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SUMMARY 

Complet ion o f  t h e  f i r s t  c l i n i c a l  s tud ies  w i t h  t h e  new d imethy l -  
branched f a t t y  a c i d  [I-123 oMIPP] agent a t  t h e  I n s t i t u t e  f o r  C l i n i c a l  and 
Exper imental  Nuclear Medicine i n  Bonr, Federal  Repub l ic  o f  Germany 
( S .  N. Reske, M.D.) are repor ted .  S i n g l e  photon emission computerized 
tomographic (SPECT) s tud ies  showed c l e a r  myocardia'9 images which were t h e  
r e s u l t  o f  slow myocardial  re lease o f  DMIPP. These i n i t i a l  s tud ies  
i n d i c a t e  t h a t  t h i s  agent represents a new p o t e n t i a l  technique f o r  
d e l i  n e a t i  ng r e g i  onal  myocardi a1 f a t t y  a c i d  uptake pa t te rns .  

An i n  v i t r o  ana lys i s  o f  t h e  s u s c e p t i b i l i t y  o f  t h e  3,3-dimethyl- 
branched (DPIIPP) and 3-monomethyl -branched (BMIPP) analogues, and t h e  
pa ren t  s t r a i  gh t -cha in  15-para-iodophenylpentadecanoic a c i d  ( I P P )  t o  
o x i d a t i o n  by an acy l  CoA oxidase enzyme a re  described. Because o f  t h e  
observed d i f f e r e n c e s  i n  t h e  degree of myocardial r e t e n t i o n  and t h 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  i n  t h e  var ious  myocardial  l i p i d  pools, t h i s  
s tudy  was i n i t i a t e d  t o  assess t h e  i n h i b i t o r y  e f f e c t  o f  methyl-branching on 
be ta  ox ida t i on .  The i n  v i t r o  assay demonstrated t h a t  t h e  s t r a i g h t  chain 
f a t t y  ac ids  which show r a p i d  tqyocardial washout are a l s o  r e a d i l y  ox id i zed  
by an a c y l  CoA oxidase system. In cont ras t ,  t h e  methyl-branched f a t t y  
acids,  which e x h i b i t  prolonged r e t e n t i o n  i n  v ivo,  a re  apparent ly  no t  
o x i d i z e d  by t h i s  system. Thus, the degree of myocardial r e t e n t i o n  appears 
t o  be d i r e c t l y  r e l a t e d  t o  t h e  s u s c e p t i b i l i t y  t o  R-oxidat ion.  

Glucose analogues labe led  w i t h  s i n g l e  photon emitting rad ionuc l i des  
a r e  d e s i r a b l e  candidates f o r  measuring b r a i n  glucose u t i l i z a t i o n  u s i n g  
SPECT. Because o f  t h e  a t t r a c t i v e  r a d i o n u c l i d i c  p r ~ p e t - t i e ~  o f  iodine-123, 
a new deoxy-substi  t u t e d  i o d o v i  n y l  -substi t u t e d  carbohydrate has been 
prepared and eva lua ted  i n  r a t s  w i t h  t h e  o b j e c t i v e  o f  ach iev fng  h igh  b r a i n  
uptake. 
t r i  -ace ty l  -8-D-al t ropyranosi  de, was prepared by a 5-step sequence o f  
reac t ions .  The new r a d i  o i  od i  nated i o d o v i  n y l  -branched carbohydrate showed 
s i g n i f i c a n t  b r a i n  uptake (2.31% dose/gm a t  2 inin), and r e t e n t i o n  (0.78% 
dose/gm a t  60 min) i n  f e d  F i s c h e r  ra t s .  
t h e  f i r s t  r epo r ted  t r a n s p o r t  o f  r a d i o i o d i d e  s t a b i l i z e d  onto carbon o f  a 
sugar molecule across t h e  b lood-bra in  b a r r i e r .  

The model agent, methyl -Z-deoxy-Z-(E)-[ I 2 5 I  li odovi nyl-2,4,6-O- 

The new carbohydrate represents 

1 



2 

A new r a d i  o i o d i  nated meperidine d e r i  v a t i  ve was prepared t o  eva lua te  
t h e  p o t e n t i a l  f o r  u s i n g  iodine-123- labeled meperidine analogues f o r  b r a i n  
imaging. A model agent, 1-(E,1-C1251giodo,~,p~~ten-5-yl )-4-(4-cholara- 
phenyl ) -4-hydroxypi p e r i  d i  ne was prepared by sodi urn-i od i  de-chl orami ne-P 
i o d i n a t i o n  o f  a key v i n y l  boron ic  a c i d  intermediate.  The new 
r a d i o i o d i n a t e d  i o d o v i n y l  meperidine showed h igh  i n i t i a l  b r a i n  uptake 
(2.38% dose/gm a t  5 min) i n  r a t s  fo l l owed  by a gradual washout (0.55% 
dose/gm a t  60 min). 
b r a i n  t o  b lood values (10.3:l a t  5 min) shown w i t h  t h i s  model agent, an 
e v a l u a t i o n  o f  a d d i t i o n a l  analogues w i  11 be performed. 

