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6-Chloropyr idoxa l  and 6 -b romopyr idoxa l  were  synthes ized by halogenation of pyridoxal  e thyl -  
ace ta l  with t e r t - b u t y l  hypochlor ia te  and dioxane d ibromide ,  r e spec t ive ly .  6-Halo analogs of 
py r idoxa l -5 -phospha te  were  obtained by phosphoryla t ion of the Schiff ba se s .  The UV and PMR 
spec t r a  were  studied.  

6-Chloro  and 6 - b r o m o  analogs of pyr idoxa l -5 -phospha te  were  synthes ized to study some aspects  of 
the m e c h a n i s m  of the action of pyr idoxal  phosphate-dependent  enzymes .  The synthes is  was accompl ished  
via the following s c h e m e .  

6 -Bromopyr idoxa l  (IIIb) was obtained in 80-83% yield by the bromina t ion  of pyr idoxal  e thylaceta l  (i) 
with dioxane d ibromide  with subsequent  hydro lys i s .  The halogenation was c a r r i e d  out in the p resence  of 
t r i e thy lamine  to e l imina te  the deact ivat ing effect  of the protonated ni t rogen of the pyr idine r ing.  

The reac t ion  of I with t e r t -bu ty l  hypochlor i te  in t e r t -bu tanol  makes  it poss ib le  to obtain 6 -ch lo ro -  
pyr idoxal  (IIIa) in good y ie lds .  The s t r u c t u r e s  of the compounds obtained were  proved by the UV and PMR 
spec t r a  (Figs.  1 and 2). 
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An at tempt  to synthes ize  6 -ha lopyr idoxamines  by cata ly t ic  hydrogenat ion of 6-halopyr idoxal  oximes  
was unsuccess fu l ,  s ince the ra te  of hydrogenolys is  of halogen is comparab le  to the ra te  of hydrogenat ion of 
the oxime group in the case  of the 6 -ch loro  der iva t ive  and apprec iab ly  exceeds  that for  the 6 -b romo  d e r i v a -  
t ive .  

A mix tu re  of two compounds was obtained by phosphoryla t ion of Schiff base  IVb with polyphosphoric  
acid with subsequent  sepa ra t ion  on an ion-exchange r e s in .  The PMR spec t rum of the mix tu re  (Fig. 3) con-  
ta ins  2-CH3, 5-CH2, and 4 ' - H  signals  but does not contain s ignals  f rom the r ing pro tons .  All of the spec t r a l  
l ines a re  broad .  The UV s p e c t r u m  (Fig. 4) makes  it poss ib le  to obtain impor tan t  informat ion.  C h a r a c t e r -  
is t ic  for  the mix tu re  is the p r e s ence  of two long-wave absorpt ion max ima  at 396 and 474 nm (Fig. 4, curve  
A). H o w e v e r ,  a f te r  s epa ra t ion  by means  of e l e c t ropho re s i s  on paper ,  each of the two components  has only 

* See [6] f o r  communica t ion  XIII.  
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Fig.  1. PMR spec t rum of 6-bromopyridoxal  (IIIb) in 2 N NaOD. 
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Fig. 2. PMR spec t rum of 6-chloropyridoxal  (IIIa) in 2 N NaOD. 
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Fig.  3. PMR spec t rum of the mixture obtained by phosphoryla-  
tion of 6-bromopyr idoxyl idene-p-anis id ine  in 2 N NaOD. 
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Fig. 4. UV spect ra  at pH 7. A) mixture obtained by phosphor-  
ylation of IVb; B) 6-bromopyridoxal  phosphate (Vb); C) 6- 
hydroxypyridoxal  phosphate (VI); D) 2 -me thy l -3 -hyd roxy l -4 -  
fo rmyl -5 -methoxymethy l -  6-bromopyridine (VII). 
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T A B L E  1. C o r r e l a t i o n  of the Ionic F o r m s  in the UV Spec t ra  of 6-  
Halo Analogs  of  P y r i d o x a l *  

Medium 

0,1 N HCI  
pH 7 

0,I N KOH 

Ionic forms 

Cation, hemiaeetal 
Dipolar ion, hemiacetal 
Dipolar ion, aldehyde 
Neural form, hemiaeetal 
Anion, hemiaeetal 
Anion, hemiaeetal 
Anion, aldehyde 

Line x, nlTl (8 �9 I0 -~) 

3-chloro- 
pyridoxaly pyridoxal 

288 (9.0) 294 (5,8) 
367 (8,9) 
390 (0,16) 

- -  293 (4,1) 
312 (3,4) 

302 (5,7) 311 (6,8) 
390 (1,7) 

6-bromo- 
pyridoxal 

297 (7,2) 

295 (5,1) 
312 (4,8) 
31~' (8,6) 

* The  m a x i m a  of  the ~ -~ ~ ~ t r a n s i t i o n s  a re  p re sen ted .  
? D a t a  f r o m  [2]. 

