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SUMMARY 

I n  t h i s  r e p o r t  s u b c e l l u l a r  d i s t r i b u t i o n  and l i p i d  a n a l y s i s  s t u d i e s  
o f  t h e  3-monomethyl-branched (BMIPP), 3,3-dimethyl-branched (DMIPP), and 
t h e  pa ren t  s t r a i g h t - c h a i n  15-para-iodophenylpentadecanoic a c i d  (IPP) are  
descr ibed.  Because of t h e  observed d i f f e r e n c e s  o f  t h e  r e l a t i v e  
myocard ia l  up take  and r e t e n t i o n  of these agents i n  f a s t e d  and nonfas ted  
r a t s ,  a d e t a i l e d  e v a l u a t i o n  of t h e  s u b c e l l u l a r  d i s t r i b u t i o n  p r o f i l e s  and 
t h e  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  w i t h i n  va r ious  l i p i d  poo ls  e x t r a c t e d  
f r o m  c e l l  components was performed. The d imethy l  DMIPP analogue showed 
t h e  l o n g e s t  r e t e n t i o n  and a l s o  showed t h e  h i g h e s t  a s s o c i a t i o n  w i t h  t h e  
m i t o c h o n d r i a l  and microsomal f r a c t i o n s .  These da ta  a r e  i n  c o n t r a s t  t o  t h e  
r a p i d  c lea rance  of t h e  s t r a i g h t  cha in  IPP analogue which showed much lower  
r e l a t i v e  a s s o c i a t i o n  w i t h  t h e  m i tochondr ia  and microsomes. The 
3-monomethyl (BMIPP) analogue appeared t o  undergo s lower  o x i d a t i o n  than t h e  
s t r a i g h t  cha in  (IPP), and t h e  d imethy l -branched (DMIPP) analogue was 
apparen t l y  n o t  o x i d i z e d  by t h e  myocardium. A l l  t h r e e  analogues showed 
some i n c o r p o r a t i o n  i n t o  t r i g l y c e r i d e s .  

r e t e n t i o n  and may p o t e n t i a l l y  be a use fu l  c l a s s  o f  myocard ia l  p e r f u s i o n  
agents. Because t h e  p o s i t r o n  e m i t t i n g  r a d i o i s o t o p e s  o f  bromine show good 
r a d i o n u c l i d i c  p r o p e r t i e s ,  a new [ 8 2 B r l - l a b e l e d  bromopentenyl-substituted 
c a t i o n  has a l s o  been prepared and eva lua ted  i n  r a t s  t o  determine t h e  
e f f e c t s  o f  bromine s u b s t i t u t i o n  w i t h i n  t h e  pen teny l  moiety .  The model 
b romov iny l  agent was prepared as a m i x t u r e  o f  t h e  II c i s  ( Z )  and t r a n s  (E) 
i somers by B r 2  a d d i t i o n  t o  a v i n y l  mercu r i c  bromide subs t ra te .  The t i s s u e  
d i  s t r i  b u t  i on o f  t r i  pheny 1 - ( E  ,I- [ 2B r lbromopenten -5-y 1 ) phosphoni urn i od i  de 
i n  r a t s  showed h i g h  h e a r t  up take  and r e t e n t i o n  w i t h  h i g h  h e a r t  t o  b lood 
r a t i o s .  

R a d i o l a b e l e d  phenylphosphonium c a t i o n s  show h i g h  h e a r t  uptake and 

R a d i o i o d i n a t e d  (E)-2-C-iodovinyl-D-glucose has been prepared as a 
new i o d o v i n y l - s u b s t i t u t e d  carbohydra te  c o n t a i n i n g  C- iodov iny l -b ranch ing  
a t  t h e  2 -pos i t i on .  Fo r  t h e  syn thes i s  of t h i s  agent, C-e thyny l -b ranch ing  
was accomplished by p r e p a r a t i o n  of a methyl-a-pyranoside-2-ulose 
f o l l o w e d  by t h e  a d d i t i o n  o f  l i t h i u m  t r i i n e t h y l s i l y l  acety lene.  The 
( E ) - i o d o v i n y l  mo ie ty  was f a b r i c a t e d  by i o d o d e s t a n n y l a t i o n  o f  a (E)-2-C- 
( t r i b u t y 1 t i n ) - e t h y l e n e  c a r b i n o l .  
12sI-12 a d d i t i o n  t o  t h e  t i n  s u b s t r a t e  fo l l owed  by a c i d  h y d r o l y s i s .  

The 1251- labe led  agent was prepared by 

1 
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R A D I O I O D I N A T E D  LONG-CHAIN FATTY ACIDS EFFECTS OF 3-METHYL-BRANCHING 
ON INCORPORATION INTO LIPIDS AND DISTRIBUTION I N  SUBCELLULAR FRACTIONS 

FROM RAT HEARTS 

T o  ga in  i n s i g h t  i n t o  t h e  i w t a b o l i s m  o f  t h e  3-methyl-branched fat ty 
ac ids ,  s u b c e l l u l a r  d i s t r i b u t i o n  s t u d i e s  and l i p i d  analyses have been 
r e c e n t l y  per formed u s i n g  t h e  3-monomethyl (BMIPP) and 3,3-dimethyl 
(DMIPP)-branched analogues o f  15-para-iodophenylpentadecanaic a c i d  ( IPP) 

( F i g u r e  1). F i s c h e r  r a t s  were i n j e c t e d  i n t r a v e n o u s l y  w i t h  e i t h e r  

I 5- (p- lodopheny I)- 3 - R ,S- M e t  h yl  p ent  ode c o noic 

Acid (BMIPP) 

E-19- lodo-3-R,S-Methyl-D8-Nonadecgnoic Acid 

y 4 3  ' ' (CH,)-c-cn,-ccooH 
I? I 

CW3 

15-(p-lodophenyl)- 3 ,3 -  Di met h y l p e n t  adecanoic 
Acid (DMIPP) 

F i g .  1. S t r u c t u r e s  o f  3-methyl-branched i o d i n a t e d  f a t t y  a c i d  analogues. 

[ 1251)IPP, [1251]BMIPP o r  [12511DMIPP cornplexed w i t h  6% bovine serum 
albumin. For s u b c e l l u l a r  d i s t r i b u t i o n  s tud ies ,  r a t  h e a r t s  were exc ised 
i n  t h e  usual  manner and t h e  crude p e l l e t ,  m i tochondr ia l ,  microsomal and 
cy top lasmic  f r a c t i o n s  ob ta ined by d i f f e r e n t i a l  c e n t r i  f uya t i on .  L i p i d s  
were e x t r a c t e d  f rom e i t h e r  whole h e a r t  homogenates o r  t h e  i s o l a t e d  
s u b c e l l u l a r  f r a c t i o n s ,  u s i n g  ch1oroforrn:methanol (2: 1) by t h e  usual  F o l c h  
procedure. The e x t r a c t e d  l i p i d s  were analyzed by t h i n - l a y e r  chromato- 
graphy u s i n g  a pe t ro leum e t h e r - e t h y l  e t h e r - a c e t i c  a c i d  ( 8 0 9 0 :  1) s o l v e n t  
system t h a t  adequate ly  separates t h e  var ious  f a t t y  a c i d  poo ls ;  p o l a r  
l i p i d s  ( R f  = O.OO), d i g l y c e r i d e s  ( R f  = 0.20), f r e e  f a t t y  ac ids  (Rf = 

