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A b s t r a c t .  The s y n t h e s i s  o f  a c a r b o r a n y l  n u c l e i c  a c i d  p r e c u r s o r  2 ' - 0 - ( 0 -  
c a r b o r a n - 1 - y l  r n e t h y l ) u r i d i n e ,  1, and a c a r b o r a n y l  n u c l e o t i d e ,  8 ,  i s  d e s c r i b e d .  
S i g n i f i c a n t l y  g r e a t e r  i n c o r p o r a t i o n  and p e r s i s t e n c e  o f  1 i n  F 9 g  g l i o m a  c e l l s ,  
compared w i t h  t h e  c l i n i c a l l y  used Na2812Hl lSH i s  obse rved .  

The development o f  boron compounds f o r  t h e  t rea tment  o f  cancer by boron neu t ron  cap tu re  
therapy  (BNCT) i s  based upon t h e  nuc lea r  f i s s i o n  o f  non rad ioac t i ve  boron-10 atoms by thermal 
neutrons, genera t i ng  h i g h  l i n e a r  energy t r a n s f e r  (LET) p a r t i c l e s  ( 1 ) .  These have a des t ruc -  
t i v e  range o f  approx imate ly  10 um. The b i o l o g i c a l  e f f e c t i v e n e s  o f  BNCT i s  g r e a t e r  i f  boron 
compounds a re  l o c a l i z e d  i n t r a c e l l u l a r l y  v i s - a - v i s  on c e l l  membrane o r  i n  e x t r a c e l l u l a r  
spaces. 
cap ture  r e a c t i o n  were t o  occur  i n  the  c e l l  nucleus r a t h e r  than i n  t h e  cytoplasm ( 2 ) .  
c l o s e r  p r o x i m i t y  o f  t h e  boron compound t o  t h e  tumor c e l l  nucleus, t h e r e f o r e ,  t h e  g r e a t e r  
i t s  r a d i o b i o l o g i c a l  e f f e c t .  
ques t ion? One o f  t h e  e a r l y  approaches was t h e  a t tempted syn thes i s  o f  boron he terocyc les ,  
which may be viewed as analogues o f  t h e  p u r i n e  and p y r i m i d i n e  bases o f  t h e  n a t u r a l l y -  
o c c u r r i n g  n u c l e i c  ac ids  (3 -7) .  Many o f  these, however, were h y d r o l y t i c a l l y  uns tab le  and/or 
f a i l e d  t o  mimic t h e  bases as measured by c e l l u l a r  i n c o r p o r a t i o n .  One s t r u c t u r e  which more 
c l o s e l y  resembled these precursors  was 5 - d i h y d r o x y b o r y l u r a c i l  (8 ) .  
o f  t he  f i r s t  boron-conta in ing  p y r i m i d i n e  nuc leos ide ,  5-dihydroxyboryl-2I-deoxyuridine ( 9 ) .  
I n i t i a l  b i o l o g i c a l  s tud ies  i n d i c a t e d  t h a t  t h i s  compound was a c o m p e t i t i v e  i n h i b i t o r  i n  
t h e  phosphory la t i on  o f  thymid ine  ( l o ) ,  was non tox i c  t o  Vero ( A f r i c a n  Green Monkey) c e l l s  
a t  a concen t ra t i on  o f  1,600 IJM and appeared t o  rep lace  thymid ine  t o  t h e  e x t e n t  o f  5-15% 
as determined by r a d i o b i o l o g i c a l  s tud ies  w i t h  V79 Chinese hamster c e l l s  (11) .  

