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Abstract—Pyridoxine analogues have been synthesized via a Diels—Alder reaction of 5-ethoxyoxazoles
with dimethyl maleate followed by reduction. The products on oxidation with manganese dioxide yielded
pyridoxal analogues. Pyridoxamine derivatives were obtained by reduction of the pyridoxal oximes.
Phosphorylation of the pyridoxamine analogues and the Schiff bases of pyridoxal compounds followed by
hydrolysis afforded pyridoxamine phosphate and pyridoxal phosphate analogues, respectively. The
mechanism of the Diels-Alder condensation of 5-cthoxyoxazoles is discussed on the basis of calculation
of the n-electron charge distributions for diene and dienophile molecules according to the Hiickel MO
method. PMR, IR and UV spectra of the compounds synthesized and their TLC chromatography have
been studied.

THE Diels-Alder condensation of oxazoles with d.enophiles,! has been applied
extensively to the synthesis of various pyridinic bases. The reaction of 5-alkoxy-
oxazoles with dienophiles (Chart I) provides an appropriate route for the preparation
of substituted 3-hydroxypyridines.

CHART 1.

| H
A, EO HO
o + | PR 6) H . O
Na CH & .
| N ‘N

This route has been used by Harris et al.2 for the synthesis of pyridoxine (2-methyl-
3-hydroxy-4,5-bis-(hydroxymethyl)pyridine, PN) but the method has since been
improved.3- 4

The present paper deals with some aspects of the mechanism of this interesting
reaction and with its application to the synthesis of 2- and 6-alkyl analogues of By
vitamins.

It follows from Chart I that construction of the pyridine ring involves at least two
stages: the Diels—Alder condensation, which leads to unstable adducts, and isomeriza-
tion of the adducts into 3-hydroxypyridines.

Since the azadiene system is strongly polar, the first stage probably proceeds by a
two-step mechanism with charge separation at the transitional state. If this hypothesis
is valid, the spatial orientation of S-ethoxyoxazoles towards ansymmetrical dienophiles
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will depend on the n-electron charge distribution on the C atoms which take part in
bond formation.

Ethyl B-acetylacrylate (I) was chosen as a dienophile for experimental verification.
Accordmg to the mlculatlon (Table 1), the major product of reaction of I with 4-
methyl-5-ethoxyoxazoles (II) should be ethyl 6-methyl-5-hydroxy-4-acetylnicotinate
(ITI). Actually, the substance isolated from the reaction mixture and TLC chromato-
graphy of the mother liquor showed the presence of only trace amounts of other
pyridine derivatives. The IR spectrum of the compound isolated indicated the presence
of two CO bands at 1728 and 1660 cm ™!, The former was assigned to the 5-CO,Et
group not involved in a H-bond, the latter was ascribed to the 4-COMe group,
shifted to lower wave numbers owing to participation in a chelate H-bond with the
3-OH group. To determine the structure unequivocally, this compound was reduced
with LAH and the PMR spectrum of the prepared diol IV was compared with those
of 2-methyl-3-hydroxy-4-hydroxymethyl-5-a-hydroxyethylpyridine (V) and PN.
According to Korytnyk et al.,® the resonance signals of 4-and-5-hydroxymethyl
groups of PN are situated at 499 and 4-76 J, respectively. On the basis of this com-
parison, (Fig. 1) the structure of the compound under discussion may be depicted as
III.

HOD 2'CH3
9- CH2 g
= ’
@cn,m 5 4-CHy
CHoOH 'CH2 P
mo]\/j,cu(ou)cn5 5CHy
B w@ )
CH20H
bamat - N N
9 4 3 2

1
8, ppm
F1G6.1 NMR spectrain D, 0 of hydrochlorides of 2-methyl-3-hydroxy-4,5-bis (hydroxymethyl)
pyridine (A); 2-methyl-3-hydroxy-4-hydroxymethyl-5-a-hydroxyethylpyridine (B) and 2-
methyl-3-hydroxy-4-a-hydroxyethyl-5-hydroxymethylpyridine (C).