O.50), and t r i g l y c e r i d e s  (Rf = 0.75). Sec t ions  o f  t h e  TLC p l a t e s  were 
scrapped d i r e c t l y  i n t o  v i a l s  and counted. 
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I n i t i a l  s t u d i e s  i n v o l v e d  an e v a l u a t i o n  o f  t h e  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 h e  l i p i d  poo ls  from whole hea r t s  o f  f a s t e d  r a t s  up t o  
1 h a f t e r  a d m i n i s t r a t i o n  of t h e  r a d i o i o d i n a t e d  fa t ty  ac id .  I n j e c t i o n  o f  
t h e  unbranched [1251]IPP analogue r e s u l t e d  in i n i t i a l  h i g h  myocard ia l  
e x t r a c t i o n  f o l l o w e d  by r a p i d  washout of r a d i o a c t i v i t y .  L i p i d  a n a l y s i s  
demonstrated t h a t  t h e  m a j o r i t y  o f  t h e  r a d i o a c t i v i t y  was i n i t i a l l y  (1-3 
m in )  p resen t  i n  t h e  f r e e  f a t t y  a c i d  f r a c t i o n .  
i ncrease, however, of r a d i o a c t i v i t y  assoc ia ted  w i t h  t h e  t r i g l y c e r i d e  
f r a c t i o n  and t h i s  i nc rease  i s  maximal a t  10 min ( F i g u r e  2 ) .  Radio- 
a c t i v i t y  i n  t h e  d i g l y c e r i d e  f r a c t i o n  i s  maximal a t  5 rnin (20% t o t a l  
a c t i v i t y )  and decreased s l o w l y  over  t h e  remainder o f  t h e  assay per iod .  

There i s  a r a p i d  

I PP 

I I Y  FREE F A T T Y  ACIDS, 
-J 

0 
t- 

n 01 GLY GE R I  D E S  
W 

I I 1 I I i i 

0 20 40 60 

MINUTES AFTER iNJEGTlON 
F i g .  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  l i p i d  poo ls  i s o l a t e d  by 

e x t r a c t i o n  a f  female F i s c h e r  r a t  h e a r 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  of 15-([12511iodophenyl )pentadecanoic  a c i d  
(IPP). 

W i t h  t h e  BMIPP monomethyl-branched analogue t h e  m a j o r i t y  o f  r a d i o -  
a c t i v i t y  a t  a l l  assay t imes was found i n  t h e  t r i g l y c e r i d e  f r a c t i o n  w i t h  
r a d i o a c t i v i t y  i n  t h e  f r e e  f a t t y  a c i d  f r a c t i o n  s i g n i f i c a n t  on l y  a t  t h e  
e a r l i e s t  t i m e  pe r iods  ( F i g u r e  3) .  The r a d i o a c t i v i t y  i n  t h e  d i g l y c e r i d e  
f r a c t i o n  was maximal a t  3-5 min (14% e x t r a c t e d  a c t i v i t y ) ,  bu t  f e l l  
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\ I \ FREE FATTY ACIDS 

0 20 40 60 

MINUTES AFTER INJECTION 

F ig .  3. 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  l i p i d  poo ls  i s o l a t e d  by 
e x t r a c t i o n  o f  female F i s c h e r  r a t  h e a r t s  f o l l o w i n g  i n t ravenous  
admi n i  s t r a t i  on o f  15- ( [ 251 ]i odopheny 1 ) -3-R , S-methy 1 penta-  
decanoi c ac i  d (BMIPP). 

s i m i l a r  t o  t h e  a c t i v i t y  i n  t h e  f r e e  f a t t y  a c i d  f r a c t i o n .  Wi th  t h e  DMIPP 
d imethy l -branched analogue, t h e  f r e e  f a t t y  a c i d  f r a c t i o n  i n i t i a l l y  
con ta ined  t h e  m a j o r i t y  o f  r a d i o a c t i v i t y .  A t  l a t e r  t i m e  pe r iods  t h e  
t r i g l y c e r i d e  f r a c t i o n  had t h e  m a j o r i t y  o f  t h e  r a d i o a c t i v i t y  ( F i g u r e  4). 
The r a t e  o f  "conversion, 'L however, was comparat ive ly  s lower  than  w i t h  
I P P .  
un fas ted  r a t s  demonstrat ing a f a s t e r  i n c o r p o r a t i o n  i n t o  t h e  t r i g l y c e r i d e  
f r a c t i o n  w i t h  I P P  and BMIPP and somewhat s l o w e r  i n c o r p o r a t i o n  w i t h  

DMI PP. 

S i m i l a r  s t u d i e s  w i t h  t h e  t h r e e  analogues were a l s o  conducted w i t h  

From t h e  p r e l i m i n a r y  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 ,  5 and 30 min t i m e  
p e r i o d s  were chosen f o r  examinat ion o f  t h e  l i p i d  poo ls  i n  t h e  h e a r t s  o f  
r a t s  i n j e c t e d  w i t h  t h e  C1251]IPP/[1~11]BMIPP/[ 1231]DM1PP t r i p l e -  l abe led  
m ix tu re .  T h i s  study was designed t o  e l i m i n a t e  the  p o s s i b l e  e r r o r s  
i n h e r e n t  i n  a comparison of t h e  d i f f e r e n c e s  t h a t  may be de tec ted  i n  
s u b c e l l u l a r  d i s t r i b u t i o n  and l i p i d  pools  between d i f f e r e n t  groups o f  
r a t s .  In t h i s  manner, each measurement has e s s e n t i a l l y  an i n t e r n a l  
c o n t r o l  and d i f f e r e n c e s  observed w i t h  t h e  t h r e e  analogues can be 
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F i g .  4. 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  l i p i d  poo ls  i s o l a t e d  by 
e x t r a c t i o n  o f  female F i s c h e r  r a t  h e a r t s  f o l l o w i n g  i n t ravenous  
admi n i s t r a t  i on o f  15- ( p - [ 
decanoi c a c i  d (DMI PP ). 

51 ] i odop heny 1 ) -3,3-d i met hy 1 pent  a- 

d i r e c t l y  compared. The mass o f  each f a t t y  a c i d  i n j e c t e d  was very 
s i m i l a r  t o  e l i m i n a t e  any e f f e c t s  of p o s s i b l e  mass d i f f e r e n c e s  on 
myocard ia l  uptake. The d e t a i l s  o f  t h i s  experiment a r e  g iven i n  Tab le  1. 
F o r  t h e  t r i p l e - l a b e l i n g  experiments, t h e  1-123 (159 keV) and 1-131 (262 
keV) photopeaks were counted s imu l taneous ly  i n  two windows and t h e  
saimples then s t o r e d  i n  t h e  c o l d  u n t i l  t h e  1-123 c o n t r i b u t i o n  t o  t h e  
1-125 x-ray photopeak r e g i o n  was l e s s  than 4-5%. The samples were then 
counted aga in  t o  determine t h e  d i s t r i b u t i o n  o f  1-125. The da ta  f rom 
exper iments w i t h  bo th  f a s t e d  and un fas ted  r a t s  a re  p resented  here. The 
maljor d i f f e r e n c e s  i n  l i p i d  poo ls  o f  the  t h r e e  analogues a re  seen a t  5 min 
p o s t - i n j e c t i o n  (F ig .  5). A t  t h i s  t i m e  t h e  r e l a t i v e  p r o p o r t i o n  o f  r a d i o -  
a c t i v i t y  i n  t h e  d i g l y c e r i d e  f r a c t i o n  ranks i n  this order :  IPP>BMIPP>DMIPP, 
whereas t h e  r e l a t i v 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  f r e e  f a t t y  a c i d  
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Table 1. Summary o f  exper imental  d e t a i l s  f o r  t h e  e v a l u a t i o n  o f  
[ 1251]IPP/[13111BMIPP/[12311~t~~PP t r i p l e - l a b e l e d  f a t t y  a c i d  m ix tu re  

admin is te red  t o  female F i sche r  ra t s .  
....... ....... __I._.____ .......... . 

