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SYNTHESIS OF [4'-13C] PYRIWXOL 

V. W. Vande Velde, N. E. Mackenzie, and A. I .  Sco t t  

Center f o r  B i o l o g i c a l .  NMR 
Department o f  Chemistry 
Texas A&M U n i v e r s i t y  
College S ta t i on ,  Texas 77843 

SUMMARY 

5-Cyano-3-hydroxy-2-methyl pyr id ine-1-ox i  de , a f t e r  
0-methy lat ion w i t h  d ime thy l su l fa te ,  was reacted reg io -  
s p e c i f i c a l l y  w i t h  sodium [ 1 3 C ]  cyanide t o  g i v e  [4'-13C] 
4,5-dicyano-3-hydroxy-2-methyl py r id ine .  The 1 a t t e r  
compound was success ive ly  transformed t o  [4'-13C] 
py r idoxo l  and [4 ' -  13C]  py r i doxa l  phosphate. 

Key words: [4'-13C] py r idoxo l  , [4'-'3C] py r idoxa l  phosphate. 

INTRODUCTION 

As p a r t  o f  a general program i n v o l v i n g  the study o f  enzymatic reac t i ons  by 

nuc lea r  magnetic resonance techniques us ing 13C enr iched subst rates,  i n h i b i t o r s  

and coenzymes, the  formyl group o f  py r idoxa l  phosphate (1) was chosen as the  

enr iched cen te r  i n  order  t o  monitor, f o r  example, the format ion o f  a S c h i f f  base 

between t h i s  aldehyde and t h e  €-amino group o f  l y s i n e  present  i n  t h e  apoenzyme 

(1, 2). 

obta ined by s e l e c t i v e  o x i d a t i o n  o f  py r idoxo l  (g), fo l lowed by phosphorylat ion. 

We descr ibe a s h o r t  and d i r e c t  method i n  which the  l abe led  atom was in t roduced 

a f t e r  t h e  cons t ruc t i on  o f  t he  aromatic skeleton, thus reducing the  synthes is  o f  

13C py r idoxo l  (2) t o  th ree  s imple chemical steps (Scheme 1). 

According t o  l i t e r a t u r e  procedures (3-6), py r idoxa l  phosphate (1) i s  

RESULTS AND DISCUSSION 

The preparat ion o f  [4 ' - l3C]  pyr idoxol  (2) described below was based on a 

s y n t h e t i c  s t ra tegy  i n v o l v i n g  a "C7N" moiety  and a "C1 labeled"  u n i t .  Using 
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Scheme 1 
NC RO 
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13 sodium [ C ]  cyanide as t h e  "Cl labeled"  b u i l d i n g  b lock,  t h i s  s y n t h e t i c  approach 

requ i res  t h a t  subs t i t uen ts  at tached t o  t h e  "C7N" moiety  correspond as c l o s e l y  as 

poss ib le  t o  those o f  t h e  t a r g e t  molecule (1). To t h i s  end, an at tempt  t o  cyano- 

l a t e  3-hydroxy-5-hydroxymethyl-2-methyl p y r i d i n e  (3) f a i l e d .  Accordingly, 5- 

cyano-3-hydroxy-2-methyl p y r i d i n e  (3) was se lected as a second candidate for  

t h i s  purpose. Dur ing a study concerned w i t h  d i f f e r e n t  c y c l o a d d i t i o n  react ions,  

Yoshikawa e t  a l .  ( 7 )  repor ted t h e  format ion o f  compound &. However, t h i s  chemi- 

ca l  s t r u c t u r e  was deduced o n l y  by t ransforming i t  i n t o  t h e  dicyano d e r i v a t i v e  & 

(8), i d e n t i f i e d  (mixed me l t i ng  p o i n t )  w i t h  an au then t i c  sample (9). 

proposed in termediates a re  c r u c i a l  t o  a l abe led  synthesis, r i go rous  evidence fo r  

t h e i r  s t ruc tu res  was requi red.  Indeed, should s t r u c t u r e  5 be t h e  product o f  the 

cyc loadd i t i on ,  t he  above mentioned reac t i ons  should a l so  g ive  t h e  same dicyano 

d e r i v a t i v e  a as t h e  product, b u t  app l i ed  t o  a l a b e l i n g  process, the undesired 

isomer I would be obtained. 