Similarly, cyclopenten-3-one was shown to react with II to yield only one product
which was proved by its IR and PMR spectra, to be 5-methyl-4-hydroxy-6-aza-
hydrinden-3-one.

The mechanism of this condensation has been investigated %7 but we obtained
additional information.
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The C=N double bond of the adducts, which is formed on interaction of ethyl
5-ethoxy-4-oxazoleacetate (V1) with dienophiles should migrate to the 3-3’ position

OFE1 X .H
Et0,C—CH X ;
2 N HC EtQ_4 o
N\/O + H(I:l 3/ 3 O lx
Sy
~x H,C T’ H
vi Et0,C H

These intermediates with an exocyclic double bond appear to be more stable than
the “normal” adducts, due to conjugation of the double bond with the ethoxy-
carbonyl group. Recently, such an “exocyclic adduct™ structure was ascribed by
Miki and Matsuo® to the compound prepared by reaction of VI with diethy! fumarate,
but subsequently® !° these authors reported a “normal” structure for similar com-
pounds.

We investigated the reaction of VI with maleic anhydride. A colourless crystalline
product was obtained in 807/ yield, the IR spectrum of which shows two strong bands
at 1868 and 1792 cm ™!, assignable to CO groups of a 5-membered cyclic anhydride
{for example, succinic anhydride!! has bands at 1871 and 1793 cm™!). The strong
band at 1681 cm~! is ascribed to a 3'-ethoxycarbonyl group, which appears to
participate in a H-bond and to be conjugated with the 3-3' exocyclic double bond.
Recently, it was shown'? 13 that endocyclic double bonds exhibit a weak band in the
range of 1695-1710 cm ™~ !, while exocyclic double bonds show strong peaks at 1649—
1662 cm~ L. On this basis, the strong band at 1644 cm ™! exhibited by the compound
under consideration suggests the presence of an exocyclic double bond. The PMR
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F1G. 2 NMR spectrum in CDCl, of anhydride of 3-carbethoxymethylene-4-ethoxy-7-oxa-
2-azabicyclo-[2.2.1]-heptane-5,6-dicarboxylic acid.
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spectrum of this substance (Fig. 2) shows a pair of triplets at 1:26 (J = 7 ¢/s), attribut-
able to the Me components of Et groups, and a corresponding pair of quadruplets
of the methylene components at 4 3. The doublet at 79 é (J,, = 12 ¢/s) is assigned
to 2-H. This signal is broad owing to quadrupole interaction with the N'4 atom and
is shifted to lower field. It is reasonable to interpret this shift as resulting from partici-
pation of the proton in intramolecular H-bonding. The pair of quadruplets centred
at 3-74 and 39 and the doublet centred at 486 6 (J,, = 12; J,6 = 3'7; Js6 = 7 ¢/5)
are assigned to 1-H, 6-H and 5-H, respectively. Finally, the 3-H proton exhibits a
singlet signal at 5:69 6.

All these factors mentioned are in good agreement with the structure of the an-
hydride of 3-carbethoxymethylene-4-ethoxy-7-oxa-2-azabicyclo-{2.2.1]}-heptane-5,6-
dicarboxylic acid (VII), shown in Fig. 3.

Fe. 3

Isomerization of the adducts in acid media, (Chart I), in our opinion, is initiated
by scission of the 1-C—O bond, the transition state being stabilized by ethylate
anion elimination from position 5 of the adduct.

This conclusion is in accordance with the following main assumptions:

(a) The 1-C—O bond is weakest, owing to J-n-conjugation with the 3-C=N
double bond. Protonation of the N atom in acid media further facilitates heterolysis
of this bond.

