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Abstract-Thirteen sesqmterpenoids of the skeletal types caryophyllane, cadmane, oplopane, eudesmane, allo- 
aromadendrane and 4-epr-guaiane, were isolated from Pulicaria paludosa. Their structures were established mainly by 
NMR techniques and chemical transformations. Four of them are new natural products Three flavonoids and some 
simple phenohc derivatives were also isolated. 

INTRODUCTION 

Pulicaria paludosa (Compositae, Inuleae) is a herbaceous 
plant native to the West of the Iberian Peninsula. In 
previous papers on the composition of its hexane extract 
we have described the structural determination of the 
maJor component, which was named paludolone and 
displayed a new sesqmterpenoid skeleton [l] and also the 
structural assignment of pulicaral, pulicaric acid and two 
triqumanic glycosides [2]. In the present report we 
describe the identification of minor components, that are 
mainly sesquiterpenoids and phenolic derivatives. 

RESULTS AND DISCUSSION 

The hexane extract of aerial parts was fractionated into 
acid and neutral parts, as described previously [l, 21. 
Flavonoids l-3 were isolated from the acid part by CC 
and were identified by comparison of their phystcochemi- 
cal and spectral data with those previously reported for 
these compounds [3, 41. 

By repeated chromatographic separations of the de- 
waxed neutral part, m addition to the substances pre- 
vtously described [l, 21, sesqutterpenoids 4-15 were 
isolated. Compounds 4 and 5 were identified respectively 
as T-cadinol and oplopanone by direct comparison with 
authentic samples Isolated from Juniperus specia [S, 61. 
Caryophyllane derivatives 6-8, previously described by 
Bohlmann et al as components of P. dysenterica, were 
identified by their NMR spectral data [7]. Compounds 9 
and 10 were obtained as a mixture (3:2), whose ‘H and 
1 % NMR spectra (Tables 1 and 2) showed that they are 
the isobutyryl and 2-methylbutyryl derivatives of 7. 

Compounds 11 to 15 formed a complex mixture which, 
provided it showed no acetate signals m its ‘HNMR 
spectrum, was acetylated to facilitate chromatographic 
separations. Thus, they were tsolated as acetyl deriva- 
tives 

Compound lla was identified as 14-acetoxy-T-cadinol 
by comparison of its NMR spectra with those of T- 
cadinol(4). As can be seen from the NMR data in Tables 3 
and 4 the major differences observed with respect to 4 can 
readily be explained by the exchange of a hydrogen atom 
at position 14 by a hydroxyl (11) or an acetoxyl (lla) 

group. In fact, compounds 11 and lla have no signal of a 
methyl group on an olefinic carbon m their ‘HNMR 
spectra. By contrast, they do show a deshielded oxy- 
genated methylene which absorbs as a singlet at 64.46 in 
the ‘HNMR spectrum and at 668 8 m the ‘%NMR 
spectrum of lla (63.99 and 67.4, respectively, in the case 
of 11). 

Compounds 12 and 13 obtained by saponification of 
12a and 13a were identified respectively as oplodiol, 
described as a component of Oplopanaxgponicus [8] and 
isoplodiol described as a component of Senecio specia [9] 
by comparison of their ‘HNMR spectral data. Their 
‘“C NMR data are included in Tables 3 and 4. 

Compound 14a showed a molecular ion [M] + at m/z 
280, which m combination with the BB and DEPT 
13C NMR spectra indicate a molecular formula of 
C1,H2s03 As no signals of olefinic carbons are observed, 
the substance should contain a tricyclic skeleton wtth 
acetate (1740, 1235 cm-’ m IR) and tertiary alcohol 
functions (3605 cm-‘). The presence m its ‘HNMR 
spectrum of signals at 60.13 and 0.66 (Table 5) character- 
istic of cyclopropane protons and the signal of a quatern- 
ary carbon at 619.2 in the 13C NMR spectrum (Table 4) 
indicated that the substance would have an aromaden- 
drane skeleton [lo], on which the hydroxyl and acetate 
functions would be located at neighbourmg positions 10 
and 14. This is because m the dial 14, obtained by 
saponification of 14a, only the signals of the carbon 
atoms supporting oxygen atoms changed significantly, 
the rest remaining practically unaltered and also because 
if the functions were at positions 4 and 15 the chemical 
shift of H-6 would have to be greater than 0.4 ppm [l 11. 
After carrying out a COSY experiment of homonuclear 
correlation and several NOE determmations, and com- 
paring the spectral data with those of diasteroisomers 
globulol, epr-globulol, ledol and viridiflorol [12, 131 
the structure of 14-acetoxivtridiflorol was assigned to 
14a and correspondmgly the structure of allo-aro- 
madendrane-lO/I,l4-dial to 14. For chemical confirma- 
tion the diol 14 was transformed into viridiflorol (14b) 
through a sequence of reactions shown m Scheme 1. 

