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The synthesis  of 2 ' -  and 5 ' -modif ied analogs of py r idox ine  f rom which analogs of pyridoxal  
and pyr idoxal  5-phosphate were  obtained is descr ibed.  The t rans i t ion  to analogs of pyr idax-  
amine and pyr idoxamine  5-phosphate is r ea l i zed  by hydrogenation of the oximes of these  
aldehydes.  

The synthesis  of analogs of pyr idoxal  5-phosphate and pyr idoxamine 5-phosphate that a re  modified 
in the 2 and 5 posi t ions of the pyr id ine  r ing was undertaken.  

The synthesis  of the 2-modif ied analogs (Ia, b) was c a r r i e d  out by a prev ious ly  developed scheme [2].t  

The analogs modified in the 5 posi t ion were  obtained f rom pyridoxine.  

CH2OH . C H ~ 3 ~  c.o R'Mg.~ "~ 

CH2 (CO2H) II a,b 

~H2OH CH2OH Ho~CH~CH__CO2 H CH2OH H O ~ j / C H 2 C H 2 C H 2 O H  . , ~ HO~/CH2CH2CO2H 
C H:~/~.~-./ C H ~ / ~ " ~ /  C%~ ~-N / 

V Ill IV 

I la  R'=CH3;b R'=C6H s 

According to the PMR spect ra l  data, the product  of the condensation of 3 .4 ' -O- i sopropyl idene isopyr i -  
doxal with malouic a c i d -  unsatura ted acid V -  has the t rans  configuration in re la t ion to the double bond (the 
sp in - sp in  coupling constant of the ethylene protons  is 16 Hz). 

The oxidation of the 4-hydroxymethyl  group of the pyridoxine analogs to a formyl  group was accom- 
pl ished with manganese  dioxide in sulfuric  acid or  [in the oxidation of III and IV to carboxy analogs of py r i -  
doxal 5-phosphate (VI and VII)] with act ive manganese dioxide in a nonpolar  solvent.  The corresponding 
aldehydes were  isolated as the oximes or  Schiff bases  with p-anis id ine .  Compounds VI and VII were  iso-  
lated in sa t i s fac tory  yields as the aldehydes,  and re tent ion of the t rans  configuration of s tar t ing  unsatura ted 
acid III during oxidation was conf i rmed for  VII by means  of PMR spec t ra l  data. 
o 
* See [1] fo r  communicat ion XV. 
t In the final stages of our r e sea rch ,  a pape r  was published by Takuichi and Taisuke [3] in which the syn- 
thes is  of these  two pyr idoxine analogs was descr ibed .  
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TABLE 1. Assignment of the Absorption Maxima to Ionic Forms 
in the UV Spectra of Vitamin B6 Analogs 

Compounds . 

Pyridoxine analogs: 
Ia 
Ib 
IIb 

Pyfidoxamine analogs: 
V Ilia 
VIIIb 
VIIIc 
VIIId 
VIIIe 
VIIIf 

Pyridoramine �9 
5-phosphate 
anal%s: 
IXa 
IXb 
IXc 
IXd 

cation 
(O.l N HCI) 

292 (9300) 
294 (10490) 
290 (11'200) 

299 (9800) 
302 (1070O) 
296 (96oo); 
296 (11500) 
304 (.8300) 
295 (950o) 

Lma x, nm (e) 

Dipola~r, form (pH 7) 

253 (4700); 321 (71~0) 
,256 (49OO); ,~3 (~400) 
256 (4900); ,318 (9300) 

anion (0.i N NaOH) 

'248 (6590); 307 (7~)) 
248 (~800); ~)0 (7900) 
,248 (7000); 304 (7400) 

248 (6700); 311 (7900) 
,249 (6100); 314 (93OO) 
24@ (6400) ; 312 (8290) 
250 (5800); 310 (9000) 
249 (4790); 318 ('6900) 
245 (6100); ,306 (8000) 

Pyridoxal 5-phosphate 
analogs: 

Xa 

Xb 

Xe 

Xd 

VII 

299 (mgoo) 
298 (10500) 
298 (10200) 
295 (7~00) 

