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Arctolide (1), together with seven other sesquiterpene lactones 11, IV-IX, was isolated from 
. aerial parts of Arctotis grandis THUNB. species. Structures, including absolute configuration, have 
been assigned to the isolated compounds. Compounds VI and V111 were also isolated from 
Vernonia angusticeps EKM. 

Arctolide (1) was isolated as the main sesquiterpene lactone1 from aerial parts of 
Aretatis grandis THUNB. species (family Compositae, tribe Arctotae). The complete 
revised structure of this lactone was described in our preceding communication2 • 

Along with 1 we isolated other sesquiterpene lactones whose structure is the subject 
of the present work. 

The minor sesquiterpene lactones from the aerial part of A. grandis were obtained 
from the so-called lactone fraction (see Experimental) after separation of the major 
part of arctolide (I) by crystallization. The mother liquors were then separated by 
repeated column chromatography on silica gel. 

The least polar compound obtained was noncrystalline 10, 14-deoxoarctolide (II), 
[rx ]~O + 17'9°, of composition C17H200S' Its infrared spectrum showed the presence 
of a y-Iactone (1 771 cm- 1), an acetate (1 745 and 1246 cm- 1) and a free hydroxyl 

* Part CCXCVIII in the series On Tcrpenes; Part CCXCVII: Collect. Czech. Chern. Com-
mun.54, 166 (1989). 

The principal part of this work has been published in a Thesis (L~ Viet Npc Phuong; Prague 
1978) and as a poster at "VIIlth Conference on Isoprenoids" (Torun, Poland 1979). 
** Visiting scientist from Chemical Institute, University of Hanoi, Vietnam. 
*** Visiting scientist from the National Center of Scientific Research, Habana, Cuba. 
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474 Budesinsky et al. : 

(3 480 cm - 1). The mass spectrum exhibited no molecular peak but had characteristic 
fragments mJz 244 (M - 60) and 226 (M - 60 - 18). In the CD spectra two 
maxima at 236 nm (a8 +0'8) and at 211 nm (a8 +2'8) were observed. The tH NMR 
spectrum (Table!) proved the presence of an acetate (c5 2'10 s, 3 H), three exo
methylene groups (c5 6'24, 5'53,5'40,5·30 and 5·09 (2 H)) and two protons of the 
type -CH-O (c5 5·71 ddt and 4·16 dt). Comparison with IH NMR spectrum of 
arctolide (1) (Table I) showed a striking similarity of c5 values, coupling constants 
J(H, H) as well as TAl-acylation shifts* (the NH signal at c5 8·33 in the TAC-deriva
tive of II and the acylation shifts 0·88 ppm for the H-1 and 0·77 ppm for the H-6 
proton have proven a tertiary OH group in position 5). These data led to the sug
gested structure II which differs from arctolide (1) only in that the oxirane ring in 
position 10(14) is replaced by an exomethylene group. This explains the significant 
differences in chemical shifts of the neighbouring protons, i.e. H-1, H-9cx and H-9p. 

The absolute configuration of lactone II was derived from its CD spectrum. 
The n ~ n* transition maximum of the cx,p-unsaturated lactone chromophore (236 nm, 
a8 +0·8) and the NMR conclusions (y-Iactone at C-8, trans-annelated to a seven
-membered homocycle), combined with application of the Geissman empirical rules, 
led to the absolute configuration depicted by formula II. 

I, R = Ac 
IV, R = Prop 
v, R = Mebu 

IX, R = H 

VII 

II, R = Ac 
111, R = H 

HO 

VI 

~
OH 

= 

= ~\' :::: '!t,\\\ 

~ H ~ ", 
O-CO 

VIII 

In formulae I-V: Ac = acetate , Prop = propionate, Mebu =2-methylbutanoate 

* Symbols used: TAl trichloroacetyl isocyanate, TAC trichloroacetylcarbamoyl. For a dis-
cussion of the TAl-method see refs3 •4 • 
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On Terpenes 475 

Compounds I and II, with an erroneous configuration of the acetoxy group at 
C-3 and the oxirane ring in I and without absolute configurations, were described 
by Halim and Zaghloul6. 

In the light of the complete revised structures of arctolide (I) and 10,14-deoxy
arctolide (II), the configuration at C-3 in deacetyl-l0,14-deoxoarctolide (compound 
3 in ref. 8) should be corrected, its absolute configuration being as depicted by formula 
III. 

Another isolated lactone, 3-deacetyl-3-propionylarctolide (IV), C18Hzz06, [IX ]~O 
+46·8°, was also not crystalline. Its IR spectrum showed the presence of a y-lactone 
(1 770 cm -1), a saturated ester group (1 730 cm - 1), a double bond (1 670 cm -1) 
and a free hydroxyl (3525 cm- I ). In the mass spectrum no molecular peak was 
present but characteristic fragments mJz 260 (M - 74), 242 (M - 74 - 18), 57 
(CZH5CO+) and 29 (C2Ht) were observed. The CD maximum of IV was located 
at 209 nm (~e +4·9). The IH NMR spectrum was almost identical with that of 
arctolide (I) (cf signals of H-l to H-15 in Table I) and so was its 13C NMR spectrum 
(cf C-1 to C-15 signals in Table II). The only difference is that the lactone IV contains 
a propionate (1H NMR: 2·35 q (2 H) and 1·15 t (3 H); 13C NMR: 174·1 (C=O), 
27·7 (CH2), 9·0 (CH3); for reference data of esters see ref. 7) instead of acetate. All 
this evidence leads unequivocally to the structure IV. 