Compound 15a displayed bands of acetate and ether 
groups (1735, 1260, 1040, 1005 cm-‘) in its IR spectrum. 
Its molecular formula C1,H2s03 and the absence of 
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R3 R4 R’ R8 R“’ 

1 OMe OMe OH H OH 

2 H OH OMe H OMe 

3 H OH OMe OH OMe 

4 R = Me 

II R = CH,OH 

Ila R = CH20Ac 

6 8 9 R = rPr 

10 R = set-Bu 

12 R = H,A7 14 R = CH,OH 15 R’ = OH, R2 = H 

12a R = Ac.6’ Ida R = CHIOAc ISa RI = OAc, R2 = H 
13 R = H,A6 14b R = Me 15b R’ = R’ = 0 

13s R = AC. A6 

Table 1 ‘H NMR (200 MHz)data for compounds 9,10,4,11 and lla (m CDCI,, TMS as mt standard) 

H 9 10 4 11 lla 

5 5.85 dd (11 3, 5 5) 5 82 dd (10 5, 4 5) 558hrs 5.83 hr s 558sa 
12, lr 487,494hrr 4 8.7< 4 94 hr F. 0 8.04 (6 9) 08.Odj69). (2Xidj69) 
13, 13 4 51,472 A_B (t2a). 4 2x,4 75 AB (tzq. rz9In{69). nwdj69,I Q92dj69). 
14, 14’ 3 63, 3 64 AB (1 IO) 363,364AB(110) 1 65 s 3 99 s 446s 
15 107 s 107s 1 20 r 1 22 r 1 23 s 
Others 0 94 d (6 0) 091 d (60) 207s 

0 90 t (6 4) 

(J tn HI) 

- 
LlAlHd 
- 

Scheme I 
14b 
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Table 2 13C NMR (50 3 MHz) data for compounds 9,10,4, 11 and lln (m CDCl,, 
TMS as mt. standard) 

C 9 10 4 11 lla 

1 499 
2 150.6 
3 32 5 
4 26 9 
5 1367 
6 1367 
7 206 8 
8 454 
9 42 1 
10 38 5 
11 31.1 
12 110.4 
13 67.3* 
14 65.8 * 
15 249 
Others 

172 0 (COO). 
22 5 (Me) 
45.4 (CH) 

499 46 6 466 46.4 
1506 224* 223* 222* 
32 5 308 260 26 8 
26 9 133 7 137.8 133 1 

136 I 1226 1243 1279 
1367 41.9 48.3 479 
206.8 375 376 37.7 
45.4 199* 200* 20.0* 
42.1 40 3 404 404 
38 5 70 1 707 70.5 
31 I 260 26 3 26.4 

1104 23 5 28.5 28 5 
673* 212 21.4 214 
65.8 * 28 3 67.4 68.8 
24.9 15 1 15.3 15.3 

172.0 (COO) - 
19 0 (Me) 
20 9 (Me) 
34 5 (CH,) 
43 2 (CH) 

- 170 9 (AcO) 
209 

*Assignments may be interchanged. 

Table 3 ‘HNMR (200 MHz) data for compounds 12, 12a, 13 and 13a (m CDCI,, TMS as mt. standard) 

H 12 12a 13 13a 

1 3.25, 3.35 dd (1.6, 4.0) 452,457dd(115,38) 3.30; 3.35 dd (11.6; 40) 4.56, 4.61 dd (11 3; 4.6) 
8 5 35 dd (5 2, 3 2) 5 28 m 545 brs 5.45 br s 
12 103 d (6 8) 102 d (7 1) 103 d (6 8) 1.03 d (6.9) 
13 103 d (6.8) 102d(71) 1.02 d (6 8) 103 d (6.9) 
14 118s 119s 1.23 s 124 s 
15 0.96 s 104s 097s 105 s 
AcO- - 2.06 s - 206s 

(J m Hz) 

unsaturations different from that of the acetate carbonyl, 
showed that we were dealing with a tricylic sesquiterpen- 
oid with an ether bridge between two non-protonated 
carbons absorbing at 81.2 and 90.4 ppm (Table 4). The 
‘HNMR spectrum (Table 5) dlsplayed signals of two 
methyl doublets (0.86; J = 6.5 and 0.97, J = 6.9 Hz), of a 
gem-dlmethyl group bearing an oxygen (1.16 s, 1 32 s) 
and of a secondary alcohol acetate (2.04 s and 4.47; lH, 
ddd). These data and the analysis of the 13CDEPT 
spectra led to a structural proposal based on the guaiox- 
ide system [14]. The stereochemical assignment of 151 
has been achieved by the study of coupling constants and 
some NOES (Table 6) observed upon Irradiation of each 
methyl group and the signal corresponding to the proton 
geminal to the acetate group. 

