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SUMMARY 

I n  t h i s  r e p o r t  t h e  p r e p a r a t i o n  o f  a new r a d i o i o d i n a t e d  nuc leos ide  as a 
p o t e n t i a l  tumor-1 o c a l i z i n g  agent i s  descr ibed.  The p - i  odophenyl analogue 
o f  5-amino- l -8-D-r i  - bofuranosylimidazole-4-carboxamide ( A I C A )  was prepared 
by a 5 -s tep  r e a c t i o n  sequence, The iodine-125-1 abeled analogue was 
e v a l u a t e d  i n  r a t s  and nude mice  w i t h  imp lan ted  tumors, Th is  agent crossed 
t h e  i n t a c t  b l o o d - b r a i n  b a r r i e r  (0.28% i n j e c t e d  dose/gm a t  5 min)  and a l s o  

showed some up take  i n  imp lan ted  tumors (0.74% i n j e c t e d  dose/gm a t  30 min) .  
These p r e l i m i n a r y  r e s u l t s  demonstrate t h a t  r a d i o i o d i n a t e d  nuc leos ide  
analogues a r e  good cand ida tes  f o r  tumor l o c a l i z a t i o n .  The development and 
e v a l u a t i o n  o f  s i m i l a r  analogues a r e  i n  progress.  

I n  o r d e r  t o  e v a l u a t e  t h e  p o s s i b l e  f o r m a t i a n  o f  3-R ,S-hydroxy-3-methyl 
m e t a b o l i t e s  f r o m  r a d i o i o d i n a t e d  15- (p- i  odophenyl)-3-R,S-rnethyl penta- 

decanoic  a c i d  ("SMIPP"),  a new s y n t h e s i s  o f  3-R,S-hydroxy fd t ty  a c i d s  has 
been developed i n v o l v i n g  C - 2  a c y l a t i o n  o f  t h e  e s t e r  ( ' IMeldrum'stI a c i d )  
formed by condensat ion  o f  ma lon ic  a c i d  w i t h  acetone. Treatment w i t h  a c i d  
forms t h e  methy l  ke tone wh ich  i s  condensed under  Reformatsky c o n d i t i o n s  t o  
g i v e  t h e  racemi c B-hydroxy-0-methyl e s t e r  which i s then  hydro lyzed w i t h  
base. I n  t h i s  way, t h e  @-hydroxy analogues o f  BMIPP and 3-methylhepta- 
decano ic  a c i d  have been prepared f o r  t h e  f i r s t  t i m e  and a re  be ing  used i n  
b i ol  og i  c a l  s t u d i  es. 

A l s o  d u r i n g  t h i s  per iod ,  t h e  new r a d i o i o d i n a t e d  male imide p r o t e i n  
l a b e l i n g  agen t  was a p p l i e d  t o  c o l l a b o r a t o r s  i n  Milwaukee and a t  t h e  Oak 
R idge Assoc ia ted  U n i v e r s i t i e s .  
L iege,  Belgium, completed a t h r e e  month assignment i n  t h e  Nuc lear  Med ic ine  
Program. 

Claude Rr ihaye,  f rom t h e  U n i v e r s i t y  o f  
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DEVELOPMENT OF RADIOIODINATED NUCLEOSIDE ANALOGUES AS 
POTENTIAL TUMOR-LOCALIZING AGENTS 

Radio1 abe l  ed nuc leos ides  a r e  d e s i  r a b l  e i n cancer research as n u c l e i c  
a c i d  p r e c u r s o r s  t o  s tudy  t h e i r  i n c o r p o r a t i o n  i n t o  tumors as  an i n d i c a t i o n  
o f  tumor growth. The i n c o r p o r a t i o n  o f  r a d i o l a b e l e d  thymid ine  i n t o  newly 
r e p l i c a t e d  DNA i s  w i d e l y  used as an i n d e x  o f  c e l l  p r o l i f e r a t i o n .  Several  

r a d i o 1  abel ed 5-C1*F]f  1 u o r o u r i d i  ne analogues have a1 so been syn thes i  zed f o r  
measur ing R N A  s y n t h e s i s  and tumor growth r a t e s  i n  vivo.' 
demonstrated i n  v a r i o u s  c e l l  c u l t u r e  systems t h a t  t h e  a b i l i t y  o f  c e l l s  t o  
t ranspor t  nuc leos ides  i nc reases  d r a m a t i c a l l y  as an e a r l y  event i n  changes 
f ro in  quiescence t o  a p r o l i f e r a t i v e  s t a t e  such as i n  a growing tumor. 
C e l l s  u t i l i z e  nuc leos ides  f rom t h e i r  env i  ronment and t h e  t r a n s p o r t a t i o n  o f  
nuc leos ides  ac ross  t h e  plasma membrane i s  mediated by s p e c i f i c  enzyme l i k e  
elements o f  t h e  membrane. 
nuc leos ides  a r e  m e t a b o l i c a l l y  " t rapped"  w i t h i n  t h e  c e l l  i n  t h e  fo rm o f  