Radi g?di.n.a.ted f a t  ty-.-acfd 

[ 125111PP [ 1311]AMIPP [ 1231]OMIPP 
.............. I_._____I_c ___ ~ 

Speci f i c ac t  i v i  t y  
( p C i  / m o l e )  

2.74 0.47 1.07 

uCi / r a t  89 15 53 

nmole / ra t  32.5 32 49.5 

vgm/rat 16 16 24 
--.---.--I__ .............-. __ 

p o o l  i s  reversed: D M I P P > B M I P P > I P P .  A t  30 min t h e  m a j o r i t y  o f  
r a d i o a c t i v i t y  ( 6 4 4 2 % )  chromatographed w i t h  t h e  t r i g l y c e r i d e  s tandard f o r  

a1 1 t h r e e  analogues. 

FASTED U N FA ST E 5 

-r 5 m i n  3 0 m i n  5 m i n  3 0 m i n  

- 80 > 
I- * 40 Q 
0 
n 
4 
E 

I 

I 

5 m i n  30min 5 m i n  3 0 m i n  

DMIPP 

5 min 3 0 m i n  5min  3 0 m i n  

PHOSPHOLIPIDS 

17 DIGLYCERIDES 

FREE FATTY AClOS 

TRlGLY CERIDES 

F i g .  5. Comparison o f  t h e  d i s t r i b u t i o n  o f  1251, 1311 and 1231 i n  l i p i d  
p o o l s  o f  h e a r t  e x t r a c t s  a f t e r  a d r n i n i s t r d t i o n  o f  t h e  [1251]IPP/ 
[13111BMIPP/C’231]DMIpp m i x t u r e  t o  f a s t e d  and u n f a s t e d  female 
F i scher r a t s  e 
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O the r  i n v e s t i g a t o r s  have eva lua ted  t h e  myocard ia l  l i p i d  d i s t r i b u t i o n  

I n  one study, 75-80% of t h e  e x t r a c t a b l e  a c t i v i t y  f rom t h e  h e a r t s  
o f  va r ious  r a d i o l a b e l e d  f a t t y  ac ids,  i n c l u d i n g  t h e  s t r a i g h t  cha in  I P P  
agent. 
o f  u n f a s t e d  r a t s  i n j e c t e d  w i t h  I P P  was found i n  t h e  t r i g l y c e r i d e  f r a c -  
t ion , '  a l t hough  no s p e c i f i c  assay t i m e  was designated. 
repor ts , '  between 45-57% of t h e  a c t i v i t y  was i n  t h e  t r i g l y c e r i d e  
f r a c t i o n  w i t h  approx imate ly  10% i n  each of t h e  d i g l y c e r i d e  and f r e e  
f a t t y  a c i d  f r a c t i o n s  i n  fas ted  r a t s .  These r e p o r t s  compare f a v o r a b l y  
wl i th t h e  r e s u l t s  r e p o r t e d  he re  d e s p i t e  t h e  i n a b i l i t y  t o  compare s p e c i f i c  

3 assay times. 
f a t t y  ac ids  (I-(GH,)nCOOM) where n = 18 o r  21 appeared t o  be f a t e d  

p r i m a r i l y  f o r  t r i g l y c e r i d e  s torage,  whereas s h o r t e r  cha in  f a t t y  ac ids  (n 6 

15) were s u b j e c t  t o  @-ox ida t i on .  S ince  t h e  f a t t y  ac ids  i n  t h i s  s tudy were 
w i t h o u t  t h e  phenyl  moiety  and were no t  branched, i t  i s  d i f f i c u l t  t o  draw 
comparisons; however, i t  appears t h a t  t h e  phenylpentadecanoi c analogues 
have a cha in  l e n g t h  t h a t  would favor  t r i g l y c e r i d e  storage, 

I n  l a t e r  

I n  a s tudy by O t t o  e t  a1 t e r m i n a l l y  i o d i n a t e d  l o n g  c h a i n  

T o  f u r t h e r  i n v e s t i g a t e  t h e  metabolism of t h e  3-methyl-branched and 
s t r a i g h t  cha in  analogues, s u b c e l l u l a r  d i s t r i b u t i o n  exper iments were 
per formed i n  independent s t u d i e s  w i t h  e x t r a c t s  of h e a r t s  exc i sed  f rom 
f a s t e d  and non fas ted  r a t s  30 min a f t e r  i n j e c t i o n  o f  t h e  [1251] labe led  
analogues. Comparison of t h e  r e s u l t s  ob ta ined  i n  nonfas ted  r a t s  
( F i g u r e  6) shows l i t t l e  d i f f e rence  i n  t h e  r e l a t i v e  s u b c e l l u l a r  d i s t r i b u t i o n  
o f  each compound a t  30 min. I n  r a t s  fas ted  f o r  24 h, however, t h e r e  a re  
major  d i f f e r e n c e s  i n  t h e  s u b c e l l u l a r  d i s t r i b u t i o n  p r o f i l e s  o f  t h e  
branched and unbranched analogues i n  t h e  s u b c e l l u l a r  f r a c t i o n s  i s o l a t e d  
30 min a f t e r  i n j e c t i o n .  The I P P  s t r a i g h t  cha in  analogue, which shows 
r a p i d  washout i n  t h e  h e a r t s  of f as ted  r a t s ,  r e s u l t e d  i n  a p r o p o r t i o n a l l y  
g r e a t e r  amount o f  r a d i o a c t i v i t y  i n  t h e  cy top lasmic  f r a c t i o n  w i t h  t h e  
cor respond ing  p r o p o r t i o n a l  lower  a c t i v i t y  i n  t h e  m i t o c h o n d r i a l  and 
microsomal f r a c t i o n s ,  A l though t h i s  s u b c e l l u l a r  d i s t r i b u t i o n  p r o f i l e  o f  
I P P  ob ta ined  i n  f a s t e d  rats was s i g n i f i c a n t l y  d i f f e r e n t  f rom t h a t  
observed w i t h  u n f a s t e d  r a t s ,  comparison o f  t h e  % d o s e / f r a c t i o n  values 
demonstrated s i m i l a r  l e v e l s  o f  I P P  i n  t h e  cytoplasm. Thus, t h e  apparent 
i n c r e a s e  o f  r a d i o a c t i v i t y  i n  t h e  cytop lasm o f  t h e  h e a r t s  o f  f a s t e d  r a t s  
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F i g .  6. 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  s u b c e l l u l a r  f r a c t i o n s  f rom 
h e a r t  homogenates 30 rnin a f t e r  i n t ravenous  a d m i n i s t r a t i o n  o f  
e i t h e r  [1251] IPP,  [1251]BMIPP o r  [1231]DMIPP t o  separate groups 
o f  f a s t e d  and nonfasted female F i s c h e r  r a t s .  

