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Abstract—A reinvestigation of the aerial parts of Hebeclinium macrophyllum afforded in addition to known compounds
several further seco-labdane derivatives; all being epimeric pairs at C-5. The structures were elucidated by high field
NMR techniques. The stereochemistry was assigned by NOE difference spectroscopy and the absolute configurations
were deduced from the Cotton-effects of the natural compounds and of chemical transformation products.

INTRODUCTION

The genus Hebeclinium (tribe Eupatorieae)is placed in the
subtribe Hebecliniinae [1]. So far only one species has
been studied chemically. A seco-labdane was isolated, in
addition to a nerolidol derivative [2]. We have now
reinvestigated a much larger sample of the same species.

RESULTS AND DISCUSSION

The extract of the aerial parts of Hebeclinium macrop-
hyllum (L.) DC, collected in Costa Rica, afforded several
common compounds (see Experimental) and the seco-
labdane derivatives 1a/b-5a/b. These diterpenes were also
present in the extract of a collection from Equador.
However, only the structure of hebeclinolide (1a/b) could
be elucidated [2] as the amount of the other diterpenes
was insufficient for further investigations and the stereoc-
hemistry of | could not be determined.

The lactones 2a and 2b were separated as their acetates.
The 'HNMR spectra (Table 1) clearly indicated that
these ketones were isomers differing from la/b by an
additional oxygen function which could only be placed at
C-3 as the pair of broadened doublets for H-3 were
replaced by singlets at §5.14 and 5.44 respectively. The
spectra of 2aAc and 2bAc mainly differed in the signals of
H-3. H-5-H-7 and OAc indicating that they were epimers
at C-3 or C-5. NOE difference spectroscopy allowed the
assignment of the relative configuration and of the
methyls at C-4. Thus in the case of 2aAc a 109, NOE
between H-3 and H-5 required equatorial orientations of
the substituents at these centres. By irradiation of the
signal at §1.08 (H-19) NOE’s with H-3 (5%), H-5 (5%)
and H-18 (5 %) were observed. A W-coupling between H-
18 (0.84 s) and H-3 indicated the axial orientation of the
methyl group. Similarly NOE's between H-3, H-6 (5 %),
H-6' (29%) and H-19 (3%). between H-18 and H-5 (5%)
and between H-19, H-5 (4%,), H-3 (4 %), H-6 (3 %) and H-
6’ (27,) (always the first proton is the irradiated one) as
well as a W-coupling between H-18 and H-3 established
axial orientation of H-3 and of the large substituent at C-5
in the acetate of 2b. The absolute configuration followed
from the negative Cotton-effects in both acetates follow-

ing the helicity rule [3] for a,f-unsaturated, transoid
ketones. The configuration at C-12 was determined with
the reaction products of 1a/b (s. below). The 3C NMR
spectra (Table 2)also agreed with the proposed structures.

A careful reinvestigation of the 'H NMR spectrum of
1a/b in deuteriobenzene indicated that again an epimeric
mixture (ca 7:3) was present. This was supported by the
13CNMR spectrum (Table 2) were a few signals were
doubled. However, all attempts to separate this mixture
were unsuccessful. While the negative Cotton-effect of the
mixture indicated the same configurations of the main
compound at C-5 as in 2a the absolute configuration at C-
12 had to be determined. As the CD bands of the two
chiral chromophores are overlapping we tried to remove
the chiral centre at C-5 by converting the unsaturated
ketone to a saturated, symmetric one using 1,4-addition of
dimethyl lithium cuprate. Suprisingly, this led to the
formation of two lactones (7a/b) in which the A® double
bond was absent. A new methyl doublet, an additional
pair of doublets around 82-3 and the absence of the signal
of an olefinic proton required, together with the molecular
formula (C,;H,30,). the formation of a new ring. The
structures of 7a and 7b followed from the spectral data. In
the 'HNMR spectra in deuteriobenzene (Table 1) all
signals could be assigned by spin decoupling. The stereo-
chemistry was determined by the observed NOE's. In the
case of 7a clear effects were obtained between H-5, H-18
(2%). H-19 (3 %) and H-20 (4 %), between H-68 and H-38
(3%). between H-20, H-5 (4%,), H-11a (10%,) and H-19
(3 %) as well as between H-21, H-78 (10 %,)and H-12 (10 %)
In the case of 7b, NOE's between H-5 and H-20 (3 %),
between H-18, H-5 (5 %) and H-68 (4%,), between H-20,
H-38 (3%). H-5 (10%,)and H-9 (11 %) as well as between
H-21, H-7a (3%), H-118 (11%,) and H-12 (8%;) were
observed. For the assignment of the methyl signals the W-
couplings were useful [7a: H-20/H-18, H-19/H-38; 7b: H-
20/H-1a, H-19/H-38]. Inspection of models showed that
all data required in the case of 7a the cyclohexanone ring
inachair and in the case of 7bin a boat conformation. The
13CNMR spectra (Table 2) nicely agreed with the
structures.

