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NEW RADIOHALOGENATED ALKENYL TELLURIUM FATTY A C I D S  

1PREM C. SRIVASTAVA, lFURN F .  KNAPP, JR., AND 
GEORGE W .  KABALKA 
'Oak Ridge Nat ional  Laboratory, Oak Ridge, Tennessee 37831 
%hemi s t  ry Department, Un ive rs i t y  o f  Tennessee, Knoxvi I l e ,  
Tennessee 37996 

Abst rac t  Radiolabeled long-chain f a t t y  acids have 
d iagnos t i c  value as radiopharmaceutical t o o l s  i n  rnyocardial 
imaging. 
l i m i t e d  due t o  t h e i r  na tura l  metabolic degradation i n  v ivo  
w i t h  subsequent washout o f  t he  r a d i o a c t i v i t y  from the  
myocardium. The i d e n t i f i c a t i o n  o f  s t r u c t u r a l  features 
which w i l l  increase t h e  myocardial residence t i m e  w i thout  
decreasing the  hear t  uptake o f  long-chain f a t t y  acids i s  o f  
i n t e r e s t .  
were the  f i r s t  modi f ied f a t t y  ac ids developed and 
show unique prolonged myocardial re ten t i on  and low blood 
leve ls .  Our d e t a i l e d  s tud ies  w i t h  rad io iod ina ted  
v i n y l  i odi  de subs t i t u ted  t e l l u r i u m  fa t t y  acids demonstrate 
t h a t  hear t  uptake i s  a func t i on  o f  the  t e l l u r i u m  pos i t i on .  
New techniques o f  t e l l u r i u m  and organoborane chemistry have 
been developed f o r  the  synthes is  o f  a va r ie t y  o f  rad io -  
i odi  nated iodoalkenyl  t e l  l u r i u m  f a t t y  acids. 

Some app l i ca t i ons  o f  these f a t t y  ac ids are 

F a t t y  acids conta in ing  the  t e l l u r i u m  heteroatom 

INTRODUCTION 

The i n t r o d u c t i o n  o f  the  t e l l u r i u m  heteroatom (Te) i n  the  f a t t y  

a c i d  i s  a unique s t ra tegy  devised t o  i n h i b i t  B-oxidation and 
" t r a p "  t h e  f a t t y  a c i d  i n  the  myocardium.' The Te f a t t y  ac ids 
were the  f i r s t  examples o f  modi f ied f a t t y  acids i n  which 

catabol ism i s  i n h i b i t e d  r e s u l t i n g  i n  s i g n i f i c a n t l y  prolonged 

hear t  re ten t ion .  Such re ten t i on  i s  requ i red  f o r  the  s ta te -o f -  

t he -a r t  s i n g l e  photon computerized tomographic (SPECT) imaging 

methods used i n  nuclear medicine t o  evaluate the  reg ional  

d i s t r i b u t i o n  o f  radiopharmaceuticals i n  the  heart.  Te l l u r i um 

can be read i l y  incorporated wh i l e  ma in ta in ing  the  l i n e a r i t y  o f  
t he  fa t t y  ac id  molecules. 

heptadecanoi c ac id  (9-THDA) shows rap id  and pronounced 

Tellurium-123m-labeled 9 - t e l l u r a -  
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myocardial uptake i n  r a t s 2  and dogs.3,4 The unique proper t ies  

o f  9-THDA and r e l a t e d  t e l l u r i u m - s u b s t i t u t e d  f a t t y  acids are the  
prolonged myocardial r e t e n t i o n  and h igh hear t :  b lood ra t i os .  

To take  advantage o f  the  more a t t r a c t i  ve rad i  onucl i d i  c and 

chemical p roper t i es  o f  the  iodine-123 rad io iso tope (13.3 h 

h a l f - l i f e )  i n  comparison t o  te l lu r ium-123 (119 d h a l f - l i f e ) ,  

t h e  development o f  rad io iod ina ted  f a t t y  acids conta in ing  s tab le  

t e l l u r i u m  has been explored. We have pursued a va r ie t y  o f  

syn the t i c  s t ra teg ies  1-7 f o r  the  i n t r o d u c t i o n  o f  t e l l u r i u m  i n t o  

t h e  f a t t y  a c i d  chain and radiohalogen as a te rmina l  v i n y l  

iod ide.  

f a t t y  acids conta in ing  the  i n t e r n a l  a lkeny l  i od ide  moiety. 