i s  a c t u a l l y  a p r o p o r t i o n a l  i nc rease  due t o  t h e  l o s s  o f  a c t i v i t y  f rom t h e  
m i t o c h o n d r i a l  and microsomal f r a c t i o n s .  The monornethyl-branched BMIPP 
analogue, which shows longer  myocard ia l  r e t e n t i o n  i n  v i v o  than  I P P ,  
showed coinparati  v e l y  h i g h e r  percentages o f  r a d i a a c t i  v i  t y  i n  t h e  
m i t o c h o n d r i a l  and microsomal f r a c t i o n s .  The DMIPP dimethyl-branched 
analogue, which shows t h e  l onges t  i n  v i v o  myocard ia l  r e t e n t i o n  o f  t h e  
t h r e e  analogues, a l s o  had t h e  h i g h e s t  p r o p o r t i o n  o f  r a d i o a c t i v i t y  
a s s o c i a t e d  w i t h  t h e  microsomal and m i t o c h o n d r i a l  f r a c t i o n s .  From these  
r e s u l t s  and f rom p rev ious  s t u d i e s  i n  which t h e  s u b c e l l u l a r  d i s t r i b u t i o n  
p r o f i l e s  o f  a number o f  f a t t y  ac ids  were compared, i t  appears t h a t  t h e  
l e n g t h  o f  r e t e n t i o n  i n  t h e  h e a r t s  of f a s t e d  r a t s  c o r r e l a t e s  w i t h  t h e  
r e l a t i v e  p r o p o r t i o n  o f  r a d i o a c t i v i t y  found i n  t h e  m i t o c h o n d r i a l  and 
microsomal f r a c t i o n s  30 minutes a f t e r  i n j e c t i o n .  

These s u b c e l l u l a r  s t u d i e s  were expanded t o  i n c l u d e  both t h e  5 and 30 

min assay pe r iods  and a l s o  l i p i d  a n a l y s i s  o f  t h e  s u b c e l l u l a r  f r a c t i o n s .  
Because t h e  3-4 day p e r i o d  r e q u i r e d  t o  complete these analyses rriade it. 
i m p r a c t i c a l  t o  use 1231- labe led  f a t t y  ac ids,  1311/12sI-- labeled m ix tu res  
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o f  two analogues C131111pP/C12~I]DMIPP and [1311]BMIPP/[1251]DMIPP) were 
e v a l u a t e d  i n  f a s t e d  r a t s  i n  two separa te  experiments. The comparat ive 
d i f f e r e n c e s  i n  t h e  30 min s u b c e l l u l a r  p r o f i l e s  observed i n  t h e  e a r l i e r  
exper iments  were reproduced i n  these  dual l a b e l  experiments, and t h e  
s u b c e l l u l a r  d i s t r i b u t i o n  p a t t e r n s  a t  5 rnin resembled those found a t  30 
min. 
r a d i o a c t i v i t y  w i t h i n  t h e  s u b c e l l u l a r  f r a c t i o n s  between 5 and 30 min 
( F i g u r e  7).  
a n a l y s i s  of "whole hear ts , "  however, t h e r e  were d i f f e r e n c e s  observed i n  

It t hus  appears t h e r e  a re  no s h i f t s  i n  t h e  r e l a t i v e  p r o p o r t i o n  o f  

As might  be expected from p r e v i o u s l y  desc r ibed  l i p i d  

LL 
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k- 
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\ 40 
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M I C R O S O M E S  

CYTOPLASM 

F i g .  7. Comparison of t h e  s u b c e l l u l a r  d i s t r i b u t i o n  o f  1251 and 
f rom h e a r t  hornogenates a t  5 min and 30 rnin f o l l o w i n g  t h e  
i n t ravenous  a d m i n i s t r a t i o n  of e i t h e r  [131111PP/[1251]DMIPP o r  
[1~11]BMIPP/~1~5sZ!DI111PP mix tu res  t o  f a s t e d  female F i s c h e r  
r a t s .  

t h e  l i p i d  poo ls  w i t h i n  these c e l l u l a r  f r a c t i o n s  a t  t h e  d i f f e r e n t  t i m e  
i n t e r v a l s .  L i p i d  a n a l y s i s  of t h e  p e l l e t  of t h e  c e n t r i f u g a t i o n  of t h e  
c rude homogenate (see F igu res  8 and 9 )  was performed and may approx imate t h e  
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l i p i d  p r o f i l e  o f  u n f r a c t i o n a t e d  h e a r t  t i s s u e .  Wi th a l l  c e l l  f r a c t i o n s  
f o r  t h e  t h r e e  analogues, t h e r e  was a s h i f t  t o  a predominance o f  
r a d i o a c t i v i t y  i n  t h e  t r i g l y c e r i d e  f r a c t i o n  30 min  a f t e r  i n j e c t i o n  
( F i g u r e s  8 and 9) .  The comparison of r a d i o a c t i v e  ' l i p i d  pools  between 
t h e  d i f f e r e n t  c e l l  f r a c t i o n s  of h e a r t s  o f  r a t s  i n j e c t e d  w i t h  t h e  same 
compound o r  t h e  comparison of t h e  same s u b c e l l u l a r  component o f  h e a r t s  
w i t h  d i f f e r e n t  compounds i n j e c t e d ,  however, showed a number o f  
observable d i f f e r e n c e s .  

N i t h  t h e  s t r a i g h t - c h a i n  I P P  analogue ( F i g u r e  81, t h e  r a d i o a c t i v e  
l i p i d  p r o f i l e s  o f  t h e  microsomal and crude p e l l e t  f r a c t i o n s  are q u i t e  

DMlPP I PP 
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F i g .  8. D i s t r i b u t i o n  o f  r a d i o a c t i v e  l i p i d s  from the  s u b c e l l u l a r  
f r a c t i o n s  o f  the  [ 1 3 1 1 ] I ? P / C 1 2 5 1 1 D M I ~ P  study desc r ibed  i n  
F i g u r e  7. 
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s i m i l a r ,  whereas t h e  m i t o c h o n d r i a l  f rac t l i on  shows a g r e a t e r  p r o p o r t i o n  

of  f r e e  f a t t y  ac id .  
t h e  m a j o r i t y  o f  t h e  e x t r a c t a b l e  r a d i o a c t i v i t y  chromatographs w i t h  t h e  

d i  g l y c e r i d e  standard. 
( F i g u r e  9), t h e  d i s t r i b u t i o n  of r a d i o a c t i v e  l i p i d s  i n  t h e  microsomal 

f r a c t i o n  aga in  resembles t h e  crude p e l l e t .  
m i t o c h o n d r i a l  f r a c t i o n s ,  however, r a d i o a c t i v i t y  i n  t h e  f r e e  f a t t y  a c i d  
component becomes a more predominant f e a t u r e  o f  t h e  l i p i d  p r o f i l e  
p a r t i c u l a r l y  5 min a f t e r  i n j e c t i o n .  
microsomal and cy top lasmic  f r a c t i o n s  o f  r a t  h e a r t s  i n j e c t e d  w i t h  t h i s  
d i rnethy l -branched f a t t y  a c i d  show l i p i d  p r o f i l e s  s i m i l a r  t o  t h e  crude 

p e l l e t .  
80% o f  t h e  e x t r a c t a b l e  a c t i v i t y  i s  i n  t h e  fo rm o f  f r e e  f a t t y  ac id .  

