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SUMMARY 

I n  t h i s  repo r t  t he  synthes is  of t he  4,4 ' -d imethyl  analogue o f  t he  
mode 1 3,3 ' - d i met hy 1 f a t t y  ac i d , 15 - ( p - i odop heny 1 ) - 3 3- d i met hy 1 pent a - 
decanoic ac id  (3,3'-DMIPP), i s  described. The [ I - l 25 ] l abe led  4,4'-DMIPP 
was evaluated i n  f a s t e d  r a t s  and s u r p r i s i n g l y  showed h i  gher nyocardi  a1 
uptake and f a s t e r  blood clearance than the  3 , 3 ' - ,  6,6'- and 9,9'-DMIPP 
analogues [hear t (hear t :b lood) ,  % dose/gm, 30 min: 3 , 3 '  = 5.06 (12:1), 4,4' 
= 8.03 (16*7:1), 6,6' = 2.26 ( 3 . 1 : 1 ) ,  9,9' = 3.06 (2.77)l. Since a l l  
analogues have t h e  same chain length, d i f f e rences  i n  t i s s u e  uptake and 
clearance apparent ly  r e s u l t  f rom the  p o s i t i o n  o f  geminal dimethyl-,  
branching. 

rap id ,  one-step r a d i o i o d i n a t i o n  o f  N-(p-iodophenyl )maleirnide. This  work 
i nvo l ved  the  coup l ing  of 4-aminopheny1mercuric ace ta te  w i t h  maleic 
anhydr ide t o  g ive t h e  a c i d  amide which was then r i n g  annulated w i t h  sodium 
aceta te  t o  g ive t h e  N-(p-acetylmercuricpheny1)maleimide " k i t . "  The 
c r y s t a l l i n e  k i t  i s  r e a d i l y  rad io iod ina ted  w i t h  [*I11 t o  g ive the  
N- ( p -i odop heny 1 ) ma1 e i  m i  de p r o t e i  n labe 1 i ng agent. 

made t o  medical cooperat ive programs. Four shipments o f  osmium-191 were 
made t o  co l l abo ra to rs  i n  Belgium f o r  f a b r i c a t i o n  o f  osmiurn-191/ 
i ridiurn-P9lm rad ionuc l i de  generators f o r  c l i n i c a l  s tud ies.  Generators 
prepared a t  ORNL were supp l ied  t o  co l l abo ra to rs  a t  Boston (Dr, Strauss e t  
a1 .) and Washington, D.C. (Dr. Wessels e t  al . )  f o r  p r e c l i n i c a l  s tud ies.  
Rad io iod ina ted  methyl -branched fa t ty  ac ids (Drs. Visser,  Amsterdam and 
Drs. Kropp and Biersack, Bonn, West Germany) and the  rad io iod ina ted  
maleimide agents (Dr. M i l l s ,  Ph i l ade lph ia )  were a l s o  made f o r  co l labora-  
t i  ve s tud ies  . 

A l s o  descr ibed i n  t h i s  repo r t  i s  t he  development o f  a " k i t "  f o r  t h e  

Dur ing  t h i s  per iod  several shipments of research products were a l s o  

1 
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EFFECTS OF POSIITON OF DIMETHYL-BRANCHING ON HEART UPTAKE AND 
RETENTION AND BLOOD CLEARANCE OF DMIPP ANALOGUES 