copper-64 shipments were made t o  medical coopera t ive  i n v e s t i g a t o r s .  I n  
a d d i t i o n ,  f o u r  shipments of 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-125-IPPA and I-125-OMIPP) were made t o  c o l l a b o r a t o r s  f o r  c o l l a b o r a t i v e  
s t u d i e s  a t  t h e  Free U n i v e r s i t y  o f  Amsterdam and t h e  U n i v e r s i t y  of Bonn. 

F i v e  shipments o f  platinum-195m-labeled __ cis-DPP were made on a 
cost-recovery basis. 

Because o f  t h e  h igh  i n i t i a l  b r a i n  uptake and good 

Dur ing  t h e  q u a r t e r  ending March 31, 1986, n ine  osmiurn-191, and one 

............................ 
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A s  descr ibed i n  an e a r l i e r  r e p o r t  ~ ~ ~ ~ L / ~ ~ - ~ ~ ~ ~ ~ ~  i n t r o d u c t i o n  o f  
d i m e t h y l - s u b s t i t u t i o n  i n  t h e  3 - p o s i t i o n  o f  P5-(p-iodophenyl)penta- 

decanoic a c i d  ( I P P )  r e s u l t s  i n  considerably  delayed mymard ia l  c learance 
f o l l o w i n g  peak uptake i n  ra ts .  
iodophenyl)-3,3-dimethylpentadecanoic a c i d  (QMIPP)  may r e s u l t  f r o m  i n h i -  
b i t i o n  of ca tabo l ism by t h e  normal 6 -ox ida t i ve  pathway a t  t h e  stage of 
t h e  @-hydroxy acyl-CoA in te rmed ia te  (Fig. 1). Ox ida t i on  w i thou t  
concomitant cleavage o f  one carbon-carbon bond, an unexpected process, 
would no t  be poss ib le .  However, r a d i o a c t i v e  components w i t h  the  

expected m o b i l i t y  on t h i n  l a y e r  chromatography o f  a B-hydroxy i n t e r -  
mediate have no t  been observed by ana lys i s  o f  l i p i d  e x t r a c t s  f rom r a t  
h e a r t  t i s s u e  a t  var ious t ime i n t e r v a l 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  r a d i o i o d i n a t e d  DMIPP (QRNL/TM-9?07). Rather than t h e  
i d e n t i f i c a t i o n  o f  p o l a r  products,  t h e  slow convers ion t o  t r i g l y c e r i d e  
s to rage products  has been detected. Thus, i t  appears t h a t  QMIPP en ters  
myocytes i n  t h e  usual  manner and i s  slowly conver ted t o  t r i g l y c e r i d e s .  
It i s  no t  known why “back d i f f u s i o n ”  i n t o  the  e x t r a c e l l u l a r  compartment 
i s  no t  observed desp i te  t h e  prolonged c e l l u l a r  r e t e n t i o n  o f  t h e  f r e e  
a c i  d d u r i  ng SI ow conversion t o  s to rage 1 i p i  d s .  

The increased r e t e n t i o n  o f  15-(p- 

y - 4 3  y 3  
H3C OH 

I i  
I 1  I 

n3c H 
R - C - C - c o o n  - R-C-  CH2-CoOn .+* R-y=CH-COOH 

cn3 CH3 

( 3 )  

J 

(7) 
F i g .  1. Expected i n h i b i t i o n  of 6- and a -ox ida t i on  r e s u l t i n g  Prom 

t h e  presence of gem1 na l  d imethy l  -subs t i  t u t i o n .  
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More recent s tud ies  w i t h  t h i s  new agent have focussed on an ana lys i s  
o f  t h e  o x i d a t i o n  o f  DMIPP w i t h  a commercial method ("NEFA C" TM) f o r  t h e  
q u a n t i t a t i v e  de terminat ion  o f  u n e s t e r i f i e d  f a t t y  ac ids  and t h e  
complet ion o f  i n i t i a l  c l i n i c a l  t r i a l s  w i t h  [I-l231DMIPP a t  t h e  I n s t i t u t e  
f o r  C1 i n i c a l  and Experi inental Nuclear Medi c i n e  i n  Bonn, Federal  Republ ic 

