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GENERAL INTRODUCTION

Kojic acid can be produced by a microbiological process from carbo

hydrates, and therefore it might serve as a very useful outlet for

industrial and agricultural carbohydrate wastes. Since the acid has not

yet found practical applications, the present research is directed

toward making such application more probable by elucidating certain as

pects of the chemistry of kojic acid where basic knowledge is at present

lacking.

These gaps were revealed by a detailed survey of aIl publications

dealing with kojic acid, and this material serves as the Historical In

troduction of the thesis. The review has already been accepted in its

entirety for publication in Volume 10 of "Advances in Carbohydrate Chem

istry". Brief reviews concerning the chemistry of other t-pyrones

related to the subject matter of the thesis will be found under the

appropriate subheadings in the Discussion of Results. For the sake of

uniformity, the editorial style of the "Advances" was adopted for the

entire thesis.

The thesis first discusses the stability of kojic acid in aqueous

alkali, and shows how several new crystalline derivatives can conven

iently be made in alkaline solution. A selective de-acylation of kojic
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aoid benzoates by means of hydroxylaminehydrochloride is then desoribed,

together with other new derivatives prepared, and also a selective re

duction of the primary alcohol group in kojic aoid. The thesis closes

with the demonstration that the ring in kojic acid can be opened in a

condensation with semicarbazide, without scission of the six-membered

carbon chain.



HIBTORICAL INTRODUCTION

Kojie aeid, 5-hydroxy-2-(hydroxymethyl)-4tl-pyran-4-one* (II), is

prouueed from earbohydrate sources in an aerobic proeess by a variety

of microorganisms. The aeid was discovered in 1907, 1ts structure was

established in 1924, and its chem1cal synthes1s from D-glucose was

achieved in 19)0. Binee then, a considerable amount of study has been

devoteà to the biosynthesis of kojic acid, and numerous publications

have dealt w1th its ehemical and biologiea1 properties. After nearly

half a century, kojie acid remains a scientists' curiosity, without

industriai importance. It continues to attract attention, because its

formation is the simplest case of the biosynthetic conversion of a

sugar to a !-pyrone, and a thorough knowledge of this process could

reveal much about the biological formation of such complex t-pyrone

derivatives as flavones, flavonols, and furochromones, which are so

abundant in the plant kingdom. Again, kojic acid might serve as the

starting material for the synthesis of these substances, many of which

are important drugs, e.g. rutin and khell1n. The early work on kojic

ac1d 15 summed up in a rev1ew by Barham and Bmits (1). Although that

* Instead of 4H-pyran-4-one, the simpler, equivalent term
t-pyrone will be used throughout this thesis.
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information ia preaented here in condensed form only, aIl the refer-

ences are ineluded. Subsequent work is treated in somewhat greater

detail.

Discovery and Proof of Structure

Kojic acid was firet reported by Saito (2), who isolated it as a

crystalline substance from the myeelia of Aspergillus oryzae grown on

steamed rice. He assumed the substance to be ~-resorcyl carboxylic

acid, but this assumption was later proved wrong. Yabuta coined the

name of the compound (from "koji" e steamed rice), and by systematic

study (?,4) gathered enough evidence to propose two alternative

hydroxy-t-pyrone structures (l, II) for kojic acid. These structures

o

l

o

0061 1COOH
o

IV

o

II

o

V, R = COOH or CH20H

o

III

o

0061
CH?

o

VI

closely resembled those of maltoi (III) and comenie acid (IV), respec-

tiveIy, and Yabuta undertook to decide between l and II by converting



kojic acid into III or IV. He favored structure II, because like IV, but

unlike III, kojic acid reacted both with bromine and with a diazonium

salt to give nuclear substitution products. In these reactions, kojic

acid and comenic acid (IV) presumably reacted through a tautomeric

form (V), which could arise from II and IV, but not from l and III.

Much of this work had already been published, when Traetta

Mosca (5) and Wijkman (6) independently announced the discovery of

carbohydrate metabolites, which later proved to be identical vith kojic

acid. Traetta Mosca and Preti (7), apparently still unaware of Yabuta's

investigations, reported later in considerable detail on the properties

of their substance, and arrived at the same two alternative structures

(l, II) as did Yabuta. They, however, favored the wrong alternative (1),

and accordingly proposed the name oxymaltol.

It was Yabuta (8) who finally succeeded in clarifying the structure

of kojic acid. Conversion of the hydroxymethyl sidechàin to a methyl

group by chlorination and reduction of the chloromethyl derivative gave

not maltol (III) but an isomer (VI). Yabuta named this isomer a110--

maltol; structure VI, of course, was only confirmed through subsequent

results. Oxidation of the hydroxymethyl to a carboxyl group failed, and

the pyridone analog of kojic acid (VII) could not be oxidized to

0 0

006 0061 ICH20H 1 1COOH
N N
1 1
H H

VII VIII
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comenamic acid (VIII)~ the pyridone derived from comenic acid (IV).

Efforts to convert the carboxyl group of IV or VIII to a hydroxymethyl

group were equally unsuccessful. The structural relationship between

kojic acid and IV was ultimately established by converting both of

these compounds in several steps into 4~5-dihydroxy-2-methylpyridine

(IXa)~ which vas merely a tautomeric form of 5-hydroxy-2-methyl-4(l~)

pyridone (IXb). This result confirmed structure II~ namely 5-hydroxy

2-(hydroxymethyl)-t-pyrone~for kojic acid~ in accord with the original

OH

000'
~~

N

lXa

<
,

o

0061
CH;

N
1
H

In

assumption (4). Still more evidence in favor of structure II was fur

nished by the oxidation of 2-(hydroxymethyl)-5-methoxy-t-pyrone (X)

with potassium permanganate to the methyl ether of comenic acid (XI)(9),

and by the oxidation of 2-(hydroxymethyl)-5-methoxy-4(lH)-pyridone (XII)

to the methyl ether of comenamic acid (XIII) with potassium permanganate

(9) or nitric acid (10). The pyridones were prepared by heating the

pyrones with concentrated aqueous ammonia under pressure.

It should be noted that this proof of structure depended entirely

on the correctness of the structures accepted for comenic acid (IV) and

maltol (III). These structures had been assigned by Peratoner and his

co-workers (11, l2~ 1;) from a set of very reasonable assumptions based
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on conductivity measurements, substitution reactions and a1ka1ine

c1eavage, but they lacked proot by synthesis. Neverthe1ess, all these

0 0

K~~ M.O~•
1 IOOOHQce~One

0

X XI

o

Meo~
~ __,JCH20H

N
1
H

XII

o

XIII

structures were consistent1y in good agreement with new reactions and

derivatives of the compounds in question, and theretore remained uncha1-

1enged. Recently, however, Be1onosov (14, 15) brought torward evidence

which supposed1y favored position ~ for the pheno1ic hydroxyl group ot

comenic acidj this in turn suggested structure l for kojic acid. It

became desirab1e to sett1e this problem in a decisive vay. This was

accomp1ished by Heyns and Vogelsang (16), who converted kojic acid via

XIII into 5-hydroxypicolinic acid (XVIII) by the fol1owing steps: comen

amie acid methy1 ether (XIII or XIV), 4-ch1oro-5-methoxypicolinyl

chloride (XV), the corresponding acid (XVI), the hydroch1oride of

5-methoxypicolinic aeid (XVII), and tinally XVIII. The position of the
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hydroxyl group in XVIII was estab11shed by the synthesis of th1s com

pound, using known procedures (17, 18), from 2-picoline (XIX) in the

following stepsl XIX, 2-methyl-5-pyridinesulfonic acid (XX), 2-carboxy-

5-pyridinesulfonic acid (XXI), and XVIII.

0
OH Cl

Moo6 MOOO hOO
1 1COOR - 1 4 00CHSOC.lz.

1 .A COOl~

.,

N N N
1·
H

XIII XIV di\· l XVNQOH

Cl

HOO MOOO MOOO
1 A COOR

HI

1 4 COOH

Sn
l(; 4t

Hel 4 COOR
N N N

•
HCl

XVIII rNaOH XVII XVI
!-"5/017

HO}SO t<MnO~ HO}SO Oleum oOH}.. •
4 COOR CH~

N N N

XXI XX XIX

These results confirmed unequivocally position 5 for the phenolic

hydroxyl group in both kojic acid (II) and comenic acid (IV).
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Formation

Biosynthesis

The Fermentation:- Kojic acid is produced in an aerobic process

by a variety of microorganisms from a wide range of carbon sources. As

a1ready mentioned, Saito (2) discovered kojic acid in the myce1ium of

Aspergillus oryzae grown on steamed rice. Yabuta (~) iso1ated kojic

acid a1so from the nutrient solutions of A. a1bus, A. candidus, and

A. nidu1ans; Traetta Mosca (5) c1aimed to have found it in cultures of

A. glaucus; Tamiya and Hida (19) reported its production by A. f1avus,

A. gymnosardae, A. awamori, A. c1avatus, A. fumigatus, and A. giganteusi

and Birkinshaw and co-workers (20) showed that it was a1so formed by

A. parasiticus, A. effUsus, and A. tamarii. Later, A. 1uteo-virescens

(21), A. 1utescens (22), A. wentii(2~), and A. alliaceus (2~) were

added to the list of kojic acid produoers. The identity of some of

these Aspergilli has been questioned (20). Most members of the A. flavus

-oryzae-tamarii group were apparently capable of producing kojic acid,

and A. oryzae and A. flavus were possibly most widely used for this

purpose. In addition, the formation of kojic acid was a1so observed in

cultures of Penicillium da1eae (20), of ten species of acetic acid

baci11i (24), and of the gluconic acid fermenter Gluconoacetobaoter

opacus var. mobilis (25).

Rice and other cereals were the sources of carbon in the early

studies (2, ~), but they were saon replaced by solutions of pure



8

compounds. Microorganisms were grown on media containing a great variety

of carbohydrates and related substances, and they produced kojic acid

from compounds containing two to seven carbon atome per mo1ecule, among

them reducing sugars, sugar acids and sugar alcoho1s. '01- and po1ysac

charide~ were also suitable substrates. These positive results are

collected in Table I; negative results and information about the species

of mold used were tabulated in the earlier review (1). Although the

natura1ly occurring or the most available forms of the substrate were

presumably used, the configurational prefixes D- and L- have been

omitted from this text whenever the original article fai1ed to provide

specifie information as to which was correct.

To discuss the culture conditions in detail would be beyond the

scope of this review, and the main factors only will be ~rized

briefly. The nutrient medium was usually a 2-;0% aqueous solution of

the compound serving as the source of carbon. This solution contained

also 0.5-2% of a source of inorganic nitrogen, smaller amounts of other

inorganic salts, and possibly an organic stimulant (44). The medium

used in the production of kojic acid from xylose by A. flavus vas (;6):

xy1ose, 150 g.; ammonium nitrate, l g.; potassium dihydrogen phosphate,

0.625 g.j magnesium sulfate heptahydrate, 0.5 g.; and water, l liter.

The sterilized solution was adjusted to a pH value varying tram 2 to 6,

inoculated with the mold, and 1ncubated at 15-;80 C. for a period

between a few days and six weeks. The molds were generally grown on the

surface of the medium where they were exposed to air, but submerged

growths were also recommended (;9, 45). In the latter case the oxygen



TABLE l

Carbon Sources for the Biosynthesis of Kojic Acid

9

Compound

Ethanol
Glycine
Sodium acetate

Dihydroxyacetone
Glyceraldehyde
Glyeerol
Sodium lactate
Sodium pyruvate

Tartaric acid

Adonitol
Arabinose
Xylose

2-Desoxyglucose
Dulcitol
Fructose
Galactose
Gluconic acid
Gluconolactone
Glucose
Inositol
Mannitol
Mannose
Sorbitol

Quinic aeid
Shikim1c ac1d

(06)2 Lactobionic acid
Lactose
Maltose
Sucrose
Trehalose

.(C6)n lnulin
Peetin
Starch

References

28,29,,0
'06,7,20,25,29"1"2,,,,,4
25
25,27

"
~
20,'1,'2,",'5
20,,1,,2,",34,'5,,6

26
,2,",34
5,20,24,25"1"2,,,,,4
20,25,'2,~

32,4
4,5,6,20,25,28"0"1,,2,,,,,4,'5,,7,38,,9
'2",6,20,24"",4,40
,2"",4
'2,,4

'0,0
30
20
,2,41
5,6,20,,1,32,,4,40,42,4,
'0
'2'020
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requirements of the mold had to be satisfied by bubbling air through

the medium, or by constant agitation. The articles by Birkinshaw and

co-workers (20), May and co-workers (37), Kluyver and Perquin (39),

Barbam and Smits (36), and Barnard and Challenger (26) are readily

available and contain detailed information about the factors influencing

the production of kojic acid by molds. A good summary of these factors

was given by Foster (46).

The Isolation of Kojic Acid:- After the incubation period, the

myce1ium of the moldwas removed, and the kojicacid produced was re

covered fram the culture filtrate by one of the fol10wing methods: pre

cipitation as the copper salt (3, 26), extraction vith ethyl acetate (7),

continuous extraction with ether (28, '7), evaporation to a small volume

leading to crysta11ization (20), or crystallization at 00 C. (21), and

adsorption on active carbon fo11owed by elution with butyl acetate which

was saturated with dry ammonia (47). The last mentioned method was re

commended for low concentrations of kojic acid. Phares and co-workers

(48) recent1y worked out a method, based on partition chromatography,

for the separation of kojic acid from any other organic acids formed in

the biosynthesis. The reported yields of kojic acid ranged from traces

to close to 70%, but these figures were hardly comparable in many cases.

The surface growth of the m01ds was too heterogeneous to be readily

reproducib1e,particularly in long incubation periode. Kluyver and

Perquin (,9) devised a method for the standardization of growth con

ditions. Uniformly produced homogeneous mold substance was transferred

to a fresh medium, and the changes brought about in it by the mold were

eva1uated after 24 hours of incubation.
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The Quantitative Estimation of Kojic Acid:- In solutions, the

quantity of kojic acid has been deter.mined colorimetrically by measur-

ing the intensity of the red color produeed with ferric ehloride

(31, 49), and volumetrically, in the absence of other organic acids, by

titration with standard dilute alkali, using alizarin orange R (37) or

phenolphthalein (5, 36) as an indieator. Other volumetrie methods were

based on the quantitative deeomposition of kojic acid by aqueous alka-

line solutions of iodine according to equation A (50), and on the rapid

C6H604 + 5 12 + 11 NaOH ;r (A)

.. CHI; + 7 NaI + 6 H20 + HCOONa + (COONa)2 + HOCH2COONa

° ° (B)Ho6 Ho{r
1 1CH OH

+ 2 12 • l l
H CH20H

o 2 1 0 1

addition of four atoms of iodine to one moleeule of kojic acid in a

glacial aeetic acid - benzene solution containing'mereuric acetate as

a catalyst, as shown in equation B (51).

Gravimetrie methods involved the quantitative precipitation of

kojic acid as the copper salt (37, 52), or carefUl extraction, drying

and weighing of kojic acid proper (35).

The Mechaniem of the Formation of Kojio Acidl- Speculation about

the mode of formation of the c(-pyrone ring of kojic acid from the

carbohydrates subjected to the biosynthetie proeess began practically

with the discovery of the substance, and the theories tended to change
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vith the conversion of each nev type of compound to kojic acid. These

theories are best considered in their chronological sequence.

Yabuta (,) connected the formation of kojic acid vith the redox

changes concerned in the reduction of hexoses to the corresponding

alcohols. The conversion of mannitol (40) to kojic acid rendered his

viev less probable. Traetta Mosca (5) believed the formation of kojic

acid to be the first step in the alcoholic fermentation of sugars, but

this tbeory was linked vith his early misconception about the structure

of kojic acid. Traetta Mosca and Preti (7) later recognized it as a

hydroxypyrone. They also obtained kojic acid from glycerol; this vas

the first instance of the formation of the acid from a compound vith

less than six carbon atoms. They assumed the initial conversion of gly-

cerol to glyceraldehyde and the condensation of tvo molecules of the

latter to give glucose, the known starting material in the production

of kojic acid.

Kinoshita (40), then Haworth (5,), noted the close structural

relationship of kojic acid (XXIV) and glucose (XXII),* and suggested

that the latter vas changed to the former through oxidation to a ketonic

intermediate (XXIII), vhich then vas dehydrated to give XXIV. This vas

frequently called the "carving out" theory of the formation of kojic

acid. Opposed to it was the "fission" theory, vhich could be dated from

the first conversion of pentoses (,l, ,2, ,5) to kojic acid.

Challenger and co-workers (,5) had hoped to obtain pyromeconic

acid (XXVI) from pentoses (XXV) vith A. oryzae, by analogy vith the

* The unconvential formulae for the carbohydrates and the consec
utive numbering of the carbon atoms of kojic acid, adopted in this sec
tion, serve to facilitate comparison.



XXII XXIII XXIV

xxv

-H'l. ,.

o
Il
C

Ho-O""'" 'O-H
Il n

H-O O-H
'0""'"
XXVI

formation of kojic ac1d fram hexoses. Instead, koj1c acid was produced

from L-arabinose and D-xylose. Corbel11ni and Gregorin1 (;1), too,

observed the production of kojic acid by A. flavus fram those two pen

toses and fram D-fructose (XXVII)i they noted that Haworth 1 s scheme

XXVII XXVIII

o
Il
C-H

Ho-HO"
1

H-C
Ilo

XXIX

o
Il
o-H

+ 1 
CH-OH20H

HO
I

xxx

o
Il
c

HO-O""'" 'CH-OH
Il 1

H-O OH-OH_OH, 1 ._~

OH HO

-2. Hz,O
!'"

XXIV

would require the formation of an isomer (XXVIII) of kojic acid from
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XXVII, and suggested that kojic acid (XXIV) was formed directly by the

condensation of two molecules containing three carbon atoms,without

the prior formation of a hexose. In their example they used glyceralde

hyde (XXX) and glyceric dialdehyde (XXIX) which could be produced from

sugars by fission and from g1ycerol by oxidation. Their theory was

rendered more probable by the great importance of trioses and triose

phosphates in other metabolic processes, and was supported by the in

dependent observation of Ohallenger and co-workers (29), that dihydroxy

acetone, another oxidation product of glycerol, was converted to kojic

acid in yields exceeding ~O%. These workers a1so Bucceeded in isolating

dihydroxyacetone (or glyceraldehyde) in the form of its phenylosazone

from cultures of A. niger on a medium containing 5% glycerol. They came

to essentially the same conclusion as Corbellini and Gregorini (~l),

and thought it probable that the conversion of glucose into kojic acid

might also involve ring fission and formation of a triose, rather than

direct transformation. Others (~7) began to favor this theory, despite

Maurer's chemical synthesis of kojic acid from D-glucose (54).

All fungi capable of producing kojic acid were known to produce

ethanol at the same time. Renee acetaldehyde would aiso have to be

present in the media, and from this Birkinshaw and co-workers (20)

reasoned that acetaldehyde, a diose, might be the building stone in the

biosynthesis of kojic acid. This concept was favored by the diseovery

that kojic acid was produeed by some acetic acid bacilli (24), sinee

aeetaldehyde was an intermediate in the oxidation of ethanol to acetic

acid by these organisme. In an alternative theory advanced by Birkinshaw

and co-workers (20), it was assumed that the fungi first anabolized
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whatever carbon source they had to a reserve carbohydrate, and later

hydro~sed it to a hexose, which was then converted to kojic acid.

Tamiya ()~) reached the same conclusion, and considering the customary

long culturing periods, it seemed entirely reasonable. Their view was

shared later by Kluyver and Perquin (~9), when these workers found that

with short incubation periods in special replacement cultures, A. flavus

produced practically no kojic acid in media containing pentoses, sugar

alcohols, and hexoses other than glucose. Under identical conditions,

production of kojic acid from glucose vas at an optimum. The negative

results in the other cases suggested that only glucose was converted

directly to kojlc acid, and all the other compounds were first assimil

ated into a reserve carbohydrate.

Trioses, particularly dihydroxyacetone, were again considered as

the most important intermediates in the formation of kojic acid, when

Katagiri and Kitahara (~O), who worked with A. oryzae, reported a 55%

yield of kojic acid from dihydroxyacetone, traces from glyceraldehyde,

but none trom acetaldehyde and diethyl acetal. Gould (~4) found that

the production of kojic acid trom glucose by A. tamarii vas not affected

by the presence of aldehyde-trapping reagents, e.g. dimedone or bisulfite,

in the growth medium; and that no kojio acid was produced by the fungus

if mold substance, i.e. reserve carbohydrate, vas the onlysource of

carbon. Several theories vere thus contradicted in one paper, but the

extreme sensitivity of these microbiological processes to seemingly

minor changes in conditions should be kept in mind. Gould (~4) round

fUrther that the formation of kojic acid probably did not proceed through

phosphoric esters, as it took place readily in phosphate-free media
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containing glucose, xy10se and g1ycero1 respectively.

Sakaguchi and co-workers (25) succeeded in producing kojic ac1d

from ethano1 by A. 0EYzae, and thereby provided the firet experimental

ev1dence supporting the d10se inte~ediate theory. Barnard and Challen-

ger (26) devoted considerable attention to this problem. They obtained

12-17% yields of kojic acid at '2° C. from a culture of A. oryzae on a

basal salt medium containing 1.~2.l% of ethanol, but none at lower

temperatures or higher ethanol concentrations. The carefully washed

fungus was grown on the basal salt medium alone for six weeks, and its

failure to produce kojic acid eliminated the possibility of kojic acid

production from reserve carbohydrate in the experiments with ethanol.

AlI cultures of the fungus on ethanol solutions were shown to contain

acetaldehyde, and the addition of dimedone, but not of bisulfite, re-

duced the yield of kojic acid to 5% and delayed its formation. They saw

further evidence for the "fission- theory and against the "carving out-

theory in the fact that three derivatives of glucose which were not

expected to undergo fission gave no !-pyrone derivatives, and that a

20% yield of kojic acid was obtained from 2-desoxyglucose (XXXI), which

by the "carving out" process should have given rise to 2-(hydroxymethyl)

-I-pyrone (XXXII). Olearly, the accumulated information revealed many

XXXI XXXII

details, but the exact nature of the biosynthetic process remained a
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ma~~er of conjec~ure.

Very recen~ly, Arnstein and Bentley applied the isotopie tracer

technique in their studies of kojic acid. First they investigated the

mechanism of the alkaline cleavage and degradation of dimethyl kojic

acid (XXXIII) (55). Yabuta (4) had found that treatment of XXXIII with

barium hydroxide yielded equimo1ar quantities of formic acid, methoxy-

aoetone (XXXIV) and methoxyacetic acid (XXXV). The same three compounds

HOOOH -<
OH,OCH2-OO-OH,

XXXIV

were obtained from XXXIII 1abelled vith 140 in one of the me~y1 groups

(marked by *) (55); ~he formic acid was co.mp1etely non-radioactive, and

the vhole radioactivity vas distributed between the other two fragments,

the share of XXXV being about 20% higher than that of XXXIV. This resu1t

indicated that the oleavage occurred in two difterent ways: according

to scheme A (shown by the relevant dotted line in XXXIII), carbon ato.ms

O2 and 0, gave XXXV, and 04' 05 and 06 gave XXXIV, whi1e according ta

scheme B, 05 and 06 appeared in XXXV and 02' 0, and 04 in XXXIV (see

foo~note ta p. 12). The greater radioactivity of XXXV pointed to a

s1ight predominance of mode B. Formic acid was formed in bath cases

trom 01.

Next, Arnstein and Ben~ley (28) produced kojic acid with A. oryzae

and A. flavus-oryzae trom media con~a1n1ng 1-(14C)-D-glucose,
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;,4-(1402)-D-glucose and 2-(140)-1,;-dihydroxyacetone respectively.

Between 2 and 20% of the 140 .was recovered in kojic acid. The kojic

acid was converted to its ethyl methyl ether (XXXVI) in each case, and

the degradation of this unsymmetrical ether by hot aqueous barium hydr-

oxide, the separation of the fragments and their assay for radioactivity

gave an exact measure of the ~ount of 140 incorporated into each of

the six carbon atoms of kojic acid. The scheme for this operation is

given in Fig. 1 (see footnote to p. 12).

