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SUMMARY 

Procedures  a r e  d e s c r i b e d  f o r  t h e  p r e p a r a t i o n  of r a d i o l a b e l e d  
4-ipomeanol [l-(3-furyl)-4-hydroxypentanone], a h i g h l y  s e l e c t i v e  
pulmonary a l k y l a t i n g  a g e n t ,  of s u f f i c i e n t l y  h igh  s p e c i f i c  r ad io -  
a c t i v i t y  f o r  b iochemica l  and a u t o r a d i o g r a p h i c  s t u d i e s .  The 14C- 
l a b e l e d  material i s  r e p a r e d  from t h e  r e a c t i o n  of e t h y l  3-fur- 
o y l a c e t a t e  w i t h  [3-lgC]-propylene oxide ;  t h e  t r i t i a t e d  p roduc t  
i s  ob ta ined  by c a t a l y t i c  t r i t i a t i o n  us ing  T20 o r  t r i t i u m  gas  
a s  t h e  source  of t h e  r a d i o l a b e l .  
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INTKODUCT ION 

4-Ipomeanol [1-(3-fury1)-4-hydroxypentanonel i s  a h i g h l y  s e l e c t i v e  pulmonary 

a l k y l a t i n g  agen t  which c u r r e n t l y  i s  r e c e i v i n g  a t t e n t i o n  a s  a p o t e n t i a l  a n t i t u - w r  

agent  and as a v a l u a b l e  expe r imen ta l  t o o l  i n  pulmonary tox ico logy  (1-6). The par- 

e n t  compound i s  no t  r e a c t i v e  w i t h  b i o l o g i c a l  macromolecules,  bu t  i t  i s  metabol ized  

in t h e  lungs  t o  a h i g h l y  r e a c t i v e  product  t h a t  b inds  c o v a l e n t l y  t o  n u c l e o p h i l i c  

t i s sue cons t i  t u e  n t  s . 

Although t h e  c a p a c i t y  of t i s s u e s  t o  m e t a b o l i c a l l y  a c t i v a t e  4-ipomeanol 

i n  viva and i n  v i t r o  can be assayed  by b iochemica l  methods (6), t h e s e  procedures  

do  no t  a l low t h e  unequivoca l  ass ignment  of t h i s  a c t i v i t y  t o  i n d i v i d u a l  c e l l s  

w i t h i n  mixed c e l l  popu la t ions  such  as found i n  t h e  whole lung ,  o r  i n  p a r t i a l l y  

p u r i f i e d  whole-ce l l  p r e p a r a t i o n s ,  o r  i n  pulmonary tumor',. Thus,  an  au toradio-  

g raph ic  t echn ique  h a s  been developed  f o r  e v a l u a t i n g  t h e  c e l l u l a r  and i n t r a c e l l u l a r  

s i t e s  of me tabo l i c  a c t i v a t i o n  of 4-ipomeanol i n  systems c o n t a i n i n g  he terogeneous  
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lung  c e l l  p o p u l a t i o n s  ( 1 ) .  T h i s  a u t o r a d i o g r a p h i c  approach r e q u i r e s  4-ipomeanol 

of h igh  s p e c i f i c  r a d i o a c t i v i t y .  

P rev ious  methods ( 2 , 3 )  f o r  t h e  p r e p a r a t i o n  of 14C-radio labe led  4-ipomeanol 

were r a t h e r  t e d i o u s ,  r e q u i r e d  e x t e n s i v e  p u r i f i c a t i o n  p rocedures ,  o r  y i e l d e d  prod- 

u c t  of r e l a t i v e l y  low s p e c i f i c  r a d i o a c t i v i t y  ( adequa te  f o r  b iochemica l  s t u d i e s  

but  but not f o r  au to rad iog raphy) .  Moreover,  a p r e p a r a t i o n  method f o r  3H-labeled 

