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Use of organoboranes in modern medical imaging 
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A b s t r a c t  - I s o t o p i c a l l y  l a b e l e d  m a t e r i a l s  have proven t o  be i n v a l u a b l e  i n  chemi- 
c a l ,  med ica l ,  and b i o l o g i c a l  research .  Organoboranes a r e  b e g i n n i n g  t o  p l a y  a 
s i g n i f i c a n t  r o l e  i n  t h e  s y n t h e s i s  o f  m e d i c a l l y  i m p o r t a n t  m a t e r i a l s  which c o n t a i n  
b o t h  s t a b l e  and s h o r t - l i v e d  i s o t o p e s .  The o r g a n i c  compounds o f  boron  possess 
c h a r a c t e r i s t i c s  which make them i d e a l  i n t e r m e d i a t e s  i n  r a d i o p h a r m a c e u t i c a l  
pathways; t h e s e  i n c l u d e  t h e  f a c t s  t h a t  boron r e a c t i o n s  t o l e r a t e  a w ide  v a r i e t y  o f  
p h y s i o l o g i c a l l y  a c t i v e  f u n c t i o n a l i t y  and t h a t  t h e  r e a c t i o n s  proceed r a p i d l y  and i n  
h i g h  y i e l d s .  Boranes have found i m p o r t a n t  a p p l i c a t i o n s  i n  modern med ica l  i m a g i n g  
t e c h n i q u e s  such as p o s i t r o n  e m i s s i o n  tomography (PET) and magnet ic  resonance 
imag ing  ( M R I ) .  

INTRODUCTION 

I s o t o p i c a l l y  l a b e l e d  compounds have t r a d i t i o n a l l y  p l a y e d  an i m p o r t a n t  r o l e  i n  c h e m i s t r y ,  
b i o l o g y ,  and med ic ine .  I n  r e c e n t  y e a r s  t h e  development  o f  new r o u t e s  t o  l a b e l e d  compounds 
has become more i m p o r t a n t  due t o  t h e  a v a i l a b i l i t y  o f  r e l a t i v e l y  i n e x p e n s i v e  c y c l o t r o n s  
wh ich  a r e  capab le  o f  p r o d u c i n g  a s e l e c t i o n  o f  u s e f u l  i s o t o p e s  ( r e f .  1). Organoboranes were 
t h e  f i r s t  o f  t h e  modern o r g a n o m e t a l l i c  r e a g e n t s  t o  be u t i l i z e d  f o r  s y n t h e s i z i n g  l a b e l e d  
compounds o f  i n t e r e s t  i n  med ica l  imag ing  ( r e f .  2 ) .  D u r i n g  t h e  decade wh ich  f o l l o w e d  t h e  
e a r l y  organoborane research ,  a v a r i e t y  o f  r e a c t i o n s  were deve loped wh ich  u t i l i z e  boron,  
t i n ,  mercury,  and o t h e r  meta l -based r e a g e n t s  ( r e f .  3) .  

An i m p o r t a n t  aspec t  o f  organoborane c h e m i s t r y  i s  t h a t  boron  can be i n c o r p o r a t e d  i n t o  a 
l a r g e  number o f  p h y s i o l o g i c a l l y  a c t i v e  compounds i n  a s t e r e o c h e m i c a l l y  d e f i n e d  manner. 
Even more s i g n i f i c a n t l y ,  we have demonst ra ted  t h a t  t h e  boron atom can be r a p i d l y  r e p l a c e d  
by a l a r g e  number o f  m e d i c a l l y  u s e f u l  i s o t o p e s .  It i s  a l s o  n o t e w o r t h y  t h a t  n o n - r a d i o a c t i v e  

“XI, H-B< 
R-CH=CHz - RCHzCHzB’ - RCHzCHP-X \ 
(where R can contain: -NOz, -CN, -COzR, etc. and X represents 

a variety of isotopes such as 1231, I lC, 13C, 15N, 13N, 150, etc.) 

i s o t o p e s  a r e  b e g i n n i n g  t o  p l a y  a more s i g n i f i c a n t  r o l e  i n  b i o m e d i c a l  r e s e a r c h  because o f  
r e c e n t  developments i n  h i g h  r e s o l u t i o n  mass s p e c t r o m e t r y  and m u l t i n u c l e a r  m a g n e t i c  
resonance imag ing  ( M R I ) ;  carbon-13, n i t r o g e n - 1 5 ,  oxygen-17, and f l u o r i n e - 1 9  l a b e l e d  
compounds now w i d e l y  used. 

