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Abst rac t - -Some characteristic features of the 1H and x 3C N M R  spectra of pseudoguamnohdes in Hymenoclea salsola 
are described m order to facilitate the structural determination of these sesquIterpene lactones. 

INTRODUCTION 

Hyrnenoclea salsola T and G (Asteraceae, tribe Heh- 
antheae) [1] is a perenmal shrub of the Colorado and 
Mohave  Deserts of Cahfornm [2] and the Sonoran Des- 
ert of Baja Cahfornia, Mexico [3]. Earlier phytochemlcal 
analysis of H. salsola had in&cated the presence of sev- 
eral pseudoguaianohde sesqmterpene lactones [4, 5] as 
well as flavonoid aglycones isolated from the leaf resin 
[6]. 

In continuation of our phytochemical studies of and 
land plants from California, we report the Isolation and 
characterization of bipinnatin (1) prewously not known 
to occur in leaves and stems of this species. B~pmnatln is 
of special mterest for its only reported occurrence in the 
Asteraceae prior to th~s work is m Parthemum btpmnatt- 
fidum [-7]. 

RESULTS AND DISCUSSION 

Ivoxanthm (2) isolated from Cyclachaena xanthtfoha 
Fresen. [synonym Ira xanthtfoha Nutt. (Asteraceae)] and 
bipinnatin showed similar behavlour when treated under 
mild acetylation conditions with acetic anhydride and 
pyrldme affording the ehmlnatlon product ambrosln (3) 
rather than the expected acetate Th~s observation in&- 
cared that 1 and 2 are stereo~somers [7, 8] 

We have now camed  out a detailed examination of the 
close structural resemblance of these two eplmers with 
respect to their 1H and 13CNMR spectra. 

The structure of blpmnatin (1) Imp 197-198 °, (~)23 
--9 4 ° in M e O H ]  was previously assigned by comparison 
with the ~ H N M R  spectrum of 2 and based on the 
deshlelding effect produced on the C-5 and C-10 methyl 
group signals (61 39 and 1 37, respectively) by the syn- 
axial interaction with the fl-hydroxyl group. In 2, the C- 
2~ hydroxy group seems to have released some of this 
stertc strain causing an upheld shift of the C-10 and C-5 
methyls to 61.11 and 1 06, comparable to those of damsin 
(4) [7,  8]  

Analysis of the 400 MHz  1H N M R  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 w~th an absorption at 62.40 appears to 

be cis to the fl-hydroxy group in order to allow for J2.3~ 
of ~ 0 Hz ( ~  90 ° dihedral angle), whereas the other C-3 
proton gives rise to a doublet, J2 .3 ,=4.5  Hz, at 62 62. An 
N O E  difference experiment confirmed these assignments 
by showing selective enhancement of the H-3ct signal 
when H-2 was irradiated In 2, the H-3 signals of the non- 
equivalent methylene group correspond to two doublets 
of doublets centred at 62.30 (H-3fl) and 2.86 (H-3~) with 
gemlnal couphng of 18.5 Hz and J2.at~= 8.5 Hz, and J2.3~ 
= 7.5 Hz (Table 1). 

As expected, a change in 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 (61.96) 
appears as a triplet (J  = 3 1 Hz) caused by the protons at 
C-2 and C-10 in 1, whereas m 2 this signal is a doublet of 
doublets (61 97) showing splitting by H-2 (10 Hz) and H- 
l0 (4 5 Hz) The assignment of the H-1 signal in l was 
also confirmed in the N O E  difference spectrum, showing 
positive enhancement after Irradiation of the H-2 signal. 

