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3 -O-Methylpyr idoxa l  phosphate and 3 -O-methy lpyr idoxamine  phosphate were  synthes ized  and 
the i r  UV s p e c t r a  were  studied. 

P y r i d o x a l - 5 ' - p h o s p h a t e  (5 ' -phosphate  e s t e r  of 2 - m e t h y l - 3 - h y d r o x y - 4 - f o r m y l - 5 - h y d r o x y m e t h y l p y r i -  
dine) s e r v e s  as a cofac to r  of enzymes  which br ing about t r ans fo rma t ions  of amino acids .  One of the s t r u c -  
t u r e s  which man i fes t s  ca ta ly t ic  p r o p e r t i e s  in model  s y s t e m s  is 3 -hyd roxy -4 - fo rmy lpy r id ine .  The hydroxyl 
group fulfi l ls  a n-~mber of impor tan t  functions in the cata lyt ic  act,  including the accompl i shment  of i n t r a -  
mo lecu la r ,  genera l  acid ca t a lys i s .  Fo r  a deta i led study of the contr ibut ion of the 3-hydroxyl  group of the 
coenzyme in enzyme s y s t e m s  it would be des i r ab le  to invest igate  the p rope r t i e s  of an enzyme analog which, 
while p r e s e r v i n g  the topochemica l  s i m i l a r i t y  to the natural  cofac tor  in genera l  fea tures ,  would not have a 
f ree  hydroxyl  group in the 3-pos i t ion  of the pyridine r ing.  One such compound is 3 - O - m e t h y l p y r i d o x a l - 5 ' -  
phosphate ,  to whose synthes is  this communica t ion  is devoted.  
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CH30\~'~/CH2OX I R=CH~OH, X=H; IV R=CH2NH 2, X=H: 
/ ~  II R=CHO, V R~CHO, X=PO3H2; X=H; 

H3C II I  R=CH~NOH, X=H; Vl R=CH2NIf2, X=PO3H 2 
I-V! 

3-O-Methylpyr idoxine  (I) and 3 -O-methy lpyr idoxa l  (II) were  p rev ious ly  obtained by methylat ion with 
d iazomethane  of pyridoxine [1] and the methylace ta l  of pyridoxal  [2], r e spec t ive ly .  We a t tempted  to find a 
path for  the convers ion  f r o m  these  compounds to the coenzyme analogs.  The applicat ion of the method of 
se lec t ive  oxidation of the 4 -hydroxymethy l  group of the pyridoxine analogs with manganese  dioxide, which 
we developed in [3], g ives  unsa t i s f ac to ry  r e su l t s  in this case .  In the isolat ion of the aldehyde as an oxime 
the yie lds  do not exceed 20%, as against  70-80% for  analogs with a f ree  hydroxyl  group.  This fact  indicates 
that  the hydroxyl  group ca ta lyzes  the oxidation of the 4-hydroxymethyl  group.  

An a t tempt  to isola te  IV f r o m  the reac t ion  mix tu re  in the f o r m  of a Schiff base  with an a romat i c  amine 
was unsuccess fu l .  Since the fo rmat ion  of Schiff bases  of pyridoxal  analogs with a romat i c  amines  is one of 
the mos t  convenient  methods  for  obtaining py r idoxa l -5 ' -phospha te  analogs,  we a t tempted  to obtain 3 - 0 -  
me thy lpyr idoxy l idene-p-an i s id ine  by heat ing f ree  base  H with p-anis id ine  in absolute t e t r ahydrofuran .  How- 
eve r ,  a pure  Schiff base  could not be obtained under  these  condit ions.  Af ter  r emova l  of the solvent  by d i s t i l -  
lat ion the m a s s  was e s t e r i f i ed  d i rec t ly  with polyphosphoric  acid.  3 -O-Methy lpyr idoxa l -5 ' -phospha te  (V) 
was ,  in fact ,  obtained f r o m  this e x p e r i m e n t  a f t e r  separa t ion  on an ion-exchange res in ,  but the yield was 
only 5.2%. 