4-ipomeanol a l s o  was needed, s i n c e  such m a t e r i a l  i s  necessa ry  f o r  h igh - re so lu t ion  

au to rad iog raphy .  T h e r e f o r e ,  we d e s c r i b e  h e r e  some conven ien t  p rocedures  f o r  t h e  

p r e p a r a t i o n  of [5-14C]-4-ipomeanol and [3H(G)]-4-ipomeanol of s u f f i c i e n t l y  h igh  

s p e c i f i c  a c t i v i t y  f o r  a wide v a r i e t y  o f  b i o l o g i c a l  s t u d i e s ,  i n c l u d i n g  i n  v i t r o  and 

-- i n  v ivo  au to rad iog raph ic  i n v e s t i g a t i o n s .  

EXPERIMENTAL 

[5-14C1-4-Ipomeanol ( 3 ) .  The s y n t h e s i s  of 3 i s  o u t l i n e d  i n  F i g u r e  1. The 

method is an a d a p t a t i o n  of one which p r e v i o u s l y  h a s  been used  f o r  t h e  l a r g e - s c a l e  

p r e p a r a t i o n  of un labe led  4-ipomeanol ( 4 , 5 ) .  The s t a r t i n g  m a t e r i a l ,  e t h y l  3-fur- 

o y l a c e t a t e  ( L ) ,  was prepared  from e t h y l  3 - fu roa te  a s  d e s c r i b e d  p rev ious ly  ( 4 , 5 ) .  

- 

(1) (2) (3) 
F i g u r e  1.  S y n t h e s i s  of [5-14C]-4-ipomeanol (2). A s t e r i s k  shows l o c a t i o n  of 

r ad i o l a  be l e d  a tom. 

Sodium methoxide s o l u t i o n  was prepared  f r e s h l y  by d i s s o l v i n g  2 2 3  mg (0 .01  mol) 

of m e t a l l i c  sodium i n  10 m l  of anhydrous methanol;  0.95 m l  of t h e  s o l u t i o n  (con- 

t a i n i n g  0.95 mmol -OCH3) was t r a n s f e r r e d  t o  a 3 ml conica l -bot tom Reac t i -Via l  f i t -  

t e d  wi th  a magnet ic  cone s t i r r e r  and M i n i n e r t  va lve  c l o s u r e  ( P i e r c e  Chemical Co., 

Rockford,  I L ) .  A l l  r e a c t a n t s  were in t roduced  i n t o  t h e  v e s s e l  through t h e  va lve  

c l o s u r e  u s i n g  Hamilton m i c r o l i t e r  s y r i n g e s .  

A f t e r  adding 167 p1 (1 .0  mmol) of 1, t h e  r e a c t i o n  mix tu re  was s t i r r e d  f o r  15 

Next, 70  1:1 (1.0 mmol) of [3-14C]-propylene ox ide  ( s p e c i f i c  a c t i v i t y  2.0 m C i /  min. 
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mmol) (American Radiochemical Corp.,  San fo rd ,  FL) was added and t h e  m i x t u r e  s t i r r e d  

f o r  60 h r  a t  room t empera tu re .  The l a c t o n e  product  (1) was deca rboxy la t ed  wi thou t  

p u r i f i c a t i o n ;  120 p1 of 10 N H C 1  was added t o  t h e  r e a c t i o n  v e s s e l  and t h e  mix tu re  

w a s  s t i r r e d  f o r  15 h r  a t  50-55' ove r  a water ba th .  The s o l u t i o n  then  was evapo- 

r a t e d  unde r  a stream of Ng t o  y i e l d  a brown r e s i d u e  (QO.2  ml).  A mix tu re  of 200 

mg of NaCl and 2 m l  H 2 0  were  added and v igo rous ly  shaken w i t h  t h e  r e s i d u e .  The 

mix tu re  was e x t r a c t e d  t h r e e  times w i t h  6 m l  p o r t i o n s  of e t h y l  e t h e r .  The e x t r a c t s  

were combined, d r i e d  over  anhydrous Mg2S04, f i l t e r e d ,  and evapora t ed  under N 2 .  

