Phytochenustry. Yol 27, No 3, pp 1421-1424, 1988
Printed 1n Great Britamn

0031-5422/88 $300+ 000
Pergamon Press plc

STRUCTURAL ANALYSIS OF SESQUITERPENE LACTONES FROM
HYMENOCLEA SALSOLA

FELIPE BaLZA and G H NEIL TOWERS

Botany Department, University of British Columbia, 6270 University Bivd, Vancouver, British Columbia, Canada, V6T ZBI

{Receved 30 June 1987)

Key Word Index-—Hymenoclea salsola, Asteraceae, Heliantheze, sesquiterpene lactones, pseudoguaianolides,

bipmnatin

Abstract—Some characteristic features of the 'H and '*C NMR spectra of pseudoguaranohdes in Hymenoclea salsola
are described 1n order to facilitate the structural determination of these sesquiierpene lactones.

INTRODUCTION

Hymenoclea salsola T and G (Asteraceae, tribe Heli-
antheae) [1] 1s a perenmal shrub of the Colorado and
Mohave Deserts of California [2] and the Sonoran Des-
ert of Baja Calffornia, Mexico [3]. Earlier phytochemical
analysis of H. salsola had indicated the presence of sev-
eral pseudoguaianolide sesquiterpene lactones [4, 51 as
well as flavonoid aglycones 1solated from the leaf resin
[6].

In continuation of our phytochemical studies of ard
land plants from California, we report the 1solation and
characterization of bipinnatin {1) previously not known
to occur 1n leaves and stems of this species. Bipmnatin 1s
of special nterest for 1ts only reported occurrence in the
Asteraceae prior to this work 15 in Parthenium bipinnat-
JSidum [T].

RESULTS AND DISCUSSION

Ivoxanthin (2) isolated from Cyclachaena xanthyola
Fresen. [synonym Iva xanthifolia Nutt. (Asteraceae)] and
bipinnatin showed similar behavtour when treated under
mild acctylation conditions with acetic anhydride and
pyridine affording the elimination product ambrosin (3)
rather than the expected acetate This observation indr-
cated that 1 and 2 are stereotsomers [7, 8]

We have now carrted out a detailed examination of the
close structural rescmblance of these two epimers with
respect to their 'H and '*CNMR spectra,

The structure of bipmnatin (1} [mp 197-198°, (25°
—94° 1n MeOH] was prevtously assigned by comparison
with the "HNMR spectrum of 2 and based on the
deshielding effect produced on the C-5 and C-10 methyl
group signals (61 39 and 137, respectively) by the syn-
axial interaction with the f-hydroxyl group. In 2, the C-
2o hydroxy group seems to have released some of this
steric strain causing an upfield shift of the C-10 and C-5
methyls to 61.11 and 1 06, comparable to those of damsin
@ {7, 8]

Analysis of the 400 MHz 'H NMR spectrum of 1 has
shown significant differences from that 2 For instance,
the H-3 signals of 1 exhibit a geminal coupling of 18.0 Hz.
The C-3 proton with an absorption at §2.40 appears to

be cis to the f-hydroxy group n order to allow for J; 3,
of ~0Hz (~90° dihedral angle), whereas the other C-3
proton gives rise to a doublet, J, ,,=4.5 Hz,at §262. An
NOE difference experiment confirmed these assignments
by showing selective enhancement of the H-3« signal
when H-2 was irradiated In 2, the H-3 signals of the non-
equivalent methylene group correspond to two doublets
of doublels centred at §2.30 (H-3f) and 2.86 (H-3a) with
geminal couphing of 18.5 Hz and J; ;,=8.5 Hz, and J, s,
=7.5Hz (Table 1).

As expected, a change 1n the configuration at C-2
would not only affect the H-3 signals but also H-1.
Indeed, the absorption of the proton at C-1 (51.96)
appears as a triplet (J =3 1 Hz) caused by the protons at
C-2 and C-10 in 1, whereas n 2 this stgnal 1s a doublet of
doublets (1 97) showing sphitting by H-2 (10 Hz) and H-
10 (4 5 Hz) The assignment of the H-1 signal in 1 was
also confirmed in the NOE difference spectrum, showing
positive enhancement after irradiation of the H-2 signal.