The ~H-decoupled ~3CNMR spectrum of 1 in 
Me2CO-d 6 shows the presence of two carbonyl groups at 

Table 1 1HNMR spectral data of compounds 1 and 2 
(400 MHz, CDCI 3, 6) 

H I 2 

1 1.96 t (3 1)* 1 97 dd (100, 4 5) 
2 4 61 ddd 4 50 ddd 

(45, 30, 2.5) (100, 85, 75) 
OH 1 65 d (2 5) 
3 2 40 d (18 0) 2 30 dd (18 5, 8.5) 
3 2 62 dd 2 86 dd (18 5, 7 5) 

(18.0, 4 5) 
6 4 39 d (8 5) 4.61 d (8 4) 
7 328 m 335 m 
10 252 m 260 m 
C-10methyl 137d(75) 1.11 d(75) 
C-5methyl 139s 106s 
13 5 56 d (3 0) 5 66 d (2 9) 
13 6 29 d (3 3) 626  d (3 2) 

*Coupling constants (m Hz) are given m parentheses 
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6218 3 and 170.4, and two further s p  2 carbon atoms at 
6142.1 and 120 3 Signals at 682 5 and 73.8 correspond to 
two sp a carbon atoms bearing an oxygen functmnal 
group, and the other nine signals are due to the remain- 
ing sp 3 carbon atoms in the molecule (Table 2). 

The signals of the cyclopentanone (6218.3) and A TM 13. 
unsaturated-7-1actone (6170.4) carbonyl carbon atoms 
were assigned by comparison with earher data on pseu- 
dogualanohdes, and from their relative intensities in the 
spectrum The other two sp 2 carbon atom signals were 
assigned on the bas~s o f  tfamr respective muftIpfiCltles, 
obtained from the 1H-coupled ~3CNMR spectrum 
Thus, the signal at 6142 1 is a slnglet (C-113 and that at 
6120 3 a triplet (C-13). 

Angular-type pseudogualanohdes having a czs-fused 
A ~ i. J 3.unsaturated_6_7_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 in Table 2 Resonance 
signals at 682.5 and 45.2 have, therefore, been assigned to 
C-6 and C-7, respectively. The other carbon bearing a 
C - O  bond as a secondary hydroxyl group must give Nse 
to the absorption at 673 8 (C-2). 

One of the residual signals corresponds to a quatern- 
ary sp 3 carbon atom, known to have a relatively long 
relaxation time (Ta), and consequently it is of low intens- 
ity This sharp smglet at 653 8 was assigned as C-5. 

The signals of the remaining methyl, methylene and 
methine carbons were assigned by APT and selective 
proton decouphng experiments. Thus, of the two methlne 
signals, selective proton decouphng at 62 50 (H-10) col- 
lapsed the doublet at 636 1 to a slnglet, Identifying the C- 
l0 carbon signal. Therefore, the C-1 carbon signal must 
be that at 651 4 The same experiment enabled us to 
confirm the carbon signal at 649.4 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 317.7 as 
C-14 Signals at 636.6 and 27 2 were assigned to C-8 and 
C-9, respectively, by analogy with known compounds. 

It IS well established that l aC shieldlngs are markedly 
sensitive to molecular geometry and this feature renders 
i3C N M R  a valuable md for spectral analysis and stereo- 
chemical assignments [9]. Comparison of the ~ 3C N M R  

Table 2 1 3 C N M R  spectral data of compounds 1, 2, and 5 
(100 MHz, MezCO-d6, 3) 

C 1 2 5 

4 2183 2150 2173 
12 1704 1706 170.4 
11 1421 1416 1392 
13 1203 1201 1220 
6 82 5 82 2 81 4 
2 73 8 67 8 24 3 
5 53 8 51 6 55 3 
1 514 476 469 
3 49 4 46 3 36 6 
7 45 2 45.2 52 1 
8 36 6 33 8 67 0 

10 36 1 30 5 32 4 
9 272 265 445 

14 (C-10 methyl) 177 160 160 
C-15 (C-5 methyl) 179 154 139 

spectra of 1, 2, and 5 m Me2CO-d 6 has provided data on 
the long-range deshielding effect of the hydroxyl group in 
compounds having a syn-axial interaction between 6 
substituents, l e hydroxyl and methyl groups separated 
by four bonds Compound 1 is a unique example of a 
stencally crowded structure, where the C-5 and C-10 
methyl groups are syn-&axlal to the C-2fl hydroxyl 
group The C-5 and C-10 methyl resonances for 1 in 
comparison with the C-2c~ eplmer (2) show that they are 
deshlelded to 6179 and 17 7. respectively. At the same 
time, tile carbons bearing tfiese substltuents m I at 673.8 
(C-2), 361 (C-10), and 53 8 (C-5) are appreciably more 
deshlelded than in 2, with A6~ values ranging from 6 0, 
5 6, and 2 2 ppm, in that order 