(b) Scission of the 4-C—O bond followed by hydrolysis is unlikely, since both the
Diels—Alder reaction and isomerization of the adduct are carried out in anhydrous
media. Validity of this assumption is confirmed by consideration of the reaction of
4-methyl-5-ethoxythiazole with dienophiles, ** which always yields 3-ethoxypyridines
as the final product, although the conditions for isomerization (heating with conc.
hydrochloric acid) promote hydrolysis.

(c) Finally, if the 4-C—O bond had been broken, the formation of 3-hydroxy-
pyridines on condensation of dienophiles with 5-cyanoxazoles'® would be difficult
to explain.

The mechanism suggested for the isomerization accounts for the fact that the
reaction of S-unsubstituted oxazoles is facilitated by the presence of oxidizing
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agents. % !7 In this case, isomerization of adducts, according to our mechanism, may
be connected with the elimination of an hydride ion. Indeed, this reaction proceeds
more effectively in the presence of hydride ion acceptors, such as nitrobenzene or
hydrogen peroxide.

Experimental proof of the proposed mechanism, was provided by the condensation
of I with B-acetylacrylic acid (VIII). In accordance with n-electron charge distribu-
tion (Table 1), the carboxyl and acetyl groups should occupy the 5 and 6 positions
of the adduct respectively. The isomerization presumably will be accompanied by
decarboxyiation, since proton removal from the enol wili be thermodynamicaliy
favourable :

OFEt CO; o,y FH
HC = CH 0. Z°NcH, COCH,
ot b N - O
NS
oV ] H,C T" H H,C N
- COCH, & i)
VIl -

The same product was isolated from the reaction mixture both at room tempera-
ture and under heating at 80°. The PMR spectrum provides important information
for the structure of the prepared compound. The singlets at 2-86 and 2:89 § are assigned
to 2-Me and 5-COMe groups. In addition, a pair of low-field doublets (J = 24 ¢/s)
centred at 8-81 and 8-57 4, are assigned to a- and y-protons of the pyridine cycle
respectively. Recently, it was shown that the J-value for interaction between ortho-
protons is 6-10 c/s, between meta-protons—1-4 c/s and between para-protons—
0-1 ¢/s.18

The data supports the structure of 2-methyl-3-hydroxy-5-acetylpyridine (IX) for
the compound prepared. Thus, the experimental data agree with the postulated
mechanism of the Diels-Alder reaction of 5-ethoxyoxazoles.

This condensation was used for the synthesis of 2- and 6-alkyl analogues of vitamins
Bs:

The starting S-ethoxyoxazoles (X), were obtained by cyclization of ethyl esters of
N-acylamino acids with phosphorus pentoxide. The interaction between X and
dimethyl maleate gave dimethyl esters of S-hydroxycinchomeronic acids (XI),
which were converted to PN analogues (XII) by reduction with LAH. Analogues of
two other forms of vitamin B4-pyridoxamine (2-methyl-3-hydroxy-4-aminomethyl-
S-hydroxymethylpyridine, PM) and pyridoxal (2-methyl-3-hydroxy-4-formyl-5-
hydromethylpyridine, PL), were prepared by oxidation of diols (XII) with active
manganese dioxide. The aldehydes thus prepared were isolated from the reaction
mixtures either in the form of their oximes (XIII), which were reduced to PM ana-
logues (XIV), or in the form of Schiff bases with p-phenetidine (XV), which, upon
hydrolysis on ion-exchange resin, yielded PL analogues (XVI).
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CHART 2.
O
OFt E aMe CO,Me
R HO CO,Me
P,0 2
Ri_CH—COp T2 Wé\o CO,Me
N\\( 3 2
NHCOR? . RTONT R
R
XI
X
LATL
o
CH,OH
o CHO HO CH(OH)R
O 1. MeMgl ,O 2
H,C N 2. H* R N R
XIt
—NOH CHO CH=NCH,OEt
CH=N HO CHOH ot
HO C{{OH Q \R CHOH
O — | L | —00F
2
RNTAOR A
X111 H, /
CH,NH,
HO. CH(OH)R HO CH(OH)R
R’ :N R’ R" :N R’
XIV XVII

a: R!=R?=R =H; d: R! = iso-C;H,;, R? = R = H;
b: R'!'=R=H,R*=CH,;e: R'=C,H;,R?=R=H,;
c: R'=R?=CH,,R=H:f: R'=R=CH, R*=H.
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The routes for the synthesis of 5'-phosphoric esters of PM and PL analogs were
as follows:

CH,NH, CH=NC,H,OFE!
HOf\/ECH(OH)R HOf\/ECH(OH)R
JOL Q¢
RYNTANR RN

1.H,PO, + P,0
H,PO, + P,0q yTe T s

2.H*
H,NH, CHO
HO C{lOPO;Hz HOf\/[C{-lOPogHZ
L s LS
HOC—CO,H;
Rl N Rz Cu++2 Rl N RZ
XVIL XVIII

Analogues of pyridoxamine-5'-phosphate (PMP) were prepared by the method
previously described for PMP itself.!?

Recently, procedures were published for the synthesis of PLP by way of
phosphorylation of Schiff bases of PL.2% 2! This was applied in developing a method
for the preparation of PLP analogues. Good yields were obtained for all substances
investigated except 2-nor-6-methyl PLP (XVIIIb). The Schiff bases of the latter com-
pounds were obtained only in poor yield, but preparative transamination of the
corresponding PMP analogues, previously applied to the synthesis of PLP itself,2?
was used successfully.

The UV, IR and PMR spectral data of the compounds and also TLC chromato-
graphy on silica gel are listed in Tables 2 and 3. Only the principal features of UV
spectra are reported, since they characterize the behaviour of the products obtained
in aqueous solutions, which is of importance for further investigations with enzyme
systems.

Since all the compounds investigated are 3-hydroxypyridines, equilibria between
the following principal ionic forms should exist in aqueous solutions:

X X
Hofj:CH(Y)R 'ofj[cm')k
JOL. = IO,
ROSTZOR R R

| *  Dipolar form

Neutral form Anion
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At the same time, the occurrence of equilibria between tautomeric forms of PL and
PLP analogues should be borne in mind:

CHO
HOfICH(OH)R
L O 2
R N R

Aldehyde Hemiacetal

CHO CH(OH),
HO {-{OPO.H2 HO C\HOP().HJ
Olx = JOLk«
RV SR’ RN R’
Aldehyde Hydrate

Since ionization of the 5'-phosphate group was recently shown?3 not to affect the
absorption spectrum, assumption of the existence of such ionic and tautomeric forms
as indicated above is sufficient for interpretation of variatious pH-dependent changes
of UV spectra.

Two basic conclusions can be drawn from examination of UV spectra:

1. Whereas the 2-substituted analogues of B vitamin exist mainly as dipolar forms
in the pH range from 5 to 8, considerable amounts of the neutral form are present in
the solution of analogues without a substituent in position 2 of the pyridine cycle
(Fig. 4).

810

10 fi

2.50 * 360 ;50 mu
FIG. 4 UV spectra at pH 7. A: 3-hydroxy-4-formyl-5-hydroxymethylpyridine ; B: 2-methyl-

3-hydroxy-4-formyl-5-hydroxymethylpyridine; C: 6-methyl-3-hydroxy-4-formyl-S-hydroxy-
methylpyridine; D: 2.6-dimethyl-3-hydroxy-4-formyl-5-hydroxymethylpyridine.
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2. Introduction of an alkyl substituent into position 6 of the pyridine ring shifts the
equilibrium between aldehyde and hydrate (hemiacetal) in favour of the latter. The
UV spectra of 6-methyl PL and 2-nor-6-methyl PL (Fig. 4) do not display absorption
maxima of the aldehyde form at 390 mp.