An alternate structure with the acetate function at 
position 9 was ruled out because the oxidation of the 
natural alcohol with pyridine dichromate yielded a cyclo- 
pentanone derivative 15b with absorption in the IR 
spectrum at 1745 cm- l. The absolute stereochemistry of 

these compounds was deduced from the positive Cotton 
effect shown by 15b at 301 nm Aa = +0.6. Although 15 is 
described for the first time as a component of higher 
plants It has been previously produced by hydroxylation 
of hguloxide by Mucor parasitis [15]. 

EXPERIMENTAL 

General. Mps: uncorr Optical rotations were measured m 
CHCl,. UV spectra were recorded m EtOH, A,,,,, values are 
expressed in nm. IR spectra were obtained m CHCI,. v,,, values 
are expressed m cm-‘. ‘HNMR (200.13 MHz) and 13CNMR 
(50.3 MHz) spectra were measured in CDCl, with TMS as int. 
std, Gvalues are expressed m ppm. EIMS were obtained at 70 eV. 
M/z values followed by rel int. (%) are stated. Flash chromato- 
graphy was carried out on silica gel (Merck No. 9385). 

PIant materral, extraction and isolataon. Matenal was collected 
m July and September 1985, at Parada de Rublales, Salamanca 
(Spain). Voucher specimens are deposited m the Botany Depart- 
ment, Faculty of Pharmacy, Salamanca (register number 
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Table 5 ‘H NMR (200 MHz) for compounds 14, 14a, 14b, 15, 15a and 15b (m CDCI,, TMS as mt standard) 

H 14 14a 14b 15 15a 15b 

3 3 50 ddd (10 0, 8 5, S 6) 4 47 ddd (10 7, 8.7. 5 6) - 

6 012dd(90) 013dd(90) Olldd(9.1) - a 152d(l22) 

I? 213ddd(l22 70. 16) 
7 066m 066m 061 m _ 

12 101 s 101 s 1.01 s 131 F I 32 s 1 35 s 

13 103 s 103 1 1 03 s 116s 1169 119F 

14 341,328d(109) 388 5 111s 1 02 d (6 8) 0 97 d (6 9) I 06 d (6 9) 

15 0 93 d (6 6) 0 94 d (6 4) 0 93 d (6 61 0 88 d (6 5) 0 86 d (6 5) 0 96 d (6 6) 
AcO- -~~~ 208s 204$ 

- 

Table 4 13C NMR (50.3 MHz) for compounds 12,12a, 13a, 14,14a, 14b. 15.15a and 15b (m 

CDCI,, TMS as mt standard) 

C 12 12a 13a 14 14a 14b 15 15a 15b 

1 800 81 5 80 3 536 540 58 4 54 3 54 5 55 1 
2 40 7 406 39 4 323* 327* 379 38 8 36 2 440 

3 39 7 39 4 38 7 24 7 247 25 9 74 8 710 2152 

4 710 70 9 710 38 3 38.2 38 5 509 47 5 52 8 

5 46 5 46 8 50 3 402 40 2 39 8 908 904 904 

6 26 9 23 5 1153 29 3 29 1 28 7 306 306 304 

7 142 1 142 1 1462 22 7 22.6 22 5 45 4 45 6 460 

8 1162 116 1 23 7 184 18 2 189 33 3 333 332 

9 23 2 23 1 22 9 293* 292* 293 306 30 7 30 7 

10 379 36 9 374 764 750 74 6 38.8 389 38 2 

11 35 1 35 1 35 3 19 2 19 2 184 810 81 2 818 

12 219 219 218 162T 162t 163 314 315 314 

13 21 3 213 21 3 28 8 28 7 28 7 22 8 23 0 23 0 

14 29 9 29 9 29 5 708 722 32 1 109 111 73 

15 118 129 128 16 17 161t 161 228 228 23 0 

AcO - 1709 1709 - 171 I -- 1712 - 

21.3 21 3 20 9 21 2 
I____ 

*,tAsslgnments may be Interchanged 

Table 6 NOES observed for 15a* acetylatlon lla (128), 12a (35), 13a (18), 14a (212) and 15a (289) 

H Enhanced protons 

3 6~. (6P), 2~ 

13 98. 
12 68, 7 
14 

15 3, 68 

*Results from NOE difference ex- 

pertments locahzatlon of the hm- 
dered signals for protons 2a, 7 and 9 

was previously performed by a he- 

teronuclear 2D-NMR correlation 

SALAF No 13230) Extn and fractlonatlon have been reported 

previously [2] From the weakly acid fraction (14% of ext) by 

CC were obtamed (mg). 1 (8), 2 (70) and 3 (SO) The neutral part 

(87 g. 31 5%) was chromatographed over slhca gel with hex- 

ane-EtOAc mlxts of mcreasmg polarity, yteldtng (mg): 4 (120), 5 

(901, 6 (235), 7 (IOO), 8 (50), 9+ 10 (94), and after previous 

(2)-13,14-D~hydroxy-7-oxo-caryophylla-2(12),5-~1~~-13-~s0- 

butyrate (9) and 2-mrthylbutyrate (10) (3 2) 011, [xl23 (i) 