5 '  -phosphates. The r e l a t i v e  accumulat ion o f  severa l  r a d i o l a b e l e d  
p y r i m i d i n e  nuc leos ides  i n  t h e  tumors as compared t o  normal t i s s u e s  has 
been e v a l u a t e d  i n  v i v o .  I n  BDFl mice, b i l a t e r a l  t r a n s p l a n t s  o f  P815 

tumors s e n s i t i v e  t o  1 -a rab inocy tos ine  (ara-C) showed a h igh ,  s p e c i f i c ,  
p r o t r a c t e d  accumulat ion o f  3H-ara-C d e r i v e d  r a d i o a c t i v i t y ,  most o f  which 
was ara-C d i -  and t r i phospha tes .  

A s  ano the r  example, 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  o f  [methyl- l 'T]-  
t h y m i d i n e  i n  normal and tumor-bear ing r a t s  showed p r e f e r e n t i a l  
accumulat ion o f  t h e  r a d i o a c t i v i t y  i n  t h e  tumor w i t h  tumor/blood, 
t u m o r / p r o s t a t e  and tumor/muscle r a t i o s  o f  3.09, 4.98 and 6.11, 
r e s p e c t i  v e l y  .3 
[2-14C]-u r i d i  ne and 5 - f  l u o r o - 2 '  -deoxy-2' - f luoro[  2- l '+C]uridi ne have been 
e v a l u a t e d  i n  BDF,  mice b e a r i n g  a subcutaneous Lewis l u n g  tumor. T issue 
d i s t r i b u t i o n  s t u d i e s  o f  5 - c h l o r o  and 5 - f l u o r o  compounds showed tumor/b lood 
r a t i o s  o f  2.5 and 7 ,  r e s p e c t i v e l y .  

S tud ies  have 

Through t h e  a c t i o n  o f  k inase  enzymes, 

2 

The deoxy r i  bonucl eos i  des, 5-ch l  oro-2 '  -deoxy-2' - f  1 uoro 

4 

A c e n t r a l  premise o f  t h e  fo rego ing  d i s c u s s i o n  i s  t h e  s y n t h e s i s  o f  new 
r a d i o l a b e l e d  nuc leos ides  as p o t e n t i a l  b iochemical  t o o l s  t o  s tudy 
phosphoryl  a t i  on and n u c l e i c  a c i d  metabol ism. 
p r o p e r t i e s ,  r a d i o l a b e l e d  nuc leos ides  c o u l d  serve as p o t e n t i a l  s u b s t r a t e s  f o r  

Because o f  t h e i  r unique 
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d i f f e r e n t  enzymes o f  n u c l e i c  a c i d  metabol ism and the reby  be i n c o r p o r a t e d  
( t r a p p e d )  i n t o  tumors as an i n d i c a t i o n  o f  tumor a c t i v i t y .  
l o c a l i z a t i o n  o f  r a d i o l a b e l e d  nuc leos ides,  o r  more i m p o r t a n t l y ,  t h e i r  
invo lvement  i n  me tabo l i c  pathways and n u c l e i c  a c i d  syn thes i s ,  cou ld  serve 
as a probe f o r  metabol ism i n  v i vo .  
t h e s e  agents i n  p r o l i f e r a t i n g  t i s s u e  cou ld  i n d i c a t e  e a r l y  stages o f  tumor 
growth and p r o v i d e  e f f e c t i v e  means f o r  e a r l y  tumor d iagnosis .  

The 5'-phosphate o f  5-amino l-~-D-ribofuranosylim~dazole-4-carbox- - 
amide ( A I C A  r i b o s i d e ,  1) i s  a n a t u r a l l y  o c c u r r i n g  n u c l e o t i d e  and i s  an 
i m p o r t a n t  p r e c u r s o r  o f  de novo p u r i n e  n u c l e o t i d e  b i ~ s y n t h e s i s . ~  A number 
o f  r e l a t e d  n u c l e o s i d e  analogues such as 5-ha lo - I -  B -5 - r i bo fu ranosy l im id -  
azole-4-carboxamide, 2-8-D-ribofuranosylthiazole-4-carboxamide - 
(t i  a z o f u r i  n )  and 2- 8-D-ri  - bofu ranosy l  s e l  enazol e-4-carboxami de 
( s e l e n a z o f u r i n )  ( F i g u r e  1) show i n t e r e s t i n g  a n t i v i r a l  and an t i t umor  
p r o p e r t i e s . 6  Therefore,  t h e  e v a l u a t i o n  of b i o d i s t r i b u t i o n  p r o p e r t i e s  

The 

Furthermore, t h e  i n c o r p o r a t i o n  o f  

- 

0 
I I  

no a~ 
TIAZOFUAIN 

o f  t h i s  c l a s s  o f  compounds i s  o f  

0 

HZN - C 
I I  

SELENAZDFURIN 

F i g .  1. 

