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Abstract-On the basis of chemical and spectroscopic evidence, structures are assigned to four new sesquiterpene 
lactones: chlorohyssopifolin C, D and E (guaianolides) and vahlenin (eudesmanolide), isolated from Centaurea 
hyssopi@ia Vahl. 

INTRODUCTION 
FROM Centaurea hyssopifolia Vahl. we previously isolated chlorohyssopifolin A (la) and 
B (lb).’ Simultaneously, Harley-Mason et al. determined by X-ray analysis the structure 
of a new sesquiterpene la&one called centaurepensin. 2 Direct comparison of this com- 
pound with our la by physical methods (m.m.p., [a&,, TLC, IR) showed them to be identi- 
cal. The differences between the two structures proposed lie in that the aforementioned 
authors situate an OH group at C3 whereas we, based on the formation of an a&unsatur- 
ated ketone,’ locate it at Cz, and in the position of the Cl atom in the esterifying function, 
which will be discussed below. The present work reports the isolation from the same plant 
of the four new sesquiterpene la&ones chlorohyssopifolin C (2a), D (3a), E (3b) and vahl. 
(4a). The first three are related with la, hence their structures are based on that given by 
us for chlorohyssopifolin A. 

RESULTS AND DISCUSSION 
Chlorohyssopifolin C (2a), C19H2307Cl, has spectral properties analogous to those of 

la.’ The IR spectrum indicates the presence of OH, sr-methylene-y-la&one and ester func- 
tions, double bonds and halogen. The NMR spectrum displays the characteristic signals 
of an exocyclic -CH, group conjugated with a lactone CO (6 6.05 and 5.71, each lH, 
d, .I 3.5 Hz), an isolated -CH2 group (6 5.21 and 5.03, each lH, d, J 2 Hz), an Me function 

* Part XXIII in the series “Constituents of Compositae”. For Part XXII see GONZALEZ, A. G., BRITON, J. L. 
and ST~CKEL, J. (1974) Anal. Quim., in press. 
1 GONZALEZ, A. G., BERMEJO, J., BRET~N, J. L. and TRIANA, J. (1972) Tetrahedron Lxtters 2017. 
’ HARLEY-MASON. J., HEWSON. A. T., KENNARD, 0. and PETTERSEN, R. C. (1972) C~WI. Commuu. 460. 
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-CEJ20R group (4.36, 4.17, 2H, J 11 Hz), a triplet corresponding to a proton geminal 
to a lactone oxygen (4.28, J 10 Hz) and two three-protons singlets of an angular and a 
vinylic Me group (1.24 and 1.94 respectively). From the presence of the fragments at m/r 
281 (M+-C,H50), 264 (M+-C,H,02) and the base peak at m/e 69 (C,H,O) in the MS 
we deduce that 4a must be a methacrylic ester, which is also supported by the NMR data. 

Hydrogenation of 4a with PtO, gave 5, in the NMR spectrum of which appears a nine- 
protons doublet (6 1.20, J 7 Hz) attributed to three. ,CH& groups. Aromatization of 
4a with Se gave no azulenes so that it must have an eudesmane skeleton. Structure 4a was 
confirmed by the following reactions: mild acetylation of vahlenin gave a monoacetate (4b) 
with OH absorptions in the IR. Subsequent dehydration with SOCl, afforded a compound 
formulated as 6 because its NMR spectrum shows no new vinyl protons, the singlet of 
the angular Me group is found at the same position as in 4a, whereas the signal of the 
H-C, now appears as a doublet centred at 6 4.95 and that of the -CH,OR has suffered 
a paramagnetic shift of approximately 0.5 ppm. These results agree with the presence in 
4a of a tertiary OH and C4 and the angular Me group at C,,,. The esterifying function must 
be located at C, 5 since 4a has no vicinal diol (no reaction with NaIO,) and its MS shows 
a fragment at m/e 251 (M+-C,H,02). The position of the remaining OH group was 
proved by relating 4a with tetrahydrosantamarin (7a) as follows: hydrogenolysis of 6 over 
PtOz in acid medium gave 7b, whose IR and NMR spectra are superimposable with those 
of ,a&tyltetrahydrosantamarin. Saponification yielded 7a which was shown to be identical 
with an authentic sample of tetrahydrosantamarin.3 

