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XV.* SYNTHESIS AND PROPERTIES OF 4-ACETYL-3-HYDROXY-5-  

HYDROXYME THY L-2-ME T HYLP YRIDINE 5-PHOSPHATE 
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a n d  V .  L .  F l o r e n t ' e v  
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4 -Ace ty l -3 -hydroxy-5-hydroxymethy l -2 -methy lpyr id ine  5-phosphate (IV) was synthesized by 
oxidation of 3 -hydroxy-5-hydroxymethy l -4 - (a -hydroxye thy l ) -2 -methy lpyr id ine  5-phosphate 
(III) with chromic  anhydride.  Compound IH was obtained by phosphorylation of 3 -hydroxy-5 -  
hydroxymethy l -4 -  (a-hydroxyethyl)  -2-methylpyr idine with polyphosphoric acid (PPA). The 
UV and PMR spec t ra  of the synthesized compounds were studied. 

The synthesis  of an analog of pyridoxal phosphate (PLP), modified at the 4 ' -pos i t ion ,  was undertaken 
according to the following scheme in o rder  to explain the react ivi ty  of the carbonyl group of PLP  and the 
s te reochemica l  pecul iar i t ies  of react ions catalyzed by PLP-dependent  enzymes:  

I1 III IV 

Diol I was obtained by diene condensation of 4-methyl -5-e thoxyoxazole  with ethyl/3 -ace ty lacry la te  
with subsequent reduction with lithium aluminum hydride [2]. Two substances,  both e s t e r s  of phosphoric 
acid, were isolated in the phosphorylation of I with polyphosphoric acid (PPA) with subsequent separat ion 
on an ion-exchange res in .  The UV spec t ra  of both compounds were s imi la r  to the spec t ra  of pyridoxine 
phosphate (PNP). A 6-H signal at weak field, a 2-CH 3 singlet, and a 4 ' -CH 3 doublet at s t rong field, a double 
multiplet of the AB part  of 5-CH 2 - O - P  - and a multiplet of 4 - C H - O - P  at 5-6 ppm are observed in the 
PMR spec t rum of the p r im a ry  react ion product (Fig. 1). These data are in best agreement  with a 3-hydroxy-  
5 -hydroxymethy l -4 - (a -hydroxye thy l ) -2 -methy lpyr id ine  4 ' -O-5 ' -O-cyc lophospha te  s t ruc ture  (II). A con-  
f i rmat ion of this conclusion is the fact that, under e lec t rophores is  conditions (pH 9), the mobili ty of the 
cyclophosphate is less  than the mobil i ty of the secondary  component by a factor  of about two. 

A 6-H singlet at weak field at 8.16 ppm and a 2-CH 3 singlet and a 4-CH 3 doublet (J = 6.6 Hz) at 2.59 
and 1.58 ppm, respect ively ,  are  observed in the PMR spect rum of the secondary  substance.  The methine 
component of the ce-hydroxyethyl group is displayed as a quartet at 5.41 ppm. The 5-CH 2 signal, which is 
split into a doublet due to interact ion with phosphorus (J = 6.6 Hz), lies at 5.00 ppm. The data obtained 
make it possible to suppose that this compound has the 3 -hydroxy-5 -hydroxymethy l -4 - ( a -hydroxye thy l ) -2 -  
methylpyridine 5-phosphate s t ruc ture  (iI[). 

Since s even -membered  cyclophosphates are ex t remely  res i s tan t  to hydrolys is  [3] while the poly-  
phosphates formed in the react ion are  phosphorylating reagents ,  the formation of II during the phosphoryla-  
tion can be represen ted  in the following way: 

* See [1] for communicat ion X-IV. 
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F ig .  1.  P M R  s p e c t r u m  of 3 - h y d r o x y - 5 - h y d r o x y m e t h y l - 4 - ( a -  
h y d r o x y e t h y l ) - 2 - m e t h y l p y r i d i n e  4 ' - O - 5 ' - O - c y c l o p h o s p h a t e  (II) in 

D20.  
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Fig .  2. P M R  s p e c t r u m  of IV: A) in 2 N NaOD; B) on double d i lu -  
t ion  of a s ample  with undeu te ra t ed  wa te r .  

