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(A) INTRODUCTION 

1) DISCOVERY AND STRUCTURAL ELUCIDATION OF VITAMIN B..6_(PYRIDOXINE) 

The existence of the substance known as vitamin B6 (1,2) was 

originally inferred on the basis of nutritional experiments. Young 

rats, kept on a deficient diet, f ailed to grow normally and 

- developed a type of dermatitis (1,2). The identification of the 

missi.ng nutritional facto r was achieved in 1938 when no fewer than 

five different laboratories announced the isolation, from rice bran 

or yeast (2, 3), of the pure crystalline ma terial which possessed B6 

activity, i.e. the ability of preventing the development of these 

deficiency con~itions. 

The vitamin, named pyr.idoxine by Gyorgy (1), was isolated 

as the fr ee base, C3H11No3 , m.p. 160°, and as the hydrochloride, 

C3H12N03C1, m.p. 204-206° (dee.) (4 -8 ). The structure of the base 

was deduc~d independently by two groups ~f chemists: Stiller, 

Kereszt esy and Stevens in the United States (9) and Kuhn, Wendt 

and Westphal in Germany (10- 12). 

The base was optically inactive, contained no alkoxy 

or N-alkyl residues and gave a deep red colour with aqueous fe r ric 

chloride , indicating the presence of a phenolic hydroxy group. 

The vitamin also contained one C-methyl group and three active 

hydrogens per molecule. The American group deduced that the 

-1-



molecule was a 3-hydroxypyri.dine by comparison of the U. V. 

absorption spectra of the base in aqueous solutions at various 

pH values with those of variously substituted hydroxypyridines. 

Pyridoxine showed the greatest similarity to 2-methyl-3-

hydroxypyridine, 2-methyl-5·-hydroxypyridine and 3-hydroxypyridine. 

Similar displacements of the absorption maxima with change in pH 

were observed in the spectra of these compounds and those of 

pyridoxine. 

The German group noted that whereas the free base gave a 

deep blue colour with Folin-Dennis phenolreagent, the methyl ether 

gave a negative test. It was thus concluded that the compound was 

a 3-hydroxypyridine derivative. 

Both groups used permanganate oxidations of the methyl 

ether, C9H13N03 , m.p. 101-103°, derived from the vitamin by 

2. 

treatment with diazomethane, to obtain identifiable degradation 

products. Upon mild oxidation a dibasic acid which crystallised with 

one molecule of water, C9H9N05,m.p. 208-209° (dee.) and a lactone, 

C9H9N03,m.p. 209-210° were obtained. The simultaneous formation 

of the lactone in this oxidation led Kuhn to propose that the 

two acid groups were adjacently substituted in the pyridine 

nucleus. 

More vigorous oxidation of the methyl ether with hot 

aqueous permanganate generated a tricarboxylic acid which 

possessed an acid function c\ to the nitrogen as demonstrated by 



its positive colour reaction with ferrous sulphate. This 

tricarboxylic acid was readily dccarboxylated to give a new 

carboxylic acid which now showed no reaction to the f errous 

3. 

sulphate test. Hence the acid groupcXto the nitrogen had been lost. 

Since the original . dicarboxylic acid also . showed no reaction with 

ferrous sulphate the C-methyl residue was assumed to residec<to 

the nitrogen and to be oxid{sed under more vigorou s conditions. 

Final proof of the structure of the dicarboxylic acid came when it 

was shovm that oxidation of 3-methyl-4-methoxyisoquinoline ( IV) gave 

a product which proved to be ident ical with the acid . Hence the 

diacid is 2-methyl-3-methoxypyridine--4,5 - dicarboxylic acid (II. I) . 

The dibas ic acid ( III ) ~as formed from the 0-methyl 

vitamin ( II ) by addition of two oxygen atoms and with the loss 

of four hydrogen atoms , and since the vitamin has three active 

hydrogen atoms per mo l ecule its structure was concluded to be I. 

The structure of the pyr:i.doxine as 2-methyl-3-hydroxy-!1, 

5-dihyclroxy methylpyridine was confirmed by its synthesis 

(1 2 ,13). 
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2) BIOSYNTHESIS OF VI'l'AMIN B6 

Recent work on the hiosynthesis of pyridoxine involving 

administration of radioactive precursors to a mutant of 

Escherichia coli B, WG2, and partial degradation of the pyridoxine 

isolated from the organism using the Kuhn-Roth oxidation (Scheme 

I) led to the inference tha t pyridoxine is derived from three glycerol 

units . The biosynthetic scheme based on these results postulates 

that the c2 unit, C-2,2' , is derived from a two-carbon unit , which 

is in turn generated from glycerol via pyruvic acid. Two intact 

glycerol units account for the rema ining carbon atoms (14 ) 

(figure I, p.7 ) . 

This hypothes is rests on the following evidence : Feeding 

experiments on the ~· coli mutant with [3-14c] pyruvic acid 

yielded pyridoxine hydrochlor ide having 96~3% of the tot a l 

specific activity associated with the acetate derived from the C2 

unit , C-2,2 ' . The C-2 ' atom was shown to possess 88±2% of the 

total pyridoxine activity by further degradation of the acetate. 

The corresponding exper iment with .the 2-14c radiome r of 

pyruvic acid yielded pyridoxine bear ing near ly all of its 

activity in the Kuhn-Roth acetate (94±3%). 

That the pyruvate was not incotporated as an intact 

c
3 

unit was demonstrated from an incubation with 1,3-14c2-
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pyruvic acid equally labelled at C-1 and at C-3. Now, the Kuhn

Roth acetate accounted for 90~2% of the total specific activity, 

while 84±2% of the activity was located at the C-2' pyridoxine 

atom. Since intact incorporation of the c3 unit should have 

yielded a Kuhn-Roth acetate bearing/"-' 50% of the activity at 

C-2', the carboxy.l carbon of the l,3-14c2-pyruvate had been 

lost during the biosynthesis . 

Thus pyruvic acid was shown to furnish the C-2' and C-2 

atoms of pyri<loxine f rom positions C-3, and C- 2, r espectively 

of the acid. Feeding experiments with l-14c-glycerol also yielded 

active pyridoxine, and Kuhn-Roth oxidation showed the acetate to 

account for 21±1% of the total specific activity. Furthermore, 

the activity was loca ted at the C-2' position (18±1%). Thus the 

glycerol incorporation wa s non-random. 

Figure I shows the scheme fo t the bio synthesis of 

pyridoxine proposed on the basis of the results obtained from 

pyruvate and glycerol feeding experiments. It is postulated that 

glycerol acts a s a precursor of pyruvic ctcid which decarboxylates 

to fo rm acetaldehyde, This condenses with phosphodihydroxyacetone, 

derived from glycerol, via an aldol t ype condensation to yield 

5-desoxy-D-xylulo se·-3-phosphate . This in turn reacts with 
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Q_-glyceraldehyde-3-phosphate derived from a third glycerol 

molecule to yield an intermediate which after a series of de-

hydrations, dephosphorylations, proton transfers and attack by 

ammonia generates pyridoxine. 

14 The scheme requires that incorporation of 1- C-glycerol 

into pyridoxine should yield product labelled equally at C-2', 

C-3, C-4', C-5' and C-6. The Kuhn-Roth acetate should be labelled 

at the C-2' position and should contain 20% of the total activity, 

as found by experiment. 

Further verification of this scheme for the biosynthesis 

requires isolation of the other predicted sites of activity from 

14 . !: 
pyridoxine derived from 1- C-glycerol and 2-1 fc-glycerol and 

demonstration that each site has associated with it the relative 

specific activity predicted by the scheme. 

It was the objective of this work to develop degradative 

methods to separate other carbon atoms of the pyridoxine molecule 

so that the distribution of activity from glycerol could be more 

fully investigated, and the hypotb'?sis subjected to critical tests. 



(B) CHEMISTRY OF PYRIDOXINE 

1) The oxidation of pyridoxine and degradations based 
upon it. 

The study of the oxidation of pyridoxine, one of the first 

reactions of the vitamin to be investigated, contributed to its 

structural elucidation. Generally, chromic acid oxidations lead to 

a breakdown of the pyridoxine nucleus and under Kuhn-Roth conditions 

acetic acid is generated from the c2 unit, C-2, C-2',and can be 

collected. This reaction serves as an excellent means of isolating 

these t~o carbon atoms. The overall yield of the reaction is 

excellent and the acetate obtained can be further degraded via a 

Schmidt reaction to liberate C-2' as methylamine (Scheme I). 

Permanganate oxidations of pyridoxine give rise to a variety 

of products depending upon the reaction conditions. Mild oxidation 

of the 0-methyl ether of B6 with aqueous permanganate at room 

temperature gives two products (9), a lactone (V), ·and a diac.:id 

(III). The structure of the lactone (V) was proven by its total 

synthesis from acyclic precursors (15). 

The analogous oxidation of free pyridoxine leads to a 

lactone (VI), bearing the carboxyl function at C-4' (16). On 

treatment with diazomcthane this lactone gives a new methyl ether. 

Other reports of this oxidation state that the major products under 

similar conditions are the l<'..Ctonc (VI) and the 4-carboxylk acid 

(VII) plus a trace of the diacid (VIII) (17). 

9 
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Permanganate oxidations under more vigorous conditions 

lead to the oxidation of the C-methyl group (C-2'). Thus hot 

permanganate oxidation of the 0-methyl ether of pyridoxine (II) 

generates the tricarboxylic acid (IX), as described earlier (11). 

This reaction can be terminated before the oxidation of the C-2' 

methyl group and the resulting diacid (III) may be isolated in a 
. 

yield of 40% (17). 

A degradation scheme based on the specific decarboxylation 

of the C-4' acid group to give the 5-carboxylic acid (X), has 

been proposed (17) (Scheme II, P•l2). Thus (III) is preferentially 

decarboxylated at the 4-position when it is heated fo nitrobenzene 

at 180-200° for 0.5 to 1 hour. A drawback to this reaction scheme 

is the low yield during the 0-methylation step (45%) (17). 

The double decarboxylation of the 0-methyl dicarboxylic 

acid (III) has also been reported to occur when (III) is heated in 

phenylmethane in the presence of a copper chromite catalyst (18). 

The 2-methyl-3-hydroxypyrid:f.ne, (XI), was formed and isolated as 

the pier ate. 

