582

Delory, G. E. & King, E. J. (1945). Biochem. J. 39, 245.

DuBois, K. P., Cochran, K. W. & Mazur, M. (1949).
Science, 110, 420.

Ek, B., Euler, H. von & Hahn, L. (1949). Ark. Kems, 1, 117.

Fiske, C. H. & Subbarow, Y. (1925). J. biol. Chem. 66, 375.

Folley, 8. J. & Kay, H. D. (1936a). Ergebn. Enzymforsch. 5,
159.

Gomori, G. (1952). Biochim. biophys. Acta, 8, 162.

Goodwin, T. W. & Morton, R. A. (1946). Biochem.J.40, 628.

Grier, R. S., Hood, M. B. & Hoagland, M. B. (1949). J. biol.
Chem. 180, 189,

Hanes, C. S. & Isherwood, F. A. (1949). Nature, Lond., 164,
1107.

Hers, H. G., Berthet, J., Berthet, L. & de Duve, C. (1951).
Bull. Soc. Chim. biol., Paris, 33, 21.

Kabat, E. A, (1941). Science, 98, 43.

King, E. J. (1951). Micro- Analysis in Medical Biochemistry,
2nd ed. London: Churchill.

King, E. J. & Delory, G. E. (1940). Enzymologia, 8, 278.

Klemperer, F. W., Miller, J. M. & Hill, C. J. (1949). J. biol.
Chem. 180, 281.

Kutscher, W. & Sieg, H. (1950). Naturwissenschaften, 87,
451.

Lehninger, A. L. (1950). Physiol. Rev. 30, 393.

Lindenbaum, A., White, M. R. & Schubert, J. (1954).
Arch. Biochem. Biophys. 52, 110.

Lora-Tamayo, L. M. & Alvarez, E. F. (1954). Nature, Lond.,
178, 548.

Lora-Tamayo, L. M. & Municio, A. M. (1951). Nature, Lond.,
168, 249.

Markham, R. & Smith, J. D. (1951). Nature, Lond., 168, 406.

Mathies, J. C. & Goodman, E. D. (1953). J. Amer. Chem.
Soc. 16, 6061.

Michaelis, L, (1930). J. btol. Chem. 87, 33.

Michaelis, L. (1931). Biochem. Z. 234, 139.

Moog, F. (1946). Biol. Rev. 21, 41.

Morton, R. K. (1950). Nature, Lond., 166, 1092.

R. K. MORTON

1955

Morton, R. K. (1952). Thesis, University of Cambridge.

Morton, R. K. (1953a). Biochem. J. 55, 795.

Morton, R. K. (1953b). Biockem. J. 55, 7186,

Morton, R. K. (1953¢). Nature, Lond., 171, 734.

Morton, R. K. (1954a). Biochem. J. 57, 595.

Morton, R. K. (1954b). Biockem. J. 57, 231.

Morton, R. K. (1955). Biochem.J. In the Press.

Neuberger, A. (1938). Biochem. J. 32, 1435.

Roche, J. (1945). Bull. Soc. philom. Paris, 125, 195.

Roche, J. & Bouchilloux, S. (1950). Bull. Soc. Chim. biol.,
Paris, 82, 732.

Roche, J. & Bouchilloux, S. (1953). Bull. Soc. Chim. biol.,
Paris, 35, 567. '

Roche, J. & Thoai, N-v. (1950). Advanc. Enzymol. 10, 83.

Sanadi, D. R. (1952). Arch. Biochem. Biophys. 35, 268.

Schmidt, G. & Thannhauser, S. J. (1943). J. biol. Chem. 149,
369.

Schramm, G. & Armbruster, D. (1954). Z. Naturf. 96, 114.

Schubert, J. & Lindenbaum, A. (1954). J. biol. Chem. 208,
359.

Smith, E. L., Davis, N. C., Adams, E. & Spackman, D. H.
(1954). .In The Mechanism of Enzyme Action, p. 291. Ed.
by McElroy, W. D. & Glass, B. Baltimore: The Johns
Hopkins Press.

Sorensen, S. P. L. (1912), Ergebn. Physiol. 12, 393. Cited by
Clark, W. M. (1925). The Determination of Hydrogen Ions,
3rd ed. London: Bailliére, Tindall and Cox.

Thoai, N-v., Roche, J. & Roger, M. (1947). Biochim. biophys.
Acta, 1, 61.

Veerkamp, T. A. & Smits, G. (1953). Nature, Lond., 172,
589.

Weil-Malherbe, H. & Green, R. H. (1951). Btockem. J. 49,
286.

Zittle, C. A. & Della Monica, E. S. (1950a). Arch. Biochem.
26, 112,

Zittle, C. A. & Della Monica, E. S. (1950b). Arch. Biochem.
26, 135. .