The assignment of absolute configuration for 3-deacetyl-3-propionylarctolide (IV) 
is discussed at the end of this work. 

In the subsequent chromatographic fractions we found arctolide (1), C17H2006, 
m.p. 142-144°C, [IX]~O +55·6°. Its identity with a standard sample was proven by 
comparison of IR, NMR and mass spectra and by mixture melting point. The 1 H 
and 13C NMR data of arctolide (discussed in detail in ref.2) are given for comparison 
in Tables I and II. 

Further we isolated noncrystalline 3-deacetyl-3-(2'-methyl)butyrylarctolide (V) of 
composition CZOH2606. According to the IR spectrum the compound contains 
a y-lactone (1 770 cm- 1), an ester (1 731 cm- 1), a double bond (1626 and 
1670 cm- 1) and free hydroxyl (3525 cm- 1). Its mass spectrum contains no mole
cular peak but only characteristic fragments mJz 260 (M - 102), 242 (M - 102 -
18), 85 (C4 H9 CO+) and 57 (C4 H:). The CD spectrum exhibits a maximum at 
260 nm (~e +0·1) and at 205 nm (~e +6·4). The 1H and 13C NMR data of V 
(Tables I and II) are also strikingly similar to those for arctolide (I) and the propionyl 
derivative IV. We have proven that the only difference exists in the character of the 
acyl group on C-3 which in compound V is 2-methylbutyryl group (1 H NMR: 
2·35 m (CO-CH), 1·67 m and 1·48 m (CHz), 0·91 t and 1-15 d (2 x CH3); 13C NMR: 
176·2 (C=O), 41·0 (CH), 26·7 (CH2), 11·6 and 16·6 (2 x CH3); for reference NMR 
data of esters see ref.7). Its structure is thus unequivocally expressed by formula V. 

The absolute configuration of V follows from the positive Cotton effect of the 
n ~ n* transition of its cx-methylene-y-Iactone chromophore (260 nm, ~e +0·1). 
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TABLE I 

Proton NMR parameters (chemical shifts in ppm, coupling constants in Hz) of C-8 lactones I, II, IV, V, IX and their TAl-acylation shifts 
in CDCl 3 

~-~-~ ~~-~~-----~-- ~~~-

Proton I II IV V IX 

Chemical shifts and multiplicity (TAl-acylation shifts) 

H-l 1·91 bdd ( 1'16) ~2'62 bt (0'88) 1·91 bdd (1-16) 1·90 bdd (1'17) 1·87 dd (1'26) 
H-2cx 2'52 ddd (0'05) 2'57 dt (0'18) 2·52 ddd (0'05) 2·52 ddd (0'05) 2·40 ddd (0'29) 
H-2i3 1·51 ddd (0,01) ~1'65 m (0'09) 1'51 ddd (0'01) 1'56 m (~O) 1·47 ddd (0'24) 
H-3 5·65 ddt (0'04) 5·71 ddt (0'07) 5·66 ddt (0'04) 5·66 ddt (0'04) 4·71 tt (1-11) 
H-6cx 2·28 dt (0'60) 2·12 bd (0'77) 2·28 dt (0'63) 2·28 dt (0'68) 2·28 dt (0'58) 
H-6i3 1·88 dd (0'03) 1·78 dd (0'03) 1·87 dd (0'05) 1·88 dd (0'04) 1·94 dd (0'03) 

H-7 3·40 dtt (-0'05) 3'06 dtt (0'10) NOdtt (-0'03) 3·41 m ( -0'04) NO bt ( -0'03) 
H-8 4·27 ddd (-0'12) 4'16 dt ( -0'19) 4·26 dt ( -0'11) 4·24 dt (-0'10) 4·30 ddd (-0'14) 

n H-9ct 2'77 dd (-0'20) 3'13 ddt (-0'02) 2·77 dd (-0'21) 2·79 dd ( -0'20) 2·80 dd (-0'24) 2-.. H-9i3 1·87 dd (0'17) 2'59 dd (-0'09) 1·87 dd (0,17) 1·86 dd (0'19) 1·86 dd (0'21) 
~ 
(;I H-13 6·28 d (0'00) 6·24 d (0'02) 6·29 d (0'02) 6·29 d (0'03) 6·27 d (0'06) 
CD H-13' 5-62 d (0'03) 5'53 d (0'04) 5'62 d (0'03) 5-62d (0'04) 5-60 d (0'05) n 
:r 