The second poss ib i l i ty  for  the synthes is  of V, which was studied and rea l i zed  in this investigation,  
cons is ted  in the use  of p r e p a r a t i v e  t r ansamina t ion  applied to 3 -O-me thy lpy r idoxamine -5 ' - phospha t e  (VI). 
To obtain the l a t t e r ,  aldehyde H was conver ted  to oxime III, the hydrogenat ion of which r e su l t s  in amine IV. 

* See [7] for  communica t ion  IX. 
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Fig .  1. UV s p e c t r a :  3 - O - m e t h y l p y r i d o x a l  (I): 1) in  0.1 N HCI; 2) 
at pH 7; 3) in  0.1 N KOH; 4) py r idoxa l  in  0.1 N KOH. 
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Fig .  2. UV s p e c t r a :  3 - O - m e t h y l p y r i d o x a l - 5 ' - p h o s p h a t e  (V): 1) in  
0.1 N HC1; 2) at pH 7; 3) in  0.1 N KOH; 4) p y r i d o x a l - 5 ' - p h o s p h a t e  

in  0.1 N KOH. 

TABLE 1. UV Spec t r a  of 3 - O - M e t h y l  Ana logs  of V i t a m i n  B 6 

X X 
R O ~ J ~ / ~  R O \ ~ / ~  

"ac ~ ~ H 3 C / ' " N /  

Compound 

VIIa$ 
VIII a 
VIIb, Hemiacetal 
VIIIb, Hemiacetal 

+ 
VIIc,(NH3) 
VIIIC 
VIId, Hgdrate 
VIId, A'ldehyde 
VIIId, (POa-),Hydrate 
VIIId (PCh-),Aldehyde 

4- 
VII.e,(NHa) 
VIIIe , 

~max" Itm(e �9 10 -3) 
R=CHa 

261 (8,0) 
27@ (4,57) 
29}2 (8,4) 
976 (4,6,5) 

285 (7,36) 
277 (4,(}2) 
~ (6,6) 
a15 (0,5) inflection 
278 (2,9) 
316 (1,9) 

285 (9,7'5) 
276 (5,58) 

R=H* 

2,9,1 (s,~) 
286 (5,7) 
~ss (9,0) 
280 (4,1) 

29e (s,2) 
287 (3,4) 
295 (6,7) 
340 (1,4) 

293 (9,0) 

*Data  f r o m  [5 ] .  

, a) X = Y = CH2OH; b) X = CHO, Y = CH2OH; c) X = CH2NH2, Y = 
CH2OH; d) X = CHO, Y = CH2OPO3H2; e) X = CH2NH2, Y = CH2OPO3H 2. 
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Fig. 3. UV spec t ra  of 3 -O-methy l -  
pyridoxal oxime (III): 1) in 0.1 N 
HCI; 2) at pH 7; 3) in 0,1 N KOH. 
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Fig. 4. Chromatography of 3 - 0 -  
methylpyr idoxamine-5 ' -phosphate  
(VI) on Amberl i te  CG-50: 1) ab-  
sorpt ion at 295 n_m; 2) e lec t r ica l  
conductivity.  
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Fig, 5. Chromatography of 3 - 0 -  
methylpyr idoxal -5 '  -phosphate (V) 
on Dowex 50 x 4 (the symbols are  
the same as in Fig. 4). 

Compound VI was obtained in 53% yield by phosphorylation of IV ac-  
cording to the method descr ibed in [3]/ 

Transaminat ion of VI with glyoxylic acid in the presence of 
divalent copper  gives V in 24% yield. The absence of a free 
hydroxyl group in this case also leads to a decrease  in the yield to 
30-40~c [3]. 