Minor Constituents of Quebracho Tannin Extract

By K. S. KIRBY axp T. WHITE
The Forestal Central Laboratory, Harpenden, Herts

(Received 10 August 1954)

Previous papers in this series (White, 1949; Kirby,
Knowles & White, 1951; White, Kirby & Knowles,
1952) have shown that each so-called ‘vegetable
tannin’ is & complex mixture of many substances—
far more so than has been generally realized. The
two most important tannin extracts, ‘Mimosa’ or
‘Wattle’ extract from the bark of Acacia mollissima
and ‘Quebracho’ extract from the heartwood of
Schinopsis Lorentzit Engl., were selected for
detailed study of this complexity. Two-dimensional
paper chromatography enabled characterizatiCn of
the numerous substances of unknown nature
present in each extract and provided, for the first

time, a method of assessing the efficiency of fraction-
ation procedures applied to them. Using this
approach each extract was split into fractions by
solvent extraction or by countercurrent distribu-
tion between water and organic solvents (Kirby,
Knowles & White, 1952, 1953). The component.
present in any fraction and the degree of component
overlapping from one fraction to the next were
determined by two-way paper chromatography, the
presence of the components being detected by their
fluorescence in ultraviolet light or by reaction with
appropriate spray reagents. In the specific case of
Quebracho tannin extract the material could be
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separated readily into six fractions (@1, @uz> @115
Qua2s Qa1 @) and the further investigation of
fraction Q,;, forms part of this communication.
A particular feature of Quebracho tannin extract
is its content of brilliant yellow-fluorescing material.
This was formerly ascribed to the presence of fisetin,
and it was suggested that Quebracho tannin extract
was composed largely of a tannin formed by con-
densation of a hypothetical ‘quebracho-catechin’
related structurally to fisetin in a manner similar to
the catechin—quercetin relationship (Freudenberg &
Maitland, 1934). Earlier in this series it was shown
that in fact a number of yellow-fluorescing sub-
stances, all presumably flavonoid, were present in
Quebracho extract and that the tanning capacity of
the extract is due not to one but to many poly-
hydric phenols. The nature of these polyphenolic
tannins is under investigation and the greater pro-
portion of them seem to have molecular weights of
the order of 800-1000 (Kirby & White, 1954). The
yellow-fluorescing substances are simpler, and it
was considered advisable to concentrate initially on
determining the nature of these, and any other low
molecular weight minor components of the extract, in
view of the possibility that this might indicate the
type and range of structures likely to be present in
the more complicated polyhydric phenols which
form the actual tannins. The yellow-fluorescing
components are most highly concentrated in
fraction Q,;, but are present to some extent in all six
main fractions since the scheme of fractionation was
designed to separate the tannins present rather than
the minor substances. This present communication
therefore has to consider substances in relation to
the extract as a whole as well as those present in the
particular fraction @, .

EXPERIMENTAL

General. All evaporations were carried out under reduced
pressure unless otherwise stated. Melting points are un-
corrected. C and H and —C.CH,, determinations are all by
Messrs Weiler and Strauss, Oxford.
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Fluorescent spots on chromatograms were detected by
using a Hanovia Hg arc with a Wood’s glass filter.

Hydrolysis of whole Quebracho extract

Quebracho extract (700 g.) was mixed with ethanol (2 1.)
and 109, (w/v) HCI (2 1.), allowed to stand overnight and
then refluxed on a water bath for 8 hr. Next day, about 11,
of ethanol was distilled off, water (750 ml.) added and the
mixture extracted 10 times by shaking with an ether-ethyl
acetate (9:1, by vol.) mixture (1 1. each time). The extract
was dehydrated with Na,SO, and taken to dryness to yield
24 g. of a dark brown resin. This was dissolved in ethyl
acetate (150 ml.), ether (200 ml.) added and a black tar
filtered off. The insoluble matter was washed with ethyl
acetate—ether (1:2, by vol.) and ether (150 ml.) added to the
filtrate. The dark precipitate which formed was again
filtered off and washed with ethyl acetate—ether (4:9, by
vol.). The filtrate was then extracted as follows to give four
fractions: 1,10 x 100ml. of 59, (w/v) NaHCO, ; 2, 6 x 100 ml.
of 49, (w/v) Na,B,0, ; 3, 4 x 100 ml. of 49, (w/v) Na,B,0, ;
4, unextracted residue.

Fraction 1. The NaHCOj, extract was immediately acidi-
fied to Congo Red paper and extracted thoroughly with
ether. Thisextract was dehydrated with Na,SO, and taken to
dryness to give fraction 1a, while the aqueous layer was
thoroughly extracted with ethyl acetate, the extract de-
hydrated with Na,SO, and taken to dryness to give
fraction 1b.

Fraction 1a was dissolved in 5 ml. acetic acid and poured
on to a column of cellulose powder (Whatman’s Ashless)
prepared in 59, (w/v) aqueous acetic acid. The column was
developed with this solvent and each sub-fraction collected
was chromatographed on Whatman no. 2 paper with
6-7% (w/v) aqueous acetic acid as solvent. The papers were
sprayed with bis-diazotized benzidine, which showed up the
presence of three substances of Ry values 0-66, 0-57 and
0-43.

Sub-fraction 1a (1) was taken to dryness, yielding 0-24 g.
of material containing primarily the substance of R, 0-66.
As yet it remains unidentified.

Sub-fractions 1a (2-5) were bulked and concentrated,
whereupon 0-63 g. of pure gallic acid crystallized out,
representing the substance of Ry 0-43. The remaining sub-
stance of R, 0-57 was identical with the ethyl gallate
of fraction 2b which is mentioned later. Fraction 15 was
chromatographed similarly with 59, (w/v) aqueous acetic
acid on a cellulose powder column but only gallic acid was

Table 1. Chromatographic separation of fraction 1a on cellulose powder

The Ry values were determined on Whatman no. 2 paper using 6-79, (w/v) acetic acid as solvent. Figures in brackets

denote that a faint spot was detected.

