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R eliable procedures are g iven for the preparation and purification of hexahydroxy
benzene (benzenehexol) , tetrahydroxy-p-benzoquinone, rhodizonic acid, triqll inoyl (cyclo
hexanehexo ne), croconic acid , a nd le llcon ic ac id (cyclopcntan epentone) . Certain deriva tives 
and color tests, as well as infrared and ultraviolet spectra, are reported for t heir id cntification. 

I. Introduction 

On oxidation , cyclohexan chcxols (inos itols) y ield 
l;:eto derivatives which, by successive enolization and 
elimina t ion reactions, can b e transformed to poly
hy droxybenzenes [1- 5).1 ] n progressing from cyclo
hexane derivatives through cyclic olefinic intermedi
ates to fll"omati c compounds, reac tions and materials 
are encountered which are eminently suited for the 
s tudy of reaction mechan isms and basic concrpts of 
th eoretical orgfln ic cl lemistry r6] . 
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Hexahydroxybenzene (b enzenehexol, I ) can be 
prepared from inositols (cyclohexan ehexols) and from 
tetrahydroxy-p-benzoquinone (II, obtained by self
condensation of glyoxal in alkaline solution). Oxi
dation of I yields II, which is further oxidized to 
rhodizoni c acid (III), and this is oxidized to tri
quinoyl (cyclohexanehexon e, IV). T etr ahydroxy
p-benzoquinone ftnd rhodizollic acid are not only 
interesting in their own right, but also serve as 
intermediates in the preparation of croconic acid 
(V) , a clihyclroxy t riketon e hav ing fl five-carbon 
ring. Oxidation of crocon ic acid yield s leuconic 
acid (VI) . B ecause these compounds, n eeded as 
model substraLes in a st ud y of antioxidant and 
oxygen-carrier properties, were noL available in fl 
suitable s ta te of purity, the methods reported in the 
experim ell tal part were developed for their synthesis 
and purification . 

2. Hexahydroxybenzene (Benzenehexol/ I) [7] 

2 .1. Discussion 

Hexahydroxybenzene (I ), th e enolic form of the 
trihydroxytriketocyclohexanes, can be prepared by 
the self-condensation of potassium carbonyl followed 
by hydrolysis [8 , 9], by nitration of di-O-acetylhy
droquinone followed by reduction and hy drolysis 
[10], by oxidation of myo-inositol followed by enoli
zation [11], and by reduction of tetrahydroxy-p
benzoquinone (II) by means of stannous chloride 
[12] . 

2.2 Preparation of Hexahydroxybenzene [13]2 

Stannous chloride dihydrate (l00 g, 0.44 mole) is 
added in one portion to a boiling, mechanically 
stirred solution of 10 g (0.058 mole) of tetrahydroxy
p-benzoquinone (II) in 200 ml of 2.5-N hydro
chloric acid. In a few minutes, the red color of II 
disappears and long, needle-like crystals of hexa-

• 2 This procedure was developed in 1959 by one of us (A.J .F .) , under tbe direc-
tlOn of Dr. William F: Sager at George Washington Unil'ersity [13], and was 
bneft y descnbed by I<leser and Fleser 114] . 
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hyd['ox)~benzene (1) begin Lo form. Concentrated 
h)~cll'ochloric acid (250 ml ; specific gnwity l.08) 
is added, and t ile stilTed suspension is he'lted Lo 
boiling, mixed wiLh 600 ml or concentrated hydro
chloric acid, cooled in ice, and filLered with suction 
on a frit1ed-glass filter. As much solven t as pos
sible is removed by suction, without exposure to 
air, by covering the filter with an inverted Iun nel 
and iutroducing nitrogen, and by using a polyethyl
cue dam to remove the final intees of the solvent. 