= - I19 3” (589), - 134 5’(578), - 143 3” (546). UV v,,, = 227 (E 

= 2250) EIMS m/z 320 (l), 326 (1). 3 17 (1). 289 (2), 263 (2). 232 

(4),201 (g), 173(g), 160(11), 147(50). 131 (12). 120(21), 105(24), 93 

(64), 85 (63), 79 (38), 58 (100) IR 3610, 3460. 2940, 1730, 1680, 
1640,1240,1100,1040,900 ‘H NMR (Table 1). “C NMR (Table 

2) 
14-Acetoxy-T-cadmol (lla) [alZ3 (1) = +6 6. (589), +7 4” 

(5781, + 8 4” (546). EIMS. m,‘z 280 (1). 262 (3), 232 (3), 202 (23), 177 

(71, 159 (93), 145 (9), 132 (22), 118 (25). 107 (12). 91 (30), 79 (20), 43 

(100) IR 3500,2920,1780, 1680,1380, 1250,1150,890 ‘H NMR 
(Table 1) 13CNMR (Table 2) Sapomficatlon of lla (60 mg) 

ylelded, after chromatography, 11 (20 mg) 011, ~~1’3 (;o = + 3 2” 

(5891, + 3 4” (578), + 3 7‘ (546). + 6 1 ’ (436). IR, 3600.3460.2920. 
2860, 1470, 1380, 1030, 1000, 910, 880 ‘HNMR (Table 1) 
13C NMR (Table 2) 

14-Acetoxy-u&$orol (14a) [ctlz3 (i) = +6.9” (589), +5 7” 

(578), + 6.6” (546). + 9 2” (476) EIMS m/z 280 (5), 220 (3), 202 

(491, 187(31), l59(86), 147(2), 120(31), 107(56), 105(38),91 (45), 
81 (45), 69 (41), 43 (100) IR 3600. 2890, 1740, 1380, 1235, 1040 
‘H NMR (Table 5) 13C NMR (Table 4) Sapomficatlon of 14s 
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(30 mg) gave allo-aromadendrane-10/3,14-drol 14 (18 mg) [uJz3 
(2) = +2 6” (589), +2 8” (578) +3.1” (546),+50” (476),+7.1” 

(365) EIMS. m/z 238 (I), 207 (6), 189 (14) 159 (3), 147(4), 133 (6), 

121 (4), 119 (5) 109 (8), 95 (lo), 85 (61), 83 (lOO), 47 (21) IR 3600, 

2940, 2870, 1460, 1380, 1070, 1030, 890 ‘HNMR (Table 5) 

r3C NMR (Table 4) 14 treated wtth TsCl (400 mg) in pyrtdme 

followed by LIAIH, reductton yielded vrridtflorol14b (17 mg) mp 

74” [a]= (A) = + 2 0” (589), + 2.2” (578), + 2 9” (546) + 5.3” (436) 
IR 3365,1375,1255,1166,1120,1105,1065,1045,1015,985,930 
‘H NMR (Table 5) r3C NMR (Table 4) 

38-Acetoxy-hguloxlde (15a) [alz3 (A) = + 7.0” (589), + 7.7” 

(578), +8 3” (546), + 14 7” (436), +24 5” (365) IR 2940, 1735, 

1470,1375,1260,1040,1005,890. ‘HNMR (Table 5). ‘%NMR 

(Table 4) Sapomficatton of 15a gave hguloxide-3p-0115 (30 mg): 

[alz3 (/.)= -222” (589) -23 3” (578), -264” (546), -43.4 

(436), -62 6” (365) IR 3590,3400,2860,1450,1380,1240,1130, 
1030, 880 ‘H NMR (Table 5) ‘% NMR (Table 4) 15 (30 mg) 

treated with PDC (70 mg) m CH,CI, ytelded 15b (20mg) 

hguloxrde-3-one Mp 4749” [alz3 (A) = + 26 0” (589), + 27 0” 

(578), + 34 0” (546), + 105 0” (476) EIMS m/z 236 (6), 221 (13), 

218 (32), 207 (9), 190 (3). 175 (lo), 163 (17), 149 (30), 135 (11), 123 

(16), 117(5),110(27),107(15),95(17),83(100),59(81),43(55) IR 

2870, 1740, 1460, 1375, 1130, 1050, 890 ‘HNMR (Table 5) 
‘% NMR (Table 4) 
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