o f  Germany. 
F o r  t h e  f a t t y  a c i d  i n  v i t r o  enzyme s tud ies ,  a v a r i e t y  o f  o the r  f a t t y  

ac ids  were analyzed f o r  comparison, i n c l u d i n g  the  3-mOnOm€?thyl -branched 
15-(p-iodophenyT)-3-R,S-methylpentadecanoic a c i d  ( B M I P P )  analogue and 
severa l  s t ra igh t - cha in ,  unbranched agents. ?he bas is  of t h i s  t e s t  
( F i g .  2 )  i nvo l ves  i n i t i a l  enzymic fo rma t ion  o f  t h e  fa t ty  acy l  CoA 

ACS 
RC00t-I 1- A T P  + COAP Acyl-CoA + AMP + PPI 
(NEFA) 

* 2, 3-trans-Enoyl-CoA + H 2 0 2  Acyl-CoA + 02 

F i g .  2. A c t i v a t i o n ,  o x i d a t i o n  and fo rmat ion  o f  co lo red  product by 
t rea tment  o f  f a t t y  ac ids  w i t h  t h e  "NEFA C "  t e s t .  

d e r i v a t i v e  by added acy l  CoA synthetase fo l l owed  by o x i d a t i o n  t o  t h e  
enoyl-CoA product by an acy l  CoA oxidase enzyme. I f  o x i d a t i o n  occurs, 
t h e  hydrogen peroxide product then p a r t i c i p a t e s  i n  t h e  presence o f  
peroxidase w i t h  the  condensation o f  3-methyl-N-ethyl -N-@-hydroxylani l i n e  
(MEHA) w i t h  4-arninoantipyrine t o  y i e l d  a pu rp le  ( l i l a c )  co lo red  product 
w i t h  an absorp t ion  maximum o f  550 nm. Formation o f  t he  co lo red  product i s  
d i r e c t l y  p r o p o r t i o n a l  t o  t h e  l e v e l s  of t he  acy l  CoA so f r e e  f a t t y  a c i d  
l e v e l s  can be accu ra te l y  measured by t h i s  method.  The r e s t i l t s  o f  these 
s t u d i e s  are summarized i n  Table 1 and c l e a r l y  demonstrate t h e  i n h i b i t o r y  
e f f e c t  o f  m e t h y l - s u b s t i t u t i o n  i n  t h e  6 -pos i t i on .  Th is  i s  t h e  f i r s t  i n  
v i t r o  demonstrat ion o f  i n h i b i t i o n  a t  t h i s  stage o f  @-ox ida t i on  by 
6-met hy 1 -su bs i t u  t i on. 



Table 1. Results o f  treatment of  f ree  Fatt acids with the "NEFA C "  
f a t t y  acid assay t e s r ,  

Fatty acid Oxidation i ndexa 

S t ra i  g h t  Chain: 
Oleic 
P PA 
I PP 
I HA 

3-Monomethyl -Branched: 
BMPPA 
BMI PP 

1.23 
0.69 
0.26 
0.49 

0.015 
0.008 

3,3-Di met hy 1 -Branched : 
DMPPA 0.003 
DMIPP 0.006 

-_---_I_--_I_ -ll_-_--_---p--- 

aRelative t o  pmoles o le ic  acid standard/ml/50 pgm f a t t y  acid. 

I n i t i a l  patient studies with [I-123lDMIPP have now demonstrated the 

expected myocardi a1 uptake and prOlQflged retent i  on as was demonstrated 

i n  e a r l i e r  animal studies (ORNL/TM-Y609). These studies have been 

conducted a t  the University o f  Bonn,  Federal Republic Germany (S. N. 
Reske, M.D. and co-worker$) and consisted of intravenous administration 

o f  [1-123]0MIPP following submaximal exercise f o r  6 m i n .  The 

single-photon emission computerized tomographs (SPECT)  (- 6-21 min  

acquis i t ion)  clearly delineated the myocardium ( F i g .  3 ) .  Background 

F i g .  3. Transverse s ingle  photon tomographic images f r om the apex 
t o  the valve plane in a patient w i t h  multi-vessel coronary artery 
disease a f t e r  intravenous administration o f  1.5 mCi of [I-l23]DMIPP 
(courtesy of S. N. Reske, M.D., University o f  Bonn,  Federal Republic of 
Germany). 
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a c t i v i t y ,  however, d i d  suggest slow plasma clearance. Fo l l ow ing  a 
second submaximal exe rc i se  and subsequent SPECT a c q u i s i t i o n  (- 45-69 
min) t h e  myocardium was s t i l l  c l e a r l y  shown w i t h  b e t t e r  t a r g e t  t o  
non- ta rge t  r a t i o  (Fig. 3). These s tud ies  demonstrate t h e  slow 
myocardial  wash-out of t h i s  new agent, suggest ing i t s  p o t e n t i a l  
use fu lness  t o  measure reg iona l  f a t t y  a c i d  uptake pa t te rns .  