Similarly, dependence on the type of substitution is observed in the UV spectra of
PLP analogues. The absorption maximum of the aldehyde at 390 my is decreased,
while the maximum at 330 my assigned to the hydrate form is correspondingly in-
creased. The assignment of absorption maxima to the ionic forms in UV spectra of
vitamin B¢ analogues and their 5’-phosphoric esters is presented in Table 4.

EXPERIMENTAL

UV spectra were taken on a SF4 “Optica Milano” spectrophotometer. Absorbancy in acid phenyl-
hydrazine was determined by the procedurc of Wada and Snell.?* IR spectra were obtained on an UR-10
spectrophotometer for solid substances (pellets with KBr). PMR spectra were determined on an 100 Mc/s
*Jeol” instrument. The chemical shifts are reported in § values in ppm with the TMS signal (0 ppm) as
internal standard. The compounds synthesized were subjected to chromatography on slides (2-5 x 7-5 cm)
with a silica gel layer, according to reported procedure.?® The following solvent systems were used :

A—EtOAc-acetone-25% NH,OH (20:10:1-5);
B—n-BuOH-25%-NH ,OH-water (40:9:1);
C—n-BuOH-EtOH-5% NH,OH-glacial AcOH (10:10:10:1).

1. S-Ethoxyoxazoles

To a suspension of 142 g (1 mole) P,O, in 300 ml dry, alcohol-free CHCl,, a soln of a-N-acylamino acid
ester (0-5 mole) in 200 ml dry CHCl; was added dropwise with stirring. The mixture was gently boiled on a
steam bath (see Table 5). To the cooled mixture, 750 ml 205, KOHaq was added with vigorous stirring.
The mixture was then stirred at room temp for 30 min. The organic layer was separated and the aqueous
layer was extracted with two 200-ml portions CHCl,. The combined extracts were washed with 100 ml
water and dried. The solvent was removed and the residue was distilled in vacuo. The compounds prepared
are listed in Table 5.

2. Diels—-Alder reaction of 5-ethoxyoxazoles

Dimethyl 5-hydroxycinchomerates (Xla—e). A mixture of dimethyl maleate (288 g; 0-2 mole) and X
(0-1 mole) was heated at 110-115° (see Table 6). The reaction mixture was then cooled and 20 ml of 25%
soln of dry HCI in abs MeOH was added. The hydrochlorides of dimethyl cinchomerates were isolated
by one of two methods (A or B):

A. The resulting mixture was kept in a refrigerator for 2 hr. The crystalline product was filtered off,
washed with cold MeOH and then with ether.

B. The mixture was shaken with 300 ml ether and allowed to crystallize in the refrigerator overnight. The
crystalline product was filtered off and washed with ether.

The free bases XIa—e were prepared as follows:

To a soln of hydrochloride Xla—¢ in a minimum volume of water solid NaHCO, was added to pH
6-5-7. The suspension was extracted with CHCl;. The combined extracts were dried and solvent was re-
moved in vacuo. The residue was dried in a vacuum desiccator over P,O; and paraffin.

The compounds thus prepared are presented in Table 6.

