served since they solidified immediately at this low
temperature.

Extraction of Quinones. These quinones are decom-
posed by light, heat, moisture, and some organic sol-
vents. They may change into undefinable polymers ox
oily brown masses. Also, they are extremely reactive
toward compounds occurring in living matter; they
form, for instance, additional compounds with pro-
teins including nucleoproteins, amino acids, enzymes,
and vitamins (5). ’

Previous procedures of isolating the beetle secretion
(4) are time consuming and yield very little of the
unchanged quinones. We employ the mild conditions
and efficient procedure of high-vacuum extraction (6).
The apparatus consists of a 1-1 flask, a series of 3
traps, and a high-vacuum pump. The flask is kept at
40° C by a water bath while the traps are thermo-
stated to 0, —20, and — 78° C, progressively. About
50,000 frozen insects (200 cc by volume) are placed
in the flask. Upon evacuating, yellow quinones begin to
deposit in the first trap. The main portion is collected
in a few hours. After 24 hr there are practically no
quinones left in the beetles, but a slight additional
amount may be recovered by increasing the tempera-
ture of the flask to 95° C. Finally, the yellow com-
pounds including some yellow oil are found in the
first 2 traps, while the remaining volatile matter,
mainly water, is found in the coldest trap. The crude
quinones melt between 29 and 53° C. They may be
purified by extracting with pentane, evaporating the
solvent, and subliming under vacuum.

One insect weighs about 1.8 mg (7). Almost 60% of
its weight consists of matter volatile under high
vacuum and it produces about 25 gamma of crude
quinones, We have observed also traces of reddish,
greenish, and dark blue substances along with some
sweet smelling colorless oil in the extractable portion
of these beetles.

For studying the effects of these insects upon and
in contact with flour, the volatile matter is adsorbed
directly on flour. The traps are replaced by a 1-1 flask
with finely ground flour spread in a thin layer over
its bottom and cooled by dry ice-aleohol. During ex-
traction, the volatile matter deposits on the flour and
the inner walls of the flask. After extraction, the flask
is removed and lightly stoppered to allow for expan-
sion of the gases while the flask is warming to room
temperature. After several hours the extracted quin-
ones complete their chemical reaction with the flour
as indicated by the reddish color developing on the
flour, if sufficient insects have been used in relation
to the amount of flour. No visible color change is or-
dinarily detectable on 1 1b of bleached white flour at
concentrations up to 10 mg of beetle secretion as
obtained from about 400 insects.
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Products of the Reaction between Thiamine
and Ingredients of the Plants of Allium
Genus: Detection of Allithiamine

and Its Homologs

Taizo Matsukawa, Shojiro Yurugi,
and Toshiro Matsuoka®

Research Laboratory,
Takeda Pharmaceutical Industries, Ltd., Osaka, Japan

Fujiwara et al. (1) reported that when thiamine is
heated at pH 8 with the alcoholic extract of the garlie
(Allium sativum L, var. japonicum Kitamura), its
thiochrome test becomes negative but it is restored by
treating with cysteine, and that a crude product of
this reaction, in spite of its negative thiochrome test,
still possesses a remarkable activity similar to that of
thiamine and is absorbed from the intestinal eanal
more rapidly than thiamine. They named the product
allithiamine,

The present authors (2) have succeeded in isolating
pure allithiamine and have established its structure
as 2-(2'methyl-4’-aminopyrimidyl (5’))-methyl-form-
amino-5-hydroxy-A2-pentenyl (3) allyldisulfide(I).

However, in this reaction, besides allithiamine, the
formation of its homologs having other alkyl groups
than allyl may be assumed, especially in the reaction
of thiamine and other plants of Allium genus whose
sulfur-containing ingredients have not been clarified.
For confirmation of the formation of such homologs
it is necessary to find a method which can detect them
distinetly.

On the other hand, the study of the mechanism of
the reduction of allithiamine revealed that allithia-
mine(I) was reduced by cysteine(IV) into thiamine-
(V) and at the same time, the liberated allylmercapto
group combined with cysteine to form S-allylmer-
capto-cysteine(VI), which had already been obtained

1The authors wish to thank Y. Asahina and 8. Kuwada,
for encouragement during this investigation, and M. Togasi
for his great contribution to collection of the plants.
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by Cavallito et al. (3) from allicin(XII) and ecys-
teine(IV). It was also found that the same mecha-
nism was true of the homologs of allithiamine.