T A B L E  2. C o r r e l a t i o n  of  the Ionic  F o r m s  in the UV Spec t r a  of 6 -  
Halo  Ana logs  of  P y r i d o x a l  Phospha te*  

~ u m  

0,1 N HCI 

pH 7 

0,1 N KOH 

Ionic forms 

Cation, hydrate 
Cation, aldehyde 
Neural form, hydrate 

Dipolar form, hydrate 

Dipolar form, aldehyde 

Anion, aldehyde 
Anion, hydrate 
Anion, aldehyde 

~'max' n m  (8. I0 -3) 

. . . . . . .  16-chloro- 6-bromo~ pyIl(:lu~.,,..,. .. , . 
phos pyrmoxal ]pyridoxa~ 
phateT phosphate~hosphate 

I 
295 (6,7) 1300 (3,5) 1 305, (3,4) 
338 (1,4) 340 (2,4) 346 (2,8) 

-- 295 (3,7) 1297 (3,6) 

330(2'5)I --  t --  

388 (4'9)1 ~ 1 -- 

--  ] 390 (3,2) 1398 (4,5) 
303 (I,I) 1322 ~c' 323~: 
388 (6,6) 390~: 398 ~: 

5-0- [6-hydroxy- 
nelhyl-6] pyridoxal 
)romo- |phosphate 
~nospnate~ 

306 (~,0) 300 (3,0) 
358 (3,3) 430 (1,5) 

400 (4,4) i475 (I,9) 
318 0,3)/323 (3,61 
400 (5,0) 1470 (3,2) 

* The  m a x i m a  of  the ~ ~ ~r 1" t r a n s i t i o n s  a re  p r e sen t ed .  
? D a t a  f r o m  [2]. 
$ A c c u r a t e  va lues  of  the m o l e c u l a r  ex t inc t ion  cannot  be obtained 
s ince  the indica ted  compounds  d e c o m p o s e  r ap id ly  in a lkal ine med ia .  

one of the ind ica ted  abso rp t i on  m a x i m a  (Fig. 4, c u r v e s  B and C). A s tudy of  the UV s p e c t r u m  of 2 - m e t h y l -  
3 - h y d r o x y - 4 - f o r m y l - 5 - m e t h o x y m e t h y l - 6 - b r o m o p y r i d i n e  (VII) (Fig. 4, c u r v e  D), which mode l s  6 - b r o m o -  
pyr idoxa l  phospha te ,  m a k e s  it poss ib le  to conc lude  that  the componen t  with an abso rp t ion  m a x i m u m  at 396 
n m  is Vb. A s i m i l a r  p a t t e r n  is  o b s e r v e d  in the phospho ry l a t i on  of IVa.  

The fol lowing fact  is i m p o r t a n t  fo r  e s t ab l i sh ing  the s t r u c t u r e  of the second  component .  As indicated  
by e l e c t r o p h o r e s i s ,  c h r o m a t o g r a p h y ,  and UV s p e c t r o s c o p y ,  the p r e p a r a t i o n  of  Va, l ike that  of Vb, is a c c o m -  
panied by the f o r m a t i o n  of the s a m e  s ide p roduc t .  These  data,  l ike the P M R  s p e c t r u m ,  make  it poss ib le  to 
a s s u m e  with a high d e g r e e  of conf idence  the 6 - h y d r o x y p y r i d o x a l  phosphate  s t r u c t u r e  (VI) for  the second  
componen t .  This  conc lus ion  is a lso  c o n f i r m e d  by a s tudy of  the s tab i l i t i es  of Va and Vb as a funct ion of the 
pH of the m e d i u m .  Both compounds  a re  r e l a t i v e l y  s table  at pH 1-9 ,  but a re  rap id ly  c o n v e r t e d  to  VI at h i g h e r  
pH va lues .  The unphospho ry l a t ed  a ldehydes  a re  s table  up to pH 12, and the explanat ion  fo r  this i n t e re s t ing  
phenomenon  appa ren t ly  c o n s i s t s  in the ac t ion  of  the dianion of the phosphate  g roup  via  the fol lowing m e c h -  
an i sm:  