25,4 (4800); 330 (6700) 
252 (4700); a28 (7600) 
'2~4 (5100); 322 (7,400) 
,~54 (49O0); a26 (1049O) 
255 (31oo); 332 (640o) 
25~ (46,OO); 325 (7590) 

24~ (5700) ; 313 (7~200) 
248 (6900); 314 (9500) 
,248 (5,800); 313 (7400) 
244 (4100); 308 (r~) 

254 (4000); ,322 (11190) 
,25~ (43oo) 331 (82oo) 
254 (450O) ; 323 (9200) 

�9 L~2 (2900); 324 (7,290) 

299 (92O0) a 
340 ( 1150)b 
3~  (7000)a 

0000b 
(8300) a 
(1400)b 

296 (7400)a 
3~4 (2700)o 
294 (6400)a 
302 (4600)b 

,3~4 (3100) a 
399 (2600) b 
3~8 (l~oo) a 
387 (13oo) o 
~9~ (35oo) a 

(4300) o 
,3~o (r a 
384 (3800) 
321 (2700) a 
395 (58OO) b 

306 (22oo) a 
399 (7600) b 
305 (1700) a 
396 (4~)0) b 
304 (2100)a 
305 (500) D 
306 U300) a 
389 ( 7 5 9 0 )  
303 (noo)a 
393 (~20o) D 

a H y d r a t e d  f o r m .  b A l d e h y d e  f o r m .  T h e  n u m b e r s  i n  p a r e n t h e s e s  a r e  

n o t  t h e  t r u e  m o l e c u l a r  e x t i n c t i o n s  of  t h e  g i v e n  f o r m s  b u t  s h o w  the  a b -  
s o r p t i o n  a t  t h e  e q u i l i b r i u m  c o n c e n t r a t i o n .  

CH~NH 2 
I " ,,:Vx 

VIII 

R =sec -C4Ho, X=CH~OH; b R=CH2C6Hs, • c R=CH~, • 
d R=CH3, X=CH(CH)C6Hs; e R=CH~, X=CH~OH2COOH; f R=CH~, X=CH~CH2CH20H 

H y d r o g e n a t i o n  of  the  o x i m e s  l e a d s  to p y r i d o x a m i n e  a n a l o g s  (VHIa-d ,  f) .  H o w e v e r ,  t h e  h y d r o g e n a t i o n  
of  5 ' - d e s o x y - 5 ' - e a r b o x y m e t h y l e n e p y r i d o x a l  o x i m e  i s  a c c o m p a n i e d  b y  r e d u c t i o n  of t he  d o u b l e  b o n d  and  g i v e s ,  
a s  i n  t h e  c a s e  of 5 ' - d e s o x y - 5 ' - c a r b o x y m e t h y l p y r i d o x a l ,  a m i n e  VII Ie .  

P h o s p h o r y l a t i o n  of t h e  Schi f f  b a s e s  a n d  t h e  p y r i d o x a m i n e  a n a l o g s  w i t h  p o l y p h o s p h o r i c  a c i d  (PPA)  
u n d e r  t h e  c o n d i t i o n s  t h a t  we  d e s c r i b e d  i n  [2] m a k e s  i t  p o s s i b l e  to  o b t a i n  a n a l o g s  of  p y r i d o x a l  p h o s p h a t e  and  
p y r i d c ~ m m i n e  p h o s p h a t e :  

CH20 H CHO CflzNH 2 

, R R ~ " < N / -  

l a ,  b VI,VII, X a -~  VIII a - f  IX a=e 

t~= SeC-C4H9; b R=CH2C6Hs; c - - f  R=CH3; I X=CH2OH; VI R=CH3, X=CHzCH2OH; 
VII R=CH3, X=CHCHCO2H; VIIta X=CH2OH, b X=CH2OH, c x=CH(OH)CH3; 
dX=CH(OH)C6Hs; e X=CH2CH2CO2H. f X=CH2CH2CH2OH; IX, Xa, X=CH2OPO3H~. 
b X=CHeOPO3H, c X=CH(CH3)OPO3H~, d X=CH2CH2CH2OPO~H2 

