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SUMMARY 

The s y n t h e s i s  and r ad io iod ide  exchange l a b e l l i n g  of 

14-iodo-9-tetradecynoic a c i d  (11, a p o t e n t i a l  s u i c i d e  

i n h i b i t o r  of acyl-CoA dehydrogenase o r  enoyl-CoA 

isomerase,  i s  presented. Tissue d i s t r i b u t i o n  data  i n  

dogs a r e  reported.  

Key Words: 141251-Iodo-9-tetradecynoic a c i d ,  Suicide i n h i b i t o r ,  Myocardial 

imaging, A c t i v i t y  d i s t r i b u t i o n ,  Radioiodide displacement ,  12%. 

INTRODUCTION 

Radioiodinated f a t t y  a c i d s  (RIFA) where e i t h e r  iodine-123 o r  iodine-131 

is t h e  gamma-emitting r ad io iod ide  have been used experimental ly  and c l i n i c a l l y  

f o r  d e t e c t i o n  of abnorma l i t i e s  i n  r eg iona l  myocardial pe r fus ion  (1-3). 

use of RIFA i s  hampered by 1) s h o r t  myocardial  T 1 / 2  and 2)  high blood a c t i v i t y  

l e v e l s .  These problems may be r e l a t e d  t o  r ap id  &oxidat ion of t he  RIFA by 

t h e  myocardium and l i v e r .  

C l i n i c a l  

One approach t o  solving both problems s imultaneously invo lves  mechanism 

based i r r e v e r s i b l e  i n h i b i t i o n  ( s u i c i d e  i n h i b i t i o n ) .  Bloch has  shown such 

i n h i b i t i o n  of E. Coli  dehydrase w i t h  3-decynoic ac id  (4). The mechanism of 

t h i s  i n h i b i t i o n  invo lves  enzymatic conversion of t h e  t r i p l e  bond t o  a 

r e a c t i v e  a l l e n e  which then bonds cova len t ly  t o  h i s t i d i n e  a t  the a c t i v e  
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s i t e  of the enzyme. In the  myocardium two enzymes, acyl-CoA dehydrogenase 

and enoyl-CoA isomerase,  cou ld  p o t e n t i a l l y  gene ra t e  a r e a c t i v e  a l l e n e  during 

normal enzymatic a c t i v i t y .  If  such su ic ide  i n h i b i t i o n  is poss ib l e  i n  the  

myocardium, an RIFA con ta in ing  a t r i p l e  bond a t  an odd carbon could become 

cova len t ly  bound t o  the enzyme. Presumably, &oxidat ion of t h e  compound 

would cease ,  t h u s  i n c r e a s i n g  i t  s myocardial  T 1 / 2  and 

metabolic r e l e a s e  of r ad io iod ide  i n t o  the blood. 

decreasing t h e  

To explore t h e  f e a s i b i l i t y  of t h i s  approach t o  myocardial  imaging, a 

r ad io iod ina ted  f a t t y  a c i d  containing a t r i p l e  bond, s p e c i f i c a l l y  14-1251-iodo- 

9-tetradecynoic a c i d  (a), was synthesized and b i o l o g i c a l l y  evaluated i n  ra t s  

and dogs. 

RESULTS AND DISCUSSION 

The s y n t h e t i c  scheme followed is o u t l i n e d  i n  Figure 1. Direct  conversion 

of 2 o r  2 i n t o  Br(CH2)4C=C(CH2)$02H o r  methyl e s t e r  using 

(CgH5)3P .Br2 /ace ton i t r i l e  f a i l e d  due to  b r a n i n a t i o n  of t he  carbon-carbon 

t r i p l e  bond and/or mig ra t ion  of t he  t r i p l e  bond. 

by iod ide  displacement proceeded with high y i e l d s  and l i t t l e  o r  no t r i p l e  

b o d  migration. 