H-14 2·65 d (0'03) 5·09m (0'08) 2·65 d (0'04) 2-65 d (0'04) 2·65 d (0'12) n 
:r H-14' 2-62d ( -0'02) 5·09 m (0'04) 2-62d ( -0'02) 2'62 d (-0'02) 2·63 d (0'01) CD 

? H-15 HOd (0'06) 5·40 d (0'09) 5040 d (0'05) HOd (0'06) 5·36 d (0'27) n 
0 H-15' 5·27 d (0'18) 5·30 d (0'19) 5·27 d (0'17) 5·25 d (0'18) 5·24 d (0'32) 3 
3 Ester 2·09 s 2·lOs 2·35 q 2'35m Cd 
c c:: 
:::I 

1-1St 1'67 dq A 
(>< 

<: ~ 

~ 1·48 dq ::I 
'" ! 0·91 t ~ '<, 

:0 
1-15d a 

.§ ~ .. 



n 0 
!t = it HjHj Coupling constants4 >-l 
~ CD .... 
n '0 .. 

1,2ot N CD 
CD 7·7 ~8·0 7-8 8·0 = n 
:r CD 

1,213 11·8 ~8·0 11·6 11-6 12·3 '" n 
:r 1,6 1·2 ~1·0 0·9 1·3 ~O CD 

iI 2ot,213 13-7 13·5 13·6 13-6 13-3 n 
0 2ot,3 8·6 8·4 8·4 8·4 8·2 3 
3 

213,3 6·5 6·4 6·4 6·4 6·8 c 
? 

<: 3,15 2-1 2·1 2·0 2·0 2·1 
!!- 3,15' 1·8 1·8 1·8 1·8 1·8 
g 6ot,6P 15·0 14·8 14·7 15·2 15·0 .. 6ot, 7 1·5 1·5 1·3 1·3 1·6 

! 613,7 10·9 10·7 10·8 10·6 10·7 
7,8 9·8 9·8 9·7 9·8 10·0 

7,13 3·5 3-4 3·5 3·5 3·5 
7,13' 3·1 H 3·0 3·1 3·1 
8,9ot N 7·2 N N 7·4 
8,913 9·4 9·3 9·3 9·4 9·2 
9ot,9P 14-6 14·2 14·7 14·9 14·9 
14,14' 4·3 ~O 4-4 4·3 4·4 

4 Absolute values of coupling constants are given only. 

~ 
~ 
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Application of the Geissman rule6 leads to S-configuration at C-7 and R-configura
tion at C-8. The formula V depicts thus also the correct absolute configuration. 

Further chromatographic fractions afforded compound VI, m.p. 134-136°C, 
[oc]~O +90'6°, of composition C15H2004' Its IR spectrum proved the presence of 
a 'Y-Iactone (1 777 cm- 1), a five-membered ketone (1 742 cm- 1), a double bond 
(1648 cm- 1) and a free hydroxyl (3490 and 3605 cm- 1). The mass spectrum 
exhibited a molecular peak m/ z 264 and a characteristic fragment 246 (M -18) . 
The compound exhibited one CD maximum at 297 nm (Lle +1'0). In the lH NMR 
spectrum (Table III) we detected signals due to two secondary methyl groups (f> 
j'24d, J = 6·8 Hz and f> 1'30d, J = 6'9 Hz), one exomethylene group (f> 5·43d 
and 4·83 bs) and two CH-O protons (f> 3·95 dd and 4·23 bdd). The TAl-acylation 
shifts (0'04 and 1·06 ppm, respectively) of the CH-O protons have shown that the 

TABLE II 

Carbon-13 chemical shifts of compounds I, IV- VI and VIII in CDCl 3 

Carbon I IV V VI VIII 

C-I 52·2 52·4 52·5 47'1 48'1 
C-2 30·4 30'6 30·7 44·0 38·0 
C-3 72'3 72·2 71·9 219'0 78·3 
C-4 IS3·9 154'0 IS4·1 36'5 39·9 
C-5 79·6 79'7 79·9 44·2 46·8 
C-6 38·8 39·1 39·1 88'0 85-4 
C-7 40'6 40'6 40·6 50·7 50'6 

C-8 81·3 81·3 81·3 40'S 40·3 
C-9 39·3 39·3 39·4 74·3 74·4 
C-IO 55-6 55-8 56·0 IS2·7 153'7 
C-lI 138·8 138·8 138·7 41·4 41·8 
C-12 169·8 169·8 169'7 177·9 a 

C-13 120·4 120·5 120'6 13·2 13·1 
C-14 SO'6 50·9 51·2 109·4 109'7 
C-IS 111·4 111'7 III'S 13·7 17·S 

Ester: 

