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I4 I4 SYNTHESIS OF MALONDIALDEHYDE-1 ,2,3- C VIA ETHYL VINYL-[I ,2- C2] ETHER 3 
JI 

Michael J. Bienkowski, Melissa A. Tuttle and Lawrence J. Marnett 
Department of Chemistry, Wayne State University, Detroit, Michigan 48202 

SUMMARY 
14 The synthesis of 1,1,3,3-tetraethoxypropane-1,2,3- C from uniformly 

labeled paraldehyde is described. 
proceeds in an overall yield of 25%. The final product is greater than 
95% radiochemically pure and it is stable indefinitely when stored as 
thoroughly degassed benzene solutions. Hydrolysis of radiolabeled tetra- 
ethoxypropane occurs in mode ate yields to form malondialdehyde-l,2,3- 

sal2. One of the intermediates in the synthesis o f  tetraethoxypropane is 
ethyl ~inyl-[1,2-~~C~] ether, which is isolable in 50% overall yield from 
paraldehyde. The widespread utilization of ethyl vinyl ether in organic 
synthesis suggests that the radiolabeled material should provide an entry 
to a large number of specifically [14C] labeled compounds. 

Ethyl Vinyl-[I ,2-I4Cz] Ether. 

The synthesis involves tl?ree steps and 

14C (1,3 propanedial-1,2,3- I r ;  C3) which is isolated and stored as the sodium 
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I NTRODUC 

Mammalian tissues produce substantial 

during prostaglandin bio~ynthesis'-~ and 1 

I ON 

quantities o f  malondialdehyde, 1, 
4 pid peroxidation . It is a react ve 

electrophile and covalently attaches to intracellular nucleophiles such as pro- 

t e i n ~ ~  and nucleic 

Salmonel la typhimurium' and carcinogenic in female mice' suggesting that it might 

be an important agent in cellular degeneration and dysfunction. Remarkably 

little is known about the metabolic disposition of malondialdehyde because of 

Furthermore, malonaldehyde is mutagenic in 

the unavailability of radiolabeled material for tracer studies. Recently, 

Summerfield and TappeI1%ave reported that malondialdehyde-l,3,- Cz can be bio- 

synthesized by the action of alcohol dehydrogenase on 1,3-propanediol-1,3- C2. 
Neither the specific activity nor the radiochemical purity of the final product 
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was repor ted .  Th is  paper desc r ibes  t h e  chemical  s y n t h e s i s  o f  malondialdehyde- 

1,2,3- C f rom commerc ia l l y  a v a i l a b l e  paraldehyde-U-14C. An i n t e r m e d i a t e  i n  

the  s y n t h e s i s  i s  e t h y l  v i n y l - [ 1 , 2 -  

p r e p a r a t i o n  o f  t h i s  compound l a b e l e d  w i t h  [ C ]  i n  t h e  v i n y l  group. The wide- 

spread use o f  e t h y l  v i n y l  e t h e r  i n  o r g a n i c  syntheses suggests t h a t  5 shou ld  be 

a v a l u a b l e  i n t e r r r e d i a t e  f o r  t he  p r e p a r a t i o n  o f  many o t h e r  s p e c i f i c a l l y  [ C ] -  

l a b e l e d  compounds. 

14  
3 

14 
C 1 e t h e r  2. Th is  i s  t he  f i r s t  repo r ted  2 

I 4  

14  

RESULTS AND D I S C U S S I O N  

Scheme 1 o u t l i n e s  the  s y n t h e t i c  pathway employed. A l though o n l y  two carbons 

a r e  a c t u a l l y  l abe led ,  t h e  symmetry of 6 and 1 e f f e c t i v e l y  l a b e l s  a l l  t h r e e  

carbons. The s p e c i f i c  a c t i v i t y  o f  carbon 2 i s  t w i c e  t h a t  o f  carbons 1 and 3. 

