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Routes for the synthesis  of 3-deoxypyridoxal  5-phosphate were studied, and a method for its 
prepara t ion  by the t ransaminat ion of 3-deoxypyridoxamine 5-phosphate is proposed.  Chlor -  
ination and reduction of 6 -me thy l -4 -methoxymethy l -3 -cyano-2 -pyr idone  converted it to 2- 
methy l -4-methoxymethyl -5-aminomethylpyr id ine  dihydrochloride which, without isolation, 
was success ive ly  t rea ted  with HBr, diazotized, and aminated. The mixture of amines ob-  
tained was phosphorylated with polyphosphoric acid, and the phosphate was separa ted  by 
chromatography.  The UV, IR, and ]?MR spec t ra  of the compounds obtained were investigated. 

The data in the l i te ra ture  regarding  the effect of a phenolic hydroxyl group on the catalytic proper t ies  
of pyridoxal 5-phosphate (PP) and its ability to bond with an apoenzyme are based on indirect  resul ts  and 
are cont radic tory .  In this connection, we recent ly  synthesized 3 -methoxy-PP ,  and in this communicat ion 
we descr ibe  the synthesis  and some physicochemical  proper t ies  of 3 -deoxy-PP  and 3-deoxypyridoxamine 
5-phosphate.  

P repa ra t ive ly  speaking, the mos t  convenient route for the synthesis  of P P  analogs consis ts  in the 
select ive oxidation of the appropriate  pyridoxine analogs with manganese dioxide to the aldehydes, which 
are isolated f rom the react ion mixture as Schiff bases  with aromat ic  amines.  Phosphorylat ion of these 
Schiff bases  and subsequent hydrolys is  leads to P L P  analogs. 

However,  as pointed out by Snell and co -worke r s  [1], a mixture of the products of oxidation at both 
hydroxymethyl  groups was obtained in a yield of approximately 30~c by the oxidation of 3-deoxypyridoxine 
with manganese  dioxide, and the rat io of 3-deoxypyridoxal  to 2 -methy l -4 -hydroxymethy l -5 - fo rmylpyr id ine  
is 1 : 6 .  

Thus this route is practically unsuitable for the preparation of PP analogs modified at the 3-position. 
We therefore used another approach for the synthesis of 3-deoxy-PP in which the key product is 3-deoxy- 
pyridoxamine (see the scheme below). 

We initially attempted to obtain this amine from lactone II with the idea of subsequent opening of the 
lactone ring and production of 2-methyl-4-hydroxymethyl-5-carbethoxypyridine, in which the hydroxyl group 
could be replaced by a halogen and subsequently by an amino group, while the ester group could be re- 
placed by a hydroxymethyl group. Compound II was obtained by hydrogenation of the lactone of 2-chloro-6- 
methyl-4-hydroxymethylnicotinic acid (1). The ]?MR spectrum of the compound obtained contains a signal 
from the methyl group at 2.47 ppm, a signal from the methylene group at 4.78 ppm, and two singlets from 
the protons of the pyridine ring at 7.37 ppm (3H) and at 8.44 ppm (6H). The absence of appreciable spin- 
spin interaction of the latter indicates their para orientation to one another. However, attempts to open 
the lactone were unsuccessful. Thus, for example, the starting material was recovered on prolonged re- 
fluxing of II in alcohol with constant passage of hydrogen chloride. The retention of the characteristic lact- 
one frequencies and the complete absence of a band for an ester grouping in the IR spectra of the isolated 
compound confirm that the lactone structure has not changed. 

* See [12] for  communicat ion XII. 

Institute of Molecular  Biology, Academy of Sciences of the USSR, Moscow. Transla ted f rom Khimiya 
Geterotsikl icheskikh Soedinenii, No. 4, pp. 487-492, April ,  1971. Original ar t icle  submitted November 24, 1969. 

�9 1973Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17thStreet, New York, 
N. Y. 10011. All rights reserved. This article cannot be reproduced for an), purpose whatsoever without 
permission of the publisher. A copy of this article is available from the publisher for $15.00. 

455. 



