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ABSTRACT 

I 

These s tudies  were directed a t  determining i f  the t e l lu ro  f a t t y  acids pre- 
pared by the i s o s t e r i c  replacement of the hg-double bonds of o le ic  and 
palmitoleic acids with 123flTe would show heart uptake i n  r a t s .  The isostere  
of palmi t o l e i c  acid,  9- tel l  urapentadecanoic ac id( I1)  , was prepared by basic 
hydrolysis of the product formed by the coup1 ing of 123mTe-sodium hexyl . 
t e l  lurol with methyl -8-bromooctadecanoate. Similarly, the i sos tere  of 01 e i c  
acid,  9-telluraheptadecanoic acid(IV),  was prepared by the same route be- 
ginning with the reaction of 12mTe-sodium octyl te l  lurol with methyl -8- 

I bromooctadecanoate. Both l23mTe-( I I ) and 123m~e-(IV) showed remarkably 
! high heart  uptake in r a t s  (2-3% doselgm) ten minutes a f t e r  intravenous 

administration, and the heartlbl  ood r a t ios  were high (20-3011 ) . Final 1 y,  

I 
the hearts of r a t s  injected with 123m~e-(IV) have been c l ea r ly  imaged with 

I a r ec t i l i nea r  scanner. 
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INTRODUCTION 

Since it is well establ ished that the biological properties of many organic 
compounds are retained when selected double bonds are isosterically substituted 
with S, Se or Te (1, 2), we wished to determine if this isosteric behavi6r was 
a1 so exhibited by a1 iphatic tell urium isosteres of 01 efinic compounds. Long- 
chain unsaturated fatty acids were obvious choices for these investigations 
since oleic acid (9-octadecenoic acid) is one of the major serum fatty acids 
and long-chain fatty acids are utilized for energy production by the normal 
myocardium (3). The, preparation and testing of the 123mTe-l abel ed isosteres 
of unsaturated fatty acids were therefore prime candidates for determining 
the potential usefulness of the concept of isosteric replacement of olefinic 
linkages with.a chalcogen radionuclide for the development of new and potentially 
useful radiopharmaceutical s . 

\ 

' In the present investigation we have prepared l23mTe-l abeled 9-tell ura- 
pentadecanoic acid &CH3 (CH2) 5-123mTe- (CH2)7-COOH] and 9-tell uraheptadecanoic 
acid [CH3(CH2)7-123 Te-(CH2)7-COOH] as isosteres of palmi toleic acid and 
oleic acid, respectively. Tissue distribution experiments in rats have demon-. 
strated the pronounced heart uptake of radioactivity following intr2venous. 
administration. of, the 123"Te-1abeled 'fatty acids. In addition, rat hearts 
have been clearly imaged following injection of 123mTe-labeled 9-tel lurahepta- 
decanoic acid. 

PREPARATION OF TELLURO FATTY ACIDS 

The general method' that has been developed for the synthesis of tel luro 
fatty acids involves the following transformations: 

NH3 . - MeOH 
Te + Na .-> Na2Te2 + RX -. R2Te2 + NaBH4 - Na-Te-R + 

Step 1 Step 2 Step 3 

MeOH EtOH-H20 ' 

Br-R' -COOMe - R-Te-R' COoMe + NaOH - R-Te-R '-COOH. 
Step 4 - Step 5 

.For the preparation of 9-tellurapentadecanoic acid (II), iodohexane was used in 
- Step 2 with subsequent conversion to sodium hexyl tellurol wh'ich was coupled 

with the methyl-8-bromooctanoate in Step 4 followed by basic hydro1ysi.s to give 
(XI). The 8-bromooctanoic acid was obtained commercial ly and converted to the 
methyl ester by treatment with diazomethane. Sodium octyl tell urol was .prepared 
in the same manner and coupled with methyl-8-bromooctanoate to give methyl- 
9-tell.uraheptadecanoate(III) which was treated with base to yield 9-tell ura- 
heptadecanoic acid (IV). Compounds (I), (II)., (111), and (IV) were fully 
characterized by thin-layer chromatographic, ul traviol et , infrared, mass-spectral 



and nuclear magnetic resonance spectral methods and these data a r e  consistent 
with the  proposed s t ruc tures  (Table 1 ). 