I n  a recent repo r t  (ORNLITM-10294) the  prepara t ion  o f  two model 
dimethyl  -branched analogues of 15-(p-iodophenyl )pentadecanoic a c i d  (IPP), 
15-( p-iodophenyl)-6,6' -dimethylpentadecanoi c a c i d  (6,6' -DMIPP) and 
15- (p - i  odopheny 1 ) -9,9' -d imethyl  pentadecanoi c ac i  d (9,9' -DMIPP) , were 
descr ibed and p re l im ina ry  t i s s u e  d i s t r i b u t i o n  data o f  the  [I-1251 
9,9'-DMIPP analogues were presented. The r e s u l t s  o f  the p re l im ina ry  
b i o l o g i c a l  eva lua t ion  demonstrated t h a t  t he  9,9'-DMIPP analogue showed 
lower  hear t  uptake, more rap id  rnyocardial washout, and h igher  b lood l e v e l s  
than 3,3'-DMIPP, an analogue which has been evaluated i n  p a t i e n t s  
(ORNL/TM-10082). These r e s u l t s  suggested t h a t  the p o s i t i o n  o f  d imethyl  - 
branching w i t h i n  the  f a t t y  a c i d  chain i s  an impor tant  s t r u c t u r a l  f ea tu re  
Hhich e f f e c t s  the  myocardial uptake and clearance k i n e t i c s  o f  DMIPP 
analogues. 
both odd and even p o s i t i o n s  of the  f a t t y  a c i d  chain on nyocard ia l  uptake 

I n  order t o  f u r t h e r  study the  e f f e c t s  o f  d imethyl-branching a t  

CH3 
51 

I 
CH 3 

- C - (CH2),COOH 

cH 3 

C"3 

0 1  
I 

IO (CH 2 )6  - c - (CH 1, COOH - 

Fig.  1. St ruc tures  o f  t he  3,3'-,4,4'-,6,6'- and 9,9 ' -d imethyl  
analogues o f  15- ( p - i  odophenyl )pentadecanoi c acid. 
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and clearance, the syn thes i s  of a new dimethyl analogue 15-(p-iodophenyl)-  

4,4'-dimthylpentadecanoic ac id  (4,4'-DMIPP), is descr ibed.  

o f  the tissue d i s t r i b u t i o n  of the 3 , 3 ' - ,  4,4 ' - ,  6,6'-, and 9,9'-dimethyl 

analogues is a l s o  presented.  

A comparison 

The 15- (p - i  odopheny1)-4,4' -dimethyl pentadecanoi c a c i d  (4,4 '  -DMIPP ) was 
synthes ized  i n  a 7-s tep sequence 

CH3 
I 

I 
(CH2I2 - c - CH,COOH 

of r eac t ions  (Scheme I )  from a key 

CH, 

C H 3  

y 3  

4,4'-DM IPP 

Scheme I 
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sy n t h e t i c i n t e rme d i a t  e, 2- ( 3 3 - d i  met hy 1 - 5 - hy d r o  xy pe n t a n oy 1 ) t h i op h e n e ( 1 ) . 
In termed ia te  (1) was a l so  u t i l i z e d  e a r l i e r  f o r  i n t r o d u c t i o n  o f  d i n e t h y l -  
branching i n t o  the  a lkano ic  chain f o r  p repara t ion  o f  3,3'-DMIPP 
(ORNL/TM-9609) and 3,3'-DMIVN (ORNL/TM-9784). I n  t h i s  syn the t i c  approach, 

t h e  2- ( 3,3-di met hy 1 -5- hydroxypent anoy 1 ) t h i op hene (1 ) s t a r t  i ng mate r i  a1 was 
reduced w i t h  LiAlH, t o  a f f o r d  2-(3,3-dimethy1-5-hydroxypentyl)thiophene 
( 2 ) .  The t h i e n y l  a lcohol  ( 2 )  was converted t o  the  c h l o r i d e  (3)  by 
t reatment  w i t h  N,N' -d imethy lan i l ine and t h i o n y l  ch lo r ide .  The pheny la lky l  
moiety was then in t roduced i n t o  the  5 ' - t h i e n y l  p o s i t i o n  by coup l ing  o f  
5-phenylpentanoyl c h l o r i d e  ( 4 )  w i t h  c h l o r i d e  (3 )  cata lyzed by t reatment 
w i t h  t i n ( 1 V )  c h l o r i d e  i n  methylene ch lo r ide .  The ch lo ro  ketone ( 5 )  was 
then converted t o  the  n i t r i l e  ( 6 )  by t reatment w i t h  NaCN i n  DMSO. The 
k e t o  func t i on  o f  compound ( 6 )  was reduced by the  Wol f f -K ishner  
(Huang-Minlon) method which concomitant ly hydrolyzed the  n i t r i l e  f u n c t i o n  
t o g i  ve 2- ( 4,4 ' - d i met hy 1 -6 - hy d r o xy he xa n oy 1 ) - 5 - ( 5 - p he ny 1 pen t y  ) t h i op he n e 
( 7 ) .  Raney Nickel  d e s u l f u r i z a t i o n  o f  the  thenyl  a c i d  (7 )  fo l lowed by 
subsequent t reatment w i t h  t h a l l i u m ( I I 1 )  t r i f l u o r o a c e t a t e  and potassium 
i o d i d e  gave 4,4'-DMIPP (9). 