For purification, the crude product is dissolved 
in 450 1111 of hot 2 .5-N bydrochloric acid con taining 
,3 g of stannous chloride dihydrate. Decolorizing 
carbon is lLdded, tho hot suspension is filtered, the 
insoluble matter is washed with 75 ml of hot water, 
and the combined filtrate and washings :lre mixed 
with 1 liter of concentrated hydrochloric aC'id and 
cooled in ice. The resulting crystals are collected 
on a fritted-glass filter, in an atmosphere of nitrogen, 
washed with 100 1111 or a cold, 1:1 mixture of ethanol 
and concentrated h)~drochloric acid, and dried over 
sodiulll hydroxide in a vacuum desiccator to give 
7 to 8 g (about 75%) of colorless crystals which 
do not melt 3 when placed on a hot plate at 310 ° C. 
Infrared and ultraviolet absorption spectra are re
corded on pages ]58 and 160. 

Hexahydroxybenllene can also be recrystallized 
from 2-methoxyethanol by the addition of benzene; 
the crystals are separated, washed with acetone, and 
dried in a vacuum desiccator. The yield is about 
the same as in the previous method. 

Characteristic derivatives of hexahydroxybenzene 
are the hexaacetate, Illp 203 to 205°C [10, 15], the 
hexabenzoate, mp 323 to 325°C [9), and the hexa
methyl ethel', mp 81 °C [16]. 

The following convenient color teEts may be used 
for identification of hexahydroxybenzene: 

(a) (Developed in this laboratory.) A solutiolJ 
of ferric chloride in 1: 1 aqueous methanol is slowly 
added dropwise to a stirred, aqueous solu tion of 
hexahydroxybenzene under a stream of nitrogen. 
As addition of the ferric chloride proceeds, the color of 
the solution passes successively through the following 
characteristic series, representing oxidation steps: 
magenta or cherry red (II); green (III); and, fin ally, 
a stable, deep blue (presumably a mixture of III and 
IV). When the solution is cooled in ice 1'01' several 
hours, colorless crystals or the octahydrate of IV 
gradually separate. 

(b) [9] One ml of a concentrated, aqueous solution 
of barium chloride is mixed with 0.5 ml of a clilute, 
aqueous solution of ferric chloride containing one or 
two drops of acetic acid (or of dilute hydrochloric 
acid). To the mixed solution are added one or two 
drops of an aqueous solution of hexahydroxybenzene. 
A bright-red precipitate of barium rhodizonate 
results. 

3 Unless the product is thoroughly washed, it may contain traces of Lin salts. 
The presence of tin can be determined by dissolving a sam ple in nitric aciel, 
evaporating the sol ution , and igniting the residue. When the recrystallization 
is coocluetec[ properly, this test does not provide any a ppreciable final residue. 
Usc of stannous chloride in the recrystallizat ion prevents the forrnatioll of unde
sired oxidation products. 
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(c) [9] One ml of a dilute, aqueous solution of «J 
hexahydroxybenzene is mixed with 1 ml of a satu- \ 
rated, aqueous solution of magnesium nitrate, and a ) 
few drops of dilute ammonia are added. A carmine
red precipitate results. 

3 . Tetrahydroxy-p-benzoquinone (II) [1 7] 

3.1. Discussion 

The pl'eparaiiop of Letrahydl'OxY-IJ-benzoq uinone is "1 
based on Lbe sell'-conden8ation of glyoxal in the pres
ence of sodiu m sulfite, ail', and a-base. The proce
dure was origillated by Homolka [1.5], and has been ~ 
studied and modified bysubsequent workers [18, 19 , I 
20]. Presumably, hexahydroxybenzeno is formed "
initially; t his is oxidilled to tetrahyclroxy-p-benzo
quinone, alld this , in turn, to rboclizonic acid. As 
shown b.,~ Fatia.di and Sager [13], when sodium bi
carbonate is used as a bufi'er, the clisodiurn saIL of' 
teLl'Ilhydroxy-p-benzoquinon e is fOl'med in a. yield of 
8 to 11 percent. vVhen t he reaction mixture is highl.'
alkaline, substantial quantities of disodium rhocliz- ' c' 

