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Likewise, irradiation of bilirubin in chloroform con-
taining - 2-mercaptoethanol [59% (v/v)] or N-acetyl-L-
cysteine (2 mg/ml, i.e. a saturated solution) led to isolate,
after working as described above, the adducts IV
(629%, yield; crystallised from CHCl,—CH,OH 1:24) and VI
(74% vyield; purified by precipitation with HCl dil.
from 0.1 N NaOH solution?), respectively. These com-
pounds showed the following spectroscopic properties
consistent with the expected structures: IV, 2SHCh
449 nm (e 53,300) ; vmas 3420, 3265, 1700, 1650, 1618 cm~1!
(in CHCl;); NMR (CDCly)5, 1.564 (3H, J = 7 Hz, -CH,);
2.64; (2H, ] = 6 Hz) and 3.70; (2H, ] = 6 Hz) (-S—CH,-
CH,-OH, the hydroxyl proton falling into the range
2.5-3.0);4.064 (1H, J = 7 Hz, > CH-5-)% and the ABX
system of the endo-vinyl group (64, d, dx = 5.54, 5.40,
6.61 and JAX, JBX, ]AB = 17.0, 11.0, 1.4 HZ); VI,
Amaz 446 nm (¢ 52,000) in 6 X 104 N methanolic NaOH;
Ymaz 3400, 3260, 1690, 1645, 1610 cm~1 (Nujol); NMR
(DMSOdg)® 1.504 (3H, J =7 Hz, -CH,), 1.85, (3H,
CH,CO-), 2.714 (2H, -S-CH;,~, doublet partly buried
beneath the signals of the ethylene protons of propionic

.acid side chains), 4.00, (1H, J =7 Hz, > CH-S-)¢,
4.35, (1H, >CH-NH-), the ABX system of the endo-
vinyl group (da, 08, dx = 5.60, 5.55, 6.80 and Jax, Jsx,
Jan = 17.5,11.0, 1.4 Hz) and 8.19,4 (1H, -NH-COCH,).

The fact that IV was formed as essentially the only
product. of addition?, and that photoadditions to the
exo-vinyl group of bilirubin appear to be faster with
thiols than with alcohols, is understandable if one takes
into account the mechanism proposed for such additions?
and the difference in nucleophilicity between sulthydryl
and alcoholic function, the former being generally more
nucleophilics,

It is noteworthy that compound VI was also produced
in moderate yield when bilirubin was irradiated in
aqueous solution (1 mg/m! in NaOH-KH,PO, adjusted
to pH 9.0) in the presence of N-acetyl-L-cysteine (4 mg/ml)
for 7-8 h® In addition, TLC evidence was obtained for
the formation of a photoadduct of bilirubin with gluta-
thione (likely VII) by irradiation of a mixture of these
substances in aqueous solution (1 mg/ml of bilirubin
and 2 mg/ml of GSH in NaOH-KH,PO, adjusted to
pH 9.0).

All the above findings support our hypothesis?! that at
least part of the serum bilirabin in animals and humans
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exposed to natural and artificial light is eliminated as
photoadducts with nucleophilic substances, for instance
GSH and, by implication, albumin. The last one seems
particularly appropriate to give an irreversible adduct
with bilirubin: in fact, it is well recognized thata reversible
albumin-bilirubin complex! occurs in the extracellular
fluids of the body; furthermore, it has been reported that
the reactive thiol group of native albumin is contained
in the loosely organized portion of the protein which is
probably involved in binding a great many compounds
of biological importancel®.

The clinical implications of our results are being in-
vestigated further12,

Riassunto. Viene descritta 1’addizione fotochimica dei
tioli al doppio legame eso della bilirubina. Si prospetta
I'ipotesi che una reazione di questo tipo sia responsabile
della rapida riduzione della bilirubinemia nei neonati
itterici sottoposti a fototerapia.

P. Manitro and D. MonTI

Istituto di Chimica Ovganica della Facolia di Scienze
dell’ Universita di Milano, Centro per lo studio

delle sostanze ovgawniche naturali del C.N.R.,

Via Saldini 50, I-20133 Milano (Italy),

13 October 1971.

7 No isomer of IV, particularly V, was detected in the irradiation
mixture.

8 C. K. IngoLD, Structure and Mechanism in Organic Chemistry, 2nd
ed. (Cornell University Press, Ithaca and London 1969), p. 451.

9 It was isolated from the irradiated solution made acid with HCl1
dil. and shown to be identical, byTLC, IR- and NMR-spectra, with
compound VI obtained previously.

10 N. H. MARTIN, J. Am. chem. Soc. 77, 1230 (1949).-D. Bratrip and
J. Fog, Scand. J. clin. Lab. Invest. 25, 257 (1970) and references
cited therein. — G. B. OpELL, Pediatrics 46, 16 (1970).