' PREPARATION .OF TELLURIUM-123m-LABELED FATTY ACIDS 

Tellurium-123m-labeled dioctyl d i t e l lu r ide  was prepared by iodooctane 
a1 kyl a t ion of 123mTe-sodium di t e l l  uride (31.3 mCi ) by the general procedure 
described e a r l i e r  ( 4 ) .  For convenience, these reacti.ons were performed on 
the 1 mmole scale .  Following sodium borohydride reduction (Step 3)  of the 
orange-colored di t e l  J uride solution (1 9.62 mCi ) in benzene-methanol , the 
resul t ing colorless  solution of 123mTe-sodium octyl t e l l  urol was reacted in 
Step 4 .with methyl -8-bromooctanoate (59 mg, 250 pmol e s )  by ref1 uxing fo r  30 
minutes. The t e l l u r o l s  in Step 4 were used in excess to  insure complete con- 
sumption of the haloacid methyl e s t e r .  The reaction mixture was cooled, poured 
in to  water and the benzene layer  washed several times with water, dried over 
anhydrcus Na2S0i, and the solvent evaporated i n  vacuo to  give a yellow o i l  
which was dissolved in petroleum ether  and applied t o  a 60-200 mesh s i l i c i c  
acid ( ac id ic )  column (2 x 20 cm). The column was eluted with petroleum ether  
(25 m l  f r ac t ions )  which removed a radioactive peak t h a t  contained 123mTe- 
dioctyl d i t e l  lu r ide  and 123mTe-octyl d i t e l  lur ide.  Further elution with 2% 
e ther  in petroleum ether  removed a radioactive component'with the same mobility 
as  authentic nethyl-9-telluraheptadecanoate (Figure 1 ) .  The peak fract ions 
were combined t o  give l2"~e-methyl -9-tell uraheptadecanoate, 5.41 mCi (26% 
from methyl -8-bromooctanoate) . Only onea radioactive component was detected 
upon thin-layer radiochromatographic analyses on s i l  ica gel. G . (sol  vent, ben- 
zene). This material had the  same mobil i ty  as authentic methyl -9-tel lurahepta- 
decanoate (R 0.6).  The purified material had a specifi-c a c t i c i t y  of 2, 31 mCi/ 
mole .  For long-term storage the sample was transferred t o  break-sea1 tubes, 
the  solvent evaporated under argon and the tubes sealed. Samples were stored 
fn  the dark a t  8°C. 

The 123m~e-l.abel ed 9- tel l  uraheptadecanoic acid ( I V )  was prepared by basic 
hydrolysis of the methyl e s t e r  ( I  11) in refluxing aqueous. ethanol under argon. 
A1 iquots of (111) were dissolved in 20 ml of absolute ethanol and 0.50 ml of 
a 1 N NaOH solution was added and the react.ion system flushed thoroughly with 
argon. . The mixture was then refluxed i n  the dark f o r  30 minutes. Following 
cooling, the mixture was poured into water the pH adjusted to  pH 2-3 by 
addition of 1 N HC1 and the resul t ing cloudy solution extracted with ethyl 
e ther .  The organic layer  was washed well with water, dried over anhydrous 
sodium su l fa t e  and the solvent evaporated under argon. The methyl e s t e r  (111) 
was r e l a t ive ly  s t ab le  and could be stored as  a neat o i l  under argsn in the 
dark a t  O°C for  several weeks with only marginal decomposition. In contrast ,  
the  . f r ee  acid (IV) was r e l a t ive ly  unstable and was formed by hydrolysis'  of (111) 
immediately pr ior  t o  the biological experiments. 

