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INTRODUCTION

Several years before the actual lsolation of the pure
crystalline vitamin, Gyorgy (1) in 1934, defined vitamin Bg
a8 "that part of the vitamin B complex responsible for the
cure of a specific dermatitis developed by rats on & vitamin-
free diet supplemented with vitamin By and lactoflavin®. 1In-
vestigations dealling with vitamin Bg activity asnd its purifi-
cation by several groups at that time were impeded by the lack
of an assay which would differentiate between riboflevin
(vitamin Byp) and vitamin Bg, a factor which is extremely im-

portant since all plants and animals appear to contain these

—

two materials. In 1936 Birch and Gyorgy (<) reported some
very significant purification studies on vitamin Bg end
descrited the behavior of this material towérd verious chemi-
cal reagents. BSubsequent to this disclosure, progress on the
purification and 1solation of vltemin Bg was rapid, and within
the first five months of 1938, five research teams reported
the 1solation of the crystalline substance. Keresztesy and
Stevens (3) and Lepkovsky (4) published the isolation of
crystalline vitamin Bg in February; Kuhn and Wendt (58) and
Gyorgy (6) made similar announcements in April, and Ichiba
and Kishi (7} described the hydrochloride of vitamin B6 in
June.

In eacn instance the compound 1801ated'by these 1nvesfi—

- gators wes shown to be 2-methyl-3-hydroxy-4,5-di-(hydroxy-



methyl)~-pyridine (Figure 1,2) by degradation (8, 9, 10, 11)
and synthesis (12, 13), and was designated pyridoxine. This
compound, having been the first isolated, wes considered by
many to be the only active form of vitamin Bg- Subsequent
investigations by Snell and his assoclates (14) revealed the
additionsl active companion compounds, Z-methyl-3-hydroxy-4-
formyl-5-hydroxymethylpyridine (Figure 1,b) and Z-methyl-3-
hydroxy-4-aminomethyl-5-hydroxymethylpyridine (Figure 1,c),
nemed respectively pyridoxal end pyridoxamine. Therefore, it
seems apparent that this study under the leadership of Snell
was partly responsible for the findings that pyridoxal-5-
phosphate (Figure 1,d) (codecarboxylase) and pyridoxsmine-5-
phosphate (Figure 1,e) are important coenzyme forms. The
activity of the other forms 1s probably explained by the
existence of certain enzymetic systems which convert them to
<-methyl-3-hydroxy-4-formyl-5-pyridylmethylphosphoric acid or
pyridoxel~-S~-phosphate.

In addition to 1ts role in the enzymic decarboxylation
of e&f-amino acids, vitamin Bg (pyridoxel phosphate) catalyzes
meny other important btiochemicel amino ecid trensformations.
Schlenk and Snell (15) afforded the first clue to the concept
that phosphorylated p&ridoxal,was also a coenzyme for the
enzymlic trensamination of L- &£-amino acids. 1In & rather in-
teresting manner they observed that the tissue of rats raised

on a vitamin Bg-deflcient dlet had lower transaminase activity
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than that of rats supplied wlth sufficient amounts of vitamin
Bg. Furthermore, the transaminase activily of tissue from
vitamin Bg-deficient rats was stimulated by the conjoint addi-
tion of pyridoxal and adenosine triphosphate. Snell (16) also
reported the nonenzymic interconversion of pyridoxal and
pyridoxamine by heating glutamic acid with pyridoxal or by
heating eof-ketoglutaric acid with pyridoxamine, and cited
these reactions as evidence for the role of a pyridoxal ge-
rivative 1n enzymic transamination.

A phosphorylated pyridoxal derivative was prepared in a
rather ambiguous synthetic fashion (81, 96) as early as 1945,
and was shown by several investigators to act as the coenzyme
of a nqu?r of aminOpherases,;splated from animal tissues snd
bacterial cells (17, 18, 97, 98). During the same year this
vitamin Bg derivative was identified with codecarboxylase (9,
100), that is to say, the coenzyme of L-tyrosine decarboxylase
from S. faecalis (8l), and other bacterial «-amino aecid
decarboxylases (i01).

Phosphorylated pyridokal has been shown to activate the
apoenzyme Of the transaminase isclated from the microorganism
S. faecalis. This transaminase catalyzes the glutemic acid-
aspartic acid transamination system (17). Pure glutamic acid-
aspartic acid transeminase and pure glutemic acid-elanine
transaminase have been isolated and shown to be different

enzymes (18). In both systems, however, pyridoxal phosphate



was found to be the responsible coenzyme (17, 18, 19, 20).
Pyridoxal phosphate was also found (£1) to be the coenzyme
.for enzymic transaminetion between do-ketoglutaric acid and
the L- &-amino acids, aspartic acid, alaniﬁé,—valine, leucine,
norleucine, tryptophan, tyrosine, phenylalanine, and methi-
onine, as well as transemination sysféms with dof-keto acids
such’és pyruvic acid, o~ketobutyric acid, and ci-zetoiso-
caproic (zz). It is also the coenzyme responsible for the
enzymic racemization of D- or L-alanine (23) and D- or_LF
gluteamic acid (z4).

Enzymes contalning pyridoxel phosphate catalyze such

’ 06[3-e11m1nation reactions as the dehydration snd subsequent
deamination (Z5) of serine and threoniné, the desulfhydrstion
and sucsequent deamination (Z6) of cysteine, and the éleavage
of tryptophan to i1ndole, pyruvic acid and ammonia.

In such cases 1hvolv1ng the cx;'y-elimination reactlons
és the enzymic dehydration and subsequent deamination (27) of
homoserine, and the enzymic desulfhydrestion and subsequent
deaminetion (26) of homocysteine, vitamin Bg 18 also neces-
sary. Another group of reactions in this category is the
enzymic cleavage of cystathlonine to cysteine and &-keto-
butyric acid or to homocysteine énd pyruvic acid (28, 29).
The literature contains reports of several other investiga-
tione dealing with similar vitamin Bg-dependent enzymes (30,
81, 3z, 33, 34, 35, 36, 37), however, 1t appears that this



coenzyme is also involved in fatty acid metabolism (38) and
has been isolated from muscle phosphorylase (39), although its
exact functions in the two latter instances are unknown.

The modern concept and interpretation of the mechanism of
vitamin Bg catalysis in ®-amino acid biochemlstry begen with
the observation by Metzler and Snell (35) on trace metel ion
(Cutt, Fe*t*t*, A1***) catalysis of the nonenzymic pyridoxal-
catalyzed transamination of ¢(-amino acids.

Baddiley (40) described the prepsration of water-soluble,
green copper chelates of pyridoxal with the ©&f-amino acids
glycine, alanine, serihe, lysine, isoleucine, valine, thre-
onine, and methionine. This investigator was able to isolate
and characterize on the tasis of analysis the copper chelate -
compound (I) of tyrosine and pyridoxal (Figure 2). In view of
these facts, Baddiley (Figuré Z) assumed the non-enzymic
transamination of ®-amino acid by pyridoxel as proceeding
through the formation of a chelate complex (II) contsining one
molecule each of pyrldoxal, pyridoxamine, the ol-amino acid,
the dkkefo acld and one metal ion. Applying this mechanism,
the transamination would be accomplished by an electron-pair
displacement in the complex (II) %o give (III), which upon
hydrolysis would afford the deaminated amino acid snd aminated
kKeto acid. Dafing this period the transaminases hesd nct been
‘1solated in the required states of purity as to permit an

accurate determination of their metal lon content and need;
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therefore, this particular mechanism could not be extended to
biological systems without certain reservations.

Several enzymic smino acid conversions have &also been
reproduced in nonenzymic systems with pyridoxael and a metal
ion as catalysts. A few rather significant conversions of
fhis type are transamination (35, 36), serine deamination
(5), cysteine desulfhydration (25), racemization (37), and
degarboxylation (41). It has been assumed that both types
of reactions follow similér mechanisms, since the nonenzymic
reactions barallel very closely the enzymic reactions (33,
4z).

It is at this point interesting to note, that on the
besis of the information presented thus far, the only struc-
tural features of pyridoxal appearing to be absolutely essen-
tisl for nonenzymic cafalysis are the 4-formyl group, 3-
phenolic group, and the basic-ring nitrogen atom. The 6&-
hydroxymethyl group although apparently unnecessary in non-
enzymic catalysls, 18 quite important physiologicslly as the
point of attachment of phosphate (33). The Z2-methyl group 15
likewise considered lmpcrtant only from a physiological stand-
point.

A genersl mechanism for pyridoxal catalysis of & -amino
A acid transformations has been proposed by the two independent
groups of Braunsteln and Shemyakin (94, 95) and of Metzler et

al. (33). The first step of which is the formation of the



Schiff's base (Figure 3, IV) from the emino acid and pyridoxal.
This conjugated intermediate 1is stabilized by the metal lon
which induces planarity in the conjugated system through
chelate-ring formation to give the complex (Figure 3, V). A
concerted electrophilic action by the tasic-ring nltrogen
atom of the pyridoxal moiety and the chelated metal lon is
transmitted through the conjugated system of the chelate (V).
This enhances the displacement of an electron pair from the
u?carbon atow of the amino acid (VI). One of the three elec-
tron pairs can be displaced. However, displacement of the
electron pair between the o-carbon atom and the hydrogen atom
can lesd to racemization, traznsaminstion, /3-elimination, or
X-elimination reactions. Decarboxylation is promoted by re-
lease of the electron pair between the ©6(-carbon atom and the
carboxyl group. . Release of the electron pair between the
O-carton atom and the alkyl group causes degradation to a
lower amino acid homolog. The nature of the amino acid and
also the pH, solvent, or catalyst combination determine the
nature or the electron peir involved and ultimately which of
the three &-carbon bonds is cleesved. A recent review article
on the general subject of vitamin Bg and 1its enzymes has been
written oy Braunstein (43).

With the nonenzymic vitamln Bg catalyzed transformatlon
fairly well investigated and established, Fischer and his

associlates (44, 45) have directed their attention to the prob-
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lem of studying the active sites in several enzymes, with
emphasis on the mode of attachment of the pyridoxel phosphate.
These workers have revealed that asside from the sttachment
througn the phosphate group, pyridoxal is &lso bound to the
enzyme as the imine of the €-azmino group of lysine. This
was accomplished by reducing phosphorylase b with sodium
borohydride at pH 4.5, hydroiysis of the reduced enzyme with
chymotrypsin, separation of the peptide containing the vitamin
Bg derivetive, rollowed Dby complete acid hydrolysis of the
peptide and isolation and identification of the coenzyme frag-
ment as €-N-pyridoxyllysine. By simller treatment of cysta-
thionase, and glutamic-aspartic transaminase the 1dentical
pyridoxylamine-derivative was isolated and charasterized (45).
Having presented in a rather concise fashion the work
whicn has beern done in the area of the role of vitamin Bg in
amino acld metabollism, 1t seems only reasonatle and proper to
mention at thls point an investigation which suggests that the
present mechanistlic approach to the action of pyridoxel is
invalid. Gonnard aﬁd co-workers (46, 47, 48) have studied the
effect of phosphopyridoxal isonicotylhydrazone on 3-(3,4-
dihydroxyphenyl) alanine decarboxylase and glutamic-aspartic
transeminase and have found this substeznce behaves as an acti-
vator. They find its activity to be greater than that of the
natural cofactox, pyridoxal phosphate, and have indicated thét

this hydrezone does not intervene by splitting off pyridoxal
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phosphete. Furthermoré, it is decalred that the complete
molecule tekes part in the reaction, and it cen be considered
a real coenzyme. It 1s the opinion of the author that these
results although slightly ambigudus do not require a new or
different mechanistic theory, but merely fortify that which
1s presently acknowledged when one considers the recent work
o Fischer (44, 45).

in view of these recent observations presented in the
precedlng discussion this investigation may be considered as
having had two objJjectives. However, its mein or primary pur-
pose was the synthesis of a gseries of model compounds whose
structures would lncorporate into the individual molecules
some of those features presented in the mechanlistic models
(Figure 3), together with those indicated by the work of
Fischer (44, 45), on the mode of binding of vitamin Bg to fhe
enzyme. These compounds are in other words merely vitamin Bg
derivatives which may possess greater activity in nonenzymic
catalysis of amino acid tranéformations than does pyridoxal
and are to be studied later in this manner. A secondary goal
of this work was one of possibly obtaining a series of rather
potent enzyme inhibitors through e replacement of the hydroxyl
group of the S-hydroxymethyl unit in pyridoxine and pyridoxal,
with certain okher organic substituents. A study of the in-
hibitory effect is also to be undertaken in a later investiga-

tion.