In  the  p h o s p h o r y l a t i o n  of 5 ' - p h e n y l p y r i d o x a m i n e  (VIIId) and  t h e  Schi f f  b a s e  of  5 ' - p h e n y l p y r i d o x a l  w i t h  
p o l y p h o s p h o r i c  a c i d  we  w e r e  u n a b l e  to  i s o l a t e  i d e n t i f i a b l e  p r o d u c t s ,  t h i s ,  i n  o u r  op in ion ,  i s  a s s o c i a t e d  w i t h  
t h e  h igh  r e a c t i v i t y  a n d  l a b i l i t y  of  t h e  p y r i d y l p h e n y l c a r b i n o l  g r o u p i n g  i n v o l v e d  i n  t h i s  r e a c t i o n .  
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TABLE 2. Derivatives of Pyrid()xal Analogs . . . .  

Compound mp, *C UV spectrum, kma x, nm (~) ~Yield, % 

2'-Is.opropylpyridoxal 
o x l m e  

2' -Phenylpyridoxal 
oxime 

5'-Methylpyridoxal 
oxime 

5'-Phenylpyridoxal 
oxime 

5'-Desoxy-5'- 8-hydro- 
xyethylpyridoxal oxime 

Schiff bases with p- 
anisidine. 

2'-I~oprop~lpyridoxal 
2'-Phenylpyrfdoxal 
5'~ 
5'-Phenylpyridoxal 
5'-Desoxy -5' -/3 - 

hydroxyethylpyridoxal 

,203--206 (dec.) 

175--176 (dee.) 

202--203 (dec.) 

214--215 (dec.) 

1'87--189 (dee.) 

149--141 
152--153 
173--174 (dec) 
180--181 (dec:) 
149--151 (dec.) 

278 (6020)an4 329 (5400)~ 

289 (9160)and 330 (8710) a 

270 (,6300) and 330 (5600) ~ 

281 (9400) and 332 (9050) a 

278 (6200) and 326 (4400,)a 

352 (13300) and 365 (136(D)b 
�9 356 (13800) and 366 (14309)b 

354 (13400) and 366 (13600)b 
358 (14000) and 308 (14890)b 
230 (10500) and 300 (4500) b 
35,1 (8900) .and 

aIn 0.1 N HC1. bin ethanol. 

77 

58 

64 

23 

6~ 

7~ 
63 
68 
31 
74 

T A B L E  3. 

Dihydro- 
chloride 

Vllla 
VIII b 
Vltlc 
VIIId 
vIItt 
VIII f 

P y r i d o x a m i n e  A n a l o g s  

mp, *C 

228--230(dec.) 
193--195(dec.) 
184--186(dec.) 
,204--206(dec.) 
195--197(dec.) 
191--193(dec.) 

Empirical formula 

CHH,sNzO2 �9 2HCI 
C~4HI6NuO2.2HCI 
CgHI,N202 �9 2HC1 
Ct4HI6N20z" 2HCI 

CIoHI6N202.2HC1 

C H 

46,3 7,4 
52,8 5,6 
42,3 6,4 
53,4 5,5 

44,8 6,6 

Calculated, % 

C H 

46,6 7,1 
53,0 5,7 
42,4 6,3 
53,0 5,7 

44,6 6,7 

T h e  a s s i g n m e n t  of  the  a b s o r p t i o n  m a x i m a  in  t h e  UV s p e c t r a  of  t h e  c o m p o u n d s  to  ion ic  f o r m s  i s  p r e -  
s e n t e d  in  T a b l e  1. 

EXPERIMENTAL 

The  UV s p e c t r a  w e r e  r e c o r d e d  wi th  an  E S P - 3 T  s p e c t r o p h o t o m e t e r  (Japan).  The  PMR s p e c t r a  w e r e  
r e c o r d e d  wi th  an R - 2 0  s p e c t r o m e t e r  (60 MHz, Japan)  wi th  h e x a m e t h y l d i s i l o x a n e  (HMDS) o r  t e r t - b u t y l  a l c o -  
ho l  (1.20 ppm)  a s  t he  i n t e r n a l  s t a n d a r d .  T h i n - l a y e r  c h r o m a t o g r a p h y  w a s  c a r r i e d  out  a s  d e s c r i b e d  in  [4]. 