The UV spec t ra  of 3-O-methyl  analogs of vitamin B 6 have a 
number  of charac te r i s t i c  pecnliar i t ies  (see Table 1). As would be 
expected, the bathochromic shift usual for 3-hydroxypyridines is 
not observed in the spec t ra  on passing to the alkaline region; this 
is due to ionization of the hydroxyl group. 

The absorption maxima of the neutral  form (neutra l -a lkal ine  
pH region) of the 3-O-methyl  analogs is shifted by 5-8 nm to the 
shor t  wave region as compared  with the cation. An unusually large 
shift (16 nm) is observed only for the hemiacetal  band of V]]b. An 
examination of the spec t ra  of VIIb, d and VIId* indicates that equilib- 
r ium of the hemiaeetal  or hyd ra t e - a ldehyde  is shifted more  to the 
left (Figs. 1 and 2) than for  compounds with a f ree hydroxyl g r o u p .  
In our  opinion, this sor t  of behavior  is explained by the absence in 
neutral  and alkaline media of a s t rongly electron-donat ing effect of 
the ionized 3-hydroxyl group. The position of the maximum of the 
VIIa form (316 nm) is close to that for benzaldehyde (320 nm [4]) 
but shifted by 20 um to the shor t -wave  side as compared with the 
neutral  form of pyridoxaI [5]. (In [6] it is shown that the ionization 
of the phosphate group has vir tual ly  no effect  on the position and in- 
tensi ty  of the absorption maxima.) 

As seen f rom the comparat ive  data of Table 1, the maximum 
hypsochromic  shift is observed for aldehyde V. 

It is natural  to explain this by the fact that, owing to the p r e s -  
ence of two ortho substituents,  the formyl  group of V is somewhat 
deflected f rom the plane of the pyridine ring, and this leads to pa r -  
tial disruption of conjugation. This sor t  of conclusion is confirmed 
by an examination of the spec t ra  of oxime III (Fig. 3), where a 
hypsochromic  shift is also observed,  

The authors thank Academician A. E. Braunshtein for his 
constant in teres t  in this investigation and his valuable cr i t ical  c o m -  
ments .  

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

The UV spect ra  were obtained with a JOAN spec t romete r  
(France).  3-O-Methylpyridoxine (I) and 3-O-methylpyridoxal  (II) 
were  obtained by methods descr ibed in [1] and [2], respect ively .  
The oxidation of I with manganese dioxide and the isolation of II as 
the oxime and Schiff base with p-phenetidine were ca r r i ed  out ac -  
cording to the methods we developed in [3]. 

2 -Me thy l -3 -m ethoxy - 5-hydroxymethylpyr idine-4 - aldehyde 
Oxime (IH). Hydroxylamine hydrochloride (2 g) was added to a solu-  
tion of 3.8 g (17.5 mmole) of the hydrochloride of II in the minimum 
amount of water ,  and the mixture was heated for  10 rain at 70". 

Sodium acetate dihydrate (9.1 g) was added, and the mixture  was heated at 70 ~ for  10 min. The mass  was 
kept at 0-5 ~ for 2 h, f i l tered,  and the precipi tate  was washed with water  and rec rys ta l l i zed  f rom 15% ethanol 
to give 3.4 g (990/c) of KI with mp 183-184 ~ (decomp.). Found %: N 14.16. CgH12N2Os. Calculated %: N 
14.28. 

* As in Russian original  - Publisher .  
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2 - M e t h y l - 3 - m e t h o x y - 4 - a m i n o m e t h y l - 5 - h y d r o x y m e t h y l p y r i d i n e  Dihydrochlor ide  (IV). A total  of 0.5 g 
of 5% P d / C  was added to a solution of 2.75 g (14 mmole)  of IV[ in 130 ml  of wa te r  and 7 mt  of concent ra ted  
HC1, and the compound was hydrogenated  at r o o m  t e m p e r a t u r e  and a tmospher i c  p r e s s u r e .  Af ter  3 h the 
theore t ica l  amount  of hydrogen had been absorbed .  The ca t a lys t  was r emoved  by f i l t ra t ion  and washed with 
wate r ,  and the combined f i l t r a t e s  were  evapora ted  to d ryness  in vacuo to give 3.1 g (87%) of a compound 
with m p  162-163 ~ (from a l c o h o l - e t h e r ) .  Found %: C 42.61; H 6.27. CgH16C12N202. Calcula ted %: C 42.37; 
H 6.32. 

