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SUMMARY 

S i x  75Se labeled fatty acid analogues were synthesized : 3-selena- 

[ Selpentadecanoic acid, 4-selenac Selhexadecanoic acid, 

3-~elena[~~Se]heptadecanoic acid, ~-~elena[~~Se~octadecanoic 

acid, 3-selenac Selnonadecanoic acid, and 4-selenaC Sel- 

eicosanoic acid. Selenious acid was reduced with NaBH in buffer 

pH 6.0. The nucleophile produced, NaSeH . was reacted with different 
alkyl halide to form the corresponding selenol. To this was added an 
aqueous solution of the sodium salt of either iodoacetic acid or 

3-bromopropionic acid to form the sodium salt of the desired fatty 

acid . The free fatty acids were extracted in ether after 
acidification of the solution. 

75 75 

75 75 

4 

Keywords : 

Se-75 Labeled fatty acids. 3 - ~ e ' l e n a [ ~ ~ S e ] p e n t a d e c a n o i c  acid, 

4-~elena[~~Se!hexadecanoic acid, 3-~elena[~~Selheptadecanoic 

acid, 4-selena[75Seloctadecanoic acid, 3-~elena[~~Selnona- 

decanoic acid, 4-selena[75Se]eicosanoic acid 

INTRODUCTION 

Long-chain free fatty acids are a major energy source for the myocardium and 

are highly extracted from the blood by the heart ( 1 ) .  Several investigators 

have used fatty acids labeled with radioactive halogens (e.g.1231 .1311. 

and 77Br 1 for myocardial scintigraphy . The instability of the halogen 
derivatives, in vivo, results in rapid loss of radioactivity from the 

myocardium as free iodide (2-5). To minimize the loss of radioactivity due 

to dehalogenation radioiodine was attached to an aromatic ring positioned at 
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the w-carbon of a fatty acid ( 6  1 .  

In addition, 5-oxidation plays a very important role in the rapid clearance 

of radioactivity from the myocardium. To block 6-oxidation, branched chain 

fatty acids have been proposed ( 7 ) .  Also ,  selenium and tellurium derivatives 

have been suggested (8.9). Knapp 

i odo-9 - t e l lu rahep tadecano ic  acid showed higher uptake by the myocardium than 

16-[1311]iodopalmitic acid but less than 9-[’23mTe]telluraheptadecanoic 

acid proving that the deiodination is not only due to 6-oxidation but also 

due to the weakness of iodo-aliphatic carbon bond. 

We felt that the synthesis and biodistribution studies of Se-75 labeled 

fatty acids with different chain lengths will be useful in developing a 

potential imaging agent for the myocardium. The selenium was positioned in 

the chain, replacing either the 6-carbon or the Y- carbon and chain length 

was varied from 15 to 20 carbons. 

& (10)  reported that 17-[13111- 

RESULTS AND DISCUSSION 

We synthesized six selenium-75 containing fatty acids: 3-selenapentadecanoic 

acid , 3-selenaheptadecanoic acid, 3-selenanonadecanoic acid whereby the 

selenium replaced the 8-carbon and 4-selenahexadecanoic acid, 4-selenaocta- 

decanoic acid and 4-selenaeicosanoic acid whereby selenium replaced the y- 

carbon.The synthesis of the selenafatty acids was accomplished according to 

Scheme I using NaHSe as a nucleophile. NaHSe can be produced by reducing 

selenium metal with one equivelant of sodium borohydride (11). Since Se-75 

is available in the form of selenious acid (H SeO ) in a very high 

specific activity and with a reasonable price. we developed a new method for 

generation of NaHSe from H Se03 (12 ) .  Reduction of H SeO 

equivelants of NaBH at pH 6.0 produced mainly NaHSe. The latter was used 

as a nucleophile to displace the halide of different alkyl halide forming 

2 3  
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t h e  co r re spond ing  s e l e n o l .  Upon exposure  t o  a i r  t h e  s e l e n o l  o x i d i z e s  t o  t h e  

co r re spond ing  d i s e l e n i d e  which has  a ye l low c o l o r .  The r e d u c t i o n  o f  t h e  

d i s e l e n i d e  wi th  NaBH,, fo l lowed by t h e  a d d i t i o n  o f  t h e  sodium s a l t  o f  t h e  

s u i t a b l e  a- o r  5-ha loac id  a f f o r d e d  t h e  sodium s a l t  of t h e  d e s i r e d  f a t t y  

a c i d .  