After treatment of XXXVI with aqueous barium hydroxide, the liquor

contained formic, methoxyacetic and ethoxyacetic acids, methoxyacetone

and ethoxyacetone, produced by the two modes of cleavage XXXVI A and

XXXVI B. The formic acid was converted with red mercuric oxide to car-

bon dioxide; this was recovered as barium carbonate, the radioactivity

of which was a measure of the 140 incorporated into Olof kojic acid in

the biosynthetic process. The alkoxyacetones were removed from the

liquor by steam distillation, and converted to iodoform and a mixture

of methoxy- and ethoxyacetic acids. The iodoform was recovered by fil

tration; its radioactivity indicated the proportion of 140 incorporated

into 04. The alkoxyacetic acids were isolated by continuous extraction

of the filtrate with ether, and those in the original liquor were re-

covered in the same way. These acids were separated chromatographically

and converted to their silver salts. Methoxyaoetic aoid trom both

sources contained 05 and 06 of kojio acid, while all of the ethoxyacetic

aoid was oomposed of 02 and 0;. Assay of the silver salts for radioactiv

ity therefore gave the amounts of 140 incorporated in 02 + 0; and in

05 + 06 respectiveIy. Degradation of the silver salts with bromine
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liberated carbon dioxide containing 0; from ethoxyacetic ac1d, and car

bon dioxide containing 05 from methoxyacetic acid. These portions of

carbon dioxide were also recovered and assayed in the for.m of barium

carbonate. The amount of 140 which was incorporated into 02 and 06 was

finally calculated by difference.

The results of these experiments showed that in kojic acid pro

duced fram 1-(140)-D-glucose, 70-90% of the 140 was located in 01 and

6-16% in 06; in kojic acid produced from ;,4-(1402)-D-glucose, 90% was

located in 0; and 04i and in kojic acid produced from 2_(140)_l,;_di_

hydroxyacetone 60-70% was to be found in 02 and 05 of kojic acid. These

distributions of radioactivity indicated very definitely that kojic acid

was for.med fram D-glueose largely by direct conversion, and no splitting

of the carbon chain occurred. The distribution of 140 in the kojic acid

produced from labelled dihydroxyacetone, moreover, showed clearly that

if free dihydroxyacetone were an important inter.mediate, the conversion

of 1-(140)-D-g1ucose would have led to a more extensive incorporation

of the 140 into atoms 02-06 of kojic acid. The presence of 6-16% of the

140 in 06 nevertheless pointed to a minor pathway in the formation of

kojic acid, which involved the splitting of the glucose molecule, and

the recombination of the trioses thus for.med.

Arnstein and Bentley believed that tile direct conversion of glucose

(XXII) might proceed by the following sequence: enzymatic oxidation of

XXII to gluconolactone (XXXVII), further oxidation of XXXVII to ;-keto

gluconolactone (XXXVIII), and conversion of XXXVIII by dehydration and

enzymatic reduction to kojic acid (XXIV). The arguments in favor of this
,

mechanism include the production of gluconic acid by a strain of
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A. 0ryzae (~8)1 the frequent occurrence of g1uconic and ketogluconic

acids in fUngi, and the utilization of glucono1actone (~4) and gluconic

acid ('2) as carbon sources for the biosynthesis of kojic acid.

In :f'urther studies, Arnstein and Bent1ey (56) demonstrated the

presence of a1do1ase and triosephosphate isomerase in :f'ungi producing

kojic acid. They a1so found that both production and destruction of

kojic acid vas rapid in media vith high phosphate levels, and slow at

lover phosphate levels. They preferred to consider kojic acid as a nor-

mal metabolite of the fungi, rather than as an end product.

Lastly, they (27) investigated the incorporation of small molecules

into kojic acid. Buffered solutions of pyruvic acid, acetic acid, gly

cine, and some other similar compounds, all Iabelled with 140, vere

added to Aspergillus cultures grown initially on uniabelled glucose.

The recovery of 140 in kojio acid vas usually leee than 1%, and the

labelled carbon atome vere distributed over the whole molecule, predam-

inating, however, in a11 cases in 04' 05 and 06. A similar predominance

of the radioactivity in the ftlower" half of the kojic acid molecule vas

also observed in the vork with labelled dihydroxyacetone in the pres-

ence of non-radioactive gluoose (28), and might be explained (27) in

both instances by the condensation of a labelled three carbon
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inte~ediate, e.g. pyruvic acid or dihydroxyacetone, vith an unlabelled

triose or triosephosphate, derived from glucose. In neither case vere

major quantities of glucose converted to kojic acid by this pathvay.

These studies are of great significance, and give for the first

time a clear picture of some important phases of the biosynthesis of

kojic acid; but far from providing a quick solution to aIl the problems,

they also fully reveal the great campIexity of the conversion of carbo

hydrates to a t-pyrone, even one as relatively simple as kojic acid.

Chemical Synthesis

The starting materials for the chemical synthesis of kojic acid

vere also carbohydrates, but only hexoses and their derivatives vere

used for this purpose. Maurer and his co-vorkers studied thesynthesis

extensively in order to clarify the mode of formation of the t-pyrone

system from carbohydrates. They succeeded in preparing diacetylkojic

acid (XLIII) by purely chemical means, first from D-glucose (54) and

then from D-galactose (57). The mechanism of fo~at10n of XLIII, vhich

did not contain any asymmetrical carbon atoms, vas apparently not de

pendent on the configuration of the hexose. The essential steps of the

synthesis are given briefly in the following sequence. the elements of

hydrogen bromide vere removed from tetra-~acetyl-D-glucopyranosyl

bromide (XXXIX) by diethylamine in benzene, the resulting crystalline

tetra-C-acetyl-2-hydroxy-D-glucal (XL) was chlorinated in dry ether,

the sirupy mixture of isomeric dichlorides (XLI) vas hydrolysed by moiet

silver carbonate or water to 2,~,4,6-tetra-~acetyl-D-glucosonehydrate

(XLII), and XLII was finally converted to XLIII by acetic anhydride and
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pyridine at 0° O., or by heating with acetic anhydride and anhydrous

sodium acetate. In this last step, XLII lost two molecules of acetic

acid and one molecule of water in the formation of the t-pyrone ring.

\ihen sodium bicarbonate was substituted (58) for silver carbonate, XLI

was hydrolysed to ~,4,6-tri-Q-acetyl-D-glucosonehydrate (XLIV). Both

XLIV and its anhydrous form were converted to XLIII by acetic anhydride

and pyridine, or slowly even by 2% aqueous pyridine. The best yield of

XLIII was obtained from XLI via XLII (58, 59). The study was extended

to other derivatives of D-glucosone (60); I-Q-benzoyl-~,4,6-tri-~acetyl-

-D-glucosone and 1-~acetyl-~,4,6-tri-~benzoyl-D-glucosone were both

stable to pyridine, apparently because the acyl group at position 1

prevented their transformation to kojic acid derivatives. The chlorin-

ation of a tetrabenzoyl analog of XL, and hydrolysis of the dichloride,

yielded 2,~,4,6-tetra-~benzoyl-D-glucosone(XLV). This' compound had an
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unusual l,2-ethylene oxide structure, and no acyl group at position 1.

The treatment of XLV with pyridine, or sodium acetate, resulted in its

quantitative conversion to dibenzoylkojic acid .(XLVIII). Dry hydrogen

halides c1eaved the ethylene oxide ring of XLV (61) and a halogen atom

enteredposition 1. At the same time, two molecules of benzoic acid

were removed from XLV, vith creation of a carbony1 group at position 2

and of a carbon-to-carbon double bond between positions 4 and 5. Dry

hydrogen chloride in benzene thus converted XLV to ;,6-di-~benzoyl-D

-glucoson-4,5-enyl chloride (XLVI). When XLVI vas varmed in alcohols,

the chlorine atom was easily replaced by various a1koxy groups to give

glycosides (XLVII). Like XLV, both XLVI and XLVII were converted to

XLVIII by sodium acetate (61).

From these results, Maurer conc1uded (58) that the carbonyl group

of position 2 in aIl these glucosone derivatives, as represented by the
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simplified formula XLIX~ was shifted by the action of pyridine or sod

ium acetate via a co.mmon enediol intermediate (L) to position ~ (LI)~

and the molecule was finally stabilized by the expulsion of the approp

riate small molecules (water~ acetic acid~ etc.) and the formation of

the t-pyrone ring (LII). This process was accompanied by the migration

OHI
'-OH 1

r~o°
Il
o
1
CH20H

LII

of an acyl group from position ~ to position 2. The creation of a double

bond between positions 4 and 5 of XLVI was thought to be a preliminary

stage~ which was stabilized as the t-pyrone ring (61) by changing to

the conjugated system of XLVIII. This transformation proceeded in a se-

quence analogous to that leading from XLIX to LII.

Maurer (62) investigated briefly the ability of the reducing unit

of disaccharides to form a t-pyrone nuoleus without oleavage of the

glycosidic linkage. Hepta-Q-acetyl-2-hydroxycellobial (LIlI) and hepta

-o-acetyl-2-hydroxygentiobial (LIV) were each subjected to the series

of reactions which led from XL to XLIII. The final products were not

isolatedj but~ atter being treated briefly with alkali~ the solution of

the product fram LIV gave a wine color with ferric chloride. This test
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o OAc

LV

R = (Tetra-O-acetyl-D-glucopyranosyl)

indicated the for.mation of a hydroxy- t-pyrone, presumably a glycoside

of acetylkojic acid (LV). No such color test vas given by the product

fram LIlI. Presumably the glucosyl residue, when attached to carbon 4,

as in LIlI, interfered with the deacetylation leading to the formation

of the t-pyrone nucleus. When it was attached to carbon 6, as in LIV,

the transformation vas not hindered, because carbon 6 did not become

part of the t-pyrone nucleus.

The synthesis of kojic acid was simplified by Stacey and Turton (6~),

vhen they succeeded in converting XL directly to XLII with perbenzoic

acid, thus e11minating the chlorination step. The mechanism of the for

mation of kojic acid by chem1cal synthesis vas interpreted by them, and

by Isbell, in terme of consecutive electron displacement. According to

Isbell (64), acetic anhydride and sodium acetate enolized keto acetates

in the way that bases and amphoteric solvants promote ordinary enoliz

ations. In addition to favoring enolization, these substances, which

were capable of supplying and accepting acetate ions, also caused the

deacetylation of XLII. Isbell visualized the migration of the acetyl

group fram position ~ to position 2 by means of an inte~ediate complex

of the orthoester type (LVI) vith elimination of a proton and an acetate
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ion. stacey and Turton (6;) found from ultraviolet absorption data that

boiling dilute alkali, too, converted XLII to kojic acid (II), and con-

sequently they considered the assumption of the ortho-acetate structures

unnecessary. They suggested a mechanism for the transformation of XLII

by alkali which was essentially the same, in its initial stages, as that

suggested by Isbell (64). The aqueous alkali deacetylated XLII and

neutralized the incipiently ionic hydrogen atom at position 2 (LVII).

By loss of water between O2 and 0; an enediol (LVIII) was formed, which

was then converted to kOjic acid (II) in a manner and for reasons already

outlined by Maurer (58). Stacey and Turton regarded a proton acceptor as

one of the essential factors in these transformations.

These investigations shed considerable 11ght on the synthesis of
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t.he I-pyrone ring; however, it is unl1kely t.hat. any conclusions re-

garding t.he biosynt.het.ic process could be drawn from t.hem.

Properties

Chemical Properties

II

Kojic acid is a t -pyrone. The conventional

way of numbering the atoms in the t -pyrone ring

of kojic acid is shown in st.ructure II. For con-

venience in the following discussion, however,

the carbon atom in the hydroxymethyl side chain

bas been denoted as posit.ion 7. The hydroxyl

group in position 5 bas a phenolic character (65), and the one in the

side chain behaves like a primary alcohol whose reactivity is somewhat

enhanoed by the adjacent oxygen atom in the nuoleus. Positions ~ and 6

have very unequal reactivit.ies. The common way of symbolizing the nucleus

indioates two carbon-to-carbon double bonds and a carbonyl group for

kojic acid; however, they do not. react in the manner t.ypical of such

funetions. This phenomenon 1s st.ill most. convenient.ly explained in t.erms

of the resonance theory (66).

The ehemical reactions and derivatives of kojic acid will be

grouped according to these centers of its reactiv1ty.

The ljydroxyl Groups:- The pheno11c hydroxyl group of position 5

gives kojic acid its weakly acidio character (~, 4), and enables it to

form salta with a number of metals. No kojat.es of monovalent matals have
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as yet been prepared; sodium kojate is repeatedly mentioned in the lit-

erature, but the term apparently always refers to an aqueous solution

of kojic acid neutralized with sodium hydroxide. Such solutions have

frequently been used in bacteriological studies. Kojates of barium,

calcium and strontium were reported by Yabuta (4), and the kojates of

the divalent forms of the transition elements cobalt, copper, nickel,

iron and manganese were prepared by Wiley and his co-workers (67), who

measured their magnetic susceptibilities. Wiley represented these salte

as chelate complexes (LIX). The first three contained half a molecule

of water of crystallization. The copper complex had been known earlierj

M c divalent metal ion
LIX

it played an important part in the isolation and estimation of kojic

acid. The kojates of cadmium, lead, zinc, aluminum, lanthanuml neo-

dymium, praseodymium and samarium were prepared by Musante (68), who

also found kojic acid to be useful for the gravimetric determination

of copper in the presence of several other ions. Methylammonium kojate

was prepared by Armit and Nolan (10).

The complex of kojic acid with ferric chloride, also formed through

the phenolic hydroxyl group, gives rise to a characteristic wine color

which persists even at a dilution of 1:200,000 (~). This colour reaction

permits the estimation of kojic acid by colorimetryj conversely, Moss
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and Mellon (69) based a method for the quantitative determination of

ferric iron on this property of kojic acid. Although not ideal for this

purpose, kojic acid 1s free tram some of the interferences encountered

vith other reagents, 1ts sensit1vity 1,s adequate over a w1de range ot

iron concentrations, and the color produced 1s relatively stable. More

data on th1s method have been provided by Mehlig and Shepherd (70).

Many ot the derivatives typical of hydroxy compounds have been

prepared from kojic acid. The known ethers and esters are co1lected in

Table II. Reagents which are specitie for phenolic hydroxy1 groups, e.g.

diazomethane (7, 8, 10), allyl and phenacyl bromides (71), usually

formed 5-mono-~derivatives. Triphenylmethyl ehloride (72), on the ot~er

hand, reacted only with the primary alcoholic hydroxyl group, and the

esterification of kojic acid with eaproic acid (71) also affected only

position 7. Reagents vhich are non-specifie tended to form 5-mono-Q-der

ivatives if applied in equivalent quantities, and to react with both

hydroxy1 groups if appl1ed in excess. Tbus the 5-monomethyl ether of

kojic ae1d vas most convenient1y prepared with one mole of dimethy1

sulfate in aqueous alkali (16, 75), whi1e vith two moles the 5,7-dimethyl

ether vas formed (4). Sim11arly, the benzoylat1on of kojic acid with

benzoyl chloride in ether gave 5-Q-benzoylkojic aeid (4), but with

benzoyl chloride in the presence ot aqueous alka11 (4) or pyr1dine (5,

54) the 5,7-dibenzoate vas produced. Acetic anhydride (4, 5,54) and

phenylisocyanate (4) ester1fied both hydroxy1 groups, and so did meth

anesulfonyl chloride at -5° c. (76).

Very fev of these der1vatives vere hydro1ysed. Kojic ac1d vas ob

tained by Maurer (54) by ammonolysis of 5,7-d1-~acetylkojicac1d. By



TABLE II

Functiona1 Derivatives of Kojic Acid Ca)

o

RO0 CH:1 OR'
o

~1

R

H
H
H
Ally1
Benzoy1
2.. 4-Dinitropheny1
Ethy1
(ô -D-G1ucopyranosy1
Methy1
Phenacy1
Acety1
Benzoy1
Benzoy1
Ethy1
Methanesulfonyl
Methy1
Methy1
Phenacy1
Phenylcarbamyl

R'

Acetyl
Oaproy1
Triphenylmethy1
H
H
H
H
H
H
H
Acety1
Benzoy1
Triphenylmethy1
Methyl
Methanesu1fonyl
AcetyI
Methy1
Acety1
Phenylcarbamyl

Me1ting
point.. oC.

1;~.5.. 1~6
66.5-67
185-185·5
125-125·5
1;5-1;6.. 1;5
172-17;
110
201
161.. 165
144.5-145
102
1~4-1;5, 1~6
206-208
45-46
109-110
120-122
90
116-116·5
170

References

54.. 71
71
72
71
4.. 72
7~
8
74
7..9,10,~1 .. 75
71
4.. 5.. 6.. 21 .. 54
4.. 5.. ~1 .. 54
72
28
76
71
4.. 10
71
4



interrupting the reaction at an early stage, he isolated 7-~acety1kojic

acid. The latter compound was also prepared by Hurd and Sima (71) by

treating 5,7-di-~-acety1kojicacid vith anhydrous aluminum chloride at

1100 C. Yabuta and Anno (72) detrity1ated 5-benzoyl-7-trity1kojlc acid

vith acetic acid.

Derivatives of kojic acid vhich have been obtained by exchange of

other groups for the hydroxyl group of position 7 are listed in Table

III. This bydroxyl group can be rep1aced readlly by ch1orine. Thua,

2-(chloromethyl)-5-hydroXY-cf-pyrone (8, 76, 77) and 2-(chloromethyl)

-5-methoxy-~-pyrone (8, 75, 79) vere prepared vith thiony1 chloride

from kojic acid and its 5-monomethyl ether, respectively; and 5-methane

sulfonoxy-2-(methanesulfonoxymethy1)- ~-pyrone (LX) vas changed to

LX

LXII

LXI

2- (chlorometby1 )-5-methanesulfonoxy- t -pyrone (LXI ) vith concentrated

hydrochloric acid (76). Several other derivatives then became availab1e

through replacement of the reactive chlorine atom by other atome or



TABLE III

Functiona1 Derivatives of Kojic Acid (b)

R R' Melting Referencespoint oC.

H H 166, 151 8,76
H .!!E.-Butylthio 9; 77
H Chloro 16;, 166-167 8,;1,76,77
H Iodo dec. e
H Isothiouroni09- 155 77
H Thiocyanato 78
H Trimethy1ammoni0 a 229 dec. 79
Benzoyl H 128-129 8
Benzoyl Ohloro 117-118 8
Methanesulfonyl H 99.5-101 76
Metbanesultony1 Chloro 8;.5-85 76
Metbanesulfonyl Pyridinio a 192 dec. 76
Methanesulfony1 Pyridinio,b 190 dac. 76
Methy1 H 70-71 8,75
Methyl Chloro 119-121 8,75,79
Methyl Diethylamino 41 79
Methyl Iodo 1'5-1'7 8
Methyl Triethylammonio a 72-74 75
Methyl Trimethylammonio a 209 deo. 75
Phenylcarbamyl H 186-188 8

a Quaternary chloride

b ~aternary methanesulfonate



groups. For instance, treatment vith diethylamine in benzene introduced

the diethylamino group at position 7 (79); vith ~-butyl mercaptan and

sodium in toluene, the ~-butylthio group (77); and with potassium

thiocyanate in 95% ethanol, the thiocyanato group (78). Attempts to re

place chlorine by the cyano group (10, 75), and to prepare Grignard

rèagents from 2-chloromethyl derivatives of kojic acid (75), failed.

Removal of chlorine by reduction vith tin in hydrochloric acid (75) and

with zinc in glacial acetic acid (8, 76) produced various 2-methyl

analogs of kojic acid. These compounds vere also named as derivatives

of allomaltol (VI), a substanoe discovered by Yabuta (8) during his

study of the structure of kojic acid.

Some chloromethyl derivatives of kojic acid form quaternary salts

vith tertiary aliphatic amines (75~ 79) and vith thiourea (77). Quater

nary pyridinium salts (LXII) vere obtained by Looker and Okamoto (76)

from LX and LXI in dry pyridine. Water-insoluble derivatives of kojic

acid could be rendered water-soluble by these quaternizations.

The Unoccupied Nuclear Positions:- Either of the hydrogen atoms

in the unsubstituted positions ~ and 6 of the nucleus of kojic acid

should be replaceable by other groups, but vith a single exception, aIl

the substitution reactions studied vere restricted to position 6. Orig

inally this restriotion vas explained by assuming the existence of a

tautomeric form of kojic acid (V) vith a reactive methylene group at

position 6. According to modern concepts, the phenolic hydroxyl group

is believed to activate the positions ortho and para to it. In the case

of kojic acid, of the three positions in question, only the one ortho

position, namely position 6, is available for substitution. This
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aotivating effect of the phenolic funotion would be particularly marked

in alkaline media, where kojic acid probably exists in the fo~ of a

phenoxide ion (LXIII); the negative charge would be shared by position

6 (LXIV), where it would create a center of attack for electrophi11c

0 0

e ,gDOH20H :DOH20H< ..
0 0

LXIII LXIV

reagents. This 1a, of course, an oversimplif1cation of the case, as

doubtless both nuclear oxygen atoms have a considerable effect on the

reactivity of the free nuclear positions; but it serves to rationalize

the tendency of the substitution reactions.

Yabuta (4) prepared 6-phenylazokojic ac1d (LXV) using phenyldiaz

onium acetate. Quilico and Musante (80) studied the coupling reaction

LXV

o

LXVII, R· Cl, N02

oHt)HO

Ph-HN-N- OH20H
o .

LXVI

o

LXVIII



betveen diazonium chlorides and kojic acid in greater detail. In aqueous

alkali, kojic acid and diazotized ~toluidine, ~-toluidine and ~-bromo

aniline yielded products vhich vere analogous to LXV, but the produot

from the coupling of the phenyldiazonium salt with kojic acid vas anom

alous. The composition of this product inc1uded an additional molecule

of water, and, quite unlike the others, it did not react with diazo

methane to form a methyl ether. They conc1uded that 6-phenylazokojie

acid vas best represented as a hydrated form (LXVI) of a tautomer of LXV-.

Ette1 and Hebk,f (79) also obtained LXV as a monohydrate, but they suc

ceeded in methylating it vith diazomethane. The coupling of aromatic

diazonium sulfates vith kojic acid in alcohol, or acetic acid, proceeded

vith the elimination of nitrogen, and the produets were 6-arylkojic

acids (LXVII) (80). This interesting reaction might serve as the first

step in the synthesis of flavonols (LXVIII) from kojic acid.

Kojic acid vas brominated at position 6 with bromine vater (4);

the 2-chloromethyl derivative of kojic acid vas brominated (81) with

N-bromosuccinimide, and chlorinated (82) vith sulturyl ohloride and

aluminum chloride, in both cases probably at position 6. C-benzoylation

(83) and Q-acety1ation (84) of kojic acid, likevise at position 6, vas

accomplished by Woods, using a modification of the Friede1-Crafts reao

tion. The 2-carboxyethy1 sidechain vas introduced into position 6 in a

reaction with ~-bromopropionic acid (85).

The 5-al1y1 ether of kojic acid (LXIX) vas rearranged by a1coholic

hydrogen chloride at 600 C. to 6-ally1kojic acid (LXX)(7l). Such a

migration of the allyl group from the oxygen atom to the adjacent ring

position is characteristic of a1ly1 ary1 ethers, but vith the latter
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campounds it usually oceurs only at mueh higher temperatures.

LXIX LXX

Anotber series of nuclear substitution reactions of kojio aoid

~ -------mlgbtDerepresented as the addition of kojic acid to reactive double

bonds, following the familiar schemes A, B and C. These reactions, all

<,
+HX

<, (A)/C-N- /CX-NH-

~C.O +HX ) )CX-OH (B)

, / , ./
(C)/C.C, + HX ) -"CH-CX,

leading to substitution at position 6, occurred in basic solutions,

where H was a proton, removed trom kojic acid, and X vas the kojate an-

ion in its -diketo" form (LXIV). Barchielli (86) studied thereaction

between kojic acid (II) and Bohiff bases (LXXI) in pyridine. Addition

R .. Phenyl,
E,-Tolyl

LXXI

+

II

o

Ho6
.. R-CH-' 1CH20H

1 0
NH
1
C6~

LXXII

occurred according to schema A, glving products of structure LXXII.
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Woods found that kojic acid reacted with formaldehyde (87), acetalde

hyde (88), glyoxal (89) and ethyl levulinate (90) according to scheme B,

and with acrylonitrile (91) and crotonic acid (85) according to scheme C.

Ethyl levulinate was the only ketone which reacted vith kojic acid

in t.hi. mannar', giving 4-~6-@-bydrOXY-2-(bydroxymethyl )-t -P7r_~ 1
-~-valerolactone (LXXIV); the addition vas presumably tollowed by 1ac-

tonization on acidification of the reaction mixture. The primary product,
( . )

4-~6-~bydroXY-2-(bydrOX7D'etbyl»-s -P7ron.Y~ l-4-hydrOXYValeriC aoid

(LXXIII), vas not isolated.