1 7 - i  odo-9-tel luraheptadecanoi c a c i d  have been prepared by a 

simple route i n v o l v i n g  halogen exchange o f  17-bromo-9-tel l u r a -  

heptadecanoic a c i d  (BTHDA).* A study o f  the  t i s s u e  

d i s t r i b u t i o n  o f  r a d i o a c t i v i t y  o f  BTHDA i n  r a t s  showed 

accumulation o f  r a d i o a c t i v i t y  i n  the  t h y r o i d  i n d i c a t i n g  i n  v ivo  

de iod ina t ion  o f  t h i s  agent. 

in t roduce rad io iod ine  as an a lkenyl  i od ide  moiety i n  the  f a t t y  

ac ids t o  i n h i b i t  i n  v ivo  deiod inat ion.  

Kabalka, Sast ry  and Somayaj9 showed t h a t  v i n y l  iod ides can 

be read i l y  prepared v ia  the  sodium iodide-chloramine-T 

t reatment  o f  the  corresponding boronic  acids. This  reac t ion  

g rea t l y  f a c i l i t a t e d  the  synthes is  o f  a va r ie t y  o f  

i o d o v i n y l a l k y l  iod ides  as precursors f o r  the  synthes is  o f  

rad io iod ina ted  t e l l u r i u m  f a t t y  acids. A general route f o r  t he  

synthes is  o f  i o d o v i n y l a l k y l  iod ides  was developed e a r l i e r  as 
shown i n  Scheme I. 

stra tegy  (a-c, Table 1, Scheme I ) .  

We have now prepared f o r  t he  f i r s t  t ime a ser ies  o f  Te 

Iodoa lky l - subs t i t u ted  t e l l u r i u m  f a t t y  acids such as 

Methods have been developed t o  

Several agents have been prepared by t h i s  

SYNTHESIS OF NEW ALKENYL TELLURIUM FATTY A C I D S  

I n  order  t o  evaluate the  e f f e c t s  o f  Te p o s i t i o n  and the  
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CATECHOLBORANE 1 
HO OH 
\ /  
\ /H 

B 

H ’ ‘R’-CH21 

c=c 

Nal 1 CHLORAMINE-T 

I\ /H 
c=c 

H ’ ‘RV-CH2I 

Scheme 1 
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NEW RADIOHALOGENATED ALKENYL TELLURIUM FATTY ACIDS 53 

i n t r o d u c t i o n  of i od ine  as an i n t e r n a l  a lkeny l iod ide ,  we have 
now prepared f o r  t h e  f i r s t  t ime a ser ies  o f  i n t e r n a l  
a l keny l i od ide  Te f a t t y  acids. The general procedure f o r  t he  

prepara t ion  o f  i n t e r n a l  a lkeny l  iod ides  (Scheme 11) invo lves 

p r o t e c t i o n  o f  t h e  hydroxyl group o f  a te rmina l  ace ty len i c  

a lcohol  ( 7 )  - by reac t ion  w i t h  dihydropyran w i t h  subsequent 

coup l ing  w i t h  the  r e q u i s i t e  a l k y l  bromide t o  form the  i n t e r n a l  

alkyne (9). Fol lowing  a c i d  cleavage o f  te t rahydropyranyl  e ther  

(9 ) ,  - the f ree  a lcohol  (lo-), was converted t o  the  t o s y l a t e  (11). 
The t o s y l a t e  (11) was converted t o  the  iod ide  (12) by treatment 

w i t h  K I  and iod ide  then converted t o  t h e  isomer ic  (4,5) mix tu re  

o f  the  i n t e r n a l  a lkeny l  boronic  a c i d  (13). - 
ser ies  o f  subst rates was prepared and iod ina ted  us ing  sodium 

iod ide  and chloramine-T t o  y i e l d  isomer ic  mix ture o f  

di iodoalkenes - 14 (a-d, Table 1, Scheme 11). 