C-I' 170·6 174·1 176·2 
C-2' 21·1 27·7 41'0 
C-3' 9·0 26'7 
C-4' 11-6 
C-S' 16'6 

a The signal was not detected probably due to very low intensity. 
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On Terpenes 479 

first belongs to a lactone methine (CH-O-CO) and the second to a hydroxyl 
methine (CH-OH). The J(H, H) coupling constants were consistent with the 
guai-l0(14)-en-6,12-olide skeleton and with the carbonyl in position 3 (high 2 J(2,2') 
value (19'2 Hz) characteristic of a -CH2-C=O grouping; the fragment -CH2-
-C(O)-CH(CH3)- was determined from 4J(2, 4) = 1·3 Hz). The relative configu
rations of protons in positions 1, 4, 5, 6, 7, 9 and 11 were derived from the vicinal 
coupling constants J(H, H) (Table III) and from analysis of Dreiding models. All 
these data have shown that the compound is lcxH, 4f3H, 5cxH, 6f3H, 7cxH, 11f3H-3-oxo
-9f3-hydroxyguai-l0(14)-en-6,12-0Iide described by formula VI. Its absolute configu
ration follows from the positive CD maximum at 220 nm which, according to the 
sector rule9 •10, indicates the S-configuration at C-ll. As has already been discussed 
earlier11 , the sign and intensity of the Cotton effect at 297 nm reflect the absolute 
configuration of the cyclopentanone part of the molecule. The absolute configuration 
of the whole molecule of VI, based either on the determination of absolute configu
ration atC-ll, and/or the absolute configurations at C-l, C-4 and C-5 is the same. The 
compound is thus (IR,4S,5S,7S,9S,l1S)-3-oxo-9-hydroxyguai-l0(14)-en-6,12-olide, 
depicted by formula VI. 

The compound VI was isolated by us also from the Vernonia angusticeps EKM. 
species (family Compositae, tribe Vernonieae). Its isolation and structure (without 
absolute configuration) has been published in 1980 by Halim and coworkers12 

and the published 1 H NMR data agree well with our values, excepting the H-4 and 
H-5 signals. 

Since the substitution with hydroxyl on C-9 in the guaianolide series is relatively 
rare, we checked the structure of the lactone VI using X-ray diffraction analysis13 

which fully confirmed our conclusions obtained from the NMR and CD spectra. 
The set of vicinal coupling constants J(H, H), interrupted only by the C-3 and C-I0 
quaternary carbon atoms, allows to compare the conformation of compound VI 
in solution with that in crystal. Table IV presents dihedral angles between the 
protons, CP, obtained from the X-ray analysis (in crystal)13, together with the angles 
derived from the 3 J(H, H) values using a Karplus-like equation14 (in solution). 
On the average, the angles cP differ by 14°, the maximum difference being 30°. If we 
estimate that the error in determination of angles cP from 3 J(H, H) = I( cp) is about 
10° and assume that the molecule in solution is at least partially flexible, we can say 
that the preferred conformation of VI in solution is very similar to that found 13 
in crystal. 

Since we have obtained further compounds of this structural type, we suggest 
that the hitherto hypothetical compound (IR,4R,5S,6S,7S,9S,l1S)-9-hydroxyguai
-10(14)-en-6,12-olide from which the natural compounds are formally derived, 
should be named grandolide. This would be along the lines of IUPAC Nomenclature 
Commission concerning nomenclature rationalization. For the compound VI we 
thus suggest the name 3-oxograndolide, used already in ref.13. 

Collect. Czech. Chem. Commun. (Vol. 54) (1989) 
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TABLE III 

Proton NMR parameters (chemical shifts in ppm, coupling constants in Hz) of C-6 lactones 
VI- VIII and their TAl-acylation shifts in CDCl3 

Proton VI VII VIII 

Chemical shifts and multiplicity (TAl-acylation shifts) 

H-I 2·97 dt (0·11) 3·01 m (0·11) 2·71 bq (0·18) 
H-2ex 2·62 dd (0·05) 2·65 dd (0·05) 2·06 t (0) 

H-2~ 2·48 ddd (0·03) 2·50 bdd (0·02) 2·06 t (0) 

H-3 4·26 dt (0·92) 
H-4 2·32 ddq (0·01) 2·33 ddq (0) 2·37m (0·31) 
H-5 2·16m (0·09) 2·26m (0) 2·19 dt (0) 

H-6 3·95 dd (0·04) 3·92 dd (0·11) 4·06 dd (0·05) 
H-7 2·05 m (0·07) 2·98m (0·08) 1·80m (0·11) 
H-8ex 2·53 ddd (0·10) 2·70 ddd (0·09) 2·40 ddd (0·10) 

H-813 1·35 dt (0·23) 1·42 dt (0·21) 1·34 dt (0·25) 
H-9 4·23 bdd (1·06) 4·32 bdd (1·06) 4·00bdd (1·04) 
H-11 2·26 dq ( -0·01) 2·29 dq (0) 

H-13 1·24 d (0·01) 6·32 d (0·02) 1·25 d (0·02) 
H-13' 5·63 d (0·01) 
H-14 5-43 d (-0·02) 5·46 d (-0·02) 5·53 bs (-0·02) 
H-14' 4·83 s (0·06) 4·85 bs (0·06) 5·23 d (0·04) 
H-15 1·30 d (0·01) 1·28 d (0·00) 0·97 d (0·06) 