5 - E t h o x y o x a z o l e s .  T h e s e  c o m p o u n d s  w e r e  ob ta ined  by  c y c l i z a t i o n  of e thy l  e s t e r s  of N - f o r m y l a m i n o  
a c i d s  u n d e r  t he  cond i t i ons  d e s c r i b e d  in  [2]. 4 - s e c - B u t y l - 5 - e t h o x y o x a z o l e ,  wi th  bp 62-64 ~ (4 mm) ,  was  ob-  
t a i n e d  in  59% y i e l d  f r o m  N - f o r m y l l e u c i n e  e thy l  e s t e r .  Found  %: C 63.6: H 9.1. C9H1502. C a l c u l a t e d  ~ :  
C 63.9; H 8.9. 

4 - B e n z y l - 5 - e t h o x y i s o x a z o l e ,  wi th  bp 111-115 ~ (3 mm) ,  was  ob t a ined  in 35% y i e l d  f r o m  N - f o r m y l p h e n -  
y l a l a n i n e  e thyl  e s t e r .  Found  ~ :  C 70.9: H 6.6. C12H1302. C a l c u l a t e d  %: C 70.9: H 6.4. 

D i m e t h y l  E s t e r s  of 5 - H y d r o x y c i n c h o m e r o n i c  A c i d s .  A m i x t u r e  of 0.1 m o l e  of 5 - e t h o x y o x a z o l e  and 
0.2 m o l e  of d i m e t h y l  m a l e a t e  w a s  h e a t e d  at  110 ~ fo r  6 h, a f t e r  wh ich  i t  was  coo led ,  and 20 m l  of a 25~ s o l u -  
t i on  of  d r y  HC1 in  m e t h a n o l  and 200 m l  of  e t h e r  w e r e  a d d e d  to i t  s u c c e s s i v e l y .  The  m i x t u r e  was  s t i r r e d  
t h o r o u g h l y  and a l l owed  to s t and  o v e r n i g h t  in  a r e f r i g e r a t o r .  The  c r y s t a l s  w e r e  r e m o v e d  by  f i l t r a t i o n ,  
w a s h e d  wi th  e t h e r ,  and r e c r y s t a l l i z e d  f r o m  a c e t o n e .  

6 - s e e - B u t y l - 5 - h y d r o x y c i n c h o m e r o n i c  Ac id  D i m e t h y l  E s t e r  H y d r o c h l o r i d e .  Th i s  compound,  wi th  mp 
152-153 ~ was  ob ta ined  in 51% y i e l d .  Found  ~ :  C 51.4: H 5.9. C13H17NOs.HC1. C a l c u l a t e d  %: C 5 1 . 4 : H 6 . 0 .  
P M R  s p e c t r u m .  6, p p m  (CF3COOH*). 4-  and 5-CO2CH3, 3.74 and 3.76 s :  6-H 8.20 s :  2 -CH 2 2.77 d (J = 7.3 
Hz):  2 ' - C H  1.98 m:  2"-CH3, 0.66 d (J = 6.6 Hz).  

D i m e t h y l  6 - B e n z y l - 5 - h y d r o x y c i n c h o m e r o n a t e  H y d r o c h l o r i d e .  Th i s  compound  wi th  nap 146-147 ~ was  
o b t a i n e d  in  79% y i e l d .  Found  %: C 57.2: H 4.7.  C16H15NO 5.HC1. C a l c u l a t e d  %- C 56.9:  H 4.8. PMR s p e c -  
t r u m .  5, p p m  (CF3COOH): 4-  and 5-CO2CH3, 3.75 and 3.82 s :  6-H, 8.21 s :  2-CH2. 4.29 s :  2'-C6H5. 7.12 s .  
The  h y d r o c h l o r i d e s  w e r e  c o n v e r t e d  to  the  f r e e  b a s e s  b y  the  a c t i o n  of  s o d i u m  b i c a r b o n a t e .  