s i g n i f i c a n t  b i o l o g i c a l  i n t e r e s t .  S ince 
A I C A  r i b o s i d e  i s  r e a d i l y  a v a i l a b l e ,  t h e  s t r u c t u r a l  m o d i f i c a t i o n s  o f  t h i s  
agent f o r  r a d i o l a b e l i n g  and b i o d i s t r i  b u t i o n  e v a l u a t i o n  have been pursued 
as a model f o r  t i a z o f u r i n  and se lenazo fu r in .  T h i s  p r e l i m i n a r y  r e p o r t  
desc r ibes  t h e  syn thes i  s, b i  o d i  s t r i  b u t i  on p r o p e r t i e s  and chemical 
t r a n s f o r m a t i  on o f  4-N- ( p - i  odophenyl ) analogue o f  A I C A  r i b o s i d e  (1). 

amino-1-(2,3,5-tri-O-acetyl L- - B - D - r i  - bofu ranosy l  ) im idazo le -4 -ca rboxy l  a t e  
The s y n t h e s i s  o f  t h e  succ in im ide  a c t i v a t e d  e s t e r ,  N -succ in im idy l -5 -  
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( 4 ) ,  f rom A I C A  r i b o s i d e  ( 1 )  v i a  t h e  s y n t h e s i s  o f  5-amino-1-(2,3,5-tr i-O- - 
a c e t y l -  B - D - r i  - bofuranosylimidazole-4-carboxylic a c i d  (3, Scheme I) has 
been r e p ~ r t e d . ~  
m o d i f i c a t i o n  o f  t h e  l i t e r a t u r e  procedure f o r  a convenient  s y n t h e s i s  Of  

( 4 ) .  The A l C A  r i b o s i d e  (1) was hydrolyzed, a c e t y l a t e d  and crude ( 3 )  , 
w i t h o u t  p u r i f i c a t i o n  o r  c r y s t a l  1 i z a t i o n ,  was coupled w i t h  N-hydroxy- 
z,,ccinimide i n  t h e  presence o f  d i cyc lohexy l ca rbod im ide  (UCC) t o  y i e l d  
c r y s t a l  1 i ne ( 4 ) .  

A one-pot r e a c t i o n  has now been dev ised as a 

Coup l i ng  ( 4 )  w i t h  v a r i o u s  amino a c i d s  and admantanamine has been 
r e p o r t e d  i n  t h e  l i t e r a t u r e  t o  proceed smoothly a t  room temperature.  
However, an e l e v a t e d  temperature (122°C ?I 3°C) and a r e l a t i v e l y  pro longed 
r e a c t i o n  p e r i o d  ( 3  h )  was r e q u i r e d  f o r  t h e  c o u p l i n g  o f  ( 4 )  w i t h  
p - i o d o a n i l i n e  t o  y i e l d  t h e  d e s i r e d  i n t e r m e d i a t e ,  5-amino-1-(2,3,5-tr i-O- - 
a c e t y l  - B - D - r i  - bofuranosy l  ) i rn idazole-4- [N-(p- i  odophenyl )carboxamidel  ( 5 ) .  
The slow r e a c t i o n  cou ld  be a t  t r i  buted t o  t h e  poor nuc l  eophi 1 i c c h a r a c t e r  
o f  t h e  amino group o f  p - i o d o a n i l i n e  as compared t o  t h e  amino group of amino 
a c i d s  o r  admantanami ne. Treatment o f  ( 5 )  w i t h  ammonium hyd rox ide  p rov ided  
t h e  deacety l  a ted  product ,  5-ami n o - l -  6 - D - r i  - bofuranosy l  imidazole-4-[N-(  p- 
iodophenyl  )carboxamidel  (6 ) .  
s i m i l a r l y  by i n c o r p o r a t i n g  p-( [  1 2 5 1 ] i o d o ) a n i l i n e  d u r i n g  the  c o u p l i n g  
r e a c t i o n  w i t h  ( 4 ) .  
J e n n i f e r  Sugys, a 1987 Summer Student w i t h  t h e  Oak Ridge Associated 
Uni v e r s i  t i e s .  

The corresponding ([ 1251]6) was prepared 

These s t u d i e s  were performed w i t h  t h e  ass i s tance  o f  

The b i o d i s t r i  b u t i o n  o f  t h e  model r a d i o l a b e l e d  im idazo le  nuc leos ide,  
([125116),  was eva lua ted  i n  normal r a t s  (Table 1) and tumor imp lan ted  nude 
mice (Tab le  2 ) .  The agent shows i n i t i a l  b r a i n  uptake both i n  normal r a t s  
and nude mice i n d i c a t i n g  t h e  a b i l i t y  o f  t h i s  agent t o  c ross  t h e  i n t a c t  
b l o o d - b r a i n  b a r r i e r .  F a i r l y  constant  l e v e l s  (5.8%-17.4% dose/gm) o f  

r a d i o a c t i v i t y  over  a pro longed p e r i o d  i n  t h e  t h y r o i d  were observed 
i n d i c a t i n g  i n  v i v o  s t a b i l i t y  o f  t h e  r a d i o l a b e l .  I n  t h e  nude mice, t h e  
agent showed moderate i n i t i a l  tumor uptake, al though, t h e  uptake i n  t h e  
o t h e r  p r o l i f e r a t i n g  t i s s u e s  such as i n  t h e  bone-marrow and i n t e s t i n e  was 
approx imate ly  t w i c e  as high. [ 1251]5, t he  t r i a c e i y l  d e r i v a t i v e  o f  