Scheme I :  

3 +  H2Se0 

NaHSe 

RSe 

CH3 

eR 

NaBHI( NaHSe 

to21 
+ R-X * RSeH XSeSeR 

+ NaBH4 + I C H 2 C O O N a  o r  BrCH2CH2COONa c. 

4 :  n l  = 13,  n2 = 2 

5 :  n l  = 15, n2 = 1 

6 :  n l  = 15, n2 = 2 

- 1 :  n l  = 1 1 .  n2 = 1 

2 :  nl  I 1 1 ,  n2 = 2 

3: n l  = 13. n2 I 1 

- 

- - 

- - 

The p u r i t y  and i d e n t i t y  o f  t h e  p roduc t s  were de termined  by TLC. A r a d i o s c a n  

o f  t h e  TLC p l a t e  u s i n g  benzene:methanol ( 3 : 2 )  as  an  e l u e n t  showed a l l  t h e  

a c t i v i t y  c o i n c i d e n t  w i th  t h e  s p o t  of t h e  a u t h e n t i c  s e l e n a f a t t y  a c i d s .  

The "cold".  s e l e n a f a t t y  a c i d s  were p repa red  from se len ium metal a c c o r d i n g  t o  

Scheme 11. Selenium metal was reduced wi th  one e q u i v e l a n t  of NaBH4 t o  

produce NaSeH which was conve r t ed  t o  Na2Se2 by a d d i t i o n  o f  one more 

e q u i v e l a n t  o f  Se ( 1 3 ) .  Disodium d i s e l e n i d e  r e a c t s  w i th  two molecules  of 

a l k y l  h a l i d e  t o  form t h e  co r re spond ing  d i a l k y l  d i s e l e n i d e .  The s e l e n a f a t t y  

a c i d s  were prepared  from t h e  co r re spond ing  d i d e l e n i d e s  i n  t h e  same way as 

t h e  r a d i o a c t i v e  compounds. The s t r u c t u r e  of t h e  n o n r a d i o a c t i v e  f a t t y  a c i d  
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d e r i v a t i v e s  were confirmed u s i n g  NMR and MS ( Table  1 ) .  

Scheme I1 

Se + NaBH4 - NaHSe 
RX 

NaHSe + Se Na2Se2 -ASeSeR 

EXPERIMENTAL 

MATERIALS AND METHODS: 

A l l  reagents and s o l v e n t s  were a n a l y t i c a l  g r a d e  and were used wi thou t  

f u r t h e r  p u r i f i c a t i o n .  Se-75 was o b t a i n e d  as s e l e n i o u s  a c i d  i n  1 N  H C 1  from 

Oak Ridge Na t iona l  l a b . (  S p e c i f i c  a c t i v i t y  = 185 mCi/ mg ) .  Mel t ing  p o i n t s  

were de te rmined  on a Thomas Hoover m e l t i n g  p o i n t  a p p a r a t u s .  Pro ton  NMR 

s p e c t r a l  d a t a  were o b t a i n e d  u s i n g  a Varian EM-360 NMR (60  MHz). Samples were 

prepared  i n  C D C l  u s i n g  t e t r a m e t h y l s i l a n e  (TMS) as an i n t e r n a l  s t a n d a r d .  

Chemical s h i f t s  a r e  r e p o r t e d  i n  p a r t s  pe r  m i l l i o n  ( 6 )  r e l a t i v e  t o  TMS and 

s i g n a l s  a r e  desc r ibed  a s  s ( s i n g 1 e t ) .  d ( d o u b 1 e t ) .  q ( q u a r t e t ) .  and 

m ( m u l t i p 1 e t ) .  Mass s p e c t r a  d a t a  were ob ta ined  w i t h  a DuPont 21-492 B mass 

spec t romete r .  