I n  t h e  cy top lasmic  f r a c t i o n  5 min a f t e r  i n j e c t i o n ,  

Wi th  t h e  monomethyl -branched BMIPP analogue 

For both  t h e  cy top lasmic  and 

Wi th DMIPP ( F i g u r e s  8 and 9) bo th  t h e  

I n  t h e  m i t o c h o n d r i a l  f r a c t i o n s  f rom these hear t s ,  however, almost 
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F i g .  9. D i s t r i b u t i o n  of r a d i o a c t i v e  l i p i d s  from t h e  s u b c e l l u l a r  
f r a c t i o n s  of t h e  [13111BMIPP/~12511DMIPP study desc r ibed  i n  
F i g u r e  6. 
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An e v a l u a t i o n  o f  t h e  s u b c e l l u l a r  d i s t r i b u t i o n  p r o f i l e s  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 e  l i p i d s  e x t r a c t e d  f rom t h e  c e l l  components 
shows d i s t i n c t  d i f f e r e n c e s  i n  t h e  t h r e e  analogues. Both t h e  r e l a t i v e  
a s s o c i a t i o n  w i t h i n  t h e  m i t o c h o n d r i a l  versus t h e  cy top lasmic  f r a c t i o n s  
and t h e  l i p i d  p r o f i l e  o f  these two c e l l  components appear t o  be t h e  
ma jo r  d i f f e r e n c e s  t h a t  can be c o r r e l a t e d  between t h e  s t r u c t u r e s  o f  these 
analogues and t h e  observed d i f f e r e n c e s  i n  t h e i r  i n  v i v o  behavior.  The 
I P P  s t r a i g h t  cha in  analogue shoNs poor myocard ia l  i n  v i v o  r e t e n t i o n  and 
i t s  a e t a b o l i c  p roduc ts  seem t o  be p r i m a r i l y  assoc ia ted  w i t h  t h e  cytoplasm, 
i n i t i a l l y  found predominant ly  i n  t h e  d i g l y c e r i d e  poo l .  A t  t h e  o t h e r  
extreme, DMIQP shows t h e  bes t  myocardial  r e t e n t i o n  of t h e  t h r e e  analogues 
and shows an e a r l y  a s s a c i a t i o n  w i t h  t h e  m i tochondr ia  where t h e  e x t r a c t a b l e  
r a d i o a c t i v i t y  i s  almost e x c l u s i v e l y  i n  t h e  f r e e  f a t t y  a c i d  F r a c t i o n .  
F i n a l l y ,  BMIPP shows p r i m a r i l y  equal d i s t r i b u t i o n  i n  t h e  m i t o c h o n d r i a l ,  
microsomal and cy top lasmic  f r a c t i o n s  and seems t o  demonstrate t h e  most 
r a p i d  i n c o r p o r a t i o n  i n t o  t r i g l y c e r i d e s .  F u r t h e r  analyses and 
i d e n t i f i c a t i o n  o f  me tabo l i t es  i s  be ing  pursued. The p resen t  s t u d i e s  
demonstrate c l e a r  d i f f e r e n c e s  i n  t h e  m e t a b o l i c  b a s i s  f o r  myocard ia l  
r e t e n t i o n  o f  these methyl-branched f a t t y  acids.  

RADIOLABELED MYOCARDIAL I M A G I N G  AGENTS - RADIOBROMINATED 
PHOSPHONIUM C A T I O N S  

The des ign and syn thes i s  o f  va r ious  phosphonium c a t i o n s  have been 

These agents show h i g h  s p e c i f i c i t y  and good r e t e n t i o n  due t o  
d e s c r i  bed i n e a r l  i er  r e p o r t s  i n  t h i  s s e r i  es (ORNL/TM-8619, -8827 -9037 
-9343). 
t h e  unique c a t i o n i c  p r o p e r t i e s .  Severa l  c a t i o n i c  compounds o f  
phosphorus, a r s e n i c  and n i t r o g e n  were prepared w i t h  r a d i  o i  odi de 
s t a b i l i z e d  as a t e r m i n a l  v i n y l i o d i d e  (1). All these analogues showed 
h i g h  h e a r t  uptake and good h e a r t :  b lood  r a t i o s .  E x c e l l e n t  myocard ia l  
images were ob ta ined  w i t h  (1, M=P) i n  dogs, b u t  t h i s  agent e x h i b i t e d  
r e l a t - i v e l y  r a p i d  myocardial  washout. The rad iob romina ted  v i n y l a l k y l  
phosphonium c a t i o n  analogue (5 )  has now been prepared u s i n g  s y n t h e t i c  
t echn iques  desc r ibed  e a r l i e r  (ORNL/TM-8746) f o r  e v a l u a t i o n  i n  r a t s  and 
f o r  s t r u c t u r e  d e t e r m i n a t i o n  by s i n g l e  c r y s t a l  X-ray ana lys i s .  The 
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Q-& I 

s y n t h e s i s  of ( 5 )  i s  descr ibed i n  Scheme I .  The p r e p a r a t i o n  o f  t h i s  
bromine analogue has been pursued because of t h e  p o t e n t i a l  use o f  
bromine rad io iso topes .  
h a l f - l i f e  o f  101 min and decays w i t h  a h i g h  p o s i t r o n  y i e l d  (76%), and 
bromine-76 ( T 1 k  = 15.9 h )  i s  a l s o  use fu l  f o r  p o s i t r o n  emiss ion tomography 
(PET)  and decays w i t h  a h i g h  p o s i t r o n  y i e l d  (57%). Both o f  these 
r a d i o n u c l i d e s  can be produced i n  medical  c y c l o t r o n s  and t h e r e  i s  
widespread i n t e r e s t  i n  t h e i r  use i n  p o s i t r o n  emiss ion tomography. 
p r e l i m i n a r y  developmental s t u d i e s  the  r e a d i l y  a v a i l a b l e  8 2 B r  

r a d i o i s o t o p e  (Tik = 13 h )  was used. 

i o d o v i n y l b o r o n i c  a c i d  (2 )  was conver ted i n t o  t h e  corresponding 
v i n y l m e r c u r y  bromide ( 3 ) ,  The v iny lmercury  bromide i n t e r m e d i a t e  was 
t h e n  t r e a t e d  w i t h  mo lecu la r  bromine ( B r 2 )  i n  benzene t o  y i e l d  t h e  
cor respond ing  v iny lb romide ( 4 ) .  By e q u i l i b r a t i n g  rad iobromide (a2Br - )  
w-ith 8 r 2  p r i o r  t o  a d d i t i o n  t o  t h e  v i n y l m e r c u r i c  bromide s u b s t r a t e  ( 3 ) ,  
the rad iobrominated  produc t  ( 4 )  was obtained. I n  developmental s t u d i e s  
t h e  u n l a b e l e d  v iny lb romide produc t  (4)  ob ta ined by t h i s  technique was 
analyzed by I H  nuc lea r  magnetic resonance spectroscopy and found t o  be a 
m i x t u r e  o f  t h e  I_ c i s  ( 2 )  and t r a n s  (E) isomers. 

