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Centaurea solstitialis L., the “vellow
star thistle’” (Asteraceae), has been
shown by previous investigators to
contain alkaloids (1), cyanogenic gly-
cosides (2), sesquiterpene lactones
(3-3), and a taraxane-tvpe triterpene
(6) showing activity against P-388
lymphoid leukemia in mice. Previous
researchers have reported (7-10) the
presence in C. repens L.%, ‘“‘Russian
knapweed”, of a hydrocarbon, a hydro-
carbon ester, a triterpene, and ses-
quiterpene lactones of the guaianolide
type. Our observation of 9KB (hu-
man nasopharynx carcinoma) in witro
evtotoxie activity in the aleoholic ex-
tracts of each of these plants prompted
the isolation and characterization of
the active component.

After the active ethanolic extract of
C. repens was partitioned between
chloroform-water and the chloroform
extract was partitioned between 909
aqueous methanol and petroleum
ether, the methanol solubles were puri-
fied by lead acetate precipitation.
The supernatant (alcohol-soluble) frac-
tion, when concentrated, dissolved in
chloroform, and chromatographed on

IPaper 13 in the series, ‘‘Potential Anti-
tumor Agents’’; Paper 12 is J. Hembree,
C.-j. Chang, J. L. McLaughlin, and J. M.
Cassady, Experientic (submitted for pub-
lication).
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38ynomyms for C. repens L. include C.
picris Pallas ex Willd., Acroptilon repens
(L.) DC., and A. picris (Pallas ex Willd.)
C. A. May.
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silica gel, vielded pure Substance A
which possessed cytotoxic activity
(EDj¢ 1.7 pg/ml) (11). Proton mag-
netic resonance spectra indicated that
Substance A was an a-methyvlene-
sesquiterpene lactone, and the large
M+2 peak in the ms (ALDMA+2 of
1:0.75) suggested the unusual presence
of chlorine.

Simultaneously, the active ethanolic
extract of C. solstifialis, after purifica-
tion by treatment with lead acetate,
was partitioned between chloroform
and water. Cytotoxic activity was
found in the chloroform fraction; fur-
ther partitioning between petroleum
ether and methanol resulted in con-
centration of the activity in the
methanol fraction. Chromatography
through Sephadex LH-20 and then
through silica gel afforded a pure cyto-
toxic compound (ED;, 1.2 ug ml)
which was reerystallized until it had a
constant melting point. This com-
pound proved to be identical to sub-
stance A by elemental analysis, ir,
and pmr.

Elemental analysis of Substance A
indicated a molecular formula of
C5H;,C1,05, which corresponds to that
of the known compound centaurepen-
sin  (chlorophyssopifolin  A[1]) pre-
viously isolated from C. lhyssopifolia
(12), C. repens (10), C. solstitialis (3),
and other Centaurea species (see 3).

Comparison of the pmr spectrum of
substance A with the expected and
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actual spectra of centaurepensin
showed close agreement. An analysis
of the emr spectra (table 1) of Sub-

Taere 1. CMR spectral data
(chemical shifts in ppm).

|
Assignment | Alcohol (1) | Ketone (2)
C-1' 172.2 172.3
C-12 168.5 168.6
C-10 143.8 141.5
C-11 137.9 137.0
C-13 120.9 122 .4
C-14 116.7 118.7
C-4 83.7 79.1
C-6 76.5 4.7
C-3 75.1 211.1
C-8 74 .4 74.7
Cc-2! 74.2 74 .4
C-5 58.0 54 .4
c-3! 50.9 51.0
C-15 49.7 46.0
C-7 47.2 46.7
C-1 45.6 39.8
C-9 39.0 38.8
C-2 34.1 36.9
C-1' 23.6 23.8

stance A [1] and the synthesized 3-oxo
derivative [2] confirmed the structure.
The carbon signals were assigned with
the help of reported emr spectra of
similar compounds and other ses-
quiterpene lactones (13-13). The up-
field shifts observed in the spectrum
of the ketone [2] relative to the aleohol
[1] for C—4 (83.747 to 79.083), C-5
(58.001 to 54.421), C-6 (76.540 to
74.685), and C-15 (49.676 to 46.017)
allowed these signals to be differenti-
ated and assigned. The presence of a
triplet at 50.938 corresponding to C-3'
indicated a chloromethylene group in

(1) R=H,OH (centaurepensin)
(2) R=0 (3-oxo-centaurepensin)
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the ester side chain. Also the upfield
shift seen for C-10 (143.762 to 141.514)
and for C-6 (as previously noted),
positions v to the carbonyl, verified the
assignment of the secondary hydroxvl
to C-3 and not C-2. These observa-
tions are consistent with the revised
structure of centaurepensin [1] (16).
This unusual chlorosesquiterpenoid
may now be added to the growing list
of cvtotoxic a-methylene lactones iso-
lated from natural sources (17, 18).