Table 1.  Comparison of  t issue d i s t r i b u t i o n  r e s u l t s  i n  Fischer r a t s  
w i t h  the 3,3 ' - ,  4,4 ' - .  6,6 ' -  and 9,9'-DMIPP analogues.- a 

Mean values for dimethyl analogues o f  
15-(p-Iodophenyl )pentadecanoic ac id  

T i  me 
3 , 3 ' P  4.4'- 6 , 6 ' -  9 , 9 ' C  

_II- 

Tissue (min) 

4.67 7.33 2.36 3.13 
Heart  30 5.06 8.03 2.26 3.06 

4.49 8.68 1.83 1.90 

1.48 0.81 1.40 1.20 
Blood 30 0.42 0.48 0.73 1.09 

2.15 2.02 1.78 1.81 
1.42 1.83 1.26 1.28 
1.17 1.85 0.92 1.17 

3: 1 9: 1 1 .7: l  2.63 
12: 1 16.7:l 3 .1: l  2.72 
12.5: l  17.4: 1 3 . 3 : l  2.09 

1 6: 
6: 0.36 0.5Q 0.55 0.90 

a_ mean valuses f o r  f i v e  Pasted female Fischer r a t s  

from ~NL/TM-9609 

5- from oRNL/TM-10294 
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The 3,3'-DMIPP analogue was labe led  w i t h  iodine-125 i n  the  usual 
manner and administered t o  fasted F i sche r  ra ts .  The r e s u l t s  o f  these 
f i r s t  s tud ies (Table 1) i n d i c a t e d  very h igh  hear t  uptake, r a p i d  blood 
clearance and h igh  hear t :b lood r a t i o s .  These data are compared w i t h  
s i m i l a r  data f o r  t he  3 ,3 ' - ,  6,6'- and 9,9'-dimethyl analogues and suggest 
t h e  4,4'-analogue e x h i b i t s  t he  most a t t r a c t i v e  p roper t i es .  
w i l l  eva luate the  [1-13113,3'-DMIPP/[I-l2514,4'-DMIPP mix tu re  t o  confirm 
t h i s  p re l im ina ry  r e s u l t .  

Future s tud ies  

DEVELOPMENT OF A NEW " K I T "  FOR FACILE R A D I O I O D I N A T I O N  OF N-SUBSTITUTED 
MALEIMIDES FOR PROTEIN RADIOLABELING 

Rad io labe l i ng  o f  ant ibodies w i t h  iodine-131 and iodine-123 i s  a t t r a c -  
t i v e  f o r  t he rapeu t i c  and d iagnos t i c  app l i ca t i ons .  M o d i f i c a t i o n s  o f  t he  
c l a s s i c a l  chloramine-T procedure are the  most common methods f o r  
r a d i o i o d i n a t i o n  o f  ant ibodies.  The procedure i s  considered t o  r a d i o l a b e l  
phenyl group o f  t y r o s i n e  residues i n  the  p r o t e i n  (Scheme 11). Disadvan- 
tages o f  t h i s  procedure i nc lude  the  subs t ra te  exposure t o  chemicals 
d u r i n g  r a d i o i o d i n a t i o n ,  t he  p o s s i b i l i t y  of non-speci f ic  r a d i o l a b e l i n g  and 
dena tu ra t i on  o f  p r o t e i n  r e s u l t i n g  i n  low y i e l d s  o f  the rad io labe led  
antibody. Another major drawback i s  i n  v i vo  de iod ina t i on  and entrapment 
o f  f r e e  rad io iod ine  i n  t h e  stomach mucosa and decreased t i s s u e  h a l f - l i f e  
o f  rad io labe led  antibody. 
a l t e r n a t i v e  r a d i o l a b e l i n g  techniques are t h e r e f o r e  important.  