compound &was confirmed by examination o f  i t s  'H  NMR spectrum (Table 1 )  i n  

which each aromatic proton ( 6  7.29 and 8.22) e x h i b i t s  a coupl ing constant  o f  

1.8 Hz, a val ue c h a r a c t e r i s t i c  f o r  two meta protons. 

Since t h e  

Yoshikawa's work was repeated and t h e  s t r u c t u r e  o f  
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TABLE 1. 'H NMR Spectra o f  Relevant Syn the t i c  In termediates 

Compound Sol vent 4 -H 6 -H 2'-Me Others 

D20* 

D20* 

D20* 

C D C l  

CD30D 

C D C l  

CD30D 

C D C l  

CD30D 

C D C l  

CD30D 

C D C l  

C D C l  

CD30D 

- 

- 

7.18 

bd (1.8) 

7.29 

bd (1.8) 

7.70 

bd (1.8) 

7.15 

bd (1.8) 

8.18 

s (wk 1.6) 

8.18 

7.54 

bd (1.8) 

8.22 

bd (1.8) 

8.65 

bd (1.8) 

8.38 

s (w+  1.6) 

8.38 

d (1.6) 

8.83 

s (w$ 1.6) 

8.20 

bd (1.8) 

2.70 

S 

2.70 

S 

2.36 

S 

2.54 

S 

2.53 

S 

2.63 

S 

2.63 

S 

2.63 

S 

2.51 

S 

4'-H:5.02 s 

5'-Hz4.81 s 

4I-Hz5.02 d (147) 

5'-H:4.81 s 

5 '-H :4.51 

- 

3-OAc :2.52 

- 

Chemical s h i f t s  a re  i n  6 u n i t s  and r e f e r  t o  TMS, coup l i ng  constants ( i n  Hz) a r e  
i n  parentheses ( s  = s i n g l e t ,  d = doublet ,  bd = broad doublet ,  and w+ = h a l f  w id th ) .  

* 
Methyl group o f  ethanol ( 6  1.20) used as i n t e r n a l  standard. 
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I t  i s  known t h a t  i n  t h e  p y r i d i n e  s e r i e s  a cyan0 group cannot no rma l l y  be 

i n t roduced  under R e i s s e r t  c o n d i t i o n s .  However, i n  a method d i scove red  indepen- 

d e n t l y  by Okamoto and Tani  (10 )  and Feely  and Beavers ( l l ) ,  an a l k o x y  h e t e r o c y c l i c  

quaternary s a l t  can be  used f o r  t h i s  purpose. 

t h e  choice between t h e  o r t h o  o r  para p o s i t i o n s ,  some r e g i o s e l e c t i v i t y  must be 

exe rc i sed  d u r i n g  t h e  r e a c t i o n ,  More p r e c i s e l y ,  pa ra -cyano la t i on  was favored by 

pe r fo rm ing  t h e  r e a c t i o n  a t  room temperature,  i n  wa te r  a t  b a s i c  pH, and b y  us ing  

a b u l k y  counter-an ion (12) .  Using a 2.6 excess o f  cyanide,  5-cyano-3-hydroxy- 

2-methyl py r id ine -1 -ox ide  (g ) ,  p r e v i o u s l y  0-a1 k y l a t e d  w i t h  d i m e t h y l s u l f a t e ,  has 

been r e p o r t e d  t o  produce t h e  4,5-dicyano d e r i v a t i v e  

c o n d i t i o n s  was performed i n  o u r  l a b o r a t o r y  and a h i g h l y  r e g i o s p e c i f i c  r e a c t i o n  

was obta ined.  Moreover, assuming t h a t  t h e  pheno l i c  s u b s t i t u e n t  i s  n e u t r a l i z e d  

a f t e r  t h e  N-oxide a l k y l a t i o n  and b e f o r e  t h e  c y a n o l a t i o n  s teps,  t h e  excess o f  

cyanide can be decreased t o  1.5, a more convenient  r a t i o  f o r  l a b e l e d  syntheses. 