A more general reaction betveen kojic acid andaldehydes is a tri

molecular condensation discovered byBarham and Reed (92). By a process

of elimination, they arrived at the conclusion that position 6 of kojic

acid vas the most probable point of attack; two moleculee of kojic acid

reacted vith one molecule of the aldehyde, vith the elimination of one

o

I---CH.--'
1
R

LXXV

o

molecule of water, giving a product of structure LXXV. Such co.mpounds



were prepared from kojic acid and the following aldebydes: the normal

alkanals from formaldehyde to heptanal, benzaldebyde, cinnamaldehyde,

hydrocinnamaldehyde, furfural and acrole1n. The compound derived from

kojic acid and benzaldehyde (LXXV, R g Phenyl) was a1so obtained by

treat1ng LXXII (R = Pheny1) with hot aqueous sodium carbonate (86).

In most of these nuclear substitution reactions, kojic acid did

indeed react like a phenol. An exception was the reaction with acry1o-

nitrile, as noted by Woods (91). Phenols usua1ly form cyanoethyl ethers

under similar conditions, but the reaction of acrylonitrile with ketones

1eads to substitution of the oc-hydrogen atom (9~). This consideration

points to a predominance of the "diketo" form of the kojate anion (LXIV)

in these reactions. There are many good reasons to believe that, in the

formation of all of these derivatives, substitution actually took place

at position 6; it should, however, be pointed out that this assumption

still 1acks confirmation by synthesis, or by appropriate degradation

studies. The nuclear mono-substitution products of kojic acid are listed

in Table IV, their fUnctiona1 derivatives in Tables V and VI.

The only instance of simultaneous substitution at positions ~ and 6

of the nucleus of kojic acid was the case of the Mannioh bases (LXXVI)

reported by Woods (95). Attempts to introduce two hydroxymethyl groups

o

Ho6-0H2-R

R-OH2-
1 I-OH20H

o

LXXVI

R g Anilino, Methylanilino,

.-e.-Toluino, .-e.-Bromoanilino.

into the nucleus of kojio acid, under forcing conditions, gave mixtures



TABLE IV

Nuc1ear Substitution Products of Kojic Acid

HO60

RI IOH OH
o 2

R Me1ting Referencespoint °0.

Acety1 156.5 84
Ally1 160-161 71
04-Ani1inobenzy1 176-177 86
oc. -Anilino-E,-metby1benzy1 175 dee, 86
Benzoy1 188 8~
Benzy1 78-80 8~
Bromo 159-160 4,5
E,-Bromopheny1azo 145 dec. 80
IJ -Oarboxyetbyl 155 85,91
Oh1oromercuri - 94
E,-Ch1oropheny1 194 80
Ethy1 147-149 84
Rydroxy 4
0l-Hydroxybenzy1 114-115 8~
0( -Hydroxyethy1 155 88
Hydroxymethy1 155-156 87
ec.-Methy1-,G-carboxyethy1 (1) 154-5 85
~-Methy1pheny1azo 160-165 dec. 80
E,-Methy1pheny1azo 290 dec. 80
E,-Ni'trophenyl 24~ 80
Pheny1azo 146-147 4,79
4- ~ -Va1erolactony1 15~·5 90

40



TABLE V

Mixed Derivatives of Kojic Acid (a)

41

R RI R" Melting Refer-
point oC. ences

cx-Acetoxyethyl Acetyl Acetyl 1,6.5 88
Acety1 H Acety1 119-120 84
Acety1 Acetyl Acety1 98-99 84
Allyl Acetyl Aoety1 112·5-11' 71
Ally1 Allyl H 96-97 71
Benzoxymethyl Benzoyl Benzoy1 1,4.5-1'5·5 87
Benzoy1 Acety1 Acetyl 182 8'
N-Benzoyl-~am1nopheny1 Benzoyl Benzoy1 194 80
Bromo Aoety1 Acety1 94-95 4
Bromo Benzoy1 Benzoy1 1'~1,4 4
~Bromopheny1azo Methy1 H 200-202 dec. 80
,0-Carboxyethy1 Aoety1 Acety1 85-87 91
f3-Carboxyethy1 ,E,-Bromophenacy1 H 179-180·5 91
a-Methy1-~-oarboxyethy1 (1 ) Acetyl Acety1 1"-1'5 85
~-Methy1-~-oarboxyethy1 (1) }!,-Bromophenacy1 H 182.5 85
~-Methy1pheny1azo Methy1 H 176 80
~-Methylphenylazo Methy1 H 167-168 80
~-Nitropheny1 Benzoyl Benzoy1 145-146 80
}!,-:N'1tropheny1 Methyl H 145 80
'p;"Nitrophenyl Methyl Benzoyl 180 80
Phenylazo Methy1 H 170 79
Phenylazo Methyl AcetyI 1" 79
Phenylazo Methyl Benzoy1 128 79
Pheny1azo Methyl Methy1 124 79



TABLE VI

Mixed Derivatives of Kojic Acid (b)

R'
Melting Refer-

R point 00. ences

AcetyI Chloro 16}-164 84
Benzoyl ChIoro 185-187 8}
Bromo H l7l-l7} 8
Bromo Chloro l6} 81
~ -Oarboxyethyl ChIoro 164.5 85
,e -Chloroethyl Ohloro 166·5 89
Hydroxymethy1 ChIoro 165 87
Phenylazo H 8
4-( -Valerolactonyl Chloro 167-169 90

42



of inconclusive composition (87).

The NUclear 'Double Bonds"z- Substances that usually condense

vith carbonyl groups, e.g. hydroxylamine or phenylhydrazine, rarely re

act vith t-pyrones (96), and the carbopyl group in position 4 of kojic

acid bas so far yielded no condensation products of this kind. Neither

bas the addition of carbonyl reagents to the carbon-to-carbon double

bonds of the nucleus of kojic acid been reported, although such addi

tions are not uncommon vith O',;.3-unsaturated ketones of the alipbatic

and alicyclic series. There exists, indeed, very little evidence as to

the ability of these double bonds to add reagents. The addition of tvo

atoms of iodine at each of the tvo carbon-to-carbon double bonds vas

postulated by Airoldi and Bionda (51) f'rom the results of titrations

with iodine, and the addition of two atoms of bromine per double bond

vas assumed by Wijkman (6). In neither case were the addition products

isolated. Their existence would seem to be at least questionable. As

mentioned earlier, Yabuta (4) observed the mono-substitution of' kojic

acid by bromine water, and Musante (68) reported the degradation of'

kojic acid by the same reagent, but no bromination. The addition of hyd

rogen to the nuclear double bonds of' kojic acid will be eonsidered in a

separate section.

The Hetero-Atom of the Nucleusz- The cleavage of' many lf-pyrones

(LXXVII) at the ring oxygen atom bas been observed in mildly alkaline

solutions (66, 96). The primary products of this reaction were labile

bis-hydroxymethylene compounds (LXXVIII), which became stabilized in

some cases by a tautomeric shif't to their ketonic f'o~s (LXXIX), or

vere reconverted to the cyclic f'o~ (LXXVII) by acidification. No
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0 0 0
n Il Il
0 0 0

H-O"'" 'O-H alkal' H-O"'" 'C-H ~O/ 'OH

"
Il

"
Il ~ 1 1 2,

R-O, ..,..O-R "Co'ci R-O O-R R-O C-R
1 1 Il Il0 HO OH 0 0

LXXVII LXXVIII LXXIX

studies were carried out with kojic acid in this direction. Quilico and

Musante (80) observed the cleavage of the t-pyrone ring of variouB

6-arylazokojic acids (LXV) by 20% aqueous sodium hydroxide, by aniline

and by phenylhydrazine. They postulated open chain structures for the

products, but lacked sufficient chemical evidence to confirm them. The

cleavage of kojic acid by hot alkali to fragments containing one to

three carbon atoms could not be definitely shown to commence at the ring

oxygen atom, but what was said earlier about t -pyrones in general

renders this conclusion probable.

The initiation of the basic cleavage at the ring oxygen atam 1s

turther ind1cated by the easy formation of 4(lli)-pyridones when kojic

acid and several of its derivatives are condensed with primary amines

or ammonia (4, 7, 8, 10, 75, 79). The reaction with ammonia is usually

carried OU~ under pressure (10), but vith amines it takes place in

boiling (75), or even in oold (10), solutions. No intermediates have

been isolated from these reactions, but it Boeme likely that they would

be analogous to LXXVIII.

Oxidationl- The oxidation of the hydroxymethyl sidechain of sorne

kojic acid derivatives to a carboxyl group, and the failure to oxidize

kojic acid in the same way, vas discussed earlier. Heyns and Vogelsang

(16) recently attempted to achieve this oxidation catalytically. A



current of air vas passed through solutions of kojic acid (II) and its

5-methyl ether (X) at 60° C., for several hours; the solutions vere

kept close to pH 5, and a special platinum - act1vated carbon catalyst

vas used. Only traces of eomen1e acid (IV), demonstrated by paper chram-

atography, vere obtained fram II; the yields of oomenie acid methyl

ether (XI) from X vere close to 40%.

Obata and Yamanishi (97) employed several mild oxidizing agents,

v1thout suecess, in their attempts to oxidize the hydroxymethy1 group

of kojie aeid to a formy1 group.

The oxidative degradation of kojic acid by bromine vater vas men-

tioned earlier. Yabuta reported the degradation of kojie aeid (,) and

its 5-benzoate (8) by alkaline potassium permanganate. Kojie acid was

a1so oxidized by Feh1ing's solution and by moist silver oxide, according

to qualitative tests (4), and these reaetions vere quitè likely accam-

panied by degradation. Oxidative breakdown by aqueous alkaline hypo-

iodite formed the basis of a volumetrie method for the quantitative

estimation of kojic acid. Birkinshav and Raistrick (50) studied this

reaction in detail, and isolated the following cleavage products: formic

acid, oxalie acid and glyeolie aeid. They postulated the folloving

scheme for the breakdown, vhich resembled closely the degradation of the

ethers of kojic acid by aqueous alkali.

° CHI,COOH cao 1 /

1 - 1 ... /C"- CH,
COOH CRO HO-C / c-a 1 +

----1--./ Il ) co ~

HCOOH « H-C.,( /C-CH20a 1 cooa

/ ° CR
20H 1

/ CH20H
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Reductiona- The catalytic hydrogenation of kojic acid vas studied

repeatedly. Traetta Mosca (5) used palladium in aloohol and observed the

uptake of four atoms of hydrogen; Wijkman (6) employed platinum as well

as palladium, and found that six atome of hydrogen vere absorbed. Both

vorkers reported a sirupy product, of undetermined composition. Armit

and Holan (10) hydrogenated kojic aeid and its dtmethyl ether over c01

loidal palladium, and diacetylkojic acid (XLIII) vith colloidal platiDUm,

at a pressure of 2 atmospheres in each case. The firet tvo eoœpounds

each absorbed six atoms of hydrogen, the last one ten atoms, and once

more aIl three produets vere sirups and oi1s of inconclusive composition.

The oily hydrogenation product of XLIII reacted vith phenylhydrazine and

formed a crystalline osazone, vith the probable structure of LXXXI.

LXXXI, R. Acetyl
LXXXII, R • H·

Maurer (59) alone identified a crystalline derivative of tetrahydrokojic

acid (LXXX), which vas a sirup prepared by permitting kojic acid to ab-

sorb four atome of hydrogen at 1 atmosphere pressure, and in the pres-

ence of oolloidal palladium. Although this sirup vas not analysed, it

yielded a crystalline osazone (LXXXII), the structure of vhioh vas con-

firmed by synthesis. Maurer's results rendered very likely the correct-

ness of the structure assigned by Armit and Holan to LXXXI.

The non-catalytic reduction of kojic acid vas never attempted, but
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same oonclusions concerning the probable results may be drawn fram the

following observations. Woods reduced 6-benzoylkojic acid (LXXXIII) by

the Clemmensen method to 6-benzylkojic acid (LXXXIV)(8~), and lilcewise

6-acetylkojic acid (LXXXV) to 6-ethylkojic acid (LXXXVI) (84); the re-

duction of LXXXIII by the Meerwein-Ponndorff-Verley method yielded

6-(cx-hydroxybenzyl)-kojic acid (LXXXVII)(8~). Quilico and Musante (80)

o

H06
R-o- 1 1OH20H

8 °
LXXXIII, R = Phenyl
LXXXV, R = Methyl

LXXXIV, R = Phenyl
LXXXVI, R • Methyl

LXXXVII

reduced 6-~-nitrophenylkojic acid (LXVII, R = N02) with stannous chloride

and concentrated hydrochloric acid to 6-~aminophenylkojicacid (LXVII,

R • NE2). In none of these reactions was the nucleus of kojic acid af-

fected.

Miscellaneous Derivatives:- A few derivatives of kojic acid, whioh

could not readily be included in the earlier sections, will be mentioned

here: a hexathiocyanate, obtained by Woods (98) from a reaction between

kojic acid, potassium thiocyanate and bromine in acetic acid; the conden-

sation product tram one Molecule ot kojic acid and two Molecules of

o-phenylenediamine, reported by Maurer and co-workers (99); the sulfide,

prepared by Yabuta (4) fram the lead double salt of 6-bramokojic acid

and hydrogen sulfide; a crystalline camplex containing both sodium and

bromine, formed fram two Molecules of sodium kojate and two Molecules of

phenacyl bromide in anhydrous methanol, discovered by Hurd and Sima (71);
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finally, some derivatives of kojic acid with unconfir.med structures,

reported by Woods (8~, 84, 89, 90, 100). Kojic acid vas suggested as a

developer for inorganic paper chramatography by Pollard and co-workers

(101).

Physical Properties

Kojic acid crystallizes in the form of prismatic white need1es ("

--------, )-. Da'taon il:scrystal-structure, derived from X-ray investigations,

vere provided by Fox (102), and by McKinstry and co-workers (10~).

Kojic acid is readily soluble in water, ethanol and aoetone; spar-

ingly soluble in ether, ethy1 aoetate, ehloroform and pyrid1ne; and

scarcely at a11 in most other liquide (4, 7). It bas been purified by

crystal1ization trom acetone (7), ethanol-ether (20) and methano1-

ethy1 aoetate (26); also by sublimation at reduoed pressures and at 150

2000 c. (6, 26, 54). The melting point vas given (in oC.) asl 151-152

and 154 (5, 6). The moleoular weight vas determined by the cryoscopic

method (4, 6, 7, '1) and the values obtained agreed we1l vith the 0&1

cu1ated value of 142.

The ultra-violet absorption spectra of kojic acid and its 5,7-di

acetate vere determined by Stacey and Turton (6~), the oharaeteristic
o

absorption maximum of kojic aeid being Locat.ed at ~ '150 A, and that of
o

the diacetate at À 2550 A. Kuhn (104) measured the absorption of kojic

ac1d in the infra-red.

Paper ohromatography data vere provided by Heyns and Vogelsang (16).



Kojic acid: Rf' 0.80; deve10per, bu~ano1 (saturated wi~h wa~er) 

glacial ace~ic acid - wa~er, 18:2:5; deve10ping ~ime, 22 hours; spraying

reagent, 0.1% ferric ch10ride; paper, Schleicher & SchÜll, No. 204~b.

Biological Properties

Antibio~ic Ac~ivity:- Yabu~a (~) no~ed tha~ bac~eria1 gro~h gen

era11y stopped in ~he presence of more ~han 0.5% of kojic aoid, bu~

interest in this an~ibac~eria1 activi~y was only renewed qui~e inciden~

a11y when ~he discovery of penicillin led to an intensified search for

new antibiotics among mold me~bo1ites. The promisingly high ac~ivi~y

of some mold culture media against various bacteria was found to be due

wholly to the rela~ive1y high concentra~ion of kojic acid produced by

these m01ds (22, 2~, 41, 105), but the inhibitory power of pure kojic

acid (21, 41, 106, 107, 108) and of so.me of i~s derivatives (7~, 107)

proved ~o be disappointingly low. The po~ency of kojic acid was unaf

fected (41) by ~he number of bac~eria present, or by incubation in 50%

serum a~ ~7° C. Foster and Karow (109), who also no~ed a slight inhib

ition of pure cultures of various bacteria by kojic acid, made the unex

pected observa~ion that the gram-negative organisms were more sensi~ive

to sodium kojate than were the gram-positive. With most other antibiotics

the reverse was true. Kavanagh (110) compared the activity of kojic acid

with several of ~he we11-known potent antibiotics, and kojic acid showed

by far the lowes~ ac~ivi~y in ~he whole group agains~ seven ou~ of nine

species of bac~eria. Lee and co-workers (105) found that kojic acid was

active against human ~uberole bacilli in vitro under a variety of con

di~ions, comple~e inhibi~ion of a surface gro~h of the bacil1i being
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caused by 45 mg. per 100 ml. of liquid medium. However, many other act

ive substances produced an equal effect at much lower concentrations.

The effect of kojic acid at inhibitory levels was bacteriostatic, not

bactericidal.

Kojic acid is not yet known to be active against viruses. It was

tested, with negative results, against one strain of poliomyelitis virus

and one strain ot St. Louis encepha1itis virus in mice (111), and also

against sixty races of bacteriophage (112).

Klein and Olsen (ll~) studied the action of kojic acid on the

enzymatic oxidation of amino acids by the liver and kidney of rats. Low

ooncentrations of kojic acid inhibited in vitro the oxidation of a num

ber of D-amino acids, L-phenylalanine and a few related compounda. Kojic

acid was found to compete with D-amino acid oxidase for the substrate.

Although McGowan and co-workers (114) observed only a weak activity

of kojic acid against three species of fungi, O'Kane and Morey (115)

recommended the use ot its complexes with bivalent heavy metals (LIX)

against several fungus diseases of plants. They found the copper, mercury,

cadmium, lead and tin complexes to be superior to the well-known Bor

deaux mixture (cupric sulfate - calcium oxide - water) in the treatment

of early blight (Alternaria solani). These complexes vere easily sus

pended in liquida, their sprays adhered firmly to the foliage and did

not injure the plant. Since the metal radicals were bound to kojic aoid

in a non-ionizable form, these complexes vere aiso much lees toxic to

human beings and sater to handle tban Bordeaux mixture. Thua, the activity

of kojic acid against certain fungi may eventually find somepractical

application.
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Mayer and co-workers (116) found kojic aoid to be a moderate1y

effective activator for nicotine insecticides. When tested against the

melon worm (Diaphania hyalinata L.) and the southern armyworm (Prodenia

eridania Cram.), kojic acid a10ne was not toxic; but the toxicity of a

5% nicotine sulfate - pyrophyl1ite dust was increased ~5%, and that of

a 5% nicotine bentonite - bentonite spray 50%, by the addition of 5% of

kojic acid. These workers found kojic acid harmless to plants, but

others (117) found it slightly toxic.

Toxicitys- Indication of the toxicity of kojic acid to mamma1s

was given by Friedemann (118), who observed a definite response in dogs

after intravenous injection of 0.15 g. of sodium kojate per 1 g. of

body weight, and found the 1etha1 dose to be about 1 g. per 1 kg. of

body weight. Practical1y the same symptoms were shown by rabbits and

rats. Toxicity to mice of the same order was reported by Morton and co

-workers (21) and by Jennings and Williams (41). The latter workers

found further that human leucocytes were ki11ed within three hours by

a 1% solution of sodium kojate at pH 6.8. Twelve day old chick embryos

were a1so susceptible to kojic acid, the observed LD100 being 12 mg.

per 100 g. of egg weight (105). A moderate cardiotoxic (119) and cardio

tonie (120) activity of kojic ac1d was also 'observed. In none of these

instances was the toxicity very great, but it was enough to discourage

chemotherapeutic investigations and to prevent the medicinal use of

kojic acid.
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DISCUSSION OF RESULTS

The above survey of the chemical properties of kojic acid revealed

tvo areas in which information about its reactivity was particularly

scanty. Practically nothing vas known about the possibility of ring

cleavage at position l, leading to the formation of acyclic polyfunc

tional hexane derivatives. The other neglected aspect vas the ability

of kojic acid to condense vith the so-called carbonyl reagents, primarily

with the various substituted hydrazines. Analogous reactions of other

t-pyrones have been described, and brief summaries of those etudies are

given at the beginnings of the appropriate sections of this discussion.*

That york provided some guidance for the folloving researches on kojic

acid.

Attempted Ring Cleavage of Kojic Acid at Position l

Analogous Reactions of Other (-Pyrones

It vas mentioned earlier that alkaline reagents frequently cleaved

the ring of t-pyrones, forming unstable open chain dienolic compounds.

A fev characteristic examples will now be considered briefly. The only

* See note in the General Introduction



product actually isolated as the dienol appears to have been Haitinger

and Lieben's (121) "xanthochelidonic acid" (LXXXVIII), which was obtained

in solution as a tri-basic yellow salt when chelidonic acid (LXXXIX) was

o
"C

H-C""" 'C-H
Il Il

ROOC-C C-COOR
1 1
OH OH

LXXXVIII, R 0: H
XCI, R'" Ethyl

o
Il
C

H-C""" 'C-H

Il "ROOe-C, ,.,C-COOR
o

LXXXIX, R .. H
XCII, R· Ethyl

o
ft
C

H c""" 'CH
2, 1 2

ROOe-C C-COOR
Il Ilo 0

XC, R .. Ethyl

treated with three equivalents of cold aqueous potassium hydroxide. When

the solution of the salt of LXXXVIII vas acidified and extracted with

ether, a yel10w substance was recovered, presumably the free acid

(LXXXVIII). This substance was very labile, and had a definite tendency

to revert to chelidonic acid (LXXXIX). If the acidified solution vas

left standing at room temperature, the yellow color gradually disappeared,

and the reversaI to LXXXIX went to completion. Diethyl acetonedioxalate

(XC), the fairly stable ester of the hypothetical triketo form of

LXXXVIII, was synthesized by Claisen (122) from acetone and diethyl

oxalate; the diester could be cyclized readily to ethyl chelidonate

(XCII), vith dehydrating agents. Crystalline mono- and dienolic forms

of XC were reported by Willstatter and Pummerer (12'); the exact struc-

ture for these isomers was not determined, but the yellow dienol might

well have been identical with the unknown "ethyl xanthochelidonate n (XCI).

If the t -pyrone ring was part of a condensed ring system, then one

or both of the hydroxyl groups created by cleavage at position 1 would

be phenolic, rather than enolic, and the cleavage product would



consequently be stable. Such was the case with khellinone (XCIV), ob

tained by Schonberg and Sina (124) from khellin (XCIII) by treatment

with hot alcoholic potassium hydroxide. The other enolic hydroxyl group,

presumably formed initial1y, appeared as the more stable methy1 ketone.

o

XCIII

ole. . KOH..

XCIV

With most i-pyrones, however, the cleaved forms were not stable

enough to exist as such, and their transitory existence could only be

proved by converting them, without prior isolation, to stable enol ethers

or eno1 esters. Willstatter and Pummerer (125) demonstrated the cleavage

of t-pyrone (XCV) itself in aqueous alkali by preparing from it the
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following derivatives of bis-(hydroxymethylene)-acetones the dibenzoate

(XCVI), the potassium salt of the monomethyl ether (XCVII), the benzoate

of the monomethyl ether (XCVIII), and the monobenzoate (XCIX).

Resistance of Kojic Acid to Aqueous Alkali

If kojic acid (C) were to undergo such a ring cleavage, the initial

dienolic product (CI) would probably come to an equilibrium with its

keto-enolic (CIl, CIII) and ketonic (CIV) tautomers. These might, or

might not, be stable enough for isolation; they might, however, be con-

verted to stable enolic derivatives.

When exposed to alkali of more than a certain concentration,

usually two normal, the cleavage of f-pyrones did not stop at these

open chain forms, but led to the fragmentation of the molecule. In fact,

the only known cleaving effect of alkalies on kojic acid was a degrad

ation to fragments containing one to three carbon atoms (4, 7, 55). Be-

fore the isolation of derivatives like Cl to CIV could be attempted,

the resistance of kojic acid to cold aqueous alkali of varying concen-

trations had to be explored.

Solutions of kojic acid were accordingly made up in varying volumes

of approximately normal aqueous sodium hydroxide (a).* These yellow sol-

utions were allowed to stand at room temperature for periods of from

one to thirty-two hours, and were then acidified with 20% sulfuric acid.

The colorless, acidic liquida were then chilled and aeeded to recover

* The small letters in parentheses refer to the appropriate pro
cedures in the Experimental section.
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the unchanged kojic acid as a crystalline deposit. In some cases a second

crop of kojic acid was obtained by concentration of the filtrates; in

others the formic acid formed by the degradation of kojic acid was re-

covered by distillation and estimated by titration with standard alkali.