Eluting solvent

(%> w/v)

Sub-fraction

. la/l 5 Acetic acid
la/2 5 Acetic acid
la/3 5 Acetic acid
la/4 5 Acetic acid
la/5 5 Acetic acid
la/6 5 Acetic acid
la|7 5 Acetic acid
1a/8 20 Acetic acid
1la/9 20 Acetic acid

1a/10 Methanol

Volume of

eluent

(ml.) Ry
25 0-66 (0-57) (0-43)
25 066 057 0-43
25 0:66 0-57 043
50 0-66 (0-57) 0-43
50 (0-66) (0-57) (0-43)
50 _ _ _
50 — — —
16 0-0 — —
100 0-05 —_ —
100 — — —
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present, 0-27 g. being recovered in crystalline form on con-
centrating the eluates.

Fraction 2. This was acidified with 109, (w/v) HCI and
ethyl acetate added (200 ml.). This threw down 0-58 g. of
a yellow precipitate forming fraction 2¢ and identified as
fisetin. After crystallizing from isopropanol only a single
fluorescent spot in the position of fisetin was observed on
two-way paper chromatography using tert.-butanol-acetic
acid-water (14:25:61, by vol.) as the first-way solvent, and
sec.-butanol-acetic acid—water (70:5:25, by vol.) as the
second-way solvent. The substance also had the character-
istic ultraviolet spectra of fisetin both in ethanol and in
aqueous alkaline solution.

Table 2. Ultraviolet absorption spectra of fisetin
and fraction 2¢

Synthetic fisetin Fraction 2¢
A A

Solvent Amax. log E {3{‘;, Amax.  log E %:'Zg
Ethanol 254 2-76 252 2:70
316 2-62 318 2-66
365 2-94 365 2-97
0-013N-NaOH 250 270 250 272
342 3-03 340 3-00

The ethyl acetate was separated off and the aqueous layer .

further extracted with ethyl acetate until nothing more was
being removed. The combined ethyl acetate extracts were
dehydrated with NagSO,, concentrated to 100 ml. and
poured into 1 1. light petroleum (60-80°). The precipitate
forming fraction 2a was filtered off, washed with light
petroleum (60-80°) dried and weighed (7-5 g.). It was
chromatographed two-dimensionally on Whatman no. 2
paper in the same way as fraction 2¢ and was found to
contain three yellow-fluorescing components 3:7:4’-tri-
hydroxyflavone, 3:7:3":4’-tetrahydroxyflavone (fisetin), and
3:7:3":4":5’-pentahydroxyflavone (robinetin), together with
a number of non-fluorescent polyphenolic substances
which remain unidentified but which can be separated by
chromatography on powdered silica. The identity of the
three flavones was established by the fact that they had the
same Ry values as synthetic specimens when chromato-
graphed two-dimensionally on paper using 109, (w/v)
acetic acid followed by n-butanol-acetic acid-water
(4:5:1, by vol.) as one solvent-pair and tert.-butanol-
acetic acid-water (14:25:61, by vol.), followed by sec.-
butanol-acetic acid—water (70:5:25, by vol.) as an alter-
native solvent pair. Further evidence for the identity of
the trihydroxyflavone came from chromatographing with
water-saturated n-butanol on paper buffered with 0-1m
borate and 0-1M-Na,HPO, and on unbuffered papers
(Swain, 1953). Since the Ry values were identical on all
three papers, the substance clearly cannot have two
hydroxyl groups situated on adjacent carbon atoms.
Fraction 2b weighed 1-0 g. and was obtained by taking
the filtrate from the precipitates of 2a to dryness. It was
observed by paper chromatography to contain a substance
reacting yellow with bis-diazotized benzidine together with
a smaller amount of a substance which stained purple with
the same reagent. The fraction was dissolved in 5%, (w/v)
aqueous acetic acid and chromatographed on a column of
Whatman’s ‘Ashless Cellulose Powder’ (1 cm. x 15 cm.).
It was eluted with 59, (w/v) aqueous acetic acid and col-
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lected in 10 ml. fractions tested with bis-diazotized benzi-
dine. The yellow-reacting substance present was eluted in
40 ml. of solvent which was taken to dryness. The product
was dissolved in a little ethyl ether, and crystallized after
filtration by adding light petroleum (40-60°). It was re-
crystallized from 50 ml. of toluene and separated as colour-
less needles, yield 0-1 g. It had m.p. 157-8° and gave a
crystalline acetate m.p. 136-7° when acetylated with
pyridine and acetic anhydride. It was identified as ethyl
gallate, m.p. 157-8°, and no depression was observed in
mixed melts of the original substance with ethyl gallate or
of the acetate with triacetyl ethyl gallate, m.p. 136-7°.
Both ethyl gallate and the isolated material travelled to the
same position on two-way chromatography on Whatman
no. 2 paper with 69, acetic acid followed by sec.-butanol-
acetic acid-water (14:1:5). The two substanceshad identical
u.v. absorption spectra in alcohol and in 5 %, aqueous NaOH
solution, the alkali shift being a general lowering of ab-
sorption instead of the combined shift and increase of the
maximum normally given by phenols. The substance is an
artifact, owing to the use of 509, ethanol during the
hydrolysis of the tannin extract, but the occurrence of
more than 109, of the liberated gallic acid in this form
under these conditions of hydrolysis is surprising (Found:
C, 56-4; H, 50; 0.CH,.CH;, 24-6. C,H,,0; requires C,
54-5; H, 5:0; 0.CH,.CHj,, 22:79%,)

Fraction 3. This remains to be investigated.

