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The IR s p e c t r a  of 2 -  and 6-alkyl  analogs of three  fo rms  of v i tamins  of the B 6 group,  viz. ,  
pyr idoxine,  pyr idoxamine ,  and pyr idoxal ,  the i r  5-phosphate s, and a number  of de r iva t ives ,  
were  inves t iga ted .  Cor re l a t ions  for  the c h a r a c t e r i s t i c  f requencies  of the spec t r a  were  made .  

Anderson and Mar te l l  [2] have studied the IR s p e c t r a  of pyr idoxal  ( 2 - m e t h y l - 3 - h y d r o x y - 4 - f o r m y l - 5 -  
hydroxymethylpyr id ine ,  P) and i ts  5 ' -phospha te  e s t e r  (PP) in deu te r ium oxide. In an invest igat ion of the 
band of the valence  v ibra t ions  of the carbonyl  group at 1660 cm -1 as a function of the pH of the medium,  
they showed that  P ,  pa r t i cu l a r l y  in acid media ,  ex is t s  predominant ly  as the hemiace ta l ,  while the fo rmyl  
group of PP is s t rong ly  hydra ted .  The IR s p e c t r a  of Schiff bases  of P with a number  of amino acids [3] and 
the s p e c t r a  of model  compounds of 4 - fo rmylpy r id ine  and 3 -hyd roxy -4 - fo rmy lpy r id ine  [4] were  s u b s e -  
quently studied,  and co r r e l a t i ons  were  made for  the fundamental  bands,  viz. ,  for  ~C=O of the aldehyde 
group and for  ~ OH of the phenolic hydroxyl  group.  

This  communica t ion  is devoted to an inves t igat ion of the IR spec t r a  of a number  of analogs and d e r i v -  
a t ives  of v i tamins  of the B 6 group (I-VIII): 

X I X=Y=COOCH~; V X = C H ~ N O H ,  Y= cH2OH; / 
It O x x ~ f Y  II X=Y= CH2OH; VIX = CH = NC6H4OC2Hs, Y = CH2OH ; 

R ' / " N / \ R  " I t  J J  Il l  X= GHO, Y=CH2OH ; VII X= CHO, Y = CH2OPO3H2; 
IV X=CH2NH , Y= CH2OH; VIII X = CH2NH2, Y= CH2OPOaH 2 

I - V l l l a - g  a R ' = R " =  H ; ~  R'=CH3, R " = H ; C R ' =  H, R ' = C H a ;  d R ' ~ R " = C H 3 ;  
R'=i-C3H 7, R"=  H; f R '=  a-C4Hg, R"~ H ; g  R'= H, R" = i-Call ;, 

2000-4000  c m  -1 R E G I O N  

The absorp t ion  in this region,  which per ta ins  to the valence v ibra t ions  of the hydroxyl  group, can be 
divided into th ree  bas ic  types:  e x t r e m e l y  broad  band (B-l)  at 2500-2900 c m  -1, a b road  peak (B-2) at 3400 
c m  -1, and a r a t h e r  n a r r o w  band of high intensi ty  (B-3) at 3200-3300 cm -1. Band B-1 per ta ins  to v ibra t ions  
of the phenolic hydroxyl  group which is bonded by a hydrogen bond to the n i t rogen a tom of the pyridine r ing:  

H 

)~'--0 .-, tt - - N /  

for hydrochlorides 

) _ o _ .  C _ 
for bases 

This  a s s ignment  is conf i rmed  by the following. Band B-1 is c h a r a c t e r i s t i c  for  hydrochlor ides  of d i e s t e r s  
of 5 -hydroxyc inch0meronic  acids (I). Pro tona t ion  of the ni t rogen of the pyridine r ing lowers  the bas ic i ty  of 

* See [1] for  communica t ion  VII. 
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Fig. 1. T ransmiss ion  at 2000-4000 cm- l :  
1) hydrochlor ide of dimethyl 5-hydroxy-  
c inchomeronate  (ia); 2) hydrochlor ide;  and 
3) base  of dimethyl 2 ,6 -d imethy l -5 -hy-  
droxycinchomeronate  (Id); 4) 2 - n o r p y r -  
idoxylidene- p-phenetidine (Via). 