Each mole of formic acid produced corresponded to one mole of kojic acid

destroyed. The results of these tests are collected in Table VII. For

all practical purposes, kojic acid could be considered stable in normal

aqueous sodium hydroxide at room temperature, since at least 74% was re-

covered, and ten milliliters of the final normal sodium sulfate solution

was known to dissolve about 0.15 gram (15%). Even a fivefold excess of

alkali, acting for thirty-two hours, caused the degradation of only

slightly over ;% of the kojic acid. If the yellow color of the alkaline

solution indicated the presence of an enolic cleavage product, the dis-

appearance of the color and the almost quantitative recovery of kojic

acid proved that it had completely reverted to the original cyclic forme



TABLE VII

Treatment of Kojic Acid with Normal Aqueous
Sodium Hydroxide at Room Temperature

Moles NaOH Time of Volume of Kojic Aeid Reeovered(a) Formie Aeid
per 1 Mole of Treatment Solution lst Crop(b) 2nd Crop(e) Total in Distil1ate
Kojie Acid hr. ml. g. g. g. mole %

2 1.2 11.3 0.76 0.13 0.89 ...
2 3.0 Il.3 0.73 0.15 0.88 ...
2 13.5 11.3 0.77 • •• ••• 1.0

2 32.0 11.3 0.74 ••• ... 2.5

3 1.0 16.9 0.66 0.19 0.85 •••

3 32.0 16.9 0.74 ••• ••• 3.2

5 1.0 28.2 0.56 0.25 0.81 •••

(a) One gram of kojic acid was used in eaeh test.
(b) Obtained by ehi11ing the aeidified solutions to _3 0

•

(e) Obtained by concentrating the filtrate to two fifths of its original
volume and chilling to _30

• VI
-.J



In order to verify the existence of the hypothetical open chain cleavage

product, the formation of derivatives had to be attempted in the alkaline

solution.

It was found that the sodium salt of kojic acid cou1d be obtained

readily by the complete evaporation of an aqueous solution of kojic acid

which had been neutralized with sodium hydroxide (b). When recrysta1lized

from water, sodium kojate formed white prismatic needles and contained

four Molecules of water of crystallization, which were lost readily at

110°. The hydrated salt was kept at room temperature for several monthe

without signs of deterioration~ That this was not a sodium, or disodium,

salt of an enolic open chain form was indicated by the sodium content,

and by the formation of a normal derivative of kojic acid from anhydrous

sodium kojate in a dry, non-polar solvent. This reaction will be dis

cussed fully in a subsequent section.

Methy1ation Studies

Methylation with dimethyl sulfate in 10% aqueous potassium hydroxide

was tried as a method of stabilizing the supposed enolic open chain deriva

tives of kojic acid. This standard reaction had been app1ied to kojic

acid before. Campbell and his co-workers (75) reported that the use of

one equivalent of dimethyl sulfate and sligbtly more than one equivalent

of potassium hydroxide at 20° gave a 72% yield of crude 2-(hydroxymethyl)

5-methoxy-i-pyrone (CV), one of the normal monomethyl ethers of kojic

acid. While no detai1s were given in Chemical Abstracts, it is like1y

that Yabuta (4) used two equivalents of each of the two reagents to
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prepare the dimethyl ether of kojic acid (CVI). In the present work it

vas hoped to obtain a tri- or tetra-~methyl open chain derivative of

kojiè acid by applying between three and four equivalents of dimethyl

sulfate, and a somewhat greater excess of alkali (c). The reaction vas

allowed to proceed for three hours at 25-30°. The enol ethers vere ex-

pected to be neutral compounds, capable of extraction trom the alkaline

liquor by benzene. Any of the neutral cyclic ethers CV and CVI formed

in the methylation would be recovered at the same time. However, con-

tinuous extraction of the liquor vith benzene yielded only traces of

oily impurities. Acidification and re-extraction of the liquor gave a

45% by weight yield of a crude solid product, which was found to contain

a white crystalline solid of m.p. 75-76°, and a pale yellow crystalline

solid melting at 270-271° with decomposition. The former substance gave

the characteristic color reaction of enols and phenols with ferric

ohloride, and was found to have the composition of a normal monomethyl

ether of kojic acid. Consequently, this substance had to be 5-hydroxy

2-(methoxymethyl)-t-pyrone (CVII), the second, hitherto unknown, mono-

methyl ether. The identity of CVlI was definitely proved by methylation

with diazomethane (e), to give CV!. The pale yellow, high-melting pro-

duct left a small amount of ash on ignition, and the ash contained

aluminum. Acidification of an aqueous solution of the solid, followed
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by the extraction of the organic solute, yielded CVlI (d). From this

result, and from analytical data, the solid vas recognized as the an-

hydrous aluminum salt of CVII, vith a composition corresponding to

Al[C6H40'(CH;~,. This salt vas sparingly soluble in vater and in organic

liquids, gave a wine color vith aqueous ferric chloride, and vas prob-

ably best represented by an aluminum phenoxide type of structure (CVIII).

Al

CVIII

The source of the aluminum vas traced to an alumina chromatographie

column vhich had been used in the purification of the crude products of

the methylation (c). The total yield of CVIl, including the portion re

covered in the form of the aluminum salt, amounted to 15%; the remainder

of the crude product from the methylation defied further attempts at

purification.

The failure to isolate open chain enol ethers could not be con-

sidered as a proof of the non-existence of open chain cleavage products,

but their presence in alkaline solutions of kojic acid vas rendered

somewhat lese likely. The methylation of the primary alcoho11c hydroxyl

group of kojic acid in preference to the phenolic hydroxyl group could

be considered as a highly unusual result. As a rule, pheno11c compounds

react very readily vith dimethyl sulfate and alkali; indeed, more readily

than alcohols. It vas conce1vable that the "diketo" form of the kojate
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anion (LXIV) predominated at higher a1kali concentrations, and permitted

only the methylation of the hydroxyl group of the side chain. Another

possible course of the reaction might have been initiated by the form-

ation of the dimethyl ether (CVI), folloved by alkaline hydrolysis of

the methoxyl group at position 5. The methyl ethers of some highly acidic

phenolic compounds are known to be unusually labile; for instance,

6-carbomethoxy-2,4-dimethoxy-5-cyclohexene-l,;-dione(CIX) vas completely

demethylated by 5% aqueous sodium hydroxide to give a crystalline com

pound vith the composition of 2,;,4,5-tetrahydroxybenzoic acid (CX)(126).

~
CH;O~OCH;

o

CIX

~
o

CX

Nevertheless, this second alternative seemed quite improbable because

the degradation of CV (7) and of CVl (4, 55) by boiling alkalies always

produced fragments vhich still contained the methoxyl groups. In other

vords, the fragmentation of the ring would no doubt precede the cleavage

of an ether linkage at position 5.

Benzoylation Studies

The reaction between benzoyl chloride and kojic acid was described

in the literature; Yabuta (4) prepared dibenzoylkojic acid, m.p. 1;5-1;6°,

from the tvo compounds in cold aqueous sodium hydroxide. It vas decided,
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nevertheless, to study this reaction more closely with the hope of

isolating enolic products of the alkaline cleavage of kojic acid by the

formation of their benzoates.

In the first of the methods tried (t), kojic acid was dissolved in

a tenfold excess of normal aqueous sodium hydroxide, and the solution

was treated forty-eight hours later with five equivalents ot benzoyl

chloride. The medium was quite high1y alka1ine initia11y, and remained

alkaline throughout the reaction. In the second method (g), the initial

excess ot sodium hydroxide over kojic acid was fivefold and the reaction

vas interrupted after the addition of four equiva1ents of benzoyl chIor

ide to remove the insoluble products. Thereatter, the benzoy1ation vas

resumed by adding four more equivalents of sodium hydroxide, followed

by four equivalents of benzoy1 chloride. The liquor was acidic to litmus

at the end of the benzoylation, and the purpose of the procedure vas to

keep the alkalinity lov throughout the reaction, to protect any alkali

sensitive enolic esters that might be formed.

The products of these benzoylations vere the following: white crys

taIs melting at 1,4-1'5°, and matted white needles melting at 120-121°

by the firet method (total yield, 22%); white needles melting at 142

14,°, and again the substance of m.p. 120-121° by the second method

(total yield, 5,%). The first substance (m.p. 1,4-1,5°) vas identified

as dibenzoy1kojic acid by a mixed melting point determination vith an

authentic samp1e, but the other two compounds had me1ting points corres

ponding to none of the known benzoyl derivatives of kojic acid.

The substance melting at 142-14,° was found to have the composition

of a monobenzoate of kojic acidj of the two possible monobenzoates, only



one was recorded in the 1iterature, name1y 5-benzoxy-2-(hydroxymethy1)-

~-pyrone (eXI), m.p. 135-136°, prepared by Yabuta (4, 72) using two

different methods. Despite the discrepancy in melting points, these two

compounds were a1most certain to be one and the same derivative, because

the new substance gave, like CXI, no color reaction with ferric chloride,

indicating the absence of a free phenolic hydroxyl group. To make a final

decision possible, Yabuta's (72) somewhat laborious, but unequivocal,

synthesis of eXl was repeated: 5-benzoxy-2- (triphenylmethoxymethyl )- 't

pyrone (eXIl) was prepared from kojic acid (II) in two steps (j), and

detritylated with boiling 80% acetic acid (k) to give a product melting

at 142-143°, seven degrees above the value given by Yabuta (72). This
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melting point was not depressed by admixture with the product of m.p.

142-143° from the benzoylation of kojic acid (II) in aqueous alkali (g),

and the identity of the latter derivative with cXI was thereby confirmed.

Yabuta's (4) other method for the synthesis of eXI, consisting of boi1ing



64

kojic acid (II) vith benzoyl chloride in ether, vas found to be imprac

tical, owing to the poor solubility of II in ether. Very pure eXI,

melting at 14;.5-144.5°, was prepared in close to 80% yield by shaking

anhydrous sodium kojate (eXIl!) and benzoyl chloride in dry benzene at

room temperature (1). This new and simple synthesis of eXI also verified

the normal, cyclic structure of sodium kojate (eXIII). Moreover, the

mild conditions of this synthesis recommended its use for the preparation

of other derivatives of kojic acid from anhydrous sodium kojate and re

active organic halides.

The formation of eXI at lover alkali concentrations (g), and its

absence from the products of benzoylation in solutions of higher alkal

inity (f), might be taken to indicate a predominance of the "diketo"

form of the kojate anion (LXIV) under the latter conditions. This assump

tion was advanced earlier in the discussion of the methylations.

The substance of m.p. 120-121° had the composition e27H2008' which

was that of a tribenzoate of the expected enolic cleavage product of

kojic acid. By analogy with the already quoted york of Willstatter and

Pummerer (125) on t-pyrone (XCV to XcIX), an enolic tetrabenzoate

CCXIV) should have been formed. Such analogies could, of course, only

be drawn with certain reservations. The tvo most probable structures for

an enolic tribenzoate of kojio acid vere exv and eXVI. Both of these

structures contained two carbonyl groups, and it was obviously desirable

to confirm their presence by the preparation of oximes, or substituted

hydrazones. However, an unforeseen difficulty vas encountered in the

extreme lability of the "tribenzoate" under certain conditions.

From its solutions in hydrocarbon solvents, and in glacial acetic
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acid, the "tribenzoate" could be crystallized without change; but it

could not be recovered from its solutions in most polar liquids, e.g.

acetone, dioxane, alcohol, or their mixtures with water. Equimolecular

quantities of dibenzoylkojic acid (OXVII) and benzoic acid were obtained

in the latter cases (m). This result was first attributed to a great

ease of hydrolysis of the enolic ester linkage, and to the instantaneous

cyclization of the free enal to give OXV1I. Oonsequently, it vas not

surprising that in all further efforts to prepare a characteristic

derivative of the ntribenzoate n, compounds derived from OXVII vere ob-

tained instead (m).

For example, the product from attempted condensations of the "tri

benzoate' vith hydroxylamine hydrochloride, as well as with benzoylhyd-

razine, contained no nitrogen, and was identified as a monobenzoate of

kOjic acid, an isomer of OXl (m). The same monobenzoate vas also pro

duced, under identical conditions, from dibenzoylkojic acid (OXV1I)(n).

Attempts to hydrogenate the olefinic linkage of the "tribenzoate' (CXV,
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CXVI) over a platinum catalyst yielded inconclusive results (m), and so

did the catalytic hydrogenation of CXVII (u). Attempte to achieve reduc

tion of the "tribenzoate" with zinc in hot glacial acetic acid (m) led

to reductive fission of an ester linkage, with the production of benzoyl

allomaltol, which was also obtained by applying the same reaction to

CXVIl (v). Both of these reactions, the preferential hydrolysie by

hydroxylamine, and the preferential cleavage with zinc in acetic acid,

were studied in detail with dibenzoylkojic acid (CXVII) and will be dis

cussed separately in two subsequent sections.

These results explained why Yabuta (3) had failed to isolate the

"tribenzoate ft when he benzoylated kojic acid (II) in aqueous alkali; he

crystallized the crude product from ethanol. Neither did Traetta Mosca

(5) obtain any product other than dibenzoylkojic aeid (CXVII) from the

benzoylation of II in pyridine; he too used ethanol for crystallization.

By the use of anhydrous conditions and of hydrocarbon solvents it was

possible to obtain a small amount of the ntribenzoate" together with

CXVII from II and an excese of benzoyl chloride in pyridine (h).

It seemed most unlikely that a true valence bond in an ester group

could be ruptured with the apparent ease displayed in the examples eited,

even allowing for the known lability of en01ie ester linkages. The rapid

and complete dissociation of the ntribenzoate" in polar solvents, in

particular, suggested bonding of a mueh weaker kind, e.g. through van

der Waals forces. The composition of the "tribenzoate· was identical

with the s~composition of dibenzoylkojic acid (CXVII) and benzoic acid.

The conclusion that the supposed enolic tribenzoate vas actually

an addition compound (CXVIII) formed from dibenzoylkojic acid (CXVII)
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and benzoic acid vas very convincingly supported by comparing the infra

red spectrum of CXVIIl with that of an equimolecular mixture of the tvo

components. Both spectra vere measured on benzene solutions of the res

pective compounds by Mr. A. W. Pross of the Central Research Laboratory,

Canadian Industries (1954) Limited, McMasterville, Quebec, vhose help

ve gratefully acknowledge. The two spectra, shown in Figure 2, were

identical over the whole range of measurement. Hunter and his co-workers

(127) studied the absorption spectra of several types of molecular add

ition compounds in the ultraviolet and visible regions; the absorption

plot of the addition compound vas in all cases a mere superposition of

the plots of the two components measured individually. The van der Waals

forces which held together the component molecules of CIVIII consisted

most likely of a mutual attraction of two dipoles. A closer study of

these forces and of the structure of CXVIlI was beyond the scope of this

work, and vould have required elaborate crystallographical and physico

chemical investigations.

The recognition of the so-called "tribenzoate ft as a molecular add

ition compound (CXVIll) helped to account for some of the details of the

benzoylation reactions. For instance, the higher yield of CXVIII, and

the absence of dibenzoylkojic acid (CXVIl) from the products, in the

benzoylation carried out at the lower alkali concentrations (g} vas

probably caused by the presence of a considerable amount of free benzoic

acid in the liquor. Similarly, in pyridine (h) some benzoyl chloride

might have been slowly hydrolysed to benzoic acid, which then formed

CXVllI by addition to CXVII.

Although it could not be considered as final proof, the failure
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Fig. 2: Infra-Red Spectrum of the Molecular Addition Oompound of
Dibenzoylkojic Acid and Benzoic Acid (Top), and of an Equimolecular
Mixture of Dibenzoylkojic Acid and Benzoic Acid (Bottom), Measured in
Benzene Solution.



o
§

8 8
~ s ::l;

U

J:
t-

8 8 '"z
ljl !!? w

.J

w
>

"":t
0 s0
III !1;1

o
o
<Xl

§
'"

§

§ 0
0
0

<t <t

B g on <t '" N
0 s B g on <t '" N

0 s0 0 0 0 0 0 0 0

Al 1 S N 3 0 1'rJ:J 1 l dO

,..-.--.---r--.--,----,------, 8
ID



69

to isolate open ehain enolic benzoates from these reactions constituted

good evidence that kojic acid did not surfer ring cleavage in aqueous

alkali under the conditions of the benzoylations. These resu1ts supported

the conclusions tentative1y drawn from the methy1ation reactions.

Debenzoylation of 5:Q-Benzoyl Derivatives of Kojic Aeid by Hzdroxylamine

Preferential HYdrolysis ot Dibenzoylkojic Acid

The production of a new monobenzoate of kojic acid was observed in

a reaction between the so-called ·tribenzoat~ofkojic acid and hydroxy1

amine hydrochloride in pyridine. When the "tribenzoate" was recognized

as an addition compound (CXVlII), further studies of this reaction were

conducted with dibenzoylkojic acid (CXVII). The same monobenzoate was

formed when CXVII and pyridine were heated in a1cohol, and when pyridine

was replaced by sodium acetate (n). The most satisfactory procedure,

however, was to dissolve CXVIl and two equivalents of hydroxylamine

hydroehloride in pyridine at room temperature, and to allow the reaction

to continue for twelve hours. The almost pure product was reeovered in

90% yield by diluting the pyridine solution with cold water, and c01

lecting the crystalline precipitate on a filter. The pure monobenzoate

(CXIX) melted at 180-181 0 (n).

Binee benzoylation of CXIX gave dibenzoylkojic acid (CXVIl) (0),

no other change than hydrolysis had occurred in the formation of CXIX

from CXVII. The wine color produced by CXIX with ferric chloride indic

ated the presence of a phenolic hydroxyl group, and the site of the
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hydro1ysis was thereby revealed. These data alone made it quite certain

that the new monobenzoate vas 2-(benzoxymethyl )-5-hydroxy- K-pyrone

(CXIX). To confirm th1s structure, CXIX was methylated with d1azomethane

to give 2-(benzoxymethyl)-5-methoxy- t-pyrone (CXX), a crysta11ine solid

of m.p. 110-111° (p). The proof was completed by also preparing CXX from

2-(hydroxymethyl)-5-methoxy-I-pyrone (CV) and benzoyl chloride in

pyridine (q). The correctness of the position of the methoxy group was

assured by the original synthesis of CV from kojic acid (II) with diazo

methane (7, 9, 10).

CXIXCXVII

II cv

The reaction between esters and hydroxylamine in the presence of

bases is now a standard method for the preparation of hydroxamic acids.

Tiemann and Krüger (128) discovered in 1885 that hydroxylamine, liber-

ated from its hydrochloride by a1ka1i, c1eaved ethyl benzoate to give

benzohydroxamio acid. The reaction vas allowed to continue for severa1

days at 1000 in a c10sed vessel; the yield was poor. Jeanrenaud (129)
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improved the procedure, and made it suitable for the synthesis of hy

droxamic acids in general. He used one mole of hydroxy1amine hydrochlor

ide and tvo moles of sodium ethoxide for each mole of ester, conducted

the reaction at room temperature, and reached yields of 40%. Jeanrenaud's

method formed the basis of many recent preparative procedures, among

them the synthesis of benzohydroxamic acid given in Organic Syntheses

(1;0). In some cases the cleavage of esters vas also achieved vith free

hydroxylamine (1;1), but generally the reaction vas slow in the absence

of alkaline reagents (1;2).

In âll the instances mentioned, the purpose of the reaction vas to

obtain the hydroxamic acid derived from the acid component of the ester,

and the procedures were perfected to the point where yields of 60-80%

could be reached. The cleavage of the "phenolic" ester linkage of diben

zoylkojic acid (CXVII) by hydroxylamine vas essentially the same reaction

as that observed by Tiemann and Krüger (128), but the purpose was exactly

the opposite; here the alcohol component of the ester vas the product

sought, and obtainèd in very high yield. The reaction had apparently

never been used to serve this end; a search of the literature revealed

only one case analogous to the debenzoylation of CXVII.

Ingold and Shoppee (1;;) observed that the oximation of 2-benzoxy

4,4,5,5-tetramethyl-2-cyclopenten-l-one (CXXI) vith four moles of

hydroxylamine hydrochloride and four moles of anhydrous sodium acetate

in hot absolute ethanol vas accompanied by debenzoylation to give the

mono-oxime of ;,;,4,4-tetramethyl-l,2-cyclopentanedione (CXXIII). Under

identical conditions the fUlly saturated analog of CXXl (CXXIV) retained

its benzoyl group to give 2-benzoxy-4,4,5,5-tetramethylcyclopentanone
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oxime (OXXV). The simi1arity of these reaotions to the behaviour of di-

benzoy1kojio acid (OXVII) is striking: in the moleou1es of OXXI and OXVII

the portions above the dotted 1ine are identicali the ester linkage that

was oleaved was eno110 in OXXI, and the primary produot (OXXII) rear-

ranged to the stable keto form (OXXIII). In OXVII the ester linkage

oleaved was pheno1io, and in consequenoe the primary produot was a1so the

final, stable product (OXIX). No oximation occurred with OXVII, because

the carbonyl group partioipated in the resonance system of the ((-pyrone

nucleus; no such resonance system existed in CXXI. The alcoholic ester

linkage of CXVII was practically unaffected by hydroxylam1ne, as was the

a1coho1ic benzoate group of CXXIV.

Ingold and Shoppee (1;;) were a1so the first to use the weak base

sodium acetate in place of a1kali or a1ka1i a1coholates in this cleavage

reaction. The isolation of benzoic acid as a by-product suggested that

the use of sodium acetate led to simple hydrolysis, rather than to the

formation of a hydroxamic acid. They demonstrated the hydro1ytic effect
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benzoate was cleaved in hot absolute ethanol to give 20% of benzoic acid

and phenol. Sodium acetate alone had no effect on phenyl benzoate (1,,);

neither did it attack dibenzoylkojic acid (n).

In the present work the use of pyridine, both as solvent and as the

weak base taking the place of sodium acetate, permitted a choice of con-

ditions milder than those of the experiments cited. As a result, the

alcohol component of the ester cleaved by hydroxylamine was recovered

nearly quantitatively. The fate of the acid component was of little in-

terest in this case, and was not ascertained.

The most interesting feature of the cleavage was its selectivity.

HYdrolysis apparently occurred smoothly when the enolic or phenolic ester

group was adjacent to a carbonyl group; under identical conditions the

cleavage of simple phenolic ester linkages was slow and alcoholic esters

were unaffected.

Selective Debenzoylation of Other 5-Benzoates of Kojic Acid

The following experiments were to discover whether linkages weaker

than benzoate, and located in the side chain of kojic acid, would remain

eXXVl, R = Acetoxy
eXXVlll, R = Triphenylmethoxy

exxx, R = H

eXXVIl, R = Acetoxy
eXXlX, R = Triphenylmethoxy
CXXXI, R = H
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unaffected while the phenolic benzoate group vas cleaved by hydroxyl

amine. The results gave an affirmative answerl 2-(acetoxymethyl)-5

benzoxy-t-pyrone (CXXVI) was hydrolysed to 2-(acetoxymethyl)-5-hydroxy

t-pyrone (CXXVII) in 8~% yield (s), and 5-benzoxy-2-(triphenylmethoxy

methyl)-t-pyrone (CXXVIII) to 5-hydroxy-2-(triphenylmethoxymethyl)- t
pyrone (CXXIX) in 66% yield (t). The conditions of these hydrolyses were

those applied to dibenzoylkojic acid, and consisted of solution for

twelve hours at room temperature in pyridine containing an excess of

hydroxylamine hydrochloride. Another example of the general applicability

of the reaction was the hydrolysis of benzoylallomaltol (CXXX) to allo

maltol (CXXXI) in 71% Yield.(v).

When applied to kojic acid, one of the uses of the reaction under

discussion would be in the preparation of derivatives of the alcoholic

hydroxyl group. A search of the literature revealed that only three such

derivatives were known (Historical Introduction, Table II), of which

only two were prepared direotly. This lack was largely caused by the

greater reaotivity of the phenolic hydroxyl group. The simplest case of

this use of the selective debenzoylation reaction was the preparation

of 2-(benzoxymethyl)-5-hydroxy-!-pyrone (CXIX) in two stepsi benzoyl

ation of kojic acid in dry pyridine gave a 98.5% yield (i) of dibenzoyl

kojic acid (CXVII), which was debenzoylated to CXIX in a yield of 90.%

(n), the overall yield thus being 88.5%.