PBr3/pyridine o r  

Tosy la t ion  of 2 followed 

The r ad io iod ina ted  f a t t y  a c i d  (5) was evaluated f i r s t  in rats. Myocardial 

uptake was low (0.08% kg dose/g a t  5 min) r e l a t i v e  t o  s a t u r a t e d  long cha in  

a - iodofa t ty  a c i d s  (0.39% a t  5 min f o r  '251(CH2)15C02H [5]) .  

uptake is e a s i l y  a f f e c t e d  by carbon cha in  manipulat ions ( 6 ) ,  a was a l s o  

evaluated i n  dogs. The d a t a  obtained is contained i n  Table 1. For canpariaon,  

data from 1251(CH2)15C02H is  also t abu la t ed .  

t h e  p o t e n t i a l  s u i c i d e  i n h i b i t o r  is canparable  t o  the w-iodo sa tu ra t ed  s i x t e e n  

carbon f a t t y  ac id .  Blood va lues  f o r  5 a r e  higher  however. 

s i m i l a r  myocardial r e s idence  t i m e s  f o r  t he  two f a t t y  a c i d s  suggest ing 

Since rat myocardial 

Myocardial uptake of 

The data show 
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e i t h e r  that su ic ide  i n h i b i t i o n  i s  not occurr ing o r  t h a t  de iod ina t ion  r e s u l t i n g  

from metabolism o r  hydro lys i s  i s  occur r ing  as  r a p i d l y  f o r  6 as f o r  

'251(CH2)15C02H. 

i f  su i c ide  i n h i b i t i o n  does occur.  Th i s  i n i t i a l  s tudy demonstrates  t h a t  

a major s t r u c t u r a l  modif icat ion of a n  w-iodo f a t t y  a c i d ,  such a s  t r i p l e  

bond i n c l u s i o n ,  does not  adve r se ly  a l t e r  i t s  myocardial  e x t r a c t i o n  i n  dogs. 

Bloch e t  a 1  have shown that s u i c i d e  i n h i b i t i o n  of s. coli dehydrase 

w a s  a f f e c t e d  by f a t t y  a c i d  cha in  l e n g t h  and by t r i p l e  bond p o s i t i o n  (8) .  

Other i o d i n a t e d  f a t t y  a c i d s  varying i n  chain l e n g t h  and t r i p l e  bond p o s i t i o n  

w i l l  be evaluated as  poss ib l e  su i c ide  i n h i b i t o r s .  

I n  v i t r o  enzyme as says  w i l l  be undertaken to  determine 

Table I. A c t i v i t y  d i s t r i b u t i o n  d a t a  f o r  l25I-  a - iodo  f a t t y  a c i d s  

1251( CH2) ,CZC( CH2) 7C02H 

Min Hearta Liver Thyroid 

5 0.49 f O . l O b  0.23 fO.01 1.45 f0 .69  

20 0.18 f 0.04 0.20 f 0.01 4.18 f 0.35 

Blood 

0.20 f 0.09 

0.19 f 0.01 

125 I(CH2) 15C02H 

5 0.57 f 0.04 0.26 f 0.02 1.05 f 0.32 0.07 ?r 0.01 

20 0.17 f O . O O  0.22 f 0.01 7.87 +O.OO 0.12 f 0.01 

a T i s sues  ob ta ined  from female mongrel dogs. 

Muscle samples were <0 .08+0 .01 .  

b A c t i v i t y  expressed a s  X kg dose/g. 

Lung samples were 0.27 f 0.02. 

(9) 
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1)Br (CH2 )7CO2H 
2) H30+ 

N&~I 
1251(CH2) 4C:C(CH2) 7C02H I(CH2)4EC( CH2) 7C02H 

MEK 

Figure 1. Outline of the synthetic route to 1 and 5. 



251-Labetled 14-Iodo-9-Tetradecynoic Acid 1351 

EXPERIMENTAL 

Melt ing p o i n t s  were determined on a Mel-Temp me l t ing  point  a p p a r a t u s  

and a r e  uncorrected NMR s p e c t r a  were measured on a Varian T-60A Spectro- 

meter and TMS used as  an  i n t e r n a l  s tandard.  

a Beckman Acculab 8 and c a l i b r a t e d  a t  1601.8 w i t h  polystyrene.  

were ob ta ined  from commercial sources:  

hexyn-1-01 (Farchan Divis ion,  Chem Samp Co, Inc.) ,  8-bromoctanoic  a c i d  

( P f a l t z  6 Bauer),  methylethyl  ke tone  (Burdick and Jackson) ,  AGl-X8 a n i o n  

exchange r e s i n  ( c h l o r i d e  form, 200-400 mesh) (Bio Rad). Elemental  a n a l y s e s  

were performed by Spang Mic roana ly t i ca l  Laboratory,  Eagle  Harbor, MI. 

