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SYNTHESIS OF IODINE-125 LABELLED w-IODOUNDECYL CHOLESTERYL ETHER 
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SUMMARY 

w-[ 1251]Iodoundecyl choleeteryl ether has been synthesized via a 
hydroboration-iodination sequence. The syntheses can be used to prepare 
high specific activity (no-carrier-added) reagents. 
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INTRODUCTION 

Radioactively labelled markers have been used extensively to determine 

the metabolic and pharmacokinetic behavior of liposomes(1) and lipoprotein 

particles(2). A variety of 3H- or 14C-labelled nonmetabolizable and non- 

exchangeable marker compounds have been reported(3,4). However, the 12 

- vivo use of these compounds is rather limited. 

phospholipids have been used successfully in vitro(5.6) but these compounds 

are metabolized in vivo, making long term studies difficult(5.6). We(3) 

and others(2) previously reported that 3H-labelled cholesteryl alkyl ethers 

are nonmetabolizable and nonexchangeable markers €or liposomes both 

vitro and in vivo. 

12%-labelled analogs of 

We wish to report a convenient synthesis of w-[1251]iodoundecyl 

cholesteryl ether via a hydroboration-iodination sequence,Figure I. The 
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scheme was d e v e l o p e d  in o u r  l a b o r a t o r y  and had been  used  p r e v i o u s l y  t o  

p r e p a r e  h i g h  s p e c i f i c  a c t i v i t y  ( n o - c a r r i e r - a d d e d )  r e a g e n t s ( 7  , a ) .  W -[ 1251]- 

I o d o u n d e c y l  c h o l e s t e r y l  ether is c u r r e n t l y  b e i n g  e v a l u a t e d  f o r  u s e  as a 

l i p o s o m a l  marker  in our l a b o r a t o r i e s .  

0""" 
CH,=CH(CH&O 

1 

F i g u r e  I 

EXPERIMENTAL 

M e l t i n g  p o i n t s  are u n c o r r e c t e d .  NMR s p e c t r a  were r e c o r d e d  on a 

R a d i o a c t i v i t y  w a s  JEOL-FX90Q s p e c t r o m e t e r  and r e f e r e n c e d  t o  He4Si. 

d e t e r m i n e d  by s c i n t i l l a t i o n  c o u n t i n g  on a Beckman Biogamma 11 c o u n t e r .  

A i r  and m o i s t u r e  s e n s i t i v e  borane  s o l u t i o n s  were t r a n s f e r r e d  u s i n g  

o v e n - d r i e d  hypodermic  s y r i n g e s .  E l e m e n t a l  a n a l y s e s  were c a r r i e d  o u t  by 

C a l b r a i t h  L a b o r a t o r i e s ,  K n o x v i l l e ,  Tennessee .  
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Reagents.  

Sodium iodide-125 (Amersham and ICN) was d i l u t e d  wi th  aqueous sodium 

i o d i d e  (1M) to  ach ieve  a s p e c i f i c  a c t i v i t y  of 2 m C i / m o l e .  THF w a s  d r i e d  

(CaH2) and d i s t i l l e d  ove r  LiAlH4 and s t o r e d  under n i t rogen .  BH3aTHF was 

prepared acco rd ing  t o  pub l i shed  procedure(9) .  

prepared v i a  t h e  hydroborat ion of cyclohexene with BH3*THF( 10).  

10-Undecen-1-01 ( A l d r i c h )  w a s  used aa r ece ived .  

Chemical and Radiochemical P u r i t y .  

Dicyclohexylborane was 

The chemical and radiochemical  p u r i t y  of t he  p roduc t s  were determined 

by t h i n  l a y e r  chromatography us ing  s i l i c a  g e l  p l a t e s  (250u, Whatman K-5). 

An a u t h e n t i c  sample of t h e  u n l a b e l l e d  product  w a s  app l i ed  ad jacen t  t o  t h e  

r e a c t i o n  mfxture.  The r a d i o a c t i v i t y  was a s s o c i a t e d  wi th  a spo t  having an 

Rf va lue  i d e n t i c a l  t o  t h a t  of t h e  un labe l l ed  material. 

w-Undecylenyl Tosylate .  

10-Undecen-1-01 (5.72 g ,  33.6 rnmol) was placed i n  a 100 mL f l a s k  

c o n t a i n i n g  chloroform (50 mL) and then  cooled t o  O'C. P y r i d i n e  (10.68 mL, 

10.44 g ,  132 mmol) w a s  then added t o  t h e  f l a s k  fol lowed by a d d i t i o n  of 

p - to luenesu l fony l  c h l o r i d e  (13.0 g, 68 mmol) i n  f i v e  p o r t i o n s .  