H1HJ Coupling constantsb 

1,2ex 8·2 8·6 c 

1,213 2·6 2·0 c 

1,5 7·6 7-4 11-4 
2ex,213 19·2 19·4 c 

213,4 1·3 1·2 c 

3,4 5·9 
4, 5 10·8 10·7 6·4 
4,15 6·8 6·5 7-2 
5,6 8·4 8·6 10·9 

6, 7 9·6 9·1 9·6 
7, 8ex 2·5 2·7 3·0 
7, 8~ 11·8 12·0 12·0 
7,11 11·5 11·8 
7,13 0 N 0 
7,13' 0 3·0 0 
8ex,813 12·6 12-8 12·2 
8ex,9 5·6 5·7 4·3 
813,9 10·6 10·8 10·8 
9, 14 1·3 1·1 ~1·0 
11,13 6·9 7·0 
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The further obtained compound VII (ClsH1804) melted at 109-111°C and had 
[(X]~O +76'8°. Its IR spectrum proved the presence of a y-Iactone (1 768 cm- l), 
a five-membered ring ketone (1 744 cm-l), a double bond (1647 arid 1678 cm- l) 
and a free hydroxyl (3605 cm- l). The mass spectrum displayed a molecular peak, 
mjz 262, together with a characteristic fragment 244 (M - 18). CD maxima were 
found at 297 nm (~8 +3·4) and 220 nm (~8 -6'3). The lH NMR data, including 
the TAl-acylation shifts (Table III) are strikingly similar to those of 3-oxograndolide 
(VI). The only difference is that, instead of one secondary methyl, the spectrum 
reveals another exomethylene group (0 6·32 d and 5·63 d). Its presence in position 
11(13) follows from the downfield shift of the H-7 signal (0 2·98 in VII vs 2·05 inVI) 
and from its characteristic allylic coupling with both exomethylene protons. These 
coupling constants (3'4 and 3·0 Hz), together with the high value of J(6, 7) 9·1 Hz, 
prove at the same time the trans-annelation of the lactone ringlS ,l6. Consequently, 
the compound is 11,13-dehydro-3-oxograndolide and its structure is described by 
formula VII. 

The absolute configuration of VII was derived from the positive Cotton effect at 
297 nm in its CD spectra, similarly as in the case of compound VI. The formula VII 
thus also describes the correct absolute configuration. 

TABLE IV 

Comparison of X-ray and 1 H NMR conformational data of compound VI 

HI,H) CPI,} (X-ray) J(Hi , H j ), Hz CPI,) (NMR)" 

1,2a: 32·8 8'2 21 
1,213 -88'3 2-6 -115 
1,5 -36'5 7·6 -23 
4,5 143'9 10·8 161 
5,6 -166,6 8·4 -152 
6,7 -139'0 9'6 -161 
7,8a: -65'5 2-5 -63 
7,813 176'3 11-8 165 
7,11 137·2 11'5 167 
8a:,9 52'5 5-6 43 
8P,9 170·8 10'6 165 

" The tPi,j values calculated using a Karplus-like equation from ref.14. In the cases where J 
value corresponds to two possible angles only one, closer to CPI,) (X-ray), is given. 

--"The parameter could not be determined; b absolute values of coupling constants are given only; 
" chemical shift equivalence of H-2a: and H-213 allows to estimate only the sums J(2a:, 1) + 
J(2a:, 3) ~ J(2J3, 1) + J(2P, 3) ~ 18 Hz. 
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Compound VIII, m.p. 186-190°C, [o:]~O _11·5°, composition CI5 H220 4, was 
the most polar grandolide isolated by us. Its IR spectrum showed the presence of 
a y-Iactone (1 768 and 1177 em-I), a double bond (1644 em-I) and a hydroxyl 
(3610 and 3490 em-I). The mass spectrum contained characteristic fragments m/z 
248 (M - 18) and 230 (M - 18 - 18) but no molecular peak. One CD maximum 
at 218 nm (de +0'9) was observed. The IH NMR spectrum (Table III) exhibited 
signals of two secondary methyl groups (doublets at fJ 1·25 and 0·97; J ~ 7 Hz) one 
exomethylene group (fJ 5·53 bs and 5·23 d) (similarly to 3-oxograndolide (VI» and 
three CH-O protons at fJ 4·06 dd, 4·00 bdd and 4·26 dt. TAl-acylation afforded 
a di-TAC-derivative (a two-proton NH signal at fJ 8·43), the TAl-acylation shifts 
of the CH-O protons being 0'05, 1·04 and 0·92 ppm. It was thus possible to assign 
the signal at fJ 4·06 to a lactone CH--O-CO grouping whereas the other two at 
fJ 4·00 and 4·16 (with large TAl-acylation shifts) indicate the presence of two CH-OH 
groups. A detailed analysis of I H NMR data, particularly 3 J(H, H) values, led to 
the proposed structure VIII. A conformational analysis of the five-membered ring 
and determination of configuration of the hydroxyl at C-3 are complicated by the 
very similar chemical shifts of the H-2 and H-2', and also H-4 and H-5, proton 
signals. Structure VIII (without absolute configuration) has been ascribed to a com
pound obtained in 1983 by Halim and coworkerss. Their I H NMR data (400 MHz) 
differ somewhat from ours just in the region of the mentioned protons. Comparison 
of our values of LJ(1, 2) + J(1, 2'), J( 1, 5) and J( 4, 5) with those for oxograndolides 
VI and VII indicates that the five-membered ring in the 3-hydroxy derivative VIII 
exists in a different conformation. 