I n  r e c e n t  y e a r s ,  t h e  focus  o f  our  r e s e a r c h  has been on t h e  development  o f  organoborane 
r e a c t i o n s  w i t h  b i o m e d i c a l  a p p l i c a t i o n s  ( r e f .  4 ) .  These r e a c t i o n s  complement t h e  e x t e n s i v e  
r e p e r t o i r e  o f  organoborane t r a n s f o r m a t i o n s  o f  use i n  o r g a n i c  syn theses  ( r e f .  5) .  
H i g h l i g h t s  o f  c u r r e n t  r e s e a r c h  a r e  p r e s e n t e d  i n  t h e  f o l l o w i n g  d i s c u s s i o n s ,  

HALOGEN ISOTOPES 

The r e a c t i o n s  o f  organoboranes w i t h  m o l e c u l a r  i o d i n e  and bromine were e f f e c t i v e l y  deve loped 
by H. C. Brown and h i s  coworkers ( r e f .  6). The method was n o t  s u i t e d  t o  t h e  p r o d u c t i o n  o f  
r a d i o h a l o g e n a t e d  reagents  due t o  t h e  dangers and c o s t  a s s o c i a t e d  w i t h  r a d i o h a l  ogens i n  t h e  
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molecu la r  s ta te .  
t h e  r e a d i l y  a v a i l a b i l i t y  h a l i d e  form and invo lves  an exper imen ta l l y  s imp le  i n  s i t u  oxida- 
t i o n  ( r e f .  7). 

We developed a new ha logenat ion  methodology which u t i l i z e s  t h e  halogen i n  

Nap 
R3B - R-XI [where X* = radioactive halide] 
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The method i s  equa l l y  s u i t e d  f o r  i so topes  o f  i o d i n e  and bromine ( r e f .  8). 
t he  r e a c t i o n  can be used t o  prepare a wide v a r i e t y  o f  a r y l ,  v i n y l ,  and a l k y l  h a l i d e s  
i n c l u d i n g  amphetamines ( r e f .  9) ,  f a t t y  ac ids  ( r e f .  l o ) ,  and s t e r o i d a l  d e r i v a t i v e s  
( re f .  11).  

S i g n i f i c a n t l y ,  

Cur ren t l y ,  our research i s  focused on t h e  syntheses o f  a s e r i e s  o f  i odov iny lg lucose ,  
d e r i v a t i v e s ,  I ,  which are  be ing  screened f o r  me tabo l i c  a c t i v i t y  i n  t h e  myocardium and 
b r a i n  and mod i f i ed  1 7 ~ - i o d o v i n y l s t e r o i d s ,  11, f o r  tumor imaging. 

OXYGEN 

Organoboranes a re  r e a d i l y  ox id i zed  by a wide v a r i e t y  o f  agents. One o f  t h e  most conven ien t  
methods i nvo l ves  t h e  use o f  sodium perbora te ,  a sa fe  and inexpens ive  reagent which 
t o l e r a t e s  a wide v a r i e t y  o f  f u n c t i o n a l  groups ( r e f .  12).  

Mo lecu la r  oxygen i s  r e a d i l y  a v a i l a b l e  l a b e l e d  w i t h  e s s e n t i a l l y  a l l  known oxygen iso topes .  
Consequently t h e  most s t r a i g h t f o r w a r d  rou tes  t o  oxygen-1 abel ed agents i nvo l ves  t h e  d i  r e c t  
r e a c t i o n  o f  borane reagents w i t h  oxygen gas. The method has been used t o  i n c o r p o r a t e  
oxygen-18, oxygen-17 and oxygen-15 ( r e f .  13).  The syn thes is  o f  oxygen-15 l a b e l e d  bu tano l  

has been u t i l i z e d  as a b lood f l o w  agent i n  c l i n i c a l  b r a i n  imaging s tud ies  (Ref. 1 4 ) .  
c u r r e n t  emphasis has been on t h e  p roduc t i on  o f  po lymer ic  organoboranes which can be 
u t i l i z e d  i n  m ic rop rocesso r -con t ro l l ed  automat ic syn thes is  u n i t s  f o r  use i n  t h e  medical  
arena ( r e f .  15).  