0 HO
HO X\—CHz0H 0 l “Xy—CH50E
HyC - H4C z AEECO0 .
"? % R—G—C
i %ﬁ [ No-
. Hc/
0"~
HOOH i AN
CH
< |¢ 3
u*d B
(IV)
.. y v,
r£Cc—c R—C — a-—f—
Y 1% c\o- \ Y-
N
i RO e X
J — | — !
0
N HOCH HOCH ~N
B = =
B NcH B4 - CH
¢I 3 |; S i¢ 3
B H H
HO
- \'—
ancoo . HOCHg OE
FHg g~ Cig
Rgcemic

- Figure 3. Méchanism of nonenzymic racemization of amino
acids



13
HISTORICAL
Structure, Synthesis and Derivatives of Pyridoxine

Pyridoxine was initially isolated from yeast (5, B) and
rice bran (3, 4, 7, 49). The vitamin was 1solated as the
nydrochloride CgH;,C1NO (m.p. 204-206° C., decomp.) of the
base CgH;NOz (m.p. 160° C.) as was determined by elemental
analysis. The empirical formula alsc represents the molecular
_ formula, a'fact based on the observation thet the titration
curve of the hydrochloride contained only one break. The base
was optically inactive and stable to both acid and alksline
hydrolysis, nitrous acid and Fehling's solution. It contained
three active hydrogen atoms, a C-methyl group and & phenolic
group, nowever, the evidence indicated the sbsence of any
glkoxy or alkylamino groups. These data suggested that the
free-base had the character of a eyclic tertiary amine.
Treatment of pyridoxine with ferric chloride gsesve a red éolor,
Guite reminiscent of the color resulting from the action of
ferric chloride on 3-hydroxypyridine. The ionization constant
of the vitamin and the variation of the ultraviolet abtsorption
spectrum with pH was analogous to thet of several 3-hydroxy-
pyridine derivatives. It was at this point that éyridoxine
was considered & substituted 3-hydroxypyridine.

Tée_character and position of the other functional groups

were corroborated by oxidation (Figure 4). The methyl ether
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of pyridoxine (VIII) was obtained by reaction of the vitamin
with dlazomethane. Upon oxidation, this compound was observed
to consume approximately four equivalenis of potassium perman-
ganate, ylelding 2 lactone (X) and dibasic acid (IX). The
similarity between the dibasic acid eand z,8-dimethylecincho-
meronic acid (XI) wae evident by a comparison of their pKg
values and ultraviolet absorption spectra. Evidence for the
vicinal relationshlp of the carboxyl groups of the dilbasic
geid (IX) was afforded by the production of a yellow fluores-
cent phtnalein when the acid was fused with resorcinol. The
fact that neither of the carboxyi groups (IX) were in the
alpha-position, was indicated by the fallure of the dibasic
acld to give a color on treatment with ferric chloride. On
the basis of these data it was ressonably assumed that the
vicinal>carboxyl groups were in thg 4- and b5-positions of the
d-hydroxypyridine nucleus of the dicarboxylic acid.

The divasic acid heving been derived from pyridoxine by
the loss of four hydrogen etoms and the addition of two oxygen
etoms, 1t was properly concluded that hydroxymethyl groups
occupzéd tﬁe 4- and S5-positions of pyridoxine. At this stage,
the structure of the vitamin was restricted to only two pos-
sivilities (VII) and (XII). Evidence for the attachment of
the methyl group in the Z-position (VII) was obtained by the
formatlion of & blue color upon treatment of pyridoxine with

2,6-dichloroquinone-chloroimide (Gibb's resgent) in alkaline
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solution. Since a blue color is not normally produced by
para-sucstituted phenols, it was inferred that the 6-position
of pyridoxine was unsubstituted and structure (VII) was
assigned the vitamin by Stiller et al. (11).

Harris and co-workers (1Z) confirmed the structure of
pyridoxine by the synthesis of the dicarboxylic acid (IX) and
the lactone (X) from cyanoacetamide (XIV) and of-acetyl- &'-
ethoxyacetone (XIII, Figure 5).

Procf of the structure of pyridoxine was also independ-
ently afforded by Kuhn and his group (9, 10, 50, 51) (Figure

6,8) obteined through mild permanganate oxidation of the methyl
ether (VIII) in neutral solution to the lactone (X). This re-
action was considered suiTicient proof for a viecinal relation-
ship of the originsasl hydroxymethyl groups in pyridoxine. By
alkaline potassium permanganate oxidation of the methyl ether
(VIII) to the tricarboxylic acid (XV), which gave a red color
on treatment with ferrous sulfate, the C-methyl group of
pyridoxine was located in the z-position of the pyridine
nucleus. It was apparent that at least one carboxyl group of
the tricarboxylic acid was g;pég to the pyridine nitrogen
atom. When compound (XV) was monodecarboxylated snd converted
to tne anhydride (XVI), the product failed to give a red color
with ferrous sullfate. It wes, therefore, concluded that the
tricarboxylic acid had only one carboxyl group alpha to the

pyridine nitrogen atom. The tricarboxylic acid having been
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obtained only by vigorous oxidation, led to the conclusion
that its K-carboxyl group had teen derived from a Z-methyl
group on the pyridine ring.

Utilization of the Folin-Dennis reagent fixed the phen-
olic group of pyridoxine in the 3-positlon of the pyridine
ring, by the formation of a deep blue color. It had been pre-
viously established that 3-hydroxypyridine derivatives with
this reagent, give a deep blue color, which is not given by
&~ and 4-hydroxypyridine compounds.

In a rather interesting manner Kuhn (13) was also able
to coufirm the structure of pyridoxine by the synthesis of
the dibasié acid (IX, Figure 6,t). By the reaction of 3~
methyl-é—methdxyisdquinoline (XVII) with nitric acid, & mono-~
nitro compound was obtained, probatly the S-nitro derivative
(XVIII), which was then reduced to the corresponding amine
(XIX). Oxidative degradation of this amine afrorded the di-
basic acid (IX).

Ichiba and kichl (5%, 53, 54) accomplished the synthesls
of the key compound, 3-methoxy-z-methylpyridine-4,5-dicar-
boxylic acid (IX) in a slightly different manner (Figure 7).
After ottaining l-chloro-3-methoxy-&-methylisoquinoline (XX)
it was reduced to 3-methoxy-<-methylisoquinoline (XXI), which
ylelded on oxidation the desired dicarboxylic acid (IX).

Harris end Folkers (55, 56, 57, 58) in & series of papers
described a synthesis of pyridoxine (Figure 8), which began
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with the condensation of O-acetyl- &' -ethoxyacetone (XifI)
and cyanoacetamide (XIV). The condensation product, 3-cyano-
4-ethoxymethyl-S-methyl-2-pyridone (XXII), with nitric acid
gave tne nitropyridone (XXITI), which upon chlorination and
reduction was converted to 3-amino-S5-aminomethyl-4-ethoxy-
methyl-c-methylpyridine (XXIV). Conversion of this diamino
compound with nitrous acid tc 4-ethoxymethyl-5-hydroxy-5-
hydroxymethyl-z~-methylpyridine (XXV), followed by hydrolysis,
led directly to pyridoxine (VII). Certain variations end
improvements (58) utilizing the key starting material, 3-
amino-5-aminome thyl-4-ethoxymethyl-2-methylpyridine (XXIV),
elimineted the use of constant-boiling hydrotromic acid for

ether cleavage, wherewith, the necesslity for subsequent

~ hydrolysis of the dibromide (XXVI) was also eliminsted. An-

other consecuence of the modified procese was a more fecile
1solation and purification of the intermediate products.
During the same period Kuhn et al. (13) descrited a syn-
thesis of pyridoxine (VII) using a8 the starting material the
dibasic acid (IX, Figure 9). The sequence of reactions in-
volved conversion of the cartoxyl groups to nitrile groups,
followed by reduction to aminomethyl groups, and then conver-
sion of the amlnomethyl groups to hydroxymethyl groups
through dizzotization. The final steps of the synthesis in-
volved cleavage of the O-methyl group with hydrobromic acid

wlth suvsequent hydrolysis of the dibromide in the presence of
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sllver sascetate.

Of interest is the fact that, until 1951, at least one of
the two hydroxymethyl groups of pyridoxine was derived from &
nitrile group by reduction and subsequent diszotization. The
nitrile groups were either introduced 1n the initial condensa-
tion or octained by conversion of carboxyl groups. Several
studies (59, 60, 61, 6%Z) of the lithium aluminum hydride re-
duction of vicinel diesters of heterocyclic compounds have
revealed the rather elegant route of rendering the hydroxy-
methyl groups accessible 1n one step from carboxylic seclds or
esters, thus simplifying consideratly the synthesis of pyri-
doxine. Other workers (63, 64) have employed with amazing
gsuccess & mixture of scdium borohydride and aluminum chioride
in ethylene glycol dimethyl ether.

A more recent communication by Elming and Clauson-Kaass
(61) which describes the synthesis of pyridoxine is shown in
Figure 10. ’Probably the most unique feature of this method
is the extremely efficient electrolytic %,5-dimethoxylation
of a substituted furen (XXViI) and subsequent opening of the .
furan ring with simultaneous formetion of the pyridine
nucleus. ”

Investigations involving pyrido#ine derivatives sgppear
to be almost nonexistent, except for its esters, their prep—
aration (&, 53, 65, 66, 67, 68, 69, 70), and reactions such
as hydrogenolysis (71, 7<) end oxidation (73). Aside from



these ester derivatives the only others seem to be a group of
vitamin Bg analogs of thiamine (74), wherein the pyrimidine
nucleus of thiamine has been replaced'with the pyridine

nucleus of pyridoxine.
Pyridoxamine and Pyridoxal

During the course of an investigation of the growth-
promoting activity of vitamin Bg {pyridoxine) with lactic acid
vpacterla, Snell and assocliates (14) suggested the existence of
one or more pyridoxine-like compounds in naturasl materials
which possessed even greaster growth-promoting properties than
pyridoxine. As a result of this proposal, it was subsequently
shown (75, 76, 77) that rather mild amination‘or oxidation re-
actlons greetly ilmproved pyridoxine as a growth promoter for
lactic acid bacteria. In complete accord with these observa-
tions 4—am1nomethyl-5-hydroxy-5—hydroxymethyl-2—methylpyridine
(pyridoxamine, XXVIII), and 4-formyl-3-hydroxy-5-hydroxy-
methyl-z-methylpyridine (pyridoxal, XXIX) were shown by syn-
thesis (66, 78) to be tne biologicelly active amine and alde-
hyde (Figures 11 and 13). - -

The synthesis of pyridoxamine (XXVIII) was first described
by Harris et al. (66, 78) (Figure 11). The method involved
the amination of either pyridoxine diacetete {(XXX) or 3-
hydroxy-5-hydroxymethyl-4-methoxymethyl-Z-methylpyridine

(XXXI) with smmonias in methanol et 140° C. Further confirma-
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Figare 11. The synthesis of pyridoxamine (66, 78)
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Figure 13. The synthesis of pyridoxal (66, 78)
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tion of the structure of pyridoxamine was afforded by the
synthesis (Figure 12) of the biologically insctive isomer,
5-aminomethyl-3-hydroxy-4-hydroxymethyl-Z-methylpyridine (iso-
pyridoxamine) (XXXII). This compouna was prepared by the con-
version of 5-hydroxy-5—hydroxymethyl-é-methé%ymethyl—2—methyl—
pyridine (XXXI) to the 5—ch10rome¥hyl derivetive (XXXIII),
amination with sucsequent cleavage of the methoxyl group of
the 4-substituent gave the dihydrochloride (XXXIV). Neutral-
ization with sodium bicerbonate yielded (XXXII). As a growth
prowoter for lactic acid bacteria this lsomer had no sighifi-
cant activity and also differed in chemical properties from
pyridoxamine.

These investigators (66, 78) (Figure 13) also accomplish-
ed the synthesis of pyridoxal (XXIX) by careful potassium
permanganate oxidation of pyridoxine, snd isolated it as the
oxime (XXXV). Treatment of the oxime with sodium nitrite and
hydrochloric acid gave pyridoxal, which may exist either as
the aldehyde (XXIX) or 2s the cyclic acetal (XXXVI), but main-
ly as the latter. Fixation of the formyl group of pyridoxal
in the 4-position was established by the catalytic hydrogena-
tion of pyridoxal oxime (XXXV) to pyridoxamine (XXVIII), a
conversion which has been recently performed (79) with zinc
and acetic acid. The oxidation of pyridoxine to pyridoxal has
been greatly lmproved by the utllization of manganése dloxide

and aqueous sulfuric acid (88, 90). Further proof of the



structure of pyridoxal was mede by the synthesis of 1isopyri-
doxal (XXXVII, Figure 14) (66).

A most interesting and also unique conversion of pyri-
doxamine to pyridoxine has been reported by Seskuragi and
Kummerow (73). These workers prepared several triacyl pyri-
doxamine derivatives and reveeled that treatment of these sub-
stances with a ref..sing wixture of isoamyl nitrite eand acetic
acid, converted them to the corresponding triscyl pyridoxine
derivatives which upon saponification with azlcoholic bese
yielded pyridoxine. The reaction wes also performed on sev-
eral mono-N-acyl pyridoxamine derivatives with the same re-
sults. The synthesis of & few otner triacyl, mono-N-acyl, and

N-alkyl pyridoxamines was:underteken (80).
Pyridoxal Phosphate and Pyridoxamine Phosphate

Pyridoxal phosphate is now recognized as the coenzyme,
codecarovoxylase, responsible for all nonoxidative enzymic
amino acid transformations. Codecarboxylase-containing
enzymes catalyze such reactions as decarboxylation, tfans-
amination, recemization, /3Felimination, and 1—elimination
ir gmino acid biochemistry.