The maximum s p e c i f i c  a c t i v i t y  o f  1 i s  l i m i t e d  by the  q u a n t i t y  o f  c a r r i e r  wh ich  

must be added f o r  e f f i c i e n t  hand i n g  o f  4 and 2. 

a t t a i n e d  i s  100 uCi/mmol. 

The h i g h e s t  va lue  wh ich  we have 

The major  d i f f i c u l t y  i n  the  s y n t h e s i s  i n v o l v e s  t h e  p r e p a r a t i o n  and dehy- 

1 1  
droha logena t ion  o f  t he  c h l o r o  e t h e r  4 
must be handled c a r e f u l l y  t o  a v o i d  decompos i t ion .  P y r i d i n e  c a t a l y z e d  e l i m i n a t i o n  

o f  H C I  from 4 proceeds i n  o n l y  152 y i e l d  ( l i t  . 457)12. 

. Th is  compound i s  u n s t a b l e  above 0' arid 

A survey o f  a number o f  

s c o n s i s t e n t l y  a f f e c t e d  i n  

s a s i q n i f i c a n t  improvement 

c o m o n  bases revea led  t h a t  t he  convers ion  O F  4 t o  5 

y i e l d s  g r e a t e r  than 70% by 2 , 4 , 6 - ~ o l l i d i n e . ~ ~  T h i s  

ove r  c u r r e n t  l i t e r a t u r e  p rocedures .  

- -  

A d d i t i o n  o f  t r i e t h y l  o r tho fo rma te  t o  2 proceeds i n  72% y i e l d  t o  l , l , 3 , 3 -  
I 4  tetraethoxypropane-l,2,3- C g ,  6. l 4  The i s o l a t e d  p roduc t  g i v e s  the  expected 

s p e c t r a l  and combust ion ana lyses .  The rad iochemica l  p u r i t y  of 6 i s  i n  excess 

o f  95% as de termined by t h i n  l a y e r  chromatography and gas chromatography. 

S o l u t i o n s  o f  6 i n  benzene undergo a p p r e c i a b l e  deg rada t ion  when s t o r e d  a t  -20'. 

The r a t e  o f  deg rada t ion  i s  s i g n i f i c a n t l y  reduced by repeated  freeze-pump-thaw 

degassing p r i o r  t o  s to rage .  S o l u t i o n s  o f  6 p repared i n  t h i s  f a s h i o n  can be 

s t o r e d  f o r  one year w i t h o u t  a p p r e c i a b l e  decompos i t ion .  

- 



S c h e m e  I 
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H~C-CH * /  - 
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The s tandard  method o f  h y d r o l y s i s  o f  6 to malond ia ldehyde i s  desc r ibed  by 

T h i s  i n v o l v e s  t rea tmen t  w i t h  d i l u t e  h y d r o c h l o r i c  Protopopova and Sko ld inov . ”  

a c i d  a t  moderate temperatures,  f o l l o w e d  by n e u t r a l i z a t i o n  w i t h  sodium hydrox ide ,  

and p r e c i p i t a t i o n  o f  t h e  sodium s a l t  o f  malond ia ldehyde (pKa = 4.46 ) w i t h  

acetone. 

o f  1 as the  f r e e  ac id .17  The h y d r o l y s i s  o f  t e t raa l koxyp ropanes  t o  1 accord ing  

t o  the  s tandard  method genera tes  s u b s t a n t i a l  amounts of h i g h l y  c o l o r e d  i m p u r i t i e s  

and m o d i f i c a t i o n s  o f  t h e  h y d r o l y t i c  p rocedure  a r e  descr ibed.19  

t i o n s  produce pu re r  sodium malona ldehydate  L b u t  t h e  y i e l d s  f o l l o w i n g  acetone 

p r e c i p i t a t i o n  a r e  somewhat reduced. I n  f a c t ,  we f i n d  t h a t  the  h y d r o l y s i s ,  

n e u t r a l i z a t i o n ,  p r e c i p i t a t i o n  sequence i s  i n e f f i c i e n t  f o r  t he  p r e p a r a t i o n  o f  smal l  