3 

SYNTHESIS OF NONRADIOACTICE DIALKYL DISELENIDE: 

Selenium metal (0 .39  g ,  5 mmol) was suspended i n  25 m l  o f  w a t e r .  under  

n i t r o g e n .  Sodium borohydr ide  (0.38 g .10  mmol) i n  10 m l  o f  water  was added t o  

t h e  se len ium suspens ion  dropwise  (CAREFUL. EXOTHERMIC).  A r e d d i s h  brown 

s o l u t i o n  i n i t i a l l y  formed and f i n a l l y  d e c o l o r i z e d .  To t h i s  s o l u t i o n .  0 .39  g 

o f  Se was added t o  form a r e d d i s h  brown s o l u t i o n .  This  was s t i r r e d  f o r  15 

min. and warmed f o r  abou t  10 min f o r  complete d i s s o l u t i o n  o f  s e l en ium.  The 

a l k y l  h a l i d e  (10 mmol) i n  THF (25  m l )  was added t o  t h i s  s o l u t i o n  (THF:H20: 

f : 1 )  . I n  one hour t h e  s o l u t i o n  tu rned  ye l low i n d i c a t i n g  t h e  r e a c t i o n  was 
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CO1~lDlf2te. The r e a c t i o n  mix tu re  was e x t r a c t e d  w i t h  ch loroform and t h e  

o r g a n i c  l a y e r  was d r i e d  ove r  magnesium s u l f a t e ,  f i l t e r e d  and evapora t ed  t o  

l e a v e  a yellow o i l  which s o l i d i f i e d  by c o o l i n g .  C r y s t a l l i z a t i o n  from e t h e r /  

methanol provided ye l low n e e d l e s  of  t h e  d e s i r e d  d i s e l e n i d e s :  

Didodecyl d i s e l e n i d e  : y i e l d  82 %;  mp 30°C, N S R 6  0.83-'0.93 ( t .  6 H .  2 C H 3 ( ,  

1.23-1.4 (m, 40 H ,  20 C H 2 ) '  2 . 8 - 3 . 0 3 ( t ,  4 H ,  2Se-CH2). 

D i t e t r a d e c y l  d i s e l e n i d e  : y i e l d  84 % ;  mp 4 3 ' C ;  NMR 6 0.83-1.03 ( t , 6 H ,  2 

CH3), 1.3-1.45 (m, 48 H ,  24  CH2), 2.83-3.06 ( t ,  4H, 2 CH2Se-). 

Dihexadecyl d i s e l e n i d e :  y i e l d  85% ; mp 50-51 OC; NMR 6 0.85-1.02 ( t  ,, 6H. 2 

C H 3 ) ,  1.2-1.4 (m, 56 H, 28 C H 2 ) ,  2 . 8 - 3 . 0 3 ( t ,  bH, 2 CH2Se-). 

SYNTHESIS OF N O N R A D I O A C T I V E  SELENAFATTY A C I D S :  

To t h e  d i s e l e n i d e  ( 5  mmol) i n  THF , NaBH4 ( 10 mmol) i n  e t h a n o l /  wa te r  

( 1 : l )  was added dropwise  under n i t r o g e n .  A f t e r  t h e  s o l u t i o n  d e c o l o r i z e d  . 
t h e  sodium s a l t  o f  t h e  s u i t a b l e  h a l o a c i d  ( 2 0  mmol) was added and t h e  

s o l u t i o n  was s t i r r e d  f o r  30 min . Then, water was added and t h e  s o l u t i o n  

e x t r a c t e d  w i t h  e t h e r .  The o r g a n i c  l a y e r  was d i s c a r d e d .  The aqueous l a y e r  was 

a c i d i f i e d  w i t h  H C 1  and e x t r a c t e d  wi th  e t h e r .  The e t h e r  l a y e r  was d r i e d  ove r  

anhydrous magnesium s u l f a t e  . f i l t e r e d  and evapora t ed  under  vacuo l e a v i n g  a 

wh i t e  s o l i d .  C r y s t a l l i z a t i o n  from w a t e r / e t h a n o l  provided  wh i t e  c r y s t a l s  o f  

t h e  d e s i r e d  compounds ( see Table  1 1. 

