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Abstract—A re-investigation of Calea prunifolia afforded, in addition to compounds reported previously, a new
eudesmanolide, a costol acetate hydroperoxide and four aromatic compounds. Calea peckii gave a large variety of
aromatic compounds, three new bisabolene derivatives, a further guaianolide and, in addition to a known one, a
further heliangolide. The structures were elucidated by high field NMR techniques.

INTRODUCTION

From the large genus Calea (tribe Heliantheae, subtribe
Neurolaeninae) many species have been studied chemi-
cally especially by N. H. Fischer and his group [ 1 and refs
cited therein). Most species contain heliangolides and/or
furoheliangolides with an 8p-acyloxy group. However,
there are several species which contain other sesquiter-
pene lactones or other constituents. Previous studies of
C. prunifolia H. B. K. gave no lactones [2]. We have now
reinvestigated material collected at different stages of
growth and a further species, C. peckii Rob. Both species
are from Costa Rica. The results are discussed in this

paper.

RESULTS AND DISCUSSION

The aerial parts of C. prunifolia collected in May 1986
gave in addition to compounds reported previously [2]
the benzofuranes 2 [2] and 6 [3], the prenyl phenol 17,
the lactone 4 [4], the sesquiterpene lactones 19 [5], 20 [6]
and 21 [7] as well as the unusual dibenzofurane 16. From
the extract of a second collection made in August 1986 the
aerial parts gave in addition to lactone 5, the aldehyde 8
and the costol derivative 23.

The structure of 2 has been studied again to establish
the position of the methoxy groups. As one methoxy
group showed a NOE effect with the low field singlet at
06.68 while another showed an effect with the singlet at
66.77 a 4,5,6-trimethoxy derivative was present.

The 'H NMR spectrum of 17 (Experimental) indicated
that a substituted hydroquinone methyl ether was pre-
sent. The nature of the substituents was easily deduced
from the typical signals of a senecioyl group and the
relative position followed from the presence of a hy-
drogen bonded hydroxy group.

The molecular formula (C,,H,,0,) and the 'H and the
I3SCNMR spectrum of 16 indicated a polycyclic
aromatic compound with two methoxy, two methyl and
one hydroxy group (Experimental). The relative positions
of the substituents and the arrangement of the rings were
determined by spin decoupling and the observed NOE’s.
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Clear effects were obtained between H-1, H-15 and one
methoxy group, between H-4 and the other methoxy
group, between 11-OH, H-7 and H-12, between H-17 and
H-6 as well as between H-16, H-12 and H-14. It is likely
that compound 16, which we have named caleprunifolin,
is formed by a Diels—Alder reaction of 4-desmethoxy 2
with an 8,9-dehydrothymol derivative followed by oxida-
tive elimination of C-10 from the thymol moiety.

The structure of § followed from the spectral data
which were close to those of 4 [4]. A NOE between H-5,
OMe (63.25) and H-13 established the positions of the
methoxy groups. Obviously this lactone was formed by
oxidation of 2. Similarly, the "HNMR spectrum of 8
(Experimental) indicated that a trimethoxy derivative of
salicylaldehyde was present. A NOE between the meth-
oxy group (64.04), H-7 and OMe (63.79) as well as
between the third methoxy group and H-6 established the
relative position of the substituents.

The 'H NMR spectral data of 23 (Experimental) were
in part similar to those of costol acetate. However, spin
decoupling indicated that H-5 was missing. A broadened
singlet at 7.47 required a hydroperoxide group which
had to be placed at C-5. Comparison of the chemical
shifts with those of costol acetate showed that a Sa-
hydroperoxide was most likely.

The aerial parts of C. peckii afforded in addition to
widespread compounds (Experimental) the benzofuranes
3,6 [8] and 7 [8], the chromene derivatives 9-15 [9-13],
the bisabolene derivatives 24-26 and 27 [14], the guaian-
olides 28, 29 [15] and 30 [15] and the heliangolides 31
and 32 [15]. The structure of 3 followed from its 'H NMR
spectrum (Experimental) which was similar to that of 4.
As expected, the presence of a keto group at C-3 caused
some shift differences.