The 'H-decoupled '*CNMR spectrum of 1 in
Me,CO-d, shows the presence of two carbonyl groups at

Table 1 '"HNMR spectral data of compounds } and 2
(400 MHz, CDCl;, 8)

H 1 2

1 1,96 1 (3 1)* 197 dd (100, 4 3)

2 461 ddd 4 50 ddd
(45,30,25) (100, 85,75)

OH 165d(25)

3 2404 (180) 230 4dd (185, 8.5)

3 262 dd 286 dd (1853,75)
(18.0, 4 5)

6 439485 4.61 d (84)

7 328 m 338 m

10 252 m 260 m

C-10 methyl 137 4(75) 1,11 d{75)

C-Smethyl 1395 106 s

13 556 d(30) 566d(29)

13 6294(33) 6264d(32)

*Coupling constants (in Hz) are given 1n parentheses
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4218 3 and 1704, and two further sp® carbon atoms at
6142.1 and 120 3 Signals at 682 5 and 73.8 correspond to
two sp® carben atoms bearing an oxygen functional
group, and the other nine signals are due to the remam-
g sp? carbon atoms in the molecule (Table 2).

The signals of the cyclopentanone (5218.3) and A'!-43-
unsaturated-y-lactone (§170.4) carbonyl carbon atoms
were assigned by comparison with earlier data on pseu-
doguaianclides, and from their relative intensities 1n the
spectrum The other two sp? carbon atom signals were
assigned on the basts of therr respective muftiplicities,
obtamed from the 'H-coupled *CNMR spectrum
Thus. the signal at 142 1 1s a singlet (C-11) and that at
31203 a wnplet (C-13),

Angular-type pseudoguatanclides having a cis-fused
A'" 13 unsaturated-6-y-lactone ring show characteristic
chemical shifts for the C-6 and C-7, as well as C-11, C-12,
and C-13 carbon atoms, as seen 1n Table 2 Resonance
signals at §82.5 and 45.2 have, therefore, been assigned to
C-6 and C-7, respectively. The other carbon bearing a
C-0 bond as a secondary hydroxyl group must give rise
to the absorption at 573 8 (C-2).

One of the residual signals corresponds to a quatern-
ary sp carbon atom, known (o have a relatively long
relaxation time (7',), and consequently 1t 15 of low intens-
ity This sharp singlet at 653 8§ was assigned as C-5.

The signals of the remaining methy!, methylens and
methine carbons were assigned by APT and selective
proton decoupling experiments. Thus, of the two methine
signals, selective proton decoupling at 42 50 (H-10) col-
lapsed the doublet at §36 1 to a singlet, 1dentifying the C-
10 carbon signal. Therefore, the C-1 carbon signal must
be that at 6514 The same experiment enabled us to
confirm the carbon signal at §49.4 as C-3, owing to the
close proximity of the H-10 resonance to that of the H-3
geminal protons, and also the methyl group at 517.7 as
C-14 Signals at §36.6 and 27 2 were assigned to C-8 and
C-9, respectively, by analogy with known compounds.

It 1s well established that '*C shieldings are markedly
sensitive 1o molecular geometry and this feature renders
3CNMR a vatuable aid for spectral analysis and sterco-
chemical assignments [9]. Comparison of the '3C NMR

Table 2 '>*CNMR spectral data of compounds 1, 2, and §
(100 MHz, Me,CO-d,, 8)

C 1 1 5
4 2183 2150 2173
12 1704 1706 1704
1 1421 i41 6 1392
13 1203 1201 1220
6 825 822 814
2 738 678 243
5 538 516 553
1 514 476 469
3 49 4 163 66
7 452 452 521
8 366 338 670
10 361 05 324
g 272 265 445
14 {C-10 methyl) 177 160 160
C-15 (C-5 methyl) 179 154 139
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spectra of |, 2, and 5 m Me,CO-d, has provided data on
the long-range deshielding effect of the hydroxyl group in
compounds having a syr-axial interaction between o
substituents, 1e¢ hydroxyl and methyl groups separated
by four bonds Compound 1 15 a2 umque example of a
sterically crowded structure, where the C-5 and C-10
methyl groups are syn-diaxial to the C-28 hydroxyl
group The C-5 and C-10 methyl resonances for 1
comparison with the C-2e eptmer (2) show that they are
deshielded to 5179 and 17 7, respectively. At the same
ume, the carbons bearing these substituents in I at §73.8
{C-2), 361 (C-10), and 53 8 (C-5) are appreciably more
deshieided than m 2, with Ad, values ranging from 60,
56, and 2 2 ppm, n that order