F u r t h e r  improvements and development o f  

Protein 

CH2 1 
T 

0 
I 
OH 

lad inat  ion - 
Purification 

Protein 

C"2 1 
7- 

I 
OH 

Scheme I1  
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The N-subs t i tu ted  maleimides are a t t r a c t i v e  reagents f o r  r a d i o l a b e l i n g  
pro te ins ,  s ince they r e a d i l y  reac t  w i t h  t h i o l  (SH) groups o f  p ro te ins  
under m i l d  condi t ions.  For  p ro te ins  which do not  con ta in  a f u n c t i o n a l l y  
unessent ia l  reac t i ve  t h i o l  group, t h i o l  groups can be in t roduced a t  
n e u t r a l  pH. Maleimides have been prev ious ly  used f o r  enzyme-labeling o f  
i nsul  i n and r a b b i t  ant ibodies,  Radi o l  i gand bear i  ng malei m i  des, t h e r e f  ore, 
o f fe r  s i g n i f i c a n t  p o t e n t i a l  f o r  l a b e l i n g  p ro te ins  and an t ibod ies  f o r  
d iagnos t i c  imaging and therapeut ic  app l i ca t i ons  (Scheme 111). 

Protein * I 
SH 
I 

I 
X 

Scheme 111 

The synthes is  o f  a new maleimide r a d i o i o d i n a t i o n  agent, N-(p-[ 1251]- 

iodophenyl )maleirnide (IPM), has been prev ious ly  descr ibed (ORNL/TM-10294), 
where i od ine  i s  s t a b l i z e d  on a phenyl r i n g  t o  i n h i b i t  i n  v i v o  de iod ina t ion .  
The agent has been labe led  w i t h  iodine-125 f o r  p re l im ina ry  studies,  but  
t h e  - 8 hours requ i red  f o r  synthesis and p u r i f i c a t i o n  are no t  a t t r a c t i v e  
f o r  r a d i o i o d i n a t i o n  w i t h  iodine-123 (13 h h a l f - l i f e ) .  

maleimide agent has now been prepared (Scheme IV). 
t o  p rov ide  t h e  i n t a c t  molecule conta in ing  a func t i ona l  group, which i n  t h e  
l a s t  step can be r e a d i l y  rad io iod ina ted  t o  y i e l d  the  des i red  molecule. 

To minimize t h e  reac t ion  t i m e  a ' ' k i t "  f o r  r a d i o l a b e l i n g  o f  the  
The k i t  was designed 
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Scheme I V  

I n  t h e  " k i t "  synthes is  of  N-(p-iodophenyl)maleimide, t he  rad ionuc l i de  
i s  added i n  the  l a s t  step t o  a l l ow  the  use of the s h o r t - l i v e d  iodine-123. 
The s t a r t i n g  ma te r ia l s ,  maleic anhydride (1) - and 4-aminophenyl mercur ic 
ace ta te  ( 2 ) ,  were condensed t o  form 4-[N-(p-aminophenyl (mercur ic 
acetate)]-2-butenoic acid-4-one (3). - Ring annu la t i on  o f  (3 )  c w i t h  fused 

sodi  um acetate gave N- (p-acetylrnercur i  cphenyl )malei m 
ace ta te  moiety on (4) i s  e a s i l y  exchanged f o r  any o f  
iod ine,  depending on the  p a r t i c u l a r  need, t o  produce 
N-(p-iodopheny1)maleimide (5). - The k i t  i s  a c r y s t a l  

de (4). The mercur ic 
the  rad io isotopes o f  
rad io labe led  
i n e  compoundD s t a b l e  

a t  room temperature, and can be shipped f o r  easy o n s i t e  r a d i o l a b e l i n g .  
Other c h e l a t i n g  f u n c t i o n a l  groups can possibly be at tached f o r  p o t e n t i a l  
l a b e l i n g  w i t h  o the r  m t a l l i c  radioisotopes. 