Ethyl 6-methyl-5-hydroxy-4-acetyinicotinate (I11). To a soln of ethyl P-acctylacrylate?® (179 g; 0-14
mole) in 20 ml ether, 8-87 g (0-07 mole) of 4-methyl-5-ethoxyoxazole, 1 ml glacial AcOH and 200 mg
hydroquinone were added. The resulting mixture was kept in the dark at room temp during one week.
The ppt was filtered off, washed with ether, and recrystallized from heptane, yield 8 g (51-2%), m.p. [51-152°;
UV A2LINKOH (4 250 (5800) and 326 my (56,500); PMR & ppm (CDCl, as solvent): 6-H as singlet at 8-41;
2-Me and COMe as singlets at 247 and 2-51; CO,Et as quadruplet at 4-30 and triplet at 1:34 (J = 7 ¢/s).
TLC: in system A—R, 0-11; in system B—R, (0-75. (Found: C, 59909; H, 6-00. Calc: for C, H,,NO,:
C, 59-18; H, 587%).
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2-Methyl-3-hydroxy-5-acetylpyridine (IX). A soln of 4-methyl-5-ethoxyoxazole (25 g; 20 mmoles) was
poured into an Erlenmeyer flask fitted with a drying tube, and B-acetylacrylic acid?® (3-42 g; 30 mmoles)
in 40 ml ether was added. This mixture was allowed to stand in the dark at room temp for 5 days. The
crystalline product was filtered off, washed with acctone and recrystallized from MeOH; yicld 0-64 g
(21:2%), m.p. 253-254° (dec.); UV A2 NKOH (¢): 265 (5000) and 345 my (5500); PMR 4 ppm (CF;COOH as
solvent): 6-H and 4-H as doublets (J = 24 ¢/s) at 8-81 and 8-57, respectively, 2-Me and COMe as singlets
at 2-86 and 2-89. TLC: in system A—R, 0-47; in system B—R, 0-77. (Found: C, 63-58; H, 5:98. Calc. for
CgHyNO;: C, 63-56; H, 6:01%).

5-Methyl-3-hydroxy-6-azahydrinden-3-one. A mixture of 18 g (0-22 mole) cyclopenten-3-one?” and 28 g
(0-22 mole) 4-methyl-5-ethoxyoxazole 100 mg hydroquinone was kept at room temp for 10 days. The
resulting oil was shaken with 50 ml SN dry HCl in abs MeOH and allowed to crystallize in the refrigerator
for 3 hr. The ppt of hydrochloride (8 g) was filtered off. From the mother liquor a further crop, (26 g) was
collected ; total yield, 10-6 (24:5%). The free base was obtained by treatment of the hydrochloride soln with
NaOAc. After recrystallization from 509/ aqueous MeOH, m.p. 138-139° (dec.); UV A9.NKH (): 380 mp
(7400): IR vXBr: 1700 cm ™! (C=0); PMR & ppm (CDCl, as solvent): 7-H as singlet at 8-22, 1- and 2-CH,
as triplets (J = 7 c/s) at 269 and 3-10, 5-Me as singlet at 2+46. (Found : C, 66:62; H, 5-55. Calc. for CGH,NO;
C, 6624, H, 5-56%).

Anhydride of 3-carbethoxymethylene-4-ethoxy-7-oxa-2-azabicyclo-[2.2.1] heptane-5,6-dicarboxylic acid
(VII). To a saturated soln of maleic anhydride (1:96 g; 20 mmoles) in ether, 3-98 g (20 mmoles) ethyl 5-
cthoxy-4-oxazole acetate was added and the resulting mixture was allowed to stand in the dark at room
temp for 2 days. Filtration and washing with ether yielded 4-8 g (81%) of crystalline product, which after
recrystallization from benzene melted at 137-138°. This substance is unstable and decomposes at room
temp in a few days. (Found: C, 52:87; H, 473. Calc. for C,,H,NO,: C, 52-52; H, 509%).

3. Reduction of the pyridine—dicarboxylic acid esters
To a suspension of LAH (1-14 g, 30 mmoles) in 50 ml ether (or THF), 10 mmoles of the frec base of
pyridinedicarboxylic acid esters in 50 ml ether (or THF) was added dropwise with stirring and cooling.