125116 showed r e l a t i v e l y  low b r a i n  uptake and h i g h e r  t h y r o i d  uptake as 
cornpared t o  t h e  pa ren t  nuc leos ide  i n  r a t s .  
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Table 1. O i s t r i b u t i o n  of  r a d i o a c t i v i t y  i n  t i s s u e s  o f  female F i sche r  344 r a t s  f o l l o w i n g  in t ravenous 

a d m i n i s t r a t i o n  o f  [125X]-5 and o f  [12s13-6.a - 
----- -------.---------._I_ --I___. -.ll~-_-l___ 

T i  me 
a f t e r  

injection -~ Mean perc_ent i n j e c t e d  dose/gm:tissue (range) 

- -------------_II 81 ood L i v e r  I_ Kidneys Hear t  Lungs T h y r o i d  CoTound ( in in )  B r a i n  

6 - 

5 5 
I 

30 

60 

120 

2 40 

5 

30 

60 

240 

0.19 
(0.18-0.20) 

0.09 
(0.08-0.09) 

0.06 
(0.06-0.07) 

0.06 
(0.05-0.06) 

(0.04-0.05) 
0.04 

0 .28  
(0.25-0.32) 

0.14 
(0.13-0.16) 

0.06 
(0.05-0.07) 

0.01 
(0.01-0.01) 

0.72 
(0.70-0.76) 

0.41 
(0.38-0.46) 

0.30 
(0.29-0.37) 

0.22 
(0.20-0.23) 

0.20 
(0.19-0.22) 

1.40 
(1.13-1.74) 

0.46 
(0.42-0.49) 

0.25 
(0.23-0.27) 

0.10 
(0.10-0.10) 

4.37 
(4.13-4.56) 

2.01 
(1.88-2.24) 

1.54 
( 1.52-1.58) 

1.16 
(1.02-1 .Z8) 

0.99 
(0.96-1.04) 

2.52 
(2.34-2.82) 

1.79 
(1.77-1.81) 

1.31 
(1.21-1.41) 

0.32 
(0.29-0.35) 

4.28 
( 4  21-4.34) 

2.35 
(2.21-2.43) 

1.44 
(1.31-1.61) 

0.88 
(0.85-0.90) 

0.58 
(0.55-0.61 ) 

9.56 
(7.52-11.85) 

2.17 
(2.15-2.18) 

1.02 
(0.97-1.09) 

0.19 
(0.18-0.20) 

1.34 
(1.3 1-1 -36) 

0.66 
(0.62-0.71) 

0.48 
(0.45-0.52) 

0.30 
(0.27-0.32) 

0.21 
(0.20-0.21 ) 

0.86 
(0.75-1.02) 

0.35 
(0.31-0.40) 

0.19 
(0.18-0.20) 

0.07 
( 0 .U6-0.07 ) 

1.24 17.94 
(1.17-1.27) (17.26-18.66) 

0.70 16.72 
(0.65-0.78) (15.30-19.47) 

0.52 26.47 
(0.49-0.57) (23.09-31.02 

0.36 37.45 
(0-33-0.39) (32.67-40.07 

0.24 18.95 
(0-23-0.25) (51.88-131.62 

1.10 11.31 
(0.96-1.28) (9.44-12.66) 

0.43 6.45 
(0.40-0.47) (5.04-7.51) 

0.24 5.86 
(0.23-0.25) (5.46-6.22) 

0.08 17.41 
(0.08-0.09) (12.30-24.87) 

-_--I 
-- -----l_l-ll_ 

aEach a n i m a l  ( t h r e e  animals per  t ime  p o i n t )  rece ived e i t h e r  0.43 U C i  o f  [lZ5I]-5 o r  1.05 uCi o f  [12511-f? by t a i l  ve in  
i n j e c t i  on. 