Oxidation of the 5'- hydroxymethylene group to the aldehyde 

has been described w~en the 3 and 4' positions of pyridoxine are 

blocked via the cyclic acetonide, as in (XII) (3,4'-0-isopropylide

nepyridoxine) (19). 
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Compound (XII) is obtained in nearly quantitative yield 

by passing dry hydrogen chloride in excess through a suspension of 

pyridoxine hydrochloride in anhydrous acetone (20). Oxidation to 

(XIII) is achieved in excellent yield (83%) by treat_ment of the 

acetonide (XII) with dry chromium trioxide in anhydrous pyridine, the 

reaction mixture being warmed to reflux temperature during two 'hours 

and refluxing continued for ninety minutes (19). 

The 5 -monoacid (XIV), can also be obtained from the 

acetonide (XII) either directly by oxidation with saturated aqueous 

permanganate at 100° for two to five minutes (yield of 44%), or from 

the 5 -aldehyde (XIII), using identical conditions, giving the 

product in 68% yield based on the 5 -hydroxymethyl acetonide (18). 

Mild oxidation of pyridoxine hydrochloride with active 

manganese dioxide oxidises the 4 -hydroxymethylene group exclusively, 

yielding pyridoxal hydrochloride (XV), as the sole product (21,22). 

These reactions might be used for the isolation of the C-2', C-4' and 

C-5' atoms. Their applicability depends upon the yields of the 

reactions and on the simplicity of isolating pure product. Of the 

reactions described, the Kuhn-Roth oxidation is the simplest for the 

isolation of C-2' and C-2. 

2) The reduction of pyridoxine. 

a) Catalytic reduction. 

3-Hydroxypyridines, substituted 3-hydroxypyridines and 

quaternary salts of 3-hydroxypyridines are reported to undergo reduction 
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with noble metal catalysts in the presence of hydrogen (22-25). Thus 

2-n-propyl-5-hydroxypyridine (XVI ), is reduced to the 2-n-propyl-5-

hydroxypiperidine, (XVII ), using Adam's catalyst in glacial acetic acid 

and a hydrogen pressure of fifty pounds per square inch (23). Hydrogenolysis 

of the C- OH bond of 3-hydroxypyridine to give the piperidine has also been 

reported. Thus both the 3-hydroxypiperidine ,(XIX)and the unsubstituted 

piperidine, (XX ), are formed during the platinum reduction of 3-hydroxy-
\ 

pyridine hydrochloride, (XVIII), in absolute ethanol at sixty pounds hydrogen 

pressure (25). 

The reduction of quarternar y 3-hydroxypyridinium salts is also a 

well documen ted reaction (24,26 ). Red ction of N-benzoyl-3-hydroxypyr idinium 

chloride, (XXI ), for example, by platinum in ethanol, occurs comparatively 

rapidly at one atmosphere hydrogen pressure to give the N-benzoyl-3-

hydroxypiperidine , (XXII ), (31%), plus the N-henzoylpiperi<line, (XXII I ), (3 4% ) 

(24). Reduction of the free base in this case l eads to the formation of 

3-hydroxypiperidine only. 

Considering the above examples, it comes as a surprise to discover 

that the pyridoxine nucleus is stable to catalytic hydrogenation. However, 

the 4 -hydroxyme thyl group is reduc ed under these conditions and the only 

new product is 4'-desoxypyridoxine,(XXIV),forrned in low yields (27). 

b) Hydride reductions. 

Pyridoxine and its hydrochloride are stable to me t a l hydride 

red ucing agents even though substituted pyridines have been reportedly 

reduced by such reagents (2 8). 
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Borohydride reduction of quaternary pyridinium salts generally gives 

the /:l3 product. Thus N-methyl-4-carboxymethylpyridinium iodide,(XXV) gives 

N-methyl-4-carboxymethyl-~-p:i.perideine (XXVI) (29). Similarly N-methyl-4-

ethylpyridinium iodide (XXVII) is reduced in aqueous sodium hydroxide to N

methyl-4-ethyl-~3-piperideine (XXVIII), in over 82% yield (30). 

No analogous metal hydride reductions of quaternary salts of 

pyridoxine have been .reported. 

c) Metal-alcohol reductions. 

No metal alcohol reductions of pyridoxine or its derivatives have 

been reported. However, sodium-·alcohol reductions of pyridines are well 

documented and give a variety of products depending upon the alcohol used. 

Thus sodium in n-butyl alcohol is reported to give better yields of 

tetrahydropyridines than does sodium in ethyl alcohol (30). The products 

have been :identified in some cases as~-piperideines (31,32). Other 

products formed during these reductions include piperidines and ring opened 

products arising from opening of 1,4-dihydropyridines (33,34). 

d) Hydrazine reduction. 

Pyridoxine hydrochloride is converted to 4'-desoxypyridoxine, 

(XXIV), in nearly quc.>ntitative yield when it is refluxed with anhydrous 

hydrsz:i.ne for 18 hours. The hydroxymethyl group at C-5' remains unchanged. 

Under the same conditions the 4'-methyl ether is also converted into 4'-

desoxypyridoxine (35). 

3) Nucleophilic:_: and electrophilic substitution react:i.ons of 
pyridoxine. 

No nucleophilic or electrophilic substitution reactions of pyridoxine 

or Hs derivatives have been reported. Substitution reactions which give 

rise to intermediates suitable for further degradation reactions in the 
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pyridine system include phenylation, nitration and attack by 

hydroxideionon quaternary pyridinium systems as in Decker's reaction. 

a) Phenylation of pyridine and its derivatives. 

Direct phenylation of the pyridine nucleus can be achieved using 

phenyl magnesium halides on the free base, but only in low yields (36). 

The reaction of phenyl and alkyl Grignard reagents with pyridine-1-oxides 

or pyridine-1-alkoxides proceeds readily to give the 2-substituted pyridines 

in good yields (37,38). Also, quaternary pyridinium salts react with alkyl 

Grignard reagents (39) and benzyl Grignard reagents (40) to form unstable 

1,2-dihydropyridines which can be easily oxidised to the 2-substituted 

aromatic system. 

The most generally used reagent for phenylation of the pyridine 

nucleus is phenyl lithium. Again an unstable 1,2-dihydro compound is 

initially generated and the phenylated pyridine can Le formed from this 

adduct by heating above 100° (41), by use of a high boiling point solvent 

such as xylene or toluene (42,43), by oxidation with nitrobenzene (44), 

by oxidation, either by passage of a stream of dry air through the reaction 

mixture or by air oxidation on workup (45). 

The advantage of a phenylated intermediate lies in its ease of 

oxidation to benzoic acid using aqueous permanganate. The carboxyl carbon 

of this benzoic acid is derived from the carbon atom to whkh the phenyl 

group is attached in the intermediate. 

b) 2 - Pyridone formation. 

Generally 2-pyridoncs are readily synthesised from from quaternary 

pyridinium salts in aqueous alkaline ferricyani.de solution· (Decker's reaction). 
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The reaction involves initial nucleophilic attack by hydroxide ion to form 

the 2-hydroxy-l, 2-dihydropyridine, (KXIX). This reaction is reversible but 

the equilibrium is shifted to the right as the dihydropyridine is oxidised 

by, the ferricyanide to the 2~pyridone (XXX) (46). An N-alkylpyridone, once 

formed, is susceptible to direct alkylation either with alkyl Grignard or 

alkyl lithium reagents. An example of this type of reaction is that 

between N-methylpyri~-2-one, (XXX) (R=CH3) and benzyl magnesium bromide 

which gives N-methyl-2-benzylidene-dihydropyridine (XXXI) (47). 

c) Nitration. 

A nitropyridine is an attractive intermeaiate since on treatment 

with calcium hypobromite it yields bromopicrin (Br 3CN02) bearing the 

carbon atom to which the nitro group was attached in the nitrcpyridine (48). 

The utilisation of such a series of reactions leading to the isolation of 

bromopicrin bearing the C-5 atom of ricinine (XXXII) has been described (49). 

In this case ricinine read~ly underwent nitration with concentrated 

sulphuric acid and 90% nitric acid at room temperature for two hours. 

Nitration was assumed to have occurred at C-5 since this position is 

activated by the C-4 methoxy group towards electrophilic substitution while 

the nitrile group at C-3 deactivates the 6 position for electrophilic sub

stitution. The 5-nitroderivative, (XXXIII), yielded bromopicrin on 

treatment wHh calcium hypobromite and subsequent heating. Although the 

nitration of pyridoxine has not been reported, the nitration of a 3-

hydroxypyridine (XXXIV) is documented (50,51). The product is 2-nitro-3-

hydroxypyridine (XXXV, R=H). The 3-methyl ether of 3--hydroxypyridine, 
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under similar conditions (concentrated sulphuric acid and fuming nitric 

acid), gave 2-nitro-3-methoxypyridine (XXXV, R=CH
3

) (52). 
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(C) ROUTES FOR THE SYSTEMATIC DEGRADATION OF PYRIDOXINE 

Prior to the investigations described in this section, the only 

practical degradation of the pyridoxine molecule was that involving the 

direct Kuhn-Roth oxidation, which isolated the C-2 and C-2' atoms (Scheme 

I, p.10). 

The reaction ,sequence shown in scheme II (P.12) has been proposed 

as suitable for the isolation of C-4'. Its usefulness is severely limited 

because of the low yield during the 0-methylation step. 

The following describes attempts to apply the reactions of 

pyridoxine and of similarly substituted pyridine compounds, described 

in Section B, to obtain new intermediates suitable for the isolation of 

the remaining five carbon atoms of pyridoxine. 

1) Isolation of C-2 and C-2' and of C-2 plus C-4 and C-2' 
plus C-4' 

Carbon atoms C-2 and C-2' are readily obtained as acetic acid, 

when pyridoxine is oxidised with chromium trioxide in 10% sulphuric acid. 