TABLE 8. SYNTHESIS OF DERIVATIVES OF PYRIDOXAL ANALOGUES BY
OXIDATION OF PYRIDOXINE ANALOGUES

Yield, calculated o
Compound prepared on diol, % M.p, °C
Oxime XIIla 75 201-203 (decomp.)
Schiff base XVa 9 192-194 (decomp.)
Oxime XIIIb 59 185-187 (decomp.)
Schiff base XVb 38 179-183 (decomp.)
Oxime XIIIc 69 209-212 (decomp.)
Schiff base XVc 66 177-180 (decomp.)
* Oxime XIIId 9 186-187 (decomp.)
Schiff base XVd 74 125-126
Oxime Xllle 71 173-175 (decomp.)
Schiff base XVe 76 126-127
Oxime XIIIf 44 206-208 (decomp.)
Schiff base X Vf 60 135-136

The mixture was gently refluxed for 6 hr and kept at room temp overnight. The resulting mixture was cooled
and 100 ml water was added dropwise with stirring. CO, was passed through the mixture for 30 min, and
the solid was collected, stirred with 100 ml water—ethanol (1:1) and CO, was passed again through this
suspension. After filtration the solid was extracted 2 x 50 ml portions boiling EtOH. The combined
filtrates were evaporated in vacuo to dryness. The residue was extracted with five 25-ml portions boiling
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EtOH. The combined extracts were filtered and evaporated to dryness in vacuo at 40-50°. Two alternative
methods were used for isolation of pyridoxine analogues (XIla—¢):

A. The residue was mixed with 10 ml acetone ; the solid was filtered off, washed with acetone and dried.
Free bases XII were obtained.

B. The residue was dissolved in 4 ml 129, dry HCl in abs EtOH ; ether was added to this soln until crystals
began to precipitate. The mixture was kept in a refrigerator overnight. The hydrochlorides were filtered
off, washed with ether and dried. The substances obtained by this procedure are listed in Table 7.

4. 2-Methyl-3-hydroxy-4-hydrox vmethyl-5-a-hydroxyethylpyridine (V)

To a soln of Grignard reagent prepared from 0-5 g Mg and 2:92 g Mel in 20 ml ether, a soln of ¢*-3-O-
isopropylideneisopyridoxal®* (4 g, 0-193 mole) in 20 mi ether was added dropwise with stirring and cooling,
The mixture was then heated under reflux for 2 hr, cooled and the complex was destroyed by cautious
addition, with stirring, of 10 g ice. The organic layer was collected and the aqueous layer was extracted with
three 10 ml portions ether. The combined extracts were dried and evaporated to dryness. The residue was
dissolved in 100 ml 10%, HCI and this soln was heated under reflux for 30 min and evaporated in vacuo to
dryness. The residue was carefully mixed with acetone and filtered, yield of hydrochloride V, 2-3 g (544%);
m.p., 159-160° (from mixture ether—ethanol), (Korytnyk and Paul,* reported 160°).

5. Oxidation of pyridoxine analogues

To a soln of 3 mmoles of diol XII in 0-3M H,SO, (10 m! in the case of hydrochlorides or 15 ml in the
case of free bases) 270 mg of MnO, *“B’"** was added and this mixture was stirred at room temp for 3-5 hr.
Near the end of this period, the MnO, dissolved almost completely, and the pH of the mixture was 5-5-6.
The aldehydes were isolated in the form either of oximes or of Schiff bases by following procedures:

A. To the mixture, obtained as above, 310 mg NH,OH-HC] was added and the soln was heated at 70°
for 10 min. Then 820 mg anhyd NaOFEt was added, the mixture was heated again at 70° for 10 min and
then allowed to stand in the refrigerator for 2 hr. The ppt was filtered off, washed with cold water, dried
and recrystallized from water—-EtOH. The oximes obtained are listed in Table 8.

B. Unreacted MnO, was removed by filtration and washed with 2 ml water. To the combined filtrates,
8 mi 0-5M p-phenetidine hydrochloride was added, followed immediately by 12 ml 2N NaOAc. The mixture
was kept in the refrigerator for 2 hr. The orange needles of Schiff base were filtered off, washed with water,
dried and recrystallized from MeOH. The substances thus prepared are listed in Table 8.