H3 C It 3C CI H3C ~ ~.'I~ ~ H.IC ~ \"X ~f  

V 1 I1 

( ~ c o o c . , . -  ~ . ( c o o  cons ~ 

.~c.,~-,"-~ .~c"~'~ ' 2 u a  .~c-'~--n-'t .~c-'~--~'-- 

I I I  IV ~ ,-" IX 

CH2OCH 3 CH2OCH" 3 CH2OCH 3 / CH2NH 2 J H\csO (~T~CN ~/CN ~H2NH2 ('~'CH.OPO3H2 ~'(CH2OPO3H2 
" 

VI v I I  V I I I  XI x l l  

Another possible route  to the synthesis  of 3-deoxypyridoxamine that we checked consis ted in the fol-  
lowing: 2 -me thy l -4 -cyano-5 -ca rbe thoxypyr id ine  (III) was converted by hydrogenation over palladium on 
carbon to 2 -methy l -4 -aminomethy l -5 -ca rbe thoxypyr id ine  dihydrochloride {IV), which was then reduced 
with lithium aluminum hydride.  After  the usual workup, a react ion product was isolated in a yield of 5-7~ 
and was found to be a mixture  of two substances,  one of which coincides in its chromatographic  behavior 
with 3-deoxypyridoxamine obtained via the method descr ibed below. In connection with the low yield of 
product,  we attempted to isolate base IV and reduce it. However, on t rea tment  of the dthydrochloride of IV 
with sodium hydroxide in water  we obtained the lactam of 6-methyl-4-aminomethylnicot in ic  acid (V) in 80~c 
yield instead of the expected free base.  

A synthetic route based on the following scheme turned out to be suitable for preparat ive purposes .  
6 -Methy l -4 -methoxymethy l -3 -cyano-2-pyr idone  (VI) was converted to the corresponding chloride (VII), 
which was converted to 2 -methy l -4-methoxymethyl -5-aminomethylpyr id ine  dihydrochloride (VIII) by 
hydrogenation over  10% palladium on carbon.  On t rea tment  with hydrobromic  acid the methoxy group is 
smoothly replaced by bromine to fo rm 2-methy l -4-bromomethy l -5-aminomethy lpyr id ine ,  which, without 
isolation, was diazotized and then aminated with ammonium hydroxide. A product was obtained in 80~ yield 
and was a mixture of two substances  which are  colored by ninhydrin. There  are two sets of peaks in the 
PMR spec t rum (Fig. 1) which indicates a mixture of two substances.  Two singlets are presented in the r e -  
gion cha rac te r i s t i c  for  the protons of a methyl  group (2.76 and 2.78 ppm); peaks which cor respond to methyl -  
ene protons are situated at 4.5-4.7 ppm. At weak field there  are  two pairs  of signals f rom aromatic  p ro -  
tons,  of which the two at 8.50 ppm are  re la ted to 6H, while the two at 7.61 ppm are related to 3H. The ab-  
sence of a spin-spin  interact ion cor responds  to a para  orientation of these protons.  Thus it can be assumed 
that we have a mixture  of 3-deoxypyridoxamine (IX) and 6-methylmer imine  (X), but the accurate  ass ignment  
of the set  of peaks to one or  another substance is difficult. 

The mixture of amines was then t rea ted  with polyphosphoric acid under conditions where the 5- 
hydroxymethyl  group of the pyridoxamine is select ively es ter i f ied.  3-Deoxypyridoxamine phosphate (XI) 
can be readi ly  separa ted  f rom the s tar t ing amine by chromatography of the react ion mixture with an ion- 
exchange res in .  The s t ruc ture  of XI was proved by the PMR spect rum (Fig. 2), which contains a signal 

Fig. I. 
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PMR spect rum of a mixture  of amines IX and X (hydrochlorides) in D20. 
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Fig. 2. PMR spec t rum of 3-deoxypyridoxamine-5-phosphate  in D20. 

f rom a methyl  group at 2.57 ppm, two methylene peaks at 4.35 ppm (4CH 2) and 4.98 ppm (5CH2; J5HP = 6.1), 
and two singlets f rom the protons of the pyridine ring at 7.47 ppm (3H) and at 8.44 ppm (6' H). 

The compound obtained is chromatographica l ly  and e lec t rophore t ica l ly  homogeneous,  gives a bright  
orange colorat ion with ninhydrin, and its e lec t rophoret ic  mobility is comparable  to that of 3 -O-methy l -  
pyridoxamine phosphate. 3-Deoxypyridoxal  phosphate (XII) was obtained in 20~ yield by the react ion of 3- 
deoxypyridoxamine phosphate (XI) with glyoxylic acid in the presence  of divalent copper  ions. This de-  
c r ea se  in yield, as compared  with PP  analogs which contain a 3-hydroxy group, and the reduced react ivi ty  
of the 4-hydroxymethyl  group in 3-deoxypyridoxine are in good agreement  with the decrease  in the activity 
of the aldehyde group of 3-O-methylpyr idoxal  previously noted by us.  These resul ts  make it possible to as -  
sume that the 3-hydroxy group br ings  about in t ramolecular  general  acid ca ta lys is  of react ions  occur r ing  at 
the 4-posit ion.  