The di iodoalkenes (6 - and 14) were coupled w i t h  the  

requ i s i t e  sodi urn (a1 koxy carbony 1 )a1 ky 1 t e l l  u r i  de subst rates 

(16, - Scheme 111), t o  prov ide the  t e l l u r i u m  f a t t y  ac id  es ters  

(17  - and - 19). The t e l l u r i d e s  (16) were generated by i n  s i t u  

NaBH, reduct ion o f  the  d i a l k y l  d i t e l l u raa l kaned ioa tes  (E),  
which were prepared by a l k y l a t i o n  o f  Na2Te2 w i t h  alkoxy- 

carbonyl-w-bromoalkanes. The f a t t y  ac id  es ters  were obtained 

a f t e r  p u r i f i c a t i o n  ( s i l i c a  gel column chromatography) and 

converted t o  f r e e  f a t t y  acids (18 and 20) by basic hydro lys is  
us ing  1 N sodium hydroxide i n  b o i l i n g  ethanol. 

t h e  prepara t ion  o f  these analogues are summarized i n  Table 1 
and Scheme 111. 

I n  t h i s  way a 

The d e t a i l s  of 

BIOLOGICAL STUD1 ES 

T issue d i s t r i b u t i o n  s tud ies were performed us ing  1251-labeled 

t e l l u r i u m  f a t t y  acids which were prepared by Nai251 conversion 

o f  boronic  acids, fo l lowed by coup l ing  w i t h  the  sodium t e l l u r o l  

and hyd ro l ys i s  w i t h  base. The l25I- labe1ed f a t t y  ac ids were 
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con.HC1 1 0 
HC C - (C H 2CH 0 

(!) 

1 LlNX2-~H3. ether; J 8 " C  

n 
H 3 C ( C H 2 ) 5 C ~ C - ( C H 1 ) 2 C H 2 0 ~ 0  J 

(2) 
C&150H, Conc. HCI 
HZO, reflux I 

H3C(CH1)5-C=C-(CH2)2CH20H 

P- toluenerulfonyl chloride, pyridino I 

H I  
\ /  

R - C = C - (CH 2) - 1 

(9 

Scheme 2 
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NaH + Te I DMF 

Na 2Te2 

Br - R  - COOR" 

+ 
(15, 

R'OOC -Re-Te -Te -R-COOR" I MBH4 

Na -1e -R --COOR" 

I\ /H c=c 
H ' \ R -Te - R' --COOR" 

I NaoH 

'\ /H 
c=c 

H ' 'R-Te-R-COOH 

H\ /I 

R /c=c\ (CH2)x-Te -(CH2)y-COOR' 

(19, 

H\ /' 
c=c 

R ' \(CH2),--Te --(CH2)y -COOH 

(g 

Scheme 3 

P s . 4  
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complexed w i t h  bovine serum albumin and i n j e c t e d  in t ravenously  
i n t o  female F ischer  ra ts .5 The t i s s u e  d i s t r i b u t i o n  data a f t e r  

d i f f e r e n t  t ime i n t e r v a l s  are summarized i n  Table 2.5 A 
dramatic r e l a t i o n s h i p  i s  seen between hear t  uptake, nfyocardial 

r e t e n t i o n  hear t /b lood r a t i o s  and t h e  p o s i t i o n  o f  Te heteroatom. 

CONCLUSION 

The data from these s tud ies  have demonstrated the  dramatic 

e f f e c t  of t e l l u r i u m  p o s i t i o n  on the  hear t  uptake o f  i odov iny l -  

t e l l u r i u m  f a t t y  acids (18a-l8c), among which the  5 - t e l l u r a  
analogue - 18a shows the  h ighest  myocardial uptake. However, t he  

r e s u l t s  obta ined from i n t e r n a l  a lkeny l  t e l l u r i u m  f a t t y  ac ids 

(20a-20d) -- demonstrate an unexpected r e l a t i o n s h i p  between f a t t y  

a c i d  s t r u c t u r e  and myocardial uptake and clearance proper t ies .  