The absolute configuration at C-ll in VIII was determined from the positive 
CD-maximum at 218 nm using the sector rule6 ,7, similarly as in the case of VI. 
The absolute configuration of the discussed lactone, 3~-hydroxygrandolide, is thus 
depicted by formula VIII. 

The compound VIII was isolated, along with 3-oxograndolide (VI), also from 
Vernonia angusticeps species. 

As the most polar of the native lactol1es we isolated deacetylarctolide (IX), m.p. 
ISO-152°C, [o:]~O +93'5°, composition ClsHlSOS' Its IR spectrum indicated the 
presence of a y-Iactone (1 769 em-I), a double bond (1 668 em-I) and a hydroxyl 
(3605 em-I). No molecular peak was observed in the mass spectrum, only charac
teristic fragments m/z 260 (M - 18) and 242 (M - 18 - 18). The CD spectrum 
displayed a maximum at 205 11m (de +11'8). The IH NMR spectrum (Table III) 
was again very similar to that of arctolide (1). The only marked difference was the 
absence of the acetate signal and an up field shift of the H-3 signal (fJ 4·71 for IX, 
compared with 5·65 for I). The TAl-acylation proved two hydroxyl groups (NH 
signals at fJ 8·49 and 8'44) and was accompanied by marked acylation shifts of the 
H-1 (1·26 ppm), H-6cx (0'58 ppm) and H-3 (1'11 ppm) protons, proving the presence 
of a tertiary hydroxyl on C-5 and a secondary hydroxyl on C-3. The 3 J(H, H) 
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coupling constants, practically identical with those of arctolide (I), confirmed the 
deacetylarctolide structure IX. 

Neither deacetylarctolide (IX) nor the above-discussed 3-deacetyl-3-propionyl
arctolide (IV) could be assigned absolute configuration in the manner described for I 
or V because in the CD spectra of IV and IX the Cotton effect due to the n -+ 11:* 

transition of the ex-methylene-y-Iactone chromophore was not discernible. However, 
the structural relationship, common appearance and the similarity of the CD curves 
of all the four lactones I, V, IVand IX (Table V) suggest that the absolute configura
tion of the two latter lactones is very likely expressed by formulae IVand IX. 

EXPERIMENTAL 

The melting points were determined on a Kofler block and are not corrected. Silica gel for column 
chromatography was prepared according to Pitra and Sterba (30- 60 mj.l, deactivated with 11% 
of water). Thin-layer chromatography was carried out on silica gel G according to Stahl (Merck). 
HPLC was performed on a Waters HPLC apparatus with an RI-detcctor. The IR spectra were 
measured in chloroform, unless stated otherwise, on a spectrophotometer UR 20 (Carl Zeiss, 
Jena). The mass spectra were measured on an AEI MS 802 spectrometer, optical rotation was 
determined in methanol on a Perkin-Elmer 141 objective polarimeter. The CO spectra were 
measured on a Roussel Jouan CD 185 dichrographe, the ORO curves on a Jasco UV-5 spectro
polarimeter. The 1 Hand 13 C NMR spectra (at 200 MHz or 50'3 MHz, respectively) were 
measured on a Varian XL-200 FT-NMR instrument in deuterochloroform, using tetramethylsilane 
as internal reference. The TAl-acylation shifts were measured on TAC-derivatives prepared by 
in situ acylation - addition of small excess of TAl to a CDCl 3 solution of corresponding hydroxy 
compound in an NMR sample tube 3 •4 . 

Isolation of Mixture of Sesquiterpenic Lactones 

Aerial parts of Arctotis grandis THUNB. species (Compositae, Arctotae) afforded the so-called 
lactone fraction from which the greatest part of arctolide (I) was separated by crystallization!. 
The concentrated mother liquors (10'4 g) were chromatographed on a column of silicl gel (500 g) 
and the compounds were eluted with light petroleum containing increasing amount of ethyl 
acetate. The course of the chromatography is summarized in Table VI. 

10,14-Deoxoarctolide (II) 

Fraction 2 (Table VI; 0'1 g) was chromatographed on silica gel (10 g) in ethyl acetate-light 
petroleum (I: 4) to give noncrystalline II, [1X]6° + 17'9° (c 0'016). IR spectrum (cm- l ): 1771 
(y-Iactone), I 745 and I 246 (acetate) and 3480 (hydroxyl). Mass spectrum, m/z: 244 (M - 60), 
226 (M- 60- 18). CD spectrum (nm, de): 236, +0'8; 211, +2'8. IHNMR spectrum: see 
Table I. For C!7HZOOS (304'3) calculated: 67'09% C, 6'62% H, 0'33% H-act.; found: 67'17% C, 
6'85% H, 0'43% H-act. 