As mentioned previously, the deshleldmg of the C-5 
and C-10 methyl protons of ! relative to 2, and the 
analogous effect on the carbons attributable to the 6- 
effect, IS noteworthy. By contrast, the upfield i a c  shift 
associated with the y-effect on the C-10 carbon of 2 
(630 5) compared to 1 (336.13 is accompanied, as frequen- 
tly observed [10], by a downfield ~H shift of the corres- 
ponding H-10 signal (Table 1) 

Changes minimizing syn-methyl-hydroxyl and 
methyl-methyl  Interactions m ! and 2 may account for 
the difference in shielding for the C-8 methylene carbon, 
because of skeletal twist 

In order to obtain additional information on the effect 
of the a-hydroxyl group on a 6-methyl, desacetylconfertl- 
florin (5) Isolated from Ambrosia confert:ora (Astera- 
ceae), possessing a C-8c~ hydroxyl substltuent which is in 
a 6 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", [~]2D* + 17.2 ° In MeOH) 
the individual i 3 C N M R  signals of carbonyls, sp 2 car- 
bons as well as sp a carbons bearing an oxygen functional 
group were assigned by &rect comparison with those 
observed for 1 and 2, leading to the saC shteldings listed 
m Table 2 

The methlne and methylene carbons were distingui- 
shed from the others by off-resonance decouphng and 
then assigned on the basis of the expected substituent 
effects of the hydroxyl group. It had been estabhshed that 
the hydroxyl group deshlelds both the carbon to which it 
is bonded and its immediate neighbours named ~ and/~ 
effects, respectively The signal at 667.0 for 5 was attribu- 
ted to C-8 and the absorptmns at 352 1 and 44.5 identi- 
fied the carbons C-7 and C-9. The methIne signals at 
3324  (C-10) and 46.9 (C-l) were assigned from the fact 

2 8~' Rl / 

?5/O 
°°oU 

1 R ) = H ,  R 2 = H,  R v =  O H ,  R 3 = H 

2 R I = H,  R:  = O H .  R v =  H ,  R 3 = H 

4 R t = R 2 = R v =  R 3 = H 

5 R I = R 2 = R 2 ' =  H, R J = O H  

7 W = OH, R: = R 2 ' =  R 3 = H 



Sesqmterpenes from Hymenoclea salsola 1423 

that equatorial hydroxyl groups shield the V carbon more 
than the 6 carbon l-11, 12]. Closely similar v-effects were 
observed for C-5, C-10 and the cyclopentanone carbonyl 
of 2, relative to 1. 

Selective proton decoupling at 61.16 (C-10 methyl 
group) collapsed the quartet at fi 16.0 to a smglet, identi- 
fying the methyl signals of this compound 

Although the ~-hydroxyl group shifts the ~t-carbon in 2 
and 5 to 667.8 and 67.0, respectively, it seems that it also 
exerts a comparable effect at the 6C-10 methyl group 
carbon exhibiting the same shielding of 616.0 m both 
compounds On the other hand, the angular methyl 
group at C-5 (fi13.9), five bonds removed from the or- 
hydroxyl m 5 is more shielded 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 pseudogualanolides 3, 6, and 8 was 
carried out. Although the ~ 3C shifts for compounds 3 and 
8 have been reported, the spectra were determined in 
CDCI 3 solutions to obtain results for a common solvent 
for more precise comparisons of the hydroxyl substituent 
effect 

The prevlously unreported ~H-decoupled 13CNMR 
spectrum of 6 in CDCI 3 shows the presence of two 
carbonyl groups at 6211 2 and 180.6, and two further sp 2 
carbon atoms at 6163.3 and 130.9. Signals at 684.1 and 
79.2 correspond to two sp 3 carbon atoms bearing an 
oxygen group, and the other nine signals are due to the 
remaining sp a carbon in the molecule. 