* H e r e  and subsequen t l y ,  s i s  s i ng l e t ,  d i s  double t ,  and  m i s  m u l t i p l e t .  
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TABLE 4. Pyr idoxamine  5-Phosphate  Analogs a 

Dihydrate 

IXa 
IXb 
IXc 
IXd 

Empirical formula 

CIIHmN~OsP-2H~O 
C14HITN2OsP'2H20 
CgHIsN2OsP "2~20 
CmHITN2OsP'2H20 

Found, % 

40,2 
46,2 
35.9 
38,4 

Calculated, % 
H C H 

7,3 40,5 7, I 
5,6 46,7 5,9 
6,5 36,2 6,4 
6,9 38,4 6,8 

Yield,% 

57 
39 
35 
43 

aAll of the compounds were  ch romatograph ica l ly  and e lee t rophore t i -  
ca l ly  homogeneous,  bpMR spec t rum,  & ppm (2 N NaOD): 2-C6H 5, 
7.2 s.  2-CH 2. 4.12 s: 4--CH2, 3.75 s.  5-CH2, 4.05 d (J = 5.5 Hz). 6-H, 
7.50 s.  

TABLE 5. 

Monohydrate 

Xa 
Xb 
Xc 
Xd 

Pyr idoxa l  5- Phosphate  Analogs a 

Phosphom]la- 
tion formula 

60 ~ 4 h 
60~ 6h 
45 ~ 6 h 
45 ~ 6h 

Empirical formula 

CIIHt~NO6P �9 HeO 
C,4H,4NO6P �9 H:O 
CoHt2NO6P" H20 
C,0H,4NO6P �9 H20 

Found, % 

C H 

42,6 5,7 
48,9 4,5 
38,3 5,2 
40,7 5,6 

Cale~loated, 

C H 

43,0 5,9 
49,3 4,7 
38,7 5,0 
41,0 5,5 

Yield, 
q0 

72 
38 
47 
65 

aAll of the compounds obtained were  ch romatograph ica l ly  and e lec t ro -  
phore t i ea l ly  homogeneous ,  bpMR spec t rum.  6, ppm (2 N NaOD). 2- 
C6H5. 7.25 s: 2-CH2, 4.32 s- 5-CH2, 4.03 d (J = 5.5 Hz). 6-H. 7.59 s. 

p y r i d ~ i n e  Analogs.  2 ' - I sopropy lpyr idox ine  (Ia) and 2 ' -phenylpyr idoxine  01o) were  obtained by reduc-  
t ion of the f r ee  b a s e s  of  d i e s t e r s  of 5 -hydroxye inehomeronie  acids via the method in [2]. The hydrochlor ide  
of Ia, with mp 211-213 ~ (dec., f r o m  a l coho l - e the r ) ,  was obtained in 74% yield.  Found %: C 53.5: H 7.5. 
CltHI~NO3. HC1. Calcula ted %: C 53.4: H 7.3. The hydroehlor ide  of Ib, with mp 198-200 ~ (dec., f r o m  
a l coho l - e the r ) ,  was i so la ted  in 71% yield.  Found %: C 59.7; H 5.5. C14HtsNO 3 �9 HC1. Calculated %: C 59.7: 
H 5.7. 

5 ' -Methylpyr idoxine  (IIa). This compound was obtained by the method in [2]. 

5 ' -Phenylpyr idox ine  (fib). A solution of 4 g (19.3 mmole)  of 4 ' , 3 -O- i sopropy l idene i sopyr idoxa l  [5] in 
20 m l  of absolute  e ther  was added s lowly with cooling and s t i r r i ng  to a solution of a Gr ignard  reagent  p r e -  
p a r e d  f r o m  0.5 g of m a g n e s i u m  and 3.3 g of b romobenzene  in 20 ml  of absolute e ther .  At the end of the ad-  
dition, the m i x . r e  was ref luxed fo r  2 h, cooled, and decomposed  by  the addition of 10 g of ice.  The e ther  
l a y e r  was separa ted ,  and the aqueous l aye r  was ex t rac ted  with th ree  10-ml  por t ions  of e ther .  The com-  
bined e the r  ex t r ac t s  we re  dr ied and evapora ted  to d ryness .  The res idue  was dissolved in 100 ml  of 10% 
hydroch lor ic  acid, and the solution was ref luxed for  30 rain and vacuum evapora ted  to d ryness .  The res idue  
was  t r i t u r a t ed  thoroughly with d ry  acetone, and the mix tu re  was f i l tered.  The yield of the hydrochlor ide  
was  1.9 g (35%). Found %: C 59.0: H 5.5. C14H~sNO 3"HC1. Calculated %: C 59.7: H 5.7. 