The preparation of aIl other derivatives of the alcoholic hydroxyl

group would have to start trom 5-benzoxy-2-(hydroxymethyl)-(-pyrone

( CXI), now readily available trom anhydrous sodium kojate (1), and

capable of easy substitution in the side chain by a variety of groups.
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Thus acetylation of eXI gave eXXVI (r), which was debenzoylated to

eXXVII (s); the yields in the three simple steps of the synthesis of

eXXVII were 79.5, 9, and 8,% respectively, or 61.5% overal1. eareful

adjustments in individual cases could no doubt ra1se the yield somewhat.

The reaction might also be of use in the flavonol series (CXXXII)

after the hydroxyl group in position , had been protected by benzoylation•

.....--
-: 0 '\

»" ,
" 1

,,' "
1 ,

: HO
l ,

, - .....

II eXXXII

After effecting any desired change at other points of the molecule, the

protecting benzoyl group could be removed easily under mild conditions

by hydroxylamine hydrochloride in pyridine. This prediction ie baeed on

the identity of the encireled portion of the molecule of flavonols with

the eorresponding portion of the moleeule of kojic acid (II). Without

doubt hydroxylamine could be used to effect the preferential hydrolyeis

of 5-~acetyl derivatives of II, or of ;-Q-acetyl derivatives of CXXXII,

extending thereby the scope and usefulness of the reaction.

Reduction of Dibenzoylkojic Acid

Hydrogenation over Platinum

The attempts to reduee the molecular compound of dibenzoylkojic
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acid and benzoic acid, then believed to be an open chain enolic triben

zoate of kojic acid, indicated that dibenzoylkojic acid (CXVII) was sus

ceptible to certain reducing agents. One of these was the combination

of hydrogen and platinum. The experiment was repeated with dibenzoyl

kojic acid (CXVII) itself; the catalyst was reduced platinum, the sol

vent glacial acetic acid, and the hydrogenation was carried out at room

temperature and atmospheric pressure (u). Although the hydrogen uptake

had not yet come to a halt,~he reactiotLw~~tQPp-Qd_after_ the-Bbsol'p-- - - - - 

tion of 7.4 atoms per molecule of dibenzoylkojic acid. The products were

a sirup together with approximately 0.6 moles of benzoic acid. The sirup

could not be crystallized, and its investigation was abandoned in view

of the inconclusive results obtained by Armit and Nolan (10) in their

studies of the hydrogenation of kojic acid derivatives over palladium.

The production of benzoic acid might have been caused by a hydro

lytic cleavage, or by hydrogenolysis. The hydrolysis of esters by cata

lysts for hydrogenation is not commonly observed. Although Verkade and

co-workers (l~4) reported the hydrolysis of a di-~benzoyl derivative

of glycerol over platinum oxide in alcohol, Miescher and Scholz (135)

attributed Verkade's result to the presence of a trace of alkali in the

catalyst; the acidic medium of the present hydrogenation would el1minate

this possibility. The likelihood of a cleavage by hydrogenolysis seemed

somewhat greater, for the side chain of kojic acid was in many ways

comparable to that of benzyl alcohol. The latter compound, its ethers

__ _ _ _ -- -----and-its- esters,,-all-underwent-hydrogenolysis-ve-ry- rea-dl1y -on c at:aly t r c

hydrogenation to give toluene as the product arising from the benzyl

alcohol portion of the molecule (136). In the case of the catalytic
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hydrogenation of dibenzoylkojic acid (CXVII), the evidence was insuffic

ient to reach a decision, but the results of the reduction with zinc in

acetic acid, now to be discussed, favored hydrogenolysis.

Reductive Fission by Zinc in Glacial Acetic Acid

When a solution of dibenzoylkojic acid (CXVII) in glacial acetic

acid was heated with a large exeess of zinc dust for 2.5 hours on the

steam bath (v), the products were ,2% of a crystalline substance melting

at 124.5-126°, and nearly one mole of benzoic acid per mole of CXVII.

The analytical sample of the first product melted at 126-127°, and its

composition agreed well with that of a dibenzoate of tetrahydrokojic

acid; the production of benzoic acid was attributed to hydrolyais in an

undesirable, eompeting side reaction. Debenzoylation of the reduction

product by the hydroxylamine method gave 71% of a white crystalline

solid melting at 150-151° (v), .whi ch was smoothly reconverted to the

original substance by benzoylation (x). The debenzoylated product, how

ever, still had a phenolic character, and a carbon content which was

considerably lower than would have been required by the composition of

a monobenzoate of tetrahydrokojic acid. Among the phenolic derivatives

of kojic acid, al1omaltol (CXXXI) had the same composition as the deben

zoylated reduction product. While Yabuta (8) listed the melting point

of allomaltol (CXXXI) as 166°, it was given recently by Looker and

Okamoto (76) as 151°. The analytical results of the latter workers were

closer to the theoretioal composition of CXXX! than were those of Yabuta.

Allomaltol (CXXXI) was synthesized trom 2-(chloromethyl)-5-hydroxy-
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2(-pyrone (CXXXII) by reduction with zinc in glacial acetic acid. The

method of Kipnis and his co-workers (77) was ~ound satisfactory for the

preparation of CXXXIIj the reduction was carried out fo11owing Yabuta's

(8) procedure, but the yield of CXXXI was very low. This authentic

sample of allomaltol (CXXXI) melted at 150-151°, and admixture with the

debenzoylated reduction product of dibenzoylkojic acid, melting at 150

151°, did not depress the melting point. The identity of the reduction

product proper was thereby established, as benzoy1allomaltol (CXXX).

OXVII

CXXXII

Bzo6°1
CHJ

°
3~Cl IINHLOR OXXX

°
HO61

CHJo

OXXXI

The melting point of the pure substance was 2° lower than the one given

by Yabuta (8).

Thus the production of benzoylallomaltol (OXXX) from dibenzoylkojic

ac1d (OXVII) was a case of reductive fission, and the recovery of close

to one equivalent of benzoic acid as a by-product was explained. The

nucleus of kojic acid, like that of the benzyl group, was resistant

under the conditions of the reduction. This reductive fission was
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noteworthy because it had been achieved by using zinc in glacial acetic

acid at the temperature of the steam bath. Benzyl esters are usually

cleaved by means of molecular hydrogen and a catalyst; chemical reducing

agents have been used lees frequently. The use of zinc for thie purpose

was not listed in a recent review of the debenzylation reaction (1;6).

Zinc has, however, been employed to reduce alcohols, primary (1;7),

secondary (1;8) and tertiary (1;9) alike, to the corresponding hydro-

carbons. In all three instances, the alcoholic hydroxyl group reduoed

was alpha to an aromatio ring, and probably had a reactivity not unlike

that of the primary hydroxyl group in kojic acid.

Condensations of Kojic Acid and Its Derivatives with Carbonyl Reagents

Analogous Reactions of Other t -Pyrones

Only two major groups of carbonyl reagents will be considered in

this section. the substituted ammonias (RNH2) , e.g. aniline and hydroxyl

amine; and the substituted hydrazines (RNHNH2)' e.g. semioarbazide and

phenylhydrazine.

With the exception of a few isolated cases, these reagents were

not known to condense directly with the carbonyl group of the nucleus

of K'-pyrones (66, 96). One of these exceptions was the formation of the

p-nitrophenylhydrazone of diethyl chelidonate (CXXXIII, R = p-Nitrophenyl)*

(140). Rather, when reaction did take place, the ring of the (-pyrone

* Formulae CXXXIII to CXL are on1y schematic representations, and
the substituents on the pyrone ring are not indicated.
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(OXXXIV) was cleaved, and one molecule of the carbonyl reagent condensed

with each of the two enolic hydroxyl groups created by the cleavage. The

open chain products (OXXXV, OXXXVI) were practically always labile, and

became stabilized through eyclization. Consequently, hardly any of these

open chain intermediates were ever isolated; an exception was the erys-

talline dianilide of bis-(hydroxymethylene)-acetone (CXXXV, R. Phenyl)1

prepared by Borsehe and Bonacker (141).

Cyclization was possible in two ways: with the loss of one of the

groups derived from the carbonyl reagent to give N-substituted pyridones

(CXXXVII, CXXXVIII); and with condensation between one of the new groups

and the carbonyl group in the ~-position, the original carbonyl group

of the pyrone. The second mode of cyclization was observed most frequent-

ly with the intermediates of structure CXXXVI, and resulted in the form-

ation of pyrazole derivativea (CXXXIX). N-Substituted pyridones of
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structure CXXXVII were prepared from t-pyrones and hydroxy1e.mine (142),

aniline (141) and semicarbazide (14); those of structure CXXXVIII from

~ -pyrones and p-nitrophenylhydrazine (140). It was aLec c1aimed that

some !-pyrones condensed with two molecules of p-nitrophenylhydrazine

to give as a final product the p-nitrophenylhydrazone of an N-p-nitro

anilinopyridone (CXL, R· p-Nitrophenyl) (140). The formation of pyrid

one derivatives in the latter case was questioned by Ainsworth and Jones

(144), who studied a number of derivatives with the pyrazole structure

(CXXXIX) prepared from t-pyrones and hydrazine or phenylhydrazine. They

demonstrated that one of the derivatives described as having structure

CXL (140) was actually a pyrazole with structure CXXXIX.

Negative Results with Some Carbony1 Reagents

Customary conditions were adopted in all attempts to condense car

bonyl reagents and kojio aoid derivatives. The temperatures ranged from

25 to 100°, the pressure was always atmospherio and no drastic reagents

were used.

Most of the experiments with negative results have been discussed

from a different point of view in previou8 sections. Dibenzoylkoj1c acid

(CXVII), 2~cetoxymethyl)-5-benzoxy- t -pyrone (CXXVI), 5-benzoxy-2-(tri

pheny1methoxymethyl)-t-pyrone (CXXVIII), and benzoylallomaltol (CXXX)

all failed to form an oxime under the usual conditions of ox1mation

(n, s, t, w). No benzoylhydrazone was formed when dibenzoy1kojic acid

(CXVII) was brought together with benzoylhydrazine in glacial acetic

acid (m). When dibenzoylkojic acid (CXVII) was added to a 2,4-dinitro-
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phenylhydrazine solution containing some sulfUric acid, no 2,4-dinitro

phenylhydrazone was formedj only a mixture of unchanged CXVII and 2,4

dinitrophenylhydrazine was recovered from the solution after dilution

with water. When kojie aeid or its 5-benzoate were boiled with semi

carbazide hydrochloride and pyridine in ethanol, in both cases the only

water-insoluble product isolated was a small quantity of biurea, the

high-melting autocondensation produet of semicarbazide itself.

Open Chain Semicarbazones Derived from Dibenzoylkojic Acid

Although dibenzoylkojic acid failed to condense with benzoyl- and

2,4-dinitrophenyl-hydrazine, under the same conditions a condensation

with semicarbazlde formed a water-insoluble product. Dibenzoylkojic acid

(CXVII), three equivalents of semicarbazide hydrochloride, and a some

what larger excess of pyridine were suspended in 90% ethanol, the mix

ture was heated to boiling, and the resulting clear solution was kept

at the temperature of reflux for fifty minutes (y). Yields of slightly

over 40% of a microcrystalline yellow-white substance were obtained from

these reactions. The product was insoluble in practically aIl liquids,

exeept glacial aeetie aeid, in whieh it dissolved sparingly. Because of

this poor solubility the substance could be boiled freely with solvents

to remove impurities. Thus water was used to extract hydrochlorides, and

dioxane or ethyl aeetate to extraet any unused starting material and by

products. If the crude solid was powdered prior to these extractions,

the final product waa practically analytically pure, melting at 2120

with decomposition, and could be uaed for fUrther reactions. The
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analytica1 samp1e, melting at 2150 with decomposition, was purified,

after the extractions, by reprecipitation with water from its solution

in glacial acetic acid. Care had to be taken not to heat the substance

in glacial acetic acid above seventy degrees and so cause its degrad-

ation. Concentration of the acetic acid solution in vacuo was also

accompanied by extensive degradation.

This high-melting substance was neutra1 and had a composition cor-

responding to C22H2~607. Assuming that the reaction between dibenzoyl

kojic acid and semicarbazide had taken the usual course, the primary

product would have been an open chain derivative (CXLI), analogous to

CXXXVI. It was evident that this intermediate had not undergone cycliz-

ation, because the composition of a cyclic derivative analogous to

intermediate must have changed, because the two secondary amine groups

of structure CXLI were not compatible with the insolubi1ity of the new

substance in dilute mineraI acids. A shift to the corresponding disemi-

carbazone structure (CXLII) might have taken place.

°II
/C,

BzO-C C-H
Il Il

H-C O-CH20Bz
1 1
NH NH
1 1
NH NH-CONH21
OONH2

CXLI

°Il
/C,

BzO-HC OH2
1 1

H-O O-CH20Bz
Il Il
N N
1 1
NH NH-CONH2
1
CONfl2

OXLU

A smaii yield of an isomer of this open chain ndisemicarbazone n of
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dibenzoy1kojic acid was isolated by using a slightly modified procedure

for the preparation (z). The new isomer, a white crystalline sol id melt

ing at 172-172.5° with decomposition, was named dibenzoylkojic acid 1'

"disemicarbazone", to distinguish it from the high-melting ~-isomer.

The decision was made to confine further investigations to the oc-isomer,

which will be referred to as the (X_ndisemicarbazone" (CXLII) in the

fo11owing discussion. Formula CXLII should be considered chiefly as an

aid to memory, and not as a proven structure.

In order to learn whether CXLII was a true disemicarbazone, the

cx-isomer was treated with nitrous acid,one of the standard reagents

for the fission of semicarbazones (145). The customary procedure had to

be modified somewhat on account of the insolubility of the substance,

and a concentrated aqueous solution of sodium nitrite was added, with

constant stirring, to a suspension of CXLII in glacial acetic acid. As

the reaction progressed at room temperature, more and more of OXLII went

into solution. The resu1ts of the reaction depended on the excess of

sodium nitrite used. With approximate1y sixteen equivalents of sodium

nitrite the crude product was fairly uniform, and purification gave a

white microcrysta11ine substance melting at 178-179° with decomposition,

in a yield of 69% (bb). When twenty-five equiva1ents of sodium nitrite

were used, the crude product was rather heterogeneous, and seemed to be

a mixture of several components. On1y one of these could be iso1ated in

the pure state as a white microcrystal1ine substance me1ting at 215.5°

with decomposition (aa).

Analyses ahowed that these two products had an identical composition

corresponding to 02lHl9N,07. The presence of three atome of nitrogen per



molecule suggested that only one of the two semicarbazone groups had

been cleaved, the high proportion of carbon indicated that no benzoate

group had been hydrolysed, and, again from the composition, it was quite

certain that no cyclization had occurred in the process. For the sake

of convenience the high-melting isomer will be referred toas dibenzoyl

kojic acid ~-"monosemicarbazonen, and the low-melting isomer as diben

zoylkojic acid (-3-"monosemicarbazone". In this case the ~-isomer was

the more readily accessible, and was therefore chosen for further inves

tigations.

The ~-"monosemicarbazone" might have been produced by the action

of nitrous acid on the ~-"monosemicarbazone", in which case the two

compounds could be tautomers or geometric isomers, put not position

isomers. If, however, the ~-"monosemicarbazonenarose directly from the

C(-"disemicarbazone" by a different process from that resulting in the

~-"monosemicarbazone", the possib1lity of position isomerism would

also have to be considered. The second alternative was favored when the

(o3-"monosemicarbazone" was found to be practically unaffected by excess

nitrous acid (bb).

The fact that only one semicarbazone group of dibenzoylkojic acid

o<-"disemicarbazone" (CXLII) was cleaved by nitrous acid indicated that

the other semicarbazone group was either stable enough to resist cleavage,

which was rather improbable, or that it did not have a semicarbazone

structure at aIl. As already mentioned, alternative structures that in

volved cyclization with loss of the elements of water were excluded by

the oomposition of the mono- and di-semicarbazones. It was, however,

conceivable that the molecule of the cx-"disemicarbazone" became
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stabilized by a tautomeric shift of one of the three double bonds de-

picted in formula OXLII. A conjugated system would thereby be created,

which would derive further stability through hydrogen bonding. This

concept is illustrated in formulae OXLIII and OXLIV, in which the struc-

tures are slightly distorted to make comparison with formulae OXLI and

OXLII easier. In this event, one of the semicarbazone groups would be

expected to be more stable than the other.
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Attempts to acetylate the ~-udisemicarbazoneu, in order to demon-

strate the presence of a secondary amine group, or of an enolic hydroxyl

group, failed. In the reaction with nitrous acid leading to the "mono-

semicarbazones" no nitrosation occurred. Furthermore, the c(-"disemicar-

bazone" did not dissolve in hot or cold dilute mineral acide and did

not give a color with ferric chloride. The first two reactions are usu-

ally given by secondary amines, the third by enolic compounds. Although

these tests might have been hindered in the present case by the insolu-

bility of the 0(,_11 disemicarbazone n, their results must be considered as

adverse to structures OXLIII and OXLIV.

A certain amount of information about the structure of the dibenzoyl-

. kojic acid CX-"disemicarbazonen was obtained from degradation reactions.
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A treatment with boiling 10% aqueous hydrochloric acid gave a small

yield of a yellow-white microcrystalline solid, melting at 244-244.5°,

and nearly one equ1valent of benzoic acid (cc). From analyses and a

molecular weight determination, the composition of the high-melting

solid could be expressed by the empirical formula 021Hl5N,05. This co~

position indicated the retention of both benzoyl groups, the fission of

one semicarbazone group, and the 108s of two molecules of water, no

doubt through cyclization. A closer study of this somewhat inaccessible

substance could not be fitted into the present research. When treated

with cold 10% aqueous potassium hydroxide, both of the benzoate groups

in the cx-"disemicarbazone" were smoothly saponified; although the re

covery of benzoic acid was nearly quantitative, no other product could

be recovered (dd). An oxidation with aqueous potassium permanganate pro

duced low yields of benzoic and benzoylglycolic acids, but no pyrazole

or pyridone carboxylic acids (ee), such as cyclic structures like OXXXIX

or CXL would no doubt have yielded (144). The oxidation of dibenzoyl

kojic acid ;'3-"monosemicarbazone" by aqueous potassium permanganate also

yielded benzoic and benzoylglycolic acids(rr).

Without exception, these results indicated the absence of a stable

cyclic structure in the semicarbazones. The potential ability to under

go cyclization was demonstrated by the reaction with hot dilute ac1d.

The benzoylglycolic acid produced in the oxidations arose most probably

from carbon atome 5 and 6 (see formula OXLIIl), and in this event was

in agreement with structures OXLll! and CXLIV for the disemicarbazone,

but rendered CXLlI very improbable.

An attempt to reconvert the ;3-"monosemicarbazone" into a
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disemicarbazone by a ~rea~men~ wi~h semicarbazide hydrochloride and

pyridine in boiling me~hanol failedt ~he s~ar~ing ma~erial being recov

ered unehanged (gg). Hydroxylamine hydrochloride and pyridine in boiling

methanol likewise had no effect on ~he j3-lmonosemicarbazone" (hh).

These results were surprisingt because ~he presence of a carbonyl group

crea~ed by the fission of one of ~he semicarbazone groups in ~he "disem1

carbazone" could reasonably have been assumed. The second of ~he two

nega~ive resul~s aiso sugges~ed ~ha~ an enolic benzoa~e group was absent,

sinee hydroxylamine hydrochloride was known to remove ~his group from

dibenzoylkojic acid (n).

Even at the close of ~his research, it was no~ found possible to

propose defini~e structures for any of the four "semiearbazones" derived

from dibenzoylkojic acid, but ~here was lit~le doub~ left ~ha~ ~hey were

all open chain compounds. As such, their prepara~ion had aohieved two

of ~he original aims of the research: the cleavage of kojic acid at

posi~ion 1 without the simultaneous rup~ure of carbon-~o-carbon bonds,

and the condensation with carbonyl reagents. Unexpectedly, it was by

effor~s to accomplish the la~ter objec~ive that success was gained in

~he former.

An obvious question remained to be answered: why did kojic acid

fail to undergo cleavage in normal aqueous alkali, a medium so gener

ally used to cleave ~-pyrones, when one of its derivatives was readily

cleaved by the agency of a much weaker base, semicarbazide? An answer

might be found by considering the distribution of electrons in kojic

acid in the presence of reagents of differing character.

The oonventional structure of kojic acid (II) was found to be .
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inadequate to explain all the reactions of the compound, as is generally

true for t -pyrones (66). A series of structures, intermediate between

II and one of the extreme forma with separated charges (CXLV) would

make contributions to the resonance hybrid of kojic acid in a neutral

medium. Position 6 would thereby acquire electrophllic properties, and

consequently an affinity for nucleophilic reagents. In an alkaline medium

kojic acid would exist in the form of an anion, and carry a full nega-

tive charge; important contributions to the resonance hybrid of this

anion would come from structures LXIII and LXIV, to which reference has

been made previously. In these cases position 6 would acquire a nucleo-

philic character and would attract electrophilic reagents.

II CXLV LXIII LXIV

Cleavage of the 6-pyrone ring is presumably initiated at position 6.

The hydroxyl ion and semicarbazide are the two reagents under consider-

ation, and both are nucleophiles. Semicarbazide, acting in an essentially

neutral medium, would be able to initiate cleavage by a nuoleophilic

addition at position 6. On the other hand, in the alkaline solution the

hydroxyl ion would face another nuoleophilic oenter at position 6; add-

ition would fail to take place, and consequently no cleavage could occur

(146). An increase in the alkali concentration might, however, cause the

degradation of kojic acid through a weakening of the carbon-to-carbon
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bonds. This postulate i5 weIl supported by the fact that none of the

(f-pyronea, whose cleavage by alkali to open chain compounds had been

reported, contained a nuclear phenolic hydroxyl group (66, 96).

Two ways Beem to be open for further attempts to obtain open chain

cleavage products from kojic acid: by dilute, aqueous alkali, after

elimination of the undesirable effect of the kojate anion through the

formation of an alkali-resistant derivative; and by weak bases similar

to, but simpler in structure than, semicarbazide.
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EXPERIMENTAL

Weights and me1ting points were always determined after drying of

the samp1es at suitab1e temperatures and reduced pressures, using chem

ica1 drying agents whenever advisab1e. The melting points were expressed

in degrees oentigrade, and were aIl corrected (147). Molecular weights

were determined by the Rast camphor method. The infra-red spectra were

observed on a Perkin Elmer Mode1 21 double-beam spectrophotometer, fit

ted with a rock salt prism, by Mr. A. W. Pross of the Canadian Industries

(1954) Limited Central Research Laboratories at McMasterv1l1e, Quebec.

The combustions for the carbon and hydrogen analyses were carried

out in a tube with "combination band" filling, acoording to Niederl and

Nieder1 (148). Tvo carbon and hydrogen values were cheoked by Schwarz

kopf Microanalytical Laboratories, Woodside, N. Y., who also carried out

aIl nitrogen determinations. The analyses for aluminum and sodium were

done by micro-aahing (149). Methoxy1 analyses were by the standard pro

cedure of Peniston and Hibbert (150), benzoyl determinationa by the

customary method for acetyl groups modified according to Meyer and Hart

mann (151).

Solutions were evaporated ina rotary evaporator, unleas otherwise

stated; the temperatures indicated are those of the water bath surround

ingthe revo1ving flask which contained the solution. The ethanol uaed

was commercial absolute grade, unless otherwise specified.
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(a) Action of Oold Agueous Sodium ljYd.roxide on Kojic Acid

One gram (0.00706 mole) of kojic acid was added to a solution of

0.56 g. (0.0141 mole) of sodium hydroxide in 11.; ml. of water. The

resu1ting yellow, clear solution of approximate1y pH 1; vas stored. for

1;.5 heurs at room temperature, and vas then ac1dified to pH 5-6 with

20% aqueous sulfuric acid. After being chilled, seeded vith a fev crys

taIs of kojic acid, and stored for 12 hours at _;0, the solution depos

ited white needles, weighing 0.77 g. and melting at 152-15;°. A mixed

me1ting point determination established the identity of this substance

vith kojic acid. The mother liquor was diluted vith a fev ml. of water,

and three fifths of it. volume vas distilled at atmospheric pressure.

The distillate, when titrated with standard sodium hydroxide to the

phenolphthalein endpoint, required 0.9; ml. of 0.07608 N sodium hydroxide,

corresponding to 0.000071 mole of formic acid (1%).

In other experiments a small second crop of kojic acid vas gained

by concentration of the mother liquor to one thir-d to one half volume,

seeding, and chi1ling before filtration. In these cases the distillation

of formic acid vas omitted.

(b) Preparation of Sodium Kojate

A solution of ;.00 g. (0.0211 mole) of kojic acid and 0.88 g.