CHO Clio CHO Ho\~,~/c.2--o\~o .1o,, ~ CH.~ .O%/C.2OPO Z 
j . L ; j  ._----. P - - -  

..~c/"'~',~x e o / \ o e  .~c/\,~3-~o ~', \oO ,3C/~'N"% 
H ~ H~& 
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A c o m p a r i s o n  of the  UV s p e c t r a  of the  6 -ha lo  ana logs  wi th  the 
s p e c t r a  of p y r i d o x a l  and p y r i d o x a l  phospha te  (Tab les  1 and 2) i n d i -  
c a t e s  tha t  the  i n t r o d u c t i o n  of a h a l o g e n  into the  6 - p o s i t i o n  of the  
p y r i d i n e  r i n g  h a s  l i t t l e  e f f ec t  on the p o s i t i o n  of the a b s o r p t i o n  m a x i m a ,  

The  da t a  in T a b l e s  1 and 2 m a k e  i t  p o s s i b l e  to d r a w  the  fo l l ow-  
ing c o n c l u s i o n s :  

1) The  b a s i c i t y  of the  n i t r o g e n  of the p y r i d i n e  r i n g  i s  s h a r p l y  
r e d u c e d  in  the  s a m e  way  as  the  a c i d i t y  of a pheno l i c  h y d r o x y l  g r o u p .  
Th i s  i s  r e f l e c t e d  in the  fac t  t ha t  a n e u t r a l  f o r m  ~ anion  e q u i l i b r i u m  
r a t h e r  than  a n e u t r a l  f o r m  ~ d i p o l a r  f o r m  e q u i l i b r i u m ,  a s  in the  c a s e  
of v i t a m i n  B6, i s  c h a r a c t e r i s t i c  in the  n e u t r a l  pH r e g i o n  fo r  the 6 -  
ha lo  ana log ;  

2) In  a c c o r d a n c e  wi th  the  p r e v i o u s l y  no ted  r e g u l a r i t y  [1], the  
i n t r o d u c t i o n  of a s u b s t i t u e n t  in the  6 - p o s i t i o n  of the  p y r i d i n e  r i n g  r e -  
s u l t s  in a sh i f t  in  the a ldehyde  ~-~ h e m i a c e t a l  o r  a ldehyde  ~-~ h y d r a t e  
e q u i l i b r i a  to the r i g h t .  

The  a u t h o r s  s i n c e r e l y  thank  A c a d e m i c i a n  A. E. B r a u n s h t e i n  
fo r  h is  c o n s t a n t  i n t e r e s t  in th i s  w o r k ,  and K.  F .  T u r c h i n  and V.  F .  
B y s t r o v  fo r  ob ta in ing  the  P M R  s p e c t r a .  

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

The UV s p e c t r a  w e r e  ob ta ined  wi th  an E P S - 3 T  (Hitachi)  s p e c -  
t r o m e t e r .  The P M R  s p e c t r a  w e r e  o b t a i n e d  wi th  a " J eo l "  J N M - 4 H -  
100 s p e c t r o m e t e r .  The c h e m i c a l  sh i f t s  a r e  p r e s e n t e d  in the 5 s c a l e  
wi th  t e r t - b u t a n o l  (1.2 ppm) as  the  i n t e r n a l  s t a n d a r d .  The IR s p e c t r a  
of m i n e r a l  oi l  e m u l s i o n s  w e r e  ob ta ined  wi th  a U R - 1 0  s p e c t r o m e t e r .  
T h i n - l a y e r  c h r o m a t o g r a p h y  was  c a r r i e d  out a c c o r d i n g  to the m e t h o d  
d e s c r i b e d  in  [3] in an e thy l  a c e t a t e -  a c e t o n e -  25~ a m m o n i u m  h y d r o x -  
ide  s y s t e m  (20 : 10 : 15). E l e c t r o p h o r e s i s  on W h a t m a n n  3 m m  p a p e r  
r e q u i r e d  1.5 h at  1500 V in an e thyl  a m i n o a c e t a t e  b u f f e r  wi th  pH 6.5.  

