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3-Hydroxy-5-hydroxyrne thy l -2-methylpyr id ine  (4-norpyridoxine) has been synthesized by the 
heterodiene condensation of 4 -methyl -  5-propoxyoxazole  and 5- ethoxy- 2 .5-d ihydrofuran-2-one  
through the stage of 3 -hydroxy-2-  methylpyr id ine-  5- carbaldehyde with reduct ion of the la t te r  
by NaBH 4. One of the i somer i c  adducts has been isolated,  and its s t e r e o c h e m i s t r y  has been 
es tabl ished by PMR spect roscopy.  

Recently,  i n t e re s t  has increased  in 3 -hydroxy-2-methy lpyr id ines  with various substi tuents in posi-  
tions 4 and 5, which are  vi tamins B 6 and the i r  s t ruc tura l  analogs. Great  possibi l i t ies  for  the building up of 
such s t ruc tu re s  a re  opened up by the heterodiene condensation reac t ion  of 5-alkoxy-4-rnethyloxazoles  with 
var ious  dienophiles [1]. 

NII~....~_../u " ~ /  CH,P"~N / r  
(~C2H e 

t II Ill / IV 
/ -  

l 

VI V 

�9 LO%H ? 
C H ~  ltc 

l i l a  

O 
/UOC:,H7 

C H ~  Hc 

C~HsO'~H Q 

m b 

O 
O%H7 

., I ~ n~ e-3-.fq- ~.~_~o 
/ /  I 

"~ .3.--T~o~:o.~ 
n~ He ~ - 

1•! C 

~\ 9c3n7 
C I I ~  

N H 
H !LIr 

Ill d 

M. V. Lomonosov Moscow Insti tute of Fine Chemical  Technology. Trans la ted  f rom Khimiya 
Geterots ikl icheskikh Soedinenii, No. 1, pp. 100-103, January,  1974. Original a r t ic le  submitted July 14, 1972. 

�9 19 75 Plenum Publishing Corporation, 22 7 West 17th Street, New York, N. Y. 10011. No part o f  this publication may be reproduced, 
stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, microfilming, 
recording or otherwise, without written permission of  the publisher. A copy o f  this article is available from the publisher for $15.00. 

88 



a 

H HO ~ HiS 

b { II 

,~ 3 z , 3'. ppm 

H c 

b I 

5,75 5,00 

Fig. 1. 

H I 

3~  = e.5 H z  

~= , H Z  

3,75 ~,5o 3.2~ ~', ppm 
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Fig. 2. UV s p e c t r u m  of 3 -hyd roxy -2 -  
methy lpyr id ine -  5 -carba ldehyde  (IV): 
1) pH 12: 2} pH 8; 3) pH 6. 4) pH 2. 

We have inves t iga ted  the heterodiene condensat ion of 4- 
me thy l -5 -p ropoxyoxazo le  (i) and 5 -e thoxy-2 ,5 -d ihydrofuran-2-one  
(II), which is r ead i ly  fo rmed  by the photochemical  oxidation of 
fu r fu ra l  [2] and is an act ive  dienophile. Thus, under  mild  condi- 
t ions a m ix tu r e  of equ imolecu la r  amounts  of (I) and (II) r e ac t s  
with the fo rmat ion  of the adduct (II[). 

Af te r  pur i f ica t ion  and crys ta l l iza t ion ,  we isola ted with a 
yield of 32.4~c an adduet  to which, on the ba s i s  of i t s  PMR spec-  
t r u m  (Fig. 1) s t ruc tu re  (iIIa) may  be ass igned [3]. The endo con- 
f igura t ion  of the adduct (IIIa) is conf i rmed  by the p r e s e n c e  in the 
s p e c t r u m  of the signal of the pro ton  H A in the fo rm of a doublet 
at 5.67 ppm (JAB = 4 Hz). The adducts (IIIa) amounted to m o r e  
than 60% of the mix tu re  taken for  c rys ta l l iza t ion .  The none rys -  
ta l l iz ing oil apparen t ly  contained a g e o m e t r i c  i s o m e r  with a dif- 
f e r en t  spat ia l  a r r a n g e m e n t  of H D (IIIb) and the two exo adducts 
(lIIc and d), which a r e  f o rmed  in s m a l l e r  amount.  