The structures of 24 and 25 followed from their
'H NMR spectra (Table 1) which were in part similar to
those of 1a¢- and 18-hydroxybisabolene [16]. As followed
from the couplings of H-1 the ketones only differed in the
configuration at C-1. Inspection of models indicated, as
pointed out previously [16], that the isomer 24 should be
that with the broadened doublet for H-1. The absolute
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28 29 30
R OH H H
Alo4)

OTigl

31

HO' 32  1B-10a epoxide

oll

Table 1. '"HNMR spectral data of compounds 24-26
(CDCl,;, 400 MHz, é-values)

H 24 25 26

1 436 brd 443brdd 575dd

2 6.67 dq 6.76 dgq 5.59 dd

4 — — 389brd

5 2.40dd 2.52dd 1.88 ddd

5 212dd 244 dd 1.65br dd

6 22-20m 1.80 dddd 226brm

7 1.6m 1.67m 1.6m
1.59m 141 m

8 128 dt { 1.20m { 1.25m
205m 21-19m

9 22-20m { 1.95 m

10 5.08 tqq 5.11tqq 590 brt

12 1.68 brs 1.69brs 1.68brs

13 1.59 br s 1.61 brs 1.60 brs

14 0.88d 096d 0874

15 1.78 dd 181 brs 124 s

OMe — — 323s

J[Hz}): compound 24: 1,2=1,15=2,15=10,12

=10,13~1.5; 1,6=9.5; 55 =15; 56=3; 5,6=14; 7,14
=9,10=7; compound 25: 1,2=5; 1,6 =3; compound 26:
1,2=10; 1,6=3.5; 2,6 =2; 4,5=45; 55=135; 56=6.5;
9,10=11.5.

configuration is not known, the proposed one is that of
bisabolone from Compositae [17]. The structure of 26
clearly followed from the comparison of the '"HNMR
data with those of 27 [14].

The structure of 28 was readily deduced from a com-
parison of the 'H NMR data (Table 2) with those of 29
[15]. The presence of a hydroperoxide group followed
from the singlet at §7.69 and a NOE between the latter
and H-5 supported the configuration. Similarly the
'HNMR data (Table 2) of 31 were close to those of 32
[15]). Spin decoupling allowed the assignment of all
signals. The couplings and the chemical shifts indicated
that a heliangolide with 38 and 88 oxygen functions was
present. The relative position of the ester group followed
from the chemical shift of H-8.
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Table 2. "HNMR spectral data of
compounds 28 and 31 (400 MHz,
CDCl,, é-values)

H 28 31

1 — 519m

2 266brd 2.69 ddd

2 254brd 2.22 dddq

3 546 br s 4.51 br dd

5 333brd 5.25dq

6 451 dd 6.34 dd

7 3.48 dddd 2.92 dddd

8 587 br dd 5.25ddd

9 277 brdd

9'} 582dq 2.39 br dd

13 631d 6.33d

13 5.54d 570 d

14 1.92br s 1.78 dd

15 198 br s 1.74d

OCOR  6.724q 6.82 qq
1.76 br d 1.76 dgq
1.75br s 1.79dq

J[Hz]: compound 28: 22'=17; 5,6
=11;6,7=9;78=7,13=3;89=6; 3 4
=7;compound 31: 1,2=9;1,2'=7; 1,14
=2,14=1;22=14;23=2,3=3; 5,6
=10; 5,15=6,7=78~1.5;, 7,13==2.5;
7,13 =2;89=35;89=3;,99=14.5.

EXPERIMENTAL

Extraction and separation was carried out as reported pre-
viously [18]. Only the conditions of the final separation are
presented below. The extract of C. prunifolia (100 g, collected in
May 1986 in San Isidro del General, Costa Rica, voucher 125939,
deposited in the Univ. of Costa Rica) gave in addition to
compounds reported previously [2] 2 mg 17 (TLC: Et,O—petrol,
1:2, R;0.52), 2 mg 2 (TLC: same solvent, R, 0.48), 2 mg 4,40 mg
19, 1 mg 6, 4 mg 16 (TLC: Et,O-petrol, 1:2, R, 0.40), 10 mg 20,
4.5 mg 21 and 115 mg 22. A further collection made in August
1987 (2kg) gave in addition 1mg § (HPLC, RP 8§,
MeOH-H, 0, 1:1), 1 mg 23 (HPLC, RP 8, MeOH-H, O, 17:3)
and 115 mg 8 (HPLC, RP 8, MeOH-H, 0, 4:1).