The h i g h  r e g i o s p e c i f i c i t y  o f  t h i s  r e a c t i o n  was deduced f rom t h e  H NMR spectrum 

ob ta ined  a f t e r  t h e  c y a n o l a t i o n  s tep .  No s i g n a l  f o r  t h e  o r t h o - c y a n o l a t i o n  

product  was observed and t h e  a romat i c  chemical s h i f t  o f  t h e  p roduc t  con f i rms  t h e  

para-cyanolat ion.  

t h e  13C NMR spectrum compared favo rab ly  w i t h  t h e  va lues  ob ta ined  f o r  compound 

(Table 2).  Us ing l i t e r a t u r e  data (13) ,  t h e  t h e o r e t i c a l  chemical s h i f t s  o f  

compounds 

m e n t a l l y  f o r  t h e  d icyano compound. C l e a r l y ,  s t r u c t u r e  

ob ta ined  . 

Since t h e  n u c l e o p h i l i c  spec ies has 

(8) .  O p t i m i z a t i o n  o f  t h e  

1 

Moreover, when an  a l i q u o t  of  compound 3 was a c e t y l a t e d  t o  *, 

and 9 were c a l c u l a t e d  and compared w i t h  t h e  data observed e x p e r i -  

( r a t h e r  than 9)  was 

Compound 2 was t ransformed i n t o  py r idoxo l  (2) f o l l o w i n g  t h e  l i t e r a t u r e  

methods (9,  14, 15) which i n v o l v e d  hydrogenat ion o f  t h e  n i t r i l e s  and t ransforma- 

t i o n  o f  t h e  r e s u l t i n g  amino groups i n t o  benzy l  i c  a l coho ls .  D r o p l e t  c o u n t e r c u r r e n t  
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chromatography (16-18) was used f o r  the f i n a l  p u r i f i c a t i o n  o f  py r idoxo l  (1). 
Labeled pyr idoxol  (2), key in termediate f o r  t h e  synthes is  o f  pyr idoxal  

phosphate (l), has thus been obta ined 2 t h ree  chemical steps. 

l i t e r a t u r e  methods reveals  t h a t  e x i s t i n g  13C o r  14C py r idoxo l  syntheses are 

longer because t h e  cons t ruc t i on  o f  the p y r i d i n e  r i n g  was inc luded i n  t h e  l abe led  

syn the t i c  sequences (3,  19, 20). 

The conversion o f  py r idoxo l  (2) i n t o  pyr idoxal  phosphate (1) was performed 

However, the syn the t i c  

Examination o f  

f o l l ow ing  described methods (3 -6 )  i n  r a t h e r  low y i e l d s .  

procedure described i n  t h e  experimental i s  as e f f i c i e n t  as those repor ted f o r  

enzymatic preparat ions (21 ) .  

The presence o f  13C i n  the  syn the t i c  samples was monitored by I R  spect ros-  

copy, ' H  and l 3 C  NMR measurements and mass spectroscopy. 

I R  Spectra - Cyano in termediates prov ide the  oppor tun i t y  t o  observe the  i s o t o p i c  

s h i f t s  o f  the 13CN I R  s t r e t c h i n g  frequency (22). 13 I n  t h e  case o f  sodium [ C] 

cyanide, t h e  s t a r t i n g  m a t e r i a l ,  a 40 cm-' s h i f t  was observed when compared w i t h  

unenriched m a t e r i a l .  

[ 4 ' -  

a bundance (k) . 

While a 30 cm-l s h i f t  d i f f e r e n c e  was obta ined f o r  t h e  

13 C ]  4,5-dicyano-3-hydroxy-Z-methylpyridine (%), when compared w i t h  na tu ra l  

NMR Spectra - Since the NMR data o f  py r idoxa l  phosphate (1) and r e l a t e d  compounds 

have been ex tens i ve l y  repo r ted  (23-25), we r e s t r i c t  ou r  d iscuss ion t o  the  

13C-enriched species where t h e  enriched groups a r e  a t  C-4' (Tables 1 and 2 ) .  