b lood samples were drawn a f t e r  a d m i n i s t r a t i o n  o f  C I - 1 2 3 1 D M I P P .  These 
r e s u l t s  (Fig.  4) demonstrate t h a t  DMIPP more s low ly  c l e a r s  t h e  plasma 
than was a n t i c i p a t e d  w i t h  a 8-10 min p e r i a d  fo r  c learance t o  50% o f  t h e  
maximal value and may e x p l a i n  t h e  background observed i n  the  e a r l y  SPECT 
images. The c l i n i c a l  s tud ies  w i t h  L I - 1 2 3 1 D M I P P  have a l s o  been i n i t i a t e d  
a t  t h e  c l i n i c a l  sect ion,  Center f o r  Cyc lo t ron  Research, U n i v e r s i t y  o f  
L iege, Belgium (Drs .  C. DeLandsheere and P. Rigo). These c o l l a b o r a t i v e  
s tud ies  i n  Bonn and Liege are con t inu ing  t o  eva lua te  t h e  p r o p e r t i e s  and 
usefu lness  f o r  e v a l u a t i n g  hear t  f u n c t i o n  i n  var ious  p a t i e n t  groups. 

B lood  clearance was a lso  evaluated i n  f o u r  p a t i e n t s  f rom whom s e r i a l  

OR"L.DWP I S C - 1 1 7 . 0  

TIME FOR 50% CLEARANCE OF 
PEAK VALUE = 8-10 MINUTES 

Y < w 
LL 

a 

0 
s 

100 L 1 %  
8 0  - *  

40 

F i g .  4. Plasma clearance o f  r a d i o a c t i v i t y  f o l l o w i n g  intravenous 
a d m i n i s t r a t i o n  o f  C I - 1 2 3 1 D M I P P  t o  f o u r  p a t i e n t s .  
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RADIQIORINATEO BRANCHED CARBOHIYDRATES - POTENTIAL NEW AGENTS 
TO EVALUATE CEREBRAL AND MYOCARDIAL DISORDERS 

C l i n i c a l  s t u d i e s  u s i n g  t h e  glucose analogue, 2 - [ l 8F3- f  luoro-2- 
deoxy-R-glucose (2-FDG), have shown t h a t  t h e  metabo l ic  r a t e  f o r  glucose 
u t i l i z a t i o n  i n  t h e  b r a i n  va r ies  i n  p a t i e n t s  w i t h  p a t h o l o g i c a l  
d isorders .  1-3 
disease,' and 
reduced glucose m t a b o l i s r n  i n  t h e  p a r i e t a l  reg ion  o f  the brain.  
However, because carbon-11 (tlk = 20 min) and f l u o r i n e - 1 8  (t1,q = 110 min) 
a r e  s h o r t - l i v e d  rad io iso topes  and because only a few reg ions  have 

I n  p a t i e n t s  w i t h  Alzheimers'  disease, 4 9 5  Parkinsons'  
2-FDG shows a c h a r a c t e r i s t i c  d i s t r i b u t i o n  o f  

c l i n i c a l  i n s t i t u t i o n s  w i t h  in-house cyc lo t rons  and p o s i t r o n  tomorgraphic 
devices, on ly  a small  p a t i e n t  popu la t i on  can utilize these r e v o l u t i o n a r y  
d i  agnost i c techniques avai 1 ab le  f rom these agents e 

glucose analogues a re  b e t t e r  candidates f o r  widespread c l i n i c a l  use 
because of  t h e  a t t r a c t i v e  r a d i o n u c l i d i c  p r o p e r t i e s  o f  iodine-123, a 
s i n g l e  photon e m i t t e r  (159 keV) w i t h  a 13.3 h h a l f - l i f e .  