C-2' is then separated from C-2 by a Schmidt reaction and isolated as 

methylamine (Scheme I). As an extension of this Kuhn·-Roth oxidation, the 

4'-desoxypyridoxine hydrochloride (XXIV), was oxidised under the same 

conditions. It was hoped that two aceti~ acid molecules would be 

generated from the c2 units, C-2, C-2' and C-4, C-4' from each molecule 

of the 4'-desoxy compound, as.shown in scheme III, p.24. 

lt was found that steam distillation of the reaction mixture 

after chromic acid oxidation of a kno~m weight of the 4'- desoxypyridoxine 

hydrochloride yielded a steam distillate which, on titration with sodium 



hydroxide, was found to require more than one equivalent of base. The 

range of results was 1.1 to 1.3 gram equivalents, the average value 

for six runs being 1.2 gram equivalents of base. 

23. 

Similarly, oxidation and subsequent titration of the steam 

distillate from a series of oxidations of the free base of 4'-desoxypyri

doxine showed that more than one gram equivalent of acetic acid was 

generated per gram equivalent of the 4'-desoxy base. Thus no hydrogen chloride 

was distilled over with the acetic acid during the workup of the product 

mixture from the 4'-desoxypyridoxine hydrochloride oxidations. This is 

possibly due to the hydrochloric acid being oxidised to perchloric acid 

during the oxidation thus producing r1n acid which does not form an 

azeotrope with water and hence is not steam distillable from the reaction 

mixture. 

The yields of acetic acid obtained by direct Kuhn-Roth oxidation 

of free B
6 

base and B6 hydrochloride were 0.81 and 0.73 equivalents, 

respectively. Thus it appears that an appreciable fraction of the acetic 

acid obtained during the oxidation of 4'-desoxypyridoxine is indeed derived 

from the C-4 and C-4' positions of the vitamin. Further evidence sub

stantiating this conclusion will be presented in Section D. 

·The mixture of acetates derived from the C-2', C-2 and C-4', C-4 

positions of pyridoxine was further degraded by a Schmidt reaction to give 

methylamine derived from the C-2' and C-4' positions only. 

2) Isolation of C-4' 

As noted above, the Kuhn-Roth oxidation of the 4'-desoxypyridoxine 

hydrochloride yields acetic acid apparently derived from the C-2, C-2' 

and C-4, C-4' positions of pyridoxine. A Schmidt reaction on this acetate 
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liberates methylamine hearing the C-2' and C-4' atoms of pyridoxine. 

C-4' can also be isolated by decarhoxylation of the 

methoxypyridine dicarhoxylic aci.d (III), as shown in scheme (II), p .12. 

As .noted, the drawback to this scheme was the r eported low yield in the 

0-methylation step (17). This methylation has now been re-examined and 

the yield in this step has been raised from 45% to 60%, making the scheme 

practicable starting ~ith 120 mg quantities of pyridoxine hydrochloride. 

3) Isolat ion of C-5' 

• Oxidation of 3,4-0-isopropyl idenepyridoxine : It was noted 

earlier that treatment of pyridoxine hydrochloride with dry hydrogen 

chloride in acetone yields the cyclic acetonide, (XI I), hav ing the 3 and 

4' positions blocked . This product can be easily oxidised to the 5 -

aldehyd e , (XIII), or the 5 - acid, (XIV) (19). The 5 -aldehyde is an 

attractive compound since on phenylaticn the 5 -phenylcarbinol (XXXVI ) 

should be formed, which on .oxidation with potassium permanganate should 

generate benzoic ac id (XXXVII ), bearing the 5' - carbon atom of pyridoxine. 

It was possible to isolate C-5' by this reaction sequence . Phenyl at ion 

of the al~ehyde proceeded readily with phenyl Grignard reagent in 84% 

yield and benzoic acid was ind eed obtained from the phenylcarbinol in 

70% yield. 

The degradation scheme based on these r eactions is shown as 

scheme IV, p. 26. Although the scheme involves four steps, each step gives 

over 70% yield and it has been found practical to perform the degradation 

on l ess than 50 mg of pyridoxine hydrochloride and obta in 9 mg of benzoic 

acid (32 % yield based on B6 hydrochloride). 
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The 3,4'-acetonide - cerboxylic acid (XIV), could also serve 

as an intermediate in a degradation scheme aimed at the isolati.on of C-5' 

since its decarbo;cylation should yield C-5' as carbon dioxide which can 

be collected as barium carbonate. The acid (XIV) has now been obtained i.n 90% 

yield by direct oxidation of the acetonide, (XII), with potassium 

permanganate in aqueous pyridine. However, attempts to decarboxylate the 

acid (XIV) by heating in nitrobenzene at 180-200°, with or without a 

copper chromite catalyst, conditions which were successful in bringing about 

the decarboxylation of another pyridine - 3-carboxylic acid, nicotinic 

acid (53), failed to yield the desired product. When temperatures 

above 215° were maintained, some carbon dioxide evolution was observed 

and on workup, after evolution had ceased, two nonacidic products were 

isolated. The major product exhibited infrared bands at 1780 and 1720 

cm-1, indicating that the anhydride of the acid had formed. The experi

ment was repeated using a more dilute solution of the 5'- acid in nitro

benzene, but again decarboxylation occurred in less than 10% yield. 

Although this decarboxylation step gave a poor yield of carbon dioxide, 

degradation scheme (V), p. 27. is practically feasible, but in the light 

of the higher yields in degradation scheme (IV) and also because of the 

. greater- ease of counting active benzoic acid as opposed to barium 

carbonate, scheme (IV) is to be preferred to scheme (V) for the isolation 

of C-5'. 

4) Atte11!_pted isolation of C-3 and C-5 

In an attempt to gain access to C-3 and C-5 of pyridoxine 

various attempts were made to reduce the aromatic nucleus. The general 
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objective of these experiments was to convert pyd.doxine into a 3-

ketopiperidine derivative, whose keto group would be amenable to further 

degradation. 

a) Catalytic reduction. 

The only reported reductions of pyridoxine involve reduction of 

the C-4' hydroxymethyl group to a methyl group with either hydrazine 

(35) or catalyticallY. (27). 

Catalytic reduction of pyridoxine was attempted using a variety 

of solvents, ranging from acetic acid to ethanol, with platinum oxide 

catalyst at 60° under fifty pounds hydror,en pressure for over sixty hours. 

Only a trace of new product was observed which was identical with 4'

desoxypyri<loxine. Reduction of the acetonide, (XII), under these con

ditions gave no new product. 

b) Hydride reduction. 

Hydride reduction of quaternarypyridiniun systems generally gives 

the 6 3 -piperideine via the mechanism shown (p .30) (54) • If such a 

mechanism occurred in the hydride reduction of N-methylpyridinium iodide, 

(XXXVIII), then the resulting product should _be the~3 -piperideine, 

(XXXIX), assuming initial hydride attack at the unsubstituted centre 

adjacent to the nitrogen. This product could be useful for the 

isolation of C-3 and C-5 through oxidation to an0(1~unsaturated ketone 

and phenylation via either 1,2 or 1,4 addition, respectively, followed 

by oxidation of the phenylated product to benzoic acid in the usual manner. 

The methiodide of pyridoxine, (XXXVIII), was found to be stable 

to sodium borohydride in methanol, the betaine, (XL), being isolated on 

workup. When the reduction of the 3,4- acetonide of pyridoxine methi()dide, 
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(XLI), was investigated, reduction proceeded smoothly with borohydr ide 

in methanol or with lithium aluminium hydride in tetrahydrofuran (but 

not in ether). A mixture of products was obtained in 75% yield. The 

main component was identified from its spectral and mass spectral 
I 

characteristics as l,2-dimethyl-3,4'-0-isopropylidene-4-hydroxymethyl-5-

methylene-~ 3-piperideine (XLII ). The infra red spectrum of this 

product showed the loss of the 5 '-hydroxyl group, and the bands ·at 

30~0 and 1660 cm-
1 

indicated the presence of a vinyl type group. This 

conclusion is supported by the P.M.R. spectrum which showed olefinic 

sing.lets at 4.5 6 S and 4.60 6 . The overall structure is further 

support ed by the P.M.R. spectrum which showed a methyl doublet at 

1. 50 6 , assigned to the C-2' group which is split by the proton at 

C-2. The N-methyl protons were observed at 2.428 as a singlet peak. 

The acetonide methyl peaks were seen as a six pr oton singlet at 1.526 

and the 4' -methylene protons as a t wo proton doublet at 4. 38 S • The 

three protons o( to the nitrogen were observed as a multiplet centred 

at 3.38 6 . The mass spectrum gave a molecular ion at 209 mass units 

which is in agreement with the assigned structure. 

An analogous reductive eliminat ion ha s been observed in the 

. hydride reductions of the N-{ ~ -(3-indolyl)ethyl] pyridinium salt, 

(XLIV), (R""H), which likewise unde rwen t dehydrat ion, giving the 

exocyclic diene (XLV), whose structure was proven by cata lytic red.uction 

using platinum on carbon, to (XLVI ), identical with a synthetic sample 

(5 5) . 



Since it was reported that XLV was obtained in very high 

yield in the borohydride reduction of the indolylethylpyridinium salt 

(XLIV, R=COCH
3
), the analogous reaction conditions were used in the 

pyridoxine series. It was found that the reduction of the 3,5'-
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diacctate of 4'-des oxypyridoxine methiodide, (XLVII), prepared by 

acetylation of the 4'-d esoxypyridoxine hyd r ochloride; (XXIV), and sub

sequent treatment with methyl iodide, proceeded in over 90% yield and gave 

one single product, XLVIII • This product also exhibited I.R. bands 

at 3098 and 1670 cm-l as well as acetate bands at l765 and 1210 cm-1 • 

Olefinic protons were observed in the P. M.R. as t wo proton singlets at 

5. 148 and 5.18b . Other P.M.R. peaks were a three proton doublet at 1.30 S 

due to the 2'-methyl protons, the methyl-acetate protons a t 1.68 8, 

the · 4 '-methyl protons at 2 . 22 S, and the N-me thyl protons at 2. L18 S. 

The three protons o< to the nitrogen were agai.n observed as a multiplet 

centred at 3.36 8. A molecu l ar ion at 195 mass units was observed , in 

agreement with the assigned structure. 