' H  coupled I 3 C  NMR spectrum o f  [ 4 ' -  C ]  (3) shows the  cyano resonance a t  6 111.94 

4 as a doublet due t o  long-range coup l i ng  ( J C - 4 ' ,  H-6 = 1.6 Hz). 

spectrum showed an i d e n t i c a l  4J va lue f o r  t h e  H-6 resonance a t  6 8.38. 

The 

13 

The 'H NMR 

1 The H 

coupled "C NMR spectra o f  py r idoxo l  (2) showed a one bond coupling, J C-4', 

H-4'.  o f  147 Hz. 

be observed by appropr ia te exponent ia l  m u l t i p l i c a t i o n  o f  the FID.  

phosphate (l), both the  aldehyde group ( 6  197.01) and t h e  hydrated form ( 6  88.57) 

4 Long-range coup l i ng  constants ( J C-4', H-6 = 1 Hz) cou ld  on l y  

I n  py r idoxa l  

gave doublets, 'J C-4'. H-4 = 185 Hz. 

Mass Spectra - The molecular  i o n  peak i n  t h e  mass spect ra o f  h e t e r o a r o m t i c s  i s  

known t o  be i n tense  (26). exempl i f ied by most o f  the compounds examined here 



Synthesis of [4’-”C]Pyridoxol 

TABLE 3. Mass Spectral Data o f  Cyanoderivatfves 
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Compounds - 4a - 8 - 5a 13c-5a 
Mol. Weight 134 150 159 160 

M+ 

M+-l6 (0) 

M+-28 (CO) 

M+-29 (C-OH) 

M+-16 - 28 
M+-16 - 29 
M+-55 

M+-70 

134 100% 

-- 
106 30% 

105 100% 

-- 
79 12% 

64 25% 

150 25% 

134 50% 

-- 

106 25% 

105 100% 

159 10% 

-- 
131 100% 

130 80% 

-- 
104 10% 

89 ‘4% 

160 100% 

132 23% 

131 83% 

-- 

105 35% 

90 12% 

(Tables 3 and 4). 

ion is observed. 

phenolic function, while cleavage o f  the bond beta to the aromatic ring is the 
general rule for benzylic alcohols (M+-17, OH). 

labeled compounds. obtained by comparing the intensity o f  the l2C-M’ and 13C-M+ 

peaks, are approximately 87 and 94% for the dicyano 

respectively (cf. 98% 13C in the starting material). 

When the hydrochloride salt o f  1 was examined, the [M + H I +  

Loss o f  C-OH (M+-29) and CO (M+-28) are characteristic o f  the 

The isotopic enrichments o f  the 

and pyridoxol ( L ) ,  

TABLE 4. Mass Spectral Data of Benzylic Alcohols 

Compounds - 3 - 2 ’3c-2 
Mol. Weight 139 169 + HC1 170 + HC1 

~ ~~ ~~ ~ 

-- 170 40% 171 80% + M + H  

M+ 139 100% -- -- 
M+-15 (CH3) 124 10% 154 100% 155 100% 

M+-17 (OH) 122 15% 152 20% 153 20% 

M+-29 (C-OH) 110 70% -- -- 



602 V .  W .  Vande Velde, N .  E. Mackenzie and A. I .  Scon 

EX PER1 MENTAL 

M.p.s a re  uncorrected. IR spectra were recorded with KBr pe l l e t s  on a 

Perkin-Elmer 297 instrument. 

instrument. 

mass spectra u s i n g  a Kratos MS50TA instrument. 

chromatography was performed on a DCC-300 EYELA instrument, equipped with 625 

capillary $1.5 II 400 mn tubes. 

plates (100 X 200 X 0.25 mn Si02 gel F254).  

KOR IsotopesTM, Division of KOR, Incorporated) was used as the labeled s t a r t i ng  

material. 