Radi o i  od i  na ted  carbohydrates such as 2-deoxy-2-i odo-I)-gl ucose 
and 3-deoxy-3-i odo-D-glucose9 undergo f a c i  l e  chemical o f  i n  v i v o  
d e i o d i n a t i o n  which precludes t h e i  r use as r a d i o t r a c e r s  o f  glucose 
metabolism i n  t i ssues .  To overcome t h e  problems r e s u l t i n g  f rom i n  v i vo  
de i  od i  na t ion ,  t h e  concept of s t a b i  17mi ng r a d i  o l  od i  de on a model 

carbohydrate, (E)-C-3-i odov iny l  -R-a1 lose'' as an i o d s v i  nyl moiety has 
been exp lo red  (ORNL/TM-9480). Th i s  agent d i d  n o t  e x h i b i t  b r a i n  
s p e c i f i c i t y  bu t  showed low i n  v i v o  d e i o d i n a t i o n  which demonstrated f o r  
t h e  f i r s t  t ime t h a t  r a d i o i o d i d e  can be s t a b i l i z e d  on a carbohydrate. 
The goal o f  t h e  c u r r e n t  study was t o  develop a deoxy-branched 
carbohydrate w i t h  r a d i o i o d i d e  s t a b i l i z e d  as a v i n y l i o d i d e  w i t h  t h e  
o b j e c t i v e  o f  ach iev ing  h igh  b r a i n  uptake. 

I 3 i odovi ny 1 -2,4,6-0 -t r i  - 
acetyl-B-D-altropyranoside (7 ) ,  was prepared t o  e s t a b l i s h  t h a t  a deoxy 
s u b s t i t u t e d  i o d o v i n y l  carbohydrate [could be d e l i v e r e d  t o  t h e  b r a i n  i n  
s i g n i f i c a n t  l e v e l s  w i t h  prolonged r e t e n t i o n .  The s y n t h e t i c  approach f o r  
t h e  p r e p a r a t i o n  of t he  2-deoxy i o d o v i n y l  carbohydrate i n v o l v e d  t h e  
s c i s s i o n  o f  an anhydro sugar w i t h  a Gr ignard  reagent. 

Radi o i  od i  na ted  

8 

The model agent met hy 1 -2-deoxy -2- (E ) -[ 

This  v e r s a t i l e  
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carbon branching technique was chosen because by s e l e c t i n g  t h e  p o s i t i o n  

o f  t h e  anhydro group w i t h i n  t h e  pyranase r i ng ,  a v a r i e t y  o f  2-deoxy 
i o d o v i n y l  carbohydrates cou ld  be prepared. U t i l i z i n g  t h i s  s y n t h e t i c  
approach methyl -2-deoxy-2- ( E  ) [ 1251 li odovi ny 1-2 4,6-0-t r i  a c e t y l  8 -D- 
a l t ropy ranos ide  was prepared i n  the sequence o f  reac t i ans  o u t l i n e d  i n  
Scheme I .  

OH 

(4 1 

Scheme I 

I n  t h i s  s y n t h e t i c  approach, methyl-2,3-anhydro-4,6-0-benzylidefl~- 
8-D-al lopyranoside (1) was t r e a t e d  w i t h  ethynylmagnesiurn c h l o r i d e  t o  g ive  
methyl 4,6-0-benzyl i dene-2-deoxy-2-ethynyl-fi-D-altropyranosi de (2). 
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Hydros tanny la t ion  o f  (2 )  w i t h  t r l b u t y l  t i n  hyd r ide  b ~ - ( B u ) ~ - S n H l  gave 
t he key i n t e rmedi a t  e, met hy 1 4,6-O-benzy 1 i dene- 2-de oxy -2- (E ) - ( n - 
Bu ) 3SnHC=CH-B-D-al t ropyranosi  de (3 )  I ododestanny 1 a t  i on o f  ( 3 )  w i t h  
sodium i o d i d e  and N-chlorosuccinirnide gave methyl 4,6-0-benzylidene 
2-deoxy-2-(E)-IHC=CH-~-D-altropyranoside (4). Hyd ro l ys i s  o f  ( 4 )  w i t h  
20% t r i f l u o r o a c e t i c  a c i d  CF,COOH fo7lowed by t reatment  w i t h  

p y r i  d i  ne-Ac20 gave t h e  desi  r e d  agent ( 7 ) .  

min, 15 min, 30 min, 45 rnin, 60 min and 2 h a f t e r  in t ravenous 
a d m i n i s t r a t i o n  o f  [1251]-(7) i s  shown in Table 2. 