Pyridoxal phosphate was initially synthesized in low
yleld through the reaction of phosphorous oxychlori@e on
pyridoxal in the presence of water (81). The isolastion of

pyridoxal phosphate from such a reaction mixture as the cal-
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Figure 14. The synthesis of isopyridoxal (65)
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Figure 15. Proof of the structure of pyridoxal phosphate
(83, 84, 85)
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cium salt and confirmaiion of the structure of the coenzyme as
4-formyl-3-hydroxy-<-methyl-5-pyridylmethylphosphoric acid
(XXXVIII) was reported by Heyl et al. (82). These workers
also prepared the methiodides and methochlorides of these
vitemin Bg derivatives.

Pyridoxal phosphate could have had either of three struc-
tures, ascertainable from the analytical data (Figure 15)
(XXXV;II), (XXXIX), and (XL). The structure wlth the phos-
phoryleted phenolic group (XXXIX) was eliminated as a result
of a negative ferric chloride color test for a free phenolic
group, although positlive with both the calcium salt and the
oxiwe of pyridoxsl phosphate, and the synthesis (83, 84, 85)
of 3-pyridoxal phosphoric acid oxime (XLIII), which was not
identical with codecarboxylase oxime. By the conversion of
pyridoxal monoethyl acetel (XLI) to the 3-phosphorylated
pyridoxal monoethyl acetal (XLII), the synthesis of the
S-phosphorylated materlial was accomplished. The ecetal group
was removed with hydrochloric acid in the presence of hydro-
Xylamine.

The structure (XL) with a phosphnorylated C-4 hemiacetal
carbon atowm, was excluded from further consideration because
the same oxime of pyridoxal phosphate (XLIV) was obtzined
elther by phosphorylation of pyridoxal oxime or by the oxide-
tion of pyridoxime phosphate (XLV) and subsequent conversion

to the oxime (Figure 16).
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Figure 16. Proof of the structure of pyridoxal phosphate
: (83, 84, 85)
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Figure 17. The synthesls of the ammonium selt of pyridoxal
phoephate (86)
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The remaining structure (XXXVIII) must then account for
codecarboxylase, however, two unusual properties of this mate-
rial required further study. Pyridoxal phosphate also gave a
negative Gibbs phenol test, which weas an indicestion theat the
phenolic group is pyridoxal vhosphate and is not Yfree' in the
usual sense, but is obviously influenced by the 4-formyl
group. A shift of the maxima of the ultraviolet absorption
‘ spectrum of pyridoxal phosphate in alkaline solution to longer
wavelengths than those of pyridoxal was the character of the
second anomaly. The'properties were explained on the bessis of
the existence of a keto form (XLVII) at certain pH's.

The synthesis of pyridoxal phOSphate by Wilson and Harrls
(86) (Figure 17) was achieved by phosphoryletion of pyridox-
amine dihydrochloride (XLVIII) with anhydrous ph58phoric acid,
and the product (XLIX) was adsorbed on a column of activated
charcoal. Oxygen, adsorced on the charcoal, converted the
amino group of tne phosphorylated product to a formyl group
s0 that, on elution with ammonium hydroxide the emmonium salt
'(L) of pyridoxal phosphate was obtained.

Peterson and Sober (87) in a similar fashion oxidized the -
aminomethyl group to a formyl group with manganese dioxide.
The product (pyridoxal phosphate) was purified by elution from
a column of Amberlite XE-64 resin.

The synthesis of pyridoxal phosphate by Viscontini et al.
(88) involved first the conversion of pyridoxal (XXXVI) to the
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N,N-dimethylglycylhydrezone (LI) (Figure 18), which then was
phoaphérylated with metaphosphoric acid. The S-triphosphoric
'acid ester (LII) produced was hydrolyzed with hydrochloric
acid in the presence of nitrous acid, giving pyridoxal phos-
phate, which was isolated as tne calcium salt (LIII).

An unambiguous synthesis of codecarboxylase was described
by Baddiley and lMathias (89) (Figure 19). These workers con-
densed pyridoxine (VII) with acetone in the presence of zinc
chloride, and obtained the resulting OO—isopropylidene pyri-
doxine (LIV). This compound was phosphorylated with phos-
phoric anhydride in phosphoric acid (LV), and the isopropyl-
idene residue was removed by/careful acid hydrolysis giving
pyridoxine~5-phosphete (XLV), which was oxidized by the method
of Heyl et al. (90) to pyridoxal phosphate (LXVI). Similarly
Tanaka (91) has recently reported the synthesis of pyridoxal
phosphate and pyridoxamine phosphete using dipherylchlorophos-
phite as the phosphorylsting agent.

Heyl et al. (90; zay also be credited with the synthesis
of pyridoxasmine phosphate by the direct phosphorylation of
pyridoxamine in aqueous solution with phosphorous oxychloride.
The product was isolated and characterized as the crystalline
'di-g—tolﬁ;&esulfonyl derivative.

In addition to those books and papers previously mention-
ed the literature contains other excellent reviews of the

chemistry of vitamin Bg (92, 93).
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EXPERIMENTAL

The pyridoxine hydrochloride used in this investigation
was kindly furnished through the generosity of the American
Cyanamid Company, Hofrmann-LsRoche Incorporated, and Merck
and Company, Incorpcrated. Unless otherw&se.specified, all
compounds used as starting materisls were of the highest
purity commercially obtainable. All melting points are un-
corrected. Reactions involving the use of lithium aluminum
hydride were carried out under an atmosphere of dry nitrogen.
The elemental analyses of the compoundé descrived hereln were
performed by Dr. Ing. A. Schoeller, Mikroanalytisches Lebora-
torium, Kronach, West-Germany. Infrared spectra have been
prepered of each of the pure compounds described es well as
of many impure fractions. The original coples of these
spectra are filed with Dr. David E. Metzler, Department of
Biochemistry and Blophysics, Iowa State University, Ames,‘

Iowa.

Synthesis of Pyridoxel and N-Substituted
Pyridoxal Derivatives

Menganese dioxide "B! This form of manganese dicxide

was prepared according to the procedure of Harnfeist et al.
(10z), and was termed manganese dioxide "B" by these workers.
One pound of manganous carbonate was placed (spresd to a

thickness of gpproximately one inch) in a porcelain dish and
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heated at 2§0—300° in the presencé of air-for 20 hours and
cooled to room temperature. The product was a very finely
-powdered manganese dloxide, which was called manganese dioxide
"AY by Harnfeist et al. This material was tnen mixed with 1
1. of a solution of 150 ml. of nitric acid (8p. gr. 1.42; 70-
71%) and 850 ml. of water, stirred for 5 minutes and flltered
.with suction. The acld treated oxide was washed with warm
(50°) water until the weshings attained & pH of about 6. The
wet ceake was pressed on the suction filter to remove excess
water and was then dried at 230-250°. The friable black cake
was crushed to a fine powder and stored in a tightly sesaled
pottle.

Manganese dloxide (activated) A more active form of

manganese dioxlde prepared according to Attenburrow et al.
(103) was obtained in the following menner. To a hot (90°)
solution of 96 g. (0.61 mole) of potassium permanganate in
600 ml. of water there was simultaneously sdded, with gentle
. stirring a solution of 84.15 g. (0.5 mole) of manganous sul-
fate monohydrate in 1&0 ml. of water and 117 ml. of e 40%
sodium hydroxide solution, during a period of 1 hour. The
dark brown precipitate was collected on 2 suction filter and
washed with warm (50°) water ta remove the last trace of
‘permanganate. The damp cake was pressed on the filter and
then dried at lOOo. The dried material was pulverized and

stored in a tightly sealed bottle.
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3-Hydroxy-5-(hydroxymethyl)-£-methylpyridine-5-carboxald-

oxime (Pyridoxal oxime) (XXXV) To a stirred suspension of

50 g. of manganese dioxide "B" (10z) in 100 ml. of tetrshydro-
furan there was added a solution 23.65 g. (0.115 mole) of
pyridoxine hydrochloride (VII) and 4.59 g. (0.115 mole) of
godiuw hydroiide in 100 ml. of warm (70°) water. The mixture
was stirred atlreflux for 45 minutes, and filtered with suc-
tion. The filtrate was concentrated to 100 ml. by distilla-
tion under reduced pressure, during which a small amount of
the pyridoxal precipltated from solution. The manganese
dioxide was washed thoroughly with three 100 ml. portions of
hot water and the concentrgted filtrate and washing were com-
bined and treated with 9 g. (0.13 mole) of hydroxylamine
hydrochloride and 21.3 g. (0.26 mole) of sodium acetate. The
oxime wnich precipitated almost lmmediately was pollected on
& filter and drlied in a vacuum desiccator over anhydrous cal-
cium chloride. The yield of the pure product was 15 g.
(71.5%); m.p. £24-226° with decomposition.

Anal. Caled. for CgHgN:Oz: C, 52.74; H, 5.53; N, 15.38.
Found: C, 5<.88; H, 5.55; N, 14.78.

?ollowing essentlally the same procedure described sabove
several other solvents were used with manganese dioxide "B"
(10%2) and an activated manganese dioxide (103). The reaction
has been carried out under acidic, basic and neutral conditions

and in &all cases unless specified otherwise sufficient water



37

was added in order to dissolve the pyridoxine. The results
are shown in Table 1.

Pyridoxal hydrochloride (XXIV) To a solution of 27.07

g. (0.15 mole) of pyridoxal oxime (XXXV) in 430 ml. of 1N HC1
there was added dropwise with stirring a solution of 11.6 g.
(0.16 mole) of sodium nitrite in 50 ml. of water. Tne reac-
tion mixture then was heated for 1.5 hours with occasional
stirring on a steam-bath in order to remove the last traces
of nitrous acid as indicated by testing with starch-potassium
iodide pgper. This soclution was decolorized with Norit-A and
evaporated to dryness under reduced éressure on a water—b;th.
The residue was exXxtracted with three 100 ml. portions of boil-
ing absolute ethanol and these extracts were filtered. The
filtrate was evéporated under reduced pressure to a very
viscous mass, which was dissolved in 200 ml. of 1N HC1l and
decolorized with Norit-A. The decolorized solution was con-
centrated under reduced pressure to a very thin sirup (approxi-
mately 70 ml.) and treated with 120-150 ml. of cold acetone.
Upon cooling 1n an ice-tath and triturating, the crystalline
product was caused to precipitate from solution. The yield
of the desired substance was £6 g. (86%); m.p. 173-4° with
decomposition.

Angl. Calcd. for CgHjoClNO3z: ©, 47.19; H, 4.95; N,
6.88. Found: C, 47.23; H, 5.02; N, 6.80.



Table 1.

pyridoxal by manganese dioxilde®

~——

Effect of reaction media and conditions on the oxidation of pyridoxine to

Ratio of
Mnog "BY to b
Moles of p{ridoxine o Time, Yleld,
pyridoxine by wt Medium C hrs. %
L1}
0.05 Hydrochloride 1:1 150 ml. HgO + 0.05 mole Hg804 6% 3 61
0.24 Hydrochloride 2l 250 ml. Hg0 £5-30 1 40
0.06 Free base 4:1 13 mwl. H0 + 5 ml. t-BuOH®  £5-30 27 £8
0.03 Free base 4:1 100 ml. pyridine + & ml. Hg0 5-30 <2 29
0.03 Free base 4:1 100 m1. THFY + 10 ml. Hg0 26-30 18 65
0.03 Free base 4:1 200 ml. THF + 10 ml. HgO 62~-64 7 30
‘ 256~30 13
0.06 Free base 3:1 <00 ml. THF + 15 ml. HgO 62~-64 5 37
i
0.06 Hydrochloride 1:1 200 ml. THF + 0.05 mole ,
v Ho804 in 10 ml. HgO 62~-64 4 55

81n seversl cases when a more active MnOg (103) was used under the conditions
described the yleld was slways 10-15% less.

brpe yleld represents pyridoxal oxime isolated.

Ct-BuOH represents tert.-butanol.

dpgp represents tetrahydrofuran.

ge



Table 1. (Continued)

Ratio of
¥nOo "B" to
Moles of p{rfdoxine Time, Yield,
pyridoxine by wt.) Medium o¢ hrs. %
Q.05 Hydroochlorilde 3:1 76 wl. THF + 25 ml. HgO
+ 13 ml. 10% NeOH 25-30 1 64
0.25 Hydrochlorilde 1:1 400 ml. THF + O.<4 mole L a
NaOH in 200 ml. HgO 6e-64 1 69
0.lc Hydrochloride i1 100 ml. THF + 0.1l% mole
NaOH in 100 ml. Hg0 | 62-64 0.75 728

6¢e
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1,3-Dihydro=-7-hydroxy-l-methoxy-5,6-dimethylfuro/3,4-c/-

pyridinium iodide (Monomethyl acetal of pyridoxsl methiodide)

(LVIII) This compound was prepared according to the method
of Heyl et al. (90). A solution of 5 g. (0.0Z4 mole) of
pyridoxel hydrochloride in 100 ml. of absolute methanol was
refluxed for 15 minutes. After cooling, 3.36 g. (0.04 mole)
of solid sodium blcarbonate was added and the mixture was re-
fluxed for an additional 1.5 hours. The mixture of undis-
solved salts wes removed by filtretion and washed well with
<0 ml. of cold methasnol. The combined filtrate and washings
were added to ?OO ml. 6f benzene and agein filtered to remove
a slight turbldity. This benzene-methanol solution was
treated 30 ml. of methyl lodide and refluxed for 16 hours.
This solution then.was evgporated tc dryness under reduced
pressure on a water-bath. The yellow residue which was ob-
tained, was dissolved in 15 ml. of warm (600) dimethy¥forma-
mide, to which bolling ethyl acetate was added until a very
slight turbldity was produced. By slow coolling, the pure
product was caused to crystallize from this solution. After
drying in a vacuum desiccator the yield was 7.5z g. (95%);
m.p. 179-180° with decomposition.