OlMte and clisoclium croconaLe are formed , in addition 
to the disodiu m salt of' tetrahydroxy-p-bellzoq uinolle. ~l 

3.2. Preparation of the Disodium Salt of Tetra
hydroxy~p~b2nzoquinone [l3] 

~ soluLion or 400 g (3. 17 moles) of anhydrous 
sodlUm sulfite and 150 g (1.79 moles) or sodium bicar
bonate in 3 liters of water isplaced in a .5-liter, three
necked flask fitted with a thermometer, an air inlet 
t ub e (l -cm dil1m), and a tube connected to a wator 
aspirator. The solution is heated to 40 to 45 °C, 
ancl600 g of a 30-percent, aqueous solution or glyoxal 
(3. 1 moles) is added. A brisk stream of ail' is drawn 
through the solu t ion for 1 In' without heating' after 
which the mixture is gradually heated to -gO °C. j 
Aeration is then stopped, and the mixture is heated to .,," 
incipient boiling and cooled to room temperature. 
The resulting, crystalline disodium salt of II is re
moved by filtration , washed successively with 50 ml 

f 
\ 

of cold, 50-percent, aqueous methanol and .50 111l of 
methanol , and dried in a vacu lim desiccator. The 
yield (22 to 24 g) corresponds to about 10 percent or 
the theoretical, based on the glyoxal used. The prod-
uct can be used without purification for the prepara
tion of tetrahydroxybenzene, rhodizonic acid, or 
~roconic ~cid. It is sensit ive to oxidation by air and, 
1£ stored ll1 a loosely stoppered bottle, is completely 
oxidized to disodium rhodizonate in several months. 
Tetrahydroxy-p-benzoq uinone IS, however, rela
tively stable in air. 

3.3. Preparation of Tetrahydroxy-p-benzoquinone \1' 1 

The crude disoclium salt of II (20 g) is dissolved 
in 220 ml of 2.5-N hydrocbloric acid by heating. 
On cooling, the solution yields glistening, black 
crystals of tetrahydroxy-p-benzoquinone which are 
collected by filtration, washed with ice water, and 
dried in a vacuum desiccator; wt, 12 to 15 g. The 
product is recrystallized from warm , 2-N hydro-



l~ chloric acid to give lustro Ll s, dark crys tals [8] ; 
( alternatively, it may be recrys Lallized from acetone 
> by t he addition of petroleum ether Lo give small , 
I dark crystals. Spectrograms arc given on pages 1.'58 

lm el ] 60. 

4. Rhodizonic Acid (III) [21] 

4. 1. Disc ussion 

Heretofore, rhodizonic acid (III), the oAidation 
product of II, has been prepared by oxidation of 
myo-inositol with nitric acid [11], b~' reduction <?[ 
IV with sulfurous acid [10, 16, 20], ftnd b:\T synthesIs 
fro m glyoxal r15]. D escribed below arc the prepara
tion or ammonium. rhodizonlt te [2 1] fro lll glyoxal , 
and or rhodizonic ac id from th e cl isoclium salt of 
II by oxidation in air. 

4.2 . Preparation of Tetrahydroxy-p-benzoquinone 
and Ammonium Rhodizonat9 from G lyoxal 

Aqueous glyox'll (600 g or a :30-pe]'cen.t solu t ion) 
is seH-condensed in the presence of sod lUn l sulfLte , 

!; oxygen, and sodium bicarbonflte as described in 
section 3.2. After 1 hr of aera tion, 100 g f sodilLlll 
hydroxide is added. The lllkniin e solut ion (ZJH ]0 ) 
is' heated, with aeTation, to incipi ent boiling, and 
cooled to room temperature. Tll e mixture of 

I crystallin e sod ium salts of II and III is filLered off 
r· (uid washed s uccessively with 50 ml of cold, 50-
I percent aqu eous methanol ft nd 50 III 1 of met hanol. 