Fig. 2. Transmiss ion  at 1600-2000 cm -1. 
1) hydrochlor ide and 2) base of dimethyl 
2 -methy l -  5-hydroxycinchomeronate  (It); 
3) hydrochlor ide of dimethyl 6 -me thy l -2 -  
i sopropyl -  5-hydroxycinchomeronate  (Ig). 

the carbonyl  group of the e s t e r  grouping to such an extent that the chelate in t ramolecular  hydrogen bond 
cannot fo rm.  (This conclusion is conf i rmed by an examination of the absorption at 1600-2000 cm -1, which 
will be d iscussed  below.) In the case of hydrochlor ides  of I, the ni trogen atom in which is s te r ica l ly  hind- 
ered,  viz. ,  d ies te rs  of 2 ,6-d imethyl -5-hydroxycinchomeronic  acid (Id) and 6 -n -bu ty l -5 -hydroxyc inchomer -  
onic acid (If), the intensity of B-1 dec reases ,  but absorption appears at 3400 cm -1 (B-2), which we relate 
to the valence vibrat ions of the hydroxyl  group bonded by a hydrogen bond with the oxygen atom (dimers or  
po lymers) .  Finally,  in compounds for  which one should expect the presence  of an in t ramolecular  chelate 
hydrogen bond, both B-1 and B-2 are  prac t ica l ly  absent.  Their  position is occupied by an intense peak at 
3200-3300 cm -1 (B-3). Band B-3 is charac te r i s t i c  for the spec t ra  of Schiff bases  VI. The chelate hydro-  
gen bond is rea l ized in f ree bases  I and is ref lected in the spec t ra  of these compounds over  the examined 
region.  The cor re la t ions  are i l lustrated in Fig.  1. 

It should be noted that t h e - O  . . . .  O = C  bond of the chelate for 3 -hydroxy-4- formylpyr id ine  lies p r e -  
cisely at 3250 cm -1. 

In addition to the B-1 band, the spec t ra  of pyridoxine analogs (II) contain B-2, which is somet imes  
split  into two or  three  bands which co r re spond  to the individual hydroxyl groups.  

The intense absorpt ion at 3250-3300 cm -1 in the spect ra  of dihydrochlorides of amines IV should, in 
our opinion, be ascr ibed to the valence vibrations of the 5-hydroxyl group. 

An intense band of the valence vibrations of the 5-hydroxyl group at 3480-3580 cm -1 is also c h a r a c -  
te r i s t ic  for  oximes V. The spec t ra  of pyridoxal analogs (III) contain a band at ,~3400 cm -1 in addition to 
B-1.  Since, as will be shown below, these compounds exist as hemiaceta ls  in the solid state, this band 
should be re la ted to the vibrations of the 4 ' -hydroxyl  group.  

As for the other  absorption bands, specif ical ly the valence vibrations of the methyl and methylene 
groups and the C - H  group of the pyridine ring, they are usually manifested as a shoulder on B-1 and are 
c lear ly  separa ted  f rom the valence vibrations of the hydroxyl group only in compounds with a chelate hydro-  

| | 
gen bond. In addition, "ammonium bands" ~NH 3 and C =NH) ,  which are also covered  by B - l ,  also lie in this 
region.  

1 6 0 0 - 2 0 0 0  c m  - I  R E G I O N  

This region gives the maximum amount of information since the cha rac te r i s t i c  f requencies  of both the 
carbonyl group itself  and its he tero  analogs lie within it. 
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Fig.  3. T ransmiss ion  at 1500-1900 c m - l :  
1) hydrochlor ide  and 27 base of 3 -hydroxy-  
4,5-bis  (hydr oxymethyl)pyridine (IIa). 
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Fig.  4. T ransmiss ion  at 900-1100 ore-l :  
1) hydrochlor ide  of 3 -hyd roxy-4 ,5 -b i s -  
(hydroxymethyl)pyridine (IIa); 27 hydro -  
chloride of 2 - m e t h y l - 3 - h y d r o x y - 4 - ~ -  
hydroxyethy1-5 -hydr  oxymethylpyridine.  