11 G. FRANGLEN and G. R. E. SWANIKER, Biochem. J. 709, 107 (1968).

12 The authors wish to thank Prof. L. CANoNica for helpful discussion
and Dr. G. SEVERINI Ricca for running NMR-spectra.

Isolation of Quercetin 3,7 ,3’,4’-Tetrasulphate from Flaveria bidentis L. Otto Kuntze

In the course of an investigation of the flavonoids pre-
sent in the leaves of F. bidentis (Compositae), which were
collected from plants growing in the central part of Ar-
gentina, a new compound was isolated from the methanol-
water (509%,) extracts, which was characterized as quer-
cetin 3,7, 3’,4’ tetrasulphate. The pure crystalline sodium
salt was obtained by passing a solution of the crude crys-
talls through a column of Amberlite 120 (H), and then
through Amberlite ICR 50 (Na). The salt carried without
melting at 360°,

Found: C, 25.98; H, 1.18; SO,, 53.54; S, 17.88; Na,
12.98; Cal. for C,;;H¢0,,S,Na,: C, 25.36; H, 0.85; SO,,
54.08; S, 18.05;Na, 12.94%,. UV: (EtOH); Amax. 270; 310;
340 sh nm (log ¢, 4.32; 4.09; 4.04). IR: strong band at

3531 cm-! (OH). NMR: (D,0; 60 MHz) 6.78 (1 H, d, -

Jes =2.5Hz, C6—H); 7.13 (1 H, d, J,,¢ = 2.5 Hz; C8-H);

7.66 (1 H,d, Jy,¢ = 8.5, C5'—H); 796 (1 H, d, Jy,¢ =
2.5; C2’—H); 8.16 (1 H, br. sig. C6’'—H).

Chromatography; Whatman 1. Rf AcOH 279, -n-BuOH
(1:1) 0.50; CH,COOH-H,0 (60:40) 0.75; H,0, 0.92.

Hydrolysis with 0.1 N HCI at 100°, produced crystals,
m.p. 312-313° (dec.) which were identified as quercetin by
UV, IR-spectra and Rf values on paper chromatography,
employing 5 different systems.

The isolated tetrasulphate was methylated in dimethyl-
sulphoxide solution with diazomethane in ether. Working
of the reaction product in the usual way, gave a white
crude crystalline solid with an IR-spectrum lacking the

1 K. ParcH and M. V. TrRaceY, Modern Methods of Plant Analysis
(Springer-Verlag, Berlin 1955), vol. 3, p. 476.
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OH band. It was hydrolized as described for the parent
compound, and 5 O-methylquercetin (azaleatine)?, isolated
and characterized by comparison with an authentic sam-
ple. UV-, IR-spectra and Rf values, on paper chromato-
graphy (2 systems) were identical.

Quercetin-3,7, 3, 4’-tetrasulphate is the first flavonoid
polysulphate isolated from plants and the first found in a
species of the Compositae.

2 I. Jurp and R. M. Horowirz, J. org. Chem. 22, 1618 (1957).

3 'W. KARRER, Konstitution und Vorkommen der Organischen Pflan-
zenstoffe (Birkhduser Verlag, Basel 1958), p. 618.

4 S. R. Gupra and T. R. SESHADRI, J. chem. Soc. 7954, 3063.

5 L, M. Urkin, Khim. period. Soedinenii 2, 162 (1966).

6 Part of this research was carried out with funds provided by the
Instituto Nacional de Farmacologia y Bromatologia (Buenos Aires,
Argentina) and is O.].P. de S.’s doctoral thesis.

7 Acknowledgments. We thank Professors V. DeuLoreu (Facul-
tad de Ciencias Exactas y Naturales, Universidad de Buenos
Aires) and R. Capurto (Facultad de Ciencias Quimicas, Univ.
Nac. de Cérdoba) for the very useful discussions. To Agron. A.
HunzIKER (Museum of Botany, Universidad Nacional de Cérdoba)
for the taxonomic classification. To Dr. H. M. Horow1tz (Pasadena,
California) for the authentic sample of Azaleatine.

Butterfly Wing Antineoplastic Agents1:?

The colorful pigmentation of butterflies became an
early object of scientific inquiry3¢. Fortunately, these
early studies of butterfly wing constituents provided a
foundation in pteridine chemistry which allowed more
rapid structural elucidation of folic acid and synthesis of
the clinically useful cancer chemotherapeutic agent
methotrexate. For the purpose of locating potentially
useful antitumor agents among animal constituents, we
have undertaken an extensive survey of terrestrial? and
marine?® arthropods. Initial studies* indicated that the
insect order Lepidoptera and particularly several mem-
bers of the Pieridae family of butterflies warranted
detailed investigation. We now wish to report results
from the first chemical examination of a butterfly, and in
fact of an arthropod, for antitumor constituents.