As mentioned previously, the deshielding of the C-5
and C-10 methyl protons of 1 relative to 2, and the
analogous effect on the carbons atiributable to the J-
effect, 1s noteworthy, By contrast, the upfield °C shift
associated with the y-effect on the C-10 carbon of 2
{630 5) compared to 1(336.1)1s accompanied, as frequen-
tly observed [10], by a downfield 'H shift of the corres-
ponding H-10 signal (Table 1)

Changes mnmzing syn-methyl-hydroxyl and
methyl-methyl interactions 1n 1 and 2 may account for
the difference 1n shielding for the C-8 methylene carbon,
because of skeletal twist

In order to oblain additional information on the effect
of the #-hydroxyl group on a é-methyl, desacetylconferti-
florin (5) 1solated from Ambrosia confertiflora (Astera-
ceae), possesstng a C-8u hydroxyl substituent which 15 in
a ¢ array with the C-10 methyl group and five bonds
apart from the C-5 methyl group, was chosen for study.
In this compound (mp 203-204", [¢J3* 4+ 17.2° in MeOH)
the individual 1*C NMR signals of carbonyls, sp? car-
bons as welil as sp? carbons bearing an oxygen lunctional
group were assigned by drrect comparison with those
observed for 1 and 2, leading to the **C shicldings listed
m Table 2

The methine and methylene carbons were distingui-
shed from the others by off-resenance decouphng and
then assigned on the basis of the expecled substituent
effects of the hydroxyl group. Tt had been established that
the hydroxyl group deshields both the carbon to which 1t
1s bonded and 1ts immediate neighbours named « and §
effects, respectively The signal at §67.0 for § was attribu-
ted to C-8 and the absorptions at 552 1 and 44.5 identi-
fled the carbons C-7 and C-9. The methine signals at
332 4 (C-10) and 46,9 (C-1) were assigned from the fact

= H R =
H‘R'Iz
R'= R = R"= R = H

R? = R"=H, R = OH

H. R¥ = OH, R?
OH, R*=H, R}
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that equatonal hydroxyl groups shield the y carbon more
than the d carbon [11, 12]. Closely similar y-effects were
observed for C-5, C-10 and the cyclopentanone carbonyl
of 2, relative to 1.

Selective proton decoupling at §1.16 (C-10 methyl
group) collapsed the quartet at 516.0 to a singlet, identi-
fying the methyl signals of this compound

Although the a-hydroxyl group shifts the xz-carbon in 2
and 5 to 567.8 and 67.0, respectively, it seems that 1t also
exerts a comparable effect at the C-10 methyl group
carbon exhibiting the same shielding of §16.0 in both
compounds On the other hand, the angular methyl
group at C-5 ($13.9), five bonds removed from the «-
hydroxy! mn 5 is more shiclded than the corresponding
carbon atom in 2 (615.4), and to an even greater extent
than that in 1 at 617.9.

Another examination of structural influences on
chemical shifts of the pseudoguaianolides 3, 6, and 8 was
carried out, Although the 1*C shifis for compounds 3 and
8 have been reported, the spectra were determmed in
CDCl, solutions to obtain results for a common solvent
for more precise comparisons of the hydroxyl substituent
effect

The previously unreported 'H-decoupled '*C NMR
spectrum of 6 in CDCl, shows the presence of two
carbonyl groups at 211 2 and 180.6, and two further sp?
carbon atoms at §163.3 and 130.9. Signals at 484.1 and
79.2 correspond to two sp® carbon atoms bearing an
oxygen group, and the other nine signals are due to the
remaining sp® carbon in the molecule.