t h e  s i n g l e  c r y s t a l  X-ray ana lys i s  of ( 5 )  prepared by t h e  condensat ion o f  
(4 . )  w i t h  t r i p h e n y l p h o s p h i n e  i n  benzene. T h e  s i n g l e  c r y s t a l  X-ray 
a n a l y s i s  o f  ( 5 )  was perfomed by Bar ry  M. Golds te in ,  M.D.,  Ph.D., a 
c o l l a b o r a t o r  a t  t h e  U n i v e r s i t y  o f  Rochester Medica l  Center.  The 
m o l e c u l a r  s t r u c t u r e  i s  i l l u s t r a t e d  i n  F ig .  10. The c r y s t a l  i s  composed 

Bromine-75 i s  a p o s i t r o n  e m i t t e r  w i t h  a 

Fo r  

F o r  the p r e p a r a t i o n s  of t h e  model bromoviny l  phosphonium ca t ion ,  t h e  

F u r t h e r  conc lus i ve  proof  f o r  t h e  s t r u c t u r e  o f  (4 )  was es tab ished by 



1 4  

2 3 

+ 93p 
c#9p -(CH,),-CH= Br +I+---- I-(CH,),-CH=CMBr 

5 4 

Scheme I 

o f  a m i x u t r e  o f  2/3 c i s  and 1/3 t r a n s  conformers w i t h  random s i t e  
occupancy. The a l k y l  cha in  i s  extended i n  both cases, t h e  B r  and B r l  
p o s i t i o n s  l y i n g  w i t h i n  0.5 A o f  each other .  
120.9(5)", a s i g n i f i c a n t  d e v i a t i o n  f rom t h e  t e t r a h e d r a l  ang le  o f  109.5'. 
T h i s  i s  probably  due i n  p a r t  t o  a d i s t o r t i o n  i n  t h e  P...C2 d i s t a n c e  
i n t r o d u c e d  by t h e  r e s t r a i n t  p laced  on t h e  C l - C Z  bond. 
d i s t o r t i o n s  f rom t e t r a h e d r a l  angles a re  n o t  uncommon about sp3 
h y b r i d i z e d  a l k y l  cha in  carbons. The P-C1 bond l e n g t h  o f  1.773(7)A f a l l s  

w i t h i n  t h e  r a t h e r  wide range o f  observed Ph3P-C(sp3) bond l e n g t h s  (e.g.9 
1.755(3)A. 
t h e  bond angles about t h e  phosphorus atom show o n l y  smal l  d e v i a t i o n s  
f r o m  a t e t r a h e d r a l  geometry. The phenyl  groups a re  p l a n a r  w i t h i n  
exper imenta l  e r r o r .  The t r iphenylphosphonium moiety shows s i g n i f i c a n t  
d e v i a t i o n s  from C 3  symmetry, r i n g  A be ing  r o t a t e d  about t h e  P-C(sp2) 
bond t o  a g r e a t e r  e x t e n t  t han  r i n g s  €3 and C. On t h e  b a s i s  of a survey 
o f  a l a r g e  number o f  t r i pheny lphosph ine  s t r u c t u r e s ,  Bye, Schweizer and 
D u n i t z  have proposed a pathway f o r  t h e  s t e r e o i s o m e r i z a t i o n  o f  an 
e q u i l i b r i u m  C3-symmetric s t r u c t u r e  t o  i t s  enantiomer. 
t r iphenylphosphonium geometry observed here (Oa = -65.9(5)", ob = 

+15.1(4)", oc = - 2 2 . 7 ( 6 ) " )  would l i e  a long  t h i s  pathway rough ly  between 

The P - C I - C Z  bond angle i s  

However, l a r g e  

The P-C(sp2)  bond leng ths  are w i t h i n  t h e  expected range and 

4 

The 
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cis 
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Br' 
trans 

F i g .  10. S i n g l e  c r y s t a l  X-ray s t r u c t u r e s  of t h e  c i s - t r a n s  v i n y l  bromide 
( 4 )  m i x t u r e  ( cou r tesy  o f  Ba r ry  M. Go lds te in ,  M.D., Ph.D., 
U n i v e r s i t y  o f  Rochester  Medica l  Center) .  



t h e  C3-symrnetric s t r u c t u r e  and a p u t a t i v e  t r a n s i t i o n  s t a t e  s t r u c t u r e  
w i t h  t o r i s o n  angles Oa = -goo, ob 
s i t s  i n  a pocket bounded on t w o  s ides by a l k y l  chains o f  ne ighbor ing  
molecules.  

( 5 )  was determined i n  r a t s  (Table 2 ) .  
e x t r a c t i o n  and h i g h  h e a r t :  b lood  r a t i o s .  
i n c r e a s e  i n  myocardial  r e t e n t i o n  over a 120 min p e r i o d  (% dose/gm: 5 
min, 4.5; 120 min, 5.75) as compared t o  (1, M=P)  i n  which case a gradual  
decrease i n  myocard ia l  r e t e n t i o n  (% dose/gm: 5 min, 5.5; 120 min, 3.87; 
ORNL/TM-8619) was observed. 
w i t h  myocardi a1 r e t e n t i o n  i n  dogs , t h e  r a d i  obromi na ted  agent ( 5 )  m i  ght  
be a s u p e r i o r  candidate than  (1) f o r  f u r t h e r  e v a l u a t i o n  as a myocard ia l  
i magi ng agent. 

= +lo",  oc = -loo. The i o d i d e  anion 

The t i s s u e  d i s t r i b u t i o n  of t h e  --.- c i s - t r a n s  ____ m i x t u r e  o f  rad iobrominated 

The data i n d i c a t e  h i g h  inyocardial  
Compound ( 5 )  showed a gradual  

I f  these da ta  can be d i r e c t l y  c o r r e l a t e d  

Tab le  2. 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  o f  F i sche r  344 female r a t s  f o l l o w i n g  
t h e  a d m i n i s t r a t i o n  o f  t r iphenyl-(E,Z-[828r]bromopenten-5-y1 )phosphonium 

i o d i d e  m ix tu re  (5).  
..... _- ....... ~ ....... 