The UV spec t ra  of the compounds obtained have a number  of cha rac te r i s t i c  pecul iar i t ies .  This is 
p r imar i ly  associa ted with the decrease  in the number of ionic forms,  since the dipolar and anionic forms 
are impossible .  Thus the equil ibrium in solution includes two basic ionic forms (cation and neutral  form). 

x x 

We will not consider  the ionization of the ammonium and phosphate groups since, as pointed out in [2], the 
ionization of these groups does not affect the positions and half  widths of the spec t ra l  l ines.  The aldehyde ~- 
hydrate  equil ibrium must  also be taken into account in the case  of 3 -deoxy-PP .  

As seen f rom Table 1, the usual hypsochromic  shift cha rac te r i s t i c  for ~ -+ ~* t ransi t ions of pyridine 
bases  [3, 4] is observed on passing f rom pyridoxamine phosphate to 3-O-methylpyr idoxamine phosphate and 
then to 3-deoxypyridoxamine phosphate. The same regular i ty  is also observed in the spec t ra  of 3 -deoxy-PP .  
This sor t  of behavior  of the long-wave band in the UV spect rum of the aldehyde is somewhat  unusual.  How- 
ever ,  as pointed out by Nakamoto and Martel l  [5], a maximum corresponding to local excitation of the ca rb -  
onyl group (n-+ ~ * ) is not observed in the spec t ra  of 4- formylpyr id ines ,  while the ~ -+ ~ * t ransi t ion of the 
pyridine r ing due to charge t rans fe r  cor responds  to the long-wave absorption. The excited state of this sor t  
of t ransi t ion can be approximately descr ibed by dipolar s t ruc ture  A. 

H~.C /00  

A 

In the case  of 3 -deoxy-PP ,  the maximum of this band is si tuated at 305 nm. 

In connection with what has been stated above, we feel that it is neces sa ry  to note the following. In 
one of our  previous publications devoted to 3 - O - m e t h y l - P P  we compared  the absorption of the aldehyde 
f rom (316 nm) with the band at 320 nm of benzaldehyde. However,  this compar i son  is incor rec t  since the 
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TABLE 1. UV Spectra of Vitamin B 6 and Its Analogs 
R" 
I 

Ha C ~ [ ' ~ ' T  R'..[.('_--../C H, 0 P 0 2  a H2 

~'max' [IY12(8" 10 -a) 

RI=OH * RI=OCHs RI=H Ionic forms o~:~ ou~ z~ r , = c H o  r~=CHO r,=cso 
I1 II It I[ II II 

Absorption in acidiq -~ -~ -- 22400"* 
phenylhydrazine at I 
410 ~m [9] / 

282 (6,6)§ 270 (5,2)+ 
278 (2,9)" 268 (3,0) [ 
316 (1,9)~; 305 (1,3)$ 
20200 19100 

*Data for unphosphorylated compounds from [10]. 
T Hydrate  fo rm.  
* Aldehyde form.  In this and the previous cases  the numbers  in 
parentheses  are  not the true molecu la r  extinctions but cor respond  
to t h e  absorption of the given form in equil ibrium concentrat ions.  
* * Data for pyr idoxal-5-phosphate  f rom [11]. 

n--~ ~* transi t ion of the carbonyl  group appears at 320 nm. Thus the absorption of pyridoxal analogs must  
be compared  with the f i rs t  ~ -~ ~* t ransi t ion of benzaldehyde, the band of which lies at 280 nm [6]. It is 
apparent f rom the data in Table 1 that the u -~ u* band undergoes a considerable red  shift when the - C H -  
link of benzaldehyde is rep laced  by a ni trogen atom, which is explained by the substantial ly higher stability 
of the dipolar excited state in the case of 4- formylpyr id ines .  

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

The UV spec t ra  were  obtained with a Hitachi EPS-3T spec t romete r .  The PMR spect ra  were obtained 
with a JNM-4H-100 spec t rom e te r  (Japan) and are  presented in the 6 scale .  The IR spec t ra  (mineral oil sus -  
pensions) were obtained with a UR-10 spec t rome te r .  