EXPERIMENTAL*

Praxt MATERIAL OF C. repens.—The plant
material which was collected in May 1974 in
Garmsar, 80 km east of Tehran, was identi-
fied by Dr. A. Ghahreman, Faculty of Sci-
ence, University of Tehran. A voucher
specimen (No. APC97) is in the Dept. of
Pharmacognosy, School of Pharmacy, Uni-
versity of Tehran. The air-dried roots,
stems, leaves and flowers were milled to a
coarse powder.

ExtracrioN oF C. repens.—Extraction of
one kg of the ground plant material in a
Soxhlet apparatus with 8 liters of 959
ethanol yielded a tar (9.59,). After the tar
was partitioned between chloroform and
water, the resulting chloroform extract
(5.39,) was partioned between 909, aqueous
methanol and petroleum ether (30-60°).
The ethanol solubles, obtained from treat-
ment of the 909, methanol extract (1.8%)
with 2.59 lead acetate in 509, aqueous
ethanol, were concentrated and extracted
with chloroform. Column chromatography
of the chloroform extract (0.53%) on silica
gel G with chloroform followed by chloro-
form-methanol gradient as eluting solvents
vielded Substance A (0.119%): mp 217-218.5°
[lit. mp 217-219 (19)]; found: C, 52.79; H,
5.75; C116.24; O, 25.62; cale. for C1sH:CL0x:
C, 52.39; H, 5.56; Cl, 16.31; O, 25.74; uv
A max (MeOH) nm: 210 (log e=4.7); ir
v max (KBr) em™!: 3510, 3440, 2940, 1735,
1655, 1630; pmr (100 MHz, (CD;),CO) &:
4.12 (dd, J=10, 2, C-3H), 5.01 (t, J=9,
C-6H), 5.29 (ddd, J=10, 5, 1, C-8H), 6.05
and 5.67 (d, /=3, C-13H,), 5.13 and 4.96
d, /=2, C-14H,), 4.27 and 3.84 (d, J=11.5,
C-15H,), 3.96 and 3.76 (d, J=11, C-3'H,),

*All mps are uncorr. The nmr spectra
were recorded on either a Jeol 100 MHz,
Varian 60 MHz, or Varian 80 MHz spectro-
meter with TMS as an internal standard.
The ir spectra were measured in KBr on a
Beckman-33 unit. The low resolution ms
were measured on a Dupont spectrometer
via chemical ionization (cims) with iso-
butane. The 9KB cytotoxicity assays were
performed at the Cell Culture Laboratory,
Purdue Cancer Center.
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1.56 (s, C-2'"Me) (essentially identical to
that in reference centaurepensin, 1); cmr
(100 MHz, DMSO-ds): see table 1; cims
m/e: 435 (NMHT), 385, 367, 279 (M—CH:Cl10s-
H,0, 100%; ), 261.

PraNT MATERIAL oF C. solstitialis.—Alr-
dried whole plant material (roots, stems,
leaves, flowers, and fruits) collected in 1976
in California was supplied by the Medicinal
Plant Resources Laboratory, USDA, Belrs-
ville, Maryland, through which wvoucher
specimers are preserved (B-612380, PR-
46467). The material was pulverized in a
Fitzpatrick mill.

Extractiox or C. solstitialis —Extraction
of the powdered plant material with 95
ethanol (10 liters/kg) via percolation gave
a green tar (9.4%.). After lead acetate
precipitation (19), the ethanol extracts
vielded a brown solid (0.64%). After
chloroform-water partitioning, the chloro-
form-soluble solids (0.39%) were then par-
titioned between pertroleum ether and 90
aqueous methanol to vield 0.29¢; of meth-
anol extract. Column chromatography
through Sephadex LH-20 with chloroform
followed by trituration with ethyl ether
vielded a white solid (0.025% ) which was
further purified by column chromatography
through silica gel eluted with 3% methanol
in chloroform. Crystallization from ethyl
acetate/hexane afforded Substance A
(0.005%%): found: C, 53.57: H, 5.65; Cl, 16.30,
0, 24. 68 cims MH~-=435: ir » max (BBr)
e 3510, 3440, 2940, 1735, 1655, 1630; pmr
identical to that for authentic centaure-
pensin (1).