T A B L E  1. UV Spe c t r a  of  P L P  and I ts  Analogs*  

Ionic form I Medium 

Cation, carbonyl form 0,I N HC1 
Cation hydrate- 0,i N HCI 
Dipolar ion, carbonyl form ~pH 7 

DipoLar ion, hydrate pH 7 
Anion, carbonyl form 0,1 N KOH 
Anion, hydrate 0,1 N KOH 

PLP'f 

295 (6,7) 
338 (1,4) 
388 (4.9) 

330 (2,5) 
388 (4,9) 
305 (l,l) 

~'max, nm (e �9 10 -s) 

v$ iv 

326 (7,4) 295 (8,88) 

380-(7,4) 315-[4,85) 
306 (0,96) 

III 
291 (9,1) 

320 (7,5) 

305 (7,4) 

* In  the c a s e  of P L P ,  HI, and V, the n u m b e r s  in p a r e n t h e s e s  a re  
not the t r u e  m o l e c u l a r  ex t inc t ions ,  but indicate  the abso rp t ion  of  
the given ionic f o r m  at equ i l i b r ium c o n c e n t r a t i o n s .  
TData  f r o m  [8]. 
$ Da ta  f r o m  [2]. 
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4 - A c e t y l - 3 - h y d r o x y - 5 - h y d r o x y m e t h y l - 2 - m e t h y l p y r i d i n e  5-phospha te  (IV), the s t r u c t u r e  of which  was  
p r o v e d  by the IR s p e c t r u m  (vC= O 1720 c m  - t ,  V C = ~ <  1650 c m  -1) and the PMR s p e c t r u m  (Fig.  2), was  o b -  
ta ined  by oxidat ion o f  HI with c h r o m i c  anhydr ide  in aqueous ace t ic  ac id .  The low in tens i ty  of  the s ignal  
f r o m  the 4 ' - C H  3 p ro tons  is expla ined by the r ap id  exchange  of these  p ro tons  with D20. When a s ample  is 
di luted with wa te r  (upper c u r v e  in F ig .  2), the in tens i ty  of the s ignal  i n c r e a s e s  in p r o p o r t i o n  to  the wa te r  
c o n c e n t r a t i o n .  A s i m i l a r  r e g u l a r i t y  is o b s e r v e d  in the P M R  s p e c t r a  of some  4 -  and 5 - a c e t y l p y r i d i n e s  
(Fig. 3). 
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F i g .  3.  P M R  s p e c t r a  of  4 -  and 5 - a c e t y l -  
p y r i d i n e s .  
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F i g .  4 .  UV s p e c t r a  of IV:  A) in  0.1 N HC1; B) 
in  0.1 N p h o s p h a t e  bu f f e r  at  pH 7; C) in  0.1 N 
KOH. 

The  UV s p e c t r a  of IV was  s t u d i e d  (Fig .  4). The 
a b s o r p t i o n  m a x i m a  m u s t  be c o r r e l a t e d  wi th  an e l e c t r o n  
t r a n s i t i o n  and an ionic  f o r m  in o r d e r  to e x p l a i n  the  
r e g u l a r i t i e s  of the  s p e c t r a .  

The  m o l a r  e x t i n c t i o n  va lue  (on the o r d e r  of 104 ) 
as  we l l  as  the  fac t  t ha t  a s p e c t r a l  band  i s  o b s e r v e d  in 
a c i d i c  m e d i u m  m a k e  i t  p o s s i b l e  to a s s u m e  tha t  a 

-~ ~ * t r a n s i t i o n  of the  p y r i d i n e  c h r o m o p h o r e  is  r e -  
s p o n s i b l e  fo r  the  l o n g - w a v e  a b s o r p t i o n .  

We have  p r e v i o u s l y  shown [2] tha t  the  p o s i t i o n  of 
the  m a x i m u m  of the  ~ -~ ~ * t r a n s i t i o n  f o r  v i t a m i n  B 6 
and i t s  ana logs  d e p e n d s  s u b s t a n t i a l l y  on the s t a t e  of the  
i onogen ic  g r o u p s ;  in  the  s e r i e s  of p o s s i b l e  ionic  f o r m s  
(neu t ra l  f o r m ,  c a t i on ,  anion,  and d i p o l a r  fo rm)  the 
m a x i m u m  i s  sh i f t e d  to long w a v e s .  Thus  i t  c an  be a s -  
s u m e d  that  the  a b s o r p t i o n  m a x i m a  at 295, 315, and 332 
nm in the  c a s e  of IV a r e  r e l a t e d  to  the  ca t ion ,  anion,  
and d i p o l a r  f o r m s ,  r e s p e c t i v e l y .  H o w e v e r ,  the a b s o r p -  
t i on  m a x i m u m  fo r  the  d i p o l a r  f o r m  of  P L P  and c y c l i c  
ke tone  V l i e s  at  380 rim. 