Tab le  2 .  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  i n  t i s s u e s  of human c o l o r e c t a l  carcinoma imp lan ted  

Sprague-Oawley nude mice following i n t ravenous a d m i n i s t r a t i o n  o f  [17-51]-6-.a 
II _-___-_.-.I-. ___ _-__I .-__._._____--___l__l___-_ L-----l-l_._ll_- 

Time 
a f t e r  

i n j e c t i o n  Mean-nt i n j e c t e d  dose/gm:t issue (range)--- 

Compound (min) ___-.-.-----.-----E!&-% 81 ood L i v e r  __-_-___-_I Hear t  II_- Lungs Spleen Tumor 

16 30 1.12 6.07 3.82 1.05 2.95 0.96 0.74 
(0.52-1.72) (1.98-10.17) (1.85-5.79) (0.51-159) (0.96-4.94) (0.46-1 -45) (0.43-1.06) 

240 0.89 5.88 2.47 0.79 2.06 0.72 0.71 

1440 0.10 0.73 0.35 0.23 0.41 0.12 0.10 

(0.88-0.91) (5.69-6-07) (2.00-2.94) (0.68-0.90) ( 1  -94-2- 18) (0.63-0.82) (0.68-0.74) 

(0.08-0.11) (0.58-0.88) (0.28-0.42) (0.18-0.27) (0.34-0.48) (0.11-0.13) (0.08-0.13) 

aEach animal ( two animals per  t ime  p o i n t )  rece ived 2.9 uCi o f  [1251]-2 by t a i l  ve in  i n j e c t i o n .  Other t i s s u e s  analyzed 
i n c l u d e  b r a i n ,  smal l  and l a r g e  i n t e s t i n e ,  muscle, marrow, and femur. 
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R a d i o l a b e l e d  nuc leos ides  a r e  p o t e n t i a l  t o o l s  t o  s tudy b iochemical  
pathyways and metabo l ism o f  n u c l e i c  ac ids .  
r a d i o l a b e l e d  nuc leos ides  which show h i g h  tumor uptake r e l a t i v e  t o  o t h e r  
p r o 1  i f e r a t i  ng t i  ssues i s o f  i n t e r e s t  because such agents c o u l d  
p o t e n t i a l l y  be  used as tumor markers. 
A I C A  r i b o s i d e  demonstrate t h a t  i o d i n e  can be  s t a b i l i z e d  as an 
N-(p- i  odopheny1)carboxamide on s i m i l a r  nuc leos ides .  
iodopheny l  g roup  t o  a carboxamide may a l s o  rep resen t  an i n t e r e s t i n g  
s t r u c t u r a l  p e r t u r b a t i o n  making t h e  nuc leos ide  more 1 i p o p h i l i c  and 
p e n e t r a t a b l e  t o  t h e  b l o o d - b r a i n  b a r r i e r .  

The i d e n t i f i c a t i o n  o f  

T h e  syn thes i s  and r a d i o l a b e l i n g  o f  

The i n t r o d u c t i o n  o f  

E WALlJATION 0 F METABOLITES FROM THE RAD1 OIODI NATED B-METHY L-BRANCHED 
FATTY ACID, 15 - (p -  IODOPHENYL) -3-R ,S-METHYLPENTAOECANOIC FATTY (BMIPP) 

SYNTHESIS OF B-HYDROXY FATTY A C I D S  

Me thy l -b ranch ing  i n  t h e  B - p o s i t i o n  o f  15-(p-iodophenyl)-3-R9S-methyl- 
pentadecanoic  a c i d  (BMIPP) was designed t o  i n t e r f e r e  w i t h  myocard ia l  
c a t a b o l i s m  t o  d e l a y  t h e  c lea rance  o f  t h e  iod ine-123 agent p e r m i t t i n g  more 
a c c u r a t e  SPECT e v a l u a t i o n  o f  t h e  r e g i o n a l  myocard ia l  fa t ty  a c i d  up take  
p a t t e r n .  A1 though t h e  myocard ia l  c lea rance  o f  r a d i o i o d i n a t e d  BMIPP i n  
r a t s ,  dogs, and humans i s  cons ide rab ly  de layed i n  conpar ison t o  t h e  I P P A  
s t r a i g h t - c h a i n  analogue, t h i s  agent does n o t  show t h e  i r r e v e r s i b l e  
r e t e n t i o n  t h a t  was a n t i c i p a t e d  from an a n a l y s i s  o f  t h e  expected i n h i b i t o r y  
e f f e c t  o f  3-methy l -branching.  An a l t e r n a t i v e  e x p l a n a t i o n  o f  t h e  delayed 
myocard ia l  c l e a r a n c e  i n v o l v e d  i n i t i a l  a - h y d r o x y l a t i o n  f o l l o w e d  by  
d e c a r b o x y l a t i o n  would form t h e  methy l  a c i d  which c o u l d  then  serve  as a 
s u b s t r a t e  f o r  subsequent success ive  c y c l e s  o f  B -ox ida t i on  ( F i g u r e  2). 

r e l e a s e d  f r o m  t h e  h e a r t ,  an i s o l a t e d  Langendor f f -per fused r a t  h e a r t  system 
has  r e c e n t l y  been used, i n  which a ma jor  p roduc t  cons ide rab ly  more p o l a r  
t h a n  BMIPP was i d e n t i f i e d  i n  the o u t - f l  ow t r a c t  (ORNL/TM-10531). From a 
comparison o f  t h e  r e l a t i v e  chromatographic  m o b i l i t y  and chemical p r o p e r t i e s  
o f  t h i s  unknown m e t a b o l i t e  w i t h  BMIPP,  i t  was demonstrated t h a t  t h i s  

To e v a l u a t e  t h e  i d e n t i t y  o f  t h e  r a d i o i o d i n a t e d  produc ts  t h a t  a r e  
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F ig .  2. 
p roduc t  was a c a r b o x y l i c  a c i d  and t h e  i nc reased  m o b i l i t y  suggested t h e  

presence o f  a h y d r o x y l  moiety.  The p o s s i b l e  f o r m a t i o n  and r e l e a s e  o f  
BHMIPP was t h u s  suggested f rom t h e s e  s t u d i e s .  