AGENTS FOR MEDICAL COOPERATIVE PROGRAMS 

Osmi um-191 

Seven shipments o f  osmium-191 were made du r ing  t h i s  period. Four 
shipments were supplied t o  c o l l a b o r a t o r s  t o  the Cyc lo t ron  Center, Liege, 
Belgium (Drs. C. Br ihaye and M. Guil laume); one shipment t o  Massachusetts 
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General Hosp i ta l ,  Boston, MA (Or. H. W. Strauss) ;  one shipment t o  
C h i l d r e n ' s  Hosp i ta l ,  Boston, MA (Dr. S .  Treves); one shipment t o  Yale 
Un ive rs i t y ,  New Haven, CP (Dr. K. K. Turek ian) ;  and one shipment t o  The 
George Washington Un ive rs i t y ,  Washington, D.C. (Dr. B e  Wessels). 

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  per iod.  

Radi o i  odi  nated Agents 

Four shipments of iodine-125 labe led  agents were made t o  co l labora tors .  
One shipment each went t o  Temple Un ive rs i t y ,  Phi ladelph ia,  PA (Dr. C. B. 
M i l l s ) ;  E.I.  du Pont, North B i l l e r i c a ,  MA (Or. S .  A. Mousa); Oak Ridge 
Associated U n i v e r s i t i e s  (Dr. J.  Crook); and U n i v e r s i t y  o f  Bonn, Bonn, FRG 
(Drs. S .  Reske and J .  Kropp). 
t a  the  Department o f  Cardiology (Dr. F. Visser) ,  Amsterdam, The 

Nether1 ands. 

One shipment o f  iodine-131 DMIPP was made 

AGENTS DISTRIBUTED ON COST-RECOVERY BASIS  

Platinum-195m 

F i ve s h i pine n t s o f  mP t - 1 a be 1 ed c i  s -d i c h 1 o r o d i  ammi nep 1 a t  i nu m ( I I ) 
(cis-DBP) - were made on a cost  recovery basis. One shipment each was made 
t o  t h e  Nat ional  I n s t i t u t e s  o f  Health, Besthesda, MD (Dr. C. L i t t e r s t ) ;  
Shie lds Warren Rad ia t ion  Laboratory, Boston, MA (Dr. A. I .  Kassis) ;  t h e  
U n i v e r s i t y  o f  C a l i f o r n i a  - San Diego, La J o i l a ,  CA (Dr, P-  Andrews); New 
York Medical Center, New York, NY (Dr. T. Reich);  and Br is ta l -Myers  
Company, East Syracuse, NY (Dr. Tay). 
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OTHER NUCLEAR MEDICINE GROUP A C T I V I T I E S  

Pu bl i c a t  i ons 

S. N. Weske, F. F.  Knapp, Jr., and C. Winkler "Experimental Basis o f  
Me tabo l i c  Imaging of t h e  Myocardium w i th  Radio iod inated Aromatic Free 
F a t t y  Acids," Am. J. Physioi .  Imaging, I 1, 214-229 (1986). 

P. C. Sr ivastava, M. L. Tedjamulia, and F. F. Knapp, Jr. 
Cerebral Per fus ion Agents. Synthesis and Evaluat ion o f  Berber ine 
Analogues," J. Hetero. Chem., - 23, 1167-1169 (1986). 

"Po ten t i a l  

V i s i  tors 

A group o f  25 p a r t i c i p a n t s  f rom the ORAU/REACTS "Medical P lanning and Care 
i n  Rad ia t i on  Accidents" v i s i t e d  the  nuc lear  medicine program on November 6 
f o r  a review o f  cu r ren t  research a c t i v i t i e s .  
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