An examination of the spec t ra  of I (Fig. 2) conf i rms 
the previously drawn conclusion that the chelate hydrogen 
bond ar ises  only in f ree bases .  Only one broad band of the 
valence vibrations of C = O  at 1750-1752 cm -1 is present  
in the spectra  of hydrochlor ides  of I. It is the resul t  of 
the super imposi t ionof  the close frequencies of the 4-  and 
5 -es t e r  groupings.  The carbonyl  band is split into two 
bands at 1750 and 1703 cm -1 on passing to the free bases .  
The f i r s t  band re la tes  to vC= O of the 5-COOR group, 
while the second re la tes  to the valence vibrations of the 4-  
e s t e r  grouping, shifted to lower wave numbers  due to the 
format ion of a hydrogen bond with the phenolic hydroxyl 
group.  (The shift of 47 cm -1 cor responds  to the formation 
of a hydrogen bond of average strength.) This fact is in 
good agreement  with the appearance of an absorption which 
cor responds  to the vibrations of the hydroxyl group which 
part ic ipates  in the chelate hydrogen bond (3250 cm-1). 

In addition, two carbonyl  bands at 1750 and 1770 
cm -1 (Fig. 2) are also present  in the spec t rum of the hydro-  
chloride of dimethyl 6 -me thy l -2 - i sop ropy l -5 -c inchomeron -  
ate (Ig). In our opinion, this is explained by the fact  that 
the large substituent in the ortho position to the 5 -ca rbo -  
methoxy group par t ia l ly  removes  it f rom conjugation with 
the pyridine ring, which leads to a shift in VC= O to higher 
frequencies  by 20 cm -1. 

The position of the valence vibrations of the C = N 
bonds of Schiff bases  VI makes it possible to assume the 
presence  of a s t rong chelate hydrogen bond between the 
phenolic hydroxyl group and the nitrogen atom of the imine. 
In addition, VC= N in the spec t ra  of oximes V lies at 1650- 
1660 cm -1 which, allowing for  the cha rac t e r  of the absorp-  
tion at 2000-4000 cm -~, makes it possible to assume the 
absence of a chelate hydrogen bond for V in the solid state.  

It is interest ing to note that a broad band of moderate  
intensity appears at 1700-1900 cm -1 in the spec t ra  of V; 
this band is probably related to the vibrations of the 
hydroxyl  group of the oxime bonded by a hydrogen bond to 
the nitrogen atom of the pyridiue ring: 

~ _ ~ - c H  = no  "" " -  nk~_~ 

The absence of a carbonyl  frequency in the spec t ra  of the hydrochlor ides  of pyridoxal derivat ives III 
indicates that the la t te r  exist  as hemiaceta ls  in the solid state. 

Pyr idoxa l -5 ' -phospha te  analogs (VII) exist  at least  part ial ly in the aldehyde form in the solid state,  
which is  conf i rmed by the presence  in the i r  spec t ra  of a carbonyl band at 1720 cm -1 . The high position of 
this band indicates the absence of a chelate hydrogen bond. 

The spec t ra  of all of the compounds studied by us contain one of two bands (1630-1660 cm -1 and 1592- 
1610 cm -l, both of medium intensity), which are related to the vibrations of the pyridine ring.  The band at 
1630-1660 cm -1 is manifested only in the spec t ra  of the hydrochlor ides ,  while the band at 1592-1610 cm -1 
appears  only in the spec t ra  of the bases  (Fig. 3). This sor t  of behavior makes it possible to relate the f i rs t  

| 
band to C = N H  ("hydrochloride band") and the second to C = N  ("base band") of the pyridine ring. Thus, 
the spec t ra  of VII contain a "hydrochlor ide band" at 1650 cm -l, which at tests  to the fact that the ring n i t ro-  
gen atom is protonated, which makes the absence of a chelate hydrogen bond in these compounds unders tand-  
able. 
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T A B L E  3. IR S p e c t r a  of  H y d r o c h l o r i d e s  of  2 -  and 6 - A l k y l - S u b s t i -  
t u t e d  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 d i n e s  (IIIa-f)  