(0.0212 mole) of sodium hydroxide (purity 97%) in 15 ml. of water vas

evaporated to drrness at 40° and 15 mm. pressure. The residual solid

vas recrystallized tvice from about 5 ml. of hot water, purity rather

than a high yield being the primary objective. The final product was
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analytical purposes the samples of sodium kojate were dried in the air

at 25° to a constant weight. The amount of water of crystallization was

determined in such samples by further drying to constant weight either

at 110° and atmospheric pressure, or at 250 and 18 mm. pressure over

phosphorus pentoxide. About 5 to 6 hours were required in the former

case, and about 16 to 18 hours in the latter. The color of the samp1es

dried at 1100 became tan instead of white.

Anal. Calcd. for C6E504Na.4 H20 (Mol. wt. 2~6): Loss of weight, ~0.5l;
Na, 9.75. Foundl Loss of weight, ~O.~l, ~0.22 (at 110°); 29.74
(over P205 at 25° and a pressure of 18 mm.); Na, 10.~.

(c) Preparation of 5-Hydroxy-2-(methoxymethyl)- r -pYrone and rts

Aluminum Salt

Dimethyl sulfate, 47.00 g. (0.~7~ mole), was s10w1y added at room

temperature to a stirred solution of 15.00 g. (0.106 mole) of kojic acid

and ~7.50 g. (0.6 mole) of potassium hydroxide (purity 90%) in ~15 ml.

of water. The reaction mixture warmed up slowly to ~7°, but was then

co01ed to 25°, and subsequently kept below 30°. The initial yellow color

changed gradually to red. The addition vas completed in ~ hours, where-

upon the volume of the solution was reduced to 250 ml. at 45-50° and

20 mm. pressure. While still alkaline, the liquor was extracted contin-

uously for 48 hours with benzene, but the yellow extract left only traces

of an oily residue on evaporation. The aqueous residue was then acid-

ified to pH 2 with 50% sulfuric acid, and was re-extracted continuously

with benzene for 21 hours. This dark red extract vas treated with



activated carbon, concentrated to a small volume, and d1luted with pet-

roleum ether. A red oil separated, vhich solidified on chilling, to

yield 6.85 g. of an ochre substance melting at 55.5-66.5°. Crystalliz

ation from ethyl acetate y1elded 1.85 g. (11.2%) of pale tan crystals

melting at 75-76°. Recrystal11zation from toluene - hexane did not raise

this melting point, but changed the color of the crystals to white. This

substance gave a wine color vith aqueous ferric chloride, and had the

composition of a monomethyl ether of kojic acid.

The remainder of theproduct was still highly colored, and neither

treatment vith activated carbon nor fUrther crystallizations from ethyl

acetate or benzene could improve its purity.

A concentrated benzene solution of this crude fraction vas then

applied to a short column of alumina, and eluted vith benzene. Evapor-

ation of the effluent fractions yielded 0.59 g. of orange-red crystals

melting at 252-254° vith decomposition, and 0.~4 g. of yellow crystals

melting at 265-267°, also with decomposition. These two fractions dif-

fered only in their degree of purity, and by crystallization trom ethanol

they both yielded pale yellow crystals melting at 269-270° vith decom-

position. The total weight of the purified substance vas 0.71 g. (4%).

Repeated crystallizations from ethanol raised the melting point to 270-

271° vith decompoaition. This substance also gave a wine color vith

aqueous ferric chloride, and left a small amount of ash when ignited.

A qualitative test demonstrated the presence of aluminum in the ash.

Anal. Oalcd. for 06H50~(00H~) (Mol. wt. 156): c, 5~.85; H, 5.1';
00H3' 19.9. Founda 0, 5~.7l, 5,.84; H, 5.25, 5.24; OOH~,
20.4, 20.4.
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Calcd. for Al [C6H403(OCH,)], (Mol. wt. 492)1 Ash, 10.,6; Al,
5.49; OCH" 18.9. Pound, Ash, 10.4;; Al, 5.52; OCH" 18.6.

(d) Recovery of 5-Hydroxy-2- (methoxY!Jlethy1)- t -pyrone from Its A1um1mun

Salt

A solution of 0.15 g. (0.000,05 mole) of ~he above a1uminum sal~

in 15 ml. of water vas acidified ~o ca. pH 2 vith a few drops of 50%

sulfuric acid; and was evaporated to an oi1y residue a~ 45-50° and

20 mm. pressure. The residue vas dried in vacuo and ~hen boiled for a

few minu~es wi~h 15 ml. of ~oluene. This ex~rac~ was decanted from ~he

insoluble residua1 oi1, concen~rated on the steambath to a small volume,

and di1uted with hexane. A crop of white crystals was thus obtained,

weighing 0.09 g. and me1ting at 74.5-76°. A mixture of this material

vith an authentic samp1e of 5-hydroxy-2-(methoxymethy1)- t-pyrone shoved

no depression of the melting point.

(e) Methy1ation of 5-HYdroxy-2-(methoxYmethyl )- ~ -pYrone with Diazomethane

A solution of approximate1y 0.56 g. (0.01;; mole) of diazomethane in

20 ml. of benzene was prepared according to the standard procedure (152),

and dried for 2 hours over po~assium hydroxide pelle~s. Finely povdered

5-hydroxy-2-(methoxymethyl)-t-pyrone, 0.50 g. (0.00,2 mole), was added

to the yellow benzene solution in several portions. The solid diss01ved

readi1y, vith brisk evolution of gas. The golden colored solution vas

1eft standing at room temperature for 12 hours, and was then concentrated

on the steambath to 2 ml., diluted with 2 ml. of petroleum ether, and
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shaken while it cooled. A crop of pale yellow crystals formed sudden1y

in the liquor. These crystals, when recovered on a fil ter, weighed 0.)1 g.

and melted at 84-86°. A second, sma11er crop of~rystals, veighing 0.05 g.

and me1ting at 87.5-89.5°, was obtained by diluting the concentrated

filtrate with isopropyl ether, and recrysta11izing the crude precipitate

from benzene - hexane.

The 1arger and less pure fraction of crysta1s vas recrystallized

from benzene - petroleum ether, giving 0.28 g. (total yield, 60.5%) of

white needles melting at 88.5-89.5°. A final recrystallization from

ethanol - isopropyl ether raised the melting point to 89-90°. A mixture

of this substance vith an authentio sample of 5-methoxy-2-(methoxymethyl)

-~-pyrone (m.p. 89.5-90°) showed no depression of the me1ting point.

Cf) Benzoylation of Kojic Acid in Aqueous Sodium ljydroxide l

A solution of ).00 g. (0.0211 mole) of kojic acid and of 8.46 g.

(0.211 mole) of sodium hydroxide in 171 ml. of water was prepared and

stored at room temperature for two days. Then 14.85 g. (0.106 mole) of

benzoyl chloride was added slowly, vith constant stirring, to this sol

ution over the course of 1.5 hours. Smal1 white globules began to separ

ate immediately from the yellow solution and to combine tolarger lumps.

Stirring of the mixture vas continued for another 50 minutes after the

addition of benzoy1 chloride was comp1eted. The clear, yellow, alkaline

solution vas then filtered from the crude solid product, which vas dis

solved in hot benzene. A tota! of 2.92 g. of white crysta1s was recovered

from the benzene solution by concentration and by the âddition of
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petro1eum ether. This materia1, which melted at 112-12;°, cou1d be sep-

arated into two components by fractiona1 crysta11ization from benzene

and benzene - petroleum ether. The 1ess soluble fraction, consisting of

0.74 g. of white crysta1s melting at 128.5-1;1.5°, was recrysta11ized

from acetone - water, yielding 0.62 g. (8.4%) of white erysta1s me1ting

at 1;4-1;5°. A mixture of this substance vith an authentic sample of

dibenzoylkojic acid showed no depression of the melting point. The more

soluble fraction consisted of 1.41 g. (14%) of soft, matted, very fine

white needles, me1ting at 119.5-121°. Repeated crysta11izations from

benzene - petroleum ether and from to1uene narrowed the me1ting range

to 120-121°. Mixtures of this substance with separate samples of diben-

zoylkojic acid and benzoic acid showed depressions of the melting point.

The infra-red spectrum of the substance of m.p. 120-121° was identical

with that of an equimo1ecular mixture of dibenzoylkojic acid and benzoic

acid. Both spectra were observed on benzene solutions of the compounds

(Fig. 2).

Anal. Ca1cd. for C2oH1406 + C7H602 (Mol. wt. 472): C, 68.64; H, 4.24.
Found: C, 68.82, 68.98; H, 4.;6, 4.;5.

Cg) Benzoy1ation of Kojic Acid in Agueous Sodium ljydroxide II

A solution of 5.00 g. (0.0;52 mole) of kojic ac1d and 7.;0 g.

(0.177 mole) of sodium hydroxide (purity 97%) in 177 ml. of water vas

stored at room temperature for 2 hours. Then 19.75 g. (0.141 mole) of

benzoy1 chloride was added slow1y from a separatory funne1 to the stirred

solution at room temperature, Over a period of 2.75 hours. A granu1ar
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solid separated from the solution, and was recovered by filtration. A

solution of 5.80 g. (0.141 mole) of sodium hydroxide in 50 ml. of water

was added to the ac1dic filtrate, and another 19.75 g. (0.141 mole) of

benzoy1 ch10ride was added to the stirred mixture, drop by drop, over

a period of 2.5 hours. Stirring was continued for one add1tiona1 hour,

then the sticky, sol id reaction product was reoovered on a filter. The

filtrate vas aga in acid to 1itmus. The two portions of orude solid were

dried, oombined, and subjected to fractiona1 orystal1ization. The 801-

vents used for this purpose were dry benzene and dry hexane. The crude

product proved to be a mixture of two derivatives of kojic aoid with

benzoic acid. The last vas the most soluble component of the mixture,

and vas thus readily removed. Of the remainder, the more soluble fraction

consisted of 5.88 g. (,5.5%) of matted white needles melting at 117-118°.

A mixture of this fraction with a samp1e of the substance of m.p~ 120-121°,

obtained from the benzoy1ation of kojic acid according to Experiment l (f),

shoved no depression of the melting point. The less soluble fraction con-

sisted of 1.55 g. (18%) of white crystals melting at 142-14,°. Mixtures

. of this substance with samples of 5-benzoxy-2-(hydroxymethyl)- 't -pyrone,

prepared from anhydrous sodium kojate (1) and from 5-benzoxy-2-(tr1pheny1

methoXYmethyl)-t-pyrone (k), showed no depression of t~e me1ting point.

Anal. Found:

Ch) Benzoy1ation of Kojio Acid in Dry Pyridine l

To a chi11ed solution of 2.00 g. (0.0141 mole) of kojic acid in
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20 ml. of dry pyridine vas added 5.00 g. (0.0,56 mole) of benzoyl chlor

ide in several portions. The solution vas stored overnight at room temp

erature, then the solvent was evaporated in a current of dry air, with

gentle heating, to leave a moist pulpe In order to separate theproducts

from pyridine hydrochloride, the residue was treated vith hot benzene,

in which most dissolved. The product vas regained from the filtered

benzene solution in several fractions. The less soluble portion consisted

of ,.69 g. of a white, crystalline solid me1ting at 124-1,2°, and the

more soluble portion eonsisted of 1.00 g. of soft, matted white needles

melting at 116-118°. The former material vas purified by recrysta11iz

ation from benzene - petro1eum ether and from acetone - water, yielding

,.04 g. of pure product melting at 1,4-1,5°, and a smaller portion of

the same product, 0.41 g., me1ting at 1,,-1,4° (total yield, 70%). A

mixture of this material with dibenzoy1kojic acid shoved no depression

of the melting point. The more soluble portion of the crude produet was

recrysta11ized from benzene and from benzene - petro1eum ether to yie1d

0.66 g. (10%) of matted white need1es melting at 119.5-120.5°. A mixture

of this substance vith a sample of the addition compound of dibenzoy1

kojie acid and benzoic acid (m.p. 120-121°), obtained from the benzoyl

ation of kojic acid in aqueous sodium bydroxide (f,g) showed no depres

sion of the me1ting point.

(i) Benzoy1ation of Kojic Acid in Dry pyridine II

A solution of 15.00 g. (0.1055 mole) of kojic acid in 140 ml. of

dry pyridine vas chi11ed to 5°. To this solution was added, in several
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portions, ,7.50 g. (0.268 mole) of benzoyl chloride, the mixture being

chilled and shaken between additions. A yellow sludge formed which was

stored at room temperature overnight, then poured into 1,00 ml. of

chilled 5% aqueous sulfuric acid. The oil which separated solidified

completely atter a few minutes of stirring, and the crude solid was re

covered on a tilter and partly dried by suction. This product was crys

tallized trom acetone - water, to yield ,6.40 g. (98.5%) of white crys

tals melting at 1,4-1,5°, undepressed by admixture with an authentic

sample of dibenzoylkojic acid.

(3) Preparation of 5-BenzoxY-2-(triphenylmethoxymetbyl)-~-pyrone

This substance was prepared according to Yabuta's (72) method; but

the following details are recorded, because the original source of in

formation (Ohemica1 Abstracts) did not deal with them. Treatment of

5.00 g. (0.0,52 mole) of kojic acid with 11.00 g. (0.0,96 mole) of tri

phenylmethyl (trityl) chloride in 50 ml. of dry pyridine gave a brown

paste. This crude product, when crystallized from acetone - water,

yielded 11.69 g. of tan crystals me1ting at 1,0-166°. Purification of

this mixture proved to be laborious, and it was found more convenient

to boil the crude sol id with ether, in which tritylkojic acid was almost

insoluble. The residual 6.08 g. of ether-insoluble crystals, melting at

149-177°, was then esterified vith 2.50 g. ot benzoyl chloride in 25 ml.

of dry pyridine at room temperature. This reaction mixture yielded

7.87 g. of a white solid melting at 1,4-164°. Orystallization of this

material from acetone - ethanol gave ,.0, g. of white crystals melting
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above 200°. To obtain pure 5-benzoxy-2-(tripheny1methoxymethyl)-t-pyrone,

these crysta1s vere recrystal1ized tvice from dioxane - vater, which vas

found to be the most satisfactory solvent for this purpose. Yield l 2.22 g.

(1;%) melting at 212.5-214°. Yabuta (72) reported a me1ting point of 206

208° for this compound.

(k) Detritylation of 5=Benzoxy-2-(tripheny1metho;ymethyl)- i-pyrone

A solution of 0.;6 g. (0.000757 mole) of 5-benzoxy-2-(triphenyl

methoxymethy1)- t -pyrone in 15 ml. of hot 80% aqueous acetic acid vas

heated Under reflux for 55 minutes. The stepvise addition of vater to

the solution, and coo1ing, caused the deposition of tvo crops of a white

solid, tota11ing 0.19 g. and melting at 159-160.5° (triphenyl carbino1).

The filtrate vas evaporated at 50° and 10 mm. pressure to leave a solid

residue, vhich vas purified from benzene, yielding 0.10 g. (55%) of

white crysta1s melting at 159.5-141°. Further crysta11izations from ben

zene raised the me1ting point to 142-145°. This samp1e of 5-benzoxy-2

-(hydroxymethy1)- t-pyrone vas identica1, as shown by mixed melting

point determinations, with those obtained from the reaction between an

hydrous sodium kojate and benzoy1 ch10ride in dry benzene (1), and as a

by-product in the benzoylation of kojic acid in aqueous a1kali (g).

Yabuta reported a melting point of 1;5-1;6° for 5-benzoxy-2-(hydroxy

methyl)- t-pyrone prepared by detrity1ation of 5-benzoxy-2-(triphenyl

methoxymethyl)- t-pyrone (72), and of 155° for the same compound prepared

by the treatment of kojic acid vith benzoy1 chloride in ether (4).
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(1) Preparation ot 5-BenzoxY-2-(hYdr0!YIDetpy1)-~-pyronetrom Anhydrous

Sodium Kojate

Preparation ot Anhydrous Sodium Kojate:- A suspension ot 2.00 g.

(0.0141 mole) of kojic acià in 10 ml. of vater vas p1aced in a 100 ml.

round-bottom t1ask vith a standard taper ground-g1ass neck. Six drops

of a pheno1phtha1ein solution vere added to this ~spension, and then

enough 5% aqueous sodium hydroxide to produce a definite pink co1or. A11

of the kojic acid disso1ved in this process. The solution vas evaporated

completely at 45-50° and a pressure ot 20 mm., and the residual pale

cream ye110v solid vas dried over phosphorus pentoxide tor 20 hours, at

25° and a pressure of 18 mm.

Benzoylation:- Fitty mi11i1iters of dry benzene and 2.50 g. (0.0178

mole) of benzoyl chloride were added to the anhydroue sodium kojate,

still in the original tlask. The tightly stoppered flask vas then mech

anically shaken at room temperature for 26 hours, the cruet of solid ad

hering to the valls of the f1ask being 100sened atter the tirst 2 to ~

hours ot shaking by tapping the f1ask on the bench top. When the shaking

vas stopped, ~O ml. of benzene vas added to the white sludge in the f1ask,

the contents were heated to boiling, and the hot benzene solution ti1

tered. The residual solid vas extracted with a turther volume of boi1ing

benzene, and then vith ~O ml. of water to dissolve most of the sodium

chloride. The residue, nov large1y organic, vas recovered by filtration

and boi1ed vith 100 ml. of benzene. After filtration from traces of in

soluble materia1, this benzene solution was combined with the tvo ben

zene extracts, and al10wed to cool to room temperature. A crop of long



soft white needles formed, which was recovered on a filter. Yield,

2.53 g. melting at 143.5-144.5°. Recrystallization from benzene and

from acetone - water did not raise the melting point. A small second

crop of needles was obtained by concentrating the filtrate on the steam

bath to 10 ml. and adding 15 ml. of petroleum ether. After recrystalliz

ation from acetone - water this fraction weighed 0.22 g. (total yield,

79.5%) and melted at 143-144°. Mixtures of this substance with separate

samp1es of 5-benzoxy-2-(hydroxymethy1)-t-pyrone, obtained from the

detrity1ation of 5-benzoxy-2-(triphenylmethoxymethyl)-~-pyrone (k) and

as a by-product in the benzoy1ation of kojic acid in aqueous alkali (g),

showed no depression of the melting point. The melting points reoorded

in the literature (4, 72) for this substance were 8-9° lower [see (k~ •

(m) Resolution of the Molecu1ar Addition Compound of Dibenzoylkojic

Acid and Benzoic Acid

A solution of 0.50 g. (0.00106 mole) of the addition compound

(m.p. 120-121°) in 5 ml. of warm acetone was diluted with an equa1 vol

ume of cold water. A white crystalline precipitate formed immediatelYi

the mixture was cooled to room temperature, and the solid recovered on

a filter. Yie1d, 0.37 g. (100%); me1ting point, 134-135°. A mixture of

this substance vith dibenzoylkojic acid showed no depressionof the

melting point. The clear filtrate, when concentrated on the steam bath

to half of its original volume and then cooled, yielded 0.12 g. (92.5%

of one equivalent wt.) of white crystals which me1ted at 116.5-119°.

After crysta11ization fram hot water this substance melted at 121.5-122°.
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A mixture vith an authentic sampl~ of benzoic acid shoved no depression

of the melting point.

Dibenzoylkojiè acid crysta1lized also from the solutions of the

addition compound in dioxane (on dilution with water), 95% ethanol,

ethyl acetate, absolute methanol and pyridine (on cooling). When a sol

ution of the addition compound in benzene vas extracted vith 5% aqueous

sodium carbonate, only dibenzoylkojic acid was regained by evaporation

of the benzene solution.

The addition compound dissolved readily with a brisk evolution of

gas when added to a solution of diazomethane in benzene. Crystals of

dibenzoylkojic acid vere recovered the following day by working up the

yellow benzene solution, which had the characteristic odor ofmethyl

benzoate.

When the hydrogenation of the addition compound was attempted in

glacial acetic acid over a platinum catalyst, at room temperature and

atmospheric pressure, only a sirup and benzoic acid vere recovered. The

sirup vas not investigated further. A reduction, heating with zinc in

glacial acetic acid on the steam bath, yielded products which vere

identical with those obtained from dibenzoylkojic acid in the same ro

action, namely benzoic acid and benzoylallomaltol (v).

A treatment of the addition compound with hydro~lamine hydrochlor

ide in pyridine for 12 hours at room temperature, produced a 51% yield

of 2-(benzoxymethy1)-5-hydroxy-t-pyrone, a substance obtained in good

yield from dibenzoy1kojic acid under identical conditions (n). The same

substance vas formed when an excess of benzoylhydrazine was added to a

glacial acetic acid solution of the addition compound at room temperature.



l~

A second product of this reaction was N,NI-dibenzoylhydrazine, melting

at 240.5-241°, which was identified by a mixed melting point determin

ation with a sample (m.p. 241°) synthesized from benzoylhydrazine and

benzoyl chloride in dry pyridine at room temperature. The melting point

of N,NI-dibenzoylhydrazine is given as 2410 in the literature (15~).

The addition compound was, however, regained substantially without

change from its solutions in benzene, hexane - benzene, toluene, and

glacial acetic acid, as well as after an attempted hydrogenation in

glacial acetic acid over 5% palladized charcoal, at room temperature and

atmospheric pressure.

en) Preferential Debenzoylation of Dibenzoylkojic Acid at Position 5 by

Hydroxylamine Hydrochloride in the Presence of Weak Bases

A solution of O.~O g. (0.000857 mole) of dibenzoylkojic acid and

0.12 g. (0.00173 mole) of hydroxylamine hydrochloride in.4 ml. of pyr

idine was left standing at room temperature for 12 hours, then diluted

vith 20 ml. of cold water. A white crystalline precipitate formed, which

vas recovered, after a few hours of chilling, by filtration. Yield,

0.19 g. (90%), melting at 178.5-179.5°. After crystallization from eth

anol - vater the white needles melted at 180-181°. This substance gave

a vine color with an alcoholic solution of ferric chloride.

The preferential hydrolysis of dibenzoylkojic acid at position 5

could also be ach1eved by heating for 30 minutes vith ~ equivalents of

hydroxylamine hydrochloride and 3 equivalents of pyr1dine in 95% ethanol

(yield 8~%); or by heating a suspension of dibenzoylkojic acid and
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; equivalents each of hydroxylamine hydroch1oride and sodium acetate in

80% ethanol on the steam bath until aIl the solid had campletely dis-

solved. In this latter case, the pure product crystal1ized on coo1ing

the solution to room temperature (yield 74%).

Three equiva1ents of either sodium acetate or hydroxy1amine hydro-

chloride alone had no appreciab1e effect on dibenzoylkojic acid in boil-

ing ethanol.

Anal. Calcd. for C6H504(COC6H5) (Mol. wt. 246): C, 6;.42; H, 4.07;
COC6H5' 42.7. Found: C, 6;.54, 6;.59; H, 4.08, 4.2;; COC6~'
41. 7, 41.0.

(0) Benzoy1ation of 2- (Benzox;ymethyl)-5-hydroxy- t -pyrone in Dry Pyridine

Benzoy1 chloride, 0.20 g. (0.0014; mole), vas added in two portions

to an ice-cold solution of 0.;0 g. (0.00122 mole) of 2-(benzoxymethyl)

5-hydroxy- ~ -pyrone in ; ml. of dry pyridine. The mixture was allowed

to stand at room temperature for 7 hours before being poured into a

large volume of ice-co1d 10% su1furic acid and stirred unti1 the separ-

ation of a white precipitate was completed. The crude solid product

weighed 0.46 g. and me1ted at 126-129.5°. Two crysta11izations from ben-

zene - petroleum ether yie1ded 0.;8 g. (89%) of white crysta1s me1ting

at 1;1_1;;°. Recrystal1ization from acetone - water yie1ded 0.;0 g. of

white crystals melting at 1;4-1;5°. The identity of this substance with

dibenzoylkojic acid was established by a mixed melting point determin-

ation, which showed no depression.
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Cp) Methylation of 2-(Benzox;ymethyl)-5-hydroxy- ~ -pyrone with Diazo-

methane

One gram (0.00406 mole) of finely powdered 2-(benzoxymethyl )-5-hyd-

roxy-! -pyrone was added, in small portions, over a period of 10 minutes

to a solution of approximately 0.5 g. (0.0119 mole) of diazomethane in

18 ml. of benzene. The additions caused a brisk evolution of gas. The

mixture wasallowed to stand at room temperature for 6 hours, during

which period practically a11 of the solid dis8olved. The golden yellow

solution vas concentrated on the steam bath to 4-5 ml. Cooling of the

concentrated solution caused the deposition of crystals, which vere re-

covered by filtration and recrystallized from benzene - petroleum ether.