The r e s i d u e  (ebqut  150 mg) was d i s s o l v e d  i n  200 p l  of e t h y l  e t h e r  and p u r i f i e d  by 

t h i n - l a y e r  chrana tography a s  d e s c r i b e d  below. 

[3H(G)]-4-Ipomeanol. A mix tu re  of 100 mg of 4-ipomeanol (p repa red  a s  de- 

s c r i b e d  p r e v i o u s l y  ( 4 , 5 ) ,  30 mg Qf 5% Rh/A1203 (Maca la s t e r  B i c k n e l l ,  M i l l v i l l e ,  

NJ). 0.5 mZ of a b s o l u t e  e t h a n o l ,  and  0.1 m l  of g l a c i a l  a c e t i c  a c i d  was added t o  a 

15 m l  combustion tube .  The t r i t i u r b  s o u r c e  w a s  e i t h e r  T20 or t r i t i u m  gas ob ta ined  

from I C N  Pha rmaceu t i ca l s  I n c . ,  I t v i n e ,  CA. The T20 ( 2 5  C i ;  s p e c i f i c  a c t i v i t y  59 

Ci/mmole) W a B  added d i r e c t l y  to t h e  r e a c t i o n  mixture  a f t e r  f l u s h i n g  t h e  t u b e  wi th  

a rgon;  f o r  a d d i t i o n  of t r i t i u m  gas  (25 C i ) ,  t h e  tube  was evacuated  on a vacuum 

l i n e ,  followed by i r i t roduc t ion  of t h e  t r i t i u m .  The tube  t h e n  was s e a l e d  and shaken 

a t  room t empera tu re  f o r  15 h r s .  The c a t a l y s t  was sepa ra t ed  by c e n t r i f u g a t i o n  and 

t h e  s o l u t i o n  evapora ted  i n  vacuo. . L a b i l e  t r i t i u m  was back-exchanged by r e p e a t e d l y  

(10-15 t i m e s )  d i s s o l v i n g  t h e  sample i n  10 m l  p o r t i o n s  of methanol and evapora t ing  

t h e  s o l v e n t  under a s t r eam of N2. The r e s u l t i n g  c rude  product  ( abou t  95 mg) was 

d i s s o l v e d  i n  200 ~1 of e t h y l  e t h e r  and p u r i f i e d  by t h i n - l a y e r  chromatography a s  

d e s c r i b e d  be 1 ow. 

P u r i f i c a t i o n  of [5-14C]-4-ipomeanol and [3H(G)]-4-ipomeanol. Th in - l aye r  chro- 

matographic  p l a t e s  ( s i l i c a  g e l  GF i n  1 O O O u  and 2 5 0 ~  t h i c k n e s s e s )  were obta ined  

from Ana l t ech ,  I n c . ,  Newark, DE. The 250 u p l a t e s  were d e a c t i v a t e d  by d ipp ing  them 

i n  methanol and a l lowing  them t o  dry  i n  room a i r  2 h r  p r i o r  t o  use .  The 4-ipo- 

meanol bands were viewed on t h e  e l u t e d  p l a t e s  by s h o r t  wave U . V .  and were i d e n t i -  

f i ed  by compara t ive  chrana tography w i t h  a u t h e n t i c  samples of un labe led  4-ipome- 

ano l .  The chemical p u r i t y  of t h e  p roduc t s  was v e r i f i e d  by h igh -p res su re  l i q u i d  
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chromatography (Waters  Model ALC 202 l i q u i d  chromatograph  f i t t e d  w i t h  a 30 x 0 .39  

cm Bondapak column e l u t e d  w i t h  30% ( v / v )  m e t h a n o l / w a t e r  a t  a r a t e  of '2 ml/min 

(4- ipomeanol  r e t e n t i o n  t ime = 10 min) .  The r a d i o c h e m i c a l  homogenei ty  o f  t h e  prod- 

u c t s  was checked by c o u n t i n g  2 m l  f r a c t i o n s  f rom t h e  h i g h - p r e s s u r e  l i q u i d  chromat-  

o g r a p h  (ACS c o u n t i n g  s c i n t i l l a n t ,  Amersham Corp;  Beckman Model LS-2122P S c i n t i l -  

l a t i o n  C o u n t e r )  o r  by TLC u s i n g  a P a c k a r d  Model 385 TLC rad iochromatogram s c a n n e r .  