The extract of C. peckii (1.6 kg aerial parts, collected in March
1988 in Limon, Costa Rica, voucher C.R. 126609, deposited in
the Univ. of Costa Rica) gave 160 mg zingiberene, 90 mg a-
curcumene, 10 mg 4, 70 mg 10, 1 mg tocopherol, 20 mg lupeyl-
acetate, 10 mg 11, 4 mg 12, 700 mg 13, 300 mg 9, 1 mg 6, 40 mg
15, 2 mg 14, 2 mg 18, 2 mg 24 (HPLC, RP 8, MeOH-H,0, 4:1,
R, 7.0 min), 2 mg 25 (same cond., R, 8.5 min), 5 mg 9-hydroxy-
dehydrothymol, 1.2 mg 28 (same cond,, R, 7.0 min), 2 mg 26
(same cond., R, 10.0 min), 1 mg 29, 1 mg 30, 5 mg 31 (HPLC, RP
8, MeOH-H,0, 4:1, R, 40 min), 1 mg 7, 2 mg 3 (HPLC, R, 8,
MeOH-H,0, 4:1, R, 8.0 min), 1 mg 27 and 1 mg 32. Known
compounds were identified by comparing the 400 MHz
'H NMR spectra with those of authentic material.

4,6-Dimethoxy-2-isopropylidene-3-0x0-2,3-dihydrobenzofurane
(3). Colourless oil; IR v$St cm ™ 1: 1620 (PhCOC=C); MS m/z (rel.
int.): 234.089 [M]* (100) (calc. for C,;H,,0,: 234.089), 219 [M
—Me]* (14), 216 (36), 215 (32), 205 (10), 201 (11); 'HNMR
(CDCl,): §6.02 (d, H-5), 6.22 (d, H-7), 2.32 (s, H-9), 2.03 (s, H-10),
3.91 and 3.87 (s, OMe); J [Hz]}: 5,7=2.
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7-Methoxycaleteucrin (5). Colourless oil; IR v§E% cm ™ 1: 1750
(lactone), MS my/z (rel. int.): 280.095 [M]* (100) (calc. for
C,4H,,O4: 280.095), 265 [M — Me]™* (94), 237 [265—COJ* (10);
'HNMR (CDy): 66.17 (s, H-5), 2.12 (s, H-13), 1.70 (s, H-14), 3.80,
3.75, 3.25 (s, OMe); NOE: H-5 with H-14 and OMe (63.25).

3.4,5-Trimethoxysalicylaldehyde (8). Colourless oil; IR v $HE™s
ecm ™1 3500-2700, 1635, 1600 (O-hydroxyaldehyde); MS m/z (rel.
int.); 212.068 [M]* (100) (calc. for C, H,,04: 212.068), 197 [M
—Me]* (88), 169 [197—CO]" (40}, 137 [169—-MeOH]" (34);
'H NMR (CDCl,): §6.14 (s, H-6), 10.05 (s, H-7), 12.10 (s, OH),
4.04, 3.90, 3.79 (s, OMe); NOE: OMe (63.90) with H-6; OMe
(54.04) with OMe (63.79) and H-7.

Caleprunifolin (16). Colourless gum; MS m/z (rel. int.): 348.136
[M]* (100} (calc. for C,,H,,0,: 348.136), 333 [M~Me]* (7),
301 [333—MeOH]* (14), 273 [301-CO]}* (3); 'HNMR
(CDCl,): 86.74 (s, H-1), 7.14 (5, H-4), 7.25 (d, H-6), 7.16 (4, H-7),
6.93 (br s, H-12), 6.89 (br d, H-14), 7.26 (br d, H-15), 2.43 (s, H-16),
2.63 (s, H-17), 3.69, 3.96 (s, OMe), 5.04 (s, OH); J [Hz]: 6,7 = 14,15
=7.5; NOE: H-1 with H-15 and OMe (43.69), H-4 with OMe
(63.96); OH with H-1, H-7 and H-12; H-16 with H-12 and H-14;
H-17 with H-6; "*CNMR (CDCl,, C-1-C-8): 61039, 145.7,
149.8, 95.2, 122.7, 1304, 124.2, 140.0; C-1a, 4a, 5a, 8a: 6115.2
151.2, 155.3, 122.8; C-10-C-17: 121.5, 152.8, 116.0, 127.1, 121.4,
127.0, 21.4, 15.2; OMe: 56.2, 56.1 {some signals may be inter-
changeable).