The yield was 0.52 g. (49%) of off-white crystal., melting at 109-110°.

Further recrystal1izations from benzene - petroleum ether raised the

melting point to 110-111°. Treatment of this product with activated

carbon in ethanol changed its color to snow-white, but recrystallizat10n

from ethanol - water left the melting point unchanged.

~. Calcd. for Cl;H904(OCH;) (Mol. wt. 260)1 C, 64.62; H, 4.62;
OCH;, Il.9. Foundl C, 64.71, 64.92; H, 4.55, 4.75; OCH;,
12.0, 12.1.

(g) Benzoylation of 2-(Hydroxymethyl )-5-methoxy- 't -pYrone in Dry Pyridine

A solution of 1.00 g. (0.00641 mole) of 2-(hydroxymethyl)-5-

-methoxy-t-pyrone, obtained by the methylation of kojic acid with one

equivalent of dimethylsulfate in aqueous potassium hydroxide (75), vas

made up in 15 ml. of dry pyridine and chilled to 0°. Benzoyl chloride,

1.10 g. (0.00785 mole), was added in several portions. The solution vas



108

left standing at room temperature for 7 hours in a tightly stoppered

flask, and was then worked up according to the procedure used in the

benzoylation of 2-(benzoxymethy1)-5-hydroxy-t-pyrone (0). The crude

product, a solid melting at 104-109°, weighed 1.;5 g. Recrystallization

from ethanol - water and benzene - petroleum ether yielded 1.11 g. (67%)

of white crystals me1ting at 110-111°. A mixture of this substance with

a samp1e of 2-(benzoxymethy1)-5-methoxy-t'-pyrone (m.p. 110-111°), ob

tained by the methylation of 2-(benzoxymethy1)-5-hydroxy-t-pyrone (p),

did not show a depression of the me1ting point.

Cr) Preparation of 2-(Acetoxymethy1 )-5-benzoxy- t -pyrone

A solution of 2.80 g. (0.0114 mole) of 5-benzoxy-2-(hydroxymethy1)

-t -pyrone in 24 ml. of dry pyridine was chi11ed and then mixed with

4.10 g. (0.0402 mole) of acetic anhydride. The resulting clear solution

was a110wed to stand overnight at room temperature. Then the solution

was poured with stirring into 200 ml. of co1d water, and the off-white

crystalline solid which separated was recovered by filtration, dried,

and weighed. Yield: ;.06 g. (9;%) me1ting at 142.5-14;.5°. Recrystal1iz-

ation from benzene (twice) and acetone - water raised the melting point

only slightly. The final pure sample consisted of white plates me1ting

at 144°. A mixture with the starting material (m.p. 142-14;°) me1ted at

120-127° •

~. Ca1cd. for Cl5H1206 (Mol. wt. 288): C, 62.50; H, 4.18.
C, 62.82, 62.48; H, 4.;;, 4.49.

Found:
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(a) Debenzoylation 'of 2-(Acetoxymethyl)-5=benz0xY- (-pyrone

A solution of 0.96 g. (0.00;;4 mole) of 2-(acetoxymethy1)-5-benzoxy

t-pyrone and 0.46 g. (0.0066; mole) of hydroxy1amine hydrochloride in

1; ml. of pyridine was a110wed to atand for 12 hours at room temperature.

Then the ye110w solution was di1uted with 6 volumes of co1d water, and

the reau1ting c1ear 1iquid was extracted with 5 lots of benzene, tota1

1ing 60 ml. The aqueous reaidue was evaporated to dryness at 50° and a

pressure of 10 mm., the yel10w solid residue was extracted with ;0 ml.

of boiling benzene, and the benzene solution separated from a benzene

insoluble 011 by decantation. The two benzene extracts were dried over

anhydrous sodium sulfate, evaporated on the steam bath, and their solid

residues combined and recrystal1ized from a smal1 volume of ethanol.

Yie1d of white need1eal 0.47 g. of m.p. 1;4-1;5° and 0.04 g. of m.p.

1;0-1;2° J a total of 0.51 g. (8;%) of 2-(acetoxymethyl)-5-hydroxy-t

pyrone. This substance gave a wine color with aqueous ferric chloride,

and when acety1ated in the presence of aodium acetate (71) yielded

diacetylkojic acid, m.p. 101-102°. The identity of this latter deriv

ative was established by a mixed melting point determination with an

authent1c sample (m.p. 101-102°). The melting point of 2~cetoxymethyl)

5-hydroxy-t-pyrone 1s recorded in the literature as 1;;.50 (71) and as

1;6° (54).

Ct) Debenzoylation of 5-Benzoxy-2-(triphenylmethoxymethyl)-t-pyrone

A solution of 0.29 g. (0.000595 mole) of 5-benzoxy-2-(tripheny1

methoxymethyl)-t-pyrone (j) and of 0.;5 g. (0.00504 mole) of
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hydroxylamine hydrochloride in 7 ml. of pyridine was a1lowed to stand

overnight at room temperature. Then the clear, yellow solution was dil-

uted with about 45 ml. of cold water, and the precipitate of white crys

taIs was recovered after a few hours by filtration, washed with water

and dried. Yield: 0.22 g. melting at 171-176°. Recrystal1ization of this

substance from benzene - petro1eum ether, dioxane - water, and finally

carbon tetrach10ride - isopropy1 ether (the 1ast solvent pair was the

most satisfactory) yie1ded 0.15 g. (66%) of practically pure tritylkojic

acid as white crystals melting at 180-181.5°. This substance gave a wine

color with ferric ch10ride in alcohol, and when mixed with a sample of

trity1kojic acid (m.p. 181-182°), obtained from the tritylation of kojic

aeid in dry pyridine (72), no depression of the melting point vas ob

served. Yabuta (72) gave the melting point of trity1kojic acid as 185

185.5°.

Cu) Catalytic Hydrogenation of Dibenzoylkojic Aeid

A suspension of the catalyst was prepared by stirring 0.0) g. of

platinum oxide in 25 ml. of glacial acetic acid under an atmosphere of

hydrogen, at 25° and at a pressure of 755 mm., until the uptake of hyd

rogen ceased. An alI-glass apparatus and a magnetic stirrer wero usecl.

To the suspension of the catalyst was added 0.50 g. (0.0014) mole) of

dibenzoy1kojic acid, which dissolved in the acetic acid after a few

minutes of stirring. The mixture was stirred under hydrogen at the same

temperature and pressure as noted initially, and the uptake of the gas

s10wed down gradua1ly, but had not yet atopped eompletely when the
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hydrogenation was interrupted after 4.75 hours. At this time the absorp

tion was 1~1 ml. of hydrogen, corresponding to 7.4 atoms per mo1ecule

of dibenzoy1kojic acid. The acetic acid solution was fi1tered from the

cata1yst, and evaporated on the steam bath to an oi1 which became semi

Bo1id when kept over anhydrous calcium ch10ride in a vacuum desiccator.

This residue was disso1ved in benzene, and the benzene solution was ex

tracted w1th 5% aqueous sodium carbonate. Acidification of the aqueous

extract caused the separation of 0.10 g. (28.6% of 2 equivalent wts.)

of a white solid melting at 118-120°. Recrystal1ization from water

raised the me1ting point to 122.5°, and a mixture of this substance

with an authentic samp1e of benzoic acid showed no depression of the

melting point. The benzene solution was dried over anhydrous sodium

sulfate and then evaporated comp1ete1y on the steam bath. The residual

sirup did not change in state after drying over calcium chloride at re

duced pressure, and could not be crystallized, and was not investigated

further.

Cv) Preparation of Benzoy1a1lomaltol by the Reductive Fission of

Dibenzoylkojic Acid

Ninety grams of technical grade zinc dust was added to a hot solu

tion of 15.00 g. (0.0428 mole) of dibenzoylkojic acid in ~OO ml. of

glacial acetic acidj the mixture was protected from moisture by a cal

cium ch10ride drying tube and was heated on the steam bath for 2.5 hours,

with occasional shaking. Then the hot acetic acid solution was filtered,

the residual zinc rinsed with some more hot glacial acetic acid, and
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the combined solutions were evaporated completely at 60° and a pressure

of 20 mm. The brown oily residue became semi-solid when stored over

potassium hydroxide in vacuo. Extraction of this residue with }70 ml.

of boiling isopropyl ether, fo110wed by filtration, yie1ded a yellow

solution and 2.76 g. of a mixture of zinc salts. On cooling to room

temperature, the extract deposited a crop of pale tan prismatic needles,

which were recovered on a filter after 12 hours. Yield, 2.76 g. melting

at 12~-125°. The filtrate was extracted with 10% aqueous sodium carbon-

ate. Acidification of the aqueous extract yielded 4.08 g. of a white

solid melting at 121.5-122.5°. A mixtUre with an authentic sample of

benzoic acid showed no depression of the melting point. A further 0.65 g.

of benzoic acid, m.p. 121-122°, was obtained by the acidification of an

aqueous suspension of the zinc salts (total yield, 90.5% of 1 equivalent

wt.). After the extraction with sodium carbonate the residual isopropyl

ether solution was washed with water, dried over anhydrous sodium sul-

fate and concentrated on the steam bath to 170 ml. to give 0.80 g. of

prismatic needles melting at l2~.5-l25.5°. The two portions of this sub-

stance were combined and recrystallized from benzene - isopropyl ether,

to give ~.17 g. (~2%) of white needles melting at 124.5-126°. Further

recrystallizations from the same solvent raised the melting point to

Anal. Calcd. for Cl~Hl004 (Mol. wt. 2}0): C, 67.8}; H, 4.~5.
Found: C, 67.94*, 67.78, 67.70; H, 4.82*, 4.81, 4.97.

* Schwarzkopf Microanalytical Laboratory



(w) Debenzoy1ation of Benzoylallomaltol

A solution of 2.40 g. (0.0104 mole) of benzoylallomaltol and 0.95 g.

(0.Ol~8 mole) of hydroxylamine hydrochloride in 25 ml. of pyridine was

1eft standing at room temperature for 11 hours. The solution, now yellow,

was evaporated completely at 55° and a pressure of 20 mm., and the resid-

ual brown oil was dried over potassium hydroxide at a reduced pressure.

Part of the oil crystallized in this process. The heterogeneous res1due

was boiled with several portions of benzene; the benzene extracts were

decanted from an insoluble oil, were combined, concentrated to 5 ml.,

and diluted with ~ ml. of hexane. On cooling to room temperature, a crop

of white crystals formed and were removed byfiltration; weight, 0.97 g.

and me1ting point 146-149°. A second, smaller crop of crystals, weighing

0.08 g. and melting at l4~-148°, separated from the filtrate after di1-

ution with isopropy1 ether. The two fractions were combined and recryst-

al11zed from isopropy1 ether - ethy1 acetate, to give 0.9~ g. (71%) of

white crystals melting at 150-151°. This substance was soluble in water,

gave a wine co10r with aqueous ferric ch10ride, and when added to a sol-

ution of diazomethane in benzene, dissolved with the vigorous evolution

of gas. A mixed me1ting point determination with an authentic sample

of al10malto1 showed no depression. A1lomaltol (m.p. 150-151°) was

synthesized from 2-(ch10romethyl)-5-hydroxy- t-pyrone (77) by reduction

with zinc in glacial acetic acid (8, 76).

Anal. Calcd. for C6H60~ (Mol. wt. 126): C, 57.14; H, 4.76.
Found: C, 57.09*, 57.16, 56.98; H, 5.24*, 5.22, 4.9~.

* Schwarzkopf Microana1ytica1 Laboratory
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(x) Benzoylation of Allomaltol in Dry Pyridine

A solution of 0.10 g. (0.000792 mole) of allomaltol in 2 ml. of

dry pyridine was chilled, 0.14 g. (0.001 mole) of benzoyl chloride was

added in two portions, the mixture was shaken and again chilled, and

then stored at room temperature for 24 hours in a tightly stoppered

vial. When the mixture was poured into 20 ml. of chilled 5% aqueous

su1furic acid, a crude solid separated which was recovered by filtration.

Recrystallization of the precipitate from isopropy1 ether - ethyl acetate

gave 0.1~ g. (56.5%) of white crystals, melting at 120-126°. This crop

of benzoyla11omaltol was contaminated with a smal1 amount of benzoic

acid, which cou1d easily be removed by recrystallization from isopropyl

ether - hexane. The pure product melted at 126.5-127°, and a mixture of

this material with a samp1e of benzoy1a110ma1to1 (m.p. 126-127°), pre

pared by reductive fission from dibenzoy1kojic acid (v), did not show

any depression of the melting point.

(y) Preparation of Dibenzoy1kojic Acid ~-"Disemicarbazone·

A mixture of 14.00 g. (0.04 mole) of dibenzoy1kojic acid, 14.00 g.

(0.125 mole) of semicarbazide hydroch1oride, 14 ml. (0.174 mole) of

pyridine, 40 ml. of water and ~50 ml. of ethanol was heated to boiling.

The resulting clear solution was kept under reflux for 50 minutes, then

transferred to a suitable flask and allowed to cool to room temperature.

A crop of yel1ow-white crysta1s, which formed over the course of six

days, was recovered by filtration, and was then extracted for 15-20

minutes on the steam bath with 50 ml. of ethyl acetate, 100 ml. of water
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and 50 ml. of dioxane in succession. When the product was recovered from

the last of these three solutions by filtration, it was white and had a

microcrystalline appearance. Yielda 6.04 g., melting at 212° with de-

composition. A second, sma11er crop of similar crystals was deposited

by the yellow reaction 1iquor over the course of 15 additional days.

This crop was purified in the same way, to give 1.92 g. (total yield,

41.5%) melting also at 2120 with decomposition. This Idisemicarbazone l

was insoluble in practically aIl liquids except glacial acetic acid. A

sample was purified for analysis by solution in a large volume of glacial

acetic acid at 60-70°, and by reprecipitation by adding 4 to 5 volumes

of cold water. The white solid melted at 215° with decomposition.

!!!!l. Calcd. for C22H22N607 (Mol. wt. 482): C, 54.78; H, 4.56; N, 17.4.
Found: C, 54.81, 54.8); H, 4.7), 4.8); N, 16.9.

(z) Preparation of Dibenzoylkojic Acid ,o_nDisemicarbazone"

A mixture of 5.00 g. (0.014) mole) of dibenzoylkojic acid, ).20 g.

(0.0287 mole) of semicarbazide hydrochloride, 5 ml. (0.0621· mole) of

pyridine, 10 ml. of water and 60 ml. of ethanol was heated to bolling,

and the resu1ting clear solution was kept at the temperature of reflux

for 50 minutes. The solution, now yellow, when concentrated on the steam

bath to about 10 ml. deposited a yellow-whlte solid, weighlng 1.75 g.

and melting at 179-181° vith decomposition. The filtrate was diluted

with water, the oil which separated was caused to solidify by chilling,

the supernatant liquid was decanted, and the semi-solid oily material

was boiled with ethy1 acetate. This treatment left undissolved a small
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crop of white powder which was recovered by filtration; weight, O.~~ g.

and m.p. 18~-184° with decomposition. The red etby1 acetate extract was

left standing at room temperature overnight, and the crop of white crys-

tals which formed was recovered on a fi1ter, yie1ding 0.61 g. me1ting

at 120.5-121.50 with decomposition. The high-me1ting tractions were

combined and extracted on the steam bath in succession with ethyl acetate

and water, to 1eave undisso1ved 1.65 g. (24%) of a white microcrystalline

solid melting at 2l~0 with decomposition. This substance had al1 the

properties of dibenzoylkojic açid Q(-"disemicarbazone". The low-me1ting

fraction was recrystal1ized from ethy1 acetate and trom ethanol - water

to give 0.40 g. (6%) ot white crystals melting at 1700 with decompos-

it1on. Further recrysta111zations from ethano1 - water and trom ethano1 -

methanol raised the melting point to 172-172.5° with decomposition.

Oalcd. tor 022H22N607 (Mol. wt. 482): 0, 54.78; H, 4.56; N, 17.4.
Found: 0, 54.64, 54.54; H, 4.95, 4.90; N, 16.6.

(aa) Preparation of Dibenzoy1kojic Acid ~-IMonosemicarbazone"

A suspension ot ~.05 g. (0.006~3 mole) of dibenzoy1kojic acid

~-·disemicarbazone· in 70 ml. of glacial acetic acid was stirred at

room temperature, while a concentrated aqueous solution ot 10.80 g.

(0.157 mole) of sodium nitrite was added very slow1y in three equal por-

tions. Addition periods of 1 to 1.5 hours were spaced 2 hours apart, and

stirring was continued for 1 further hour after the addition was co~

pleted. The mixture was 1eft standing at room temperature overnight,

then the yellow-green solution was filtered from the solid residue. The



117

residue was washed free of inorganic salts on the filter, and proved to

be O.~O g. of starttng material, melting at 2110 with decomposition.

Dilution of the mother liquor 1:1 vith cold water precipitated a white

solid, which vas recovered by filtration; yie1d, 2.0~ g. melting at

l72.5-17~.5°. This substance was found to be a mixture of several co~

ponents, only one of wh1ch vas isolated in a pure form by recrystalliz-

ation of the mixture from benzene - methanol (1:4), in which this co~

ponent was readily soluble. Thus, 0.24 g. (9%) of a white microcrystal-

line powder, melting at 2l2-21~o with decomposition, was obtained. Re-

crystallizations from acetone - methanol and from methanol - benzene -

petroleum ether raised the melting point to 215.50 with decomposition.

A mixed melting point with dibenzoylkojic acid ~-·disemicarbazone",

also melting at 2150 with decomposition, showed a marked depression.

Anal. Calcd. for 02lHl9N~07 (Mol. wt. 425): 0, 59.29; H, 4.47; N, 9.88.
Found: 0, 59.16, 59.0~; H, 4.68, 4.55; N, 10.1.

(bb) Preparation of Dibenzoylkojic Acid ~-·Monosemicarbazone·

A suspension of ~.OO g. (0.00622 mole) of dibenzoylkojic acid

o(-"disemicarbazone" in 60 ml. of glacial acetic acid was stirred at

room temperature, while a concentrated aqueous solution of 7.20 g.

(0.104 mole) of sodium nitrite was added, drop by drop, in two portions.

The addition periods of about 1 hour each vere spaced 2.5 hours apart.

Stirring was stopped on completion of the addition, and the reactlon

liquor was filtered. Only traces of the starting material had remained

undissolved. The filtrate was diluted with 240 ml. of water to precipitate
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2.41 g. of white solid me1ting at 166-170° with decomposition. By boi1-

ing this materia1 with 120 ml. of methano1 some impure starting material

cou1d be removed, as the latter was insoluble in methano1. The fi1tered

extract, when di1uted with 500 ml. of water, deposited 1.82 g. (69%) of

a white microcrysta1line solid me1ting at 178-179° with decomposition.

This me1ting point was not a1tered by recrystal1ization from benzene -

methanol - petroleum ether. The substance vas recovered practically un-

changed after its suspension in glacial acetic acid vas treated vith an

excess of concentrated aqueous sodium nitrite at room temperature.

Anal. Oalcd. for 021Hl9N~07 (Mol. wt. 425): 0, 59.29; H, 4.47; N,
9.88. Found: 0, 59.29, 59.21; H, 5.07, 4.91; N, 9.79.

(cc) Action of Dilute Acid on Dibenzoylkoj1c Acid ~-·D1sem1carbazone·

A suspension of 1.50 g. (O.OO~ll mole) of dibenzoylkojic acid

cx-"disemicarbazone" in 25 ml. of 10% aqueous bydrochloric acid was

heated to boiling, and kept under reflux for ~.5 hours. Then the red,

c1ear 1iquor was separated from the dark brown, sticky, insoluble solid

material. The acid liquor yielded a total of 0.~1 g. (41% of 2 equivalent

wts.) of a white solid melting at 121.5-122.5°; 0.20 g. of this amount

separated from the liquor on coo1ing, and 0.11 g. was obtained by ex-

traction with ether, followed by extraction of the ether solution with

dilute aqueous sodium carbonate. A mixture of this substance with an

authentic sample of benzoic acid showed no depression of the melting

point. The dark brown crude so1id was recrystallized from methanol -

ethanol - benzene to give two portions of a pale tan solid, of which
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0.25 g. melted at 207-210° and 0.18 g. at 20;-206°. These two portions

were combined, and purified by recrysta1lization from dioxane - water

and from acetie acid - water, and by treatment with activated carbon in

acetone followed by crystallization from acetone. None ot these methods

vere. really satisfactory, and losses were considerable. The pure product

vas a vhite microcrystalline solid with a pale yellow tinge, melting at

244-244.5°. Yield: 0.11 g. ( 9% ). The melting point vas not raised by

turther recrystallizations from chloroform - petroleum ether, and tram

ethyl acetate - chlorotorm.

Calcd. for C21Hl~305. (Mol. wt. 389): 0, 64.79; H, 3.86;
N, 10.8. Found: C, 04.46, 64.33; H, 4.16, 4.10; N, 10.8;
Mol. wt., 423.

(dd) Action ot Dilute Alkali on Dibenzoylkojic Acid ~-HDisemicarbazonel

A suspension of 2.00 g. (0.00415 mole) of dibenzoylkojic acidD(-"di-

semicarbazone- in 20 ml. of 10% aqueous potassium hydroxide was stirred

at room temperature for 30 minutes. At the end of this period only traces

of solid were undissolved. After filtration the clear yellow liquor was

diluted with 40 ml. of water, and extracted with ether and with chloro-

torm, but only traces of impure material were recovered from these ex-

tracts. Then the liquor was acidified with concentrated hydrochloric

acld to approximately pH 2. A white solld precipitate formed, which was

taken up into ether ln the course of the extraction of the acidlc liquor

with that solvent. The ether extract in turn was back-extracted with 10%

aqueous sodium carbonate, and the aqueous extract acidified with concen-

trated hydrochlorlc acid, to precipitate 0.95 g. (95% of 2 equivalent
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wts.) of a white solid melting at 120.5-121.5°. A mixture of this mater

ial with an authentic sample of benzoio acid did not show a depression

of the melting point. The ether solution was evaporated after the ex

traction with sodium carbonate, but only traces of impure solid were

recovered thereby.

(ee) Oxidation of Dibenzoylkojic Acid ~nDisemicarbazone· with Aqueous

Potassium Permanganate

A mixture of 5.61 g. (0.0116 mole) of d1benzoylkojic acid ~-·di

semicarbazone", 10.00 g. (0.06;; mole) of potassium permanganate, 4 ml.

(0.07 mole) of glacial acetic acid and ;70 ml. of water was heated in

an open vessel to 90°, and kept at that temperature for 0.5 hours. Then

the brown manganese dioxide was removed by filtration, and the colorless,

clearfiltrate (pH 6) was concentrated to 250 ml. at 60° and a pressure

of 20 mm. The concentrated liquor was acidified to approximately pH 2

with concentrated sulfuric acid, and the resulting milky suspension was

extracted continuously for ;0 hours with benzene. The benzene extract

was dried over anhydrous sodium sulfate, concentrated to a sma11 volume

and diluted with petroleum ether. An impure white solid separated and

was recovered by filtration. Further concentration of the fi1trate

yie1ded 0.;2 g. of white solid melt1ng at 112-116°. This fraction con

sisted largely of benzoic acid, whi1e the first impure fraction proved

to be a mixture of benzoic acid and benzoylglycolic acid. Since the

latter was on1y sparingly soluble in hexane, in which benzoic acid was

freely soluble, the two could be separated by recrystallizations fram
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benzene - hexane. A1l benzoic acid fractions were combined and recryst

allized from water to give 0.)8 g. (27% of l equiva1ent wt.) of pure

benzoic acid me1ting at 122-122.5°. The identity of this materia1 was

estab1ished by a mixed me1ting point determination with an authentic

samp1e of benzoic acid. The benzoy1glycolic acid fractions were purified

by recrystal1izations from hexane - ethyl acetate to yield 0.24 g.

(11.5% of 1 equiva1ent wt.) of white need1es melting at 109-111°. Re

crysta11ization from hexane - benzene raised the melting point ultimate1y

to 111-112°, which was the melting point recorded in the 1iterature (154).

The neutralization equiva1ent of this samp1e was found to be 179.7; the

calculated value for benzoylglycolic acid i8 180.

(ff) Oxidation of Dibenzoylkojic Acid ~-"Monosemicarbazonen with

Aqueous Potassium Permanganate

A mixture of 0.60 g. (0.00141 mole) of dibenzoylkojic aoid ~-"mono

semicarbazone", 1.10 g. (0.00696 mole) of potassium permanganate and

40 ml. of water was heated in an open vesse1 on a steam bath for 1.75

hours. At the end of this period the brown precipitate of manganese di

oxide was removed by filtration, the pale golden colored fi1trate was

acidified with concentrated hydrochloric acid to approximately pH 2,

and the acidic aqueous liquor was extracted with benzene. Evaporation

of the dried benzene extract 1eft 0.27 g. of an impure brown-white solid,

which when crystallized from hexane - benzene yielded 0.05 g. (19.5% of

1 equiva1ent wt.) of crude benzoy1g1yco1ic acid, me1ting at 106-109.5°.