The c r u d e  [5-14C1-4-ipomeanol was chromatographed  on a 1OOOLJ TLC p l a t e  u s i n g  

40% ( v / v )  e t h y l  a c e t a t e / h e x a n e  a s  t h e  e l u a n t .  The p r o d u c t  band (Rf = 0 . 6 )  was 

s c r a p e d  f rom t h e  p l a t e  and e x t r a c t e d  t h r e e  t i m e s  w i t h  10 m l  p o r t i o n s  of e t h y l  

e t h e r .  The e x t r a c t s  were combined,  e v a p o r a t e d ,  and r e c h r o m a t o g r a p h e d  on  a deac-  

t i v a t e d  250p p l a t e  e l u t e d  w i t h  10% ( v / v )  m e t h a n o l / b e n z e n e .  The p r o d u c t  band (Rf = 

0 . 4 )  was removed and e x t r a c t e d  t h r e e  t i m e s  w i t h  10 m l  p o r t i o n s  of e t h y l  e t h e r .  

The s o l v e n t  was removed u s i n g  a s t r e a m  of N2. The p r o d u c t  ( a v e r a g e  of  38 mg [0.23 

mmoll C 1 0  mg); '24% f i n a l  y i e l d  based  on s i x  r e p l i c a t i o n s )  was a v i s c o u s ,  c o l o r -  

l ess  l i q u i d  and was c h e m i c a l l y  and r a d i o c h e m i c a l l y  homogeneous, and had a s p e c i f i c  

a c t i v i t y  of  2.0 mcilmmol. 

The c r u d e  [3H(G)1-4-ipomeanol was chromatographed  f i r s t  on f o u r  d e a c t i v a t e d  

25011 TLC p l a t e s  u s i n g  10% ( v / v )  m e t h a n o l / b e n z e n e  a s  t h e  e l u e n t .  The p r o d u c t  band 

(Rf = 0 . 4 )  was removed and e x t r a c t e d  w i t h  e t h y l  e t h e r .  The s a m p l e  was re-chromat-  

ographed  t w i c e  more by t h e  same p r o c e d u r e  u s i n g  one  25011 p l a t e  e a c h  t i m e .  The 

p r o d u c t  o b t a i n e d  from t h e  exchange p r o c e d u r e  u s i n g  e i t h e r  t r i t i u m  g a s  o r  T20 had 

a s p e c i f i c  a c t i v i t y  o f  a p p r o x i m a t e l y  1 . 7  Ci/mmol, a l t h o u g h  t h e  y i e l d  g e n e r a l l y  was 

h i g h e r  w i t h  t h e  g a s e o u s  exchange  method. The amount of l a b e l e d  4- ipomeanol  t y p i -  

c a l l y  r e c o v e r e d  i n  s e v e r a l  r e p l i c a t i o n s  of t h e s e  p r o c e d u r e s  was 2-5% of t h e  amount 

of u n l a b e l e d  s t a r t i n g  m a t e r i a l .  The t r i t i a t e d  4- ipomeanol  was c h e m i c a l l y  and 

r a d i o c h e m i c a l l y  homogeneous. Moreover ,  a n a l y s i s  of a sample  of t r i t i a t e d  p r o d u c t  

s t o r e d  i n  methanol  s o l u t i o n  a t  -20" f o r  6 months showed l e s s  t h a n  5% d e c o m p o s i t i o n .  