N=C—NH,
i l_ CHO
CH,— CI—I2—1\< S—S8—R
/

" “ RN
 N—oOH (ﬁa CH.CH,0H
I R=—CH,—CH=CH,

II R= -—CH
111 = —CH ~—CH ,—CH,
N=C—NH,
l CHO
/
— CH,—N SH
AN
" C::C/
o, oo,
N—CH H, CH,CH,0H

v

The present authors have pursued this peculiar re-
action with great interest and have found that the
resulting S-alkylmereapto-cysteines produce their own
spots when subjected to paper partition chromatogra-
phy.

When acetic acid-butanol-water (1 :4 :5) is used
as the developing solvent, and Ninhydrin and the thiol
agent (£) as the detecting agent, the Rf values of cys-
tine, cysteine, (VII), (VI), and (VIII) are 0.03, 0.23,
0.43, 0:61, and 0.7, and those of S-ethyl- and S-butyl-
mercapto-cysteine are 0.56 and 0.78, respectively. By
employing this method all allithiamine homologs ean be
detected, in whatever proportion they may be mixed.

In order to utilize this method, bulbs of a plant
of Allium genus are ground, extracted with aleohol
(5), and the extract is reacted with thiamine at 50—
60° C, pH 8. The solvent is distilled under reduced
pressure and the residue is extracted with ether. The
ethereal extract, after drying, is evaporated to leave
a syrupy substance. The substance is dissolved in 3%
acetic acid, and insolubles are filtered off to obtain
a yellow-greenish solution as a standard sample, part
of which is subjected to paper partition chromatogra-
phy to determine the Rf value of the common amino
acid. The standard sample is then adjusted to pH 6,
cysteine hydrochloride is added and, this mixture is
allowed to stand at room temperature for a while.
The reaction mixture is adjusted again to pH 1 and
subjected to paper partition chromatography. The re-
sulting spots, which are positive to the thiol agent and
‘are located differently from that of the common amino
acid, represent S-alkylmercapto-cysteines and indicate
the formatlon of the corresponding allithiamine homo-
logs (Table 1).

The same reaction was carried out with many other

326

plants such as 4. cepa L. (onion), 4. porrum L., A.
schoenoprasum L., A. fistulosum L., A. fistulosum L.
var. caespitosum Makino, A. fistulosum L. var. gigan-

s|H
CH,
+ $H—NH2

|
COOH

v

=

H,

— O— o To—

CH—NH,

l
COOH
VI R=—CH,—CH=CH,
VII R=—CH,
VIII R=—CH,—CH,—CH,

teum Makino, 4. albopilosum, Nothoscérdum fragrans
Kunth (A. fragrans Vent), and Brodia unifiora Baker.
In all cases the formation of (VII) was detected
weakly and in some cases (VI) and (VIII) were too.
It is interesting to find from the above results that
the garlic and A. wictorialis in reacting with thia-
mine produce, besides allithiamine(I), considerable
amounts of its methyl homolog (II) and a small quan-
tity of propyl homolog (III), whereas A. tuberosum,
A. bakeri, A. grays, A. thunbergii, A. togasii, and A.
rosenbachianum produce more (II) than (I).

. TABLE 1
Corre-
Detection of sponding
Plants R-8-8-cysteine in allithia-
ether extracts mine
homologs
4. sativum L. var. VI*** VII, (VIII) I,c1II, III
Japonicum Kita-
mura (garlie)
A. sativum L. VIL** VIL* I, II,
(garlie)
A. tuberosum Rottl. VI*  VIL** I I1,e
(4. odorum L.)
A. victorialis L. var. VI** VIL** (VIII) I,* ILe III
platyphyllum
Hultén
A. bakeri Regel (VI), -VIL** (VIII) I, ILe*III
A. grayi Regel (VI), VIL** (VIII) I, II, III
A. thunbergii Don VI, VIL* (VIII) I, II, III
4.togasii Hara (6) (VI), VIL** (VIII) I, II, III
A. rosenbachianum VII**

Note. Parentheses ( ) imply weak detection and no mark;
* *% and *** indicate that the degree ot the detection in-
creases in this order.

a The formation of the allithiamine and 1ts methyl homolog
has been proved by obtaining them in crystals.
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XII R=—CH,—CH=CH,

The present authors have already established that
allithiamine (I) is formed by the reaction between
the thiol form thiamine(V) and allicin(XII) (7), a
secondary ingredient of the garlic produced by the
enzymatic decomposition of alliin (8).