Hyd rolysis of either r eduction product XLII or XLVIII would 

generate an unstable en-3-01. It wa s hoped that these enols would re- , 

arrange to form the correspondingo<,'?> unsaturated ketones, L, or LI 

respectively , which could be phe.nylated either by l, 2 addition or l ,!1 

addition to thedl~ unsaturated ketones, permitting isolation of eithe r 

the C-3 or C-5 position as benzoic acid. Unfortunately the reduced 

monoacetate (XLVIII), on standing in dry air or on alkalin~ -hydrolysis 

gave rise to a crystal line produc t hav ing a U. V. abs0i:pt ion spectrum 

i.dentical to the starting product XLVII, indicat ing tha t the reduction 
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produ c t had reoxidi sed to a pyr:i.dinium system. The structure of this 

reoxidis ed pyridinium salt is postula ted as the betaine XLIX, since the 

molecular ion in the mass spectrum had a value of 151 mass units. Also, 

the P.M.R. spectrum showed four three-proton singlet peaks at 2.07$, 

2 .17 & , 2, 43 ~and 3. 98 D assigned to the 5 ' -4' -2' and N-methyl groups 

respectively. A final one proton singlet peak was observed at 7.248 

due to the C-6 aromatic proton . 

Similarly, a'cid hydrolysis of the acetonide group of the 

hydride reduction product XLII afforded a pyridinium betaine tentatively 

assigned the structure XLIII by analogy with the structure of the beta ine 

XLIX and f rom its mass spectral and I.R. data. 

The instability of such partially reduced N-substituted-3-

ketopyridine systems has been observed before . Thus the cyclic 

ketoester LIII, formed by a Dieckmann condensation of ethyl N-1-

carbethoxyethyl·-N-methylaminomethylenesuccinate, LII (R:::Et, R' =Me ) , 

was found to dehydrogenate on exposure to dry air or on repeated 

recrystallisat ions from alcohol-ether, to form the betaine LIV (54). 

Because of the propensity of the partially reduced acetate, 

(XLVIII ) , to revert to a pyridinium system, it was further reduced 

catalytically to the 3-acetoxypiperidine (LV ) . This on basic hydrolysis 

should generat e the free alcohol, (LVI ) . Oxidation of the alcohol to 

the ketone , followed by phenylation and oxidation t o liberate benzoic 

acid bear ing C-3 of pyridoxine is poss:ible and is shown in degradation 

scheme VI. This scheme involves seven reactions and although the first 

four are known to take place in good yields, the practicability of this 

scheme when dealing with milligram quantities of starting produc t is in 

doub t . 
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Pyridoxine hydrochloride was found to r eact with sodium in 

isopropyl a lcoho l in only ver y low yield s , poss ibly due to the 

formation of stable sodium salts. The 3,4-acetonide (XII), however , 

· was r educed smoothly under the s e conditions , yielding a comp lex 

mixture of products. Thin layer chr omatographic analysis indicated the 

presence of four major components and an I.R. spectrum showed OH and 

C=C bands. It was hoped that t wo of these pr oduc ts would be the.L\ 3-

piperideine , (LVII) and the 1,4-dihydropyr idine , (LVIII). Hydrolys is 

of ' these compounds would furn i s h the 3-keto system required for the 

isolation of the C-3 position. However , acid hyd r olysis of the reaction 

mixture led to a s ing le ma jor product which exhibited a U.V. absorption 

spectrum typica l of a 3-hydroxypyridine . It also gave a blue colour 

with Gibb s ' r eagent, indicating that the unsaturated 3- keto-piperidine 

systems had been reoxidi~ed to a 3-hydroxypyridine. (This 3-

hydroxypyr i dine has not yet been char~cler i sed ). 

5) Att Gmpted isolat ion of C-6 

a) Attempted phenyl ation of pyr idoxine . 

At tempts to phenylate the 6- pos i tion of pyr idoxine directly 

with phenyl li t hium or ph enyl magnes ium bromid e f a iled . The 3,4'

acetonide , XII, also failed to react. The rea son for this failu re 

probably lies in the acid ity of the C-2 m~ thyl group which forms a 

lithium salt in the pr esence of phenyl lithium. 

Some success was had when the methiodide of the 3,4'-acetonide 

of B
6 

(LIX) was treated with phenyl Grignard. A new product was fo rmed, 
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as indicated by T.L.C. analysis, but the oxidation of the 1,2-dihydro 

intermediate, (LX), in boiling toluene led to tar formation instead of 

the expected 6-phenylpyridinium salt, (LXI). 

b) Decker's reaction. 

It was hoped to generate a pyridone by treatment of the 

methiodide of 3,4'-acetonide of pyridoxine, (LIX), with alkaline 

potassium ferricyanide solution. However , virtually no reaction was 

observed. This may again be due to the acidity of the 2-methyl group . 

Under the strongly bas ic reaction conditions a pyridone methide (LXII) 

is formed which inhibits atta ck by hydroxide ion to form a 1,2-dihydrci 

intermediate, (LXIII), which would be oxidised to the required pyridone, 

(LXIV). 

The failure of Decker 's reaction with a simp le 2-methylpyridinium 

salt has been noted before (5 5) . 

c) Nitration. 

Two attempts were made to nitrate pyridoxine and its 0-methyl 

ether under the conditions described for the nitra tion of 3-hydroxypyr idines . 

In the case of pyridoxine hydrochloride, a non pola r product was obt a ined 

in low yield which wa s an oxidat ion product and inac tive to Gibbs' r-~ent. 

In the case of the methyl ether no reaction was observed. 
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(D) THE DISTRIBUTION OF 14c IN PYRIDOXINE DERIVED FROM 1, 3-14c
Gl,YCEROL AND 2-14c-GLYCEROL 

The hypothesis of pyridoxine biosynthesis, which was put forward 

(14) on the basi s of the incor poration of activity from l abelled 

pyruvate and glycerol into C-2 and C-2' of pyridoxine was outlined in 

Section A of this thesis. 

It is apparent from figure I that , if this hypothesis is correct, 

incorporation of actfvity from l,3-14c-glycerol via the proposed 

biosynthe tic scheme should generate pyridoxine bear ing 14c at positions 

C-2', C-3, C-4', C-5' and C-6. If l,3-14c-glycerol is the sole carhon 

source during such an experiment, then each of these positions must be 

equally labelled , i.e. each should carry one fifth of the activity of 

the intact molecule. Similarly , incorporation of activity from 2-14c-

glycerol should generate pyridoxine bearing labelled carbon atoms at C-2, 

C-4 and C-5, each of which should carry one third of the total activity 

of the intact pyridoxine. Application of the degrad at ion schemes, I, II, 

III and IV, developed in this work, to the active samples obtained from 

such feeding experiments should yield results on the basis of whic~ it 

should be possible to determine whether or not the pyridoxine contained 

the predicted patt ern of activity. 

It had been shown ear lier (14) that direct Kuhn-Roth oxidation 

of pyri.doxinc hydrochlor ide obtained from l,3-14c-glycerol gave a sample 

of acetate bearing 22~1% of the total specif ic activity of the 

pyridoxine from which it was obtained. Furthermore, over 90% of the 

activity associated with the acetate was located at its methyl group, i.e. 

39 
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at the C-2' pos ition of pyridoxine. This was shown by the activity 

of the methylamine derived from this acetate by a Schmidt degradation. 

The postulated biosynthet ic scheme predicts that one fifth (i.e. 20%) 

of the total specific activity of pyr idoxine resides at the C-2' position 

and that the C-2 position should contain no activity. 

Additional data on the d istribution of activity within pyridoxine 

derived from 1, 3-14c-glyce,rol have now been obtained (Table I, p 44 ) • 

Degradation scheme II isolated the decarboxylated product bearing 

78~2% of the total specific activity. This indicates that C-4' carries 

.Jl..20% of the total activity. C-5' of pyridoxine , isolated as benzoic 

a~id by degradation scheme IV, contained 22!1% of the total activity . 

Thus both C-4' and C~S' carry one fifth of the total activity, as 

predict ed by the hypo t hes is. 

Information on the distribution of activity from pyridoxine 

derived from 2-14c-glycerol has also been obtained (Table I, p44 ). 

The 2-14c-glycerol experimen t would be ~!edicted to generate pyridoxine 

carrying l4c at C-2 , C-4 and C-5. Direct Kuhn-Roth oxidation of 

pyridoxine isolated from this feeding experiment gave acetate carrying 

+ 35_1% of the specific activity of the parent molecule, in agreemen t with 

the va lue of one third (33%) predicted by the scheme . The methylamine 

derived from this acetate now carried only 2.4!0.4% of the total activity, 

showing that the activity of the aceta te is located at C-2 of pyridoxine 

as predicted. 

Degradation vi.a scheme II yielded the monocarboxylic acid which 

posessed all the specific activity associated with the pyridoxine. The 

only carbon atom, which is los t in this reaction sequence, C-4', therefore 



does not contairi activity. Finally, the benzoic acid isolated from the 

C-5' position via scheme IV, was also inactive. The lack of label in 

both the C-4' and the C-5' pos ition of pyridoxine is in agreement with 

the proposed scheme of biosynthesis. 

41. 

These results are unambiguous and are clearly in agreement with 

the predictions of the hypothesis (scheme I) which pr oposes tha t 

pyridoxine i s biosynthesised in . E. coli B, WG2 from three glycerol 

molecules and indicates a possible mechanism for the bfosynthetic pa thway. 

The hypothesis is strongly supported by the r esults. For fur ther 

verification of the mechanism, in tact incorporation of postulated inter

mediates mus t be t ested and their natural occurrence in the system must 

be demonstrated . 

The validity of degradation scheme III is open to question, since 

it has not been unambiguously demonstrated that the c2 unit , C-4', C-4, 

contribu~ssignificantly to the acetate der ived from the oxidation of 

4' - desoxypyridoxine hydrochloride. The yield of acetate on Kuhn-Roth 

oxidations of 4'- desoxypyridoxine hydrochJ.oride was found to be 1.2 -

1.4 equiv. per mo l e . as determined by titration . It follows that at 

l east a small fr action of this acetate must be derived from the c2 fragment, 

C-4', 4. The actual cont r ibution made by the f ragment C-4 ', 4, to the 

isolated acetate can be deduced from Table 2: - Since virtual ly all activity 

of serine- derived pyridoxine r esides in the c2 unit , C-2', 2, (as shown by 

Kuhn-Roth degradation of this l?Yridoxine ), the c2 unit, C-l• ', 4, of this 

s ample contains li ttle , if any, activity . Since the specific activity of 

the acetate i solated by degradat ion of the 4'- desoxypyr idoxine obtained 
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from serine-derived pyridoxine, was less than 70% of that of the intact 

vitamin (Table 2), at least one-third of the acetate, obtained in this 

way, must have been derived from the c2 uni ts , C-4', 4. It is evident 

that if the labelling pattern in the c
2 

unit, C-4', 4, of a given 

pyridoxine sample is significantly different from that of the c2 unit, 

C-2', 2, the specific activities of the samp les of acetate and methylarnine 

obtained from it by ~cherne I and Scheme III must differ. Conversely, if 

these specific activities do not differ significantly, the labelling 

patterns of the c 2 units, C-4', 4 and C-2', 2, must be similar. Since 

degradation Schemes I and II permit indi.vidual assay of activity at C- 2', 

C-2 and C-4' respectively, it follows that the activity at C-4 can be 

deduced. 