The signals of the cyclopent-2-en-4-one (t$211 2) and V- 
lactone (6180.6) carbonyl carbon atoms, as well as the 
two sp 2 carbon resonances at 6163.3 (C-2) and 130.9 (C- 
3), were readily assigned. The other two carbons bearing 
a C-O bond were assigned on the basis of their respective 
multiplicities, obtained from the ~H-coupled spectrum. 
Thus, the signal at 6 84.1 is a singlet (C-I) and that at 
679.2 a doublet (C-6) The sharp singlet at 658.7 Identi- 
fied the C-5 quaternary carbon. 

Doublets at 647.4, 41.3, and 40.3 in the off-resonance 
spectrum were attributed by selective proton decouphng 
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 decouphng and HETCOR 
experiments. Hence, the signal at 629.5 was assigned to 
C-9 and that at 625.8 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 (616.1), the angular C-5 methyl group to 

X 

O 

3 6 8 
R H OH OH 
X CH2 aMe,H CH2 

the resonance at 618.3, and finally the C-10 methyl group 
to 617.6. 

The relatively large coupling constant between H-7 
and H-11 (7 0 Hz) m the 1H 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. Slmdarly, a 
large coupling constant between H-7 and H-1 I, sugges- 
ting a &hedral angle of ca 0 °, might also have been the 
case if the two protons were cis, as shown by the magni- 
tude of the couphng between H-6 and H-7 (8.0 Hz) 
However, selective enhancement of the H-6 and C-11 
methyl signals m the NOE difference spectrum when H-7 
was irradiated assigned this methyl absorption as being 
m the or-configuration. Therefore H-7 and H-11 must be 
trans. Using this argument, the relative stereochemlstry 
of the substituents on the v-lactone ring can tentatively 
be depicted as in 6. 

In view of the results obtained from the IaCNMR 
spectral data, it appears that introduction of an axial 
hydroxyl 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 fl- and v-carbons in the seven-membered ring. 
Similarly, C-5 and the methyl attached to it, are also 
deshielded, by A6,=3.1 and 1.3 ppm, respectively. Al- 
though C-9 and C-15 are V carbons, upfield shifts are not 
likely to 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 V- 
carbon shows an upfield shift of 1.1 ppm in a different 
conformational array. 

Saturation of the exocychc double bond of 8, as shown 
in 6, causes the C-9 to move further downfield, whereas 
C-8 becomes more shielded. As expected, pseudoequator- 
ial orientation of the methyl group at C-11 (~t-isomer) 
should effect an increase in shielding at both C-13 and C- 
8, presumably because of the gauche interaction They 
should exert reciprocal v-effects due to the increased non- 
bonded interactions between the atoms attached to this 
carbon when the methyl is in the pseudoequatorlal posi- 
tion. The observed differences for 8 and 6, Arc = 3 6 ppm 
for C-8 and the shift at 616.1 (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 1HNMR measurements as stated 
above, support the relative stereochemistry at C-11 in the 
v-lactone ring of 6 

A fl-effect assocmted 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 (A6¢=3 7 ppm). A 
carbonyl rather than carbon-carbon sp 2 character ari- 
sing from resonance between C-11 and C-12 of the ct,ff- 
unsa[urated-v-lactone function, where the 13C signal In- 
volved for the carbonyl is frequently more shielded, may 
explain in part the &fference in shielding for C-12 of 6, 
relative to 8. 

Correlattons of this type in related compounds are 
highly useful for assignments of 13C resonances, allowing 
for ready assessment of structural influences on chemical 
shifts as well as on the stereochemistry. 