Recrystallization from hexane - benzene raiaed the melting point to
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111-112°, and a1so yie1ded some impure benzoic acid, the me1ting point

o~ which cou1d be raised by repeated recrysta1lizations ~rom water to

the correct value o~ 121.5-122°. The identity o~ the benzoic acid was

estab11shed by a mixed me1ting point determination with an authentic

sample, and that o~ the benzoy1g1yco1ic acid by a mixed me1ting point

determination with a samp1e (m.p. 111-112°) obtained from the oxidat10n

of dibenzoylkojic ac1d ~-"d1semicarbazone" with permanganate (ee).

(gg) Dibenzoy1kojic Acid P-"Monosemicarbazone" and Semicarbazide Hydro

chloride

Dibenzoylkojic acid ;.3-"monosemicarbazone" , 0.20 g. (0.000471 mole),

and semicarbazide hydrochloride, 0.11 g. (0.000985 mole), were suspended

in a mixture o~ 0.12 g. (0.00152 mole) of pyridine and 10 ml. of 80%

aqueous methano1. Heating of the suspension soon caused complete dissol

ution of the solids, and the resu1ting clear solution was kept boi1ing

under reflux for 1.33 hours. No color change occurred. The solution was

then fi1tered, concentrated on the steam bath to 5 ml. and diluted with

30 ml. of co1d water. A white crysta11ine precipitate which formed was

recovered on a fi1ter. Yie1d, 0.17 g. (85%) melting at 176-176.5° with

decomposition. A mixture with a sample o~ the starting material (m.p.

1750 with decomposition) did not show a depression o~ the melting point.

(hh) Dibenzoy1kojic Acid j.3-"Monosemicarbazon~and ljydroxy1amine Hydro

chloride

A mixture o~ 0.10 g. (0.000235 mole) of dibenzoy1kojic acid
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~-"monosemicarbazone", 0.035 g. (0.000505 mole) of hydroxy1amine hydro

ch1oride, 0.05 g. (0.000634 mole) of pyridine, and 6 ml. of 80% aqueouB

methano1 was heated to boi1ing. AIl the solids dissolved within a few

minutes; the c1ear solution was kept under reflux for 3 hours, was fil

tered, concentrated to 4 ml. and di1uted with 30 ml. of water. A crop

of white crysta1s was recovered, weighing 0.085 g. (85%) and melting at

176-176.50 with decomposition. A mixed melting point of this substance

with the starting mate rial (m.p. 1750 with decomposition) was not de

pressed.
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SUMMARY AND CLAmS TO ORIGINAL RESEARCH

1. Contrary to expectation, kojic acid was found to be stable in an

excess of normal aqueous alkali at room temperature; methylations

and benzoylations conducted in this medium failed to demonstrate the

presence of open chain, enolic cleavage products, and only known and

new cyclic derivatives were obtained. The new derivatives were the

crystall ine 7-monomethyl ether (5-hydroxy-2- (methoXYmethyl )- 1t-pyrone),

m.p. 75-76°, its crystalline aluminum salt, m.p. 270-271°dec., and a

crystalline molecular addition compound composed of one molecu1e each

of dibenzoy1kojic acid and benzoic acid, m.p. 120-121°. The stabi1ity

of the addition compound was investigated under a variety of condi-

tions.

2. Crysta11ine sodium kojate tetrahydrate was prepared for the first

time; the usefulness of the anhydrous salt for the synthesis of cer

tain inaccessible derivatives of kojic acid was demonstrated by pre

paring from it 5-benzoxy-2-(hydroxymethyl )-lS' -pyrone in close to 80%

yie1d. This derivative in turn served as starting materia1 in the

preparation of 2-(acetoXYmethy1)-5-benzoxy-i-pyrone, m.p. 144°, a

new crystalline mixed ester of kojic acid.

3. A convenient method for the selective debenzoylation of 5-benzoates
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of kojic acid was worked out, utilizing hydroxylamine hydrochloride

and pyridine at room temperature. Sensitive groups, e.g. acetate,

located in the side chain of kojic acid were practically unaffected

under the conditions of the debenzoylation. A new crystalline m~no

benzoate ofkojic acid, 2-(benzoxymethyl)-5-hydroxy- t-pyrone, m.p.

180-181°, was prepared in 90% yield bythis procedure, and methylated

by diazomethane to 2-(benzoxymethyl )-5-methoxy- ((-pyrone, ms p, 110

111°, another new crystalline derivative of kojic acid. Further

potential applications of the procedure were discussed.

4. The reductive fission of dibenzoylkojic acid to benzoy1allomaltol and

benzoic acid was achieved with zinc in glacial acetic acid, a reagent

rare1y used for such reductions.

5. Dibenzoylkojic acid was found to condense with two molecu1es of semi

carbazide, to form a pair of isomeric crystalline "disemicarbazones",

decompos1ng at 2150 and 172-172.50 respectively. The ~-1somer was

cleaved by nitrous acid to two isomeric crystalline "monosemicarba

zones" decomposing at 215.5° and 178-179° respective1y. The structures

of these four new derivatives could not be established definitely, but

the absence of a cyclic structure was demonstrated by analytical data,

by cyclization, hydrolysis and oxidation. The cyc1ization of the

oc-"disemicarbazone" was accompanied by the fission of one of the

semicarbazone groups, and resulted in another new crystalline deriv

ative, m.p. 244-244.5°. The four "semicarbazones" were the first

carbonyl derivatives, as weIl as the first open chain cleavage pro

ducts, of kojic acid.
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6. In aIl, twelve new crystalline derivatives of kojic acid were pre

pared, analysed and characterized. Seven of these were t-pyrones and

their structures were proved unequivocallYi four were open chain semi

carbazones, and the last was a cyclization product of one of the semi

carbazones.

7. The published melting pointa of 1;5-1;6° for 5-benzoxy-2-(hydroxy

methy1)-o-pyrone (4, 72), and 206-208° for 5-benzoxy-2-(tripheny1

methoxymethy1)-t-pyrone (72) were revised to 14;.5-144.5° and 212.5

2140 respective1y.

8. A probable explanation for the formation of 5-derivatives of kojic

acid at lower concentrations of aqueoua alkali, as contrasted with

the formation of the 7-methyl ether at higher a1ka11 concentrations,

was found in the relative importance of the various structures con

tributing to the resonance hybrid of the kojate anion.

9. The apparent failure of normal aqueous alkali to open the ring of

kojic acid, and the successful cleavage of the ring of dibenzoylkojic

acid by semicarbazide were discussed in terms of electron displace

ments and reaction mechanisms.



127

REFERENOES

1. H. N. Barham and B. L. Smits, Trans. Kansas Acad. Sei., 21, 91 (19~4).

2. K. Saito, Botan. Mag. (Tokyo), 21, 240 (1907).

~. T. Yabuta, Orig. Oom. 8th Intern. Oongr. App1. Ohem. (Appendix),
~, 455 (1912); Oham. Abstracts, l, 21~1 (19l~).

4. T. Yabuta, J. Chem. Soc. Japan, 21, 1185, 12~4 (1916); Ohem.
Abstraots, !I, 1475 (192~).

5. F. Traetta Mosoa, Ann. ohim. appl., l, 477 (1914), Chem. Abstraots,
~, ~~15 (1914).

6. Nadine Wijkman, Hoppe-Sey1er's Z. physi01. Ohem., 132, 104 (1924).

7. F. Traetta Mosca and M. Preti, Gazz. chim. ital., 51 II, 269 (1921).

8. T. Yabuta, J. Cham. Soc., 125, 575 (1924).

9. T. Yabuta and K. Kambe, J. Agr. Cham. Soc. Japan, 6, 516 (19~0);

Chem. Abstracts, ~, 19~1 (19~2).

10. J. W. Armit and T. J. Nolan, J. Chem. 500., ~20~ (19~1).

11. A. Peratoner and G. Leonardi, Gazz. chim. ital., ~, 5~9 (1900).

12. A. Peratoner and F. O. Palazzo, Gazz. chim. ital., ~, 7 (1906).

1~. A. Peratonar and A. Tambure110, Gazz. chim. ital., ~, ~~ (1906).

14. l. s. Belonosov, Zhur. Prik1ad. Khim., ~, ll0~ (1949); Ohem.
Abstracts, 12, 5650 (1951).

15. 1. s. Be10nosov, Zhur. Prik1ad. Khim., ~, 11~ (1951); Ohem. Zentr.,
122 II, 158~ (1951).

16. K. Heyns and G. Vogelsang, Chem. Ber., §l, 1~ (1954).

17. S. M. McElvain and M. A. Goese, J. Am. Ohem. Soc., 22, 22~; (194~).

18. B. F. Duesel and J. V. Scudi, J. Am. Chem. Soc., 11, 1866 (1949).



20.

21.

22.

26.

27.

28.

128

H. Tamiya and T. Hida, Acta Phytochim. (Japan), !i, ;4; (1929); Ohem.
Abstracts, ~, 2496 (19;0).

J. H. Birkinshaw, J. H. V. Oharles, o. H. Lilly and H. Raistrick,
Trans. Roy. Soc. (London), B 220, 127 (19;1).

H. E. Morton, W. Kocholaty, Renate Junowicz-Kocholaty and A. Kelner,
J. Bacterio1., 2Q, 579 (1945).

R. Q. Marston, Nature, 164, 961 (1949).

Dorothy Gill-0arey, Brit. J. Exptl. Path01., ~, 119 (1949).

T. Takahashi and T. Asai, J. Agr. Ohem. Soc. Japan, ~, 55, ;69 (19;;);
Ohem. Abstracts, gz, 1026, ;7;5 (19;;).

K. Sakaguchi, I. Asai and Y. Ikeda, J. Agr. Ohem. Soc. Japan,
];2, 711 (194;); Ohem. Abstracts, 42, 5508 (1948).

D. Barnard and F. Ohal1enger, J. Ohem. Soc., 110 (1949).

H. R. V. Arnstein and R. Bent1ey, Biochem. J. (London), ~, 517 (195;).

H. R. V. Arnstein and R. Bentley, Biochem. J. (London), ~, 49; (195;).

F. Ohallenger, L. Klein and T. K. Wa1ker, J. Ohem. Soc., 16 (19;1).

H. Katagiri and K. Kitahara, Mem. 0011. Agr. Kyoto Imp. Univ.,
26, 1 (19;;); Ohem. Abstracts, 61, ;2;5 (19;;).

A. Oorbellini and B. Gregorini, Gazz. chim. ital., 60, 244 (19;0).

H. Katagiri and K. Kitahara, Bull. Agr. Chem. Soc. Japan,
2' ;8 (1929); Ohem. Abstracts, 24, ;81; (19;0).

H. Tamiya, Acta Phytochim. (Japan), 2, 1 (19;2); Ohem. Abstracts,
26, 4627 (19;2).

B. S. Gould, Biochem. J. (London), 2,g" 797 (19;8).

F. Ohallenger, L. Klein and T. K. Walker, J. Ohem. Soc., 1498 (1929).

H. N. Barbam and B. L. Smits, Ind. Eng. Ohem., 28, 567 (19;6).

o. E. May, A. J. Moyer, P. A. Wells and H. T. Herrick, J. Am. Ohem.
se«., 22" 774 (19;1).

K. Salcaguchi, J. Agr. Ohem. Soc. Japan, I» 748 (19;1), ~, 264 (19;2);
Ohem. Abstracts, 61, 1;79 (19;;).

A. J. Kluyver and L. H. C. Perquin, Biochem. Z., 266, 68, 82 (19;;).



129

40. K. Kinoshita, Acta Phytochim. (Japan), i, ;1 (1927); Chem. Abstracts,
~, 1990 (1928).

41. M. A. Jennings and T. 1. Williams, Nature, !:22, ;02 (1945).

42. A. Di Capua, Gazz. cbim. ital., 22' 296 (19;;).

4;. J. L. Yuill, Nature, 161, ;97 (1948).

44. O. E. May, G. E. Ward and H. T. Herrick, Zentr. Bacterio1.
Parasitenk., Abt. II, 86, 129 (19;2); Chem. Abstracts, 26, 5986
(19;2). --

45. o. E. May, H. T. Herrick, A. J. Moyer and P. A. Wells, U. S. Pat.
2,006,086 (19;5); Ohem. Abstracts, ~, 559; (19;5).

46. J. w. Foster, IChemical Activities of Fungi," Academie Press Inc.,
New York, 'N. Y., 1949, p.4;0.

47. S. M. de Luna, Bull. soc. chim. biol., 2!, 11 (1949).

48. E. F. Phares, E. H. Mosbach, F. W. Denison sr., S. F. ' Oarson, M. V.
Long and B. A. Gwin, Anal. Chem., ~, 660 (1952).

49. H. Tamiya, Acta Phytochim. (Japan), i, 51 (1927); Ohem. Abstracts,
22, 1990 (1928).

50. J. H. Birkinshaw and H. Raistrick, Trans. Roy. Soc. (London),
B 220, 1;9 (19;1).

51. R. Airo1di and G. Bionda, Ann. chim. appl., ~, ;85 (1942).

52. H. N. Barham, Ind. Eng. Chem., Anal. Ed., 11, ;1 (19;9).

5;. W. N. Haworth, "The Constitution of Sugars,· Edward Arnold and 00.,
London, 1929, p. ;8.

54. K. Maurer, Ber., .§2, 25 (19;0).

55. H. R. v. Arnstein and R. Bentley, J. Chem. Soc., ;4;6 (1951).

56. H. R. v. Arnstein and R. Bentley, Biochem. J. (London),
~, 508 (195;).

57. K. Maurer and A. Müller, Ber., 22' 2069 (19;0).

58. K. Maurer and W. Petsch, Ber., 64, 2011 (19;1).

59. K. Maurer, Ber., 64, 2;58 (19;1).

60. K. Maurer and W. Petsch, Ber., 22, 995 (19;;).



6l.

62.

6~.

64.

65·

66.

68.

69.

70.

71.

72.

7~.

74.

75·

76.

77.

78.

79.

80.

K. Maurer and R. Bohme, Ber., ~, 1~99 (19~6).

K. Maurer and K. P1otner, Ber., 64, 281 (19~1).

M. Staoey and Lilian M. Turton, J. Chem. Soc., 661 (1946).

H. s. Isbe11, J. Research Nat1. Bur. standards, ~, 45 (1944).

T. Soda, T. Katura and O. Yoda, J. Chem. Soo. Japan, 61, 1227
(1940); Chem. Abstracts, 21" 408~ (194~). -

J. Fried, in RHeterocyc1ic Compounds," R. C. E1derfie1d, ed.,
John Wi1ey and Sons, Inc., New York, N. Y., 1950, Vol. l, p. ~7~.

J. w. Wi1ey, J. N. Tyson Jr. and J. S. Steller, J. Am. Chem. Soc.,
64, 96~ (1942).

C. Musante, Gazz. chim. ital., ]2, 679 (1949).

M. L. Moss and M. G. Me1lon, Ind. Eng. Chem., Anal. Ed.,
12, 612 (1941).

J. P. Meh1ig and M. J. Shepherd Jr., Anal. Chem., ~, 642 (1949).

C. D. BUrd and R. J. Sime, J. Am. Ohem. Soc., 11, 2440 (1949).

T. Yabuta and K. Anno, J. Agr. Chem. Soc. Japan, ll, 104 (1949);
Ohem. Abstracts, 44, ~492 (1950).

P. A. Wolf and W. M. Westveer, Arch. Biochem., 28, 201 (1950).

R. M. Haon, J. Am. Ohem, Soc, , 22" 485 (19~4).

K. N. Campbell, J. F. Acker.man and Barbara K. Campbell, J. Orge
Chem., 12, 221 (1950).

J. H. Looker and T. T. Okamoto, Abstracts of papers presented before
the Division of Organic Chemistry at the meeting of the American
Chemica1 Society in Kansas City, March 2~rd, 1954.

F. Kipnis, H. Soloway and J. Ornfe1t, J. Am. Ohem. Soc.,
~, 4264 (1948).

G. H. Morey, U. S. Pat. 2,422,740 (1947); Chem. Abstracts,
&, 6900 (1947).

V. Ette1 and J. Hebk,Y, Oollection Czechos10v. Chem. Communs.,
15, ~56 (1950).

A. Qui1ico and C. Musante, Gazz. chim. ital., ~, 26 (1944).



81.

8'.

84.

85.

86.

87.

88.

89.

90.

91.

92.

94.

95·

96.

97.

98.

99.

100.

101.

102.

10'.

L. L. Woods, J. Am. Cham. Soc., ~, 1107 (1952).

L. L. Woods, J. Am. Chem. Soc., ]g, 10'9 (1950).

L. L. Woods, J. Am. Chem. Soc., ~, 1105 (1952).

L. L. Woods, J. Am. Chem. Soc., 12, ,608 (195').

L. L. Woods, J. Am. Chem. Soc., 12, 1510 (195').

R. Barchie1li, Ann. chim. appl., 2Q, 47' (1940).

L. L. Woods, J. Am. Ohem. Soc., ]g, 4'22 (1950).

L. L. Woods, J. Am. Ohem. Soc., ~, 1106 (1952).

L. L. Woods, J. Am. Chem. Soc., ~, '958 (1952).

L. L. Woods, J. Am. Chem. Soc., 12, 2009 (195').

L. L. Woods, J. Am. Chem. Soc., li, '959 (1952).

H. N. Barham and G. N. Reed, J. Am. Chem. Soc., §Q, 1541 (19,s).

H. A. Bruson, in "Organic Reactions,' R. Adams, ed., John Wiley
and Sons, Inc., New York, N. Y., 1949, Vol. 5, p. 79.

J. R. Files and F. Challenger, J. Chem. Soc., 66, (1940).

L. L. Woods, J. Am. Chem. Soc., 68, 2744 (1946).

L. F. Cavalieri, Chem. Revs., !l, 525 (1947).

Y. Obata and T. Yamanishi, J. Agr. Chem. Soc. Japan, 24, ,~ (1951);
Chem. Abstracts, ~, 11474 (1952).

L. L. Woods, J. Am. Cham. Soc•• 22, 207' (1947).

K. Maurer, B. Schiedt and H. Schroeter, Ber., 2§. 1716 (19~5).

L. L. Woods, J. Am. Cham. Soc., 12, 2608 (1948).

F. H. Pol1ard, J. F. W. McOmie and l. l. M. E1beih, Nature,
163. 292 (1949).

A. H. Fox, Nature, !52, '97 (1945).

H. A. McKinstry. P. F. Ei1and and R. Pepinsky, Acta cryst.,
2' 285 (1952).



104.

105.

106.

107.

108.

109.

110.

Ill.

112.

113·

114.

116.

117.

118.

119.

120.

121.

122.

123·

124.

132

L. P. Kuhn, Anal. Chem., 22, 276 (1950).

H. F. Lee, B. Boltjes and W. M. Eisenmann, Am. Rev. Tuberc.,
2!., 738 (1950).

A. E. Oxford, J. Soc. Chem. Ind. (London), 61, 48 (1942).

A. H. Cook and M. S. Lacey, Nature, !22, 790 (1945).

C. Arnaudi and C. Colla, BoIl. soc. ital. biol. sper.,
~, 164 (1946); Chem. Abstracts, 41, 3504 (1947).

J. W. Foster and E. O. Karow, J. Bacterio1., ~, 19 (1945).

F. Kavanagh, J. Bacteriol., 2, 761 (1947).

S. D. Kramer, H. A. Greer and D. A. Szobe1, J. Immun01.,
~, 273 (1944).

Elizabeth A. Hall, F. Kavanagh and I. N. Asheshov, Antibiotics and
Chemotherapy, l, 369 (1951).

J. R. Klein and N. S. 01sen, J. Biol. Chem., 170, 151 (1947).

J. o. McGowan, P. W. Brian and H. G. Hemming, Ann. Appl. Biol.,
32, 25 (1948).

w. C. OIKane and G. H. Morey, U. S. Pat. 2,460,188 (1949);
Cham. Abstracts, ii, 4419 (1949).

E. L. Mayer, Florence B. Ta11ey and C. F. Woodward, U. S. Dept.
Agr., Bur. Entomo1. Plant Quarantine, E- 709 (1946); Cham.
Abstracts, &' 2528 (1947).

E. Giumann and A. v. Arx, Ber. schweiz. botan. Ges., 21, 174 (1947);
Chem. Abstracts, 42, 6890 (1948).

T. E. Friedemann, Science, 80, 34 (1934).

N. J. Giarman, J. Pharmaco1. Exptl. Therap., 2!, 232 (1948)~

N. J. Gia~, J. Pharmaco1. Exptl. Therap., ~, 119 (1949).

L. Haitinger and A. Lieben, Monatsh',2, 339 (1884).

L. Olaisen, Ber., ~, 111 (1891).

R. Willstatter and R. Pummerer, Ber., :iD 3733 (1904).

A. Schonberg and A. Sina, J. Am. Ohem. Soc., zg, 1611 (1950).



125. R. Wil1stitter and R. Pummerer, Ber., ~, 1461 (1905).

126. C. D. Logan, Ph. D. Thesis, McGill University, 1949, p. 130.

127. R. F. Hunter, A. M. Qureishy and R. Samuel, J. Chem. Soc., 1576
(1936).

128. F. Tiemann and P. Krüger, Ber., 18, 727 (1885).

129. A. Jeanrenaud, Ber., 22, 1270 (1889).

130. C. R. Hauser and W. B. Renfrow, Jr., in "Organic Syntheses,"
J. R. Johnson, ed., John Wi1ey and Sons, Inc., New York, N. Y.,
1939, Vol. 19, p. 15.

131. L. W. Jones and Leonora Neuffer, J. Am. Chem. Soc., 22, 659 (1917).

132. H. L. Yale, Chem. Revs., 22' 209 (1943).

133. C. K. Ingold and C. W. Shoppee, J. Chem. Soc., 1868 (1928).

134. P. E. Verkade, C. P. van Dijk and F. A. in't Veld, Rec. trav.
chim., 60, 112 (1941).

135. K. Miescher and C. Scho1z, Rec. trav. chim., EQ, 428 (1941).

136. W. H. Hartung and R. Simonoff, in "Organic Reactions," R. Adams,
ed., John Wi1ey and Sons, Inc., New York, N. Y., 1953, Vol. 7,
p. 263.

137. K. Kraut, Ann., 192, 222 (1878).

138. A. Quilico, L. Panizzi and E. Mugnaini, Gazz. chim. ital., ]2,
89 (1949); Chem. Abstracts, ~, 7913 (1949).

139. G. Wittig, F. Vidal and E. Bohnert, Chem. Ber., §2, 366 (1950).

140. D. N. Bedekar, R. P. Kausha1 and S. S. Deshapande, J. Indian Chem.
Soc., 12, 465 (1935).

141. W. Borsche and Iris Bonacker, Ber., ~, 2678 (1921).

142. G. Soliman and I. E. El-Kho1y, J. Chem. Soc., 1755 (1954).

143. R. Oliveri Tortorici, Gazz. chim. ital., 22-!, 524 (1900).

144. C. Ainsworth and R. G. Jones, J. Am. Chem. Soc., 12, 3172 (1954).

145. s. G01dschmidt and W. L. C. Veer, Rec. trav. chim., 22, 796 (1946).



146. C. K. Ingold, lISt.ruct.ure and Mechanism in Organic Chemist.ry,lI
Cornell University Press, Ithaca, N. Y. , 1953, pp. 206, 214.

147. s. C. Bunce, Anal. Chem., ~, 825 (1953).

148. J. B. Nieder1 and V. Nieder1, lIMicromethods of Q),lantitative
Organic Analysis," John Wi1ey and Sons, Inc., New York, N. Y"
2nd. Edit.ion, 1948, p. 101.

149. Ibid., p. 62.

150. Q. P. Peniston and H. Hibbert, Paper Trade J., 109, 46 (1939).

151. R. Meyer and E. lfurtmann, Ber., ~, 3956 (1905).

152. F. Arndt, in 1I0rganic Syntheses," C. R. Noller, ad., John Wiley
and Sons, Inc., New York, N. Y., 1935, Vol. 15, p. 4, Note 7.

153. H. L. Buning, Rec. trav. chim., 40, 348 (1921).

154. P. Brigl and H. Grüner, Ber., 22' 641 (1932).