C v, a m  - I  

Z 
o ~ ! " C=+NH C=C C=C C=C C--OH C--O 

o �9 - hemi- herni- hemi- 
:z ~ /  [ I ring ring ring ring acetal acetal Iacetal 

III t - -  

IIi I 3390 

III 1 3340 

III ~ 3450 
3380 

IIIL 3290 l 

2620 2970 13060 
2880 

2760 2940 ~3110 
2870 

2690 2970 --  
288O 

2770 2970 3080 
288O 

2670 2950 3070 
2890 

1662 w 

1635 m 

1659w 

1657w 

1660w 

1578.s 

156Is 

1583s 

1570s 

1573s 

1509m 

1423 w 

1431 w 

1439w 

1420. w 

1420w 

1261s 
1062m 
1260m 
1067m 
1257m 
1052s 
1280s 
1069m 
1250m 
1059,m 

1027s 991 s 

1014s 003 s 

1022s 997 s 

1027s 998 m 

1028s 191m 

T A B L E  
s t i t u t e d  3 - H y d r 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  s 

= _ v. am -1 

, ~ ring ring 

IVb 3470[ 262012860 
32301 2940 

IVa 13370[ 298012940 
2850 

IVc ! 3340] 2890] 

IVd 13220[ 290012930 

IVf 3270] 274012940 
2860 

4.  IR S p e c t r a  of  D i h y d r o c h l o r i d e s  of  2 -  and 6 - A l k y l - S u b -  

1642m 

1623m 

1623.m 

1641.m 

1636.m 

1596m 

1581w 

1572m 

--  [ 1400s 1548st1508s 

- -  - -  1540,s 1488s 

1406s 1563m' 1513s 

1510w 1400s/ 1552s1149~ 

- -  --  I 1550s. 1510m 

1450m 
1362,s 
1448m 

1463m 
1352m 

1363m 

303C 

308C 

303C 

3070 

o 
o~ 

1023s 

1031 s 

1020s 

1019 m 

1 0 0 0 - 1 6 0 0  c m  -1  R E G I O N  

In a d d i t i o n  to  t he  b a n d s  no ted  above ,  a n o t h e r  t h r e e  bands  r e l a t e d  to  the  v i b r a t i o n s  of the  p y r i d i n e  r i n g  
at  1570, 1500, and 1430 c m  -1 a p p e a r  in the  s p e c t r a  of the  i n v e s t i g a t e d  c o m p o u n d s .  The p o s i t i o n  of  t h e s e  
b a n d s  c h a n g e s  s l i g h t l y  on p a s s i n g  f r o m  the  b a s e s  to  the  h y d r o c h l o r i d e s .  

| 
D e f o r m a t i o n  v i b r a t i o n s  of  the  NH 3 g r o u p ,  which  a p p e a r  in  the  s p e c t r a  of  p y r i d o x a m i n e  a na logs  (VIII) 

a s  two h igh  i n t e n s i t y  bands  at  1550 c m  - I  (6as) and 1500 c m  -1 (6s), l i e  in t h i s  r e g i o n .  

The  C - O  v a l e n c e  v i b r a t i o n s  of  the  4 -  and 5 - h y d r o x y m e t h y l  g r o u p s  a r e  found at  1000 and 1030 c m  -1, 
r e s p e c t i v e l y .  Th i s  i s  c o n f i r m e d  by  the  f ac t  t ha t  the  f i r s t  of the  bands  d i s a p p e a r s  in the  s p e c t r a  of c o m -  
pounds  wh ich  do not  have  a 4 - h y d r o x y m e t h y l  g r o u p .  In add i t ion ,  the  band  at  1030 c m  -1 fo r  2 - m e t h y l - 3 -  
h y d r o x y - 4 - ~ - h y d r o x y 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  does  not  change  i t s  p o s i t i o n ,  whi le  the band  at  1000 
c m  -1 i s  sh i f t ed  to h i g h e r  f r e q u e n c i e s  b y  40 c m  -~, w h i c h  c o r r e s p o n d s  to t r a n s i t i o n  f r o m  a p r i m a r y  to a 
s e c o n d a r y  a l c o h o l  (F ig .  4). 