p rog res s  of t he  r e a c t i o n  was monitored by TLC (4% e the r /pe t ro l eum e t h e r ;  

product  Rf = 0.3). A f t e r  8 h r s ,  t h e  chloroform s o l u t i o n  was s u c c e s s i v e l y  

washed with aqueous 5% NaHC03, 2N HC1 and water. The chloroform s o l u t i o n  

was then d r i e d  over  MgS04 and s o l v e n t  removed under reduced p res su re .  The 

crude t o s y l a t e  (13.96 g )  w a s  p u r i f i e d  by column chromatography on a s i l i c a  

g e l  column ( 9 0  g ,  60  cm x 2.7 cm). The product was ob ta ined  as a t h i c k  

l i q u i d  (80% benzene/petroleum e t h e r  e l u a n t )  in nea r ly  q u a n t i t a t i v e  y i e l d s .  

l H  nmr (CDC1-j): 6 2.15-1.23(m,16H,CH2), 2.44(e,3H,CH3), 4 .02(t  ,ZH,-OCH2), 

6.05-5.6(m, l H , C H ) ,  7.8-7.3(m,4H ,Ar-H) . 
114 .13(o le f in i c  carbons) ,  70.65(-0cH2). 

C.66.66; H.8.64; S,9.88. Found: C,66.69; H,8.94; S.10.14. 

w-Undecenyl C h o l e s t e r o l  E the r  ( 1 ) .  

The 

I3C-NMR (CDC13)  : 6 139.05 and 

Anal. Cald. f o r  C18H2803S: 

% 

Potassium metal (0.82 g ,  21 m o l )  and dry  benzene (50 d) were added 

t o  a flame-dried,  n i t r o g e n  f lu shed ,  250 mL round-bottomed f l a s k  f i t t e d  with 
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a condenser ,  magnet ic  stirring ba r  and a septum-capped s i d e  arm. 

mix tu re  was hea ted  t o  95°C in an o i l  ba th  f o r  30 m i n .  C h o l e s t e r o l  (10.44 

g ,  27 mmol) was then  added t o  t h e  f i n e  suspens ion  of potass ium i n  benzene 

fo l lowed by a d d i t i o n  of a d d i t i o n a l  d r y  benzene (20 mL). 

mixture  was r e f luxed  o v e r n i g h t  w i th  c o n s t a n t  s t i r r i n g .  Undecylenyl 

t o s y l a t e  (7.45 g ,  23 m o l )  in dry  benzene (15  mL) was then  added t o  t h e  

f l a s k  fo l lowed by a d d i t i o n a l  benzene (25  mL). The r e a c t i o n  mix tu re  was 

r e f l u x e d  €or 48 h r s  under a n i t r o g e n  atmosphere. [The p r o g r e s s  of t h e  

r e a c t i o n  w a s  monitored by t l c  ( s o l v e n t  4% e t h e r / p e t r o l e u m  e t h e r ) ] .  The 

s o l v e n t  was removed under reduced p r e s s u r e  and t h e  c rude  product  was 

p u r i f i e d  by column chromatography on s i l i c a  g e l  (75  g, 45 x 2.75 cm) .  Pure  

undecylenyl  c h o l e s t e r y l  e t h e r  8.6 g, 76% y i e l d  was ob ta ined  u s i n g  5% 

e the r /pe t ro l eum e t h e r  as e l u a n t .  The product  c r y s t a l l i z e d  as n e e d l e s ,  mp 

60°C ( e t h a n o l ) .  

2.4-1.1 (m,28H,alkyl-H), 3.12 ( p e n t u p l e t ,  1H ,-OClJ), 3.45( t ,ZH,-OCHz), 

5.07-4.87(rn,ZH,=CH2), 5.35( bs, l H , c y c l i c  o l e f  in), 6.05-5.6(m, lH,=%). 

13C-NMR (CDC13): 6 141.27, 139.29, 121.4 and 114.20 ( o l e f i n i c  ca rbons ) ,  

The 

The r e a c t i o n  

lH-NMR (CDCl3):6 0.68, 0.84, 0.90, 0.95, 1.0 ( s , 5  x CH3), 

79.05 (-OCH), - and 68.27 (-0cH2). Anal. Cald. for C38H660: C.84.76; 

H,12.27. Found: C ,  84.47; H ,  12.25. 

Hydrobora t ion  of w-Undecenyl C h o l e s t e r y l  E t h e r  w i t h  Dicyc lohexylborane .  

Cyclohexene (2.2 mmol, 0.22 mL) and d ry  THF ( 2  mL) were added t o  a 

n i t r o g e n  f l u s h e d ,  f lame-dr ied  f l a s k  (25  mL) f i t t e d  wi th  a septum-capped 

s i d e  arm and a magnet ic  s t i r r i n g  bar .  The s o l u t i o n  was cooled  t o  0°C and 

BH3=THF (1 .1  mmol, 0.42 mL of 2.6 M so ln .  i n  THP) w a s  added. 

mix ture  was s t i r r e d  a t  O°C for 2 h r  ( a  whi te  p r e c i p i t a t e  appeared.)  

w-Undecenyl c h o l e s t e r y l  e t h e r  ( 1  m o l ,  0.54 g )  and THF ( 5  mL) were then  

The r e a c t i o n  

added, t h e  r e a c t i o n  a l lowed t o  reach  room t empera tu re  and s t i r r e d  f o r  

ano the r  4 h r s .  