The 23mTe-l abel ed methyl -9-tell urapentadecanoate ( I ) was prepared exactly 
in the same.manner as  described e a r l i e r  f o r  123m~e-labeled methyl-9-tellura- 
heptadecanoate (111). The 123mTe metal (24.8 mCi) was converted t o  123mTe- 



sodium d i t e l l u r i d e  (Step 1  ) and a1 k y l a t e d  w i t h  iodohexane t o  g ive ,  a f t e r  work- 
up, 123m~e- labe led  d ihexy l  d i t e l l u r i d e  (11.17 mCi). .Following sodiurr; borohy- 
d r i d e  r e d u c t i o n  (Step 3),  coup1 i n g  w i t h  methyl -8-bromooctanoate (Step 4 )  and 
c o l  umn p u r i f i c a t i o n ,  123mTe-l abel-ed methyl - 9 - t e l l  urapentadecanoate ( I  I )  was 
obta ined (1 -35 mCi). The methyl e s t e r  (11) was hydrolyzed w i t h  base t o  y i e l d  
t h e  l2 3mTe-l abel  ed 9 - t e l l  urapentadecanoic ac id .  

BIOLOGICAL STUDIES 

Fo l l ow ing  b a s i c  hyd ro l ys i s ,  t h e  123mTe-l abeled f a t t y  ac ids  were d i sso lved  
i n  a  small  volume o f  abso lu te  ethanol  and added dropwise t o  a  s t i r r e d  s o l u t i o n  
o f  6% bovine serum albumin a t  40°C: Female F ischer  s t r a i n  r a t s  were i n j e c t e d  
v ia '  a - t a i l  v e i n  w i t h  1.0 m l  . o f  t h e  bovine serum albumin s o l u t i o n  con ta in ing  
5-10 uCi o f  t h e  123mTe-labeled f a t t y  ac id .  A f t e r  var ious  t ime i n t e r v a l s  the  . 

' 

animals were s a c r i f i c e d  by d e c a p i t a t i o n  a f t e r  be ing anesthesized w i t h  e t h e r .  
The va r ious  organs were removed, washed w i t h  sa l i ne ,  weighed and t h e  r a d i o -  
a c t i v e  contents  determined by coun t ing  t h e  organs d i r e c t l y  i n  a  autogamma 
counter .  Three animals were used f o r  each t ime p o i n t .  For r e c t i l i n e a r  scans, 
t h e  animals were i n j e c t e d  w i t h  30-50 pCi o f  t h e  rad io labe led  f a t t y  a c i d  i n  1.0 
ml.  o f  t h e  6% bov ine serum albumin. The animals were anesthssized by i n t r a -  
p e r i t o n e a l  i n j e c t i o n  o f  pen tabarb i ta l  f o r  t h e  r e c t i l i n e a r  scans which were 
performed w i t h  a  smal l  animal scanner equipped w i t h  a  64-hole g o l d  c o l l i m a t o r .  
The r a t s  were scanned a t  a  r a t e  o f  0.25 in/min.  