Fraction 4. The final organic layer was dehydrated with
Na,S0,, filtered, and taken to dryness, 15 ml. of ether being
added to the residue. A dark brown solid separated over-
night and was filtered off (35 mg.), dissolved in isopropanol,
treated with charcoal, filtered and then concentrated to
6 ml. Pale yellow needles separated (27 mg.) and were
recrystallized from isopropanol. This 4’-methoxyfisetin had
m.p. 288° (decomp.). (Found: OMe, 9-35. C,gH,;0, requires
OMe, 10-3%.) It showed only one fluorescent spot when
chromatographed two-dimensionally on paper as for sub-
fraction 2a. Similar chromatography after demethylation
with HI showed the presence of fisetin as well as traces of the
original substance.

Synthesis of 4’-methoxyfisetin

(a) Benzoyl isovanillic acid. Benzoyl isovanillin (75 g.)
was dissolved in acetic acid (11.) and CrO, (20 g.) in water
(15 ml.) and acetic acid (250 ml.) added gradually with
cooling to maintain a temperature of 20°. Some crystals
separated at the end of the addition and the mixture was
kept in a refrigerator overnight before filtering off the white
needles. They were washed with acetic acid, then water,
dried, and boiled with benzene to remove unchanged
aldehyde. The acid was then recrystallized from ésopropanol
and had m.p. 178°.

(b) Benzoyl isovanillic ankydride. Benzoyl isovanillic acid
(25 g.) was mixed with SOCI, (25 ml.) and a few drops of
pyridine and refluxed 1 hr. After the distilling off of excess
SOCI, the residue crystallized. It was dissolved in benzene,
taken to dryness, then recrystallized from benzene. Benzoyl
tsovanillic acid (16 g.) was mixed with this acid chloride
(17 g.) in ether (250 ml.) and pyridine (50 ml.) added. The
mixture was kept overnight in the refrigerator and after the
addition of ice the precipitate was filtered off, washed with
water, 109, (w/v) HC, 109, (w/v) Na,CO, and again with
water (all at 0°) and dried in vacuo over P,O;. The anhydride
crystallized from benzene with m.p. 130°.
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(c) 4’-Methoxyfisetin. w-Benzoyloxyresacetophenone
(2-1 g.), benzoyl isovanillic anhydride (16-8 g.) and tri-
ethylamine (5-35 ml.) were heated together for 2 hr. at
155-160° and then 2 hr. at 160-170°. The product was
boiled with ethanol (150 ml.) in which it was not completely
soluble, and then KOH (20 g.) in water (30 ml.) was added
and the mixture boiled for 1 hr. The ethanol was removed
under reduced pressure, water added (100 ml.) and the
solution decanted off from a dark resin. On saturating the
solution with COj the flavone separated. It was filtered off,
boiled with ethanol (250 ml.) and the extract filtered and
concentrated to 3040 ml., when a brown precipitate formed
and was filtered off. The filtrate was concentrated to 15 ml.,
and on cooling 4’-methoxyfisetin crystallized as pale yellow
needles. It was recrystallized twice from ¢sopropanol and
had m.p. 288° (decomp.). (Found: C, 63-8; H, 3-8. C,4H,,0,
requires C, 64-0; H, 4-09,.) This product had the same
chrome-yellow fluorescence and Ry value on two-way
paper chromatography as the substance from fraction 4 of
hydrolysed Quebracho extract, and the natural and
synthetic compounds had identical ultraviolet spectra in
ethanol.

Synthesis of 3:7:4’-trihydroxyflavone. 3:7:4’-Trihydroxy-
flavone was synthesized from w-methoxyresacetophenone,
anisic anhydride and potassium anisate by the general
method of flavone synthesis of Allan & Robinson (1924).

Synthesis of 3:7:3":4":5'-pentahydroxyflavone (robinetin).
Robinetin was synthesized by the method of Charlesworth &
Robinson (1933) by condensing w-methoxyresacetophenone
with trimethyl gallic anhydride and sodium trimethyl
gallate, followed by hydrolysis and demethylation.

Hydrolysis of Quebracho extract fractions

Each fraction (@11, Qr12» @r21 @122 > @a1> @aa) Was dissolved
(0-1 g.) in 2-methoxyethanol (0-5 ml.) and 109, (w/v) HCl
(0-5 ml.) and heated in a sealed tube on a boiling-water
bath for 3 hr. The resultant solutions were all dark red and
were each spotted directly on to Whatman no. 2 paper for
two-way paper chromatography. The first-way solvent was
tert.-butanol-acetic acid-water (14:25:61, by vol.) and the
second-way solvent sec.-butanol-aceticacid-water (70:5: 25,
by vol.). The only yellow fluorescent spots found after these
hydrolyses were 3:7:4'-trihydroxyflavone, 4’-methoxy-
fisetin, fisetin and robinetin, the latter in @,,,, @,, and Q,,
only.

The papers were also sprayed with aniline hydrogen
phthalate to detect sugars, dried, and then dipped in ferric
chloride-potassium ferricyanide reagent to detect phenolic
substances. Gallic acid and glucose were observed in all six
cases, although the former was absent from Q,,,, @,,,, and
@, 33 before hydrolysis, while glucose has not been observed
in @4, and @, before hydrolysis. Fisetin appeared in Q,,,,
Q131> Q120 and @y, from which fractions it was practically
absent befare hydrolysis, and so did 3:7:4'-trihydroxy-
flavone and 4’-methoxyfisetin. The hydrolysis produced
robinetin in @y, Where it was previously absent.