3-Oeacetyl-3-(2' -methyl)butyrylarctolide (V) 

Chromatography of fraction 3 (Table VI; 200 mg) on a silica gel column (20 g) in light petroleum
-ethyl acetate (75 : 25) afforded a mixture of lactones II and V (80 mg); RF 0'4 (acetone-hexane 
1 : I). This mixture was subjected to semi-preparative HPLC using a pack of 5 columns (8 mm 
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internal diameter, packed with 1011 Lichrosorb Si 60) in series in triple solvent system (hexane
-chloroform-propanol 48 : 48 : 4), flow rate 5 ml/min., pressure 2 560 psi. The chromatography 
furnished noncrystalline 3-deacetyl-3-(2' -methyl)butyrylarctolide (V), composition C2oH2606' 
Mass spectrum, m/z: 260 (M - 102), 242 (M - 102 - 18), 85 (C4 H9 CO+), 57 (C4 Ht). IR 
spectrum (cm- I ): la I 770 ",(-ctone), 1731 (ester), 1626, 1670 (double bond), 3525 (hydroxyl). 
CD spectrum (nm, ~8): 260, +0·1; 205, +6,4. IH and 13C NMR spectrum: see Tables I and II. 

TABLE V 
Circular dichroism (CD) and specific optical rotation ([IX]~o) data of sesquiterpene lactones I, IV; 

VIII and IX 

Compound 

I 

IV 

VIII 

IX 

nm 

206 

209 

205 

205 

CD 

~8 

+6'6 

+4'9 
+6,4 

+11'8 

[1X]5° 
nm ~8 

270 +0'1 +64,1° 

+46'8° 

260 +0'1 a 

+93'5° 

a Not determined (too small amount of sample isolated). 

TABLE VI 

Chromatography of sesquiterpene lactones from Arctotis grandis 

Fraction 

1 
2 
3 
4 

5 
6 
7 
8 
9 

10 
11 
12 

Eluant 

ethylacetate-
-light 

petroleum 
1 : 4 
1 : 3 
1 : 3 
1 : 3 

1 : 3 
1 : 3 
1 : 1 
3:2 
3:2 
3:2 
3:2 

acetone 

Residue 
weight, g 

0,6 

0·1 
0·2 
0,7 

0·3 
2'3 
0'5 
1'1 
0·1 
1·4 
0·1 
1'5 

Main constituent 

10, 14-deoxoarctolide 
3-deacety 1-3-(2' -methyl)butyrylarctolide 
3-deacetyl-3-propiony larctolide 

arctolide 

3-oxograndolide + 11, 13-dehydrograndolide 

3Cl-hydroxygrandolide + deacetylarctolide 
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For C20H2606 (362·4) calculated: 66·28% C, 9·17% H, 0·42% H-act.; found: 66'09% C, 9·33% H, 
0·61% H-act. 

3-Deacetyl-3-propionylarctolide (IV) 

Repeated chromatography of fraction 4 (Table VI; 0·7 g) on silica gel (70 g) in ethyl acetate-light 
petroleum (3 : 7) afforded 350 mg of noncrystalline 3-deacetyl-3-propionylarctolide (IV), [1%]5° 
+48·6° (c 0·34). Mass spectrum, m/z: 260 (M - 74), 242 (M - 74 - 18), 57 (C2HsCO+), 29 
(C2Ht). IR spectrum (cm -1): 1 770 (y-Iactone), 1 730 (saturated ester), 1 670, 1 630 inflex 
(double bond), 3525 (hydroxyl). CD spectrum (nm, All): 209, +4·9. 1H and I3C NMR spectrum: 
see Tables I and II. For ClsH2206!(334·4) calculated: 64·64% C, 6·63% H, 0·30% H-act.; found: 
64·50% C, 6·79% H, 0·32% H-act. 

Arctolide (1) 

Crystallization of fraction 6 (Table VI; 2·3 g) afforded arctolide (1; 1·6 g), m.p. 142-144°C 
(methanol-ether); (1).]5° + 55·6° (c 0·33). Its identity with an authentic sampiei was proven by 
IR, 1 H NMR and mass spectra and by mixture melting point. 

3 -Oxograndolide (VI) and 11,13-Dehydro-3-oxograndolide (VII) 