The v a l e n c e  v i b r a t i o n s  of  the  e s t e r  g r o u p  ( C - O - C )  a p p e a r  at  1250 and 1040 c m  -1 in  the  s p e c t r a  of  I .  
Both  b a n d s  a r e  of h igh  i n t e n s i t y .  The c y c l i c  h e m i a c e t a l  i s  c h a r a c t e r i z e d  by  a g r o u p  of i n t e n s e  bands  in  
th i s  r e g i o n ,  v i z . ,  a t  1250 and 1050 c m  -1 ( - C - O - C - ) ,  1025 c m  -I  ( C - O H ) ,  and 1000 c m  -1 ( C - O ) .  

The  p r e s e n c e  of  a 5 ' - p h o s p h a t e  g r o u p i n g  in  p y r i d o x a l - 5 ' - p h o s p h a t e  a na logs  (VII) and p y r i d o x a m i n e -  
5 ' - p h o s p h a t e  ana logs  (VIII) l e a d s  to  the  a p p e a r a n c e  in t h e i r  s p e c t r a  of  c h a r a c t e r i s t i c  f r e q u e n c i e s  of the  v a -  
l e n c e  v i b r a t i o n s  of  the  P ~ O  bond (1270-1290 cm-1) ,  of  the  C - O  bond (1062-1084 cm-1) ,  and of  the  P - O  
bond  (1169-1185 cm-1 ) .  The c o r r e l a t i o n  of  the  c h a r a c t e r i s t i c  bands  in  the  s p e c t r a  of  the  i n v e s t i g a t e d  c o m -  
pounds  i s  p r e s e n t e d  in  T a b l e s  1 - 7 .  
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T A B L E  5 .  I R  S p e c t r a  o f  O x i m e s  o f  2 -  a n d  6 - A l k y l - S u b s t i t u t e d  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 d i n e  s ( V a - f )  

i .o 
Vb 

Va 

Vc 

Ve 

Vf 

o �9 z. o ~  ~' 

13470s 

i 
3440s 
34001 

135!0s 

'3500S 

3500~ 

3490S 

i 
2470 2980 

2930 ~ 
2880 
2820 

2580 2970 3 0 
2940~ 
287C1 

2700297013060 
2930~ 
2860 I 

2680 2940 3060 
2880 
2830 

2670 2940 - -  
2870 

2480 29703050 
2920 
2870 i 

1580 s 

1571m 

1580w 

1580,m, 

1581w 

1578m 
! 

1547. w 

1536m 

1540,w 
i 

1531 w 

1150(~ 11413s 

1502m 1414m 

1513~ 1411s 

1512r 1422s 

1499s 1400,s 

1640E 

1620m 

1649r; 

1647an 

1644m 

1654m 

1047n 

1047 s 

1024 s '  

1040 r 

1032 s 

1031 s 

1396w 1020s 1780 

1466w 98~ [1790 

1474s lOlOs 1730 
1370'm I 

1480 m]1012sl1750 
1370m 1 

1480 ~I014s/1790 
1383m[ [ 
1481 s [1008st1800 

T A B L E  6 .  I R  S p e c t r a  o f  S c h i f f  B a s e s  o f  2 -  a n d  6 - A l k y l - S u b s t i t u t e d  

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 d i n e s  ( V a - f )  w i t h  p - P h e n -  
e t i d i n e  

o I v, c m ' i  

~o,o~...N- ,, ~ ~ ~  ~ ~ ~ 

1568 w 1486m 
l 

vIb  i 3160 s 

Via 3280 s 

VId 3160 s 

VIc 3180 s 

Vie  3250, s 

VIf  3270 s 

2990 1592 n: 
2940 I 
2890] 
2840 1 
2980]1591 r~ 
2940] 
2890 I 
2990 11596m 
2940] 
2880 / 
2990 i1590m 
2940] 
2890 
2850 
299011600m 
2940 I 
2870] 
298011590m 
2940 / 
2890~ 
2860 1 