Lactone of 2 -Methyl -4-hydroxymethylpyr id ine-5-carboxyl ic  Acid (II). A total of 1.5 g of 5% P d / C  was 
added to a solution of 5 g (27 mmole) of I [7] in 120 ml of alcohol and 3 ml of concentrated hydrochlor ic  acid 
and hydrogenated at room tempera tu re  and a tmospher ic  p r e s su re .  After  absorption of the theoret ical  
amount of H 2 (664 ml), the ca ta lys t  was f i l tered and washed with 'water ,  and the combined f i l t rates were 
vacuum evaporated to dryness  to give 90% of the hydrochlor ide of the lactone with mp 195-200 ~ (decomp., 
absolute alcohol). Base II was obtained by the addition of solid NaHCO 3 to pH 6 to a solution of the hydro-  
chloride in the minimum volume of water ;  the yield of product with mp 172-173~ (from benzene) was 3.3 g 
(82%). Found%: C 64.38; H 4.70; N 9.42. CsHTNO 2. Calcula ted%: C 64.42; H 4.66; N 9.39. UV spect rum 
in 0.1 N KOH, Amax, nm (e - 10-3): 271 (20.4); 321 (9.9). IR spect rum,  c m - l :  1770 (C ~---O); 1146 and 1194 
(C-O);  1630 (ring C - - C ) .  

2 -Methyl -4-aminomethyl -5-carbe thoxypyr id ine  Dihydrochloride (IV). A solution of 3.8 g (0.02 mole) 
of Ill [8] in 50 ml of alcohol and 25 ml of 2 N HC1 was hydrogenated for  4 h at room tempera ture  and at-  
mospher ic  p r e s s u r e  over  2 g of P d / C .  The cata lyst  was f i l tered and washed with water ,  and the combined 
f i l t ra tes  were evaporated  to d ryness .  The resul t ing oil was s tored in a des icca tor  over  alkali until it c r y s -  
tal l ized to give 4 g {80%) of a product  with mp 220-222 ~ (from absolute alcohol). Found %: C 45.01; H 5.99; 
C1 26.72. CIoH14N202 �9 2HC1. Calculated %: C 44.94; H 6.02; C1 26.55. 

6-Methyl-4-aminomethylnicot inic  Acid Lactam (V). A solution of 3.6 g of IV in the minimum volume 
of water  was t rea ted  with 30% NaOH (with cooling) to pH 12, and the precipi tate  was f i l tered and washed 
with water  to give 2 g (90%) of product with mp 222-223 ~ (from acetone). Found %: C 64.30; H 5.42. 
CsHsN20. Calculated %: C 64.85; H 5.45. UV spec t rum in O.1 N KOH, hmax,  nm (e �9 10-3): 263 (3.6), 272 
(3.0). PMR spec t rum (in 2 N NaOD): 2CH 3 2.43 ppm; 4CH 2 5.1 ppm; 3H 7.17 ppm; 6H 8.41 ppm. 
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2 - C h l o r o - 3 - c y a n o - 4 - m e t h o x y m e t h y l - 6 - m e t h y l p y r i d i n e  (VII). Phosphorus  pen tach lor ide  [13.7 g (0.066 
mole)] was added with cooling and s t i r r i n g  to a suspens ion  of 11.8 g (0.066 mole) of VI in 75 ml of c h l o r o -  
benzene .  The r e a c t i o n  m a s s  was re f luxed  with s t i r r i n g  for  2.5 h, evapora ted ,  and the r e s idue  was t r e a t ed  
with 20 ml  of absolute  a lcohol .  The solut ion was f i l t e r ed  and evapora ted ,  and the r e s idue  was ex t r ac t ed  
with p e t r o l e u m  e ther  to give 11.3 g (87%) of a product  with mp 56-58 ~ (from pe t ro l eum e ther ) .  Found %: 
C 55.12; H 4.81; N 14.14. CgH9C1N20. C a l c u l a t e d % :  C 54.98; H 4.61; N 14.25. 

2 - M e t h y l - 4 - m e t h o x y m e t h y l - 5 - a m i n o m e t h y l p y r i d i n e  Dihydroch lor ide  (VIII). Compound VII (4 g) in 
150 ml of wa te r  and 6 ml  of concen t ra t ed  hydroch lo r i c  acid was hydrogenated  for  7 h at room t e m p e r a t u r e  
and a tmosphe r i c  p r e s s u r e  over  1 g of 10% P d / C .  The ca t a ly s t  was f i l t e r ed  and washed with water ,  and the 
combined f i l t r a t e s  were  evapora ted  to d ryne s s  to give 4.1 g (85%) of the d ihydroch lo r ide  with mp 153-155 ~ 
(from a l c o h o l - e t h e r ) .  Found %: C 45.28; H 6.81; C1 29.77. CgH14N20 �9 2HC1. Ca lcu la ted  ~c: C 45.19; H 
6.74; C1 29.63. 

