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Ceii taztrea solsti t ialis L., the ' .yelloJv 
star thistle" (ilsteraceae), ha. been 
shon n by previous investigators to 
contain alhaloids ( I ) .  CJ anogenic gl:, - 
cosides ( 2 ) .  sesquiterpene lactones 
(3-5) )  and a taraxane-type triterpene 
( 6 )  shon ing activity against P-3SS 
lymphoid leukemia in mice Previous 
researchers have reported (i-10) the 
presence in C. repei is  L.3, "Rusqian 
knapn eed". of a h) drocarbon, a h\  dro- 
carbon ester, a triterpene, and seq- 
quiterpene lactones of the guaianolide 
t>pe.  Our observation of 9IiB (hu- 
man naGopharynx carcinoma) 212 i itro 
e:, totoxic acti1Tity in the alcoholic ex- 
tracts of each of these plants prompted 
the isolation and characterization of 
the active component. 

After the active ethanolic extract of 
C. r e p e m  waq partitioned betneen 
chloroform-water and the chloroform 
evtract n as partitioned betn een 90Yc 
aqueous methanol and petroleum 
ether. the methanol soluble. n ere puri- 
fied by lead acetate precipitation. 
The supernatant (alcohol-qoluble) frac- 
tion, n hen concentrated, dissolx-ed in 
chloroform. arid chromatographed on 
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silica gel. yielded pure Substance X 
n-hich poqies-ed cytotoxic activity 
(EDSO l . i  pg ml) (11). Proton mag- 
netic resonance spectra indicated that 
Subitance A TT as an ct-methylene- 
sesquiterpene lactone, and the large 
11+2 peak in the ms (11:11+2 of 
1 :O.iS) quggeqted the unubual presence 
of chlorine. 

Simultaneously, the active ethanolic 
extract of C. solstitialzs, after purifica- 
tion by treatment n-ith lead acetate, 
nab partitioned betn een chloroform 
and water. Cytotoxic activity n-as 
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 (EDSO 1.2 pg ml) 
n hich was recrystallized until it had a 
constant melting point. Thi. com- 
pound proved to be identical to sub- 
stance A by elemental anal+<, ir, 
and pmr. 

Elemental analysis of Subqtance -4 
indicated a molecular formula of 
C?1H2-1C120i, n hich corresponds to that 
of the known compound centaurepen- 
sin (chlorophyssopifolin A[l]) pre- 
viously icolated from C. hyssopijolia 
(12). C. repe)is ( lo) ,  C. so l s t i t i d i s  ( s ) ,  
arid other Ce)ifaurea qpecie, (+ee 5 ) .  

Comparison of the pnir spectrum of 
substance -1 with the expected and 
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Assignment 

C-l ' 
C-12 

I 
Alcohol (1) Ketone (2) 

172 2 172 3 
188 5 108 6 

~ 

C-10 
C-11 
C-13 
C-14 
C-4 
C-G 1 i R  5 i 4  i 

143 8 141 5 
137 9 137 0 
120 9 122 4 
116 7 118 7 
83 7 i 9  1 

C-3 1 i s  1 211 1 
C-8 i 4  4 7'4 i 
C-2 ' 
C-5 
C-3' ~ 50 9 1 51 0 
C-15 4 9 . i  ' 46.0  

stance A [l] and the synthesized 3-oxo 
derivative [2] confirmed the structure. 
The carbon signals were assigned with 
the help of reported cmr spectra of 
similar compounds and other ses- 
quiterpene lactones (13-15). The up- 
field shifts observed in the spectrum 
of the ketone [2] relative to the alcohol 
[l] 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) 
allon-ed these signals to  be diff erenti- 
ated and assigned. The presence of a 
triplet at  50.938 corresponding to C-3' 
indicated a chloromethylene group in 

0 CHj 

( I )  R = H, OH (centaurepensin) 