Referring to Tab l e I it can be seen that the results bearing on 

the labelling of C-4 obtained in the Kuhn-Roth oxidation, are in complet e 

agreemen t with prediction. Thus in the l,3-14c-glycerol experiment , the 

acetate , derived from the c 2 units C-2', 2 and C-4', 4, carries 22!1% of 

the total specific activity. Furthermore all this activity is located 

at the methyl group (C-2', C-4'), as shown by the activity of the 

methylamine derivative, which carries 19~1% of the total activity. This 

agrees with the value for activity at C-2', 2, and C-4', discussed above. 

Thus it may be inferred that C-4 is inact i ve as required by the hypothesis. 

Similarly the acetate, obtained from the 4'-desoxypyridoxine 

derivative in the 2-14c-glycerol experiment , carries 32!1% of the total 

specific activity of the pyridoxine from which it was .derived. Since 

direct Kuhn-Roth oxidation of this pyridoxfoe had located 33% of the 

activ ity at C-2, and C-4 ' had been shown to be inactive by direct de-
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gradation, it may be inferred that C-4 carr.iesV""'33% of the activity, 

as required by the hypothesis. Thus application of degradation scheme 

III gives results for the activity of C-4 of pyridoxine which add to 

the evidence supporting the validity of the scheme for the biosynthesis 

of pyridoxine. 



TABLE I 

Observed and predicted distribution of activity in pyridoxine derived from 14c-glycerol. 

Product 
(carbon atoms of pyridoxine) 
Pyridoxine (all) 

Scheme I 
Acetic acid (C-2' ,2) 
Methylamine (C-2') 

Scheme III 
4 '-Desoxywrieoxine (all) 
Acetic acid (C-2' ,4' ,2 "4) 
Methylamine (C-2' ,4) 

Scheme II 
3-0-Methylpyridoxine (all) 
4,5-Dicarboxylic acid (III)(all) 
5-Monocarboxylic acid (X)(all but 

... C-4' 

Scheme IV 
5'-Phenylcarbinol (XXXVI)(all) 
Benzoic acid (C-5') 

C-4') 

Relative specific activity (percent)(pyridoxine=lOO) 
of the product derived from 

14 1,3- C-glycerol 2-14c-glycerol 

Observed Predicted S.A.a Observed Predicted 

100 ± 3 100 See Table 3 -100 ± 3 100 

22 ± 1 20 
18 ± 1 20 

98 ± 1 100 
22 ± 1 20 

.19 ± 1 20 
i 
' 

99 ± 2 100 
100 ± 3 100 

78 ± 2 80 
22 ± 2 20 

98 ± 2 100 
22 ± 1 20 

0.51 : 0.01 35 ± 1 33 
(0.20 ± 0.004) ' 2.4 ± 0.4 0 

1.63 ± 0.04 
0.36 ± 0.01 
0.31 ± 0.01 

0.94 ± 0.02 
0.93 ± 0.03 
0.73 ± 0.02 

1.64 ± 0.02 
0.37 ± 0.01 

101 ± 4 100 
32 ± 1 33 

103 ± 6 
0 

99 ± 5 
0.5 '± 0.2 

100 
0 

100 
0 

S.A.a 

See Table 3 

0.38 ± 0.001 
0.03 ± 0.004 

1.10 ± 0.03 
0.35 ± 0.01 

0.79 ± 0.03 

1.08 ± 0.05 
0.005 :t 0.002 

a Specific Activity (counts min.-1 mmole -1) x io-4 • 

.::-

.::--
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TABLE 2 

Partial degr adation of pyr idoxine derived from 3-14c-serine. 

Product 

(carbon atoms of pyridox i ne) 

Pyridoxine (all) 

Scheme I 

Acetic acid (C-2 1 ,2) 

Scheme III 

4 1 -Desoxypyridoxine (all) 

Acetic acid (C-2 1 ,4 1 ,2,4) 

Relative specific activity S.A.a 

100 + 3 

92 + 4 

+ 100 - 5 

63 + 3 

0.29 + 0.01 

(dilut ed)0.12 ~ 0.005 

0.27 + 0.01 

+ 0.12 - 0.005 

+ 0.07!1 - 0.002 

a Specific Activity (count s min-1 • m mole-1) X io-4. 
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TABLE 3 

Specific activities of pyridoxine hydrochlor ide a 

Degradation Scheme 1,3-14c-Glycero l 2-14c - Glycerol 

I + 2.39 - 0.06 1.09 ~ 0.03 

(1.12 + 0.03) 

III + 1.67 - 0.03 1.09 -: 0.03 

II 0.94 + 0.01 0.76 + 0.04 

IV + 1.67 0.03 + 1.09 - 0 .03 

a Specific activity (counts min-1 . m mole - 1) X io-4 • 



(E) EXPERIMENTAL 

Degradation scheme I. 

1) ' Direct'Kuhn-Roth oxidation of pyridoxine hydrochloride. 

Pyridoxine hydrochloride (60 mg ) of known specific activity (14) 

was placed in a flask fitted with a reflux condenser. Dilute sulphuric 
r 

acid (10 ml, 10% v/ v) was added, followed by chromium tioxide (2g) . 
;... 

The solution was r~fluxed overnight. The cold solution was transferred 

to a steam distillation apparatus and the solution was heated while a 

slow stream of nitrogen was passing through the apparatus. The con-

<lensed distillate was collected over about 4 hours when 80 ml of 

distillate had been collected. The volume of the solution in the 

heated flask was maintained at a constant level by periodic addition 

of 5 ml portions of water. The acetic acid-wa ter distillate was 

titrated against sodium hydroxide of known normality to pH 7, using a 

pH me ter. The neutral solution was evaporated to dryness in an oven 

at 90° to yield sodium acetate, 24 mg (72% ) . 

2) Acetyl-o( -naphthylamide. 

A portion of the sodium acetate (J'.5 mg. ) was dissolved in 

water (1 ml) . To this solution was added a solution of ~-naphthylamin~ 

hydrochloride (15 mg ) in water (1 ml ) . To the mixture was added 1-

ethyl-3-(3-dime thylaminopropyl ) -carbodiimide ("'-40 mg). On stirring, 

the acetyl-ol--naphthylamide separated . This was filtered off, washed 

with water, recrystallised from benzene-hexane and sublimed in vacuo 

below 100° to yi.eld acetyl-ol-naphthylarnide (5 mg ) . This was plated 

using 2 drops of dimethylformamide (D.M.F.) contain i ng 1% collodion. 

47 
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3) 2,4-Dinitrofluorobenzene derivative of me thylamine. 

A portion of the sodium acetate from (1) ('-"'-15 mg) was heated 

with sodium azide (50 mg.) and concentrated sulphuric acid (1 ml) at about 

70°. The carbon dioxide evolved was passed in a slow stream of nitrogen 

through a trap containing a 10% solution of potas sium hydroxide. When 

carbon dioxide evolution had ceased, the reaction flask was cooled in 

ice and the trapped carbonate precipitated by addition of barium 

chloride solution. The precipitated barium carbonate was filtered off. 

The traps on the apparatus were now refilled with methanol containing 

one drop of saturated sodium bicarbonate solution and four drops of 

2,4-dinitrofluorobenzene . The cooled acid reaction solution was 

basified (pH)l2 to pH paper) by addition of excess pot~ssium hydroxide 

solution. The reaction flask \.,as reheated to V"-70° for three hours 

and the apparatus flushed with nitrogen . The methanol solution from 

the traps was evaporated to dryness. The residue was dissolved in 

ether (5 ml) and extracted with water . (2 x 1 ml). The ether solution 

was evaporated to a small volume when 2,4-dinitro-N-methylaniline 

crystallised on standing. The product was filtered off and sublimed 

at 3.0 x 10-3 mm. and 100-120° to yi.eld 8 mg of yellow solid mp.177°. 

The 2,4-dinitro-N-methylaniline was plated in 2 drops of dimethyl 

formamide containing 1% collodion. 



49. 

Degradation scheme III 

l1) 4 '-Desoxypyr:idox ine hydrochloride, XXIV. (35). 

A mixture of pyridoxine hydrochloride (60 mg) of known specific 

activity and anhydrous hydrazine (95%, 5 ml) was refluxed for 18 hours 

with exclusion of moisture. The solution was then evaporated to dry

ness under vacuum at 100°. The residue was dissolved in a mixture of 

tetrahydrofuran and methanol from which hydrazine hydrochloride 

crystallised . The filtrate was evaporated to dryne ss and dissolved in 

anhydrous t etrahydrofuran . Ether1al hydrochloric acid solution was 

added to the tetrahyd r ofuran solution and the precipita ted l1 '-desoxy

pyridoxine hydrochloride was filteted off and recrystallised from 

methanol/ether to yield 4'-de soxypyridoxine hydrochloride. (45 mg.81% ). 

The specific activity of this in termediate wa s determined by plating a 

sacirle on an aluminium planche tte using a 10% sucrose solution, and 

counting. 

5) ' Indirect 'Kuhn-Roth oxidation of 4 '-desoxypyridoxine hydro

chloride, XXIV. 4'-Dcsoxypyri.doxine hydrochloride (42 mg ) of known 

specific activity was oxidised as described in (1) to yield sodium 

acetate, 22 mg (60%). The acetyl- o<.-naphthylam:i_de and 2 ,!1-dinitro

N-methylan iline derivat ives were prepared as de scribed in (2) and (3) 

respective ly. 