The possibility that the Cl atom in 2a, 3a and 3b was introduced during the extraction 
.‘process can be discarded because no solvents or reagents containing Cl were employed. 
The Et0 group in chlorohyssopifolin D (3a) could, however, be an artefact produced dur- 
ing the Soxhlet extraction with EtOH. Several halogenated sesquiterpene lactones have 
been isolated from Compositae. 4,5 From the biogenetic viewpoint the co-occurrence of 
oxyranes and their related chlorohydrins in the same plant is of great interest.4*6 The 
simultaneous formation of the chlorqhyssopifolins (guaianolides) and vahlenin (eudes- 
manolide) may arise from a common germacranolide precursor7 and follow a pathway 
similar to that proposed by Lee et al. for sesquiterpene lactones of Artemisia species.’ To 
our knowledge, this is the first time that an eudesmanolide has been isolated from a plant 
of the tribe Cynareae, a fact which may be of taxonomic interest.’ 

EXPERIMENTAL 

M.p’s, determined on a Kofler block, are uncorrected. If not otherwise stated, optical rotations and IR spectra 
were measured in CHCl, and UV spectra in EtOH. The NMR spectra of the natural compounds were taken 
at 100 MHz and the remaining ones at 60 MHz using TMS as internal reference. Column and dry column chro- 

3 BERMI;JO. J., BRET~N, J. L., GONZALEZ, A. G. and VILLAR L)EL FKESNO, A. (1968) Alx~l. Quint. 64, 893. 
4 KUPCHAN. S. M., KELSEY, J. E., MARUYAMA. M., CASSADY, J. M., HEMINGWAY, J. C. and KNOX, J. R. (1969) 

J. Ore/. Chrtn. 34, 3876. 
’ GONZ~LI:L, A. G., BWMEJO, J., CABKERA, 1. and MASSAVt T. G. M. (1974) A~ltrl. Qtri~rl.. 7ll. 74. 
h KITACIAWA. I.. TANI. T.. AKITA. K. and YOSHIOKA. 1. (1972) Trtrtr/wt/um L~~twrs 419. 
’ PARKtx. W.. ROtlt:KTS, J. S. and RAMAG~, R. (1967) Quurt. Rrr. 21. 346. 
a Lr-r. K. H.. MA T.SIIEDA. S. and GEISSMAN. T. A. (1971) Ph~~roc,h~,,lli.st~!~ IO, 405. 
” HI KOI I. V. and SOKM. F. (19691 P~,r~,\/~cc~rit.cs i/r P/~t~roc~/tc~~~rist~~~~ (HAKIIORUI. J. B. and SWAIN. T.. cds.). Ch. 

7, Academic Press, London. 



matography was realized on silica gel 0.2-0.5 and 0.06330.20 mm respectively. Acetates were prepared with AczO 
in pyridine at 25’ overnight. linless otherwise indicated, compounds were recrystallized from EtOAc-petrol. 

Extraction urzd separation. The dry, chopped plant (16.2 kg), collected near Valdemoro (Spain) in June 1970. 
was exhaustively extracted with EtOH in a Soxhlet. The extract was filtered. concentrated to 1 1. and after adding 
Pb(OAc), (1OOg) in hot Hz0 (2 1.) left for 24 hr. Then it was filtered, conccntratrd and extracted with EtOAc. 
the extract dried over NazSO, and the solvent evaporated irr r~uo. The resrdue (394g). of strong bitter taste. 
was chromatographed on a column. C,H,-Me,CO (92:s) eluted first chlorohyssopifolin A (la). followed by a 
mixture of la and chlorohyssopifolin D (3a). pure 3a and finally a mixture (5.5 g) of several compounds from 
which chlorohyssopifolin C (2a) and vahlenm (4a) wcrc Isolated by dry column chromatography (C,H, -EtOAc 
1: I). Elution with C,H,- Me,CO (9: 1) gave chlorohyssopifolin B (lb) and with C,H,,-Me,CO (X6: 14) an oil 
(5 g) from which on repeated dry column chromatography (C,,H,, EtOAc I : 1: CHCI, MelCO 7:3) chlorohysso- 
pifolin E (3b) was obtained. 