DISCUSSION 

P r o c e d u r e s  a r e  d e s c r i b e d  h e r e i n  f o r  t h e  p r e p a r a t i o n  of r a d i o l a b e l e d  4- ipo-  

meanol  of h i g h  p u r i t y  and h i g h  s p e c i f i c  r a d i o a c t i v i t y .  The p r o d u c t  i s  s u i t a b l e  

f o r  u s e  i n  b i o c h e m i c a l  and a u t o r a d i o g r a p h i c  a s s a y s  employing  t h e  compound. Prod-  
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u c t  w i t h  t h e  h i g h e s t  s p e c i f i c  r a d i o a c t i v i t y  can  be prepared  u s i n g  t h e  t r i t i a t i o n  

p rocedures ,  and t h i s  material i s  most u s e f u l  i n  a u t o r a d i o g r a p h i c  i n v e s t i g a t i o n s  

which r e q u i r e  t h e  h i g h e s t  p o s s i b l e  c e l l u l a r  and i n t r a c e l l u l a r  r e s o l u t i o n .  Bio- 

chemical and a u t o r a d i o g r a p h i c  d a t a  o b t a i n e d  wi th  t h e  14C-labeled m a t e r i a l  v e r s u s  

t h e  t r i t i a t e d  4-ipomeanol o the rwise  appea r  q u i t e  s i m i l a r .  For  example,  t h e  same 

p a t t e r n  of pulmonary c e l l - s p e c i f i c  a l k y l a t i o n ,  a s  a s ses sed  by au to rad iog raphy ,  was 

o b t a i n e d  when an imals  were admin i s t e red  [5-14C1-4-ipomeanol o r  i3H(G) 1-4-ipomeanol 

(1). 

Prev ious ly -desc r ibed  methods f o r  t h e  p r e p a r a t i o n  of I4C-labeled 4-ipomeanol 

have  s e v e r a l  d i sadvan tages ,  compared t o  t h e  p r e s e n t  method. A procedure  ( 2 )  f o r  

making [4-14C 1- o r  [ 3  ,5-I4C 1-4-ipomeano1, u s i n g  [2-14C 1- o r  [ 1, 3-14C]-acetone, 

r e s p e c t i v e l y ,  a s  t h e  source  of r a d i o l a b e l ,  involved  a 3- s t e p  r e a c t i o n  sequence ,  

and y i e l d e d  a complex mix tu re  of i somer i c  1,4-dioxygenated-l-(3-furyl)-pentanes, 

i n c l u d i n g  4-ipomeanol. Thus,  w i th  t h i s  method, p u r i f i c a t i o n  of t h e  d e s i r e d  prod- 

u c t  was r a t h e r  d i f f i c u l t ,  t h e  y i e l d  was r e l a t i v e l y  low, and t h e  f i n a l  p roduct  was 

of r e l a t i v e l y  low s p e c i f i c  r a d i o a c t i v i t y  (15 UCi/mmole). Another procedure  ( 3 ) ,  

which used [14C1-methyl i o d i d e  a s  t h e  sou rce  of r a d i o l a b e l ,  y i e l d e d  [5-14C]-4-i~o- 

meanol of h i g h e r  (140 pCi/mmole) s p e c i f i c  r a d i o a c t i v i t y  t h a n  t h e  p rev ious  method; 

however, t h e  p r e p a r a t i o n  of p recu r so r  m a t e r i a l s  r e q u i r e d  f o r  t h i s  procedure  was 

r a t h e r  t e d i o u s .  C l e a r l y  t h e r e f o r e ,  t h e  p re sen t ly -desc r ibed  methods o f f e r  t h e  

s i m p l e s t  and most conven ien t  means of p r e p a r a t i o n  of r a d i o l a b e l e d  4-ipomeanol 

s u i t a b l e  f o r  a v a r i e t y  o f  b i o l o g i c a l  i n v e s t i g a t i o n s .  
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