I R  spectra were ob ta ined  us ing  

The fol lowing 

Na1251 i n  0.1 5 NaOH (Union Carbide) ,  

14-hydroxy-9-tetradecynoic a c i d  (2) ( 7 )  

Hexyn-1-01 (7.848, 0.08mol) i n  100 ml  anhydrous t e t r ahydro fu ran  w a s  added 

to  a suspension of l i t h i u m  amide prepared f r a o  1.25g l i t h i u m  i n  300 m l  

l i q u i d  ammonia and 0.14g f e r r i c  n i t r a t e .  A f t e r  3 0  min 8-brmooctanoic  ac id  

(3.6g, 0.016 mol) i n  50 m l  anhydrous t e t r ahydro fu ran  was added. The 

mixture  w a s  allowed t o  cane . to ambient temperature  and was r e f luxed  f o r  5 h r  

us ing  an  acetone-dry i c e  condenser.  

a l lowing t h e  ammonia to evapora t e ,  t h e n  t r e a t i n g  t h e  da rk  r e s i d u a l  l i q u i d  w i t h  

d i l u t e  HC1 followed by e x t r a c t i o n  with e t h e r  t h r e e  t imes.  The e t h e r  was 

evaporated under reduced p r e s s u r e  to  y i e l d  a yel low l i q u i d  which was heated 

a t  r e f l u x  f o r  2 h r  wi th  25 m l  1.0 NaOH. 

i c e - d i l u t e  HC1. The w h i t e  p r e c i p i t a t e  which formed was removed by f i l t r a t i o n  

and a i r  d r i e d  (4.lg c rude  y i e l d ,  mp 44-46'). The s o l i d  w a s  r e c r y s t a l l i z e d  

from aqueous 

(70%) product ,  m.p. 51-53'. Anal. C14H2403: C,H. (10) IR(CC14): 2940 

( s ) ,  2860 (m), 1710 ( 6 )  cm-l. 'H NMR(CDC13): 6 7.03(2H,s) 3.55(2H,t,J 6Hz) 

The r e a c t i o n  mixture  was worked up by 

The cooled l i q u i d  was poured on to  

MeOH and from petroleum e t h e r  (30-6O0)-ether t o  y i e l d  2.72g 
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1.95-2.38 (6H,m), 1.45-1.61 (m) and 1.35 (6) (a t o t a l  of 14H). 

Methyl 14-hydroxy-9-tetradecynoate (3) 

To 0.48g (2mmol) 2 i n  10  m l  a b s o l u t e  

e t h e r a t e .  The s o l u t i o n  was heated a t  r e f l u x  f o r  20 min, coo led  t o  ambient 

temperature  and poured onto ice-water. 

e t h e r .  

NaHCO3, H20 and s a t u r a t e d  N a C l .  

w a s  evaporated under reduced p r e s s u r e  t o  y i e l d  a n  o i l  (0.44g, 87%) which was 

c h a r a c t e r i z e d  by I R  and NMR s p e c t r a  as fol lows:  IR(CC14): 2940(s),  2860(m), 

174O(s) cm-'. 

(1H,s) ,  1.93-2.16 (6H,m), 1.4-1.57(m) and 1.33(s) (a t o t a l  of 14H). 

Methyl 14-tosyl-9-tetradecynoate (4)  

To 0.75g (2.9 mmol) 2 i n  12ml anhydrous py r id ine  was added 0.9g (4.7mmol) 1- 

t o luenesu l fony l  c h l o r i d e  a t  which t ime t h e  s o l u t i o n  tu rned  yellow. The s o l u t i o n  

was r e f r i g e r a t e d  a t  4O f o r  48 hr .  The amount of p r e c i p i t a t e  p re sen t  a t  24hr 

d id  not i nc rease .  The r e a c t i o n  mix tu re  w a s  t h e n  poured i n t o  water and c h i l l e d  

i n  an  i c e  bath.  An o i l y  p r e c i p i t a t e  formed which was e x t r a c t e d  t h r e e  times 

with e t h e r .  The canbined e t h e r  l a y e r s  were e x t r a c t e d  twice w i t h  a n  ice c o l d  

s o l u t i o n  of 1:l (v:v)  concen t r a t ed  HC1 and H20, t h e n  with water and then  d r i e d  

over anhydrous KzCO3-Na2S04. 