The air-dried sfl lLs (24 to 26 g) In·e cl issol ved in 
200 ml of 2.5-N hydrochlori c eLcid b.\' boiling, a llcl 
the solu tion is immediately cooled in ice .4 T he 
res ul ting crystalline II (8 Lo 9 g) is se pamted by 
filtration, washed \vith 20 ml of icc water , an(l dried . 

The ice-cold , dark-red filtrate is brought to 
pH 5.5 to 6.5 wiLh flllllllo nin. Th e r c"ul ti ,g, dluk
blu e, crystalline ammonium rl lOdizo nn Le is se parated 
by filtra tioD, waf'llcd wi th 25 ml or ice WeLLer , and 

(" Ilir-clried ; wt, 7 to R g. Tl is recr.ysLallizecl fro m 

I. 

750 ml of hot water. 

4 .3. Preparation of Rhodizonic Acid from the 
Disodium Salt of II 

The disodi um salt of II (40 g), prepared as described 
in section 3.2 , is placed in a large, fiat-botLomed dish 
and hp,ated in an oven at 170 to 180 °C for 24 hr. 
The residue is suspended, with mechanical stirring, 
in 200 ml of warm, 2 .5-Nhydrochloric acid, and after 
several minutes, 1 g of decolorizing carbon is added; 

,'. t he solution is cooled in ice and filtered through 
'I a filter paper precoated with paper pulp. The 
. -1 brownish-yellow solution is concentrated under 
I diminisbed pressme at 35°C to a semicrystalline 

mass, and the aq ueous hydrochloric acid is removed 
by successive addi tion and evaporation of three 
o5O-ml portions of a 1: 1 mixture oJ benzene and 

" acetone. The residue is triturated with 50 ml of 
~, acetone, the suspellEion is filtered, and the insoluble 

producL is wasbed witb suffi cient cold acetone to 
'Prolonged heating causes d isproport ionation [22] . 
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rcmove all colored impurities. The crystalline 
residue, consistin g or sodium chloride and crude 
rhodizoni c acid dih ydrate, is air-dried and pulverized, 
and the powder is add ed to 200 ml of dioxane pre
heated to 80 °C. Th e suspension is st irred for 5 
min and then filtered through a fill er pl1per prccoated 
wi th decolorizing carbon. The in soluble mft tie r is 
washed with 50 ml of warm dioxane, and t ]IC slightly 
colored fil trate is cooled to about 20 °C. P enta ne 
(about 150 m1) is add ed to incipient Lurbidit.y , a ile! 
crvstallizat ion of rhoclizonic acid dihydraLe is in
duccd by scratching Lhe illside walls of t he container 
with a glass rod . Th e mixture is cooled ill ice for 
about 30 min , t he suspension is :filtcred, and Lhe 
crystals are washed wiLh 50 ml of a, colel , 1 : 1 mi xture 
of dioxane 11l1d pen ta,ne, ftnd air-dried ; wt , 25 to 35 g. 

The crud e r hod izonic acid dihydra t e is recrystal
lized from warm dioxflne by the addi tion of pentane 
alld ether ; by concentrat ion of the filtrate , an ft ddi
t ional crop is obtai ned. The air-dried product, 
which sti ll contains dioxane, is dried for 48 hr in 
a, vacuum desiccaLor over sulfuric acid; t oLal yield , 
about 21 g (60%) of colorless crysLals. :VfeRslirem ents 
of infrHred Hnd ultraviolet absorption are reported 
Oll pages 158 Hnd 160. 

Th e pmily of the product may b e delermined b.r 
titration with iodin c [20]; 155 mg of l"llOdizonJc 
acid diJ rHlraLe co nsum e 14.97 ml of O.l -N 13 solu
tion ; founCl , 15.07 ml. 