accumulat ion o f  r a d i o a c t i v i t y  i n  t h e  b r a i n  a f t e r  i n j e c t i o n  o f  t h i s  agent 

was s i g n i f i c a n t .  
t h e  b ra in ,  bu t  t h e  b lood l e v e l s  were a l s o  h igh  r e s u l t i n g  i n  bra in :b lood 
r a t i o s  o f  2.18:l. This  agent e x h i b i t e d  good b r a i n  re ten t i on ,  0.78% 
dose/gm a t  60 min which i s  34% of t he  peak uptake detected a t  2 min. 
The accumulat ion o f  r a d i o a c t i v i t y  i n  t h e  t h y r o i d  was low, on ly  23.0% a t  
60 min, which demonstrated the  s t a b i l i t y  o f  t h i s  agent t o  i n  v i v o  

de4 od i  na t  i on. 
The h igh  b r a i n  uptake o f  methyl 2-deoxy-2-E-iadoviny1-2,4,6-0- 

t r i a c e t y l  B-D-al t ropyranoside (7) mast l i k e l y  r e s u l t s  from pass ive 
d i f f u s i o n ,  s ince  (7)  i s  n o t  a substr-ate f o r  t h e  c a r r i e r  system requ i red  
f o r  a c t i v e  sugar t r a n s p o r t  across the  b lood/bra i  n b a r r j e r ,  Neverthe- 
less ,  t h e  b r a i n  d e l i v e r y  o f  a r a d i o i o d i n a t e d  sugar w i t h  r a d i o i o d i d e  
s t a b i l i z e d  as an i o d o v i n y l  moiety hds been successfully demonstrated 
w i t h  the  syn thes is  o f  t h i s  model agent. A series o f  i o d o v i n y l  deoxy 
sugars w i t h  a c t i v e  D-gluco and D-maiino c o n f i g u r a t i o n s  are p resen t l y  
be ing  prepared f o r  b i o l o g i c a l  eva lua t ion .  

The 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 female r a t s  a t  2 

The l e v e l  o f  

A f t e r  2 min, 2.31% i n j e c t e d  dose/gm was detected i n  



Table 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  in r a t  t i s s u e s  ( %  dose/gm) a t  var ious  t imes 
a f t e r  i n t r a v e n o u s  admini  s t r a t i  on o f  [ i 2 5 1  ]-methyl-2-deoxy-2-( E )  -i odovi  nyl-2.4.6-0- 

t r i a c e t y l - 6 - 0 - a l t r o p y r a n o s i d e  (7) 

Organ 

.. .. . . . 

8 1 ood 

L i v e r  

Kidney 

H e a r t  

Lung 

T n y r o i d  

B r a i n  

H e a r t / B r a i n  

B r a i  n /B lood 

. . Mean and ranae ( %  dose/ynti:sue) 
2 min 15 min 30 min 45 min l h  2 ' 1  

1.05 
(1.01-1.12) 

1.49 
(1.44-1.59) 

1.43 
(1.37-1.57) 

1.27 
(1.16-1.41) 

1.30 
(1.13-1.47) 

20.38 
(15.60-23.05) 

2.30 
(2.09-2.47) 

1.20 
(1.10-1.29) 

2.18 
(1.99-2.36) 

0.88 
(0.82-0.92) 

1.25 
(1.06-1.37) 

1.34 
(1.21-1.62) 

1.02 
(0.95-1.11 ) 

0.95 
(0.84-1.05) 

16.06 
(12.56-20.22) 

1.19 
(1.02-1.28) 

(1.11-1.21) 
1.15 

1.34 
(1.25-1.44) 

' 0.82 
(0.76-0.90) 

1.33 
(1.20-1.37) 

1.72 
(1.61-2.00) 

0.89 
(0.75-1.02) 

0.84 
(0.78-0.94) 

15.30 
(13.62-17.70) 

0.97 
(0.94-1.04) 

1.09 
(0.99-1.17) 

1.19 
(1.15-1.26) 

0.74 
(0.68-0.85) 

1.32 
(1.26-1.39) 

1.96 
(1.85-2.211 

0.82 
(0.73-0.93) 

0.80 
(0.70-0.88) 

17.56 
(12.90-23.33) 

0.84 
(0.80-0.94) 

1.09 
(1.06-1.14) 

1.13 
(1.11-1.22) 

0.71 
(0.64-0.76) 

1.29 
(1.16-1.39) 

2 .32  
(1.95-3.36) 

0.75 
(0.68-0.86) 

0.73 
0.68-3.81) 

23.02 
20.67-27.68) 

0.77 
0.72-0.88) 

1.06 
(0.94-1.14) 

1.09 
(1.02-1.161 

0.48 
(0.46-3.53) 

0.93 
(0.92-:.10) 

1.e2 
(1.65-2.04) 

0.:3 
(0.44-3.54) 

0.51 
( 0.46-J . 6 1 ) 

25.36 
(23.72-29.18) 

0.:3 
(0.47-5.53) 

1.32 
(0.95-i.09) 

1.9: 
(0.99-1 -07 ) 

RADIOIODINATEU BRAIN IMAGING AGENTS - RADIOIODINATED MEPERIDINE 
ANALOGUE 

[77Br]Bromperidol (1) has been repor ted  t o  show h igh  b r a i n  uptake i n  
rats'' and meperidine and meperidine analogues show i n t e r e s t i n g  c e n t r a l  
nervous system (CNS) proper t ies .  As a r e s u l t  o f  t h e  p o t e n t i a l  use o f  