On the other hand, it was found that, when the
plants other than the garlic given in Table 1 were
treated beforehand with boiling water to inactivate
the enzyme, they lost the ability to form allithiamine
or its homologs. This fact shows that in the reactions
of thiamine and these plants, the secondary ingredients
produced by the enzymatic decomposition of the origi-
nal ingredients take part in the reactions.

From these facts it is presumed that the plants
which produce (II) and (III) would then contain
new alliin-like ingredients having methyl(X) and

N=C—NH,

CHO
/
+V CH,—~C C—CH,—N S—S—R
- N 4
oﬁs \CH2CH20H
N—CH
I R=—CH,—CH=CH,

I R=—CH,
11 R=—CH,—CH,—CH,

propyl(XI) groups respectively, instead of the allyl
group of alliin (1X) and that the methyl homolog (X)
exists in the plants of Allium genus more extensively
than alliin (IX).
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The Iron(III)-Phenol Complex in
Aqueous Solution

Therald Moeller and Richard W. Shellman

Noyes Chemical Laboratory,
Umniversity of Illinois, Urbana

The nature of purple complex produced by the re-
action of phenol with iron(III) chloride in aqueous
solution still remains in some question in spite of
the many studies made upon the system. The compo-
sition [Fe(OCyH;);] was perhaps first suggested by
Raschig’s early observations (1), using a substituted
phenol, and was apparently confirmed by the colori-
metrie studies of Claasz (2). On the other hand, re-
aetion in a 4:1 mole ratio to give an acidic species,
H[Fe(OC¢H;),], was indicated by the work of Wein-
land and Binder (3). In a comprehensive study of a
large number of systems derived from various phenols
and iron (IIT) chloride, Wesp and Brode (4) obtained
a single broad band in the absorption spectrum of
each system, the position of the band depending upon
the phenol used. With phenol itself, this absorption
band centered at 558 mp, the intensity of the absorp-
tion at this wavelength being increased by either added
iron(III) or phenol, and obeying Beer’s law in mod-
erate concentrations. Wesp and Brode reported fur-
ther that the colored species is destroyed by either
acid or alkali and concluded on the basis of ion migra-
tion behavior that the composition of the species is
[Fe(OCsH;) 4] 2. Babko (5), on the other hand, sug-
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gested the presence of the cation [Fe(OCH;)]*2 and
found its complete formation to be impossible.

On the basis of thermometric and conductimetrie
titration data, Banerjee and Haldar (6) reported re-
action of phenol with iron(III) chloride in both 3:1
and 6:1 mole ratios. Inasmuch as Job’s method of
continuous variations (7, 8) showed reaction in only
the 3:1 ratio, no partition between aqueous and
organic phases could be detected, and ion migration
indicated the presence of anionic iron, it was pro-
posed that the colored species has the composition
Fe[Fe(OC¢Hj;),]. More recently, however, it has been
shown that m-cresol gives a neutral 3:1 species with
iron (III) and no anionic [Fe(OAr),]-2 species (9).
On the other hand, spectrophotometric data have also
indicated formation of a number of species of the type
[Fe(OAr)]*2 with phenols and naphthols (10), al-
though the phenol complex itself was not studied be-
cause of its instability.

Lack of consistency among these reports prompted
a further study of the phenol-iron (III) chloride sys-
tem. In aqueous solutions, the color is destroyed by
heat and by alkalies, precipitation of hydrous iron-
(III) oxide occurring in both instances. The color is
stable in the pH range 1.7-3.0 but is destroyed by ad-
ditional acid. Best results in producing color systems
of reasonable stability were obtained at pH 2.2. Even
at optimum pH, the color intensity first increases for
some 2 hr and then decreases with time until after
some 12 hr or more a purple solid is precipitated.
Dialysis also yields a purple floceulate. Microanalyses
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