As  shown by  N a k a m o t o  and M a r t e l l  [4], the p o s i -  
t ion  of  the l o n g - w a v e  m a x i m u m  in the  s p e c t r a  of 3 -  
h y d r o x y - 4 - f o r m y l p y r i d i n e s  i s  e x p l a i n e d  by  the  c o n s i d e r -  
ab le  c o n t r i b u t i o n  to the  e x c i t e d  s t a t e  of  a r e s o n a n c e  
s t r u c t u r e  wi th  e l e c t r o n  t r a n s f e r  f r o m  the  n i t r o g e n  of  the  
p y r i d i n e  r i n g  to the  oxygen  of the  c a r b o n y l  g r o u p .  As  
s e e n  f r o m  T a b l e  1, the a b s o r p t i o n  m a x i m u m  of  IV is  
sh i f t e d  to  s h o r t e r  w a v e s  by  30-60 nm as c o m p a r e d  wi th  
P L P  and V fo r  the  d i f f e r e n t  ion ic  f o r m s  and i s  e x t r e m e -  
ly  c l o s e  to tha t  fo r  v i t a m i n  B 6 d e r i v a t i v e s  which  do not 
have  u n s a t u r a t e d  g r o u p i n g s  in  the  4 - p o s i t i o n  of the  
p y r i d i n e  r i n g .  

o~[__] 

V 

A h y p s o c h r o m i c  sh i f t  of such  m a g n i t u d e  i s  b e s t  e x p l a i n e d  by  d i s r u p t i o n  of the con juga t i on  of the ke to  
g r o u p  wi th  the  p y r i d i n e  r i n g  in  the  IV m o l e c u l e .  Th i s  c o n c l u s i o n  i s  c o n f i r m e d  by  a s tudy  of the  UV s p e c t r a  
of  the  p h e n y l h y d r a z o n e  of  IV, the  m a x i m u m  of  wh ich  in  0.3 M H 2 S O  4 l i e s  at 380 n m  (e = 6433); at  the  s a m e  
t i m e ,  the p h e n y l h y d r a z o n e  of  V u n d e r  s i m i l a r  c ond i t i ons  a b s o r b s  at  410 nrn (c = 18,800).  The d e v i a t i o n  
f r o m  c o p l a n a r i t y  of  c o n j u g a t e d  s y s t e m s  i s  u s u a l l y  e s t i m a t e d  f r o m  the i n t e n s i t y  of the  h y p s o c h r o m i c  e f fec t ,  
and the a v e r a g e  angle  of r o t a t i o n  (0) c a n  be  c a l c u l a t e d  f r o m  the  B r a u d e  equa t ion  [5]: cos  2 0 = c / c  0. F o r  
~0 we took  the  m o l e c u l a r  e x t i n c t i o n  of the  p h e n y l h y d r a z o n e  of V, fo r  which  the C = N  g r o u p  i s  s u r e l y  f ixed  
in  the  p l ane  of the p y r i d i n e  r i n g .  C a l c u l a t i o n  i n d i c a t e s  tha t  the  angle  of r o t a t i o n  of C ~ N with  r e s p e c t  to 
the  p y r i d i n e  r i n g  in IV i s  ,~ 55 ~ . 

To d e t e r m i n e  the  r e l a t i v e  r e a c t i v i t i e s  we s t u d i e d  the  k i n e t i c s  of  the  r e a c t i o n  of IV, V, and P L P  with  
p h e n y l h y d r a z i n e ,  d u r i n g  which  the s e c o n d - o r d e r  r a t e  c o n s t a n t s  t u r n e d  out to be  (1.7 + 0.8) �9 10 -2, (3.2 + 
0.7) �9 10 -1, and (3.3 =~ 0.5) �9 1 0  2 l i t e r - m o l e - l - r a i n  -1, r e s p e c t i v e l y  (0.3 M H2SO4, 30~ I t  i s  a p p a r e n t  tha t  
the  u s u a l  d e c r e a s e  in the  r a t e  is  o b s e r v e d  on p a s s i n g  f r o m  the a ldehyde  to the  ke tone ,  but  the  r e a c t i o n  of IV 
wi th  p h e n y l h y d r a z i n e  p r o c e e d s  at  a r a t e  which  i s  l o w e r  by  a f a c t o r  of ~20 than  tha t  o b s e r v e d  wi th  V. As  
Auld  and B r u i c e  [7] po in t ed  out in the  e a s e  of the  r e a c t i o n  of  3 - h y d r o x y - 4 - f o r m y l p y r i d i n e  and 4 - f o r m y l -  
p y r i d i n e  wi th  a m i n o  a c i d s ,  the  3 - h y d r o x y  g r o u p  p a r t i c i p a t e s  in i n t r a m o l e e u l a r  g e n e r a l  a c i d  c a t a l y s i s .  Thus  
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the decrease  in the rate of react ion of IV with phenylhydrazine is in good agreement  with the assumption of 
the deflection of the carbonyl  group of IV f rom the plane of the pyridine ring, since the catalytic effect of 
the 3-hydroxy group cannot be manifested in this case .  