3 -O-Methy lpy r idoxamine -5 ' -phospha t e  (VI). The dihydrochlor ide of IV [2 g (7.85 ramole)] was added 
to a mix tu re  of 9 g of 85% H3PO 4 in 7 g of P205, and the mix tu re  was held at r oom t e m p e r a t u r e  until HC1 
evolution ceased .  The mix tu re  was then heated  for  2 h at 60 ~ cooled, 50 ral of ethanol was added, the m i x -  
tu re  was s t i r r e d  thoroughly,  and 140 ml  of e the r  was added. The mix tu re  was held at 0-5 ~ for  1 h, the l iq-  
uid was decanted,  and the res idue  was d isso lved  in 90 ml  of 1 N hydrochlor ic  acid.  The mix tu re  was 
heated  for  20 rain on a bo i l ing-wate r  bath and evapora ted  in vacuo to 30 ml .  The pH of the solution was 
brought  to 5 with concent ra ted  ammonium hydroxide and applied to a 2.5 x 60-cra column filled with A m b e r -  
l i te CG-50 in the acid f o r m .  The column was eluted with wa te r  at a ra te  of 50 r a l / h .  The separa t ion  curve  
is p re sen ted  in Fig.  4. F rac t ions  containing VI were  evapora ted  to d ryness  in vacuo and washed with a lco-  
h o l - e t h e r  to give 1.22 g (52%) of the dihydrate  of VI. The compound was e l ec t rophore t i ca l ly  homogeneous .  
Found %: C 35.92; H 6.31. CgHIsN2OsP �9 2H20. Calculated %: C 36.24; H 6.42. 

3-O-Methylpyridoxal-5"-phosphate (V). A. Sodium glyoxylate (240 rag) was added to a solution of 
286 mg (1 raraole) of VI in 7 ml of water and I ml of 2 N NaOH under an inert gas, and the mixture (pH 9) 
was st irred for 10 rain at room temperature. The pH of the mixture was brought to 5 with glacial acetic 
acid, the mixture was stirred for 10 rain, and 4 ml of 0.25 M cupric acetate was added slowly. (The pH of 
the mixture was 6 at the end of the addition.) The mass was stirred for another 45 rain and applied to a 
1.4 x 40-cm column filled with Dowex 50 x 4 in the acid form. The mixture was eluted with water at a rate 
of 50 ml /h .  The separation curve is presented in Fig. 5. Fractions containing V were evaporated in vacuo 
to a small volume and lyophilized. The yield was 67 rag (24~). The compound was electrophoretically 
homogeneous. Found %: C 38.49; H 4.96. C9HI2NO6 P �9 H20. Calculated ~: C 38.72; H 5.05. 

B. A solution of 453 rag (2.5 mraole) of base II and 430 mg (3.5 raraole) of p-anisidine in 10 ral of ab- 
solute tetrahydrofuran was refluxed for 6 h, and the solvent was removed in vacuo to dryness. The residue 
was dissolved in a mixture of 5 g of P205 and 6.5 g of 85% H3PO 4, and the mass was heated for 6 h at 50 ~ 
After the addition of I0 ml of 0.1 N HCI, the solution was heated for 15 rain at 60 ~ cooled, applied to a 1.6 x 
40-cm column filled with Dowex 50 x 4 in the acid form, and chromatographed as in experiment A. The 
yield of V was 36 rag (5.2%). 
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