1,3-Dihydro-1,7-dihydroxy-5,6-dimethylfuro/3,4-c/-
pyridinium chloride (Pyridoxel methochloride) (LIX) A

solution of 7.5c g. (0.023 mole) of compound (LVIII) (mono-
lmethyl acetal of pyridoxal methiodide) dissolved in 50 ml. of
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water was mixed with 6.6 g. (0.046 mole) of freshly prepared
vsilver chloride and stirred mechanically for 3.5 hours at
room temperature. The mixture was filtered and the silver
halides were washed with three £5 ml. portions of hot (800)
1N HCl. The combined filtrate and acidic weshings were de-
colorized with Norit-A and evaporated to dryness on a water-
bath (60°) under reduced pressure. The s0lid residue was
dissolved in 5 ml. of water and recrystallized by the slow
addition of &acetone while cooling in an ice-bath. After
drying in vacuum over anhydrous calcium chloridé, 4,8 g. (91%)
of the pure product was obtained which decomposes slowly above
160° without melting.

Anal. Calcd. for CgHy.CINOz: C, 49.66; H, 5.56; X, .
6.44. Found: C, 50.53, 50.41; H, 5.71, 5.80; N, 6.25, 6.25.

1,3-Dihydro-7-hydroxy-l-methoxy~-5, 6-dimethylfuro/3,4-c/-

pyridinium chloride'(Monomethyl acetal of pyridoxel N-p-nitro-

benzyl chloride (LX) A solution of 3 g. (0.015 mole) of
pyridoxal hydrochloride dissolved in 35 ml. of ebsolute
methanol and 15 ml. of absolute methanol saturated with
anhydrous hydrogen chloride was refluxed for 15 minutes, and
evaporated to dryness under reduced pressure on a water;bafh.
ine resldue was dissolved in 50 ml. of anhydrous methanol and
treated with 5 g. (0.059 mole) of sodium bicarbonste, then
refluxed for 1 hour. The cooled (10°) solution was filtered
and the salts were washed with 15 ml. of cold (0°) anhydrous
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methanol. To the combined filtrate and washings there then
wes added 10 ml. abeolute methanol and 2.53 g. (0.015 mole)
of p-nitrocenzyl chloride and the mixture was heated £t reflux
for 16 hours. Sutsequent to filtration the solution wes con-
centrated by evaporastion under reduced pressure, to half its
original volume, and upon cooling in an ice-bath the crystal-
line product separated. After two recr&stallizations from
ahsolute methanol £.4 g. (46%) of the pure product wes ob-
tained; m.p. 158-159°.

Anal. Calcd. for CygHynClNZ05; C, 54.55; H, 4.87; N,
7.95. Found: C, 54.81; H, 4.8Z; N, 8.28.

1l,3-Dihydro-l, 7=dihydroxy-6-methyl-5-p-nitrobenzylfuro-

/3,4-c/pyridinium chloriée (Pyridoxal N-p-nitrocenzyl chlor-

ide) (LXI Exactly < g. (0.006 mole) of the monomethyl
acetel of pyridoxal N-p-nitrobenzyl chloride (LX) was dis-
solved in 15 ml. of warm (65°) 1N HCl. Upon cooling slightly
the crystalline product sepérated from solution and was re-
moved by filtration and dried in vacuo over aphydrous calclium
chloride. The yield of pure product was 1.92 g. (99%); m.p.
19z-195° with decomposition.

Anal. Calcd. for Cj3gH;5C1Nz05: C, 53.19; H, 4.46; N,
8.27. Found: €, 53.z27, 53.31; H, 5.08, 4.94; N, 7.88, 8.00.

5-Benzyl-1l,3-dihydro-1, 7-dihydroxy-6-methylfuro/3,4-¢/-

pyridinium chloride (Pyridoxal N-benzyl chloride) (LXII)

This compound was prepared from 3 g. (0.015 mole of pyridoxsl
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hydrochloride end 1.87 g. (0.015 mole) of btenzyl chloride in
exactly the same manner as that described for the preceding
compound, pyridoxal N-p-nitrovenzyl chloride (LXI). In this
ceee, however,‘the monomethyl ecetzl derivative was not iso-
lated and characterized. Upon recrystallization form dilute
HC1 (1M}, 2.5c g. (59:%) of the product was obtained; m.p.
194-195° with decomposition.

Anal. Cealecd. for C3sH1gC1NOz: C, 61.33; H, 5.49; N,
4.?7. Found: C, 61.12, 61,37; H, 5:§5, 5.65; N, 4.94, 4,93,

Pyridoxine &nd Pyridoxamine Derivetives

5-(Hydroxymethyl)-£,2,8-trimethyl-4H-m-dioxino/4, 5-¢/-

pyridine (Isopropylidene pyridoxine) (LIV) This substance

was prepared according to the method of Baddiley eand Mathies
(82) with, however, several important modifications. To a
filtered solution of 95.41 g. of anhydrous zinc chloride dis-
solved in 650 ml. of anhydrous acetone there was.added 41 ¢g.
(0.2 mole) of pyridoxire hydrochloride (VII). This solution
tnen was maintained at reflﬁx with the exclusion of moisture
for lz hours and then ellowed to stand at room temperature
for an additional 1l hours. Approximately 400 ml. of the
solvent was removed by distillation under reduced pressure
on a water-bath (60°) and the viscous residue was poured
slowly with stirring into a solution of 65 g. (1.63 mole) of

godium hydroxide in 400 ml. of a miéture of ice and water snd
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plezced in an ice-cath. During the neutralization of the
acidic reaction mixture the temperature was not sllowed to
rise above 10°. By the careful addltion of 6N HgSO4 the pH
was adjusted to 8.5 and carbon dioxide was butbled into the
mixture until a pH of 7.5 was attained. The precipitate was
removed by suctior-filtration and washed with 400 ml. of boil-
ing acetone and <00 ml. of boiling chloroform. The aqueous
filtrate was discarded and the cog?iped acetone and chloro-~
form washings were evaporated to a gummy mass which partially
solidified upon cooling. Subsequent to extraction of this
semi-so0lid residue with boiling acetone, and filtration, the
filtrate was treated with 20 ml. of water and evaporsted to
dryness under reduced pressure. Recrystallization of the
solid residue from cyclohexane afforded 38.4 g. (92%) of the
desired product; m.p. 109-110°.

"Recrystalllzation of this meterial from water gave a
hydrete with a2 melting point of 95.940, which when dried in o
vacuo (0.3 mm.) at 80° over anhydrous magneslium perchlorate
or again recrystallized from cyclohexene melts at 109-110°.

No attempt was made to determine the amount of water of hydre-
tion.

Anal. Celed. for Cj3HysNOz: C, 63.14; H, 7.23; N,

6.70. Found: C, 63.20; H, 7.z4; N, 6.73.
Isopropylidene pyridoxine hydrochloride was prepered by

bubbling anhydrous hydrogen chloride througn a solution of
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1 g. (0.004 mole) in 50 ml. of dry benzene until precipite-
tion of tne salt had ceased. The salt was removed’by filtra-
tion, and recrystallized by diseolving it in 10 ml. of boil-
ing absolute &£-propanol to whieh 3 ml. of boiling ethyl ace-
tate then was added. By allowing the solution to cool slowly
to room temperature a quantitative yield of the hydrochloride
was obtained which melts with decompositlion at 197—1980.
Anal., Caled. for Gy HygClNOg: C, 53.77; H, 6.56; X,
5.70. Found: 63.84; H, 6.24; N, 5.70.
5-(Chloromethyl)-z,2,8-trimethy1—4§-g—dioxino[Z,5-g7~

pyridine hydrochloride (5-Chloromethylisopropylidene pyri-

doxine nydrochloride) (LXIV) To 2 solution of 10.5 g.

{(C.05 mole) of isopropylidene pyridoxine in 100 ml. of warm
(65°) anhydrous benzene there was added with stirring and
all at once a solution of 6.54 g. (0.055 mole) of thionyl
chloride in 20 ml. of dry btenzene. The product precipitated
almost immediately and the wixture was heated just to the
boiling-point of the solvent, cooled and filtered with suc-
tion. The yield of the vacuum dried crude product was 13 g.
(98%); m.p. 188-190°. Recrystallization from anhydrous ace-
tone afforded 1<.57 g. (95%); m.p. 191-192°.

Anal. Caled. for C;7H;5C1oNOg: €, 50.01; H, 5.7¢; N,
5.30. Found: C, 49.99; H, 5.61; N, 5.31. |



46

5-(Cyanomethyl)-£, &, 8~trimethyl-4H-m-dioxino/Z, 5-¢/-

pyridine (5-Cyesnomethylisopropylidene pyridoxine) (IXV) To

a mechanically stirred suspension of £.64 g. (0.01 mole) of
-chloromethylisopropylidene pyridoxine hydrochloride (LXIV)
in 50 ml. of acetone theré was added a solution of 4.855 g.
(0.07 mole) of potassium cyanide in 17 ml. of water and the
stirred mixture was refluxed for 16 hours. The solvent then \
was removed by distillation under reduced pressure on a2 water-
catn énd the olily residue partially solidified on standing et
room temperature for < hours. Recrystallization of this
semi-so0lid first from water and then Tfrom petroleum ether
(Skelly B, b.p. 60-71.2°) afforded 1.88 g. (86%) of the pure
nitrile; m.p. 90-91°.

Anal. Celed. for CygHjgNgOg: C, 66.04; H, 6.46; X,
1<.85. Found: C, 66.25; H, 6.47; N, 1£.69.

5-Hydroxy-4-(hydroxymethyl )-6-methyl-3-pyridineacetic

acid {LXVI) A solution of 2.18 g. (0.01 mole) of S5-cyano-
meth&lisopropylidene pyridoxine (LXV) in 5 ml. of concen-
trated hydrochloric acid was heated at 40O on e watef-bath
for 45 minutes. A small amount of & crystalline substance
which separated was redissolved upon the addition of & ml. of
cold water. This acidic solution was carefully neutralized
to pé 6.0 with 10% aqueous sodium ticarbonate and evaporated

to dryness under reduced pressure on a water-bath (600). The

residue was extracted with hot ethanol and the extracts were
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evaporated to dryness. The resultant solié was recrystellized
twice from a mixture of n-propanol-ethyl scetaste. The yield
of toe acid was 1 g. (50%); m.p. £14-£15° .

Anal. Caled. for CgHy NpOz: C, 54.54; H, 6.10; K, 7.07.
Found: C, 54.55; H, 6.01; N, 7.18.

Several attempts were made to obtain thne amide (LXVI)
frowm tne nitrile (LXV) by use of alkaline nydrogen peroxide,
however:\the material produced by these reactions could not

ce purified to a constant melting polnt.

H=(z-Aminoethyl)-3-hydroxy-4-(hvdroxymethyl)-2-nethyl-
§

pyridine dihydrochloride (LXVII) To a stirred solution of

0.57 g. (0.015 mole) of 1ithium sluminum hydride in 50 ml. of
annydrous ether (OO) there was added dropwise, during a period
of 30 minutes a solution of 3.X7 g. (0.015 mole) of S5-cyano-
methylisopropylidene pyridoxine (LXV) in 70 ml. of anhydrous
ether and tne mixture was stirred for en additional hour et
0°. With continued cooling and stirring < ml. of ice water
was added cautiouslf end after 10 minutes £ ml. of <0% aqueous
sodium hydroxide was added, followed by 5 ml. of weter. The
ether layer was decanted and the moist granuler inorganic
hydroxides were washed with two 50 ml. portions of ether.

The wasnings were combined with the decanted ether layer and
dried over anhydrous sodium sulfate.- Subsequent to the re-
moval of the drying agent, and evaporation of the ether under

reduced pressure an olly residue was obteined which pertislly
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crystallized on standing. The semi-sclid material was dis-
solved in 40 ml. of 1N HCl, heated on a steam-bath for 15 min-
utes and eveporated to dryness under redﬁced pressure. This
residue tinen was dissolved in 150 ml. of hot‘(75o) abso lute
ethanol and concentrated by distillation under reduced pres-
sure to 50 ml., which upon stending in 2 refrigerator over-
night (14 hours) afforded a portion of the crystelline
product. The concentration process was repeated until 1.5
g. (45%) of the product was obtained; m.p. 190-191°.

Anel. Calcd. for CgHygC1loNgOg: C, 42.37; H, 8.3%; N,
10.98. Found: C, 42.52; H, 6.43; N, 11.34.