I n  c o n j u n c t i o n  w i t h  G i l b e r t  K i r s c h ,  Ph.D., a v i s i t i n g  p r o f e s s o r  o f  
o r g a n i c  c h e m i s t r y ,  f rom t h e  U n i v e r s i t y  o f  Metz, France, t h e  g o a l s  o f  t h e  
c u r r e n t  work were t o  develop a chernical s y n t h e s i s  o f  15-(p- iodophenyl ) -3-  
R ,S-rnethyl-3-hydroxy pentadecanoic a c i d  (BHMIPP) and o t h e r  +-hydroxy f a t t y  
a c i d s  and t o  compare t h e  p r o p e r t i e s  o f  BHMIPP w i t h  t h e  unknown m e t a b o l i t e  
i s o l a t e d  f r o m  t h e  Langendor f f  h e a r t  s t u d i e s .  The p r e p a r a t i o n  o f  model 
B-hydroxy f a t t y  a c i d s  has f u r t h e r  impor tance s i n c e  i t  i s  w e l l  e s t a b l i s h e d  
t h a t  such p a r t i a l  m e t a b o l i t e s  a r e  formed i n  ischemic myocardium* i n  animal 
s t u d i e s  and t h u s ,  v e r y  p robab le  t h a t  s i m i l a r  p roduc ts  a r e  formed i n  v i v o  
i n humans. The a v a i l a b i l i t y  o f  t hese  standards w i l l  make p o s s i b l e  an 
e v a l u a t i o n  o f  r a d i o i o d i n a t e d  f a t t y  a c i d  analogues i n  v a r i o u s  model systems 
t o  determine t h e i r  presence and re levance  t o  t h e  e v a l u a t i o n  o f  r e g i o n a l  
myocard ia l  f a t t y  a c i d  me tabo l i c  events  and i n t e r p r e t a t i o n  o f  t i m e - a c t i v i t y  
data.  



9 

A1 though t h e  r e a c t i o n  of t h e  r e q u i s i t e  aldehydes w i t h  methyl 
bromoacetate under  Reformatsky c o n d i t i o n s  i s  a c l a s s i c a l  method desc r ibed  
f o r  t h e  p r e p a r a t i o n  of a-hydroxy fa t ty  ac ids,  a more v e r s a t i l e  approach 
i n v o l v e s  a c y l a t i o n  o f  a masked malon ic  e s t e r  ("Meldrum's a c i d " ) ,  prepared 
by  condensat ion o f  ma lon ic  a c i d  w i t h  acetone (Scheme 2) .  By a p p r o p r i a t e  

0 

c -  OH 

/ 

c -  OH 

II 
0 

N 0 

cho ice  o f  t h e  acy l  fragment, a 

A-C\?-- 

"' r 

Scheme 2 

* o  ' O  X 

v a r i e t y  o f  a-ketone f a t t y  a c i d  e s t e r s  can 
be f a b r i c a t e d  by subsequent h y d r o l y s i s  of t h e  s u b s t i t u t e d  malonic  e s t e r  
(Scheme 3) .  F o l l  o w i  ng sodium bo rohydr ide  r e d u c t i o n  and bas i c  h y d r o l y s i s  
o f  t h e  es te rs ,  t h e  racemic 3-R,S-hydroxy produc ts  a re  r e a d i l y  formed. 
Us ing  t h i s  approach, t h e  a-hydroxy d e r i v a t i v e s  o f  p a l i m t i c ,  m y r i s t i c  and 
heptadecanoic ac ids  have been prepared. 
b o l i s m  o f  these f a t t y  ac ids  i n  ischemic t i s s u e .  

The "Meldrum's' ' a c i d  i s  a l s o  a u s e f u l  i n t e r m e d i a t e  f o r  t h e  syn thes i s  
o f  8-hydroxy-8-methyl f a t t y  acids. Rather  than t rea tment  w i t h  a l coho l ,  
a c i d  h y d r o l y s i s  i n  t h e  presence of an a l coho l  i s  a convenient  method f o r  

Fu tu re  work will  study t h e  meta- 
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H 

0 -  

REFORMATSKY \ 

Scheme 3 

g e n e r a t i  on of 
in e t  h y 1 ke t on e 

t h e  methyl  ketone (Scheme 4) .  
s u b s t r a t e s  can be prepared. 