6 - B r o m o p y r i d o x a l  (IIIb). D ioxane  d i b r o m i d e  [22.2 g (92.25 
m m o l e ) ]  was  added  wi th  s t i r r i n g  in  the  c o u r s e  of 1.5 h to a s o l u t i o n  
of 12 g (61.5 m m o l e )  of the f r e e  b a s e  of p y r i d o x a l  e t h y l a c e t a l  [4] and 
a m i x t u r e  of 450 m l  of  d r y  d ioxane  and 12.5 m l  (92.25 m m o l e )  of t r i -  
e t h y l a m i n e ,  and the  m i x t u r e  was  s t i r r e d  fo r  a n o t h e r  4 h at  r o o m  t e m -  
p e r a t u r e .  The  t r i e t h y l a m i n e  h y d r o b r o m i d e  was  f i l t e r e d  and w a s h e d  
wi th  d r y  e thy l  a c e t a t e .  The f i l t r a t e s  w e r e  v a c u u m  e v a p o r a t e d  (30 ~ ) 
to d r y n e s s ,  the r e s i d u e  was  d i s s o l v e d  in  20 m l  of  2 N HC1, 20 m l  of 
w a t e r  was  added ,  and the  m i x t u r e  was  h e a t e d  at 60 ~ fo r  30 ra in .  The 
s o l u t i o n  was  c oo l e d ,  and 160 m l  of  w a t e r  was  added  to i t .  The m i x -  
t u r e  was  a l l ow e d  to s t a n d  f o r  2 h in a r e f r i g e r a t o r  to  g ive  10.8 g of  
the m o n o h y d r a t e  of I I Ib .  N e u t r a l i z a t i o n  of the  f i l t r a t e  wi th  s o d i u m  b i -  
c a r b o n a t e  gave  a n o t h e r  2 g of p r o d u c t .  The  o v e r a l l  y i e l d  of the m o n o -  
h y d r a t e  of  I I Ib  wi th  m p  160-162 ~ (decomp. ,  f r o m  a lcohol )  and R f  
0.185 was  12.8 g (83~c). Found  ~ :  C 36.90; H 4.12.  CsHsBrNO 3 �9 H20. 
C a l c u l a t e d  %: C 36.42; H 3.82.  

2 - M e t h y l - 3 - h y d r o x y - 4 - f o r m y l - 5 - m e t h o x y m e t h y l - 6 - b r o m o -  
p y r i d i n e  (VII). A t o t a l  of  0.32 g (45~c) of VII wi th  m p  96-97  ~ (from 
p e t r o l e u m  e t h e r )  and R f  0.952 was  ob t a ined  by  the m e t h o d  of the  p r e -  
v ious  e x p e r i m e n t  f r o m  0.5 g (2.8 m m o l e )  of  the  f r e e  b a s e  of 5 - O -  
m e t h y l p y r i d o x a l  [5]. Found~c :  C 41.84;  H 4 . 1 3 .  CgH10BrNO3 . C a l c u -  
l a t e d % :  C 41.56; H 3.99.  P M R  s p e c t r u m  in 2 N NaOD (ppm):  2-CH 3 
2.28; 5 -OCH 3 3.35; 5 -CH 2 4 .53 .  
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6-CMoropyr idoxa l  (Ilia). A tota l  of 9.6 ml (80 mmole)  of t e r t - bu t y l  hypochior i te  was added in the 
cour se  of 10 rain to a solut ion of 12 g of I in 400 ml of t e r t - bu t ano l .  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  30 rain and vacuum evapo ra t ed  to d r yne s s  at 30 ~ The resu l t ing  oil was washed with 30 ml of 
benzene and 30 ml of e t h e r .  The r e s idue  was t r e a t e d  with HC1, as in the case  of IIIb, to give 10 g (80.6~c) 
of IIIa with mp 124-125 ~ (from pe t ro l eum ether)  and R f  0.185. Found %: C 48.56; H 4.30; C1 17.20. 
CsH8NO3C1. Ca lcu la ted  %: C 47.65; H 4.11; C1 17.50. 