Mean p e r c e n t  in . iec ted  d ~ s ~ 1 ~ ~ n ~ e )  
Hear t :  
B lood  

Tim .._____ 
a f t e r  

i n j e c t i  on l i e a r t  Blood L i v e r  Lung Kidney T h y r o i d  
.b in . ) .  ~ ...._. ...... (na?L 

5 4.50 0.21 0.94 1.58 8.50 28.00 21.69 

30 5.26 0.14 0.30 1.58 8.66 28.82 37.62 

(3.53-5.82) (0.14-0.27) (0.57-1.36) (1.29-1.92) (0.39-12.86) (23.35-32-92) 

(4.69-5.59) (0.13-0.15) (0.25-0.34) (1.41-1.75) (7.07-10.16) (24.73-34.29) 

60 5.48 0.14 0.17 1.33 5.76 23.25 39.40 
(4.28-7.55) (0.12-0.16) (0.15-0.18) (1.12-1.59) (4.96-6.79) (19.26-31.96) 

120 5.75 0.14 0.12 1.16 3.68 21.19 40.40 
(5.07-7.35) (0.12-0.17) (0.09-0.13) (0.96-0.13) (2.50-5.77) (18.21-24.71) 
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R A D I O I O D I N A T E D  BRANCHED CARBOHYDRATES - POTENTIAL NEW AGENTS 
TO EVALUATE CEREBRAL AND MYOCARDIAL DISORDERS 

I n a recen t  r e p o r t  (ORNt/TM-9480) t h e  syn thes i s  and t i s s u e  
d i s t r i b u t i o n  i n  r a t s  of a model r a d i o i o d i n a t e d  carbohydra te  c o n t a i n i n g  
r a d i  o i  o d i  de s t a b i  1 i z e d  as an i o d o v i  n y l  moiety  (E)-C-3-[ 12sI]i odovi n y l -  
D - a l l o s e  (F ig.  11) were descr ibed.  T h i s  s tudy was per formed t o  develop 

OH 

F i g .  11. S t r u c t u r e  o f  (E)-C-3- iodoviny l -D-a1 lose. 

an iod ine -123- labe led  g lucose analogue designed t o  m e t a b o l i c a l l y  t r a p  
t h e  r a d i o i o d i d e  and enable t h e  r e g i o n a l  s tudy of g lucose metabolism i n  
t i l e  b r a i n  and h e a r t  by s i n g l e  photon tomographic  (SPECT) techniques. 
T i s s u e  d i s t r i b u t i o n  i n  r a t s  w i t h  (E)-C-3-iodovinyl-D-allose showed low 
h e a r t  and b r a i n  uptake. On t h e  o t h e r  hand, t h e  r a d i o i o d i n a t e d  agent d i d  
show low i n  v i v o  d e i o d i n a t i o n  which r e s u l t e d  i n  low t h y r o i d  uptake (60 
min, 6.07% dose lg) .  Thus, i t  was 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 z e d  on a carbohydra te  by attachment t o  t h e  
s p 2 - h y b r i d i z e d  carbon of a v i n y l  moiety. 

r a d i o i o d i n a t e d  agent d i d  n o t  have t h e  a c t i v e  D-g luco c o n f i g u r a t i o n ,  the 
low b r a i n  up take  may be a t t r i b u t e d  t o  low a f f i n i t y  f o r  t h e  c a r r i e r  
system r e q u i r e d  f o r  sugar t r a n s p o r t  across t h e  b lood-bra in  b a r r i e r .  
W i t h  these  r e s u l t s  a t  hand, t h e  syn thes i s  of a C - i o d o v i n y l  carbohydra te  
whereby t h e  hyd roxy l  groups have t h e  a l l  t r a n s  o r  g luco  c o n f i g u r a t i o n  i n  
(E ) 4 - 2 -  i odovi  ny 1 -D-gl ucos e i s now repor ted .  

Because t h e  model 
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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  o f  t h e  g luco C - i o d o v i n y l -  
branched carbohydrate i n v o l v e d  t h e  at tachment o f  an e t h y n y l  f u n c t i o n  
o n t o  t h e  2 - p o s i t i o n  o f  t h e  pyranose r i n g  v i a  t h e  a d d i t i o n  o f  l i t h i u m  
t r i m e t h y l s i l y l  ace ty lene  t o  a k e t o  i n te rmed ia te ,  Methy l  4,6-0-benzyl- 

i dene- 3-0 -met hy 1 -a-a r a  b i  no- hexopy r a  nos i de -2-11 1 ose ( 5 ) 
(Scheme 11) as t h e  k e t o  i n t e r m e d i a t e  because t h e  anomeric c o n f i g u r a t i o n  
o f  t h e  subs ta te  w i l l  r e s u l t  i n  t h e  approach o f  t h e  n e g a t i v e l y  charged 
a c e t y l i d e  t o  t h e  C-2 carbonyl  carbon i n  such a manner t o  a f f o r d  the  
d e s i r e d  g luco  e t h y n y l  c a r b i n o l  (6 ) .  I n  a d d i t i o n ,  t h e  b l o c k i n g  groups o f  
4,6-0-benzyl i dene-3-0-methyl -a-arab-i nohexopyranosi de-2-ul  ose ( 5 )  a re  
s t a b l e  under t h e  bas i c  c o n d i t i o n s  used t o  i n t r o d u c e  t h e  e t h y n y l  
s u b s t i t u e n t  a t  C - 2  b u t  art? l a t e r  r e a d i l y  removed by d i l u t e  acid.  I n  t h i s  
s y n t h e t i c  approach t h e  key i n t e r m e d i a t e  5 was prepared i n  a f o u r - s t e p  
sequence of r e d c t  i ons out 1 i ned i n  Scheme I I .  Comnieri c a l  l y  avai 1 a b l e  
methy l  4,6-0-benzylidene-a-D-glucopyranoside (1) was t r e a t e d  w i t h  a c e t y l  
c h l o r i d e  i n  p y r i d i n e  t o  a f f o r d  methyl  2-0-acetyl-4,6-0-benzylidene-a-D- 
glucopyranoside (2 ) .  Treatment o f  t h e  2-acetate w i t h  3,4-dihydro-2H-pyran 
gave methyl  2-0-acetyl-3-0-(tetrahydropyran-2-yl ) -a-D-glucopyranoside (3) .  
The a c e t y l  group o f  t h e  t c t r a h y d r o p y r a n y l  e t h e r  3 was removed by 
t r e a t m e n t  w i t h  rnethoxide. The 3-hydroxy l  f u n c t i o n  o f  t e t r a h y d r o p y r a n y l  
e t h e r  (4)  was then  o x i d i z e d  under Albr ight-Goldman c o n d i t i o n s  u s i n g  methyl  
s u l f o x i d e - a c e t i c  anhydr ide t o  g i v e  t h e  d e s i r e d  2-ulose ( 5 ) .  The p i v o t a l  
s t e p  i n  t h e  syn thes i s  o f  2-C- iodoviny l  g lucose (10) i n v o l v e d  i n t r o d u c t i o n  
o f  t h e  ace ty lene  f u n c t i o n  v i a  a d d i t i o n  o f  t h e  anion o f  t r i m e t h y l s i l y l  
ace ty lene .  Methy l  2 - C - t r i  methyl  s i  l y l e t h y n y l - 3 - 0 -  ( t e t rahyd ropy ran -2 -  
y l ) -4 ,6-0-benzy l  idene-a-D-glucopyranoside ( 6 )  was t r e a t e d  w i t h  methanol ic-  
NaOH t o  a f f o r d  t h e  d e s i r e d  2-C-ethynyl d e r i v a t i v e  ( 7 ) .  