Degrada t ion scheme II (1 7) 

(6) 0-Methylpyridox:tne , II. 

Pyridoxine hydrochloride (120 rng ) of known specific activity 

was dis so lved in a solution of dfa.zome thane in methanol. Aft er 12 hours 

the solvent was evaporated to-""-5 ml and ether (5 ml ) was add ed to pre 

cipitate pyr idoxine be taine which was filtered off. The filtrate was 
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evaporated to dryness to yield 0-methylpyridoxine . This was sublimed 

in vacuo at 3.0 X 10- 3 mm. pressure and 100-120° to yield 0-methylpyri

doxine (65 mg) (65%) (57). 

7) 2-Methyl-3-methoxypyridine--4 ,5-d i carboxylic acid, III. 

0-Hethylpyridoxine (50 mg) was stirred with potassium permanganate 

solution (184 mg. in 10 ml of water ) at room temperature fo r ten hours. 

The excess permangan~te was destroyed with met hano l at 60-70° and the 

solu tion was filte red. The combined filt rate and washings were concentrated 

under vacuum to .A. 5 ml and the so l ut i on applied to a column (10 cm) of 

Dowex-1 in the fo rmate fo rm . The column was washed with aqueous fo rmic 

acid (0.25M, 40ml) to elute 3-0-methyl-4-pyridoxic acid l ac tone, 

which was discarded. The column was then eluted wi.th SH formic acid until 

the U. V. absorption at 280 rrp r eached blc-.nk values. The eluate was 

evaporated to dryness und er vacuum and the residue recrystallised fr om 

water. The yie ld of 2-methyl-3-methoxy-pyridine - 4,5-dicarboxylic acid 

mp. 221-223° (d ee ) was /~3.5 mg (61%). 

8) 2-Methyl--3-methoxypy-ddine-5-carboxylic acid , X. 

A suspension of 2-methyl-3-methoxy-pyridine-4 ,5-dicarboxylic 

acid , III, (40 mg ) in nitrobenzene (4 ml) was heated under nit rogen in 

a flask fi tted with a nitrogen inlet tube and r e fl ux condenser , with a 

carbon dioxide absorber (bar ium hydroxide so lut i on) connected to the 

condenser . The t emperature was maintained between 180-190° fo r 0.5-

1 hour until a ll evol ut ion ceased. The compound dissolved comp l ete ly. 

The decarboxylation product, which crysta ll ised on cooling , was washed 

with benzene ari.d ether , then subl imed at 180° and 3 X 10- 3 mm. to give 

~11~~A 11 CTC'O I 11\N\IC:Ol;:ITV ~ IRQARV 
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2-methyl-3-methoxy-pyridine-5-carboxylic acid as a colourless solid mp . 

22!• 0
• (molecular ion m/ e 167). The P .M.R . spectrum of an inactive 

sample in perdeuterodirne thylsulphoxide showed peaks at 2. 40 S s (3H), 

3. 86 b s (3H)i 7 . 62 S'd ( lH) (J =O. 5HZ ) , and 8 . 52 s d (lH) (J =O. 5HZ). 

The intermediates II and Ill and the final decarboxylation product 

X were plated in a 1% solution of collodion i n D.M. F . 

Degradation scheme IV 

9) 3 , 4' -0-Isopropylidenepyridoxine , XII. 

Pyridoxine hydrochlorid e (50 mg .) of known specific activity was 

suspended in dry acetone (5 ml ) at 0°C. Anhydrous hydrogen chlorid e was 

passed through the cold stirred solution until the solid dissolved 

(--""'- 5 minutes ). The solution was stored at - 10° for three hours, excess 

anhydrous ether (10 ml ) was add ed and the mixture kep t at - 10° for a 

f urther 30 minutes . The product which had s eparated was filtered o' f 

and washed with ether , to give 3,4 ' -0- isopr opylidenepyri<loxine hydrochloride 

(55 mg .) . It was dissolved in water ~nd added to a saturated sodium 

bicarbona te solution (5 ml. ) . The mixture was cooled for 30 minutes and 

t he free base removed to yie l d 3,4 ' - 0- i sopropylidenepyridoxine (44 mg) (87% ). 

10) 2-Methyl-3,4 ' -0-isopropylidenepyridoxine-4-hydroxyme thyl - 5-

f ormyl-pyridine ,' XIII (19). 

The 3 , 4 ' -0-isopropylidenepyridoxine (44 mg) was dried under vacuum, 

diss olved in anhydrous pyridine (5 ml ) containin g chromium trioxide 

(vacuum dri ed, 34 mg. ) and the mixture was heated for thirty minutes with 

exclusion of moisture to bring the solution to reflux temperature and 
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was then refluxed for a further 90 minutes. The cold solution was 

filtered and evaporated to drynes s under vacuum. The residue was dissolved 

in saturated sodium bicarbonate (15 ml) and the produc t was extracted 

into chloroform (3 x 15 ml). The chloroform ext ract was dried (K2co3), 
I 

~vaporated to dryness and the residue was subjected to vacuum dis

tillation at 3.0 x lo- 3 mm. below 80° when a colourless liquid which 

crystallised_ on standing was obtained (29 mg ) (70%). This was shown 

by comparison of its melting point , I.R. spectrum and T.I..C. proper ties 

to be ident ical to 2-me thyl-3 ,4' -O-isopropylidene- 4-hydroxymethyl-_5-

fori:nylpyridine obta ined from oxidising 'cold' 2-:-methyl-3 ,4' -0-i~opropyli-

denepyridoxine under identical condi tions . 

11) 2-Me thyl - 3,4'-0- i sopr opylid ene-4-hydroxymethylpyr id ene-

5-phenyl-carbinol, XXXVI . 

2-Methyl-3,4'-0-isopropylidene - 4-hydroxymethyl-5 - formyl pyridine 

from (9) (29 mg) was dissqlved in anhydr ous t etrahydrofuran (2 ml ) 

and phenyl magne s ium bromide (60 mg) in tetr ahydrofuran (1 ml) was 

added. The solution was refluxed for 2 hours and was treated with 

dilut e hydrochloric acid (O. lM, 5 ml). The acid solution was extracted 

with chloroform (3 x 25 ml) and was then carefully basi f ied with 

excess -saturat ed sodium bicarbonat e solution . The bas ic solution was 

extracted with chloroform ( 3 x 25 ml) and the chloroform extract was 

dried (K2co3), and evaporated to dryness . The residue was sublimed 

in vacuo at 3.0 x lo·-3 mm. and 100-120° to give a white solid m.p. 

159-160° (30 mg ) (7 9%). A sample of the 2-me thyl-3,4'-0- isopropylidene-

4-hydroxymethylpyridine-5-phenylcarbino l was plated using D.M.F. + 1% 
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collodion and .its specific activHy determined. An inactive sample 
CHCJ. 3 showed a molecular ion a t 285 mass units ,~ , 3600, 3010, 872 cm-1 . 
Max . 

The P.M.R. in CDC1 3 showed peaks at l.41Ss(6H), 2.32Ss(3H), 4.62Sm 

( 2H), 5.69 6 (ll-l), 7 .24 S s(6H), and 7.84S s(lH) p.p.m. downfield from an 

internal T.M.S. standard. Anal . Found : C,71.80;H,6.72;N,4.76. 

Calculated f or CH N03 C,71.56;H,6.7l;N,4.91%. 
171'"1 

12) Permanganate oxidation of 2·-methyl - 3 ,4 '-0-isopropylidene-

4-hydroxyme thylpyr id'ine-5-phenylcarhinol to benzo ic acid. 

The 5-phenylcarbinol, XXXVI, (30 mg ) of known specific activity 

was hea ted with stirring at 100° with potassium permanganate (250 mg) 

i n water (10 ml) for twelve hours . Sodium bisulphit e was added to the 

·v 11 

solution whi.ch wa s then acidified with 10% (v / v ) sulphti'!'."ic acid until 

excess permanganate had been dest royed. The colourless acid solution 

was then extracted with ether (3 x 25 ml ). The ether solution was 

washed with water (10 ml ), dried (Na zS04) and evaporated to dryness to 

yield a white solid. This solid on vacuum sublimat ion at 3.0 x l0- 3 mm. 

and below 70° yielded benzoic acid mp .123-124 °, 9 mg (70%). The benzoic 

acid was plated using methanolic sodium hydroxide solution (2 drops of 

1% solution). 

Degrad at ion scheme V 

13) 2-Methyl-3,4'-0- isopropylidene-4-hydroxyme t hylpyridene-

5-carboxylic acid, XIV. 3,4'-0-Isopropylidenepyridoxine , XII,(150 mg) 

was dis solved in pyridine (1 ml). A suspension of finely powdered 

?Otassium perma:igana te (250 mg) in pyridine (1. 5 ml), and aqueous 

sodium hydroxide (2M , 0,6 ml) was add ed. The undis solved permanganate 
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was transfered to the reac tion vessel in the min imum vol1me of water. 

The mixture wa s heated on a wa terbath for 5 minutes. The cold solution 

was filtered and careful ly acidified with dilute hydrochloric acid to 

pHJ',..5 when the 5 acid was extracted into ethyl acetate . The ethyl 

acetate so lution was dried (Na 2so4) and evapora ted to - dryness to yield 

a white solid mp 220-222° (d ee .) (140 mg ) (93%) identica l to 2-methyl-

3, 4' -0- isopropyli<lene-l~-hydroxymethylpyridine-5-carboxylic acid obtained 

by ox id a tion of 2-methyl-3,4' - 0- i sopropylidene-4-hydroxymethyl-5-

formylpyridine with aqueous permanganate (19), 

14) Attemp t ed decarboxylation of 2-methyl-3,4'-0-isopropylid ene-

4-hyd roxymethylpyr idinc- 5-carboxylic acid, XIV . 