Separation of Quebracho extract sugars from Qyy,

Kirby & White (1954) described the further sub-fractiona-
tion of the main Quebracho extract fraction @,,, by counter-
current distribution between ethyl methyl ketone and
water. A sample (0-45 g.) of the material isolated from the
final tube of this distribution (i.e. the water-soluble end),
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was dissolved in water (1 ml.) and placed on a column of
Whatman’s ‘Ashless Cellulose Powder’ (1-5in. x 17 in.)
which had been well washed with water—saturated n-butanol
containing a trace of ammonia. The same solvent was used
for elution, 15 ml. fractions being collected. Each fraction
was examined by single way chromatography on Whatman
no. 1 paper, all three of the solvent systems n-butanol-
ethanol-water (40:11:19, by vol.), water—saturated phenol;
and tert.-butanol-ethyl methyl ketone-water (20:60:15, by
vol.) being separately used. The sugars were detected using
aniline hydrogen phthalate as the spray reagent.

Separation of riboseand fucose. The combined fractions 15-
25 were taken to dryness, dissolved in the minimum of water
and placed on a column of cellulose powder (2:5 cm. x 30 cm.)
that had been well washed with water-saturated ethyl
methyl ketone. The same solvent was used for elution, 5 ml.
fractions being collected.

Table 3. Chromatographic separation of sugars of
Sfraction Q,y, by elution from cellulose powder with
water-saturated n-butanol containing ammonia

Sub-
fraction Yield [elp
no. Sugar present (g.) ©)
1- 5 Hydroxymethylfurfural 0-02 —
6-14 Rhamnose 0-08 +13-7
15-17 Rhamnose, ribose 0-009 —
18-20 Ribose, fucose 0-015 —
21-25 Ribose, fucose, xylose 0-024 —
26-30 Xylose 0-030 + 96
31-32 Xylose, arabinose 0-014 —
33-49 Arabinose 0-102 +74
50-57 Arabinose, glucose 0-043 —_—
58-67 Glucose, galactose (fai.nt)} 0-037 _
68-84 Glucose, galactose

Table 4. Chromatographic separation of ribose and
Sfucose by elution from cellulose powder with water-
saturated ethyl methyl ketone

Conditions as in text.
Yield [alp
)

Fraction no. Sugar present (mg.) (°
51- 63 Rhamnose e —
64— 91 Ribose 5 —
92- 99 Ribose + fucose — —

100-146 Fucose 27 —40-7
147- Xylose — —

Table 5. Chromatographic separation of sugars of
Sfraction Q,y, by elution from cellulose powder with
water—ethyl methyl ketone—tert.-butanol (15:60:25,

by vol.)

Fraction no. Sugars present
9-10 Rhamnose, hydroxymethylfurfural

11-12 Rhamnose
13-15 Rhamnose, ribose, fucose
16-17 Ribose, fucose, xylose
18-22 Ribose, xylose, arabinose
23-29 Xylose, arabinose
30-31 Arabinose
32-37 Arabinose, glucose
38-59 Glucose
60- Galactose (600 ml. collected)
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Separation of glucose and galactose. The separation detailed
in Table 3 was repeated using water—ethyl methyl ketone—
tert.-butanol (15:60:25, by vol.) mixture as the eluting
solvent instead of water-saturated n-butanol containing
ammonia. Successive fractions (25 ml.) were examined as
before, glucose and galactose being separated by this
solvent.

Although the fractions on which the optical rotations
were determined were not completely pure the indications
are that L-rhamnose ( +10°), p-xylose ( +19°), L-arabinose
(+74°) and L-fucose ( —76-4°) are present in Quebracho
extract.

p-Tol Iphonhydr of gl , rh se, xylose,
arabinose, fucose, and ribose. The derivatives of the above
isolated sugars were made as described by Easterly, Hough &
Jones (1951) except that a little ether was added to induce
crystallization of the rhamnose and xylose derivatives, and
a little water to affect solution of the glucose. The hydra-
zones had the following m.p.’s: glucose, 179°; ribose, 164°;
fucose, 169°; arabinose, 153°; xylose, 149°. Authentic
derivatives for comparison were madein the same way except
that glucose (1 g.) was dissolved in 1 ml. water and the
p-toluenesulphonhydrazine (2-5 g. in 9 ml. ethanol) added
to the solution. The derivative crystallized quickly. No
crystalline derivative was obtained from the galactose
fractions. Rhamnose p-toluenesulphonhydrazone has ap-
parently not been described previously. It has m.p. 137°
(decomp.).

Isolation of anthraquinone from Qyyy

A sample of Quebracho fraction @,,, (15 g.) was dissolved
in acetone (15 ml.) and ether (45 ml.) added. The solution
was poured on to a column of chromatographic silica gel
(200 g.: L. Light and Co., 100200 mesh) suspended in
acetone—ethyl ether (1:9, by vol.). The column was eluted
exhaustively with the same solvent (1:9) and the eluate con-
oentrated under reduced pressure. During concentration
28 mg. of crystalline material separated out. This was
filtered off, dried, sublimed twice (180-220°/0-1 mm.)
to give 18-:2mg. pale yellow needles, m.p. 272-274°.
These were recrystallized from ethanol and still had
m.p. 272-274°,

The product gave a positive oxanthrol test and no de-
pression was observed in a mixed melting point determina-
tion with authentic anthraquinone. (Found: C, 80-1; H,
42, Cale. for C; H;0,: C, 80-7; H, 3-9%,)