3 -Deoxypyr idoxamine  Phosphate  (XI). A solut ion of 2.3 g (9.6 mmole)  of VIII in 75 ml of 42% HBr 
was ref luxed for 2 h and evapora t ed .  The r e s idue  in 65 ml  of wa te r  and 3.5 ml  of concen t ra t ed  HC1 was 
d iazo t i zed  at 80 ~ for  3.5 h with a solut ion of 0.75 g of NaNO2 in 10 ml of wa te r .  The r eac t ion  m a s s  was 
evapora ted ,  and the r e s idue  was d i s so lved  in 150 ml of 25% ammonium hydroxide and held at room t e m p e r a -  
tu re  for  48 h.  The e x c e s s  ammonia  was r em ove d  by ref luxing for  2 h, the mix tu re  was evapora t ed  to d r y -  
nes s ,  and 10 ml  of concen t ra t ed  hyd roch lo r i c  acid  was added to the r e s i d u e .  The e x c e s s  hydroch lo r i c  acid 
was r emoved  by d i s t i l l a t i on  with wa te r .  The mix tu re  of amines  was s e p a r a t e d  on Dowex 50 B x 4 (H + 
form) by elut ion with 5% ammonium hydroxide  to give 1.7 g of a mix tu re  of amines .  A total  of 1 g of a m i x -  
ture  of the hyd roch lo r ide s  of the amines  was heated at 60-70 ~ for  4 h in polyphosphor ic  acid (obtained f rom 
5 g of phosphor ic  acid and 3.8 g of phosphor ic  anhydr ide) .  The mix ture  was cooled,  25 ml  of absolute a l co -  
hol was added,  the mix tu re  was s t i r r e d ,  80 ml  of d ry  e the r  was added, and the mix tu re  was al lowed to stand 
for  30 rain in a r e f r i g e r a t o r .  The solvent  was decanted,  the r e s idue  was hea ted  for  20 rain on a bo i l ing-  
wa te r  bath with 45 ml  of 1 N HC1, evapora t ed  to about 5 ml ,  and ch roma tog raphed  on Amber l i t e  CG-50 (H + 
fo rm with a 2.5 by 60-cm column) by elut ion with wa te r .  The e luate  was evapora t ed  to 15 ml  at 35-40 ~ and 
lyophi l i zed  to give 0.2 g (18%) of the phosphate .  Found %: C 35.77; H 6.28; 1) 11.39. CsH13N204P �9 2H20. 
C a l c u l a t e d % :  C 35 .83 ;H 6.39;1) 11.55. 

3 -Deoxypyr idoxa l  Phosphate  (XII). Sodium glyoxyla te  (192 rag) was added to a solut ion of 100 mg 
(0.4 mmole)  of XI in 3 ml  of w a t e r  and 0.4 ml of 2 N NaOH, the mix ture  was s t i r r e d  at room t e m p e r a t u r e  
for 10 rain, g l ac ia l  ace t ic  acid  was added to pH 5, and the mix tu re  was s t i r r e d  for  10 rain under  an ine r t  
gas .  Af te r  10 rain, 3.2 ml  of 0.25 M cupr ic  aceta te  was added, and the mix tu re  was s t i r r e d  for  30 rain 
under  an ine r t  gas .  The g reen  p r e c i p i t a t e  f o rmed  was d i s so lved  by the addit ion of 2 N HC1, and the mix tu re  
was ch roma tog raphed  on Dowes 50 B x 4 (H + form,  1.4 x 30-cm column) by elut ion with wa te r .  The eluate  
was vacuum evapora t ed  to ~10 ml  at 35-40 ~ and lyophi l ized  to obtain 15 mg (20%) of XII. Found %: C 38.48; 
H 4.83; 1) 12.47. CsH10NO51) �9 H20. C a l c u l a t e d % :  C 38.56; H 4.85; 1) 12.43. 

The authors  a re  deeply  indebted to Academic ian  A. E. Brannsh te in  for  his  constant  i n t e r e s t  in this  
work and to K. F .  Turch in  and A. F .  Vanin for  d i s cus s ion  of the 1)MR s p e c t r a .  
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