771 Bs 

1231-labe?ed b r a i n  imaging agents, t h e  design and e v a l u a t i o n  o f  a model 

i odi  ne-123-1 abeled meperi d i n e  analogue has now been pursued. 
c o u l d  be u s e f u l  f o r  b r a i n  imaging by s i n g l e  phaton emission computerized 

Such agents 



tomography (SPECT).  For p re l im ina ry  eva lua t ion ,  t he  meperidine analogue, 
1 - ( E - 1 - [ 1 
(C"5136) has been prepared (Scheme 11). The a l k y l a t i n g  agent, (E)--1,5- 
d i  iodo- l -pentene(3) ,  was prepared by sodium iodide-chloramine-T 
i odi  n a t i  on o f  t h e  corresponding boroni  c a c i d  precursor ,  (E)-1-borono-5- 

i odo-1-pentene( 2) ,  as descr ibed e a r l  i e r  (ORNL/TM-8363), and was condensed 
w i t h  4-(4-chlorophenyl)-4-hydroxypiperidine ( 4 )  t o  y i e l d  (6). A l t e r n a -  
t i v e l y ,  (6 )  cou ld  be prepared by the d i r e c t  sodium iodide-chloramine-? 
i o d i n a t i o n  o f  t he  boron ic  a c i d  in te rmed ia te ,  I-( (E)-1-borano-I-pentene- 
5-yl)-4-chlorophenyl-4-hydroxypiperidine (5). The in te rmed ia te  ( 5 )  was 
prepared i n  65% y i e l d  by condensing (2 )  and (4 )  i n  b o i l i n g  2-butanone f o r  
24 h. The r a d i o i o d i n a t e d  compound ([1251]6) was prepared s i m i l a r l y  us ing  
Na[1251], f o l l o w i n g  the  r e a c t i o n  sequence o u t l i n e d  i n  Scheme I1 (2+3+6). 

The produc t  was p u r i f i e d  by s i l i c a  gel column chromatography and charac- 
t e r i z e d  by comparing w i t h  the  corresponding un labe led  s tandard by t h i n -  

l a y e r  chromatography. T issue d i s t r i b u t i o n  s tud ies  (Table 3)  o f  
iod ine-125 labe led  ( 6 )  i n  female F i sche r  r a t s  showed i n i t i a l  h igh  b r a i n  
uptake and h igh  bra in :b lood r a t i o s  w i th  gradual washout (Fig. 5). These 

I ] i ado - 1 -pent en - 5 -y 1 ) - 4 - ( 4 - c h 1 Q r op h e ny 1 ) - 4 -hydroxy p i p e r i d i ne 

Tab le  3. D 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  of female i i s c h e r  r d t s  f o l l o w i n g  i n t r a v e n o u s  
a d m i n i s t r a t i o n  of 1-(E)-1-[1251 I1 odo-1-penten-5-y' ) -4- (4-chloroghenyl)-4-hydroxypiperidi ne ( [1251 ]6 )  .a 

Mean p e r c e n t  inJec?.ed dose/gm ( range)  

Mean Tissue T i me ---I-- 

A f t e r  ----- ____I l___.___ll___ 

I n j e c t i o n  B r a i n  B lood  L i v e r  K idney H e a r t  Lung T h y r o i d  B r a ?  n/Blood 

5 2.38 0.23 2.28 3.7,' 1.48 12.30 12.23 10.3:l 
(2.18-2.73) (0.22-0.29) (1.80-2.68) (3.57-1.06) (1.24-1.74) (11.03-13.51) (0.02-17.15) 

30 1.27 0.36 1.62 1.45 0.47 3.68 40.66 3.5:1 
(1.13-1.44) (0.34-0.42) (1.36-1.92) (1.23-1.73) (0.38-0.54) (2.91-4.24) (26.86-48.31) 

60 0.58 0.46 1.92 0.86 0.31 1.61 86.67 1.3:1 
(0.50-0.66) (0.38--53) (1.85-2.07) (0.76-(1.99) (3.29-0.37) (1.35-1.93) (71.81-93.833 

'Each animal  ( 5  an imals  p e r  t i m e  p o i n t )  r e c e i v e d  13 U C i  o f  [ ; Z 5 I J 6  by t a i l  v e i n  i i j e c t i o n .  
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Scheme I1 

data  suggest t h a t  t h e  p repara t i on  o f  t h e  corresponding iodine-123- labeled 
( 6 )  f o r  imaging s tud ies  i n  r a t s  and o f  s i m i l a r  r a d i o i o d i n a t e d  compounds 
f o r  p r e l i m i n a r y  eva lua t i on  i n  l abo ra to ry  animals should be pursued, 

I I 
0 5 30 60 

Min after injection 

F ig .  5. Gradual washout o f  r a d i o a c t i v i t y  f rom r a t  b ra ins  a f t e r  
in t ravenous i n j e c t i o n  o f  ([125136). 