(2)  R = 0 (3-oxo-centaurepensin) 

the ester side chain. Also the upfield 
shift seenfor C-10 (143.i62 to 141.514) 
and for C-6 (as previously noted), 
positions y to the carbonyl, verified the 
assignment of the secondary hydroxyl 
to C-3 and not C-2. These observa- 
tions are consistent with the revised 
structure of centaurepensin [l] (16). 
This unusual chlorosesquiterpenoid 
may now be added to the gron-ing list 

lated from natural sources (lil 18). 
of cytotoxic a-methylene lactone, 9 1so- ' 

EXPERIlIEKTAL4 
PL.AST \I.~TERI.\L or C. repens.-The plant 

material which was collected in Ma)- 19i1 in 
Garmsar,  80 km east of Tehran, was identi- 
fied by  Dr .  A .  Ghahreman, Facult>- of Sci- 
ence, University of Tehran. -1 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 t o  a 
coarse powder. 

EXTR.iCTIOS oF C. repens.-Extraction of 
one kg  of the  ground plant material  in a 
Soxhlet apparatus with 8 l i ters of 95cc 
ethanol yielded a t a r  (9.5yc). After the  t a r  
was partitioned between chloroform and 
water! the  resulting chloroform extract 
(5.3cc) was partioned between 90% aqueous 
methanol and petroleum e ther  (30-60"). 
The  ethanol solubles, obtained from treat-  
ment of the  go%;, methanol extract (1 .85 )  
with 2.5% lead acetate in 50% aqueous 
ethanol, were concentrated and extracted 
with chloroform. Column chromatography 
of the  chloroform extract (0.53Yc) on silica 
gel C; m-ith chloroform followed by  chloro- 
form-methanol gradient as eluting solvents 
yielded Substance A (0.11%): nip 21i-218.5" 
[lit.  mp 217-219 (19)]; found: C, 52 . i9 :  H ,  
5.75: C1 16.24: 0, 25.62; calc. for C19HZAC120i: 
C, 52.39: H ,  5.5G: C1, 16.31: 0,  25.74: iiv 
h max (MeOH) nm: 210 (log s = & . i ) ;  i r  
Y m a s  iKBr) rm-l: 3510. 3440. 2940. l i35.  
le&, 1630: -pmr- (100 ~Mkz, (CD~)ZCO) 6f 

and o . 6 i  id. J = 3 ,  C-l3H,), 5.13 and 4.90 

4.12 (dd, J=10, 2 ,  C X H ) ,  5.01 ( t ,  J = 9 ,  
C-GH), 5.29 (ddd, J = l O l  5 ,  1, C X H ) ,  6.05 

(d,  J = 2 ,  C-14Hz). 4.27 and 3.84 id, J = l l . 5 .  
C-15Hz), 3.9G and 3 . i G  id,  J=ll,  C-YH?,, 

"111 mps are uncorr. The  nnir spectra 
were recorded on either a Jeol 100 RIHz, 
l-arian GO NHz,  or 1-arian 80 11Hz spectro- 
meter viith T l I S  as  an  internal s tandard .  
The  i r  spectra were measured in K B r  on a 
Reckman-33 unit. The  Ion- resolution nis 
xvere measured on a Dupont spectrometer 
via chemical ionization (cimsj with iso- 
butane. The 9KB cj-totoxicity assays were 
performed a t  the  Cell Culture Laboratory,  
Piirdue Cancer Center. 
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1.56 (s, C-2'Me) (essentially identical to  
tha t  in reference centaurepensin, 1 )  : cnir 
(100 AIHz. DMSO-d,:): see table 1: cims 
ni E:  435 ( l IHA) .  385,367, 279 IlI-C,HcC10-- 
H20, loo$), 261. 

PL.LST \I.ITERIAL or C. soisiiiiiilis.-.lir- 
dried whole plant material (roots, stems, 
leaves, flowers, and friiitsi collected in 1976 
in California was supplied by the Medicinal 
Plant Resources Laboratory,  UPD-1, Belts- 
ville, AIarylanrl, through which vouclier 
specinier-s are preserved fB-0125&0, PR-  
46467). The material was pulverized in a 
Fitzpatrick mill.  