If subjected to a high vacuum (0.1 mm ) at room 
tem pera ture thc compound is conver ted into thc 
sC(l rlcL-l"ed crysLals 0(" an hydrous rhodizoni c acid in as 
li ttle as 5 min. The same Lransform ation can be 
acco mplished at higher tcmperatures by vacuum. 
subli mation [20]. Rhodizonic acid gi ves a colorless 
soluLion in 2.o5-N hydrochloric acid, wh ereas tetrn
hydroxy-p-benzoquinone gives a cherry-rcd solution. 

5. Triquinoyl (Cyclohexanehexone, IV) [23] 

5.1. Discussion 

In 1862, Lerch [24] obtained a product, now known 
as triquinoyl, by oxidaLion of either hexahydroxy
benzene (I ) or tetrahydroxy-p-benzoquinone (H ) with 
nitri c acid or chlorine. The substflnce has been 
characterized by Nietzki and coworkers [8 , 10, 25], 
and studied by H enle [26], Bel'gel [27], and Eistert 
and coworkers [20, 22] . The procedure describ ed 
here is based on the original work of Lerch flnd of 
Nietzki. Because some workers have experienced 
difficulty in the preparation and purification of IV, 
the procedures are given in detail. 

5.2. Preparation of Triquinoyl Octahydrate 

R ecrystallized tetrahydroxy-p-benzoquinone (10 g) 
is added in small increments during 5 min to a me
chanically stirred solu tion of 100 ml of concentraten 
nitric acid and 205 illl of water kept at 10 °C. The 
reaction is continu ed Jor an additional 5 min , 25 ml 
of water is added, and the mixture is cooled in ice 
for 15 min. The crystalline triquinoyl octahydrate 
t hat separates is filtered off, washed successively 
with 20 ml of ice watOL" and 30 ml of fin ice-cold , 
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1: 1 mixture of acetone and ether, and air-dried; 
wt, 12 to 12.5 g; mp 96 to 97 °0. 

The substance is recrystallized in the following 
manner: The octahydrfLte (5 g) is suspended in 50 ml 
of methanol containing 3 ml of concentrated nitric 
acid, and the suspension is heated to 55 to 60 °0, 
with stirring. When dissolution is complete, about 
200 mg of decolorizing carbon is added, the suspen
sion is filtered, and the insoluble matter is washed 
with 25 ml of water. The combined filtrate and 
washings are evaporated under diminished pressure 
to about 25 ml, and the solut ion is cooled in ice 
until crystallization begins, and then gradually 
diluted with 20 ml of acetone. The crystals are 
collected on a filter, washed successively with 10 ml 
of cold 1 : 1 acetone-water mixture and 20 ml of 
cold acetone, and air-dried; wt, 2.1 g. By con
centration of the mother liquor, additional material 
(0.6 g) is obtained. The octahydrate consists of 
colorless, lustrous plates or prisms, mp 99 to 100 °C 
(decomposition). Infrared and ultraviolet absorp
tion spectra are recorded on pages 159 and 16l. 

A characteristic color test [26] for IV involves 
heating the compound with a saturated. aqueous 
solution of barium chloride; bright-red barium 
rhodizonate is precipitated, following disproportion a
tion [8, 221. 

6. eroconic Acid (V) [28] 

6 .1. Discussion 

Orocon1c acid (V) is one of the first enediol ic acids 
to have been reported. Since its discovery by 
Gmelin [29] in 1825, it has engaged the attention of 
many workers [10, 30- 39]. As pointed out by 
Hirata and coworkers [36], the fLnion has an unusual 
resonance structure. Oroconic acid is formed from 
a variety of polyhydroxybenzene denvatives by 
oxidation followed by a rearrangemen t of the benzylic 
acid type. It can be efficiently prepared by oxida
tion of tetrahydroxy-p-benzoquinone or rhodizonic 
acid witb manganese dioxide. In the process, the 
benzene ring is degraded, with elllnination of carbon 
dioxide. The reaction was discovered by Nietzki 
[32] and has since been used by many workers. 
The procedure given here resembles one described by 
Yamada and Hirata [40], and differs from prior 
methods in that it starts wiLh the crude mixture of 
sodium salts obtained from the condensation of 
glyoxal (instead of with pure sod ium rhodizonate) 
and uses a special type [41] of active manganese 
dioxide as the oxidant. 