5-(2,c-Dicerboxyethyl)=-%,<,8-trimethyl-4H-n-d1oxino-

/%,5-¢/pyridine diethyl ester hydrochloride (Diethyl malonate

derivative of S-chloromethylisopropylidene pyridoxine hydro-

chloride) (LXVIII) To a stirred solution of 0.92 g. (0.04

g. at.) (0.04 mole of sodium ethoxide) of sodium in 50 ml.

of absolute ethanol there was added 6.4 g. (0.04 mole) of
diethyl malonate and after a period of 15 minutes there was
added 5 g. (0.012 mole) of solid 5—chloromg;hylisoprOpylidene
pyridoxine hydrochloride (LXIV) and 1 g. of potessium iodide.
The wixture was stirred et room temperature (£5-30°) for 48
hours. The solvent was nearly all removed by distillation
under reduced pressure and the olly residue weas treated with
a solution of « g. of sodium bicarbonate in 50 ml. of wsater,

then extracted with three 75 ml. portions of ether. The com-



49

bined ether extracts were dried over anhydrous sodium sulfate.
The drying agent was removed by filtration and anhydrous
hydrogern chloride was buctbled through the etheresl solution
during a period of 30 minutes. An oil wnich 1nitially sep-
arated, slowly crystellized on standing. The sclid was re-
moved by filtration and after three recrystallizastions from
ethyl acetate the yield of -the pure product was £.5 g. (347%);
w.p. 148-149°.

Anal. Calecd. for CygHggClNOg: C, 55.81; H, 6.76; N,
3.61. Founda: C, 56.01; H, 6.76; X, 3.58.

5-(z-Acetamido-&,2-dicerboxyethyl)-&,2,8-trimethyl-4H-m-

dioxino/4, 5-¢/pyridine diethyl ester (Diethyl acetamido-

malonate derivative of 5—chloromethylisonropvlldene pyri-

doxine) (LXIX) To a stirred solution of 0.2c g. (0.04

g- at.) (0.04 mole of sodium ethoxide) of sodium dissolved in
50 ml. of absolute ethanol there was added 2.7 g. (0.04 mole)
of diethyl acetamidomalonate, and after a period of 15 minutes
there was added 9 g. (0.019 mole) of 5-chloromethyliscopropyl-
idene pyridoxine hydrochloride (LXIV) and 1 g. of potassium
icdide. The mixture was stirred at room temperature (25—300)
for 48 hours. The solvent was removed by distillation under
reduced pressure and the olly residue was treated with 50 ml.
of &% aqueous sodium hydroxide, then extracted with four 50
ml. portions of ether. The combined ether extracts were dried
over anhydrous sodium sulfate, filtered and eveporeted to dry-

ness. The s0lid residue wes recrystasllized from petroleum
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ether (Skelly B, L.p. 60-71.2°), yielding 5 g. (65%) of pure
air-dried product; m.p. 122-1250.
Anal. Calcd. for CooHygH-On: G, 58.81; H, 6.91; N,
6.86. Found: C, 58.83; H, 6.75; N, 6.86-
Diethyl[g-hydroxy-4-(hydroxymethyl)-6—methy1—3-pyr1§yl—

methyl/malonate (LXX) A solution of 1.9 g. (0.005 mole) of

5-(z,x—-dicarboxyethyl)-«<,&, 8-trimethyl-4H-m-dioxino /4, 5-¢/~
pyridine diethyl ester hydrochloride (LXVIII) in 10 ml. of

1N HC1l was heated on & steam—-tath for 15 minutes, then cooled
and neutrelized to pH 8 with 20% aqueous sodium hydroxide.
The precipitated crysﬁalliné product was air-dried and re- ..

crystallized from 807% ethanol. The yleld of the desired com-

_ ‘ . - )
pound wes 1.2 g. (80%); m.p. 134-135 .

Anal. Calcd. for CysHgiNOg: C, 57.87; H, 6.80; X, 4.50.
Found: C, 57.76; H, 6.67; N, 4.43.

Diethyl acetamidols—hydroxy-4-(hydroxymethyl)—G-methyl—

3-pyridylmethyl/malonate (LXXI) A solution of 3 g. (0.007

mole) of 5-(2—acetamido-2,z-dicarboxyethyl)—E;Z,8—tr1methyl~
4H-m-dioxino/4,5-¢/pyridine diethyl ester (LXIX) in 15 ml. of
hot (700) 1 NHC1l was heated dn a steam-bath for 15 minutes,
cooled and neutralized to pH 8 with 207 aqueous sodium
hydroxide. The precipitated crystalline air-dried product
wes recrystallized from n-propanol, yielding 2.5 g. (93%);
m.p. 187-188°.

Anal. Calcd. for CynpHo yNsOrn: C, 55.79; H, 6.51; N,
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7.54. Founa: G, 55.13; H, 6.20; N, 7.47.

5-Hyaroxy-4-~{hydroxymethyl)-6-methyl-3-pyridineprovionic

ecia hydrocnloride (LXXII) A solution of 1 g. (0.003 mole)

or dietayl/o-hydroxy-4-(hydroxymethyl)-6-methyl-3-pyridyl-
methyl/walonate in 10 ml. of concentrsted hydrochloric acid
was heated under reflux for 4.5 hours, then evaporsted to
dryness under reduced pressure on e weter-tath. The residue
was recrystellized from a2 mixture of ethylene glycol monoethyl
ether and etnyl ascetate, yielding 0.5 g. (68%) of the product;
n.p. 188-190°.

Tals sucstence (1.18 g., a—iéﬁ yield) was obteinea also
bty the acid hydrolysis of the crude compound (LXVIII) without
any of the intermediastes beirg isolzted. A mixed melting
point of the materiel octained from eech procedure showed rno
depression (mixed w.p. 185-190°) .

Anal. Caled. ror CjgHy4C1NO4: C, 45.49; H, 5.70; N,
5.66. Found: C, 45.76; 3, 5.69; N, 5.85.

<,&,8-Trimethyl-4H-m-dioxino/4,5-¢/pyridine-5-cartoxalde-

hyde (Isopropylidene-&-pyridoxal) (LXXIII) A mixture of

<0 g. or manganese dioxide "B" (10z), & g. (0.0z4 mole) of
isopropylidene pyridoxine (LIV) in 50 ml. of chloroform was
stirred at room temperature (25—300) for a period of Z2 hours.
Tne reactlon mixture then wes diluted with 100 ml. of chloro-
forw end filtered witn suction through g one-helf inch layer

of "Celite". The mengenese dioxide was washed with five 50
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wl. portiorns of boiling chloroform enéd finelly witn 50 ml. of
poiling methanol. The comblined filtrate and washings were
evaporated under reduced pressure on & water-vath to an oily
residue whlch wes caused to crystellize cy tritursting end
cooling in ean ice-batn. The solld was decolorized by placing
it on & coluwn of alumina (4 inches long and 3/4 inch in diam.)
end elutirg either with petroleum ether (Skelly B, t.p. 80-
71.;0) or a2 1:1 mixture of chloroform and pgtroleum ether
(sxelly A, c.p. z6-6-51.10)- The eluent wes then evaporated
to an oll wnich solidified on standing. The crude solid was
twice reccrystallized from petroleum etner (Skelly A, T.p.
25.6-31.1"), wherewith, 4.3 g. (87%) of the pure vacuum-dried
product was obfTained; m.g. 62~63° .

Ansl. Caled. tor Cy1H13N03: C, 63.79; H, 6.3z; N, 6.78.
Found: ¢, 63.50; H, 6.21; N, 6.7<.

<,%,8-Trimethyl-4H-n-dioxino/4, 5-c/pyridine-5-certoxal-

doxime (Isopropylidene-5-pyridoxal oxime) (LXXIV) To 2

solution of .07 g. (0.0l mole) of isopropylidene-5-pyridoxal
(LXXIII) ir. 15 ml. of 95% ethanol there was &dded a solution
of 0.76 g. (G.011 wole) of hydroxylamine-hydrochloride and
0.44 g. (0.011 mole) of sodium hydroxide in 5 ml. of water.
Tne crystelline product seperated from solution elmost imme-
diately. There wes ottalned .13 g. (86:) of the pure
product; m.p. 205-206° with decomposition.

Anal. Caled. for Cy;Hy4N:03: C, 59.45; H, 6.35; K,
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1<.61. Found: C, 59.75; H, 6.08; I, 1z.49.

5-(Aminomethyl)-«, &,5-trinethyl-4H-m-dioxino/4, 5-¢/-

pyridine (Isopropylidene pyridoxamine) (LXIII) To a

stirred solution of 0.54 g. (0.01% wole) of lithium aluminum
hydride in 5 ml. of anhydrous ether maintzined at -40° in a
"Dry Ice'-acetone batn there wes slowly added & suspension of
< g. (0.009 mole) of isopropylidene-5-pyridoxal oxime {LXXIV)
in 100 wl. of anhydrous ether. The cooling bath was removed
and mixture was allowed to warm up to room temperature, then
refluxed for 10 hours. The mixture was agein cooled in s
“Dry-Ice'-acetone tath and 10 ml. of water was slowly added
followed bty 4 ml. of <Ok aqueous sodium hydroxide. Subsequent
to seperating and drying the ether layer over anhydrous sodium
sulfate, taen was removed by eveporsation under reduced pres-
sure to a semi-solid residue. Recrystéllization of this resi-
due from cyclohexane afforded 0.6 g. (32%) of the product;
m.p. 89-90°.

Anal. Caled. for Cy1HigN2Os: C, 63.44; H, 7.74; N,
13.45. PFound: C, 63.51; H, 7.48; N, 13.26.

1,3-Dihyéro-3,7-dihydroxy-6-methylfuro/3,4-c/pyridine

(Isopyridoxal) (XXXVII) A solution of 1.04 g. (G.005 mole)

of isopropylidene-5-pyridoxel (LXXIII) in 10 ml. of 1N HCl was
heated on a steam-bgtn for 15 minutes. The solution wes
cocoled and neutrelized carefully to pH 6.5 with 10% aqueous

NaOH. Upon standing the crystalline product separated. There
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was obtained 0.81 g. (97%) of the vecuum-dried substance,
which decomposes slowly atove 150° without melting.

Anal. Caled. for CgHgNOz: C, 57.48; H, 5.43; X, 8.38.
Found: G, 57.35; H, 5.38; N, 8.07.

3-Hydroxy-4-(hydroxymethyl)-«~methylpyridine-5-carbox-

‘aldoxime (Isopyridoxel oxime) (LXXVI) A solution of 2.2 g.

(0.01 mole) of isopropylidene-5-pyridoxsl oxime (LXXIV) in

15 wl. of 1IN HCl wes hezted on & steam-tath for 15 minutes,
cooled and neutralized to pH 6.5 with 10 acueous NaOH. Upon
standing the oxime separated. The yield of the pure product
was 1.8 g. (99%); w.p. 191-192o with decomposition.

Thié substance was elso prepared in 2 slightly different
menner. A solution of 1.67 g. (0.0l mole) of isopyridoxal
(LXXV) in 1C ml. of hot (90°) water was treeted witn 0.76 g.
(0.011 mole) of solid hydroxylamine hydrochloride. Upon
cooling tnls solution to 40° ond neutralizing it pH 6.5 with
105 aqueous NeOH, the product precipitsted almost immedlstely.
The yield was 1.6 g. (8953); m.p. 191-192° with decomposition..
Mixed m.p. with sukstance octained above showed no depressior.

Anal. Calcd. for CgHigN:03: C, 5<.74; H, 5.53; N,
15.38. Found: C, b5c<.64; H, 5.83; N, 15.14.

4-(Aminomethyl)-3-hydroxy-5-(hydroxymethyl)-4-methyl-

pyridine dihydrochloride (Pyridoxamine dihydrochloride) (XXVII)
Following the procedure of Testa and Feva (79), 10 g. (0.055

mole) of pyridoxel oxime (XXXV) dissolved in 125 ml. of
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glacisl acetic acid and mechanicelly stirred was treated with
10.7 g. (0.26 g. at.) of zinc dust in three portions. The
addition of the first portion (sbout 4 g.) ceused the tempera-
ture ol tne miXture to rasise sponteneously to goout 70—720,
however, it was not allowed to exceed 75°.  The temperature

of the rezction mixture was allowed to fall to 40° and second
portion of zinc dust wes added. AWhen the third portion of
zine dust wss added (400) only a moderete warming occurred.
The resultant mass was filtered end the mixture of zinc dust
an.d salts was washed witn 75 ml. of glacial acetic ecid. The
combined filtrate and washings were evaporated under reduced
pressufe on a water-bath (600) to an oily residue, which weas
dissclved inh 80 ml. of wafer. The zinc salts in this solution
were reuwoved by treatment hydrogen sulfide, then mixed with

5 g. of "Celite" and filtered with suction. The zinec sulfide
was washed with 50 ml. of weter and the combined filtrate and
washings were decolorized with "Norit-A", acidified with %5
nl. of concentreted hydrochloric zcid and evaporated to dry-
ness under reduced pressure. The crystallire residue wes dis-
solved 1n approximately 100 ml. of bolling abtsolute methanol
decolorized witn "Norit-A" and concentrzted under reduced
pressure %o a volume of <0 ml. then heated to btolling. To
this hot wethanolic solution there then was a2dded 50 ml. of
boiling n-propanol and upon coolirg in an ice-basth the product

separated in tne form of shining white crystels. Further con-
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centration of the mother-liquor afforded an additionel smsll
amount of the emine salt. The yield was l& g. (20%); m.p.
128-149°.

Anel. Csled. for CgHj4Cl_NgOg: C, 39.85; H, 5.€5; X,
11.6<. Found: C, 39.73; H, 5.89; N, 11.73.