RESULTS AND CONCLUSIONS 

The p r e p a r a t i o n  o f  123m~e- labe led f a t t y  ac ids  (11) and ( I V )  i s  a  s imple 
method and t h e  r a d i o l a b e l e d  compounds can .be synthesized and p u r i f i e d  e a s i l y  
i n  a  s i n g l e  day. The use o f  t h e  U-halogenated f a t t y  a c i d  methyl e s t e r  i n  
Step 4 was chosen as the  p r e f e r r e d  method a f t e r  i n i t i a l  a t tempts t o  c o u p l e .  
.the f r e e  U-halogenated f a t t y  a c i d  w i t h  t h e  sodium a l k y l  t e l l u r o l s  r e s u l t e d  
i n  low and non-reproducib le y i e l d s  o f - t h e  t e l l u r o  f a t t y  ac ids .  I n  a d d i t i o n ,  
t h e  methyl' e s t e r s  o f  t h e .  t e l l u r o  f a t t y  ac ids  have been found t o  be r e l a t i v e l y  
s t a b l e .  and can be s tored i n  t h e  dark under argon a t  O°C f o r  several  weeks 
w; t h  v e r y  1  i t t l e  decomposit ion. Unfor tunate ly ,  t h e  f r e e  ac ids  (11) and. ( I V )  
a r e  r e l a t i v e l y  uns tab le  and must be generated by  bas ic  h y d r o l y s i s  of t h e  
methyl e s t e r s  immediate ly  be fo re  use. Methods t o  s t a b l i z e  t h e  f r e e  ac ids  
have,not  y e t  been i n v e s t i g a t e d  i n  d e t a i l  b u t  w i l l  be the  sub jec t  o f  f u tu re  
s tud ies .  

Fo l l ow ing  in t ravenous . a d m i n i s t r a t i o n  o f  t h e  123mTe-labeled ac ids  (11) 
.and ( I V )  compl exed i n '  bovine serum a1 bumin very  pronounced h e a r t  uptake was 
detected '  i n  r a t s  as evidenced by t h e  data  il l u s t r a t e d  i n  F igures 2 and 3. It 
i s  i n t e r e s t i n g  t o  no te  t h a t  t h e  % dose/gm t i s s u e  values f o r  maximal h e a r t  
uptake (3-4%) v e r y  c l o s e l y  para1 1  e l  ed s im i  1  a r  da ta  repor ted  f o r  14C-1 abel ed 
o l e i c  a c i d  (5) .  These data  suggest t h a t  t h e  r a d i o a c t i v i t y  de tec ted i n  h e a r t  
t i s s u e  may w e l l  rep resen t  myocardia l  uptake o f  t h e  i n t a c t  lZ3mTe-labeled 
f a t t y  ac ids .  More impor tan t l y ,  these p r e l  im inary  data may i n d i c a t e  t h a t  r e -  
placement o f  t h e  A ~ - d o u b l e  bonds o f  p a l m i t o l e i c  a c i d  and o l e i c  a c i d  may be a 

e 



t r u e  i s o s t e r i c  convers ion.  The hear t s  o f  r a t s  were c l e a r l y  imaged w i t h  a 
r e c t i l  i n e a r  scanner a f t e r  admini s t r a t i o n  o f  123mTe-l abel ed 9 - t e l l  urahepta- 
decanoic a c i d  (F igure  4 ) .  The areas o f  s i g n i f i c a n t  ' r a d i o a c t i v i t y  accumul a t i o n  
were t h e  l i v e r  and hear t .  Subsequent r e c t i l i n e a r ' s c a n s  o f  t h e  excised, washed 
h e a r t  showed an i d e n t i c a l  pa t te rn . ,  These r e s u l t s  con f i rm  t h e  t i s s u e  d i s t r i -  
b u t i o n . d a t a  and i n d i c a t e  t h a t  t h e  r a d i o a c t i v i t y  was present  p r i m a r i l y  i n  t h e  
h e a r t  muscle and n o t  i n  t h e  b lood p o o l e d . w i t h i n  t h e  ca rd iac  chambers. 

F i n a l l y ,  these s tud ies  i n d i c a t e  t h a t  t h e  i s o s t e r i c  replacement o f  se lec ted 
double bonds w i t h  1 2 3 m ~ e  o r  ?sSe may be 'an e f f i c i e n t  s t r a t e g y  f o r  t h e  design 
and development o f  new r a d i  opharmaceu t i  c a l  s . We f e e l  our r e s u l  t s  may have 
some a p p l i c a t i o n  f o r  t h e  design of 'new hear t  imaging agents. Studies a r e  now 
i n  progress t o  determine t h e  e f f e c t s  o f  bo th  t o t a l  cha in  l e n g t h  and the  p o s i t i o n  
o f  t h e  t e l l u r i u m  heteroatom on , t h e  h e a r t  uptake o f  a se r ies  o f  123m~e- labe led 
f a t t y  ac ids .  
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Table 1 .  Physical Propert ies of Telluro Fatty Acids and Telluro Fat ty  Acid Methyl Esters 