amounts o f  1.. 
f o l l owed  by l y o p h i l i z a t i o n  f o r  t he  i s o l a t i o n  o f  1. f rom n e u t r a l i z e d  h y d r o l y s i s  

m ix tu res .  S ince  NaCl cochromatographs w i t h  1. on Sephadex LH-20, Dowex 50 i s  

employed ins tead  o f  H C l  as t h e  a c i d  c a t a l y s t  f o r  t he  h y d r o l y s i s  of  6. 
i s o l a t e d  y i e l d s  o f  1. a r e  approx ima te l y  40% w i t h  a p u r i t y  o f  95%. The column 

procedure  can r e a d i l y  be used f o r  the  i s o l a t i o n  o f  1. i n  a m u n t s  rang ing  f r o m  

Img t o  1 g. 

16 
I - 

Convers ion  o f  1 to i t s  sodium s a l t  i s  n e c e s s i t a t e d  by t h e  i n s t a b i l i t y  

18 

These m o d i f i c a -  

A s u p e r i o r  method i n v o l v e s  chromatography on Sephadex LH-20 

The 

EXPERIMENTAL 

I l n i f o r m l y  [ I 4 C ] - l a b e l e d  para ldehyde was ob ta ined  from New England Nuc lea r .  

Un labe led  para ldehyde and t r i e t h y l  o r tho fo rma te  were o b t a i n e d  f rom commercial 



sources and p u r i f i e d  by vacuum d i s t i l l a t i o n  immedia te ly  p r i o r  t o  use. 

2 , 4 , 6 - c o l l i d i n e  was p u r i f i e d  by vacuum d i s t i l l a t i o n  f rom ba r ium o x i d e  and 

s t o r e d  ove r  mo lecu la r  s ieves .  S i l i c a  g e l  f o r  column chromatography was f rom 

Baker (60-200 mesh) and Sephadex LH-20 was f r o m  Pharmacia. Rad ioac t i ve  

compounds on TLC p l a t e s  were de tec ted  u s i n g  a B e r t h o l d  LB-2760 radiochromatogram 

scanner. Radiogas chromatography was per fo rmed w i t h  a Var ian  3700 i n t e r f a c e d  t o  

a Panax rad iogas  d e t e c t o r .  

a -Ch lo roe thy l  e t h y l  e t h e r  4. 
c o n t a i n i n g  3 m C i  o f  u n i f o r m l y  [ 1 4 C ] - l a b e l e d  para ldehyde and 1.38 g a b s o l u t e  

e thano l  were coo led  i n  an i c e  ba th  and bubbled w i t h  H C I  f o r  one hour r e s u l t i n g  

i n  t h e  fo rma t ion  o f  two l a y e r s .  The upper l a y e r  was t r a n s f e r r e d  t o  a c h i l l e d  

t e s t  tube c o n t a i n i n g  a smal l  amount o f  anhydrous c a l c i u m  c h l o r i d e  and bubb led  

w i t h  d r y  n i t r o g e n  t o  remove excess H C I .  

was drawn o f f  and used immedia te ly  f o r  the  n e x t  s tep .  

1.3 g (0.01 mol)  o f  f r e s h  y d i s t i l l e d  para ldehyde 

A f t e r  one hour the  l i q u i d  ( 2 . 1  g, 668) 

E t h y l  v i n y l  e t h e r  5. 2.1  g o f  

o f  2 , 4 , 6 - c o l l i d i n e  a t  ambient tempera ture  and a w h i t e  p r e c i p i t a t e  immedia te ly  

formed. A f t e r  the  a d d i t i o n  was complete the  a d d i t i o n  funne l  was rep laced  w i t h  

a s h o r t  pa th  d i s t i l l a t i o n  appara tus  and the  m i x t u r e  heated  t o  190'. 

and was t rapped i n  a r e c e i v e r  immersed i n  d r y  i ce - i sop ropano l .  (0.95 g, 70%) 