5 ' - D e s o x y - 5 ' - c a r b o x y m e t h y l p y r i d o x i n e  (IV)and 5 ' -Desoxy-5 ' - f l -hydroxye thy lpy r idox ine  (V). These  
compounds were  obtained by the method of Korytnik  and c o - w o r k e r s  [5]. 

5 ' - D e s o x y - 5 ' - e a r b o x y m e t h y l e n e p y r i d o x i n e  (III). A 0.5-g (2 mmole)  s ample  of 3 .4 ' -O- i sopropy l idene -  
5 ' - d e s o x y - 5 ' - e a r b o x y m e t h y l e n e p y r i d o x i n e  [5] was d isso lved  in 25 ml  of 0.1 N HC1, and the solution was 
hea ted  at  80 ~ for  2 h. I t  was then evapora ted  to d rynes s  in vacuo, and the res idue  was t r i t u ra t ed  with d ry  
acetone.  The resu l t ing  c r y s t a l s  were  r em oved  by f i l t rat ion,  washed with acetone and ether ,  and dried.  The 
yie ld  of the hydroehlor ide  of III with mp 293-297 ~ (dec.) was 0.4 g (81.5%). PMR spec t rum,  6, ppm (2 N 
NaOD): 2-CH 3, 2.32 s: 4-CH2, 4.82 s $ 5-CH, 7.56 d (5 = 16 Hz): 5 ' -CH, 6.34 d: 6-H, 7.71 s. According to 
[5], the hydrochlor ide  mel t s  at 295-300 ~ (dee.). The hydrochlor ide  was conver ted  to the f r ee  base  by the 
act ion of sodium aceta te .  

Oxidation of Pyr idoxine  Analogs.  A) 2 ' - I s o p r o p y l - .  2 ' -pheny l - ,  and 5 ' - d e s o x y - 5 ' - B - h y d r o x y e t h y l -  
pyr idoxines  we re  oxidized with manganese  dioxide in sulfur ic  acid by the method in [2]; The pyr idoxal  
analogs were  i so la ted  f r o m  the reac t ion  mix tu re s  as e i ther  the oximes  or  the Sehiff b a s e s  with p-anis id ine .  
The compounds obtained a re  p r e sen t ed  in Table  2. 
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B) 5 '-Desoxy-5'-carboxymethyl-  (VI) and 5'-Desoxyl-5'-carboxymethylenepyridoxals (VII). A 4-g  
sample of "B" manganese dioxide [6] was added to a suspension of 4 mmole of f ree  base III or IV in a mix- 
ture of 20 ml of chloroform and 40 ml of dioxane, after which the mixture was refluxed for 5 h. It was then 
filtered, and the solid was washed with dioxane. The combined fil trates were evaporated to dryness, and 
the residue was extracted with five 50-ml portions of boiling chloroform. The chloroform extracts were 
filtered, and the fil trate was evaporated to a small volume. The precipitated base (VI or  VII) was removed 
by filtration and dried. The yield of VI with mp 165-166 ~ (rap 167-168 ~ [7]) was 44%. The yield of VII was 
32%. Found %: C 57.8: H 4.3. C10HgNO 4. Calculated %. C 57.9~ H 4.4. PMR spectrum, 5, ppm (2 N NaOD): 
2-CH3, 2.29 s: 4-H, 10.15 s: 5-CH, 7.5 d (J = 16 Hz); 5'-CH. 6.21 d; 6-H. 7.44 s. 

Pyridc~amine Analogs. The pyridoxamine analogs presented in Table 3 were obtained by hydrogena- 
tion of the c~imes over Pd/C. Chromatographically pure substances in yields that were close to quantitative 
were obtained in all eases.  

Pyridoxamine Phosphate Analogs. These compounds were obtained by phosphorylation of the pyridox- 
amine with polyphosphoric acid under the conditions described in [2]. The compounds obtained are  presented 
in Table 4. 

Pyridoxal 5-Phosphate Analogs. These compounds were obtained by phosphorylation of the Sehiff 
bases of the pyridoxal analogs with polyphosphoric acid and subsequent separation on Dowex-50 (H + form) 
via the method we described in [2]. The compounds obtained are presented in Table 5. 
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