The formation of 7a and 7b clearly indicated that also
hebeclinolide was an epimeric mixture at C-5. The
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formation of these two lactones only can be explained if
1a was first attacked regio- and stereospecifically at C-9
from the f-face leading to the anion 6a which then was
transformed by Michael-addition thermodynamically
controlled to 7a. Similar 1b only gave 7b, epimeric at C-5
and C-10. The ratio of 7a/7b and 1a/1b was nearly
identical as followed from the 'H NMR spectra. Having
now in hand two saturated cyclohexanone derivatives the
absolute configuration could be deduced from the ob-
served Cotton-effects by application of the octant rule. As
expected the main product (7a) showed a negative and the
minor compound (7b) a positive Cotton-effect. It is very
likely that the other diterpenes have the same absolute
configuration.

The 'HNMR spectra of 3a/b and 4a/b (Table 1)
indicated that these compounds differed in a more
pronounced manner from 1a/b and 2a/b. Signals ca 4.8
and 5.9 indicated that the furane was replaced by a
butenolide moiety. Furthermore the é-lactone ring was
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absent. Again spin decoupling allowed the assignment of
all signals. The downfield shift of the H-9 signal in the
spectrum of 4a/b required an aldehyde group at C-17
which was supported by a singlet at §9.39. A broadened
singlet at 64.07 in the spectrum of 3a/b showed that the
corresponding alcohols were present. Though the
'HNMR spectra gave no indication of the presence
of epimers the very weak negative Cotton-effect in the case
of 3a/b favours the presence of mixtures of 5a-H and
racemic compounds (3a/b and 4a/b).

The 'HNMR spectra of Sa and Sb (Table 1) again
showed that these compounds were epimers. Spin decoup-
ling allowed the assignment of all signals. The chemical
shift of H-6 required the presence of an ester function at
this carbon. An additional olefinic methyl signal further
showed that no oxygen function was at C-17 while again a
butenolide moiety was present. Accordingly, 5a and Sb
were 6f-acetoxy derivatives of 3a/b with no hydroxy
group at C-17. The differences in the stereochemistry of Sa
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Table 1. '"H NMR spectral data of compounds 1a/b-5a/b and 7a/b (400 MHz, CDCl,, é-values)

H 1a/b (C¢Dy) 2aAc 2bAc 3a/b* 4a/bt Sa} Sbi 72§ (C¢Dg) 7§

1 597 br s 592,584 q 586brs  585brs 594, 601 brs { ::gg';'f '2’.’3‘2’ g

3 234 brd } 514 544 & 237brd  234brd 2024241 brd 189 brd, 229 d
¥y 212 br d A4, 5. 2074 204 4 237brd, 210d 212,192 brd

5 1.55 dd 230 brd, 204 m 189 ¢ 192 dd 2074, 221 brd 235 br dd, 148 dd
6 172 m 1.78. 204 m 1.66 m 2.06, 2.56 dddd

6 141 m 1.69, 1.68 m } 159 m 143 m } 549 ddd 1.37 dddd, 1.61 m
72 238 224)m  2.58.247 m } 7 237m 2.36, 2.17 dd 2.23 ddd, 2.09 br dd
18 214 m 242,247 m : 231 m 227, 2.10 dd 1.21, 1.06 ddd

9 5.74 br dd 6.69. 6.66 br dd 540brt 641t 5.14,5.11¢ 1.52, 1.80 ddd

1« 1.99 br dd 2.71. 269 br dd 234 dt } 229,298 di 197, 1.80 ddd

1g 1.72m 262, 2.60 ddd } 266 m 1.08, 1.15 ddd

12 484 (481)dd 542, 540 dd 249 br ¢ 242 br 1,242 1 5.16. 5.12 dd

14 6.17 br s 6.45. 645 br s s86brs 591t 5.83. 583 ut 6.20, 6.32 br s

15 7.07 dd 7.42. 7.42 dd — — — 709, 7.07 dd

16 715 br s 7.49, 749 br s 4744 478d 47124 7.15 br 5, 7.07 dd
18 089 s 084, 1.02 s 109 s Lils 112, 1.00 s 0.75. 0.77s