y i e l d i n g  a l i g h t  yellow o i l  which was d i s m l v e d  i n  petroleum ether (30-60°), 

f i l t e r e d  through cha rcoa l  and then  c h l l l e d  t o  -75". 

was qu ick ly  removed by f i l t r a t i o n  and t r a n s f e r r e d  t o  a f l a s k .  The s o l i d  

l i q u i f i e d  on warming. The t o s y l a t e ,  ob ta ined  i n  70% y i e l d ,  was c h a r a c t e r i z e d  

by IR absorbances a t  1180 and 1190 cm-' and by NMR as fol lows:  

2940(s),  2860(w), 1740( s ) ,  1373(s) ,  119O(s), 1180(s)  cm-'. 

MeOH w a s  added 0.3 ml boron t r i f l u o r i d e  

The mix tu re  w a s  e x t r a c t e d  tw ice  w i t h  

The e t h e r  l a y e r s  were combined then  e x t r a c t e d  s u c c e s s i v e l y  wi th  5% 

A f t e r  drying w i t h  anhydrous MgS04, t h e  e t h e r  

'H NMR(CC14): 63.61 (t ,J 6Hz) and 3.46(s) (a t o t a l  of 5H). 2.33 

The e t h e r  w a s  evaporated under reduced p res su re  

The white p r e c i p i t a t e  

IR(CC14): 

'H NMR (CC14): 
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6 7.5 (4H,double d ,  J 8 Hz and 27Hz) 3.6 (3H,s), 3.5 (2H,t,J 6Hz), 2.43(3H,s) 

1.37-2.3(m) and 1.37(s) (a  t o t a l  of 20H). 

Methyl 14-iodo-9-tetradecynoate ( 5 )  

To 0.3g (0.7 mmol) 4 i n  10 m l  acetone w a s  added 0.5g (3.3 mol) sodium iodide.  

The r e a c t i o n  was s t i r r e d  a t  ambient temperature overnight  during which time 

a p r e c i p i t a t e  formed. The mixture  w a s  poured i n t o  water, and ex t rac ted  wi th  

e t h e r  twice. 

the  e t h e r  was removed under reduced pressure t o  y ie ld  a yellow o i l .  

was pur i f ied  by column chrmatography on sLl ica  g e l  using CCl4 as  e luent  to  

y i e l d  0.19g (74%) of a c o l o r l e s s  o i l .  Anal. C15H25102: C , H , I .  I R  (CCl4): 

2940 ( 6 1 ,  2860 ( m ) ,  1740 ( 6 )  em-'. 'H NMR (CC14): 

6Hz), 1.35-2.36 (m) and 1.35 ( 6 )  (a t o t a l  of 20H). 

14-iodo-9-tetradecynoic a c i d ( 1 )  

A s o l u t i o n  of 0.3g (0.82 mmol) 2 and 0.25 g (0.45 mmol) potassium hydroxide i n  

4 m l  of 50% e thanol  was s t i r r e d  a t  ambient temperature overnight.  

s o l u t i o n  w a s  c h i l l e d  t o  Oo and a c i d i f i e d  dropwise wi th  concentrated HC1. 

The white p r e c i p i t a t e  was removed by f i l t r a t i o n  and r e c r y s t a l l i z e d  from 

petroleum e t h e r  (30-60") t o  y i e l d  0.22g (76%) of a white  so l id  mp 

Anal. C14H23102: C , H , I .  

'H WR(CC14): 611.52 ( lH,s ) ,  3.17 ( 2 H , t , J  6Hz), 1.4-2.35 (m) and 1.4 (s) (a 

t o t a l  of 20H). 