I n  t h i s  way a broad spectrum o f  
Reformatsky t rea tmen t  f o l l o w e d  

by bas i c  h y d r o l y s i s  o f  t h e  e s t e r  y i e l d s  t h e  racemic 3-R,S-hydroxy f a t t y  
ac ids.  Using t h i s  approach, severa l  6-hydroxy-6-methyl f a t t y  ac ids  have 

R'-OH 

0 

I\ 
R - C  

0 

- CH2 - C-OR" 

OH > 
1 I R - C -  CH2C00R' 

OH- - R - C - CH2COOH 

I 
H 

Scheme 4 

H 
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been prepared, as  shown i n  F i g u r e  3. 
as standards o r  markers t o  e v a l u a t e  t h e  format ion o f  m e t a b o l i t e s  f rom t h e  
methyl-branched f a t t y  ac ids  i n  v i v o  and i n  t h e  i s o l a t e d  h e a r t  systems. 
T h i s  method i s  a l s o  u s e f u l  f o r  i n t r o d u c t i o n  o f  i so topes  o f  carbon i n t o  t h e  
hydroxy f a t t y  a c i d s  by use o f  bromoacet ic a c i d  r a d i o l a b e l e d  i n  t h e  C - 1  o r  
C-2 p o s i t i o n s .  

These compounds a re  now be ing  used 

OH 
I 

'I 0 (CH2)12- -C& COOH p -  OH 
BMlPP 

P-OH 
IPPA 

p- OH 
WMHQA 

F i g .  3. S t r u c t u r e s  o f  racemic B-hydroxy-R-methyl f a t t y  ac ids  prepared by 

t h e  "Meldrum's' '  a c i d  approach. 
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AGENTS FOR MEDICAL COOPERATIVES 

Osmium- 191 

One shipment o f  osmium-191 was made d u r i n g  t h i s  per iod.  The new 
a c t i v a t e d  carbon osmi um-19 l j i  r id ium-19lm r a d i o n u c l i d e  genera to r  was 
s u p p l i e d  t o  c o l l a b o r a t o r s  a t  t h e  UCLA Medical  Center,  Torrance, 

C a l i f o r n i a  ( I .  Mena, M . D . ) .  

Radi o i  od i  nated Agents 

Two shipments o f  i od ine -125  1 abeled agents were made t o  c o l l a b o r a t o r s .  
One shipment was s u p p l i e d  t o  t h e  Oak Ridge Associated U n i v e r s i t i e s ,  Oak 
Ridge, Tennessee (J .  Crook, M.D. ,  Ph.D.) and one shipment was made t o  t h e  
61 ood Center  o f  Southeastern Wisconsin, Milwaukee, Wisconsin 
(1. 3 .  K u n i c k i ,  Ph.D.). 

OTHER NUCLEAR M E D I C I N E  GROUP A C T I V I T I E S  

A "Workshop" o rgan ized  by  F. F. Knapp, Jr. i n  c o n j u n c t i o n  w i t h  t h e  
ORNL Technology A p p l i c a t i o n s  O f f i c e  was h e l d  on J u l y  16 t o  d i s c u s s  t h e  
development and a p p l i c a t i o n s  o f  t h e  new osmium- l9 l / i  r i d i im-19 l rn  
r a d i o n u c l i d e  genera to r  system developed a t  ORNL i n  c o n j u n c t i o n  w i t h  
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c o l l a b o r a t o r s  a t  t h e  U n i v e r s i t y  of Liege, Belgium (Drs. C. R r ihaye  and 
M. Gui l laume).  The U.S.  p a t e n t  has been waived by DOE t o  M a r t i n  M a r i e t t a  
Energy Systems and one goal o f  t h e  "Workshop" was t o  g r a n t  an e x c l u s i v e  
l i c e n s e .  
b e i n g  developed by t h e  ORNL Nuclear Medic ine Program. 
r e p r e s e n t a t i v e s  f rom 12 companies, i n c l u d i n g  t h e  major  radiopharma- 
c e u t i c a l  manufacturers ,  at tended. 

F. F. Knapp, Jr. c h a i r e d  a t e c h n i c a l  sess ion and presented a paper a t  
t h e  "European Nuclear  Medic ine Congress 1987" and co-authored t h r e e  o t h e r  
papers d e s c r i b i n g  cl i n i  c a l  appl i c a t i  ons o f  i o d i  ne-123-1 abel ed f a t t y  ac ids  
i n  Budapest, Hungary on August 24-28. He a l s o  presented i n v i t e d  seminars 
a t  t h e  Nuclear Medic ine Department a t  t h e  U n i v e r s i t y  s f  Bonn, West 

Ge rmany . 