' H  NMR spectra were determined on a Varian EM-390 

13C NMR spectra were determined on a Bruker AM500 instrument and  

Droplet countercurrent 

Analytical TLC was carried out using chromato- 

Sodium [ C ]  cyanide (99 atom % - 13 

5-Cyano-3-hydroxy-2-methyl pyri dine (g) 
4-Methyloxazole (3.08 ml, 37.7 mmol) and fumaronitrile (2.995 g. 38.4 m l )  

were reacted as described previously to give 9 ( 7 ) ,  3.536 g ,  70% yie ld ,  m.p. 

246°C (from ace t ic  acid) [ l i t .  m.p. ( 7 )  247"C], I R  v 2240 cm-l CN s t re tch .  

5-Cyan0-3-hydroxy-Z-methyl pyri di  ne- 1 -oxide (8)  
To a solution of (2.999 g ,  22.38 mnol) in glacial ace t ic  acid (40 ml) 

heated to 7OoC,  4.5 m l  of 30% hydrogen peroxide were added and the solution 

heated a t  100°C for  1 hour. 

followed by reaction a t  100°C f o r  1 hour were performed and a f t e r  cooling to  

room temperature, the mixture was reduced to  one-ha1 f volume by evaporation under 

vacuum. 

[ l i t .  m.p. (8) 278"C]. Yield 72.3%. 

1090 cm-l (aromatic N-0 vibrations).  

14I-l 3C] 4.5-Dicyano-3-hydroxy-2-methylpyridine (g) 

Three successive additions of 30% H202, 4.5 ml each, 

Overnight c rys ta l l iza t ion  from ace t ic  acid gave 2.43 g of 8 ,  m.p. 275°C 

IR v 2220 cm-l (CN s t re tch)  and 1220 and 

A mixture of 8 (1.001 g ,  6.68 mnol) and dimethylsulfate (0.65 m l ,  6.68 mmol), 

prepared and maintained under dry nitrogen, was heated a t  95°C fo r  3 hours then 

cooled t o  4°C. The reaction mixture was dissolved i n  a minimum volume of cold 

water containing K2C03 (0.923 g ,  6.75 mmol) and this solution was added dropwise 

t o  a cooled (4°C) solution of sodium [ 

( 3  m l ) ,  kept in i c e  fo r  two hours and t h e n  a t  room temperature fo r  24 hours. 

13 C] cyanide (0.502 g ,  10.02 mmol) i n  water 
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After addition of 2N HC1 solution until  acid pH, the water phase was continuously 

extracted with ether f o r  48 hours and the crude ex t rac t  crystall ized from acetone 

to give the product %, m.p. 188°C [l i t .  m.p. (8) 189"CI. 

s tep  was performed with an 83% yie ld  (average over 5 labeled syntheses) calculated 

from the N-oxide - 8, o r  55% yie ld  i f  calculated from sodium [ C] cyanide. 

Attempts t o  recover unreacted sodium [ 

and 2200 cm" ( C N  and 13CN s t r e t ch )  (u 2245 and 2230 cm-l for  unlabeled @). 

The 13C cyanolation 

13 

13 C] cyanide were not performed. IR u 2240 

14 '  -l 3C] 4,5-Di hydroxymethyl-3-hydroxy-2-methyl pyridine (pyridoxol (2) ) 
To a solution of [4'-'3C] (1.076 g ,  5.5 mnol) in absolute ethanol (100 ml), 

conc. HCl  (1  ml) and 10% Pd/charcoal (0.850 g) were added. The mixture was 

hydrogenated a t  room temperature u n t i l  500 m l  of hydrogen were absorbed, the 

ca ta lys t  was removed by f i l t r a t i o n  and the f i l t r a t e  was then evaporated under 

vacuum. 

( 2  g ,  29 mnol) previously dissolved in cold water (20 ml) was slowly added. 

After 1 hour a t  room temperature, the mixture was heated in a water bath a t  80°C 

fo r  30 minutes (9 ,  14, 15). 

Inorganic s a l t s  were precipitated by addition of absolution ethanol and then 

f i l t e red .  

5 ml of the aqueous phase described below. 

purified by droplet countercurrent chromatography (16-18). 

formed in the ascendant mode using 250 ml of the aqueous phase, obtained from 

the t e r t i a ry  system (CHC13/MeOH/H20 i n  the r a t io  3/3/2 by volume), and the 

chloroform phase was used as the  stationary phase during t h i s  separation. 