1560w 

1562w 

1561 w 

1567 w 

1558w 

1512 s 

1514,s 

1520m 

1520 n 

1522m 

1520m 

1420 s , 1629m 
I 

I 
1436 m 1626m 

1411 w 1629m 

1422 s 1626m 

1420m 1638,m 

] 
1410 s I 1629m 

1259 s 1030s 
, 1058m 

1252, s t012m 
i l o6om I 

1259, s 1020s 
1052 m 

1258, s 1021s 
1050 s 

1261s I022,m 
, I058m 

[1259S I026,s 
1050 s 

148~1 
I 

! 4 8 ~  m 
1360m 

1486m 

148(~m 
139~n 

1487m 
1370 m 
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T A B L E  7. I R  S p e c t r a  o f  5 ' - P h o s p h a t e  E s t e r s  

\ / / t  

�9 .. ? ~  

b 1 VII 34402550294030701720 s 
12870 

Vlla 343029202880294030701720 n 

~i~! 
341027502940 - -  1720w 

�9 2870 

34202700294C - -  1720 n 
287C 

Villa 3400 ~2650295C 30901 - -  
I 288C 

VIIlc 3440 3100 293s 3030 ' - -  
I 286~ I 

v,  CI'D. " l  

I 
1646w 1581m 1520w 

1650m 1581m 1524,w 

1660m 1560m --  

1654 ~ 1568m -- 

1653 ~ -- 

1643 n - -  - -  

t o - ~  

1415 s 

1414m 

1409m 

11400m 

1412,m 

+~ 

1 ~29 s 

1 i47, m 

1278m 

1279m 

1274m 

1290m 

11294m 
! 
1290 w 

I 

1182m 

1183m 

1185.m 

II69,m 

1174s 

1142s 

r 

e~ 

1070s 

I 
1070 s 

1061.s 

1070 s 

1062s 

1084 s 

* V I I  a s  t h e  m o n o h y d r a t e ;  VI I I  a s  t h e  d i h y d r a t e .  

T h e  a u t h o r s  s i n c e r e l y  t h a n k  A c a d e m i c i a n  A .  E .  B r a u n s h t e i n  f o r  h i s  i n t e r e s t  i n  t h i s  w o r k .  

M A T E R I A L S  A N D  M E T H O D S  

C o m m e r c i a l  s a m p l e s  of  p y r i d o x i n e  {IIb), p y r i d o x a l  (II lb) ,  p y r i d o x a m i n e  (IHb),  a n d  p y r i d o x a l - 5 ' -  

p h o s p h a t e  (VIIb)  w e r e  u s e d .  T h e  r e m a i n i n g  c o m p o u n d s  w e r e  s y n t h e s i z e d  b y  u s  [ 5 - 7 ] .  T h e  I R  s p e c t r a  o f  

c o m p o u n d s  i n  t h e  s o l i d  s t a t e  ( K B r  p e l l e t s )  w e r e  o b t a i n e d  w i t h  a U R - 1 0  s p e c t r o m e t e r .  

I. 

2. 
3. 
4. 
5. 

6. 

7. 

LITERATURE CITED 

E. N. Dement'eva, N. A. Drobinskaya, L. V. Ionova, M. Ya. Karpeiskii, and V. L. Florent'ev, 
Riokhimiya, 33, 350 (1968). 
F. J. Anderson and A. E. Martell, J. Am. Chem. Soc., 86, 715 (1964). 
D. Heinert and A. E. Martell, J. Am. Chem. Soc., 84, 3257 (1962). 
D. Heinert and A. E. Martell, J. Am. Chem. Soc., 81, 3933 (1959). 
V. L. Florent'ev, N. A. Drobinskaya, L. V. Ionova, M. Ya. Karpeiskii, and K. F. Turchin, Dokl. Akad. 
Nauk SSSR, 177, 617 (1967). 
V. L. Florent'ev, N. A. Drobinskaya, L. V. Ionova, and M. Ya. Karpeiskii, Khim. Geterotsikl. Soedin., 

1028 (1969). 
N. A. Drobinskaya, L. V. Ionova, M. Ya. Karpeiskii, and V. L. Florent'ev, Khim. Geterotsikl. Soedin., 

1037 (1969). 

336 