5-(Aminomethyl)-3-hydroxy-4-(hyéroxymethyl)-c—-methyl-

pyridine dihydrocnloride (Isopyridoxamine dihydrochloride)

(XXIV) In exactly the same manner 2s that descrited atove
for the preparation of pyridoxamine dihydrocnloride (XXVIII),
3.7 g. (85%) of isopyridoxemine dihydrochloride, m.p. 198-
199°, was obtained from 3.3 g. (0.018 mole) of isopyridoxal
oxime (LXXVI) in 41 wl. of glacial acid end 5.5 g. (0.084 g.
at.) of zinc dust. The product was recrystallized from a
methanol-ethyl acetate mixture.

Wnen 0.3 g. (0.0014 mole) if isopropylidene pyridoxamine
(LXIII) was dissolved in 10 ml. of 1N HCl 2nd on 2 stesm-bsth
for 19 minutes, tnen evaporated to dryness. There wes ob-
tained 0.33 g. (97%) of materiel whicn wes i1denticsl with the
previously mentioned sucstance; m.p. 198-199°.

Anal. Calcd. for CgHy,CloNgOg: C, 39.85; H, 5.85; N,
11.6z. Found: C, 40.06; H, 5.95; X, 11.96.

%,2,8-Trimethyl-5~(phenyliminomethyl)-4H-m-dloxino-

~ /4,5-c/pyridine (Isopropylidene-5-pyridoxal enil) (LXXIX)
A mixture of z.07 g. (0.0l mole) of isopropylidene-5-pyridoxal
(LXXIII) and 0.93 g. (0.01 mole) of aniline was hested on a
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steair~cath for 15 minutes and cooled. To the resultant oily
mass there was added < ml. of 95 ethanol and 5 drops of
water. Crystallization of the product was induced by triture-
tion of tae ethanolic sclution while cooling it in an ice-
bath. After recrystellization from 70% ethenol there was
octained .67 g. (8%%) of the pure product; m.p. 80-81°.

Anal. Calecd. for CynHygN. 0.t C, 7c.dz; H, 6.4c; K,
9.8¢. Founa: C, 7<.65; H, 6.46; N, 10.04.

5-(Anilinomethyl)-2,8,58-trimethyl-4H-m-dloxino/4, 5-¢/-

pyridire (Isopropylidene-5-phenylsminomethylpyridoxine) (LXXX)

To a stirred soiution of 3.1 g. (0.011 mole) of isopropyli-
dene-5-pyridoxal anil (LXXIX) in 35 ml. of warm (50°) ecsolute
wetnenol there was slowly added 0.57 g. (0.015 mole) of sodium
corohydride. When the evolution of hydrogen hed subsided the
éolution wes refluxed for 15 minutes. The resction wixture
then was coocled 1in an ice-bath end treated with 10 ml. of
<0j aqueous NaOH and <0 ml. of ice-water. Continued cooling
witn trituration csused the crystelline product to separete
arid an sdditional 50 ml. of ice-water tnen was added. The
yield of the crude air-dried product was 3.05 g. (98%); m.p.
110-1140. After two recrystsllizstions from petroleum ether
(Skelly B, c.p. 60-71.2°) 3 g- (96%) of the pure materiel wes
ocvtaired; m.p-. 114-1150-

Anel. Celca. for CpH_gN,O.: C, 71.50; 3, 7.09; X,
9.85. Found: C, 7<.15; H, 6.99; N

, 9.9¢.
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5-(Anilinomethyl)-3-hydroxy-2-methyl-4-pyridinemetnanol

(6-N-pnenyligopyricoxamine) (LXXXI) A solution of 2.5 g.

(U.002 wole) of isopropylidene-S5-phenyleminomethylpyridoxine
(LXXX) in 15 wl. of 1N HCl was hested on & stezm-bath for 15
winutes. The solution was cooled in an iceébath and edjusted
to pd 8 with <0O» aqueous NaOH, wherewith, the crystslline
product seperated iumediately. BSubsequent to sir-drying end
recrystallizetion from ebsolute ethanol .0 g. (93%) of the
aesired substance was obteined; m.p. 18x-183° . .

Anal. Calcd. rfor Cy4HigN.0Oz: C, 6:2.83; H, 6.60; K,
11.47. Found: ¢, 68.91; H, 6.67; N, 11.31.

2,2,8-Trinethyl-5-(«x-tniazolyliminomethyl)-4H-m-dioxino-

/%, 5-c/pyridine (Isopropylidene-5-pyridoxal Z-aminothiazole

imine) (LXXXII) A solution of 1 g. (0.0l mole) of 2-
aminothiazole end %.07 g. (0.01 mole) of isopropyiidene-5—
pyridoxel (LXXIII) in 50 ml. of ecvsclute ethanol was refluxed
for 8 hours. Tne alcohol was removed by distillation under
reduced pressure and the viscous 0ily residue was hected on a
steam-cath for an- accitionel hour, fhen cooled and =zllowed to
stend at room temperature (5-30°) for 4 days. After this
period of standing in an open flesx the entire mssg hed
solidirled. Recrystalllzation from 40% ethanol efforded 2 g.
(69;:) of the pure, yellow crystalline product; m.p. 113-114°.
Anal. Caled. for Cy4HygNz0.5: C, 53.11; H, 5.z3; L,

14.5c. Found: C, 58.19; H, 5.41; H, 14.74.



<,2,8-Trimetnyl-5-(&-thiszolyleminomethyl)-4H-m-dioximo-

/%,5-c/pyridine (Isopropylidene-5-(<-thiaszolylaminomethyl)-

pyridoxine) (LXXXIII) To a2 solution of 1.77 g. (0.008

mole) of isopropylidene-5-pyridoxal z-aminothiazoleimine in
<0 ml. or warm (450) atsolute methaﬁql there wes sdded slowly
with gentle stirring 0.27 g. (0.007 mole) of sodium borohy-
dride. When the evolution of hydrogen had sutsided the mix-
ture wes rcfluxed for 15 minutes. After cooling in en lice-
pbeth ror seversl minutes the methanolic resction mixture wes
treated with <0 ml. of ice-water and =fter the crystalline
product began to seperete an additiongl 50 ml. of ice-water
wes édded drop-wise. There was obtained without further re-
crystallization 1.71 g. (26%) of the desired product; m.p.
118-119°.

égg;; Caleca. for Cy4HynN30.8: C, §7.71; H, 5.88; N,
14.44. Founda: C, 987.56; H, 6.17; N, 14.Z20.

i
3

3—deroxy-z—methy1-5-(2—th1azolxlaminomethjl)—41pyridine—

metnanol/5-K-(k-thiazolyl)-isopyridoxemine/ (LXXXIV) A

solution of 1.6 g. (0.0055 mole) of isopropylidene-5-(2-
thiazolylaminomethyl)-pyridoxine (LXXXIII) in 10 ml. of 1N
HC1l was heated on a steam-bsth fcr 15 minutes, cooled end
adjusted to pH 6 with 205 aqueous NaOH, wherewith, the
crystalline product separated from solution. Recrystslliza-
tion rrom acsolute etnanol afforded 1.3 g. (95%) of the

desired surstance; m.p. 180-182°.
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Anal. Calcd. for CpyH,3N30g8: C, 52.57; H, 5.21; N,

16.7z. Found: C, 5«.80; H, 5.20; N, 16.67.
Oxidation of Pyridoexine Derivatives

Oxidation of 5-(snilinomethyl)-3-hydroxy-z-methyl-4-

pyridinemethenol (2,3-Dihyvdro-l-hydroxy-6-methyl-c-phenyl-

7H-pyrrolo/%, 5-¢/pyridin-7-ol) (=sttempted) (LXXXV) To a
stirred suspension of 1.z g. (0.00b mole) of 5-{(anilino-
methyl)-3-hydroxy-z-methyl-4-pyridinemethanol (LXXXI) in 50
ml. or caloroform tnere was added 5 g. of wmanganese dioxide
“B" (10z), encé the mixture was heested under reflux for 15
minutes, cooled ancd stirring was continued 2t room tempera-
ture (26-300) for 5 hours. Subsequent to suction filtration
the mangenese dioxide was washed with 600 ml. of boiling
chloroform (until the wasnings were colorless). The combined
red filtrate anad washings'were concentrated to a volﬁme of 70
wl. under reduced preséure on & water-bsth and vy the slow
eddition (during & period of & days) of cold (40) petroleum
etner (Skelly B, b.p. 60-71.2°) to chloroforu solution (4°),
0.75 g. (63%) of a very dark crystalline substance was ob-
taeined, which decomposes slowly above 170° without melting.

Ansl. Calcd. for Cj4Hy4N;0-.: C, 69.40; H, 5.8%; N,
11.57. Found: C, 74.84, 74.60; H, 5.20, 5.26; N, 1l&k.29,
1c.32.
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Oxidetionr of 3-hydroxy-c-methyl-5(2-thiszolylemino-

methyl)=-4-pyridinemethanol (c,3-dihydro-l-hydroxy-6-methyl-

&-(Z-thiazolyl)-7H-pyrrolo/3,4-¢/pyridin-7-ol (zttempted)

LAXXVI To a stirred solution of 1 g. (0.004 wole) of
d—hydroxy-zemethyl—o—(E-thiazolylaminomethyl)—4-pyridine—
wethanvl (LXXXIV) in 40 wl. of tetrehydrofuren (THF) there
was edaed 4 g. oI manganese dioxide "B" (10%), 2nd the mixture
wes heated under reflux for 15 minutes, cooled and stirring
wes continued &t room temperature (25—500) for 5 hours. Sub-
sequent to suction filtration tne mangenese dioxlde wes washed
witan 300 ml. of coiling THF (until the ;eshings were color-
less). The combined crownish-red filtrete end weshings were
eveporeted to dryness under reduced pressure on g water-bath
(450). The browr. solid residue wes recrystellized bty the
slow addition of cold (4°) petroleum ether (Skelly B, b.p.
60-71.20) to & cold (40) solution of this sucstance in <5 ml.
of chloroform. There was obtalned 0.6 g. (60%) of a sutstence
wnicn decomposed slowly sbove 190° without melting.

Anal. Calcd. for Cy;4,,N30.8: C, 53.00; H, 4.45; I,
16.86. Founa: C, 55.87, ©3.71; H, 4.31, 4.07; N, 16.59,
16.70.

Concentration of the mother-licuor to 2 volume of 10 ml.
followed by the adaition of &0 ml. of Skelly B and coolihg
in a "Dry-Ice'-acetone bath afforded 0.15 g. (15%) of 2 sub-

stance which melted at 108-110° and the infrsred spectrum of
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walch was ldentical witn the suvstance initially isoleted.
Anal. Cealed. for Cj;7Hy;N30.8: C, 55.00; H, 4.45; N,
16.86. Found: ©5c.55, 5c.74; H, 4.20, 4.38; N, 15.34, 15.17.

Oxidation of 5-(x~aminoethyl)-3-hydroxy-4-(hyéroxymethyl )=

<-methylpyridine dihydrochloride (7,8-Dihydro-3-methyl-2,6-

naphthyridin-4-o0l) (attempted) (LXXXVII) To a stirred

solution of 1 g. (0.0039 mole) of &-(c-eminoethyl)-3-hydroxy-
4-(hydroxymethyl)-&-methylpyridine dihydrochloride (LXVII) in
£0 wl. of water there was added <0 ml. of tetreshycrofuren
(THF), 0.16 g. (0.004 wole) of s8o0lid sodium hycroxide, and

3 g. of mangenese dioxide "B" (10k) and tne mlxture wes heated
unaer reflux for 45 minutes. The meanganese dloxide was re-
woved by suction filtration and washed with 50 ml. of bolling
50,6 squeous THF. Tne coumbirned filtrete and washings were
evaporated to dryness under reduced pressure on a water-vath
(500). The very dérK greer. solid residue was recrystasllized
frow lo ml. of cold (4°) THF by the slow adéition of cold
(40) petroleum etaer (Skel.y B, c.p. 60-70.1°). There was
octained 0.3 g. (48%) of a dark green solid which melts et
230-c31° with decomposition. '

Anal. Celcd. for CgHjpNLO: C, 86.65; H, 5.21; L, 17.27.

)

Found: C, 51.89, 51.70; H, 5.29, 5.13; N, 13.48, 13.45.
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Oxidation erd hydrolysis of diethyl scetemido/5-hydroxy-

4-(hydroxymethyl)-6-methyl-3-pyridylmethyl/melonate (4-Formyl-

o-hyvdrcoxy-~6-methyl-3-pyridinealanine dihydrochloride (L#AXXVIII)

To e stirred solution of 1.53 g. (0.0C4< mole) of diethyl
acetamido /b-hydroxy-4-(hyaroxymethyl)-6-methyl-3-pyridyl-
methyl/welonete (LXXI) in a mixture 20 ml. each of water and
tetrahydrofuren (THF) there was adaed 5 g. of mangsnese
dioxide "B" (10c). The wixture was heested for 1 hour under
reflux and filtered wita suction. Subsequent to washing the
manganese dioxide with 300 wl. (50 wl. portions) of boiling
THF the cowbined filtreate and washings viere evapdreted under
reduced pressure on a water-catn (500) to & glassy yellow
resiaue. Tne residue was dissolvea in <0 wl. of concentrated
nydrochloric acid and refluxed for 4.5 hours. The &acid was
rewovea by evaporstion under- reduced pressure on g water-bath
(bOO). The solia yellow residue wes recrystzllized from s
mixture of n-propenol and etnyl scetete yielding 1.1 g. (88%)
of the desired suocstance whica melts at 1£8-130° with decompo-
sition.