I .  Methyl -9-Tell urapentadecanoate; R1 = n - C6H13,  R 2  = C H 3  
I I .  9-Tell urapentadecanoic Acid; R1 = n - C6H13 ,  R 2  = H 

I I I .  Methyl -9-Tell uraheptadecanoate; R1 = n - C8H17,  R 2  = C H 3  
IV . %Tell uraheptadecanoic Acid; R1 = n - C8H17 R2  = H 

- 
Compound TLC , Rf Ul t raviole t  ' Infrared Mass Spectrum Nucl e a r  Magnetic Resonance Spectrum 

I 0.53" v m/e 372, M 0.91, s ,  3H, terminal methyl neat 
'inax max 

i 
234 nm , ' 1750 cm" , m/e 341 , M-31 . - 2.29, t , 2H, a-CH2. 

(carbony1 ) . 2.61 , t ,  4H, CH2's flanking Te 
3.66, s ,  3H, -OCH3 I 

I I 0.55** . 'max 
0.76, s ,  3H, terminal methyl 

235 nm . . .  . . . .  1.99, t ,  2H, a-CH2 
2.49, t ,  4H, CH,.'s flanking Te 

neat I I I 0.53" 'max v m/e ,400, M 0.96, s ,  3H, terminal methyl max 
234 nm 1745 cm-l m/e 369, M-31 2.31 , t ,  2H, a-CH2 

(carbonyl ) . . 2.59, t ,  4H, CH,'s flanking Te . 
3.66, s ,  3H, -OCH3 

- 
I V 0.55*,* 'max 0.80, s., 3H, terminal methyl 

236 nm . . .  . . .  3..90, t ,  2H, a-CH2 
2.40, t ,  4H, CH2's flanking Te 6 .  

*Si 02,  benzene; **si'02, Petrol eum ether-ether-acetic acid ,  70:30 :1 
, 



FIGURE 1 
. . 

Silicic acid column chromatographic profile obtained upon purification of 
123m~e-methyl-9-te11uraheptadecanoate (111). The radioactive peak for the 
radio1 abel ed methyl ester cc-chromatographed with authetic unlabeled (I 11). 
The peak fractions were combined and aliquots hydrolyzed with base to give 
123mTe-9-tel 1 uraheptadecanoic acid which was used for the biological experi - . 
ments described in Figures 3 and 4. 
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FIGURE % 

The tissue distribution of radioactivity in female Fischer rats.following in- 
travenous administration of 123"Te-9-tel 7 urapentadecanoic acid (I I). The 

. experimental points represent averaged' data (% dose/gm tissue) from three 
animals. The animals. were each injected via a tail vein with 5-10 pCi of 
radioactive (11) 'compl exed in 1.0 ml of a 6% bovine serum albumin solution. 

FIGURE 3 

The tissue distribution of radioactivity'in female Fi'scher rats following 
intravenous administration cf 123mTe-9-tell uraheptadecanoic acid (IV) . .The 
experimental points represent averaged data ( %  dose/gm tissue) from three. 
animals. The animals were each 'injected via a tail vein with 5-10 pCi of 
radioactive (IV) complexed in 1.0 ml of. a 6% bovine serum a1 bumin solution. 

FIGURE 4 

Rectilinear scan of a female ~ i ~ c h e r  rat following the intravenous adminis- 
tration of 50 vCi of' 123mTe-9-tel 1 uraheptadecanoic acid (IV) . The animal was 
injected via a tail vein with radiolabeled (IV) complexed in 1.0 ml of a 6% 
bovine serum a1 bumin solution . 

. . 
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