Analogues of pyridoxal (XVI1a-{)

The carefully purified Schiff bases were dissolved in IN HCl or EtOH (the solvent and its volume are
indicated in Table 9). The resulting soln was applied to the top of a column of Dowex 50Wx4 in the acid
form. The column was eluted with IN HCI at the rate of 50 mi/hr. The effluent, containing aldehyde*
was evaporated to dryness in vacuo at 40-45°. The oily residue was dried in a vacuum desiccator over KOH.
The hydrochlorides of XVI were analytically and chromatographically pure. The yield was nearly quantita-
tive. The prepared substances are presented in Table 9.

Analogues of pyridoxamine (XIVa—f)

To a solution of 1 mmole oxime in 20 ml water and 1 mi conc HCI, 150 mg Pd—C catalyst. Hydrogenation
was carried out at room temp and atm press and continued until about a 102 excess of the theoretical
amount of H; (2 mmoles) had been absorbed. This required about 30 min. The catalyst was removed by
filtration, using a hot water wash, and the filtrate was evaporated to dryness in vacuo at a temp below 45°,
The residue was dried in a vacuum desiccator over KOH. The yields of dihydrochloride were nearly
quantitative. Purification of XIV was performed by recrystallization from EtOH-cther. The compounds
obtained are listed in Table 10.

Analogues of pyridoxamine phosphate (XV11a—{)

To a mixture of 85% H,PO, (0-52 ) and P;0O, (04 g), 0-46 mmole pyridoxamine analogue hydrochloride
was added and the mixture kept until evolution of HQl was complete. The resulting mass was heated at
60° for 2 hr, cooled and mixed carefully with 3 ml EtOH, followed by 8 ml ether. After refrigeration for 1 hr,

* The effluent was controlled in a flow by measurement of its absorption at 295 mp and of conductivity.
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the liquid was decanted off and the residue was dissolved in 5 ml IN HCL This soln was heated on a steam
bath for 20 min and evaporated in vacuo at 35-45° to a volume of 1 ml, pH of the mixture was brought
to 5 with 259 aqueous ammonia and the resulting soln was applied to the top of a column of Amberlite
CG-50in the acid form. This column was eluted with water at the rate of 50 ml/hr. The effluent containing the
amine phosphate was evaporated to a small volume in vacuo at 35-45° and mixed with EtOH until crystals
began to precipitate. After refrigeration for 2 hr, the solid was filtered off, washed with EtOH and dried.
The compounds obtained (see Table 11) were purified by recrystallization from water heated to 80°.

Analogues of pyridoxal phosphate (XVI1IIa—{)

Method A. To a mixture of 85% H;PO, (3-72 g) and PO, (2-86 g), 2 mmoles of Schiff base was added.
This was cautiously mixed and then, heated as indicated in Table 12. After heating the mixture was cooled
and carefully mixed with 6 ml 0-1N HCI, until a homogeneous soln was obtained. The resuiting mixture
was heated at 60° for 15 min, cooled and applied to the top of a column of Dowex 50Wx4 in the acid form.
The column was eluted with O,-frec water at the rate of 50 ml/hr. The effluent containing aldehyde phos-
phate was concentrated in vacuo* to a volume of 10 ml and applied on the same column of Dowex S0Wx4.
Chromatography was repeated as above. The new effluent was concentrated in vacuo to a volume of
30-40 ml and lyophilized.

Method B. To a soln prepared from 1 mmole pyridoxamine phosphate analogue, 7 ml water and 1 ml
2N NaOH, 240 mg (2-5 mmoles) sodium glyoxylate was added and this mixture was stirred at room temp
during 10 min. The soln was brought to pH 5 with glacial AcOH and stirred for another 10 min. To this
was added dropwise and With stirring 3 m! 0-25M soln of cupric acetate under a slow stream of N,. Stirring
was continued under a stream of N, for 30 min, and the resulting mixture was applied to the top of a column
of Dowex 50Wx4 in the acid form and eluted with O,-free water at a rate of S0 ml/hr. Further operations
are carried out as in method A. The compounds obtained are listed in Table 12.
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