19 087 s 1.08, 112 s 103 s 1.04 5 101, 1.25 5 091,087 s

20 168 (1.66)d 207,203 s 201 d 203 d 207,205 d 119,073 s

OAc — 219,220 s — — 1.89, 2.00 s —

*H-17 4.07 br s; tH-17 9.39 5; $ H-14 1.67, 1.65 br 5, §H-21 0.72, 0.71 d;

J[Hz]: Compounds 1a/b: 1,20 = 1;3.3' = 11, 118 = 17,56 = 56' = 9,118 = 5,9,11a = 14,15 = 15,16 = 1.5;11«, 12 = 11; 114,12
= 4.5; compounds 2a/b 1,20 = 14,15 = 15,16 = 1.5;9,11a = 2.5;9,118 = 55, 11, 118 = 17.5; 112,12 = 11; 118,12 = 4.5, (2a: 5,6 = 7);
compounds 3a/band 4a/b: 1,20 = 14,16 = 1.5;3.3' = 17.5;5,6 = 5;9,11 = 7 (compounds 3a/b: 6,7 = 8.5; 11,12 = 7;compounds 4a/b:
5,6’ = 5);compounds 5a/b: 1,20 = 12,14 = 14,16 = 1.5;30. 3§ = 17.5; 7,7 = 14;9,11 = 11,12 = 7; (compound 5&: 5,6 = 6,7’ = 3.5;6,7
= 9.5, compound 5b: 5,6 = 2.5;6,7 = 10;6,7" = 3%, compound 7a: 1&, 18 = 12.5; 32, 38 = Ta, 78 = 13.5; 5,6 = 9.5; 5,68 = 10.5; 62,68
=13; 6a Ta = 10; 6a, 78 = 68, Ta = 4.5, 68, 1p = 11a, 12 = 12;9.1la = 4;9.118 = 3;921 = 7; 11, 118 = 14; 118, 12 = §5; 14, 15
= 15,16 = 1.5; compound 7b: 1a, 18 = 16.5; 3a, 38 = 18; 5,6a = 11; 5,68 = 8.5, 62, 68 = 12; 62, Ta = 66, 78 = 9,21 = 7;6a, 78 = 13;

Ta, 7B = 1la, 12 =12.5;9,112 = 3.5;9.118 = 3; lla, 118 =14, 118, 12 =45, 14,15 = 15,16 = 1.5.

PHYTO 26:8-n

Table 2. '3C NMR spectral data of compounds 1a/b, 2a/bAc. Sa/b and 7a/b (67.9 MHz, CDCl;, §-values)

C 1a/b 2a/2bAc Sa/ 5b Ta* bt
| 1252 d 1258, 124.1 d 125.8,1255d 49.6,§ 504 1§
2 1993 s 1928, 1927 s 1989, 198.6 s 2116, 211.7 s
3 4711t 812, 7724d 470, 4781 46.1,§ 50.1 ¢§
4 363 s 42,1, 40.7 s 360, 355s 377, 3325
5 509 d 50.7, 533d 547, 544d 540, 586d
6 29.2 1 273, 2871 69.2, 714d 258, 265¢
7 3101« 331, 315§ 256 ¢ 3283, 3561
8 1329 s 1326, 1325 s 1334,1333 s 614, 605
9 1437 4 1437, 1437 d 127.5,1280d 3224
10 165.1 (164.7) s 1620, 1642 s 1594, 160.5 s 526, 485 s
11 301 ¢ 304, 305§ 273, 284 31.83, 33612
12 704 d 724, 724 d 46.3, 4251 722, N1.7d
13 1238 s 123.8,1238 s 1740 s 1250, 1251 s
14 108.5 d 108.0, 108.6 d 115.7d 1085 d
15 1437 d 140.0, 140.0 4 169.5, 169.5 s 143.7d
16 1399 (138.6)d 139.1, 1389 4 7301 1394d
17 171.8 (171.7) s 164.7, 164.6 s 162, 163 ¢ 1756, 171.1 s
18 271 4q 151, 22.7¢ 296, 257 ¢ 31.2, 318¢
19 245 ¢q 228, 23943 263, 307¢q 268, 25.1¢q
20 246¢ 246, 243 g% 273, 280g¢g 301, 305¢
OAc — 1704, 1704 s 169.6, 1699 s