A second goal  o f  t h e  "Workshop" was t o  d i scuss  o t h e r  agents 
A t o t a l  o f  18 

Reske, S. N . ,  Ni tsch ,  J . ,  and Knapp, F. F., Jr. "Calcium Channel 
B l o c k e r  (CCB) Mediated Improvement o f  Regional Cardiac Free F a t t y  Ac id  
U t  i 1 i z a t i on Du r i ng E xe r c i  se , I' 

Knapp, F. F., Jr., Kohlen, S., Kolkmeier,  J., Reske, S.  N . ,  Cunningham, 
E. R., Rice,  D. E., Cal lahan, A. P., and Ambrose, K. R. "Format ion o f  
C a t a b o l i t e s  f rom Plethyl-Branched F a t t y  Acids by I s o l a t e d  Langendor f f  
Ra t  Hear t  System," 

Kropp, J., Joch, M., Knapp, F. F. , Jr. , and Reichmann, K. 
"Thal  l ium-201 S c i n t i g r a p h y  i n  Comparison t o  [ I - l 23 ] Iodopheny l  penta- 
decanoic A c i d  ( I P P A )  t o  De tec t  CHD," 

Kropp, J . ,  Joch, M . ,  Knapp, F. F., dr. ,  and Biersack,  H. J .  

Metabol ism Before and A f t e r  Bypass Surgery (BS) Evaluated by 1-123 
Phenylpentadecanoic Ac id ( I P P A ) .  

"Myocard ia l  

The p o s t e r  presented a t  t h e  European Nuclear Medic ine Congress i n  
Budapest , Hungary e n t i t l e d  "Abberat ions of Card iac Free F a t t y  Acid 
Metabol ism A f t e r  Submaximal Exercise' '  (S. N. Reske, F. F. Knapp, Jr., L. 
Lange, J. N i t s c h ,  H. J. Biersack,  J .  Kropp and K. Reichman), was presented 
an award f o r  t h e  o u t s t a n d i n g  p o s t e r  i n  t h e  CardiologylHematology sec t i ons .  
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P. C. S r i v a s t a v a  p a r t i c i p a t e d  i n  t h e  "Vth I n t e r n a t i o n a l  Conference on t h e  
Chemistry o f  Selenium and T e l l u r i u m "  h e l d  i n  Oak Ridge on August 24-28, 
1987, and presented a t e c h n i c a l  paper d e s c r i b i n g  t h e  development o f  
t e l l u r o  f a t t y  ac ids.  

S r i vas tava ,  P. C., Knapp, F. F., Jr., and Kabalka, G. W. "New 
Radiohalogenated A lkeny l  T e l l u r i u m  F a t t y  Acids." 

The p a t e n t  f o r  t h e  new genera to r  e n t i t l e d  "Osmium-191/Ir id ium-l9lm 
Rad ionuc l i de  Generator"  ( F .  F. Knapp, T. A. B u t l e r  and C. Br ihaye)  has 
been granted by t h e  U.S. Patent  O f f i c e ,  No. 4,683,123, O f f i c i a l  Gazette,  
J u l y  28, 1987. 

P. C. S r i v a s t a v a  served as an ad hoc committee member f o r  a s tudy 

s e c t i o n  f o r  t h e  N a t i o n a l  I n s t i t u t e s  o f  Hea l th  on September 21-24 f o r  t h e  
rev iew o f  proposals  on development o f  t h e r a p e u t i c  agents f o r  the t r ea tmen t  
o f  Acqui red  Immune D e f i c i e n c y  Syndrome. 

I(. R. Ambrose i s  a c o - r e c i p i e n t  o f  an IK-100 Award e n t i t l e d  
"F ibe r -Op t i cs  Fluoroimmuno Sensor," i n  a j o i n t  e f f o r t  w i t h  members o f  t h e  
Advanced M o n i t o r i n g  Development Group (T. Vo-Dinh, M. J .  Sepaniak, 
G. 0 .  G r i f f i n ,  K. R .  Ambrose, and R. J.  Tromberg). T h i s  work i n v o l v e d  t h e  
devel optnent o f  a p o r t a b l e  f i b e r - o p t i  cs sensor t h a t  can sensi  t i  v e l y  and 
s e l e c t i v e l y  measure human exposure t o  t r a c e s  o f  hazardous chemical s o r  
i n f e c t i o u s  agents. 

V i  si t o r s  

Sher i  L. Blystone,  f rom t h e  Chemistry Department a t  Case Western 
Reserve U n i v e r s i t y ,  presented a seminar on September 21 d e s c r i b i n g  t h e  
organometal l  i c syn thes i s  o f  c h i  r a l  molybdenum species. She w i  11 j o i n  t h e  
Nuclear  Medic ine Program as a p o s t d o c t o r a l  f e l l o w  i n  January 1988. 
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On August 20, 1987, 28 p h y s i c i a n s  and o t h e r  h e a l t h  ca re  p r o f e s s i o n a l s  
from t h e  ORAU/REAC/TS "Medi cal P1 anni  ng and Care i n  Radi a t  i on Acc idents"  
program t o u r e d  t h e  Nuc lear  Med ic ine  f a c i l i t i e s .  
1987, t h r e e  a d m i n i s t r a t i v e  e x e c u t i v e  s t a f f  members from Duke U n i v e r s i t y  
v i  s i t e d  the Nuc lear  Medi c i  ne f a c i  1 i t i es f o r  a program overview. 

On August 31-September 1, 
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