2-Hethyl-3,4 1 :...0-i sopropylidene-4-hydroxyme thylpyridine-carboxylic 

ac id, XIV (5 2 mg ) was suspended in nitrobcnzene (5 ml ) in a fla sk fit ted 

with a nitrogen inlet tube , a reflux condenser and a carbon dioxide 

absorber (Ba (OH ) 2 solution in a trap). The flask was heated and a slow 

stream of nitrogen was passed through the apparatus . Gaseous evo lution was 

ob served above 21~ 0 and the oil bath temperature was ma i n t ained in the 

range 215-225° until gaseous evolu t ion ceased (..,,..._ 1 hour). During this 

time the bar ium hydroxid~ solu tion became cloudy. On cool ing the 

nit robenzene was ext rac ted with ammon:i.a solution (lM) in the presence 

of a li ttle carbon t etrachlor i de to aid s eparation of the phases . The 

nitrobenzene phase was extracted with hydrochloric acid (O.lM) and the acid 

extrac t bacif ied with sodium bicarbona te and extracted wi th chloroform 

(3 x 25 ml). The chloro fo rm extract was dried (Na 2S04) and evaporated 

to dryness to yield a white so lid (28 mg ). T.L.C. ana lys j_ s showed the 

product to consist of t wo components , and an I.R. spec trum of the mixture 



showed anhydride bands at 1780 and 1720 cm-1. The yield of barium 

carbonate was 5 mg (10%). 
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15) Catalytic reduct ion of pyridoxine and of 3,4'-0-isopropylidene

pyridoxine. 

Pyridoxine hyd rochlor ide (200 mg) wa s dissolved in glacial acetic 

acid (10 ml ) and platinum oxide catalyst (70 mg) was add ed. The mixture 

was shaken at~ 60° under hydrogen (50 p.s.i.) fo r 70 hours. After 

cooling , the mixture was f i l tered and the filt rate evaporated to dryness . 

A T.L.C. ana lysis of the product showed two spots, one due to a ma jor , 

more polar , product hav ing the same Rf value as pyridoxine hydrochloride , 

the other due to a minor product having an Rf value id ent i cal with that of 

4'-desoxypyridoxine hydrochlor id e . Both spots gave a blue colour with 

Gibb's reagent. The experiment was r epeated using identica l conditions 

but us ing me thyl alcohol (5 ml ) as solvent. Again , unc.hanged pyridoxine 

and 4'-des oxypyridox ine were detected as the sole products. 3,4'-0-

Isopropylidenepyridoxine , XII, (200 mg) in ab so lute me t hyl alcohol (5 ml ) 

was subjected to id e~tical reduction conditions to those described above . 

In this case T.L.C. analysis showed only unchanged starting material and the 

ace tonid e , mp 111-112°, was i solated on evaporation of the filt rate . 

16) Pyridoxine methiodide . 

Pyr idoxine base (200 mg ) was added to a mixture of benzene (100 ml ) 

and methanol (10 ml ). Methyl iodid e (4 ml ) was added and the solu tion was 

r efluxed for 12 hours . The solution waf; evaporated to,....__, 30 ml and the 

crystals which separated were filte red off and wa shed with benzene and 

ether . Yield of pyridoxi ne me t h iodi<le was 366 mg ( 9?..1~% ), mp 178-180° 

rising to 188 189° after recrysta llisa tion from me thanol. 
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17) 3,4'-0-lsopropylidenepyridoxine methiodide . 

3,4'-0-lsopropylidenepyridoxine , XII, (100 mg) (19), was dissolved 

in a mixture of benzene (40 ml) and methanol (4 ml). Methyl iodide (1 ml) 

wa s added and the solution refluxed f or 12 hours. The cold solution was 

evaporated to"-' 5 ml under vacuum be l ow 60° and the crystals which 

separated were filtered off and washed with ben zene . The yield of 3,4'-0-

isopropylidenepyrido~ine methiodide was 151 mg (91%) mp . 167-168° (dee ). 

The P.M.R. spectrum, in perdeutel.·odime t hyl sulphoxide , showed peaks 

at 1.58 ~s (6H) , 2.56Ss (3H), 4.24Ss (3H), 4.60&'d (2H ), 5.12Ss (2H), 

5.78S't (lH) , and 8.5lbs (lH) p.p.m. from T.M.S. Anal. Found: C,110.89; 

H,5.01; I,35.89. Calculated fo r . c12H18IN03 : C,41.04 ; H,5.17; I, 36.14%. 

18) Sod ium borohydride r eduction of pyridoxine methiodide. 

Pyridoxine methiod ide (100 mg ) was di sso l ved in absolute methanol 

(10 ml ) and excess sodium bor ohydr id e (50 mg ) wa s added to the ice - cooled , 

stirred solution. After 30 minutes the solution was evaporated to dryness 

und er vac~um below 60° and the solution added to sodium bicarbonate 

solution (10%, 10 ml). The bas ic solu t ion was extracted with ethyl 

acetate (2 x 25 ml). The ethyl ace t ate solution wa s dried , (Na2S04), 

and evaporated to dr yness to yield 2 mg of gum . 

The sodium bicar bonate so l ution wa s c:arefully acidified with 

dilute hydrochlor ic acid and applied t o a Dowex-50 column (10 cm) in 

the hydrogen fo rm . The column wa s washed with water until the washings 

were neutral. The column was then eluted with ammonia solution (5% v / v ) 

and the eluate evaporated to dryness to yield a whit e so lid, mpl88 °C, 

which was id entical t o pyridoxine bet a in~ obt a ined a s a side-product i n 
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the diazomethane treatment of pyridoxine hydrochloride (reaction 6). 

The yield of pyridoxine betaine was 43 mg . The P.M.R. in n2o showed 

peaks at 2.48'bs (3H) , 4.04Ss (3H) and 7.60Ss (lH) p.p.m. from T.M.S. 

19) Sodium borohydride reduction of 3,4'-0-Isopropylidenepyridoxine 

. methiodide . 

3,4'-0-Isopropylidenepyridoxine methiodide (200 mg ) was dissolved 

in absolute methanot (20 ml). Sodium borohydride (200 mg) was added 

to the stirred solution at 0°C. After 30 minutes at 0°C the solution 

was evapor ated to dryness and the residue was dissolved in chloroform 

(50 ml). The chloroform solut ion was extracted with sa turated sodium 

bicarbonate solution, dried (K2co3) and evaporated to dryness to yield 

a pale yellow li~uid (62 mg). Analysis by thin layer chromatography 

(T.L.C.) showed one major product and three more polar minor products. 

The residue was dissolved in hexane and applied to a neutra l alumina 

column (lOg, activity I) -in hexane. The column was eluted with 25 ml 

portions of eluant in 10% (v / v .) increments from hexane to benzene and 

benzene to chloroform. Fractions 9·-12, which contained the major 

product, were combined and evaporated to dryness to yield colour -

l e ss ,liquid (25 mg). The mass spectrum showed a molecular ion 
. CIIC13 J 

at m/e 209.),J 3080 and 1660 cm- · (olefinic C-H stre tching bands ). 
MAX 

The P.M.R. spectrum in CDCl3 showed peaks at 1.SOod (3H), 1.520s (6H), 

2.42~s (3H), 3.38Sm (3H), 4.38Sd (2H), and 4.56 8 s ( l H) ~nd 4.60S s (lH) 

p.p.m. from T.M.S. 
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20) Hydrolysis of tl1e product from the borohydride reduction 

of 3, 4' -0-isopropylidenepyridoxine methiodide, XLII, 

3,4' - 0-lsopropylidenepyridoxine methiodide (200 mg ) was reduced 

with sodium borohydride in methanol i n the usual manner (see above). 

The residue from the chloroform extrac t was dis so lved in tetrahydrofuran 

(15 ml) and aqueous perchloric acid was added (60% w/v., 10 drops ). 

The mixture wa s left'at room temperature for twelve hours . The solution 

was made basic with sodium hydroxide solution (O.lN) and extracted with 

chloroform . The chloroform extract was dried (K2co3) and evaporated to 

dryness to yield a pa le yellow liquid (5 mg ). T.L.C. analysis showed 

it to consist of t wo products and an I.R. spectrum of the mixture 

. -1 
showed bands at 1730 and 1670 cm i ndicating the presence of a 

carbonyl containing compound . The mixture was separated on silica 

T.L.C. plate in benzene . The l east polar product (3 mg ) exhibited 

saturated C-H bands only in its I.R. spectrum. The more polar product 

(1 mg) was unstable and on standing became a more polar product, m/e 

151, exhib it ing an OH peak at 3450 cm- 1 in nujol . 

The basic aqueous solution contained an identical product to the 

product m/ e 167 into which the more polar product isolated from the 

chloroform extrac t decomposed, a s was demonstra t ed by compar ison of 

their T.L.C. properties. 

21) 4 '-Desoxy-3, 5' -d iacetylpyr i doxine methiodide. 

4 '-Desoxypyridoxine hydr ochlor ide (500 mg) (5 6) was dissolved 

in pyridine (20 ml) and acetic anhydride (5 ml ) was added . The so l ution 

was refluxed overnight when no re~ct ion to Gibb's reagent was observed . 



The solution was evapora ted to dryness under vacuum at 100°, The 

residue was dissolved in chloroform (2S rn l), and extracted with 

sodium bicarbonate solution ( 2 x 25 ml). The chloroform layer was 

dried (K2co3) und evapor a ted to dryness to yield a pale yellow oil 

(S66 mg). This liquid was dissolved in a mixture of benzene (20 ml) 
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and methanol (5 ml) and refluxed for 12 hours with methyl iodide (S ml). 

On evaporation to a small volume, crystals separated which were filtered 

to yield a yellow solid (64S mg ) mp = 17S-177°_. A sample, re

crystallised from methanol / ethyl acetate, had mp. 178- 179° (d ee ). 

The mass spectrum showed a peak at 237 mass units (molecular ion -

N-rnethyl group). The P.H.R. spectrum in perdeuterodimethylsulphoxide 

showed peaks at 2.148s (3H), 2.38Ss (3H) , 2.44Ss (3H), 2.580s(3H), 

4.32 8s (3H), 5.36 Os ('2H) and 9.08Ss (lH), p.p.m. from T .M.S. V max 

in nujol showed ace tate peaks at 1720 and 1220 cm-1 • 

22) Sodium borohydride reduction of 4'-desoxy-3,S'-diace t yl

pyridoxinemethiodide • 

. 4'-Desoxy-3 ,S'-diace tylpyridoxine methiodide (200 mg ) was 

dissolved in absolute methanol (10 ml) and sodium borohydride (66 mg ) 

was added to the stirred solution at 0°C. After 60 minutes the solution 

was evaporated to diyness and the residue dissolved in chloroform (SO ml). 