13 

REFERENCES 

1. 
2. 
3. 

4. 
5. 
6. 
7. 
8. 

9. 

10. 
11. 

Phelps ME, Huang SC, Hoffman EJ, e t  a1 .: Ann. Nuerol . , - 6: 371 (1979) 
R e i v i c h  M, Kuhl D, Wolf AP, e t  al.: 
R e i v i c h  M, A l v i  A, Wolf AP, e t  al.: J. Cereb. B lood Flow Metab., 
- 2: 307 (1982). 
Hoffman EJ, Phelps ME, Huang SC: 
Kuhl DE, Me t te r  EJ, Benson DF, e t  al.: 
M e t t e r  EJ, Riege WH, Kuhl DE, e t  al.: 
A l a v i  A, Chawluk J ,  H u r t i g  R ,  e t  al.: 
Fowler JS, Lade RE, MacGregor RR, e t  al.: J. Lab. Cmpd. 

Radi opharm., 16: 7 (1979). 
K l o s t e r  G, Lau fer  R, S t o c k l i n  G: J. Lab. Cmpd. Radiopharm,, E:391 
(1983). 
Goodman MM, J.  Nucl. Med., 26, P 121 (1985). 
S. M. More le in  and G. L. S t o c k l i n ,  3 .  Med. Chem., - 28, 1319 (1985). 

C i rc .  Res., fi:127 (1979). 

J. Nucl. Med., =:28 (1985). 
J .  Nucl. Med., 2 : 6 9  (1985). 

J Nucl. Med., - 25:109 (1984). 
3 .  Nucl. Ned., E : 6 9  (1985). 

AGENTS FOR MEDICAL COOPERATIVE PROGRAMS 

O s m i  urn-191 

Nine shipments o f  osmium-191 were made d u r i n g  t h i s  r e p o r t i n g  per iod.  
Three shipments went t o  Cyc lo t ron  Center, Liege, Belgium (Drs. M. 
G u i l  laume and C. Br ihaye) ;  two shipments each t o  Massachusetts General 
H o s p i t a l ,  Boston, MA (Dr. H. W. Strauss) ;  C h i l d r e n ' s  Hosp i ta l ,  Boston, 
MA (Dr.  S .  Treves);  and The George Washington U n i v e r s i t y ,  Washington, DC 

(Dr .  B. Wessels). 

I o d i  ne-125-Labeled Agents 

A t o t a l  o f  t h ree  shipments o f  iod ine-125- labeled agents as research 
produc ts  were made t o  co l l abo ra to rs .  
i o d i n a t e d  f a t t y  ac ids  were made t o  t h e  Department o f  Card io logy,  Free 
U n i v e r s i t y  Hosp i ta l ,  Amsterdam, The Nether lands (Dr. F. C. Wisser); 
Brookhaven Nat iona l  Laboratory,  Upton, NY (Drs, A. B. B r i l l  and P. Som); 
and Massachusetts General Hosp i ta l ,  Boston, MA (Dr .  H. W .  Strauss) .  

One shipment each o f  rad io -  
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Copper-64 

One shipment o f  copper-64 was made t o  t h e  Oak Ridge Associated 
U n i v e r s i t i e s  (Dr.  J. Crook) du r ing  t h i s  r e p o r t i n g  period. 

AGENTS DISTRIBUTED ON COST-RECOVERY BASIS  

P 1 a t  i nu m- 195m 

F i v e  shipments o f  195Smpt-labeled - cis-dichlorodiammineplatinum( 11) 
(cis-DDP) - were made on a cost recovery basis. One shipment each was 
made t o  t h e  U n i v e r s i t y  o f  Texas Hea l th  Science Center, San Antonio, TX 
(Dr. K. V. Speeg); U n i v e r s i t y  o f  Iowa (Dr. C. P. Burns); U n i v e r s i t y  o f  
C a l i f o r n i a ,  San Diego, CA (Dr. P. Andrews); City of Hope Nat iona l  
Medical  Center (Dr. K. 3 .  Scanlon); and Na t iona l  I n s t i t u t e s  o f  Health, 
Bethsda, MD (Dr. C. L i t t e r s t ) .  
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