6 -Ha lopyr idoxa l  O x i m e s .  Hydroxylamine  hydrocMor ide  (10 mmole)  was added to a solut ion of 5 
mmole  of III in 10 ml of 0.5 N HC1 and 10 ml  of alcohol ,  and the mix tu re  was heated at 70 ~ for  10 rain.  The 
alcohol was r em oved  in vacuo,  and the aqueous solut ion was neu t ra l i zed  with so l id  sodium aceta te  and 
s to r ed  in a r e f r i g e r a t o r  fo r  2 h. The oxime was f i l t e red ,  washed with water ,  and r e c r y s t a l l i z e d  f rom a lco-  
h o l - w a t e r .  The p r o p e r t i e s  of the compounds obtained a re  p r e sen t ed  in Table 3. 

Schiff Bases  of 6 -Ha l0pyr idoxa l  (IV). Compound III (4 mmole) was d i s so lved  in 10 ml of 2 N HC1, and 
12 ml of 0.5 N p - a n i s i d i n e  hyd roch lo r ide  was added to the solut ion.  The mix ture  was s t i r r e d  for  15 min at 
room t e m p e r a t u r e  and n e u t r a l i z e d  with 2 N sodium ace ta te .  Af te r  s tanding at room t e m p e r a t u r e  for  5 h, 
the Schiff base  was f i l t e r ed ,  washed with wa te r ,  and r e c r y s t a l l i z e d  f rom methanol .  The p r o p e r t i e s  of the 
compounds obta ined  a re  p r e s e n t e d  in Table  3. 

Hydrogenat ion of the Oximes .  A tota l  of 150 mg of 5% P d / C  was added to a solut ion of 1 mmole  of the 
6 -ha lopyr idoxa l  oxime in 20 ml  of alcohol  and 0.5 ml of concen t ra ted  HC1 and hydrogenated  at room t e m -  
p e r a t u r e  and a t m o s p h e r i c  p r e s s u r e .  P y r i d o x a l  oxime was obtained in 90~c y ie ld  by the hydrogenat ion of 6- 
b r o m o p y r i d o x a l  oxime.  A mix tu r e  of py r idoxamine  and the s t a r t i ng  oxime in a r a t io  of 3 : 2 was  obtained in 
the case  of 6 - c h l o r o p y r i d o x a l  ox ime.  

Analogs  of P y r i d o x a l  Phosphate  (Va and Vb). A solut ion of 6.5 mmole  of IV in a mix tu re  of 22.9 g of 
85% H3PO 4 and 18.6 g of P205 was hea ted  at 55-60 ~ for  24 h. Af te r  cooling,  19.5 ml of 0.1 N HC1 was added 
to the m a s s ,  and i t  was again  hea ted  at 60 ~ for  15 min .  The resu l t ing  solut ion was appl ied  to a 3 x 94-cm 
column f i l l ed  with Dowex 50B x 4 in the acid  fo rm.  It was e lu ted  with w a t e r  at 30 m l / h .  The f rac t ions  con-  
ta in ing V were  vacuum evapo ra t ed  at 30 ~ to 30 ml  and lyophi l ized  to give 11-13% of a mix tu re  of VI and V. 
The subsequent  pur i f i ca t ion  was c a r r i e d  out accord ing  to one of the following methods .  

A) Repea ted  c h r o m a t o g r a p h y  with a 3 x 94-cm column (Dowex 50B x 4, H + form) under  the p rev ious ly  
d e s c r i b e d  condi t ions made  it p o s s i b l e  to obtain 15 mg of pure  Va. The r ema in ing  m a t e r i a l  ( f i rs t  four to 
five f rac t ions)  was s t i l l  a mix tu re  of Va and VI. 

B) P r e p a r a t i v e  e l e c t r o p h o r e s i s  on pape r  made it pos s ib l e  to i so la t e  both components  of the mix tu re  
in pure  f o r m .  The p roduc t  obtained by the phosphoryla t ion  of IVb was t r e a t e d  in this way. Zones containing 
Vb and VI were  e lu ted  with wa te r ,  dgsa l i n i zed  with a co lumn f i l led  with Dowex 50B x 4 (1.4 x 40 cm,  H + 
form) ,  and lyoph i l i zed .  A tota l  of 8 mg each of Vb and VI was obtained f rom 50 mg of the mix tu re .  
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