

t h e  =-dimethyl p o s i t i o n .  A s t e r i s k s  i n d i c a t e  p o s i t i o n s  o f  t r i t i u m  

l a b e l i n g .  
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powdered potassium hydroxide (2.5 g, 0.047 mole) f o r  30 min. To t h i s  was added 

iodomethane (6.3 g ,  0.047 mole) i n  one p o r t i o n  and t h e  r e a c t i o n  was s t i r r e d  f o r  2 

h a t  80°C. 

e t h e r .  The combined e x t r a c t s  were washed wi th  b r i n e  and d r i e d  ove r  anhydrous 

magnesium s u l f a t e .  

t h a t  behaved as a s i n g l e  component upon a n a l y s i s  by t h i n  l a y e r  chronatography 

(0.25 mm s i l i c a  g e l  chromatoplate  developed i n  benzene-ethyl  a c e t a t e ,  3 : l )  and 

gas - l iqu id  chromatography (3% QF-I , 185OC). 

f u r t h e r  p u r i f i c a t i o n .  

Hz), 6.90 (m,2H), 7.33 ( s , l H ) ,  7.58 ( d , l H ,  d= 9 Hz). 

The coo led  u i x t u r e  was d i l u t e d  w i t h  water and e x t r a c t e d  twice wi th  

Removal o f  e t h e r  &A Y.?&!U gave 6.4 g (98%)  o f  a s o l i d  r e s i d u e  

Th i s  product  was used wi thou t  

NMR spectrum (6, CDC13): 3.90 ( s , 3 H ) ,  6.27 ( d , l H ,  JL= 9 

6-Hvdroxv-7-methoxv~oumarin . 7-Methoxycoumarin (11; 2.64 g ,  0.015 

mole) d i s s o l v e d  i n  a s o l u t i o n  o f  10% sodium hydroxide (30 ul) and dimethoxyethane 

(45 ml) w a s  s t i r r e d  i n  a n  ice  b a t h  ( t o  m a i n t a i n  a temperature  below 1 5 O C )  d u r i n g  

t h e  dropwise a d d i t i o n  o f  potassium p e r s u l f a t e  (4 .05  g ,  0.015 mole) i n  water (80 

m l )  after which t h e  r e a c t i o n  was s t i r r e d  a t  room t empera tu re  f o r  16 hours.  The 

mixture  was a c i d i f i e d  t o  pH 2 wi th  conc. hydroch lo r i c  a c i d  and e x t r a c t e d  twice 

wi th  e t h e r .  Conc. hydroch lo r i c  a c i d  (10 ml) was added t o  t h e  aqueous p o r t i o n ,  

which w a s  s t i r r e d  on t h e  steam b a t h  (8OOC) f o r  1.5 h ,  cooled t o  room temperature ,  

s a t u r a t e d  wi th  sodium c h l o r i d e ,  and e x t r a c t e d  twice w i t h  methylene c h l o r i d e .  The 

methylene c h l o r i d e  e x t r a c t s  were combined, d r i e d  ove r  anhydrous magnesium 

s u l f a t e ,  and concen t r a t ed  ~&QUQ t o  g i v e  a s o l i d  r e s i d u e  (0.81 g ,  31%) .  NMR 

spectrum (6, acetone-%): 

7.00 ( s , l H ) ,  7.10 ( s , l H ) ,  7.86 ( d , l H ,  J= 9 Hz). 

3.41 ( b r  s , l H , O ~ ) ,  4.02 ( s ,3H) ,  6.23 ( d , l H ,  J= 9 Hz), 

6.7-Dimet-rin (IV) . 6-Hydroxy-7-methoxycour~arin (111; 0.5 g ,  0.0026 

mole) i n  dimethylformamide (10 m l )  was s t i r r e d  wi th  powdered p o t a s s i u n  hydroxide 

(0.17 g ,  0.0030 mole) f o r  30 min. To t h i s  was added iodomethane ( 0 . 4 4  g ,  0.0030 

mole) i n  one po r t ion .  Af t e r  s t i r r i n g  f o r  16 h a t  room tempera tu re ,  t h e  r e a c t i o n  

was d i l u t e d  w i t h  20 m l  water and e x t r a c t e d  twice wi th  e t h e r .  The combir.ed e t h e r  

extracts were washed wi th  b r i n e  and d r i e d  o v e r  anhydrous magnesium s u l f a t e .  

Removal o f  t h e  s o l v e n t  in YAC.UQ gave an impure product  (0.5 g ) ,  which was 
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purified by column chromatography over Florisil. Upon elution with hexane- 

nethylene chloride (1:l) a single pure component homogenous by thin layer 

chromatography (0.41 g, 76%) was obtained. 

(s,3H), 3.98 (s,3H), 6.25 (d,lH, J= 9 Hz), 6.90 (s,2H), 8.66 (d,lH, J= 9 Hz). 

MMR spectrum (6, CDC13): 3.95 

3 . Methyl iodide-[ HI (3 - -  3H, ( v )  -romene r ?  methvl- 
mmol, diluted to approx. 15 Ci/mmol) was manometrically transferred to a 25 m l  

flask containing Mg (3.2 mmol, 0.078 g) and anhydrous ether (5 ml). After 

formation of the Grignard reagent, the solvent was removed and replaced 

with anhydrous tetrahydrofuran (3 ml; distilled from LiA1H4). 

Dimethoxycoumarin (IV; 0.053 g, 0.25 mmol) in 5 ml of anhydrous tetrahydrofuran 

was injected into the flask and the mixture was stirred overnight at room 

temperature. After quenching with 0.5 fi ammonium chloride (1 ml), the reaction 

residue was extracted with diethyl ether (10 ml) and the combined ether extracts 

were transferred to a Carius tube. After removal of the ether under reduced 

6,7- 

pressure, the residue was dried by the sequential addition and removal of three 

portions (5 ml) of benzene. Glacial acetic acid ( 1  ml) was added, and the tube 

was evacuated, cooled (-78'C), sealed, and then heated at 100°C for 1 h. After 

cooling and removal of glacial acetic acid j . ~  m, the crude product (5.2 Ci) 

was dissolved in benzene (100 ml) for storage. An aliquot (0.9 Ci) was purified 

using high pressure liquid chromatography (microparticulate silica column eluted 

3 with benzene), yielding 200 mCi of I-[ HI (purity, 96%; 32 Ci/mmol). 

spectrum (6, CDCl ) :  1.38 (s,5.2H), 3.80 (s,6H), 5.46 (d,lH, J= 10 Hz), 6.23 

(d,lH, d= 10 Hz), 6.40 (s,lH), 6.52 (s,lH); 3H NMR spectrum (6, CDC13): 1.35 

( s ) ,  no other signals. 

'H NMR 

3 
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