Chromatography of fraction 8 (Table VI; 1·1 g) on a silica gel column (100 g) afforded a mixture 
of lactones VI and VII which was separated by repeated column chromatography on silica gel. 
Elution with ethyl acetate-light petroleum (3 : 7) afforded 3-oxograndolide (65 mg), m.p. 134 to 
136°C (ethyl acetate-light petroleum); [1%]5° +90·6° (c 0·37). Mass spectrum, m/z: 264 (M), 246 
(M - 18). IR spectrum (em-I): 1777 (y-Iactone), 1742 (ketone in a 5-membered ring), 1 648 
(double bond), 3490, 3605 (hydroxyl). CD spectrum (nm, All): 297, +3·1; 220, +1·0. ORD 
(nm, tP): 311, +5030; 296, ±O; 275, -6810; a = + 134. IH and 13C NMR spectrum: see 
Tables II and III. For ClsH2004 (264·3) calculated: 68·16% C, 7·63% H, 0·38% H-act.; found: 
68·34% C, 7·91% H, 0·48% H-act. Elution with ethyl acetate-light petroleum (2: 3) afforded 
11,13-dehydro-3-oxograndolide (216 mg), m.p. 109-111 °C (ethyl acetate-light petroleum); 
[IX][,O +76·8° (c 0·38). Mass spectrum, m/z: 262 (M). IR spectrum (cm- I): 1768 (y-lactone), 
1 744 (ketone in a 5-membered ring), 1 647, 1 678 (double bond), 3496, 3605 (hydroxyl). CD 
spectrum (nm, All): 297, +3·3; 220, -6·3). ORD (nm, tP): 311, +6570; 298, ±O; 275, -9110; 
a = + 157. IH NMR spectrum: see Table III. For ClsHlS04 (262·3) calculated: 68·68% C, 
6·92% H. 0·38% H-act.; found: 68·32% C, 6·91% H, 0·35% H-act. 

3rt- Hydroxygrandolide (VIII) and Deacetylarctolide (IX) 

Fraction 10 (Table VI; 1·36 g) was chromatographed on a silica gel column (130 g) in ethyl acetate
-light petroleum (3 : 2) to give two fractions. Repeated chromatography of the first fraction on 
a silica gel column afforded 3rt-hydroxygrandolide (VIII; 78 mg), m.p. 186-190°C, [IX]5° -11.50 

(cO·39). Mass spectrum, m/z: 266 (M), 248 (M - 18), 230(M - 18 - 18). IRspectrum (cm- I): 
1 768, 1 177 (y-Iactone), 1 644 (double bond), 3610, 3490 (hydroxyl). CD spectrum (nm, All): 
218 +0·9. IH and 13C NMR spectrum: see Tables II and III. For ClsH2204 (266·3) calculated: 
67·64% C, 8·33% H, 0·76% H-act.; found: 67·61% C, 8·34% H, 0·66% H-act. The second fraction 
on crystallization afforded deacetylarctolide (IX; 371 mg), m.p. 150-152°C (ethyl acetate); 
[IX];;O +93.50 (c 0·39). Mass spectrum, m/z: 260 (M - 18), 242 (M - 18 - 18). IR spectrum 
(cm- l ): 1769 (y-Iactone), 1668 (double bond), 3605 (hydroxyl). CD spectrum (nm, All): 205, 
+ 11·8. 1 H NMR spectrum: see Table!. For ClsHlSOS (278·3) calculated: 64·73% C, 6·52% H, 
0·72% H-act.; found: 64·45% C, 6·46% H, 0·63% H-act. 
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3-0xograndolide (VI) and 3cx-Hydroxygrandolide (VIII) from Vernonia angusticeps 

Dried ground aerial parts of Vernonia angusticeps EKM species (900 g; collected in April 1980 at 
Gran Piedra, Santiago de Cuba, Cuba; voucher HAJB 41 577 deposited in the herbarium of 
National Botanical Garden in Havana, Cuba) were extracted successively with light petroleum 
and chloroform at ambient temperature. The chloroform extract (15 g) was chromatographed 
on a column of silica gel (400 g) in toluene, containing increasing amount of ether and then with 
ether with increasing amount of ethyl acetate. Toluene with 40% of ether eluted 3-oxograndolide 
(VI; 1'5 g), m.p. 139-143°C (ethyl acetate); [at:]fio +93'0° (c 0'35). CD spectrum (nm, ~e): 297, 
+3'7; 245, +0'1; 219, + 1'2; 209, ±O. IH NMR, mass and IR spectra were identical with those 
of 3-oxograndolide (VI), isolated from Arctotis grandis; no mixture melting point depression. 
3cx-Hydroxygrandolide (VIII; 2'1 g) was eluted with ether-ethyl acetate (1: 1); m.p. 162-165°C 
(acetone-diisopropyl ether), [o/]fio +6'5° (c 0'42). IH NMR, mass, IR and CD spectra were 
identical with those of 3cx-hydroxygrandolide (VIII), isolated from Arctotis grandis, no mixture 
melting point depression. 

Elemental analyses were performed in the Analytical Department of this Institute (Dr V. Pecha
nec, Head) by Mrs E. Listikova, Mrs A. Froiikova and Mr V. Sterba. Optical rotations and ORD 
were determined by Mrs Z. Ledvinova and Mrs H. Pilafova. Mass spectra were measured and 
interpreted by Dr J. Kohoutova and Dr L. DolejS. We express our thanks to all of them, as well as 
to Mrs M. Snopkovafllr technical assistance. Some of us (W. M. D., A. w., M. G., B. D. and H. G.) 
thank the Polish Academy of Sciences, represented by its Institute of Organic Chemistry, for 
coordinating and financing a part of this study (problem 6.7; C.P.B.P. 01.13.2.20). 
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