E S T R  ITIOS 01- C. sols!iiiiilis.-Extraction 
of the  powdered plant material with 957 
ethanol 10 l i ters kg )  via percolation gave 
a green Tar ( 0 . 4 7 ) .  d f t e r  lead acetate 
preClplTatlo11 1191, the  ethanol extracts 
>-ielded a brown solid (0 .647  ) .  -1fter 
chloroform-water part  it ioning, the chloro- 
form-soluble solids 10.39<;) x e r e  then par- 
titioned between pertroleuni e ther  and 9 0 7  
aqueous methanol to  yield 0 . 2 9 5  of nieth- 
anol extract .  Column chromatography 
through Sephadex LH-20 with chloroform 
followed b>- tr i turation with ethyl e ther  
yielded a white solid (0.0257) nhich  was 
fiirther purified b>- column chromatography 
through silica gel eluted with 3 5  methanol 
in chlorclforni. Crystallization froni ethyl 
acetatwliexane afforded Substance A 
f0.005rc): found: C: 53 .57:  H ,  5.65:  C1, 10.30, 
0, 21.68: cims lIH-=435: ir Y mas  1KBr) 
cni-': 3510, 3440. 2940, 1735, l@, 1630: pmr  
identical to  tha t  for authentic centaiire- 
pensin (1). 

XRRET OXIDATIOS OF S T B S T I S C E  .I ICES-  
.-Substance -1 (67 mgi was 
h dry  methylene chloride (4 

nil) and treated with 2 x 5 ml Sar re t t ' s  re- 
agent ( ~ F J ,  and the mixture was stirred for 
30 min at  room temp. The  reaction mix- 
tiire n-as diluted with water,  acidified, and 
extracted with chloroform. The  chloroform 
extract was washed, dried, and concen- 
t r a t ed .  Column chromatograph>- of the 
residue on silica gel and elution XTith ethyl 
acetate-benzene (1:3 I gave solid 2 i30c;): 
cims in e :  433 N H - ) ,  41q5> 397, 383, 379, 361, 
295: 277 (lI-C:H~CIO,-H?O. loo$) ,  259: ir 
Y niax (KBr ,  em-': 3450. 1765. 1740. 1726, 
1660, 1645: pnir iG3 N H z ,  (CI I : ; ?COII  6 :  
4 . G i  idd. ]=lo. 8. C-6 . 5.20 ldd. .7=10. 6, 
C-81, 6.20 and 5.95 Id. J = 3 .  C-laH,). 5.40 
and 5.30 i l ~ ,  C'-11H2~ 
3.97 and 3.16 (5,  C-3" 
cmr  (100 J H z ,  IIlISO-d 

.ACI~SO11~LEl>C;~IEST.L: 
t h a n k  1)r. I ? .  E. Peitiiie. 
ille, 111l. for aiippl!-ing 
,':!is: I l r .  .1. G .  G o n z n l e z .  

I lept.  of Organic Chemistry.  L-iiiv. a i  La 
Lngiina. l'enerife. $pain, for  providing a pnir 
spectrum of centnurepensin: and  1)r. C;. E.  
Peck, I l e p t .  or IIldllSTri~l and Ph~-s icz l  
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Pharmacy, Purdue University, for grinding 
the  plant material .  Technical assistance 
was provided by  Mr .  J .  Bozlowski (nmr) ,  
Mrs. L .  Sellers ims), and Mrs. C. T. T e h  
(elemental analysis). In  y i i r o  testing was 
performed b?- Dr. L .  Jacobsen in the Cell 
Culture Laboratory,  Purdue Cancer Center. 
This work was funded by Contract Yo.  
SOl-C31-67091 with the  Division of Cancer 
Treatment (,JMC)) Sa t iona l  Cancer Insti- 
tute,  S I H ,  Bethesda, AID, and the  Research 
Council. University of Tehran (l-.A1.). 
Rccei;meci 11 December  1.978. 
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