The a roma t i za t i on  of the mix tu re  of adduets t akes  p lace  in the p r e s e n c e  of an acid without heating 
and is accompanied  by the c leavage  of the laetone r ing and by decarboxyla t ion  with the fo rmat ion  of 3-hy-  
d r o x y - 2 - m e t h y l p y r i d i n e - 5 - c a r b a l d e h y d e  (IV). It is known that the adducts of the he terodiene  condensation 
of oxazoles  with m a l e i c  anhydride [4] and with diethyl f u m a r a t e  [5] behave s imi la r ly ,  decarboxyla t ion  taking 
p lace  in posi t ion 4 of the pyr id ine  nucleus.  The 3 - h y d r o x y - 2 - m e t h y l p y r i d i n e - 5 - c a r b a l d e h y d e  (IV) was cha r -  
a c t e r i z e d  in the f o r m  of the f r e e  base  and in the f o r m  of the Schiff 's  ba se  with p-phenet idine  (VI). The IR 
s p e c t r u m  of the b a s e  (IV) has an absorp t ion  band at 1690 cm -~ due to the carbonyl  of the fo rmyl  group [6]. 
A study of the e lec t ron ic  s p e c t r a  of compound (IV) enabled the mutual  t rans i t ions  of the ionic f o r m s  with a 
change in the pH of the solution to be es tab l i shed  (Fig. 2) [7]. To de t e rmine  the number  of ionic f o r m s  and 
to e s t ima te  pK a, we p e r f o r m e d  spec t ropho tome t r i c  t i t r a t ion  a t  t h ree  wavelengths (292, 312, and 354 nm} 
(Fig. 3). As can be  seen  f r o m  the r e s u l t s  given, in the pH range  f r o m  t to 12 t h e r e  a r e  two one-pro ton  
t r ans i t ions  with pK a 4.5 and 8.0, which co r r e sponds  to the ex is tence  of t h ree  ionic fo rms :  
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Fig. 3. Curves of the spectrophoto- 
m e t r i c  t i t ra t ion  of 3 - h y d r o x y - 2 - m e t h -  
y lpyr id ine-  5-carba ldehyde  (IV): 1) at 
292 nm: 2) at 312 rim: 3) at 354 nm. 
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Apparently,  at pH 5-7, an equi l ibr ium of the b ipo la r  ion 
with the uncharged f o r m  exists ,  which p e r m i t s  compound (IV) 
to be  isola ted by ext rac t ion  at these pH values.  

By reduct ion with sodium te t rahydrobora te ,  the pyr idine 
(IV) was conver ted  into the 5-hydroxymethyl  der iva t ive  (V), the 
synthes is  of which has been effected p rev ious ly  by different  
methods [5, 8]. The compound (V) obtained can be cons idered  
an analog of pyr idoxine lacking the hydroxymethyl  group in pos i -  
tion 4 of the pyr idine n u c l e u s -  4 - n o r p y r i d o x i n e -  which is phos-  
phoryla ted  by pyr idoxal  phosphokinase in the same  way as py r i -  
doxal [9]. 

EXPERIMENTAL 

The UV spec t r a  were  taken on a Hitachi EPS-3T ins t ru-  
ment  at a concentrat ion of 5" 10 -5 M. The spec t ropho tomet r i c  

t i t ra t ion  in the pH range  f r o m  1 to 12 was p e r f o r m e d  at a concentra t ion of (IV) of 2.2" 10 -4 M in 0.1 N HC104 
with 4.0 N NaOH using a p H - m e t e r  {glass e lectrode)  on a SF-4A spec t ropho tomete r .  The PMR s p e c t r u m  
was m e a s u r e d  on a JNM-4H-100 ins t rument  in CC14 solution with t e t r ame thy l s i l ane  as in ternal  standard,  
and the chemica l  shifts  a r e  given in the 6 sca le .  The IR spec t r a  were  taken on a P e r k i n - E l m e r 2 5 7  ins t ru-  
ment  (in paraf f in  oil). Th in - l aye r  ch romatography  was p e r f o r m e d  on Silufol UV-254 in the ethyl a c e t a t e -  
ace tone-25% ammonia  (10 : 5 : 0.75) sys t em.  