A portion of the material (10 mg.) was reductively
acetylated with acetic anhydride, sodium acetate and Zn
dust and the product crystallized from benzene had m.p.
260°, undepressed by admixture with an authentic specimen
of dihydroanthraquinone diacetate. Both specimens had
an unusually intense blue fluorescence in solution in organic
solvents. A similar fluorescence can be produced by re-
ductive acetylation of whole Quebracho extract. Further
attempts to isolate anthraquinone from @,,, have been un-
successful but the characteristic blue fluorescence of the
diacetate is readily demonstrable by reductive acetylation of
the fraction. Chromatography on paper with n-butanol-
acetic acid-water (4:1:5, by vol.) followed by spraying with
209, (w/v) aqueous NaOH solution saturated with sodium
dithionite gave a rapidly fading pink spot at Ry 0-95 in the
position characteristic of authentic anthraquinone speci-
mens.
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RESULTS

Inter-relationship of fluorescent components
A reasonable knowledge of the nature and inter-
relationships of the yellow-fluorescing components
in Quebracho extract has now been obtained by
hydrolysing the extract and its fractions with

@'06
0 &)

150 O Ono

120 Ore
T CHON
—>2

Fig. 1. Two-dimensional paper chromatogram of yellow-
fluorescing components of Quebracho tannin extract.
Direction 1: tert.-butanol-acetic acid-water (14:25:61,
by vol). Direction 2: sec.-butanol-acetic acid—water
(70:5:25, by vol.).
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hydrochloric acid. Two-dimensional paper chro-
matography of the extract and its fractions before
and after hydrolysis, using the solvents given in
the Experimental section, demonstrates that the
extract contains at least sixteen yellow fluorescent
components. Their position on the reference
chromatogram is shown in Fig. 1. Hydrolysis with
acid causes all but four of these fluorescent spots to
disappear and a list of the fluorescent substances
present in the extract and its fractions both before
and after hydrolysis is given in Table 6. Simul-
taneously with the disappearance of fluorescent
spots 5-16, the intensity of fluorescence of spots 1-4
increases, or these substances appear after hydro-
lysis in fractions where they were previously
absent. Similarly, glucose and gallic acid appear for
the first time or increase in amount as a result of
hydrolysis. These facts are demonstrated by first
examining the chromatograms under ultraviolet
light to detect the fluorescent spots—then spraying
the papers with aniline hydrogen phthalate to
locate carbohydrates, and finally dipping the papers
in ferric chloride—ferricyanide reagent to detect
phenolic substances (White et al. 1952).
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Themanner in which the fluorescentspots|1, 2, 3,4,
glucose and gallic acid appear after hydrolysis in
Quebracho extract fractions from which they were
previously absent is clear from Table 6. It is
difficult to avoid the conclusion that spots 1, 2, 3
and 4 are the primary flavonoid fluorescent com-
ponents of Quebracho extract and that substances
5-16 are derived from them by combination with
sugars, gallic acid and possibly other undetected
substances which are released on acid hydrolysis.
This would be in accord with the many observations
of the occurrence of flavonoid glycosides in other
plants.

Nature of the primary fluorescent components

The fluorescent spot 3 is fisetin (II), first isolated
from Quebracho extract by Perkin & Gunnell
(1896). Inview of the manner in which the hydroxyl
group content of flavonoid substances governs their
distance of travel on chromatographing on paper
(Bate-Smith & Westall, 1950) it seemed reasonable
from the observed R, values (see Fig. 1) that
fluorescent spot 1 might be 3:7:4’-trihydroxyflavone
(I) and that fluorescent spot 4 might be robinetin
(III). Both substances were synthesized and their
identity with spots 1 and 4 established by two-
dimensional paper chromatography as already
described. There appears to have been no previous
report of 3:7:4’-trihydroxyflavone as a natural
product.

Spot 2 had a chrome-yellow fluorescence as
opposed to the green-yellow shown by fisetin and
robinetin. It was ultimately isolated in crystalline
form (see below) and found to contain a methoxyl
group. Two-dimensional chromatography on paper
after demethylating with HI showed that demethyl-
ation formed fisetin and left traces of the original
unchanged material. Since this original material
had a chrome-yellow fluorescence (Kuhn & Low,
1944 a) it seemed likely that it was 4’-methoxy-
fisetin (IV, see p. 588). This flavone does not
appear to have been recorded previously and was
synthesized by condensing benzoyl ¢sovanillic
anhydride with w-benzoyl-hydroxyresacetophe-
none in the presence of triethylamine and de-
benzoylating with alkali (Kuhn & Low, 1944b).
This synthetic product had the same fluorescence
and R, value on paper chromatography as spot 2
and the same ultraviolet absorption spectrum and
melting point as the isolated natural product.
There is no doubt of the identity of the latter,
which may, to some extent, account for the small
methoxyl content of Quebracho extract.

Theidentification of 3:7:4’-trihydroxyflavone and
robinetinrests on the chromatographic and synthetic
evidence since both are present in Quebracho
extract in much smaller quantity than fisetin and
its 4’-methoxy derivative and they have not been

Table 6. Glucose, gallic acid and yellow-fluorescent-component content of Quebracho extract fractions before and after acid hydrolysis
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isolated in crystalline form so far although they have
been highly concentrated in the following work.

In an attempt to isolate or concentrate these four
primary fluorescent substances and any other
recognizable simple components of the extract a
large quantity of Quebracho extract (700 g.) was
hydrolysed with ethanol-109, (w/v) aqueous HCl
mixture (1:1, by vol.). Details of the hydrolysis and
of the subsequent procedure which resulted in the
isolation of seven fractions (la, 1b, 2a, 2b, 2¢, 3
and 4) containing the acid-resistant low molecular
weight components of Quebracho extract are given
in the Experimental section.