14-1251-iodo-9-tetradecmoic acid ( 6 )  

The combined e t h e r  l a y e r s  were d r i e d  with anhydrous MgSO4 and 

The o i l  

63.55(3H,s), 3.13 (2H,t,J 

The 

43-44. 

I R  (CC14): 2940 (s ) ,  2860 ( m ) ,  1711 ( 6 )  cm-'. 

A s o l u t i o n  of 14-iodo-9-tetradecynoic acid ( 1 )  (1.4 mg) and lZ5I-NaI (1.1 mCi) 

(no carrier added) i n  3 ml of methylethyl  ketone was placed i n  a 10 m l  f l a s k  

and w a s  heated a t  r e f l u x  ( o i l  bath). The progress  of exchange w a s  followed by 

t l c  ( c e l l u l o s e  p l a t e s ,  n-hexane/diethyl e t h e r / g l a c i a l  a c e t i c  ac id  : 320/80/1: 

Rf iodo  f a t t y  a c i d  = 0.89, Rf f r e e  iodide = 0.0). Af te r  approximately 1 .5  h r  
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of r e f l u x ,  t h e  exchange was judged canp le t e  (95% displacement determined by 

radiochromatogram scans of t l c  p l a t e s ) ,  t h e  solvent  was removed under a stream 

of nit rogen.  The residue w a s  formulated by d i s s o l u t i o n  i n  abso lu te  e thanol-  

Twen  80 then d i l u t i n g  t o  volume with normal s a l i n e .  For removal of f r e e  

r ad io iod ide  the formulat ion was passed through a g l a s s  column packed w i t h  

about 1.Og AG1-XI anion exchange r e s i n  ( c h l o r i d e  form) and washed with 

formulat ion.  Removal of f r e e  r ad io iod ide  was confirmed by r e p e a t  t l c  on 

c e l l u l o s e  us ing  e luen t  a s  above (Rf va lues  as  above). Radiochemical 

p u r i t y  was determined t o  be >97% by t h e  t l c  on c e l l u l o s e  (n-hexane/diethyl 

e t h e r / g l a c i a l  a c e t i c  a c i d ,  320/80/1) Rf iodo a c i d  = 0.89, Rf f r e e  iod ide  = 

0.0 and on s i l ica  g e l  (n-hexane/diethyl e t h e r / g l a c i a l  a c e t i c  a c i d ,  

70/30/1) Rf i o d o  ac id  = 0.23, Rf f r e e  iod ide  = 0.0. 

obtained was 0.78 pCi/mg. 

Tissue D i s t r i b u t i o n  S tud ie s  

Final s p e c i f i c  a c t i v i t y  

The r ad io iod ina ted  f a t t y  a c i d  w a s  evaluated i n  female Sprague-Dawley 

ra ts  and i n  female m n g r e l  dogs. 

For t i s s u e  d i s t r i b u t i o n  s t u d i e s ,  approximately 25 p C i  (rats) o r  

100 U C i  (dogs) of 2 i n  a phys io log ica l  formulat ion (EtOHfTween 80/0.9% s a l i n e :  

2.5 ml/0.65 m l / 2 2  m l )  was adminis tered intravenously.  The animals  (3 r a t s  

o r  2 dogs per t i m e  i n t e r v a l )  were s a c r i f i c e d  a t  p re sc r ibed  time i n t e r v a l s  

(5, 10 and 20  min.). 

blood, muscle and thy ro id  were removed and cleaned of f a t  and connect ive 

t i s s u e .  Duplicate  samples of each t i s s u e  were weighed on a M e t t l e r  a n a l y t i c a l  

balance with canputer  p r i n t o u t  and prepared f o r  counting. Samples were 

placed i n  test tubes  toge the r  w i t h  d i s t i l l e d  water  and counted using a n  

auto-gamma s c i n t i l l a t i o n  counter .  All va lues  are c o r r e c t e d  f o r  r ad io -  

a c t i v e  decay, counting e f f i c i e n c y  and background. The v a l u e s  of r e s u l t i n g  

Representat ive 50-1OOmg samples of l i v e r ,  l ung ,  h e a r t ,  
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t i s s u e  concent ra t ions  were normalized t o  a per kilogram body weight and a r e  

t h e r e f o r e  reported a s  % kg dose/g (9).  
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