(0.019 mol )  was added dropwise  t o  6 g (0.05 mol )  

5 d i s t i l l e d  

1,1,3,3-Tetraethoxypropane 6. 
t r i e t h y l  o r tho fo rma te  (0.038 m o l )  c o n t a i n i n g  20 pL o f  boron  t r i f l o u r i d e  e t h e r a t e  

and the  m i x t u r e  s t i r r e d  a t  ambient tempera ture  f o r  30 min.  The r e a c t i o n  was 

quenched by t h e  a d d i t i o n  o f  sodium b i ca rbona te .  A f t e r  f i l t r a t i o n ,  t h e  excess 

t r i e t h y l  o r t h o f o r m a t e  was removed by s h o r t  pa th  d i s t i l l a t i o n  and then 6 was vacuum 

d i s t i l l e d  (45O, 0.3 T o r r ) .  

res idue  on a s i l i c a  g e l  column w i t h  g / I -hexane/e ther .  

- 5 was 1.6 g (55%)  co r respond ing  t o  an o v e r a l l  y i e l d  o f  255: f rom 2. 

0.95 g o f  5 (0.013 m o l )  was added t o  6.1 g 

A d d i t i o n a l  6 was ob ta ined  by chromatographing the  po t  

The t o t a l  y i e l d  o f  6 from 

N M R ,  mass 



610 ?,!.J, BCenkowski, M.A. Tutt le  and L.J. Marnett 

s p e c t r a l ,  and combust on a n a l y s i s  were i d e n t i c a l  t o  those o f  an a u t h e n t i c  standard.  

The rad iochemical  pur  t y  was determined f o l  l ow ing  TLC ( s i  1 i c a  g e l ,  hexane/ether-  

75/25) and GC (3 ' -3% O V - 2 5 ,  40 m l  Ar/min,  45-200' a t  10°/min) and was found t o  

be i n  excess o f  95% by both methods. 

Sodium malonaldehydate L. 
and 10 g H 0 were g e n t l y  a g i t a t e d  i n  a shaking water  b a t h  a t  ambient temperature 

u n t i l  d i s s o l u t i o n  was complete (-20 m in ) .  A f t e r  5 a d d i t i o n a l  minutes the  Dowex 

was f i l t e r e d  o f f  and the  s o l u t i o n  c a r e f u l l y  t i t r a t e d  to pH 7 w i t h  5 and 1 N NaOH. 

The sample was concentrated by l y o p h i l i z a t i o n ,  a p p l i e d  to a column o f  Sephadex 

LH-20 (2 x 40 cm) and e l u t e d  w i t h  t w i c e  d i s t i l l e d  H20. 

sma l le r  volumes can be a p p l i e d  d i r e c t l y  on to  the  column w i t h o u t  l y o p h i l i z a t i o n .  

The major r a d i o a c t i v e  zone t h a t  e l u t e d  from the  column con ta ined  1. 

F r a c t i o n s  c o n t a i n i n g  t h i s  m a t e r i a l  were l y o p h i l i z e d  l e a v i n g  a h i g h l y  e l e c t r o s t a t i c  

w h i t e  powder corresponding t o  a 40% y i e l d .  The NMR spectrum (D 0) e x h i b i t e d  a 

1 . 1  g o f  6 (0.005 r n o l ) ,  3.3 g Dowex 50 (0.005 mol H'), 

2 

Samples conta ined i n  

2 

t r i p l e t  a t  5.13 6 (J  = 10.0 Hz) and a double 

o f  t h i s  m a t e r i a l  was i n  excess o f  95% by NMR 

repeated LH-20 chromatography o r  by r e c r y s t a  

f o u r  separate p repara t i ons ,  t h e  radiochemica 

a t  8.46 6 ( J  = 10 H z ) . ~ '  The p u r i t y  

a l t - can  be f u r t h e r  p u r i f i e d  by 

l i z a t i o n  f rom water/acetone. I n  

p u r i t y  of  1. v a r i e d  f rom 91 to 98%. 
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