Although t h e  fac to rs  e f f e c t i n g  t h e  i n  v i vo  p roper t i es  are no t  

c lear ,  these s tud ies  have shown t h a t  a combination of chain 

length,  Te p o s i t i o n  and t h e  r e l a t i v e  p o s i t i o n  o f  t h e  i n t e r n a l  

iodoalkenyl  s u b s t i t u t i o n  are impor tant  fac to rs .  The most 

i n t e r e s t i n g  r e s u l t  

which has not been 

ACKNOWLEDGEMENTS 

Research supported 

i s  t he  clearance o f  analogues 20c and 20d 

demonstrated w i t h  o ther  analogues. 

by the  O f f i c e  o f  Heal th  and Environmental 

Research, U.S. Department o f  Energy, under cont rac t  

DE-AC05-840R21400 w i t h  Mar t i n  Mar ie t ta  Energy Systems, Inc. and 

grant  HL 27012 w i t h  Nat ional  I n s t i t u t e s  o f  Health. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
3
7
 
2
9
 
J
a
n
u
a
r
y
 
2
0
1
1



58 P. C. SRIVASTAVA, F. K. KNAPP AND G .  W. KABALKA 

REFERENCES 

1. F. F. KnaDD. Jr.. K. R. Ambrose, A. P. Cal lahan, R. A.  
Grigsby,  and K. J .  I r g o l i c  Radiopharmaceut ica ls  11, SOC. 
Nucl. Med., 101 (1979). 
F. F. Knapp, Jr. , K. R. Ambrose, A. P. Cal lahan, L. A. 
Ferren, R. A. Gr igsby, and K. J. I r g o l i c  
22. 988 11981). 

2. 
J.  Nucl. Med., 

3. E ' R .  Elmaleh; F. F. Knapp, Jr., T. Yasuda, J .  L. Cof fey,  
S. Kopiwoda, R .  D. Okada, and H. W. St rauss  J .  Nucl. 
Med., 22, 994 (1981). 
R. D. m a d a ,  F. F. Knapp, Jr., D. R. Elmaleh, G. M. 
Pohost, T.  Yasuda, J. Leppo, C. A. Boucher, and H. W. 
S t rauss  C i r c u l a t i o n ,  65, 305 (1982). 

5. F. F. Knapp, Jr., P. C. S r i vas tava ,  A. P. Cal lahan, E. B. 
Cunningham, G. W. Kabalka, and K. A. R. S a s t r y  J. Med. 
Chem., 27, 57 (1984). 

6. P.C. S x v a s t a v a ,  F. F. Knapp, Jr., A. P. Cal lahan, B. A. 

- 
4. 

Owen, G. W. Kabalka, and K.'A. R. Sas t r y  J .  Med. Chem., 
28. 408 11985). - 

7. F.?F. Knapp, Jr., M. M. Goodman, 0. R. Elmaleh, R. Okada, 
and H. W. S t  rauss, "Devel opment o f  Radi o i  o d i  na ted  F a t t y  
a c i d s  f o r  A p p l i c a t i o n s  i n  Nuclear  Card io logy,"  I n  
Proceedings o f  " S i  n g l  e-Photon U1 t r a s h o r t - L i  ved 
Radionucl ides,"  May 9-10, 1983, Washington, D.C., O f f i c e  
of  S c i e n t i f i c  and Techn ica l  I n f o r m a t i o n ,  U.S. DOE 
( P u b l i s h e r s )  pp. 289-311. 

Ferren,  J .  Med. Chem., 25, 613 (1982). 
G. W. Kabalka, K. A. R . S a s t r i ,  and V. Somayaji, 
He te rocyc les ,  - 18, 157 (1982). 

8. M. M. Goodman, F. F. Knapp, J r . ,  A.  P. Cal lahan, and L. A .  

9. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
3
7
 
2
9
 
J
a
n
u
a
r
y
 
2
0
1
1