The nuc leos ides  t h a t  had been i n i t i a l l y  prepared (9,12,13) conta ined a s i n g l e  boron atom 
which was i n s e r t e d  i n t o  t h e  p u r i n e  o r  p y r i m i d i n e  base. Our o b j e c t i v e  was t o  i n c o r p o r a t e  
a carborany l  mo ie ty  i n t o  t h e  2 ' - p o s i t i o n  on t h e  carbohydra te  p o r t i o n  o f  t h e  nuc leos ide .  
The r a t i o n a l e  was t h a t  such s t r u c t u r e s  would possess: (1) a t e n f o l d  i nc rease  i n  boron 
con ten t  compared w i t h  t h e  above bo ron ic  a c i d  d e r i v a t i v e s ;  ( 2 )  enhanced l i p o p h i l i c i t y  f o r  
c e l l u l a r  p e n e t r a t i o n  due t o  t h e  carborane moie ty ;  ( 3 )  p o s s i b l e  c e l l u l a r  entrapment and 
r e t e n t i o n  p r o p e r t i e s  i n  p r o l i f e r a t i n g  tumor c e l l s  due t o  t h e  a c t i o n  o f  k inases; and ( 4 )  
a r e t a i n e d  c a p a c i t y  when inco rpo ra ted  i n t o  an o l  i g o n u c l e o t i d e  t o  h y b r i d i z e  s t r o n g l y  w i t h  
RNA and DNA sequences (14)  s ince  t h e  base component would be n a t u r a l l y - o c c u r r i n g .  As t h e  
f i r s t  s t r u c t u r e ,  we undertook t o  syn thes i ze  2'-O-(o-carboran-l-ylmethyl ) u r i d i n e ,  1. 
The method o f  syn thes i s  i n v o l v e d  t h e  i n i t i a l  a l k y l a t i o n  o f  2 '  ,3'-0-(dibutylstannylene) 
u r i d i n e ,  2, (15)  w i t h  3-bromopropyne t o  produce a m i x t u r e  o f  t h e  a l k y l a t e d  produc ts ,  
2',(3')-0-(3-propynyl)uridine (3  and 4). 
5:3 b u t  a t tempts  a t  chromatographic separa t i on  were unsuccess fu l .  
was ace ty la ted ,  t h e  two isomers were r e a d i l y  separa ted  ch romatog raph ica l l y  on s i l i c a  ge l  
and t h e  des i red  one, 3',5'-di-O-acety1-2'-0-(3-propynyl) u r i d i n e ,  5 ,  was ob ta ined  i n  45% 
y i e l d  f rom t h e  t i n  complex. React ion  o f  5 w i t h  t h e  bis(acetonitri1e)decaborane complex 
f u r n i s h e d  t h e  Corresponding carborane, 6 ,  which was q u a n t i t a t i v e l y  deace ty la ted  by c a t a l y t i c  
amounts,of sodium methoxide i n  methanol t o  y i e l d  t h e  des i red  t a r g e t  compound 1 as shown 
by I K ,  H NMK and FAB mass spec t romet ry  (16).  Degradat ion o f  t h e  carborane cage t o  t h e  
cor respond ing  nido s t r u c t u r e ,  7, was achieved by warming t o  40-45" i n  methano l ic  p i p e r i d i n e ;  
t he  produc t  ob ta ined  was t h e  pTper id in ium s a l t  o f  1. 
t he  sodium s a l t  o f  1 th rough i o n  exchange chromatography o f  t h i s  p i p e r i d i n i u m  s a l t .  
ve rs ion  o f  1 t o  a 5 ' - n u c l e o t i d e  d e r i v a t i v e ,  8, was ob ta ined  by use o f  
p-n i t rophenylphosphorodich lor idate i n  p y r i d i n e l a c e t o n i t r i l e  (17) .  
phosphory la t ing  agents have t h e  c a p a c i t y  f o r  genera t i ng  5 ' -phospates w i t h o u t  phosphory la t i ng  
unpro tec ted  secondary a l c o h o l i c  f u n c t i o n s  i n  t h e  carbohydra te  p o r t i o n  o f  t h e  nuc leos ide  
(18) .  
p -n i t ropheny l  masking group t o  produce t h e  f r e e  n u c l e o t i d e  i s  planned. 

I t  has been c a l c u l a t e d  t h a t  t h e  e f f e c t  w i l l  be a t  l e a s t  t w i c e  as g r e a t  i f  t h i s  
The 

How can such l o c a l i z a t i o n  be achieved has been an ongoing 

Th is  l e d  t o  t h e  syn thes i s  

The r a t i o  o f  3 t o  4, as es t imated by NMR, was 
However, when t h e  m i x t u r e  

Work i s  c u r r e n t l y  underway t o  p repare  
Con- 

Th is  and c e r t a i n  o t h e r  

Compound 8 i s  t h e  f i r s t  example o f  a ca rbo rany lnuc leo t i de  and removal o f  t h e  
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A t  p resent ,  l i t t l e  i s  known regard ing  t h e  mechanisms f o r  ach iev ing  s e l e c t i v e  tumor c e l l  
i n c o r p o r a t i o n  by va r ious  boron compounds. And, s ince  t h e r e  i s  no i n f o r m a t i o n  as t o  how 
these new p o t e n t i a l  n u c l e i c  a c i d  p recu rso rs  w i l l  be handled b i o l o g i c a l l y  i n  v i vo ,  i t  was 
o f  i n t e r e s t  t o  determine t h e  uptake and r e t e n t i o n  o f  these compounds i n  v i t r o  u s i n g  v a r i o u s  
tumor c e l l  l i n e s .  
i t  would be reasonable t o  c a r r y  o u t  i n  v i v o  d i s t r i b u t i o n  s t u d i e s  o f  these nuc leos ides  and 
nuc leo t i des  i n  tumor-bear ing animals.  