Fraction la yielded 0-63 g. of crystalline gallic
acid and 0-24 g. of a phenolic substance which is so
far unidentified. Paper chromatography alsoshowed
up the presence of the ethyl gallate of fraction 2b.
Fraction 1b yielded only gallic acid (0-27 g.).

HO HO o
0 OH
OH
0 0
1
HO o
0

Fraction 2a (7-5 g.) was observed by paper chro-
matography to be a complex mixture containing
3:7:4’-trihydroxyflavone, fisetin, and robinetin to-
gether with a number of non-fluorescent poly-
phenolic substances which have still to be separated
and identified. Fraction 2c¢ contained little other
than fisetin, of which 0-58 g. was recovered in
crystalline form and identified by paper chromato-
graphy, and comparison with synthetic material.

Fraction 2b (1g.) contained primarily a sub-
stance staining yellow with bisdiazotized benzidine
on paper chromatograms. It was isolated in
crystalline form as described in the Experimental
section and ultimately identified as ethyl gallate.
It is an artifact produced from liberated gallic acid
during the course of the acid hydrolysis as a con-
sequence of using 1:1 water—ethanol as a solvent
for the hydrolysis, but the occurrence of some 10 9
of the isolated gallic acid in this form is somewhat
surprising in view of the amount of water present
and the method of isolation.
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Fraction 3 remains for detailed investigation.
Fraction 4 yielded crystalline 4’-methoxyfisetin
(35 mg.) as described in the Experimental section.

Sugars

A detailed examination of the substances present
in Quebracho fraction @y, and particularly of the
sugars has been commenced. The contents of the
final tube in a 10-tube countercurrent distribution of
Q111 between ethyl methyl ketone and 19, (w/v)
acetic acid (Kirby & White, 1954) were examined by
chromatography on cellulose powder with water-
saturated n-butanol as described in the Experi-
mental section using the method of Hough, Jones &
Wadman (1949) to follow the separation of the
sugars. Rhamnose, ribose, fucose, xylose, arabinose,
glucose, galactose and a component since identi-

OH OH
HO 0
OH OH
OH OH OH
0
I
OH
OCH,

OH

fied as 5-hydroxymethylfurfural (H. C. G. King,
personal communication) were found to be present.
Rhamnose, xylose and arabinose were completely
separated by this method but the separations of
ribose from fucose and glucose from galactose were
poor. Ribose and fucose were however separated by
using water-saturated ethyl methyl ketone as an
eluent instead of the water-saturated n-butanol,
and glucose and galactose were separated by eluting
with tert.-butanol-ethyl methyl ketone—water
(25:60:15, by vol.). The amount of galactose
recovered was too small to allow formation of a
crystalline derivative but the remaining six sugars
were all crystallized as the p-toluenesulphon-
hydrazones (Easterly et al. 1951; Freudenberg &
Blummel, 1924). The configuration of the sugars
appears to be L-rhamnose, D-xylose, L-arabinose and
L-fucose. They may conceivably arise by auto-
hydrolysis of other components present in Que-
bracho heartwood during the original water extrac-
tion of the tannin.
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Presence of anthraquinone

In addition to these sugars, @,;, contains the more
organic-solvent soluble and lower molecular weight
components of Quebracho extract, e.g. the flavonoid
fluorescent substances. A reasonable separation of
some of these components can be obtained by
chromatographing @y,, with various eluting organic
solvents on columns of dry chromatographic
quality silica gel. In particular, fisetin and gallic
acid can be obtained crystalline by eluting first with
ether—acetone or ether—ethyl acetate (both 9:1, by
vol.). On one particular occasion a third crystalline
compound separated from the fisetin eluate as pale
yellow needles, m.p. 272-274° (some sublimation).
It sublimed readily under reduced pressure, gave
a positive oxanthrol test and by reductive acetyla-
tion was converted into the strongly blue fluorescing
dihydroanthraquinone diacetate which showed no
m.p. depression on mixing with an authentic sample.
There is little doubt that the initial compound was
anthraquinone which has not been reported pre-
viously as occurring naturally, although g-methyl-
anthraquinone occurs in teak wood (Kafuku & Sebe,
1932). Fractionation of further samples of @,;, and
of Quebracho extract has failed to yield anthra-
quinone in crystalline form but evidence of its
presenceis given by the production of an intense blue
fluorescence when the extract is reductively acetyl-
ated with Zn dust and acetic anhydride, and also by
paper chromatography. It may be relevant that
Nierenstein (1907) reported that by treating
Quebracho extract with potassium persulphate and
distilling the product with Zn dust he was able to
isolate anthracene.

DISCUSSION

As a result of these investigations the nature of
a number of the minor components of Quebracho
tannin extract is now known. The striking yellow
fluorescence of the extract is due to the presence of at
least 16 flavonoid substances of which 4 appear to
be the primary parent compounds. These four are
3:7:4’-trihydroxyflavone, 3:7:3":4’-tetrahydroxyfla-
vone (fisetin), 3:7:3":4":5’-pentahydroxyflavone
(robinetin), and 3:7:3’-trihydroxy-4’-methoxyfla-
vone (4’-methoxyfisetin). The relationship between
these primary fluorescent substances, all having the
same carbon skeleton and varying in regular
sequence in their phenolic hydroxyl group content,
may be significant in relation to the structure of the
Quebracho tannins which have yet to be investi-
gated, although it must be emphasized that the
fluorescent substances are not tannins and form
only a very small part of the extract. It is interest-
ing to recall the similar mono-, di-, and tri-hydroxy-
phenol relationship in the simple aldehyde oxidation
products of lignin—i.e. p-hydroxybenzaldehyde,
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vanillin, syringic aldehyde (Leopold, 1952), and in
the anthocyanins (Mayer & Cook, 1943). Three of
these related fluorescent compounds (not the
4’-methoxyfisetin) are also present in ‘Mimosa’
tannin extract from the bark of Acacia mollissima.