SYNTHESIS OF Se-75 DERIVATIVES OF FATTY ACIDS: 

Method A :  

To 10 Flmol of H SeO i n  a 25-1111 three-necked  round bottom f l a s k ,  was 

added 4 m C i  o f  Se-75 s e l e n i o u s  a c i d .  Sodium borohydr ide  (1 .193  mg, 3 0 u m o l )  

i n  0 .1  ml water was added wi th  a s y r i n g e ,  under  n i t r o g e n .  A r ed  p r e c i p i t a t e  

was formed immediatly which was d i s s o l v e d  t o  for% a r ed  s o l u t i o n  and f i n a l l y  

a c o l o r l e s s  s o l u t i o n .  0 .5  m l  o f  phosphate  b u f f e r  (pH 6 .0 ,  0 .5  M )  was added. 

To t h i s  s o l u t i o n ,  10 p m o l  o f  t h e  a p p r o p r i a t e  a l k y l  h a l i d e  i n  0.1 ml THF was 

added fo l lowed by t h e  a d d i t i o n  of one m l  of  THF. After s t i r r i n g  f o r  two 

2 3  
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h o u r s ,  a few d rops  o f  NaBH4 s o l u t i o n  i n  water was added t o  reduce  any 

d i s e l e n i d e  t o  s e l e n o l .  Th i s  was fo l lowed by t h e  a d d i t i o n  o f  sodium 

i o d o a c e t a t e  (3 .54  mg,20 pmol) o r  sodium 3-bromopropionate (3 .06 mg.20 p o l )  

i n  w a t e r .  One ml o f  10 % N a O H  was added and t h e  s t i r r i n g  was con t inued  f o r  

two hour s  a t  room tempera tu re .  The r e a c t i o n  mix tu re  was washed f o u r  times 

w i t h  e t h e r  t o  remove t h e  u n d e s i r a b l e  Se-75 d i a l k y l  s e l e n i d e .  The aqueous 

l a y e r  was a c i d i f i e d  wi th  1 N HC1 and e x t r a c t e d  wi th  e t h e r  . The 

radiochromatogram showed t h e  d e s i r e d  compounds w i t h  a p u r i t y  )97 %. The 

r ad iochemica l  y i e l d  was 65-80 %. 

Method 8 :  

The s e l e n o l .  formed i n  t h e  same way a s  i n  method A .  was o x i d i z e d  t o  t h e  

d i s e l e n i d e  by exposure  t o  a i r .  The d i s e l e n i d e  was e x t r a c t e d  wi th  e t h e r .  The 

o r g a n i c  l a y e r  was evapora t ed  and t h e  r e s i d u e  l e f t  was d i s s o l v e d  i n  0.2 ml 

THF. Th i s  s o l u t i o n  was t r a n s f e r r e d  t o  a t h r e e -  necked f l a s k  . NaBH4 ( 0 . 3 8  

mg, 10 Fimol) i n  e t h a n o l i w a t e r  was added through a s y r i n g e  under n i t r o g e n  

followed by t h e  a d d i t i o n  of  sodium i o d o a c e t a t e  (3 .54  mg.20 p m o l )  o r  sodium 

3-bromopropionate (3 .06  mg. 20 umol) i n  water. The s o l u t i o n  was s t i r r e d  f o r  

30 min . The work up f o r  s e p a r a t i o n  o f  t h e  f r e e  s e l e n a f a t t y  a c i d s  was t h e  

same as i n  method A .  The y i e l d  was 60-83 % wi th  a r ad iochemica l  p u r i t y > 9 9 % .  
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