Fractions (2 m l )  were collected a t  the ra te  of 8 ml/hour and monitored by TLC 

(S i l ica  gel eluted w i t h  the chloroform phase described e a r l i e r ) .  

[4'-13C] pyridoxol (2) was crys ta l l ized  from alcohol-acetone m.p. 204°C [ l i t .  

m.p. (9) 205"C], 0.3304 g (1.6 mmol) o r  29.2% yield from g. 

14I-l 3C] 3-Hydroxy-2-methyl-5- [ ( phosphonooxy )methyl 1-4-pyridi necarboxal dehyde 

(pyridoxal phosphate) (1) 

The residue was dissolved i n  2N HC1 (80 ml) and a solution of NaN02 

After cooling, the mixture was evaporated to  dryness 

The solvent was evaporated under vacuum and the residue dissolved in  

This crude reaction mixture was 

Elutions were per- 

The resu l tan t  

[4'-13C] Pyridoxal phosphate (1) was prepared from [4'-13C] pyridoxol (2) 
following l i t e r a t u r e  procedures (3, 4, 27) modified as follows. In a 25 m l  
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c e n t r i f u g e  tube KMn04 (0.4939 g, 3.12 mmol) was d i sso l ved  i n  H20 (15 ml) .  

was added u n t i l  deco lo ra t i on  o f  t he  s o l u t i o n  occurred. A f t e r  c e n t r i f u g a t i o n  

(5,000 r p ) .  t he  supernatant was discarded and the  res idue washed th ree  times 

w i t h  H20 (15 ml) .  A f t e r  suspension o f  t he  res idue i n  water (10 ml) ,  [4'- '3C] 

pyr idoxol  (2) (0.6425 g, 3.12 n o l )  and conc. H2S04 (0.5 m l )  were added and the 

m ix tu re  was l e f t  a t  room temperature f o r  3 hours. 

m ix tu re  was then reduced by  h a l f  by evaporat ion under vacuum. 

6.5 m l )  ( 3 )  and sodium acetate (2  M, 9 m l )  were added and t h e  m ix tu re  kep t  a t  4°C 

overn ight  a f t e r  which the  p r e c i p i t a t e d  S c h i f f  base i s  f i l t e r e d  and d r i e d  under 

vacuum (0.3071 g - 34% y i e l d ) .  

Na2S03 

The volume o f  t he  r e a c t i o n  

Phenetidine (0.5 M, 

This S c h i f f  base (0.150 g, 0.52 mmol) i s  d i sso l ved  i n  p y r i d i n e  (20 ml) ,  

then evaporated t o  dryness. 

100 m l  p y r i d i n e  (20 m l )  was added and again evaporated under vacuum. 

p y r i d i n e  (20 m l )  and N,N'-dicyclohexylcarbodiimide ( 3  9) were added and the 

r e a c t i o n  m ix tu re  al lowed t o  stand a t  room temperature f o r  1.5 hours, a f t e r  which 

t ime i c e  was added and the  s o l u t i o n  was evaporated t o  dryness under vacuum. The 

s o l i d  thus obta ined was f i l t e r e d  and washed w i t h  water (100 m l ) .  

was f reeze d r i e d  and the  res idue  d i sso l ved  i n  NaOH ( 1  N, 10 m l )  and r e f l u x e d  

f o r  10 minutes. 

on Amber l i te  CG50 and the  f r a c t i o n s  con ta in ing  compound (1) were f u r t h e r  p u r i f i e d ,  

again by column chromatography, on Oowex 50W-X4 which a f fo rded  pure [ 4 ' -  

py r i doxa l  phosphate (1) 0.034 g (26.2% y i e l d  from the S c h i f f  base o r  8.9% y i e l d  

from pyr idoxol  (2)). 

A s o l u t i o n  o f  cyanoethylphosphate (540 mg) i n  

Dry 

The f i l t r a t e  

A f t e r  cool ing,  t he  m ix tu re  was p u r i f i e d  by column chromatography 

13 
C ]  
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