C/lloroh~.ssopifo/i,l c‘ 2a (0.74g). needles. m.p. 197~- 199 , [r],, 100 (c. 1.29; MeOH). (Found: C, 57.10; H. 603; 
Cl, X.38. C19H230,Cl requires: C. 57.2X; H. 577; Cl, X,79”,.) IR (KBr): 3450 (OH). 1740 (;s-lactonc. ester), 1660 
and 920 (C C). 720 cm- ’ (C--Cl). NMR (d,-acetone/d,-DMSO): see text. MS: n:e (“,,) no M ’ peak, 27X (I). 
260 (22). 243 (13), 230 (20) I73 (30), 148 (33). 129 (26), 93 (100). 91 (73). Diuwtcrte 2b. obtained as an oil which 
would not crystallize but was found homogeneous by TLC; [xl,, 73 (c. 1.93); IR : 1750 (;,-lactonr. ester, OAc). 
1660 (C C). 1230 cm-’ (OAc). 2a and 2b gave a positivse Beilstein test for halogen. 

ChlorohJssopifolin A (la),/km 2a. A soln 2a (80 mg) in MeOH (5 ml) was treated with HCI gas for 5 min. The 
MeOH was removed ipr t~cno and the residue washed several times with Hz0 till neutral. Recrystallization gave 
la (60 mg). m.p. 218 219‘, idcntica) with an authentic sample (m.m.p.. TLC, IR spectra superimposable).r 

Ch/oroll!,s.sopi~~lin L) 3a (I.5g). needles. m.p. 1X6 1X8’-. [x]u X9 (c. 1.26: MeOH). (Found: C. 57.01: H. 6.57: 
Cl. 7.97. C~,HZ,O,C1 requires: C. 56.75: H, 653; Cl. 7.88’:,.) IR (KBr): 3500 (OH). 1740 (;‘-lactone, ester), 1660, 
1640 and X30 (C C). 740 cm- ’ (C -Cl). NMR (&,-acetone): ,j 603. 5.73 (1 H each. dd, J 3.5 Hz. CHZ---C, r), 
5.1 I, 4.90 (1H each. tirl. J 2 Hr. CHz emC,,,), 4.93 (11-1, dd, ./ IO and 9 Hz. H ~c‘,). 4.53 (IH, d, .I 3 Hz. OH). 
4.2X. 3.85 (2H. AB quartet. J 1 I Hz. ~-CH2CI). 4.24 (IN, ,s. OH). 4 (I H, ,s, OH). 3.76. 3.44 (1H. AB quartet. J 
IO Hz, --CH,OH). 3.63, 3.1Y (2H. ilrl. J 7 Hr. --OC‘FIZMe). I.40 [3H. s. :C(OEt)a). 1.16. (3H. 1. J 7 Hz. 

OCH,E). MS: m/o (‘:,,I 444 (M +. I), 4L4 (I), 398 (0.5). 36X (3). 343 (I), 337 (2). 29X (7). 279 (IO). 761 (II). 243 
(13) 229 (I?). 201 (23). 189 (16). 175 (10) 103 (100). 75 (96). Gave a positive Beilstein test for halogen. 

P,wco/iw nwth~l ts~cr of 3a. A soln of 3a (190 mg) in Mc,CO (7 ml) was trcatcd Hith Jones reagent at 5 till 
the orange colour persisted. The soln was diluted with EtOAc, washed with HzO. dried and concentrated. The 
residue (I 60 mg) gave positive Beilstein and Zimmermann tests: IR: 3500 (OH), i 780 (I’-lactonc). 1740 (ester. cyc- 
lopentanonc), 1720 (acid). 1640 cm- ’ (C C). It was dissolved in CHC‘I, (IO ml). allowed to stand with CHLNZ 
in ether (50 ml) at 4 overnight and concentrated in CLIWO. The 0114 restdue (1X0 mg) would not cry~stallire: L’V: 
328 nm (e 302): IR: 3530 (OH), 1780 (y-la&one). 1730 (ester, cyclopentanonc). I640 cm ’ (C‘ C). 