207, 20.7¢ 210, 211 g

*C-21 18.6 ¢;117.8 g; $§ may be interchangeable.
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and 5b could not be deduced from the couplings of H-5
and H-6. However, by NOE difference spectroscopy the
stereochemistry of the two isomers and also the conform-
ations could be determined. Clear effects were observed
for Sa between H-6, H-18 (6 %), H-17 (6 %,)and H-5 (4 %),
between H-18, H-3a (29%), H-38 (4%) and H-6 (8%) as
well as between H-19, H-3a (29%) and H-5 (6 %). These
results and a W-coupling between H-19 and H-38 re-
quired a conformation in which H-19 and the large
substituent at C-5 were axial and the acetoxy methyl was
shielded by the enone system. The observed NOE’s in the
case of Sbindicated that again the large substituent at C-5
was axial while now H-19 was equatorial as followed from
the Wcoupling between H-18 and H-3a. NOE’s were
observed between H-6 and H-19 (6 %)) as well as between
H-19, H-5 (4%), H-6 (9 %) and H-3a (2%). The chemical
shift of the acetate methyl now was normal (52.00 s).
Accordingly, all data agreed with the presence of 6f-
acetoxy derivatives differing in the configuration at C-5.
In agreement with this assumption the Cotton-effects
were of opposite sign. The '3C NMR spectra (Table 2)
further supported the structures. Small shift differences
were visible in the spectra of the epimers which, however,
gave no clear indications concerning the conformations.

Most likely the diterpenes were formed by fragmen-
tation of the labdane derivative 8 followed by oxidation at
different positions (see Scheme). The already introduced
name hebeclinolide should be valid for 1a. The desacetoxy
derivative of 5a we have named hebemacrophyllide.

The chemistry of this Hebeclinium species shows no
relationship to that of other investigated genera which are
placed in the subtribe Hebecliniinae. While from
Decachaeta guaianolides were reported [4] from
Peteravenia species kaurane, isokaurane and beyerane
derivatives were isolated [5]. Clearly, further investiga-
tions are necessary to get a better picture of the relation-
ships within this group of genera.

EXPERIMENTAL

The aerial parts (900 g, collected near Tilaran, Costa Rica,
voucher 108546, deposited in the Herbarium of the University of
Costa Rica) was extracted with MeOH-~Et,O-petrol (1:1:1)and
the extract obtained was separated as reported previously [6].
The less polar CC fractions gave by PTLC (silica gel PF 254)
30 mg caryophyllene, 15 mg germacrene D, 30 mg y-cadinene,
16 mg f-farnesene and 15 mg caryophyllen-1,10-epoxide. The
fractions obtained with Et,O gave 16 mg phytol and 6 mg 9-
angeloyloxy-10,11-epoxy-4,5-dehydronerolidol [7]. The polar
CC fractions (Et;O-MecOH, 9:1) were separated by HPLC
(RP 8, MeOH-H,0, 13:7, ca 100 bar) affording 6 mg 3a/b
(R, 5.3 min.), 7 mg 4a/b (R, 5.8 min.), 120 mg 1a/b (R, 7.7 min.)
and two mixtures (A: R, 6.0 min. and B: R, 6.8 min.). Fraction A
was acetylated with Ac,0 (1 hr, 70°). PTLC (Et,O-petrol, 7:3,
three developments) gave 12 mg 2bAc (R, 0.6) and 22 mg 2aAc
(R;0.5). PTLC of fraction B (Et;0, two developments) gave
12mg Sb (R, 0.8) and 18 mg Sa (R, 0.7). Known compounds
were identified by comparing the 400 MHz 'H NMR spectra
with those of authentic material. Comparison of the crude
'HNMR spectra of the mixtures obtained from the Equador
collection [2] indicated that the same diterpenes were present.

3B-Hydroxyhebeclinolide acetate (2aAc). Colourless crystals,
mp. 1125 IRvSCs, em™': 1760, 1240 (OAc), 1735 (y-lactone),
1700 (C=CC=0); MS m/z (rel. int.). 386.173 [M]* (1.4) (calc. for
C;,H;40,: 386.173), 344 [M —ketenc]* (26). 326 [M
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~HOAc]* (1.9), 311 [326—Me]* (7.3), 272 [C,6H,sOu,
RDA]* (6.6), 209 [C,,H,,0,]* (21), 177 [C,oH,50,]* (32),
149 [209 — HOAc] " (89). 95 [CsH,0,]* (100); CD (MeCN):
Acgys, —0.21, Agyyy ~0.50, Aeyyq —0.59, Aey,s —0.52.