6.2. Preparation of Active Manganese Dioxide 

Commercial manganese carbonate (500 g) in a 
flat-bottomed tray or dish is heated in an oven at 
295 to 310°C for 12 to 18 hr. After being cooled, 
the product is treated with sufficient aqueous nitric 
acid (15 to 20 ml of concentrated acid per 100 ml of 
solution) to decompose any residual carbonate and 
to give a strongly acid solution. After 30 to 45 

min, the m anganese dioxide is filtered off, thoroughly 
washed with water, fLnd driedlat 150 to 160°C for 
18 to 24 hr. After its recovery from reaction mix
tures, active manganese dioxide can be used 
repeatedly if it is redried at 150 to 160 °0 for 18 to 
24 hr. Manganese dioxide prepared by other 
methods proved to be less satisfactory. 

6 .3. Barium Croconate Hydrate 

To a solution of 40 g of sodium hydroxide in 1.2 
liters of water arc added, with stirring, 21 g (0.1 
mole) of crude disodium tetrahydroxy-p-benzo
quinone (see section 3.2) and 55 g of active manganese 
dioxide. After 5 min, the mixture is heated to 
boiling, refluxed for 45 min, and filtered, and the 
manganese dioxide is washed with 800 ml of hot 
water. The combined filtrate and washings are 
treated with about 210 ml of concentrated hydro
chloric acid in portions, giving a bright-yellow 
solu tion. To this is added a hot solution of 50 g 
of barium chloride dihydrate in 150 ml of water, 
with stirring; the mixture is heated to 85 to 90 °C, 
cooled, and kept at room temperature. The re
sulting, lustrous, yellow plates of barium croconate 
monohydrate are collected on a filter, washed 
successively with watcr and cthanol, and air-dried; 
wt, 22 to 23 g. 

6.4. Conversion of Barium Croconate to Sodium ) 
Crocona te '-

Barium croconate (17.5 g; 0.06 mole) is added in 
small portions, with stirring, to 150 ml of a 10-
percent aqueous solution of anhydrous sodium 
carbonate. The mixture is boiled for 5 min and 
filtered; the barium carbonate is washed with 30 
ml of hot water, and the combined yellow filtrate 
and washings are diluted with 20 ml of glacial acetic 
acid, heated to boiling, and cooled in ice. Disodium 
croconate trihydrate separates in long, yellow 
crystals, which are collected on a filter , washed with 
40 ml of ice water, and air-dried; wt, about 10 g. 
A second crop (2.5 to 3.5 g) is obtained by adding 
about 200 ml of 95-pcrcent ethanol to the mother 
liquor and cooling the solution. ,I 

Dipotassium croconatc may be prepared similfLrly. .c:;' 

6 .5 . Croconic Acid Trihydrate 

Barium croconate (55 g) is added in small portions 
to 200 ml of mechanically stirred, aqueous sulfuric - I 

acid (containing 20 ml of concentrated acid) at 55 I 
to 60 °0; stirring is con tinued for 30 to 45 min. The .. 
barium sulfate is separated by filtration, washed with r 
25 ml of hot water, and discarded. The combined ,, : 
filtrate and washings are evaporated to dryness under : 
diminished pressure, the residue is dissolved in a hot 
solution of 25 ml of absolu te ethanol and 150 ml of .) 
dioxane, and the solution is treated with a small 
quantity of decolorizing carbon and filtmed. The J 
filtrate is concentrated under diminished pressure at I 