Anel. Cealcd. ror CloHi4012Nz°4: C, 40.4%; H, 4.75;
Cl, «3.86; N, 9.43. Found: C, 39.44, 3¢.91; H, 4.8%, 4.96;

Cl, <4.00; N, 9.56.
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Derivetives of 3-Hydroxymetnylpyridine

S-Chloromethylpyridine hydrochloride (LVI) To a
stirred solution of 11.3 g. (0.095 mole) of thionyl chloride
in <0 ml. or anhydrous tetrahydrofuran (THF) cooled to a
tewperature or —50 in an ice-salt mixture there wes added all
at once a solution or 10 g. (0,092 mole) of 3-hydroxymethyl-
pyridine (LXXXIX) in 80 wl. or dry THF. The product seperated
alwost ilummediately and mixture wes kept in the ice-selt mix-
ture for an adaltionel 10 minutes, then while stirring heated
to 60° on a steam-cath. Thne mixture then was evaporeted to
dryness under reduced pressure on e water-batn (500) and solid
reslidue was recrystallized frca dry acetone conteining 0.9
wl. ofkabsolute etnanol to remove the excess thionyl chloride.
There was obtained 14.9 g. (997%) or the very hygroscopic,
vacuum dried product; m.p. 145—1440.‘

Anal. Calecd. 1or CgHpCl_N: C, 41.41; H, 4.05; Nk, 8.05.
Found: C, ¢41.18; H, 4.44; N, 8.43.

3-Bromomethylpyridine hydrobromide (LXXVII) A solu-

tion of 10 g. (0.0%c mole) of 3-hydroxymethylpyridine (LXXXIX)
in 150 wml. of 48% hydrobromic ecid weas refluxed for 6 hours,
tnern evaporated to dryness under reduced pressure on a water-
bath. The solld residue was recrystallized from n-~propanol
and dried in vacuum over sulfuric ecid. Thne yield of the
pure materigl was z- g. (86,); m.p. 151-152°.

Anal. Calcd. ror CgH7BrgN: C, 28.49; H, 2.79; N, 5.54.

s/
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mole) or 3-cromomethylpyridine hydrobromide and 1.71 g. (0.012
mole) of 4-methyl-5-(/(3-hycroxyethyl)taiazole in 10 ml. of
avsolute wethanol was allowed to stand at room tempersture
(25-300) in stoppered flesk for & dsys after which the
cryétalline product had precipitated from the solution. The
solvent was decanted end solid was recrystallized from 95%
wethanol solution by the slow addition of ether in & refrig-
erator over a period of x days. There was octeined .4 g-
(81%) of the product (dried in vacuum over enhydrous calcium
chloride) whiéh aecowposes slowly ebove 200° and melts with
cowmplete decomposition et £8i-x84°. o

Aual. Calcd. for CygHygBr Ng0S: C, 36.38; H, 4.07; X,
‘“.07. Founu: C, 37.40; H, 4.01; N, 7.32.

A slumller sttewpt was made to prepare the-analogous
3-(/B-picolyl)-4-wetnyl-5-(/3' -nydroxyethyl)-thiezolium chlor-
ide hydrochloride, however, sll attempts to crystallize this

supstance ralled.

3-Pyridylmethyl E;tbluenesulfonete (attempted) (LXXV)

To a stirred solution of 1.75 g. (0.009< mole) of p-toluene-
sulfonyl chloride in 10 ml. of anhydrous tetrshydrofuren
cooled in an ice bath there was sdded cropwise during a2 period
of 5 minutes, 1 g. (0.009< mole) of 3-hydroxymethylpyridine
(LXXXIX) and tne reaction mixture was allowed to sterd in the
refrigerator for <4 hours. After removal of the solvent under

reduced pressure all attempts to isolate a2 pure crystslline
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product failed. Several other attempts were made using differ-
ent solvents and in one instence no solvent was employed, how-

ever, tne desired sulfonate ester wes not ottained.
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DISCUSSION

Synthesis of Pyridoxel and N-Substituted
Pyridoxel Derivatives

The synthesis of pyridoxal hydrochloride (XXIV) (Figure
<0) has been accomplished by an improved method, which hes
afforded a consistently higher yield of the product than pre-
viously described procedures. This method involves the oxida-
tion of pyridoxine hydrochloride which has been neutrelized
with an equimolar emount of sodium hydroxide in a mixture of
equal volumes of water znd tetrshydrofuren. A cguantity of
wanganese dioxide "B' (10z) equel to twice tne weight of
pyridoxine hydrochloride 1s added to the mechanicelly stirred
mixture, walch then is heeted under reflux for three-querters
~of &n hour. The manganese dioxide i1s removed and the glde-
hyde is 1soleted 28 the oxime (XXXV). The oxime is converted
to pyridoxal hydrochloride by treetment with nitrous end
hydrochloric acids. Before this procedure was worked out a
number of attempts were made to find 2 sultetle set of condi-
tions which could ©ve easily foliowed arnd repeeted. This work
is summarized in Tacrle 1. Noteworthy is the fact thet when
tne reactions were carried out over long periods of time the
yields of the oxime (XXXV) were decidedly low. It is believed
thet the eldehyde is first formed end 1s then oxidlzed further
to the acid. The only clue to this possiktility is the blue

fluorescence produced by the reaction mixture under an ultra-
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violet lamp after removel of the mangesnese dioxide. Pyridoxilc
acid lactone (4-carpoxy-3-hydroxy-S-hycroxymethyl-c-methyl-
pyridine lectone) 1s known to fluoresce under these condi-
tiorns, wherees, pyridoxine and pyridoxel do not. Another
interesting ocservetion msade during the course of this par-
ticuler phase oI this work was that tne use of s more active
forw of wangenese dioxide (103), obtesined frow mangsnous sul-
I'ete aid potassium permanganate, resulted 15 stiii—lower
yields of pyridoxel (isolzted ss tne oxime). This factor
tends to verity the notior. that mengsnese dioxlde is capseble
of oxidizing pyridoxine to pyridoxic ecid.

The synthesis of three N-sucstituted pyridoxal derive-
tives wes performed in each cese by & method related to thsat
of Heyl et al. (90) (Figure <0). Pyridoxel hydrochloride
(XXIV) when refluxed with enhydrous methanol or snhydrous
metneanol ccntaining hydrogen chloride gave the monomethyl-
acetel of pyridoxal after treatment witn solid sodium ticsr-
conete. During the course of this investigatior. the acetel
intermediate was not isolated. The methenolic solution con-
taining this material was, in one instance, treested witn methyl
lodide and after 2 period of heating under reflux the methi-
odide of the monomethylacetal (LVIII) was obtained. Treatment
or an aqueous solution of the methiodide with ffeshly prepared
silvef~chloride arnd then dilute hydrochloric ecid produced

the expected pyridoxal methocaloride (LIX). In & similar
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manner p-nitrobenzyl chloride when allowed to reesct with the
monomethyl ascetal of pyridoxal in methenolic solution gave
the corresponding monomethyl acetel N-p-nitrobenzyl chloride
(LX) whica upon hydrolysis was converted to the desired
pyridoxel derivative (LXI). The N-benzyl chloride derivestive
(LXII) wes synthesized in an identicsl merner without isolet-

ing its monomethyl acetal intermedlete.
Pyridoxine eand Pyridoxamine Derivatives

In order to obtain a group of pyridoxine derivatives on
which trensformetions and/or modifications heve teen made only
on the b—hyaroxymethyl group, one important problem tecomes
inmediately eapparent. It is rather obvious thst pyridoxine
is a 4,5-dlhydroxymethyl compound a;d practicslly eny ettempt
to, change one or these groups without simultaneously affect-
ing the othner secms slmost impossible. Howevér, oxildation of
the 4-hydroxymethyl group to the 4-formyl, es in the synthesis
ot pyridoxal 1s an extremely faclle matter. Another example
of this kind is the wore rapid hydrogenolysis of the 5-hydroxy-
methyl group or its acetate ester than .that of the 4-hydroxy-
methyl group and/or its scetate ester (71, 72). Aside from
one other reaction to be discussed later these two trans-
formations appear to be the only two performed on this mole-
cule wherein these groups are irndividuslly affected. It then

is necessary elther to investigate some other reactions of
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elcohols or merely to find some method of blocking the one
and leaving the other free.

Beceause this problem i1s not new otner investigstors have
also deelt with it. Procably the most elegent solution in
the area of vitamin Bg chemlstry was described by Baddiley
end lathias (89) in a report of an unambiguous synthesis of
pyridoxal-5-phosphate (Figure 19). These workers were able
to blocx the 4-hydroxymethyl group by merely forming the
intramolecular ketal of acetone witn the 3-hydroxy- and
4-hydroxymethyl groups of pyridoxine, thus leeving the 5-
hydroxymetnyl group free to ce the only possible position that
can be phosphorylated. The isopropylidene pyridoxine (LIV)
being a kKetal is hydrolyzed quite easily with dilute acid,
whereby, restoration of the 4-hydroxymethyl end the 3-hydroxy
groups are readlly attained. Having considered these facts
1t was decided that this would be the proper approach to the
synthesls of a series of pyridoxine derivstives in which the
hydroxyl group of the S-hydroxymethyl molety hed been replaced
with certain other organic substituents.

In a manner very simllar to thet reported (89), pyri-
doxine was allowed to reect with'dry eacetorie in the presence
of annydrous zinc chloride (Figure <1). It was found to be
more expedient, however, if the reaction mixture was made
alkaline with aqueous sodium hydro#ide rather tnan aqueous

berium hydroxide, subsequent to the removal of the excess
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acetone. The application 6r sodium hydroxide permits the use
of a smaller volume of water which simply renders the opera-
tion less cumbersome. Of greater significance is the fect
that the product carn be removed fron the selts produced by
werely washiig them with boiling acetone, thus elimlnating
extrection with a Soxhlet apparatus. Tze crude product was
also foundéd to conteln less impurities and the yields sre gen-
erally <0% higher then those.bbtained by‘tﬁe method of Baddi-
ley and kathlas (89).

The isopropylidene pyridoxine (LIV) was converted to the
5-chloromethyl hydrochloride derivative (LXIV) bty treetment
witn thionyl cnloride (Figure %l1). The 5-chloromethyl com-
pound (LXIV) was then employed es one of the essentiel inter-
mediztes in this investigatiorn. By the reaction of this mete-
risl (LIV) with sodium malonic ester and sodium acetamido-
malonic ester the corresvonding melonic ester derivetives
(LXVIII) and (LXIX), respectively, were prepered (Figure 2Z).
Hydrolysis of compound (LXVIII) witn 1N HCl afforded compound
(LXX) wnicn conteins the free phenolic znd hydroxymethyl
group, end trestment of voth the perent compound (LXVIII) end
the previously hydrolyzed sucstance (LXX) with boiling con-
centrated hydrochloric acid gave in toth cases the propionic
acid derivative (ILXXII). The acetamidomalonic ester derive-
tive (LXIX) was hydrolyzed with 1N HC1l in order to remove the

isopropylidene producing the expected compound (LXXI) which
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was treated in a different fashlon to te discussed in & fol-
lowing section.

Reaction ot the chloromethyl compound (LXIV) with two
molecular equivalents of potassium cyanide in a mixture of
‘water and ascetone gave the desired nitrile (LXV) (Figure £1).
The acetorie was used slong with weter to minimize solvolysis
or replacement of the chlorine atom by water and/or hydroxyi
ions. This nitrile (LXIV) possesses the rare property of
ceing recrystallizabtle fromx either hot water or petroleum
ether (Skelly B, b.p. 60-71.2°). This wes found to be a
rather fortunate characteristic since an apperently polymeric
impurity formed during tne reection is readily removed by
recrystellization of the crude nitrile from weter. This
materieal could not be removed so simply in other solvent.

Several attempts were made to hydrolyze the nltrile
(LXIV) to the emide (XCIV) by trestment with slkeline hydro-
gen peroxide (Figure zl). Whether or not this was eccomplish-
ed 18 not known since the product of this reaction resisteq
numercus exhaustive attewpts 2t purificetion es indiceted by
extremely lncornsistent changes in 1ts melting-point. Hydrol-
ysls with concentrated hydrochloric acid et 40° gave only the
ecid (LXVI). Reduction of the nitrile (LXV) in ether with
lithium aluminum hydride gave the S-aminoethyl compouné
(LXVII) (Figure «1) isolzted a2s the hydrochloride, aslong with

a consliderable eamount of an intrectstle polymeric mcterial.
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It is celleved that tne hydride may heve removed a proton
foruing a cerbanion on the methylene group between the cyano
group and the pyridine nucleus. The ceroenion then might
have attacked the intermediste imine produced by parfial re-
duction of tne cyano group forming tne polymeric sucstance.
There exist other possicilities, however, 1t is sufficlent
here fo werely polnt out thet the lithium aluminum hydride
reduction of tnis compound (LXV) does not spprear to proceed
smootnly.