A f t e r  demonst ra t ing  up take  and pe rs i s tence  under such op t ima l  cond i t i ons ,  
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The f i r s t  compound which has been eva lua ted  i n  F98 g l ioma c e l l s  i s  1. I n  o r d e r  t o  demon- 
s t r a t e  whether t h e r e  was c e l l u l a r  uptake and r e t e n t i o n ,  t h e  f o l l o w i n g  procedure was used. 
Semiconf luent F98 gl ioma c e l l s  were incubated  w i t h  t h e  compound f o r  16 hours and a f t e r  
two washings w i t h  serum-free media, t h e  c e l l s  were t r y p s i n i z e d ,  washed t w i c e  aga in  and 
a l i q u o t s  were analyzed f o r  boron by D i r e c t  Cur ren t  Plasma (DCP) Atomic Emission Spectroscopy 
(19).  
o f  t h e  ca rbo rany lu r i d ine ,  1, compared w i t h  t h e  c l i n i c a l l y - u s e d  Na2B12HllSH. 
p a r t ,  may be due t o  t h e  g r e a t e r  l i p o p h i l i c i t y  o f  1 i n  comparison w i th  t h e  mercaptopolyhedral  
borane anion. 

The r e s u l t s ,  as shown i n  Table 1, demonstrate s i g n i f i c a n t l y  g r e a t e r  i n c o r p o r a t i o n  
This,  i n  

TABLE 1. 

Boron Conc. i n  F98 Glioma C e l l s  Pe rs i s tence  Stud ies  
I n c u b a t i n g  Media Boron Conc. p/g 12 h r s  24 h r s  48 h r s  

Compound u g h 1  16 h r s  i n c u b a t i o n  uB/g 

Na2B 12H 11SH 14.6 
58.0 

116.0 
Carboranyl  U r i d i  ne 13.5 

40.5 

II 

11 II 

4.3 3.1+ .4+ * 
7.2 2.8+ .8+ * 

26.7 3.4+ 1.8+ * 
88.9 23.9 19.3 10.5 
98.2 24.1 22.0 12.7 

*Not measured 
+These approximate t h e  b lank  va lue  f o r  c e l l s - - t h e  average DCP read ing  

be ing  1.3 [ range .4 - 3.0) 

O f  g r e a t  importance i s  whether t h e  compound once taken up i n t o  t h e  ma l ignan t  c e l l ,  i s  
re ta ined ,  rega rd less  o f  t h e  b iochemica l  mechanism invo lved ,  o r  whether i t  i s  washed o u t  
i n t o  t h e  i n c u b a t i n g  media? 
c e l l s  which had demonstrated compound uptake were resuspended i n  bo ron - f ree  media and 
incubated  f o r  12, 24, and 48 h rs .  
and these a re  a l s o  presented  i n  Table 1. I t  i s  apparent f rom these p r e l i m i n a r y  r e s u l t s  
t h a t  1 p e r s i s t s  f o r  app rec iab le  t imes once i t  i s  i nco rpo ra ted  i n t o  F98 gl ioma c e l l s  and 
t h i s  i s  i n  marked c o n t r a s t  w i t h  i\a2B12HllSH, which i s  r a p i d l y  removed, a t t a i n i n g  background 
l e v e l s  w i t h i n  6-12 h rs .  
by which such r e t e n t i o n  occurs and i n  viva s t u d i e s  now a r e  planned i n  o rde r  t o  assess 
t h e  p o t e n t i a l  u t i l i t y  o f  1 f o r  BNCTT A lso  i n  v i t r o  s tud ies  w i t h  8 and t h e  f r e e  n u c l e o t i d e  
o f  2 w i l l  be c a r r i e d  o u t  p r i o r  t o  any i n  v i v o  examinat ion  i n  tumor -bear ing  animals.  

I n  o rde r  t o  determine whether such c e l l u l a r  pe rs i s tence  occurred, 

A l i q u o t s  o f  c e l l s  were then analyzed f o r  boron con ten t  

I t  remains t o  be determined t h e  p r e c i s e  b iochemica l  mechanism 
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