The signals of the cyclopent-2-en-4-one (6211 2} and y-
lactone (5180.6) carbenyl carbon atoms, as well as the
two sp? carbon resonances at §163.3 (C-2) and 130.9 (C-
3), were readily assigned. The other two carbons bearing
a C-0 bond were assigned on the basis of their respective
multiplicities, obtamed from the 'H-coupled spectrum.
Thus, the signal at 484.1 15 a singlet (C-1) and that at
879.2 a doublet {C-6) The sharp singlet at §58.7 identi-
fied the C-5 quaternary carbon.

Doublets at §47.4, 41.3, and 40.3 in the off-resonance
spectrum were attributed by selective proton decoupling
to the methine carbons at C-7, C-10, and C-11, re-
spectively.

The two methylene functions were distinguished from
each other by selective proton decoupling and HETCOR
experiments. Hence, the signal at 629.5 was assigned to
C-9 and that at §25.8 to C-8.

Differentiation of the remaining three methyl groups
was obtained from a HETCOR experiment on 6 which
unambiguously assigned the upper field signal to the C-
11 methyl group (4 16.1), the angular C-5 methyl group to

R H OH CH
X CH; aMe,H CH,

1423

the resonance at 18.3, and finally the C-10 methyl group
to 517.6.

The relatively large coupling constant between H-7
and H-11 (70 Hz) 1n the '"H NMR spectrum of 6 suggests
that they are anti {(or nearly so) and that the C-11 methyl
group and C-8 methylene are therefore trans. Similarly, a
large coupling constant between H-7 and H-11, sugges-
ting a dihedral angle of ca 0°, might also have been the
case if the two protons were cis, as shown by the magni-
tude of the coupling between H-6 and H-7 (8.0 Hz)
However, selective enhancement of the H-6 and C-11
methyl signals 1 the NOE difference spectrum when H-7
was irradiated assigned this methyl absorption as being
in the a-configuration. Therefore H-7 and H-11 must be
trans. Using this argument, the relative stereochemistry
of the substituents on the y-lactone ring can tentatively
be depicted as in 6.

In view of the results obtamed from the '*CNMR
spectral data, it appears that introduction of an axial
hydroexyl group at C-1 on 3, not only modifies greatly the
chemical shift of the latter but also deshields C-10 and C-
9, namely - and y-carbons in the seven-membered ring.
Similarly, C-5 and the methyl attached to it, are also
deshielded, by Ad.=3.1 and 1.3 ppm, respectively. Al-
though C-9 and C-15 are y carbons, upfield shifts are not
likely 10 occur because of the spatial arrangement and
the positioning of the hydroxyl group at the bridge of the
five- and seven-membered rings. Nevertheless, the C-6 y-
carbon shows an upfield shift of 1.1 ppm in a different
conformational array.

Saturation of the exocyclic double bond of B, as shown
1n 6, causes the C-9 to move further downfield, whereas
C-8 becomes more shielded. As expected, pseudoequator-
ial orentation of the methyl group at C-11 (x-isomer)
should effect an increase in shielding at both C-13 and C-
8, presumably because of the gauche interaction They
should exert reciprocal y-effects due to the mcreased non-
bonded interactions between the atoms attached to this
carbon when the methyl 1s in the pseudoequatoral posi-
tion. The observed differences for 8 and 6, Ad, =3 6 ppm
for C-8 and the shift at §16.1 (C-13), the most shielded
methyl resonance of 6 and other compounds of this
series, are in agreement with this expectation. These data,
together with the 'H NMR measurements as stated
above, support the relative stereochemistry at C-11 in the
y-lactone ring of 6

A f-effect associated with the methyl group at C-11 of
6 is noticeable at C-7 and C-12, relative to 8, with the
deshielding effect exhibited at C-12 (Ad,=37 ppm). A
carbonyl rather than carbon-carbon sp® character ari-
sing from resonance between C-11 and C-12 of the a,f'-
unsaturated-y-lactone function, where the '3C signal n-
volved for the carbonyl is frequently more shiclded, may
explain in part the difference in shielding for C-12 of 6,
relative to 8.

Correlations of this type in related compounds are
highly useful for assignments of *3C resonances, allowing
for ready assessment of structural influences on chemical
shifts as well as on the stereochemistry.