E X P E R I M E N T A L  

The UV spec t ra  were  obtained with a Hitachi ESP-3T spect rophotometer .  The IR spec t ra  of mineral  
oil suspensions were obtained with a UR-10 double beam spec t romete r .  The PMR spect ra  were obtained 
with a JNM-4H-100 spec t rome te r  (100 MHz). 

The chemical  shifts are  indicated in the 6 scale,  and t e r t -bu tano l  (1.20 ppm) was used as the internal 
s tandard.  The e lec t rophores i s  was ca r r i ed  out on "Whatmann 3 ram" paper  in 0.1~ ammonium carbonate 
(pH 9) at 1500 V (38 V / c m ) .  Chromatography  on plates with si l ica gel was ca r r i ed  out by the method in [6] 
in n - b u t a n o l - e t h a n o l - 5 %  ammonium hydrox ide -g l ac i a l  acetic acid (10 �9 10 �9 10 : 1). The rates  of react ion 
of P L P  and its analogs with phenylhydrazine were determined from the absorption of the phenylhydrazones 
at 410 nm (e = 22,400 and 18,800 for  P L P  and V, respectively)  or at 380 nm (e = 6430 for IV). 

Phosphoryla t ion of 3 -Hydroxy-5 -hydroxymethy l -4 -  (~-hydroxyethyl)-2-methylpyr idine (I). A solution 
of 4 5 0 ~ g  (2 mmole) of the hydrochlor ide  of I in a mixture of 2.7 g of 85~ phosphoric acid and 2 g of P205 
was held at room tempera tu re  until HC1 evolution ceased  and was then heated at 40 ~ for 4 h. The mixture 
was cooled, and 15 ml of alcohol and 70 ml of e ther  were added to the react ion mass  with cooling. The 
mixture was allowed to stand in a r e f r i g e r a t o r  for 1 h, the liquid was decanted, and the residue was heated 
with 25 ml of 1 N HC1 for  20 rain on a boiling water  bath. It was then vacuum evaporated to 5 ml at 45 ~ 
and the pH was brought up to 5 by the addition of concentrated ammonium hydroxide. The solution was ap- 
plied to a 1.6 x 50-cm column filled with Dowex 50 x 4 (H + form) and eluted with water  at 30 m l / h  with r e -  
cording of the UV absorpt ion at 295 am and the conductivity of the eluates in the flow. The volume of the 
empty fract ion was 100 ml,  while the volume of the fract ion containing II was 150 ml, the volume of the in-  
te rmedia te  f ract ion was 200 ml, and, finally, the volume of the fract ion containing HI was 300 ml. The 
aqueous solutions of the phosphorylat ion products  were vacuum evaporated at 40 ~ to 30 ml and lyophilized. 
The yield of II with mp 158 ~ and Rf  0.73 was 44%. UV spec t rum in 0.1 N KOH, ~max,  nm (~). 247 (17,500), 
308 (8410). Found %- C 40.4; H 5.7; N 5.1; P 11.4. CgH12NOsP �9 H 2 0 .  Calcula ted%: C 41.1; H 5.3; N 5.3; 
P 11.8. 

The yield of III with mp 154 ~ and Rf 0.4 was 24%. Found %: C 38.2; H 5.8; N 4.9; P 11.3. CgH~4NO6P �9 
H20. Calcula ted%. C 38.5; H 5.7; N 5.0"; P 11.0. 

4 -Ace ty l -3 -hydroxy-5 -hydroxymethy l -2 -methy lpyr id ine  5-Phosphate (IV). A solution of 300 mg (1.07 
mmole) of III in 1 ml of glacial  acetic acid and 0.1 ml of a solution of 334 mg of chromic  anhydride in 1 ml 
of water  were s t i r r ed  at room tempera tu re  for  3 h and held at 60 ~ for 5-10 rain until the chromic  anhydride 
was reduced.  The mixture was applied to a 2.5 x 40-cm column filled with Dowex 50 x 4 (H + form) and 
eluted with water  at 30 m l / h .  The volume of the empty fract ion was 150 ml,  while the volume of the f r ac -  
tion containing IV was 600 ml.  The aqueous solution was vacuum evaporated to 40 ~ to 30 ml and lyophilized. 
The yield of IV with mp 110 ~ was 50 mg (21%). The phenylhydrazone of IV had mp 160 ~ Found %. C 38.5; 
H 5.0; N 4.9; P 11.0. CgHI2NOsP �9 H20. Calculated %; C 38.7; H 5.0; N 5.0; P 11.1. 

The authors s incere ly  thank Academician  A. E. Braunshtein for his constant in teres t  in this work, 
V. I .  Ivanov and A. F.  Vanin for  their  fruitful discussions,  and K. F. Turchin and I. I. Chervin for  kindly 
providing the possibi l i ty for obtaining the PMR spect ra .  
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