40 °0 until crystallization begins, and the mixture is , 
dilu ted with benzene to incipient turbidity and cooled. 
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After several hoUl's, the resul ting cry tftls are sepa
? ra ted by ftltration, washed with benzene, and dried 
~ in a vacuum desicclt tol'. By concentra tion of the 

mother liquor, additional crystflls are obtftined ; the 
com bined yield of croconic acid t rihydrate is about 
20 g. Infrared and ultraviolet absorption spectra are 

I recorded on pages 159 and 161. 
I Anhydrous croconic acid is prepared by heating 
:> the trihydrate at 120 DC for 2 to ~ hI's; it slowly 

decomposes above 150 DC. Crocolllc aCld may be 

I~· characterized as the dimethyl ether , mp 113 DC [35]. 
Small quantities of croconic acid may be prepared 

by passing a solution of 5 g of disodium croconate in 
l. 300 ml of water through 80 ml of a cation-exchange 

resin (Amberlite 120- H+), concentrating the effluent 
,;- under diminished pressure, and crystallizing the prod
I uct from dioxane with the addition of ethel', benzene, 
(' or pen tfine. 

6 .6 . Preparation of Manganese Croconate 
Trihydrate 

A solution of 5 g of croconic acid trihydrate in 
50 ml of hot water is t rea ted , with stirring, with a 

'" bot, saturated, aqueous solution of manganous ace
tate until a precipitate form s. Tbe mixture is cooled 
to room temperature, and the resulting greenish-yel
low crystals are separa ted by ftltration. The product 
is recrystallized from water by the addition of ace-

> tone; the yield is almost qwmtitative. 
I Analysis: Calculated for C5:Mn0 5·3HzO : C, 24 .1 ; 
, H , 2.41. Found : C, 24 .0 ; H , 2.5. 

6.7. Analysis of Croconic Acid 

The purity of samples of croconic acid may be 
determined by titration with a standard solution of 
potassium permanganftte (see eq (1)) . 

r- 12 KMn04 + 23 H2S0 4 + 5 NazCsOs ~ 6 1\:2S0 4 + 

12 MnS0 4+ 25 CO2+ 5 NaZS0 4+ 23 H 20 (1) 
:, 

j 
A 50-mg sample of disodiurn croconate, previously 

dried a t 120 DC for 1 hI', is transferred to a 250-ml 
Erlenm eyer flask with 25 to 50 ml of water. Sulfuric 

? acid (50 ml of 3.6 N ) is added, and the solution is 
heated to 80 DC and rapidly ti trated with O.I-N 
po tassium permftnganate to the complete disappear
ance of the original yellow color. Then 5 ml of a 
5- percen t solution of zinc chloride is added, and the 
addition of permanganate is continued drop wise wi th 
swirling, until a faint pink color , s table for about 1 

1

:'- min, is produced. A 50-mg sample of disodium 
croconate monohydrate consumed 29.20 ml of 
O.I-N potassium permanganate; calculated for 

> 

JazC50 s·HzO : 29.40 m1. 

7 . Leuconic Acid (Cyclopentanepentone, VI) 
[42] 

7 .1. Discussion 

Leuconic acid was first prepared by Will [43] m 

1861. Particularly noteworthy inves tigations were 
made by Nietzki [32], Homolka [44], and Eistert and 
coworkers [22]. The procedure given in the present 
paper is a modification of t ha t of ietzki. 

7.2. Preparation of Leuconic Acid Pentahydrate 

Purified anhydrous croconic acid (2 g) , or an 
equivalen t amount of the trihydrate, is ftdded i n 
portions, with s tirring, to 20 ml of ice-cold, concen
trated nitric acid during 3 min, and the mixture is 
stirred nntil evolution of ni trogen dioxide ceases 
(about 10 min). Then 20 ml of ice-cold methanol 
is added, and the mixture is stirred while crys tal
lization of leuconic acid pentahydrate occurs; after 
10 min, the cryst als are separa ted by filtration, 
washed wi th methanol, ftnd air-dried; wt, about 
2.7 g. 