EXPERIMENTAL

BCNMR' 75 and 1006 MHz (Me,CO-d,, and CDCl,; 4, rela-
tive to TMS). Chemucal shifts are referenced to the partly de-
uterated signals of Me,CO-d, (6,=77.0 ppm) and CDCl; (5,
=29.8 ppm) Mp: uncorr.
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Hymenoclea salsola T and (. was collected and identified in
May 1983 at the B836-Intersection, Pipe Canyon Road, Baja
California, Mexico on an expedition led by Dr E. Rodriguez of
the Umversity of Califorma, irvine. Ground leaves and stems
(10 kg) were extracted with CHCl, (40 1) for 48 hr The filtered
extract was concd t vacue and nuxed with 4% ag Pb(OAc),
(40 ml) The solid was filtered off and the filirate diluted with
dist H,0, coned and reextracted with CHCH, The CHCI, soln
was finally treated with activated charcoal and filtered, dried
over dry MgS0, and evapd to dryness, yielding 62 7 g of crude
extract

The crude extract (40 0 g) was chromatographed on a silica gel
{(Merck 70-230 mesh) column {95 x 3 5 cm) packed and eluted
with CHC1,~Me,CO (6 1) gradually changmng to (7 3), (3 7)
and finally Me,CO Eluted fractions (25 x 200 mi) were screened
for sesquiterpene lactones on precoated sihea gel 50 F,,;, TLC
plates (02 mm) with CHCI,-Mc,CO (6 1) as solvent system
and vamilhn as spray reagent

The following major compounds were eluted, punficd, and
characterized Ambrosin (3) R, 062 (130 mg), mp 146-147°,
coronopthn (7) R, 040 (26 mg), mp 177-179°, hymenalm (6)
R, 033 (85 mg), mp 186-188°, bipinnatin (1) R, 025 (318 mg)
and a mixturc of 6 and 7 (120 mg) '*C NMR for ambrosim (3)
(CDCl,, ppm) C-4(210 5), C-12(1702),C-2(163 8), C-11 (137 7),
C-3(1302), C-13 (119 3), C-6 (79 8), C-5 (555), C-1 (471, C-7
439),C-10(330), C-8(28.9), C-5 (240}, C-14 (169), C-15 (16 6),
for hymenohn (6), C-4 (2112), C-12 (1806), -2 (1633), C-3
(1309), C-1(84 13, C-6(792), C-5(58 7), C-7{47 4}, C-10(41 5),C-
11 (403), C-8 (29 5), C-9 (258), C-15 (18 3), C-14 {176), C-13
(16 1), for coronopihin (7), C-4{218.6), C-12 (170 8), C-11 (141 1),
C-13 (121 4), C-1 (84 5), C-6 (79 %), C-5 {58 8), C-7 (44.5), C-10
421),C-2(323),C-3(321),C-8(300), C-9(27.5), C-14 (17 1), C-
15 (14 4) Parthenin (8) 1sotated from Porthenum hysterophorus
L, mp 164-166° 3C NMR for 8 (CDCl,, ppm) C-4 (210 N, C-
12(1708), C-2(163 4), C-11 (140.1}, C-3(1309), C-13 (121 ), -1
(838),C-6(787), C-5(586),C-7(437),C-10(400), C-8 (29 4), C-
9(279), C-14(168). C-15 (179

*H NMR for hymenclin (6) (400 MHz, CDCL,). 47 63 (1H, d,.

J=60Hz, H-2), 612 (IH, d, J=60Hz, H-3), 503 (IH, 4, J
=80 Hz, H-6), 335 (IH, br 5, OH), 267 (1H, dddd, 4, =90, J,
=80,J,=70,/, =45 Hz, H-7), 2 38 (1H. br g, J =70 Hz, H-11),

F Barza and G H. N. Towers

237(1H,brq, 7 =75Hz, H10}, 212 (1H, m, H-9), | 96 (2H, m, H-
8). 165 (1H, m, H-9), 130 (3H, s, C-5 methyl), 129 (3H, 4, J
=70 Hz, C-11 methyl), 1 12 (3H, 4, J=7 5 Hz, C-10 methyl)
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