Our 

NITROGEN 

A number o f  e f f e c t i v e  aminat ion  reac t i ons  have been developed over t h e  years  ( r e f .  1 6 ) .  
A l l  i n v o l v e  amine reagents which con ta in  s t a b l e  an ion i c  l e a v i n g  groups. An i n  s i t u  method 
f o r  genera t ing  chloramine was developed f o r  syn thes i z ing  iso topes  o f  n i t r o g e n ( =  17). 
The method i s  s u i t a b l e  f o r  p repar ing  n i t rogen-13 l a b e l e d  amines ( r e f .  18).  

Cur ren t  research i n  our l a b o r a t o r i e s  i s  focused on t h e  syn thes is  o f  n i t rogen-13 l a b e l e d  
y -aminobu ty r i c  acid,  111, f o r  use i n  neu ro log i ca l  s tud ies .  
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Fig.  1. Hydrogen MR image ( r i g h t )  and boron-11 MR image ( l e f t )  o f  r a t  i n f u s e d  w i t h  
BNCT agent 

CARBON 

I so topes  o f  carbon have p layed  an impor tan t  r o l e  i n  medical  and chemical  research. 
Organoboranes r e a d i l y  r e a c t  w i t h  i s o t o p i c a l l y  l a b e l e d  carbon monoxide and cyan ide  i o n  t o  
produce a v a r i e t y  o f  l a b e l e d  ketones and a l c o h o l s  ( r e f .  19). 

~ p c = o  13co 

H20 
R3B - 

[ol R13CH20H "CO 
I+ 

R3B - 
Our research  e f f o r t s  a re  now focused on p r e p a r i n g  carbon-11 l a b e l e d  s t e r o i d a l  d e r i v a t i v e s ,  
I V ,  ( r e f .  20). 

HO do N 

BORANES AS IMAGING AGENTS 

I n t e r e s t i n g l y ,  boron i t s e l f  can be used i n  medical  imaging. 
t o  t h e  resurgence o f  a t h e r a p e u t i c  techn ique  known as boron-neut ron-capture  the rapy  
(BNCT). 
c ross -sec t i on  and a g rea t  deal o f  energy i s  re leased  when a neut ron  i s  cap tu red  (>2.4 
MeV!). 
tumor s i t e  ( r e f .  21). There i s  a s i g n i f i c a n t  amount o f  research  be ing  focused on t h e  
des ign  o f  new, o rgan-spec i f i c ,  b o r o n - r i c h  agents f o r  use i n  BNCT. 
no t  been p o s s i b l e  t o  v e r i f y  whether o r  no t  t h e  agents s u c c e s s f u l l y  accumulated i n  t h e  
d e s i r e d  l o c a t i o n  u n t i l  a f t e r  postmortem. 
m a g n e t i c a l l y  a c t i v e ,  we developed t h e  f i r s t  magnet ic resonance imaging ( M R I )  p r o t o c o l  f o r  
imaging boron i n  an i n t a c t  animal ( r e f .  22). Development i n  t h e  area has con t inued  ( r e f .  
23) and inc ludes  our r e c e n t l y  c rea ted  method f o r  imaging boron and o t h e r  n u c l e i  w i t h  ve ry  
s h o r t  T2 r e l a x a t i o n  r a t e s  ( r e f .  24). 
t h a t  o f  a l i v e  r a t  i n j e c t e d  wi th a su l fhydry ldodecaborane BNCT agent; t h e  h i g h l i g h t e d  area 
r e v e a l s  t h a t  t h e  boron agent accumulated i n  t h e  l i v e r .  

Th i s  has become i m p o r t a n t  due 

The therapy  i s  based on t h e  f a c t  t h a t  boron-10 has a h i g h  neu t ron  cap tu re  

Th is  energy can be u t i l i z e d  t o  k i l l  tumors i f  t h e  boron can be l o c a l i z e d  a t  t h e  

Un fo r tuna te l y ,  i t  has 

R e a l i z i n g  t h a t  bo th  boron-10 and boron-11 were 

The image presented  i n  Fig.  1 on t h i s  page i s  
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