S y n t h e s i s  of a-Iodoundecyl C h l e s t e r o l  E t h e r  ( 3 ) .  
z 

The d icyc lohexylborane  d e r i v a t i v e ,  ( 2 ) ,  (0.7 mmol, 7 mL of 0.1 M so ln .  
% 

in THF) was p laced  i n  a f lame-dr ied ,  n i t r o g e n  f lu shed  round-bottomed f l a s k  
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f i t t e d  with a septum-capped s i d e  arm. The apparatus was shielded from 

l i g h t .  

t o  the f l a s k  followed by sodium iodide (0.7 m m l ,  0.7 mL of 1 M aqueous 

s o l u t i o n  and chloramine-T (CAT, 0.7 mmol, 1.4 mL of 0.5 M methanolic 

s o l u t i o n ) .  The mixture was s t i r r e d  at room temperature u n t i l  the  color  

faded (-10 min.) and then d i l u t e d  with 15 mL of water. The product was 

ex t rac ted  i n t o  e t h e r ,  the so lu t ion  dr ied  over  MgS04, and the  so lvent  

removed. 

petroleum e ther  as e luant .  The product c r y s t a l l i z e d  as needles from 

acetone,  0.34 g (72%),  mp 75-76OC. 

0.91, 0.95 and 1.02(sS5xCH3), 1.31, 1.81, 2.11 and 2.27(m,28H,alkyl-H), 

3.2 1( t ,2H,CH2-I), 3.43( t ,2H,-OCH2) and 5.34( bs , 1H.O-CH) . 
(CDC13-CD3COCD3): 6 141.68 and 122.02 ( o l e f i n i c  carbons). 7 9 . 6 ( 0 9 ) ,  

68.63(OCH2) - and 7.63(C_H21). 

Found: C,  68.60; H, 10.24. 

Synthesis  of u-[ 1251]Iodoundecyl Cholesteryl  Ether ( 2 ) .  

Sodium a c e t a t e  (0.7 mrnol, 0.7 mL of 1M methanollc s o h . )  was added 

The product was p u r i f i e d  by chromatography on s i l i c a  g e l  using 

lH-NMR (CDC13-CD3COCD3): 6 0.71, 0.84, 

3C-NMR 

Anal. Cald. f o r  C38H6701: C ,  68.47; H, 10.06. 

The dicyclohexylborane d e r i v a t i v e ,  ?, (10 mL, 1 mmol, 0.1 M so lu t ion  f n  

THF) w a s  placed in a ni t rogen f lushed ,  dr ied ,  septum-capped s i d e  arm f i t t e d  

round-bottomed f l a s k  at room temperature. Sodium a c e t a t e  ( 1  mL, 1 mmol, 1M 

methanolic s o l u t i o n ) ,  sodium iodide  [2 P C i ,  1 mmol, 1 mL of a 1 M  aqueous 

s o l u t i o n  and chloramine-T (2 mL, 1 mmol of a 0.5 M methanolic so lu t ion)  

were added sequent ia l ly .  The react ion mixture w a s  s t i r r e d  at room 

temperature u n t i l  the  color  faded (%lo min.) and then d i l u t e d  with 15 mL of 

water. The product was ex t rac ted  i n t o  e t h e r ,  the so lu t ion  dr ied over 

MgS04, and t h e  solvent  removed under reduced pressure. The product was 

pur i f ied  by chromatography on silica g e l  using petroleum e t h e r  (40-6OoC) a s  

e luant  (0.35 g, 52.6% y i e l d ) ;  Rf 0.65 i n  hexane-ether-methanol-acetic acid 

(70:30:5:1) agreed with the cold iodide prepared earlier. The radio- 

chemical y ie ld  was  50%. 

Syrlthesie of No-Carried-Added w-[ 1251]Iodoundecyl Cholesteryl  Ether (3). 
The dicyclohexylborane d e r i v a t i v e ,  ( z ) ,  (5 w o l e ,  50 pL of a 0.1 M so lu t ion  

i n  W P )  was placed i n  a small v i a l  (Wheaton) with a small magnetic s t i r r i n g  
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bar.  

m C i )  and Chloramine-T (75 uL) were added s e q u e n t i a l l y .  

e x t r a c t e d  i n t o  e t h e r  and placed on p r e p a r a t i v e  TLC p l a t e .  

ment i n  hexane-ether-methanol-acetic a c i d  (70:30:5:1), t he  r a d i o a c t i v e  band 

corresponding t o  t h e  product  was sc raped  and then e x t r a c t e d  wi th  hexane- 

ether-methanol (70:30:5). 

Sodium acetate (50 VL of a 1 M methanol s o l u t i o n ) ,  Na12% ( 2  vL, 2 

The product  w a s  

A f t e r  develop- 

The r ad iochemlca l  y i e l d  was 20%. 
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