C’hloroil~ssop~~~oliri E 3b (0.4 g), m.p. I IX- 119 (from C,H,,- EtOAc-petrol.). [Y],, YI I(‘, 1.20: MeOH). (Found: 
C. 50.44; H. 6.13; Cl, X.26. C,,HZ,0,CI.2H,0 requires: C. 5044: H, 631: Cl. 7.74’,,.) IR (KBr): 3410 (OH), 
1760 b-lactone). 1720 (ester). 1660, I640 and X20 (C’-~-C), 740 cm ’ (C’ Cl). NMR (d,-acetone): <j 6.03. 5.70 (1H 
each, dd. .I 3.5 Hz. CH, C, r), 5.09. 5.01 (IH each. &l, J 2 Hz, CHZ--~C,,,), 4.93 (1H. t/r/. J IO and 9 Hz, H-- C,,), 
4.51 (IH. d, J 4 HT. OH). 4.28. 3.X4 (2H, AB quartet. J I I Hz. -CH,CI), 4.20 (1 t-1. .s. OH). 3-99 (IH, s, OH). 
3.86, 3.56 (2H. AB quartet, .I 10 Hz. ~-CH20H). I.39 (3H. 5 >C(OH)Me). MS: )~r~e (‘I,) no M. peak. 296 (29). - 
278 (34) 260 (29). 243 (45). 229 (58). IX9 (58). 175 (5X). Y 1 (47). 75 (100). Gave a positrve Bcilstein test for halogen. 

C’ohlorrrr 4a (0.7 g). sintcrs at 200 but fails to melt at higher temp.. [l]p 17 (c,_ 16X: MeOH). (Found; <‘. 653 1 ; 
H. 7.68. CIYHzhOh requires: C, 65.13; H. 7,4X”,,.) IR (KBr): 3470 (OH). 1750 (;v-tactone). 1710 (ester). 1640 and 
835 cm r (C--C). NMR (&-acetone): see text. MS: IWO (“,,I no MS peak. 337 (1 I. 319 (0.5). ~SI (I). 264 (4), 251 
(89). 233 (45). 215 (351. 187 (.37). 169 (18). 69 (100). 

Tet~nh?tl,,oL.uhlCtlilf 5. A soln of4a (200 mg) in HOAc-EtOAc (1 : I)(20 ml) was hydrogenated over PtO, (30 mg) 
at 75 and atm. pressure until H, uptake ceased. Dry column chromatography (C,,H, EtOAc 1:6) of the residue 
gave 5 (IOtImg). mp. 226229 ,-[x]r, I9 (c. 1,621. (F-ound: C. 64.51; H. 8.54. C,,H,,,O, requires: C. 04.39: H. 
8,537,,.) IR : 3600, 3470 (OH), 1770 (;.-lactone), 1730 cm ’ (ester). 

,4nh~droucer:l~ah[erlin 6. Acetylation of 4a (2X0 mg) gave 4b as an oil (320 mg) which would not crystallize; 
IR: 3590, 3460 (OHI. 1770 iv-lactone), 1730 (ester), 1640 (C C), 1230 cm- ’ (OAc). It was dissolved in ovridine 
(2 ml) and treated with SOC12 at 5 for 5 min. The soln was poured into ice-H,0 and extracted with Etlb. The 
organic layer was washed with dil. H2S0, and H,O, dried and evaporated in wcm giving 6 (220 mg) which 
was purified by dry column chromatography (C,H,-EtOAc 7: 3). m.p. 98X99 . [r&, 14’ (c. 2.06). (Found: C. 67.32; 
H. 7. c‘, I HzhOh requires: C, 67.36; H. 7.00’:;,.) IR : 1770 (y-lactone). 1720 (ester). I610 cm- ’ (C C). 

HydmJrnolpsis ~$6. 4 soln of 6 (200 mg) in HOAc (15 ml) was hydrogenated over PtOz (25 mg) till Hz uptake 
ceased. Dry column chromatography (C,H,- EtOAc 9: 1) of the oily residue (150 mg) gave 7h (50 mg), m.p. 141- 
145 (from C,H, petrol.). identical with tetrahydrosantamarin acetate (IR and NMR spectra supcrimposable).-l 
Saponification of 7b (50 mg) in MeOH (2 ml) with 54; aq. K2C0, (5 ml) at 25 for 14 hr followed by refiux on 
a steam-bath for 1 hr and usual work-up gave a residue (40 mg) which on dry column chromatography (C,H, 
EtOAc 6:4) yielded 7a (30 mg). m.p. I66 I70 (from i-propyl ether). identical with tetrah!drosantamarln (m.m.p.. 
TLC, IR spectra superimposable). 
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