The oxidetion of isopropylidene pyridoxine (LIV) by men-
ganese dioxide "B" (10z) in chloroforw gave er excellent
yleld of isopropylidene-S5-pyridoxel (LXXIII) (Figure %3).
Hyurolysis of this aldehyde (LXXIII) with 1N HC1l afforded
isopyricoxal (XXXVIII) in very excellent over-21l yield.
Furthermore, the synthesis of isopyridoxl (XXXVII) was
accomplished 1n essentially two steps (not including the
hydrolysis), whereas, this substance (XXXVII) was previously
synthesized in a total of Iive steps (Figure 14) (683).

Beginning wita isopropylidene-5-pyridoxsl (LXXIII), iso-
pyridoxamine dihydrochloride (XXXIV) wes octsined by two
dirferent routes (Figure <3). PFirst, the aldehyde (LXXIII)
was converted to the oxime (LXXIV) which upon reduction with
lithium aluminum hydride gave isopropylidene-5-pyridoxemire
(LXIII), the hydrolysis of which with 1N HCl afforded the

desired isopyridoxamine dihydrocnloride (XXXIV). When iso-
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pyridgoxal (XXXVII) was converted to the oxime (LXXVI) it wes
snowg to te identical with the compound prepered by the
hyarolysis of isopropylidene-5-pyridoxal oxime (LXXIV). Re-
ducsion of the oxime (LXXVI) with zinc end glscisl acetic
acid according to the procedure of Testa and Fave (79) gave
also tne isower of pyridoxamine (XXXIV). Before this lest
reactiorn was undertaken a quantity of pyridoxal oxime (XXXV)
was converted to pyridoxamine dihydrochloridé (XXXIV) as
previously descritved (79) in order to determine the genersal
fessicility of tne metnod (Figure £3).

Another series of compounds wss prepered by first form-
ing the imine (LXXXIX) of anilire and isopropylidene-5-
pyridoxal (LXXIII) (Figure »4). Reduction of this imine
(LXXIX) to the secondery amine (LXXX) was accomplished cleanly
and smootnly witn sodium corohydride in methanol. Hydrolysis
of the secondary amine (LXXX) with 1N HC1l gave the N-phenyl-
aminomethyl derivative (LXXXI). By the resction of Z-amino-
thiazole with tne same aldehyde (LXXIII), the z-thiazolyl
imine fLXXXII) was octained, which through reduction in the
gaie wanner gave the desired amine (LXXXiII)- Through the
hydrolysis of the secondary amine (LXXXIII) with dilute hydro-
chloric acid tne correspondirg N-(Z-thiazolyl)-sminomethyl

compound (LXXXIV) was prepared.
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Oxidation of Pyricdoxine Derivative

In order to possibly ocrtain & few ol the desired model
compounds sought by this investigetlion 1t wes necessary to
oxiclze several of the pyridoxine derivetives previously dis-
cussed. By oxidestion of these mesteriasls all of which contain
a nitrogen etow ir verious positions of the 5-sucstituent it
wae hoped thet possibly a series of internel (intramolecular)
cerbirnol amines and imines could be produced. The oxidation
was of course to ce performed on the 4-hyaroxymethyl groups
of these compounds. '

The first of these oxidations with mangenese dioxide
(Figure z5) was carried out on 5-(anilinomethyl)-3-hydroxy-2-
wethyl-4-pyridinemethanol (LXXXI) in chloroform. There was
rocteined Ifrow this reaction a very derk solid which when dis-
solved in chlorcforw forms a ruby red fzirtly irridescent
solution. The inrrared‘;pectrum of this sucstance in potas--
sium crowmice snows tne following peaks: 340C cm.‘l, 3010

ew.” L, 1640 cm.”t, 1600 em.”t, 1515 cu.”L, 1230 cm. L, 1055

Cm.'l, 756 Cm-‘l, end 690 Cm.°l. The desired compound would
be represented by structure LXXV, however, the analyticel
date seens %o indicate that the material may possess struc-
ture XC or an isomer of this substance. The purity of thnis
material may also ve questionatvle since it does not melt and

1ts infrared spectrum did not clear up after each of several

attempts at purification.
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Flgure &£5. Oxidstion of pyridoxine derivstives
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Oxidation of 3-hyaroxyl-c-methyl-5-(2-thiazolylamino-
icethyl)-4-pyridinemethanol (LXXXIV) in tetrahydrofuran with
menganese dloxide produced a2 aerk vrown meterial whose
infrered spectrum ii potassium cromide exhicvited the follow-
ing pesks: 3400 cm. Y, 3010 cm.”t, 1510 cm.”L, 1345 om."1,
1120 cm.‘l, andg 1O5Ocm.'1. The analytical dete seews to
iidicaete thst tais material at leest has the seme empiricel
formula as indicaled by structure LXXXVI although the exact
structure is doubtful.

Tne wanganese dioxide oxidetion of diethyl escetemido-
/5-hydroxy-4-(hydroxymetayl)-6-methyl-3-pyridylmethyl/malonate
(LXXI) ir a mixture of tetrahydrofuresn and water, znd subse-
quent hydrolysis in refluxing concentrated hydrochloric acid
gave a deep yellow compound. The ultraviolet absorption
spectra of tnis material in 0.1N HC1l exhivbits a strong mexi-
muu at z&9 o, a weaker band at 320 mp, and 2 very weak band
at 460 MM« At pH 3.8 the bands at 289 mp and 460 mp dicinish
slightly, end concomitantly two new maxima eppear at 3<0 npm
and 407 mwp. The bandas 2t «90 mpt and 460 mp almost disappear
st pH 7, while the intensity of the maximum at 30 mp in-
creases, and tne waxlmum at 407 R nas shifted to 4CO Lp with
increased intensity. The band at 350 mp has remalned essen-
tially constant. 1In O.c N NaOH there sppears a strong band
at 304 wpn shitrted from <09 mp with increased intensity. The

intensity of the cands at 350 mp and 400 mu slso increases
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whlle tae peak at 450 mpm has essentlally disappeered.

This aeta apperently indicestes the existence of 35—~
hydroxypyridine derlvative, however, it does not support the
presence of a2 pyridoxal ilmine so far a2s 1t is known. The
spectre of tnis compound cre not well understood, however,
witn thet dstz wnhnicn 1s ascertazihable and the analytical dats
this meterlel may be considered to te the desired substance
(LXXAVII).

The final oxidation of these derivatives was undertsken
oli 5-(z-aminomethyl)~3-hydroxy-4-(hydroxymethyl)-&-methyl-
pyridine dihydrochloride (LXVII). The product from this re-
action was a very dark green substance. The ultraviolet
acsorption spectra of this suvstance in O.1N HCl shows an
intense peak &gt <91 mp wita a shoulder st 330 mp end a broad
cerd at 43« P of lower 1ntensify. At pH 7 maxima appeer at
50 o, 385 wp and also at 43& W - In 0.0<N Na0O® bands occur
at 303 o (possibly shirted from £91 qp) and one other maxi-
mum at 365 mp with tne pand at 43z wp having neerly disappeer-
ed. In ecidic solution the 432 mp peek tsils off at ebout
620 mu. Aside from the fact that this meterizl is a 3-
hydroxypyridine derivative nothing else is known about its
structure. Tne anelyticel date did not fit any corncelvatle
structure, however, the compound sought is reprecsented by

structure LXXXVII.
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Derivatives of 3-Hydroxymethylpyridine

Interest in 3-hydroxymethylpyridine (LXXXIX) during the
course of this work was mainly in the area of 1its reletion-
snip to pyridoxiie in chemlical resctivity. A few derivstives
of tnis compound were prepsred in order to determine practi-
cebllity of similar trensformations with vitamin Bg (Figure
z8). Tne ree ctlon oI talonyl chloride with 3-hydroxymethyl-
pyridine (LXXXIX) tetrahydrofuran geve the 3-chloromethyl-
pyridine nyérochlcoride (LVI) which upon trestmert with sodium
malonic ester afforded tne diethyl 3-pyridylmethylmelonste
(1soleted as the hydrochloride) (LVII). By refluxing the
pyridylcarbinol (LXXXIX) with 45% hydrocromic acid the 3-
bromometinyl hydrocromide aneslog (LXXVII) was obtained. '

The thimaine analog (LXXVII) of 3-hydroxymethylpyridine
was prepared for use in another unreleted study. By ellowing
a methanol solution of 3-tromomethylpyridire hydrotromide
(LXXVII) and 4-methyl—5—Q/3—hydroxyethyl)thiazole to stsnd
5 days tne crystalline product (LXXVIII) separeted from solu-
tion. A siallar atteuwpt to synthesize the chloride hydrochlor-
ide analog of tais thiamine-type compound (LXXVIII) failled
slmply because the product could not te cesused to crystallize.
All attewpis tO prepare and isolste the p-toluenesulfonate
ester of 3-hydroxymethylpyridine (LXXV) failed snd although
not necessarily an lmportarnt compound in thie work the fallure

to octaln it ceaused considerakble concern.
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CONCLUSIONS

A searcn of the literature during the initial stages of
tnis study was made in order to determine the scope of in-
vestigsations deeling witn vitemin Bg eand its derivetives. It
was discovered that this area of research hss teen practically
overlooked, except tor those cases previously described. 1In
view of these circumstances 1t wes considered worthwhile to
undertake the synthesis of seversl pyridoxine and pyridoxel
derivetives wnich would serve as intermedlistes for the prep-
aration of a wide varlety of vitamin Bg-like compounds.‘ The
synthesis of isupropylidene-5-pyridoxel (LXXIII), isopropyl-
1dene—5-chloromethylpyridoxine hydrochloride (LXIV), end iso-
pyridoxeamirne dihydrochloride (XXXIV) represents & partial
attalrment of this goal. The versetillity of these substances
as intermediates nas teen illustrated by .their spplication in
the synthesls of several imines, secondery emines, malonic
ester cerivatives end a2cids, to mention a few. As a result
of this work it is now apparent that the way 1s cleesr for the
synthesls of many other derivatives such es sldehydes, ke-
tones, amino.acids, «,/3-unssturated aciis, snd nitrosty-
renes. |

The improvement of the synthesis of pyridoxal (XXIV),
isopyridoxal (XXXVII), and isopyridoxsmine (XXXIV) will 2lso
ce oi velue 1in facilitating the preparstion of these com-

poundas. The value of these improvements 1is besed on & plan
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to investigate the effect of 2ll these derivetives as enzyme
innititors, which may also give important information con-
cerning tne possitle physiologlcal progertics of these sub-
stences. In event of a mess screening of these meteriels,
it will then cve necessary to produce the compouncs in lerger
amounts whicn 1is obtviously facilitszted by good preperative
methods. -

The stteupted oxidation of several pyridoxine deri?a—‘
tives (LXVII), (LXXI), (LXXXI) and (LXXXIV) with manganese
dloxide to the corresponding pyridoxel snalogs, elthougn N
essentlially unsuccessful is 1In no way indicative of the leck
of epplicebility of tnis method. Only very littlé effort has
been expended on tnls operation and tne purification of-the
sucstances ottained. Therefore, beczuse of tne expediency of
this procedure as a direct method of obtaining these pyridoxel
analogs 1t should ce given further study.'

The pfimary objective of tals worx having been the syn-
thesls or & group of vitezmin Bg derivatives, and this heving
ceen accomplished to a certzin extent, it mey te concluded
thet tae information secured may point the way to other ex-

citing erees of vitamin Bg chemistry. —
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SUMMARY

Interest in vitemin Bg, i1ts chemistry and physlology, has
intensirfled continually since the inception of its existence.
In recent years much attention hes bveen focuseda on struc-
tures, requirewents, ard functions of hundreds of enzymes end
enzyme systews. Awmong them the vitemln Bg enzyme occupy &
position of considerable prominenéé. Fodern methods and tech-
nigues have made it possicle to isolate and characterize many
of these suvstances. Interest in the manner in whicn these
materials accowmplisn tnelr phenomernal physiologicel tesks heas
in pert led to the present investigetion, which hesd es 1its
primary ovjective the syntneslis a series of model compounds
of vitemin Bg, %To ve studied later in. the nope of btetter
understanding in role in certaln enzyme systews.

A orier nistoricel review of the literature pertaining
to the discovery, isolation, structure determination and
chemistry of pyridoxine, pyridoxal, pyridoxamine, pyricoxsl
phospheatie and pyridoxamine phosphste has been presented.

Improved syntheses of pyridoxal, isopyridoxel, eand 1lso-
pyridoxamine have been descrited. Several new derivatives of
each of these compounds have also teen presented and they
encompass such suvstiances as halogen'compounds, aclds, melonic
and acetamidomalonic esters, amines, ilulnes, cvenzyl and
p-hitrobenzyl chloriae Quaternery salts, acetsls, Ketals end

an amino acid.
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Oxldatiown of.seVeral of these compounds with manganese
dioxlide nes been attewpted with little success since in sev-
eral cases there exist consideratle douct =s to the exact
structure of the products.

The 3-pyridylmethyl anelog of thiamine was also prepared
for study in an unrelated investigetion.

In conclusion it wight be merely mentioned that in a very
elewentery manner so far, several of these derivatlives eppesr
to be more active cstalysts, in the nonenzymic transeminetion

of certein amino aclds thar pyridoxal.
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