by i o d o d e s t a n n y l a t i o n  o f  t h e  t r i b u t y l  t i n  i n t e r m e d i a t e  (8 ) .  Hydrostan- 
n y l a t i o n  o f  the e t h y n y l  s u b s t r a t e  ( 7 )  w i t h  t r i b u t y l t i n  h y d r i d e  gave t h e  
(E)-2-C-(trihutyltin)ethylene d e r i v a t i v e  ( 8 ) ,  Treatment o f  t h e  t i n  
s u b s t r a t e  (8)  w i t h  i o d i n e  i n  methylene c h l o r i d e  f o l l o w e d  by d i l u t e  a c i d  
gave (E)-2-C-iodovinyl-D-glucose. The p r o t o n  magnetic resonance (PMR) 

5 was se 1 e c t  ed 

I o d i d e  was i n t r o d u c e d  i n t o  t h e  geminal p o s i t i o n  o f  t h e  e t h y n y l  moiety 
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s p e c t r a  o f  (9 )  and (10) e x h i b i t e d  a c h a r a c t e r i s t i c  A5 doublet  centered a t  
6.67 ( J  = 2 Hz )  corresponding t o  t h e  o l e f i n i c  protons.  A comparison o f  
t h e  chemical s h i f t s  o f  t h e  anomeric p ro tons  i n  t h e  n l k y n y l  i n te rmed ia tes  
( 6 )  and ( 7 )  w i t h  t h a t  i n  t h e  o l e f i n i c  coinpounds (8 )  and (9) enables 
assignment of t he  g l u c o - c o n f i g u r a t i o n  t o  compounds ( 6 ) - ( 9 ) .  The 
t r i m e t h y l s i  l y l a c e t y l e n e  i n t e r m e d i a t e  ( 6 )  and t h e  e t h y n y l  i n t e r m e d i a t e  ( 7 )  
have two p r o t o n  s i g n a l s  each corresponding t o  a s i n g l e  p r o t o n  a t  6 5.5, 6 

5.6 and 6 5.53, 6 5.6, r e s p e c t i v e l y .  The p r o t o n  a t tached  t o  t h e  
benzy l i dene  f u n c t i o n  i s  expected t o  be t h e  most deshie lded and i s  r e a d i l y  
i d e n t i f i e d  as hav ing  a chemical s h i f t  o f  6 5.6. The remain ing two peaks 
a t  6 5.5 and 6 5.53 can be assigned i n  t h e  f o l l o w i n g  manner. 
p r o t o n  o f  a methyl  a-g lucopyranoside b e a r i n g  an a l k y n y l  f u n c t i o n  i n  t h e  
2 - p o s i t i o n  i s  expected t o  resonate a t  a more deshie lded p o s i t i o n  than t h e  
normal f requency o f  6 4.75-4.85. The anomeric p r o t o n  o f  t h e  
g lucopyranoside w i l l  be s i t u a t e d  p e r p e n d i c u l a r  t o  t h e  secondary f i e l d  
caused by t h e  a n i s o t r o p y  of t h e  a c e t y l e n i c  l i n k a g e  and should exper ience a 
d e s h i e l d i n g  e f f e c t ,  Thus, t h e  s i g n a l s  o f  6 5.53 and 6 5.5 i n  t h e  PMR 
s p e c t r a  ( 6 )  and ( 7 )  can be assigned t o  H - 1  of a methyl  a-glucopyranoside. 
The assignment i s  f u r t h e r  conf i rmed by a s i m i l a r  exar i i inat ion o f  t h e  
chemical  s h i f t s  f r o m  t h e  benzy l idene and anomeric p ro tons  o f  t h e  o l e f i n i c  
compounds (8 )  and ( 9 ) .  The benzy l idene p r o t o n  o f  (8) and ( 9 )  absorb a t  6 

5.6 w h i l e  t h e  anomeric p r o t o n  no l onger  shows a s i g n a l  i n  t h e  6 5-6 

reg ion .  The PMR spec t ra  of (8)  and (9 )  do show new resonances a t  a more 
s h i e l d e d  p o s i t i o n  6 4.63. The e l i m i n a t i o n  o f  t h e  d e s h i e l d i n g  n f l u e n c e  o f  
t h e  a l k y n y l  l i nkages  by d e r i v a t i z a t i o n  t o  o l e f i n i c  m o i e t i e s  as shown i n  
t h e  s p e c t a l  data suppor ts  t h e  a-g lucopyranoside c o n f i g u r a t i o n a  
a s s i  gnment. 

The r a d i  o i o d i  nated E-C-2-i odovi n y l  -D-glucose was prepared by 
12512 t r ea tmen t  o f  (8) as desc r ibed  f o r  t h e  u n l a b e l e d  compound. 
d i s t r i b u t i o n  s t u d i e s  i n  female F i s c h e r  r a t s  w i l l  be performed and t h e  
r e s u l t s  r e p o r t e d  i n  a f u t u r e  t e c h n i c a l  r e p o r t .  

The anomeric 

T issue 
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AGENTS FOR MEDICAL COOPERATIVE PROGRAMS 

Osmium-191 

N ine  shipments of 1310s-potassiurn osmate were made f o r  t h e  Med ica l  
Coopera t i ve  Programs f o r  f u r t h e r  development o f  t h e  1910s-+19W r genera tor  
system and t o  s tudy c l i n i c a l  a p p l i c a t i o n s  o f  191mIr (T1h = 4.96 s ) .  
A p p l i c a t i o n s  be ing  s t u d i e d  i n c l u d e  f i r s t - p a s s  r a d i o n u c l i d e  ang iograph ic  
e v a l u a t i o n  o f  i n t r a c a r d i a c  shunts, measurement o f  l e f t  v e n t r i c u l a r  
e j e c t i o n  f r a c t i o n  and e v a l u a t i o n  o f  r e g i o n a l  myocard ia l  p e r f u s i o n  under 
cons tan t  i n f u s i o n  cond i t i ons .  Two shipments were made t o  t h e  C h i l d r e n ' s  
H losp i ta l  Med ica l  Center  i n  Boston, MA (Drs. S .  Treves and A. Packard), 
f o u r  shipments t o  t h e  C y c l o t r o n  Center, U n i v e r s i t y  o f  L iege,  Belg ium 
(Drs. C. B r i h a y e  and M. Gui l laume),  one shipment t o  Harbor  UCLA Medica l  
Center  i n  Torrance, CA (Dr. E. Mena), one shipment t o  George Washington 
U n i v e r s i t y ,  Washington, D.C. (Or. B. Wessels), and one shipment t o  
Massachuset ts  General Hospital Boston, MA (Or. H. kl. Strauss) .  

P 1 a t i  num-195m 

One shipment o f  l g 5 W t - l a b e l e d  - cis-dichlorodiammineplatinum( I I ) 
(cis-DDP) -- was s u p p l i e d  t o  t h e  U n i v e r s i t y  o f  Southern C a l i f o r n i a  
(Dr. W. Wo l f )  t o  s tudy t h e  pharmacok ine t ic  p r o p e r t i e s  and mode o f  
a n t i t u m o r  a c t i v i t y  o f  t h i s  agent. 

C opper-64 

Two shipments o f  6 4 C u - c i t r a t e  were made t o  c o l l a b o r a t o r s  a t  t h e  Oak 
R idge Assoc ia ted  U n i v e r s i t i e s  (Dr. 3 .  Crook). 
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