S-epi-38-Hydroxyhebeclinolide acetate (2bAc). Colourless
oil; IR vgﬂ‘, cm™': 1755, 1245 (OAc), 1735 (y-lactone), 1695
(C=CC=0); MS my/z (rel. int.y. 386.173 [M]* (0.5) (calc. for
C;2H;606: 386.173), 344 (4), 326 (3.5), 311 (3.6), 272 (1.3), 209
(11), 177 (13), 149 (55), 95 (100); CD (MeCNY): Agyy, —0.38.

17-Hydroxyhebemacrophyllide (3a/b). Colourless oil;
IRvECk, cm~1: 3600 (OH), 1785 (y-lactone), 1670 (C=CC=0},
MS m/z (rel. int.): 332,199 [M]* (1.5) (calc. for C;oH;4O04:
332.199), 317 [M —Me]* (1.6), 314 [M~H,0]" (2.1), 235
[CisH230,]* (3.0), 217 [235-H,0]* (3.7), 207 [235-CO]"*
(5.6), 151 [C,oH,,0]" (100), 138 [C,H,,0]"* (58), 123 [138
—Me]* (59). 98 [C;H,0,]" (28). 95 [CsH,0,]* (96). CD
(MeCN): Agyyo —0.03.

17-Oxo-hebemacrophyllide (4a/b). Colourless oil;
IRvSECs,cm = 1: 1790 (y-lactone), 1695 (C=CC=0); MS m/z (rel.
int.): 330.183 [M]~ (1.8) (calc. for C,oH,60,: 330.183), 315 [M
—Me]* (1.0), 233 [C,5H;,0,]* (2.3). 205 [233 - CO]* (2.2).
177 {205 - COJ* (6.2), 151 [C,oH,50]" (89), 138 [C,H,,0]*
(23), 123 [151 - COJ"* (21),95 [CsH,0,]* (62). 83 [C,H,0]*
(100),

6-Acetoxyhebemacrophyllide (5a). Colourless oil;
IRvgﬂ‘.cm": 1790 (y-lactone), 1745, 1245 (OAc), 1675 (C=CC
=0}, MS m/z (rel. int.): 374.209 [M]"* (1.0) (calc. for C;,H;,04:
374.209), 314 [M — HOAc]* (13), 258 [C,sH,503. RDA]" (20),
195 [C;,H,50,]"* (27). 151 [C,oH,,0]"* (20), 138 [C4H,,0]"
(100), 123 (82), 98 (35); CD (MeCNY): Agyz0 +0.22, Agyq, +0.53,
Atyq0 +0.63, Agyy9 +04S5, Aey, +0.27.

5-epi-68- Acetoxyhebemacrophyllide (8b). Colourless oil;
leme‘xu.cm' ': 1785 (y-lactone), 1745, 1240 (OAc), 1670 (C=CC
=0); MS m/z (rel. int.): 374.209 [M]" (4.0) (calc. for C,;,H;(Os:
374.209), 314 (18), 258 (20), 195 (32), 151 (22), 138 (100), 123 (92),
98 (39), CD (MeCNY: Agyqq —0.18, Agyq, —0.36, Acyyy —0.34,
Ay 9 —-0.22, Agyy, - 0.1.

Reaction of 1a and 1b with Me,CuLi. To 1.5 ml of a soln of
Me,Culi in Et,O (prepared from 200 mg Cu,l; in 8.8 ml Et,0
with 1.2 ml of a 1.6 m MeLi solution) 16 mg 1a/bin 2 mi Et,0
were added at 0°. After 30 min. dil HCY was added. The crude
mixture showed in its 'H NMR spectrum the presence of ca 70,
7aand 30 %, 7b. PTLC (Et,O-petrol, 5: 1) gave 4 mg 7b (R, 0.49)
and 9 mg 7a (R, 0.36).

7a: Colourless crystals, mp 174-76>; IRvEHO em ~1: 1725 (y-
lactone), 1715 (C=0); MS m/z (rel. int.)}: 344.199 [M]"* (4.9) (calc.
for C; H,404: 344.199), 221 [C,3H,,0,]" (7. 193
[Ci1H,30;]" (26), 152 [CyoH,;,0]" (24), 121 [C4H,O] " (38).
94 [CcHgO]" (100); CD (MeCN): Agygy — 1.14.

7b: Colourless crystals, mp 120-22° IRvSHC em ™11 1725 (5-
lactone), 1715 (C=0) MS m/z (rel. int.}: 344.199 [M] " (5.4) (calc.
for C;,H;,0,: 344.199), 221 (16), 193 (17), 152 (21), 121 (44), 94
(100); CD (McCN): Aéey,, +0.12, Agyor+0.26, Agyg,+0.28,
Atgs +0.23, Agyr9 +0.1S.
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