SARRET OXIDATION OF SUBSTANCE A (CEN-

TAUREPENSIN j.—Substance A (67 mg) was
combined with dry methvlene chloride (4
ml) and treated with 2 x 5 ml Sarrett's re-
agent (19), and the mixture was stirred for
30 min at room temp. The reaction mix-
ture was diluted with water, acidified, and
extracted with chloroform. The chloroform
extract was washed, dried, and concen-
trated. Column chromatography of the
residue on silica gel and elution with ethyl
acetate-benzene (1:3) gave solid 2 (30%):
cims m . e: 433 (MH™), 415, 397, 383, 379, 36
205, 277 (M- CHCIO -H.0, 100‘“ 250:
v max (KBr) em™: 3450, 1765, 1/-10 11,_0
1660, 1645: pmr (60 MHz, (CD:,CO)) 6:
1.67 {dd, J=10, §, C6,020(ad J=10, 6,
C-8), 6.20 and 5.95 (d, J=3, C-13H.), 5.40
and 030 (bs, C-14H,, 3.97 (s, C- 15H,),
3.97 and 3.86 (s, C-3'Hy 1.56 :’s, C-2"\ey;
emr (100 JHz, DMSO-d';: see table 1.

ACKNOWLEDGMENTS

The authors thank Dr. R. E. Perdue,
USDA, Beltsville, MD, for supplying
Centauren solstiticlis: Dr. A. G. Gonzalez,
Dept. of Organic Chemistry, Univ. of La
Laguna, Tenerife, Spain, for providing a pmr
spectrum of centaurepensin: and Dr. G. E
Peck, Dept. of Industrial and Physicsal

CASSADY ET AL

CENTAUREPENSIN 429
Pharmacy, Purdue University, for grinding
the plant material. Technical assistance
wasg provided by Mr. J. Kozlowski (nmr),
Mrs. L. Sellers (ms), and Mrs. C. T. Yeh
(elemental analysis). In wvitro testing was
performed by Dr. L. Jacobsen in the Cell
Culture Laboratory, Purdue Cancer Center.
This work was funded by Contract No.
NO01-CM-67091 with the Division of Cancer
Treatment (JMC), National Cancer Insti-
tute, NIH, Bethesda, MD, and the Research
Council, University of Tehran (Y.A.).

Received 11 December 1978.

LITERATURE CITED

1. G. M. Mamedor,
(1956).

2. E.-U. Couperot,
(1913).

3. W.E.Thiessen, H. Hope, N. Zarghami,
D. E. Heinz, P. Duel and E. A. Hahn,
Chem. Ind. (Lond.), 460 (1969).

Aptechn. Delo, 5, 57

Thesis, Univ. Paris

4. N. Zarghami and D. E. Heinz, Chem.
Ind. (Lond.), 1556 (1969).
5. A. G. Gonzalez, J. Bermejo, J. L. Bre-

ton, G. M. Massanet, B. Dominguez,
and J. M. Amaro, J.C.S. Perkin Trans.
I, 1663 (1976).

6. J. M. Cassady and G. C. Hokanson,

Phytochemistry, 17, 324 (1973).

Y. Aynehchi and 8. Eshaghzadeh,

Phytochemisiry, 13, 2000 (1974).

8. R.I. Evstratova, V. 1. Sheichenko and
K. S. Kybalko, Khim. prirod. Soedi-
nenti, 9, 161 (1973).

9. R. I. Evstratova, K. 8. Rybalko and
V. I. Sheichenko, Khim. prirod. Soedi-
nenii, 8, 4531 (1972).

10. J. Harley-Mason, A. T. Hewson, O.
Kennard and R. C. Petterson, Chem.
Comm., 460 (1972).

11. R.I. Geran, N. H. Greenberg, M. N\.
Macdonald, A. M. Schumacher and B.
J. Abbott, Cancer Cheniother. Rep.
Part3,3,1 (1972).

12. A. G. Gonzalez, J. Bermejo, J. L.
Breton and J. Triana, Tetrahedron Let-
ters, 2017 (1972).

13. J. B. Stothers, ““Carbon-13 NMR
Spectroscopy’, Academic Press, New
York, N.Y,, (1972).

4. W.J. Herz and R. P. Sharma, J. Org.
Chem., 40, 2557 (1975).

15. W..J. Herz and P. 8. Kalvan Araman,
J. Org. Cheni., 40, 3486 (1975).

16. J. Lopez de Lerma,J. Fayos, 8. Garcia-
Blanco and M. Martinez-Ripoll, det
Cryst., B34, 2669 (1978).

17. G. A. Cordell and N.
Liloydie 40,1 (1977).

18, A, G. Gonzalez, V. Darias, G. Alonson,
J. N. Boada and M. Feria, Plunic
Medicn, 33, 356 (1978).

19. A. G. Gonzalez, J. Barmejo, J. L.
Breton, GG. M. Massanet and J. Triana,
Phytochemisiry, 13, 1193 (1974).

20. R. Rateliffe and R. Rodehorst, J.
Org. Chem., 35, 4000 (1970).

J. Farnsworth,