Adduct of 4--Methyl-5-propoxyoxazole  with 5 -E thoxy-2 ,5 -d ihydrofu ran-2 -one  (III). A mix tu re  of 4.78 g 
{0.034 mole) of 4 -me thy l -5 -p ropoxyoxazo le  (I), 4.34 g {0.034 mole) of 5-ethoxy-2,  5 -d ihydrofuran-2-one  (II), 
and 50 ml  of hydroquinone was kept  at 18-20~ for  12 h. Then it was dissolved in 10 ml  of dry  benzene and 
was deposi ted on a column fi l led with 180 g of a lumina of act iv i ty  grade  IV. The subs tance  was eluted with 
d r y  benzene.  After  el imination of the solvent,  4.88 g {53.6~) of an oily subs tance  which c rys ta l l i zed  on 
standing was obtained. The yield of the adduct (IIIa) was 2.95 g (32.4~c). mp 69-70~ {from hexane). Found 
%: C 58.1: H 6.9: N 4.9. CI3HI9NO 5. Calculated %- C 58.0: H 7.1; N 5.2. IR spec t rum,  cm- l :  1780 (C=O):  
1630 {C =N) .  

3 -Hydroxy -2 -m e t hy l py r i d i ne -5 - ca rba l d ehyde  (IV). A mix tu re  of 1.6 g (12.3 mmoles )  of (I), 1.45 g 
(12.3 mmoles )  of (II), and 50 mg of hydroquinone was kept at 18-20~ for  12 h. Then it was dissolved in 
30 ml  of e ther ,  and the solution was cooled to 0~ and was ex t rac ted  with 150 ml  of 5% hydrochlor ic  acid. 
The aqueous solution was t r ea t ed  with sodium ace ta te  to pH 6 and ex t rac ted  with e ther .  The e ther  and the 
acet ic  acid were  dr iven off and the res idue  was dr ied.  Yield 0.55 g (35~c), mp 245-249~ (from ethanol). 
R f  0.5. Found %-. C 61.2: H 5.1: N 10.3. CTHTNO 2. Calculated %: C 61.3: H 5.1: N 10.2. Sehiff 's  ba se  
with p--phenetidine (VI): mp 226-230~ (from ethanol). Found %: C 70.0: H 6.3: N 10.9. C15Ht6N202. Calcu-  
la ted %: C 70.3: H 6.1: N 10.9. UV s p e c t r u m  in ethanol, k m a  x, nm (e �9 10-3): 228 {22.6), 341 {18.0). IR 
spec t rum,  cm- l :  1625 (C=N):  1610, 1580, 1510 (C=C,  nucleus).  

3 -Hydroxy -5 -hyd roxyme thy t -2 -me thy lpy r id ine  Hydrochlor ide  (V). With s t i r r ing .  0.25 g 06.6 mmotes )  
of sodium t e t r ahydrobora t e  in 3 ml  of wa te r  was added to a solution of 0.5 g (3.6 mmoles )  of (IV) in 25 ml  
of methanol .  The reac t ion  mix tu re  was s t i r r e d  for  30 rain and was evaporated,  the res idue  was t r ea t ed  
with 12 ml  of methanol ,  the solution was f i l tered,  and the f i l t ra te  was evaporated.  The res idue  was d is -  
solved i n e t h e r ,  and the solution was sa tu ra ted  with hydrogen chloride.  The p rec ip i t a t e  was sepa ra t ed  off. 
The yield of the hydroehlor ide  (V) was 0.51 g (78%). mp 3 169-170~ {from a mix tu re  of ethanol and ether)  [7]. 
R r  0.21. UV spec t rum  in 0.1 N HC1, k m a  x, mn (~. 10- ).- 226 (3.5), 291 (9.9): in 0.1 N NaOH, k m a  x, nm 
(~. 10-3): 243 (7.35). 304 (6.0) [10]. IR spec t rum,  era- l :  3340-3330 (OH). 1630, 1530-1520. 
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