The yellow Asian butterfly Catopsilia crocale Cramer
(Pieridae) was extracted consecutively with ligroin, 509,
ethanol and 959%, ethanol. The latter extract reached the
confirmed active stage (71%, inhibition of tumor growth
at 400 mg/kg) in the National Cancer Institute’s Walker
256 carcinoma (s.c. in random-bred albino rats) tumor
system. A vigorous effort at recollection at times involving
up to 500 field colléctors eventually provided 250,000
members of this species. Dissection into head, thorax,
abdomen and wing parts followed by re-extraction and
biological evaluation of each section established that the
antineoplastic component(s) was distributed more or less
‘throughout the butterfly, but principally in the wing
material. A 1517 g amount of Catopsilia crocale Cramer
wings led to 50, 51 and 53 g quantities respectively of
ligroin, 509, ethanol and 95 9%ethanol extracts. Separa-
tion of the 95% ethanol extract was directed by means of
bioassay (Walker 256 carcinoma). The crude material was
partitioned consecutively between water-chloroform-
n-butanol (1:1:0.1), water-n-butanol (1:1) and water-
methanol-x-butanol (1:0.25:1). Antitumor activity was
shown to reside in the methanol-n-butanol extract and in
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Two monosulphates of flavonoids, isorhamnetin-3-sul-
phate (persicarin} and rhamnazin-3-sulphate have been
isolated from a few species of plants belonging to the genus
Polygonum (Polgonaceae) and Oenanthe (Umbelliferae)?;
Tamarixin, 4 O-methyl quercetin-3-sulphate has been
found in Tamarix troupii* and T. laxa® (Tamaricaceae).
Synthetic sulphonated flavonoids have also been de-
scribed &

Résumé. A partir de Uextrait des feuilles de Flaveria
bidentis (Compositae), on peut obtenir le 3,7,3%,4" tétra-
sulphate de quercétine. Sa constitution a été déterminée
par des méthodes physiques et chimiques.

0.7]. ‘PEREYRA de SanTIaGo and H. R. JuLIANT?

Departamento de Farmacia,

Facultad de Ciencias Quimicas,

Universidad Nacional de Cordoba (Avgentina),
28 September 1971.

the water phase. After an extensive series of column
(Sephadex G-10 and cellulose) and preparative thin layer
chromatographic separations dictated by results of bio-
assay, a substantial portion of the antitumor activity was
attributed to isoxanthopterin®5 (Ia, 719%, inhibition of
tumor growth at 90 mg/kg) in the water phase.

While isoxanthopterin (Ia) also appeared to account for
a majority of the antitumor activity of Pieris vapae crua-
vorat, its presence could not be substantiated in another
active Pieridae, Prioneris thestylis Dbldy 46, In the work
with Pieris rapae it was found most convenient to isolate
isoxanthopterin by extracting the wings with dilute
aqueous ammonia followed by separation using Sephadex
G-10 and final removal of isoxanthopterin from xanthop-
terin (Ib) and other closely related components by ion-
exchange chromatography (SP-Sephadex C-25).

1 The present contribution represents Part XXVII of the series
Antineoplastic Agents. For Part XX VI refer to G. R. PeTTIT, J. F.
Day, J. L. HartweLL and H. B. Woop, Nature, Lond. 227, 962
(1970).

2 This investigation was supported by Public Health Service Re-
search Grants No, CA-10612-01 to No. CA-10612-04 from the Na-
tional Cancer Institute, and was presented in part at the American
Chemical Society Meeting, Washington, D.C., September 1971.
We are also grateful to the National Science Foundation for finan-
cial assistance (Grant numbers GB-4939 and GB-6979) used in ob-
taining the Atlas CH-4B and SM-1B mass spectrometers employed
in this study.

3 Important reviews of naturally occurring pteridines have been pre-
pared by R. C. ELpeErrIELD and A. C. METHA in Heferocyclic Com-
pounds (Ed. R. C. ELDERFIELD; John Wiley and Sons, Inc., New
York, N.Y. 1967), Vol. 9, p. 1-117 — and W. PFLEIDERER, Angew.
Chem. (Int. Ed. Engl.}, 3, 114 (1964).

4 G. R. PerrIT, J. L. HARTWELL and H. B. Woop, Cancer Res. 28,
2168 (1968).

5 R. PURRMANN, Justus Liebigs Annln Chem. 544, 182 (1940); 546,
98 (1940) and 548, 284 (1941).