The chloroform solution was extracted with saturated sodium bicarbonate 

solution (50 ml), washed with water (SO ml), dried (K2co3) and 

evaporated to dryness to yield a colourless liquid (90 mg ) (92%). The 

mass spectrum showed a molecular ion at 19S mass units. 2J max 3098, 

1670 cm-1 (olefinic C-H stretching bands) and 1715 and 1210 cm-1 (acetat e ). 



The P.M.R. in CDC13 showed l.30~d (3H), 1.68Ss (3H), 2.220s (3H), 

2.488s (3H), 3.366m (3H), 5.14 0 s (1H) , S .• 18Ss(.ll,l) p.p.m. from T.M.S. 

23) Hydr rilysis of the reduc tion product from the borohydride 

reduction of 4 '-deso:cy-3, 5 '·-diacetylpyridoxine methiodide . 

The borohydride reduction product (6 2 mg ) was dissolved in 

sodium hydroxide solution (10% w/ v ., 20 ml ) and the solution was 

refluxed for 10 hour~, and wa~ then extracted with chloroform . The 

chloroform solution was dried (K2C03) and evaporated to dryn~ss to 
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yield a brovm gum ( 6 mg ) cons isting of a comp lex mixture as demonstrated 

by T.L.C. analysis. The aqueous l ayer was acidif i ed with concentrated 

hydrochloric acid and applied to a colunn (1 x 10 cm) of Dowex 50 W X 8 

in the protonated state. The column was washed with distilled water 

until the washings were neutral. The column was then eluted with dilute 

ammonia solution (5% v/ v, 100 ml ). The ammonical solution was evaporated 

to dryness to yield a white solid (L13 mg) (89%). An analytical sample 

had m.p. 217-218° (dee .). The P.M.R. spectrum in pe rdeutero

dimethylsulphoxide showed peaks at 2.07Ss (3H), 2.17f;s (3H), 2.430s (3H), 

3.98 S"s (3H), and 7 .2L1 Ss (ll-1). The mass spectrum showed a molecular ion at 

m/e 151. Anal. Found: C,63.32; H, 9.17; N,8.36. 

C,63.90; H, 8.94; N, 8.28%. 

Calculated for Cq H N0 2 : 
- 15 

24) Ca t alytic reduction of the 4'-desoxy-3,5 1 -diacety1pyridoxine 

methiodide borohydride reduction product. 

The borohydride reduction product (104 mg) was dissolved in 

methanol (10 ml ) and platinum oxide (60 mg ) wa s added. The container 

was shaken for 12 ho urs at 60 p.s.i. hyd rogen pressure . The solution 



. was filter ed and evaporated to dryness , dissolved in chloroform and 

extracted with s a tura t ed sodium bicarbonate solution. The chloroform 

extract was dried (K2co3) and evaporated to dryness. The residue was 

dis solved in b~nzene and the solut ion applied to a column (1 X 10 cm) 
I 

of neutral alumina in benzene. Elution with benzene and evaporation 

of the elua te yield a colour less liquid (25 mg) (2 2 %).)J max 1730, 

1280, 1125 and 107 4 cm-1 (acetate ). The mass spectrum showed a 

molecular ion at m/ e 199. 

61. 

25) Sodium-1propyl alcohol reduction (Bouveau lt Blanc reduction ) 

of ~,4'-0-isopropylidenepyr idoxine . 

3,4'-0-Isopropylidenepyridoxine (200 mg) was disso l ved in 

isopr opy l alcohol (5 ml ). Small pieces of sodium (O.S g) were add ed to 

the r efl uxing solution over 30 minutes . The solution was refluxed for 

a further 90 minutes when all the sodium had dissolved . The cold 

solution was extracted with chlor oform a fter addition of water . The 

chloroform extract was dried (K2co3) and evapora t ed to dryness to yield 

137 mg of pale yellow oil. T.L.C. analysis showed the reduction 

mixture to consist of four major components. The mixture of products 

was· dis solved in dilute hydrochloric acid (lM, 20 ml ) and the solution 

was refluxed for four hours. The solut ion now gave a positive reaction 

with Gibb's reagent , showing that a 3-hydroxypyridinium system had been 

regenerated. The solution was bas ified with excess sodium bicar bonate 

and extracted with chloroform (2 X 50 ml). The chloroform extract wa s 

dried (K2co3) and evaporated to dryness to yield a brovm gum (15 mg) 



which was shown to consis t of a mixture of compounds by T.L.C. 

analysis. An infra red spectrum of the gum showed no carbonyl bands 

in the 1700 - 1800 cm-1 region. 
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The base aqueous sodium bicarbonate soluble product was not further 

investigated. Th~ a~alogous reduction of pyridoxine base (100 mg) in 

isopropyl alcohol (10 ml ) with sodium (200 mg ) gave mainly pyridoxine 

on workup wM.ch entered the aqueous phase during the chloroform 

extraction. 

26) Attempted oxidation of 3 ,Lf '-0- i sopropylidenepyr idoxine 

methiodide with a lka line potassium ferri6janide (Decker 's reaction). 

A mixtur e of 3,4'-0-isopropyli<lenepyr idoxine methiodide (60 mg ) 

and potass ium ferricyanide (300 mg ) was dissolved in water (5 ml) in 

a small separatory funn el. Ethyl acetate (10 ml) was added followed 

by a potas sium hydroxide solution (10% w/ v . , 5 ml). The aqueous solution 

immed iate ly turned red. The funnel was shaken vigorously and the ethyl 

acetate phase removed and a fresh portion of ethyl acetate (10 ml ) was 

added to the funn el which was reshaken . Five ethyl acetate extracts 

were removed from the funnel over a period of 3 days . The combined 

ethyl aceta t e solutions were evaporated to dryness under vacuum be low 

60° to yield an oil (4 mg ). T.L.C. analysis of this product showed 

the presence of two components; one very mobi le and another more pnlar 

product . An I.R. spectrum of the mixture in chloroform showed the 

a~sence of OH group s and the presence of a carbonyl group from the bands 

at 1730, 1670 and 1620 .. 1 cm . These bands compare with those at 1720, 



1660 and 1600 cm-1 in the I.R. spec trum of l-methyl-8-methoxy

quinol-2-one. The two components of the oil were separated on a 

preparative T.L.C. silica plate which was developed in acetone, but 

the mass spectra of the components failed to give identifiable frag

mentation patterns. 

27) Attempted phenylation of pyridoxine and 3,4-0-Isopropy

lidenepyridoxine . 

3,4'-0-lsopropylidenepyr idoxine (54 mg ) was dissolved in dry 

tet rahydrofuran (5 ml ). This solution was added to an etherial 

solution of phenyl lithium (2 .5 ml) contained in a flask fitted with 

63. 

a nitrogen inlet tube and a reflux condenser . The app~ratus was 

flu shed with nitrogen and refluxed overnip;ht (12 hours). The cold 

solution was then added to a saturated solution of sod ium bicarbonate 

(15 ml ) which was extracted with ether (3 X 25 ml). The comb ined ether 

extracts were dried (K2C03) and evapora ted to dryness to yield starting 

product plus a very nonpolar product . The mixture was dissolved in 

dilute hydrochloric acid (O.lM, 10 ml ) and the so lu tion was extrac t ed 

with ether (3 x 25 ml). The ether extract now contained only the 

nonpolar product (biphenyl? ). The ac id solution was carefully basified 

with sod:i.um bicarbonate and extracted with chloroform. The chloroform 

extract was dried (K2co3) and evaporated to dryness to give starting 

material (3 0 mg) . 

The analogous reac tion was attempted with pyridoxine. (100 mg), 

which was dis solved in tetrahydrofuran (1 5 ml) and t reated with etherial 

phenyl lithium solution (2.5 ml ). Unchanged pyridoxine was obtained 

on workup after r e fluxing the reaction mixture for t welve hours. 



28) Attempted phenylation of 3,4'-0-Isopropylidene-pyridoxine 

methiodide., LIX. 

3,4'-0-Isopropylidenepyridoxine methiodide (100 mg) was 

dissolved in anhydrous tetrahydr ofuran (25 ml). Excess phenyl 

magnesium bromide in t e trahydrofuran (60 mg in 1 ml) was added to the 

refluxing solution. The solution was refluxed for 4 hours with 

exclusion of moisture when a T.L.C. analysis of the solution showed 

that a new less polar product had been formed with no trace of star t ing 

product. The t ctrahydrofuran wa s gradua lly displaced from the reaction 

fla sk by the addition of toluene to the refluxing solution. After 25 

ml of toluene had been added, the solution was refluxed for a furth er 

3 hours. On evaporation of the dark brown so lution to dryness under 

vacuum, a black t a r wa s obtained which was inso luble in dilute 

hydrochloric acid and wa s not fu r ther inves tiga ted. 

29) Attempted nitration of (a ) 3-0-methylpyridoxine and 

(b) pyridoxine hydrochlo r ide. 

(a) 3-0-Methylpyridoxine (50 mg) was dissolved in concentrated 

sulphuric acid (S ml). The solution was stirred vigorous ly at 0° and 

fuming nitric acid (2 ml) was added dropwise . The react ion mixture 

was allowed to war m to room temperature over 2 hours and was then heated 

on a steam bath f or 2 hours . The solution w~s added to crus hed ice 

( 10 g) and the solution was basif ied to pHB with aqu eous sodium 

hydroxide (10% w/v.). The solution was extracted with ether (3 x 20 ml) 

and the ether extrac t d r ied (Na 2so4) avd evaporated to dryness to yield 

unchanged star ting mate~ ial, mp. 101°. 
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(b) Pyridoxine hydrochlor ide (300 mg) was dissolved in con

centrated sulphur ic acid (5 ml). To the stirred solution at 0° was 

added concentrated nitric acid (1 ml). The solution was stirre~ at 

room temperature for 1 hour and was then added to crushed ice (10 g .)~ 

The acid solution was applied to a Dowex-SOW column (1 x 10 cm) in 

its acid form. The column was washed with water until the washings were 

neutral and was then eluted with dilute ammonia solution (5 % v/v; 

100 ml). The ammon:I.cal solution was evaporated to dryness to yield a 

ye llow solid, 5 mg, whfch was nonpolar and inact ive to Gibb's reagent. 
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