2-Senecioyl-hydroxyquinone-4-O-methyl ether (17). Colourless
oil; IR vEHE cm ™1 3500-2700, 1650, 1590 (O-hydroxyketone);
MS m/z (rel. int). 206094 [M]* (15) (calc. for C ,H,,0;:
206.094), 191 (M —Me]* (100), 151 (M —C H,]* (23), 123 [151
—CO]" (10); *H NMR (CDCl,): 67.72 (br s, H-3), 7.08 (dd, H-5),
6.93 (d, H-6), 6.73 (br s, H-8), 2.21 (d, H-10), 2.06 (d, H-11), 3.81 (s,
OMe), 12.35 (s, OH); J [Hz]: 3,5=2; 5,6=8; 8,10=8§,11 =1.

Sa-Hydroperoxy-costol acetate (23). Colourless oil; IR
v§HS em ™ 1 3400 (OH), 1720 (OAc); MS m/z (rel. int.): 278.188
[M—-0]* (9) (calc. for C,,H,40,), 261 [M—-HO,]1* (8), 201
[261—-HOAc]" (36), 95 (100); 'H NMR (CDCl,). 61.83 (ddd, H-
laj, 1.03 (br d, H-18), 1.65 (m, H-2), 2.50 (m, H-3a, H-7), 2.20 (m,
H-38, H-6), 1.45 (dd, H-68), 1.55 (m, H-8), 1.75 (m, H-9), 1.22 (dt,
H-98), 4, 85 and 4.47 (br d, H-12), 5.11 and 5.05 (br 5, H-13), 0.94
(s, H-14), 5.05 and 4.73 (br s, H-15); J [Hz]}: 1a,1=102=13;
la2a=7; 6a,60=6p, T~13; 82.95=8898=3.5; 90,98=12,12
=13.

1p8-Hydroxy-Bisabola-2,10-dien-4-one (24). Colourless oil; IR
vEClem ™1 3600 (OH), 1680 (C=CC=0); MS m/z (rel. int.):
236.178 [M]* (18) (calc. for C,sH,,0,: 236.178), 218 [M
—H,0]" (10), 189 (70), 136 (38), 125 {56), 109 (58), 69 (100};
[«]3* + 33(CHCl,; ¢0.2).

ta-Hydroxy-Bisabola-2,10-dien-4-one (25). Colourless oil; IR
vECcm ™' 3600 (OH), 1685 (C=CC=0); MSmy/z(rel. int.). 236.178
M]™ (12) (calc. for C,sH,,0,:236.178), 218 [M—H, 0] " (16),
203 [218—Me]™ (6), 136 (52), 109 (100), 69 (62); [«]2* —27
{CHCl;; ¢ 0.37).

4-Hydroxy-3-methoxybisabola-1,10-diene (26). Colourless oil;
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IR vESH cm ™ ' 3600 (OH), MS m/z (rel. int.): 252.209 [M]" (4.5)
(calc. for C,H,30,: 252.209), 220 [M —MeOH]* (9), 205 [220
—Me]" (8), 125 (96), 71 (100), 69 (95).

la-Hydroperoxy-8B-tigloyloxyguaia-3,9,1 1{13)-trien-12,6a-
olide (28). Colourless gum; IR v§Sk em ™": 3530 (OOH), 1775 (y-
lactone), 1710 (C=CCO,R), MS m/z (rel. int.): 343.155 [M
~OH]" (8) {calc. for C,oH,,04: 343.155), 337 [M—-OOH]}"
(0.3), 227 [327—RCO,H]* (6). 83 [RCO]* (100), 55[83 - CO]"
(62).

3B-Hydroxy-8f-tigloyloxyheliangolide (31). Colourless gum;
IR vSHS cm ™ 1: 3590 (OH), 1770 (y-lactone), 1710 (C=CCO,R):
MS m/z (rel. int): 246.126 [M—RCO,H]" (6) (calc. for
C,5H,30,:246.126), 228 [246 —H,07™ (8), 83 [RCO] " (100), 55
[83—CO]* (76); [«]2* —79 (CHCly; ¢ 0.43).
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