The remaining twelve of the sixteen yellow
fluorescent substances seem from hydrolysis experi-
ments to be gallic acid and sugar derivatives of the
four primary fluorescent compounds. The tannin
extract also contains gallic acid and seven mono-
saccharides in the free condition, the total sugar
content (ca. 3 %) being such that these substances
clearly do not have the structural significance that
they possess in the case of the hydrolysable tannins.

The significance of the single isolation of anthra-
quinone is doubtful although the reductive acetyla-
tion test indicates it to be present also in ‘Mimosa’
extract and in other tannin extracts. It is clear,
however, that if ideas as to the structure of the
condensed tannins are to be based on the nature of
the flavanoid substances present in the extracts
(e.g. Freudenberg & Maitland, 1934) the suggestions
should be made with caution until sufficient single
pure substances possessing the capacity to tan have
been isolated from condensed extract and a better
idea of the real function of tannins in plants has
been obtained.

SUMMARY

1. Previous work on the general fractionation of
Quebracho extract and the method of characterizing
the components of the extract is summarized.

2. The minor components of the extract have
been examined in some detail. The characteristic
yellow fluorescence of the extract under ultraviolet
light is due to the presence of at least sixteen sub-
stances, of which twelve appear to be glycosyl and
galloyl derivatives of the remaining four.

3. The four primary fluorescent substances are
3:7:4’-trihydroxyflavone; 3:7:3":4'-tetrahydroxyfla-
vone (fisetin); 3:7:3":4’:5'-pentahydroxyflavone
(robinetin); and 3:7:3’-trihydroxy-4’-methoxyfla-
vone (4’-methoxyfisetin), recalling the correspond-
ing mono-, di- and tri-hydroxyphenol relationship
of the aldehydic oxidation products of lignin or the
corresponding sequence in anthocyanins. The
possible significance of this in relation to the
structure of tannins is commented on.

4. Gallic acid, glucose, xylose, arabinose, fucose,
rhamnose, ribose, galactose and 5-hydroxymethyl-
furfural are present in the extract in the free condi-
tion. Gallic acid and glucose increase in amount on
hydrolysis of the extract and its fractions. Ethyl
gallate was isolated as an artifact arising during
hydrolysis.

5. Anthraquinone has been isolated from one
batch of extract and other samples (and other
extracts) show evidence of its presence.
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6. The fact that these findings add to the com-
plexity of the problem of determining the composi-
tion and the natural function of tannin extracts is
emphasized.

The authors wish to thank the Forestal Land, Timber and
Railways Co. Ltd. for permission to publish this paper.
They are also indebted to Dr T. Swain, Low Temperature
Research Station, Cambridge, for a sample of 3:7:4’-tri-
hydroxyflavone.
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A Hexose-1-Phosphatase in Silkworm Blood *

By P. FAULKNER
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A number of phosphatases have been found in
insects; however, little is known concerning their
substrate specificity and the part they play in
intermediary metabolism. Drilhon (1943) showed
that the gut of certain species of Coleoptera,
Neuroptera, Orthoptera and Lepidoptera contains
an alkaline phosphatase, while an acid phosphatase
is present in the Malpighian tubules. The presence of
an acid phosphatase has also been observed in the
honey-bee, housefly, and cockroach (Rockstein &
Levine, 1951). Day (1949), applying histological
methods, studied the distribution of alkaline
phosphatase in several insects. With B-glycero-
phosphate as substrate, activity was found in the
alimentary tract, in muscle, and in storage, nervous,
and reproductive tissue. The silk glands of the silk-
worm (Bombyx mori L.) contain a strong phospho-
monoesterase (maximum activity, pH 4-2-5-0)
and a feebler alkaline phosphatase (pH maximum,
7-56-8:5). An alkaline pyrophosphatase is also
present (Denucé, 1952). A specific adenosinetri-
phosphatase (ATP-ase) is present in the mito-
chondria of the housefly (Sacktor, 1953). This

* Contribution No. 190, Division of Forest Biology,

Science Service, Department of Agriculture, Ottawa,
Canada.

enzyme is activated by magnesium and inhibited by
azide but not fluoride. A fluoride-sensitive ATP-ase
is present in the ‘soluble’ fraction of the housefly
preparation.

The present paper is concerned with some of
the properties of a specific hexose-1-phosphatase
which has been found in silkworm blood.

EXPERIMENTAL

Silkworm-blood preparation
Silkworm-blood preparations were obtained from pure-line
strains of white, yellow, and zebra varieties of B. mori
reared at this laboratory. Fifth-instar larvae within 2-3
days of pupation were used throughout the study. The
larvae were bled into a test tube embedded in crushed ice.
Blood collected in this manner can be stored for at least
3 months at —28° without loss of hexose-1-phosphatase
activity. In the experiments to be described here 0-5ml. of
a 1:10 (v/v) dilution of blood in water was used routinely.
This represents, on the average, 250 ug. total N in non-
dialysed or 75 ug. total N in dialysed blood.

Materials
All materials used were reagent grade. Glucose 1-

phosphate, glucose 6-phosphate, fructose 6-phosphate,
ribose 5-phosphate, hexose diphosphate and adenosine