For r ecrystalliza tion, the compound is dissolved 
in the minimal quan tity of water ; the solution is 
t reated wi th decolol'izing carbon and fil ter ed , and 
the fil trate is concenLr ft ted under diminished pressure 
at 40 DC to abou t 5 m1. After the addi tion of 
several drops of con ce ntmted nitric ~Lcid , the solu
t ion, on cooling, yields colorless crysLals of leuconic 
acid pen tahydrate. Infr ared and ult r aviolet absorp
tion spectra are given on pages 159 and 161. 

Crys talline leu conic acid pen tahydrate may be 
isolated from concentrated, aqueous solution by 
adding a 1: 1 mLxture of 2-propftnol ftlld ethanol; 
this product is devoid of nitric acid. 

The pen tahydra tt' melts with dehydra tion at 115 
to 118 DC, followed by slow decomposition at 158 
to 162 DC. Lellconic ftcid mfty be chamcterized as 
the pen taoxime [32], mp 172 °C. In the prcsen t 
study, i t has b een found that the oxime may con
venien tly be recrystallized from N,N-climethylforma
mide. 

vVhen a sftturated solution of sodium carbon ftte is 
added to an aqueous solution of leuconic acid, a 
pink color is produced, followed by deposition of a 
difficultly soluble, white precipi tate of the sodium 
salt of mesoxalic ltcid [44]. 

8 . Spectrophotometric Measurements 

Figure 1 reports infrared spectrograms for the 
freshly prepared, crystalline compounds in Nujol 
mulls. The measurements were mftde with a 
P erkin-Elmer Infracord Model 137 (double beam) 
spectropho tometer equipped with a prism of sodium 
chloride for the 2- to 15-J..L range. 

rrhe ultraviolet absorption measurements given 
in figure 2 were made with a Beckmftll DK- 2 
spectropho tometer with matched, l-cm quar tz cells 
and the appropriate solvent as the reference standard. 
In the course of t ime, the spectra for some of the 
compounds change, presumably from oxidation 
reactions. To minimize oxidation , freshly boiled 
solvents were used, b u t complete exclusion of oxygen 
was not attempted. 
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1. H exa hydroxyben zene. Curve A, 7.39 mg of I in 100 ml of 6N HCl in methanol, 3 min after dissolution ; Am" at 
278 m~. Curve B, 67 mg of the hexaaeetate of I in 200 ml of glacial acet ic aCid , 10 min after dissolution; Am" at 263 m~. 

II. T etrahydroxYQuillone. Curve A, 3.82 mg of II in 1000 ml of 2N aqueous HCl , 24 hr after dissolution; Am" at 308 
m~. Curve n, 7 mg of II in 1000 ml of m ethanol , 30 min after dissolution ; Am" at 312 m~. 

III. Rhodizonic acid dihydrate. Curve A, 6.87 m g of III in 1000 ml of 2N aqueous H CI 24 Ill" after dissolution ; Am., 
at 235 m~ a nd at 319 m". Curve n, 8.58 mg of III in 1000 ml of m ethanol , 5 min after dissolution; Am", at 235 m" and at 
323 m~ . In the visible region, III sho ,,"s absorption at 443 m~ and at 487 m~ (sh) . 
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IV. 'J'riquinoyl octahydrate. 3.24 mg of I V in 100 ml of 2N aqueous NaCI 1.5 1lr after dissol ution; },mu at 267 m". 
In the visible region , I V shows marked a bsorpLion a t 363 m", 440 m" (sh) and 480 m". 

V. Croconic acid tri hydrate. 5.87 mg of V in JOO ml of 2N aqueous J I CI, 10 min after dissolution; Am" at 23l m" 
and at 298 m". 

\ ' r. Lcuconi c acid pentah ydrAte. 1.56.45 mg of VI in 50 m1 of ,,"atcr, 5 min after dissolution; },m" at 328 m" . 
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