EXPERIMENTAL 

t3CNMR' 75 and 1006 MHz (Me2CO-d 6 and CDCI3; 6, rela- 
twe to TMS). Chemical shifts are referenced to the partly de- 
uterated signals of Me2CO-d 6 (6 c =77.0 ppm) and CDC13 (6 c, 
= 29.8 ppm) Mp: uncorr. 
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Hymenoclea salsola T and G. was collected and identified m 
May 1983 at the 8836-Intersection, Pipe Canyon Road, Baja 
California, Mexico on an expedition led by Dr E. Rodnguez of 
the University of Cahfornm, Irvlne. Ground leaves and stems 
(1 0 kg) were extracted with CHCI s (401) for 48 hr The filtered 
extract was concd in vacuo and mixed with 4% aq Pb(OAc)2 
(40 ml) The solid was filtered off and the filtrate diluted with 
dlst H20,  concd and reextracted with CHCI 3 The CHCI 3 soln 
was finally treated with actwated charcoal and filtered, dried 
over dry MgSO4 and evapd to dryness, yielding 62 7 g of crude 
extract 

The crude extract (40 0 g) was chromatographed on a sdlca gel 
(Merck 70-230 mesh) column (95 × 3 5 cm) packed and eluted 
with CHCI3-Me2CO (6 1) gradually changing to (7 3), (3 7) 
and finally Me2CO Eluted fractions (25 x 200 ml) were screened 
for sesqulterpene lactones on precoated sdlca gel 60 F2s 4 TLC 
plates (0 2 mm) with CHCI3-Me2CO (6 1) as solvent system 
and vamlhn as spray reagent 

The followmg major compounds were eluted, purified, and 
characterized Ambrosm (3) R I 062 (130mg), mp 146-147 °, 
coronopdm (7) R s 0 40 (26 mg), mp 177-179 °, hymenohn (6) 
R s 033 (85 mg), mp 186 188 °, b~pmnatm (1) R I 025 (318 mg) 
and a mixture of 6 and 7 (120 mg) 13CNMR for ambrosm (3) 
(CDCI3, ppm) C-4 (210 5), C-12 (170 2), C-2 (163 8), C-11 (137 7), 
C-3 (1302), C-13 ( l l9  3), C-6 (798), C-5 (55 5), C-1 (47 1), C-7 
(43 9), C-10 (33 0), C-8 (28.9), C-9 (24 0), C-14 (16 9), C-15 (16 6), 
for hymenohn (6), C-4 (211 2), C-12 (1806), C-2 (163 3), C-3 
(130 9), C-1 (84 1), C-6 (79 2), C-5 (58 7), C-7 (47 4), C-10 (41 5), C- 
11 (403), C-8 (295), C-9 (25 8), C-15 (18 3), C-14 (176), C-13 
(16 1), for coronopdm (7), C-4 (218.6), C-12 (170 8), C-11 (141 1), 
C-13 (121 4), C-I (84 5), C-6 (79 9), C-5 (588), C-7 (44.5), C-10 
(42 1), C-2 (32 3), C-3 (32 1), C-8 (30 0), C-9 (27.5), C-14 (17 1), C- 
15 (14 4) Parthenm (8) isolated from Parthenlum hysterophorus 
L, mp 164-166 ° 13C N M R for 8 (CDCIa, ppm) C-4 (210 7), C- 
12 (170 8), C-2 (163 4), C-11 (140.1), C-3 (130 9), C-13 (121 3), C-I 
(83 8), C-6 (78 7), C-5 (58 6), C-7 (43 7), C-10 (40 0), C-8 (29 4), C- 
9 (27 9), C-14 (16 8). C-15 (17 9) 

1H NMR for hymenohn (6) (400 MHz, CDCI3) 67 63 (tH, d. 
J = 6 0 H z ,  H-2), 612 (1H, d, d = 6 0 H z ,  H-3), 503 (1H, d, J 
= 8 0 Hz, H-6), 3 35 (1 H, br s, OH), 2 67 (1 H, dddd, Jl = 9 O, J2 
=80,J3=70,J ,~=45Hz,  H-7),238(lH, brq, J = 7 0 H z ,  H-11), 

237(1H, brq, J=7  5 Hz, H10), 2 12 (1H, m, H-9), 1 96(2H, m, H- 
8), 1 65 (1H, m, H-9), 1 30 (3H, s, C-5 methyl), 1 29 (3H, d, J 
= 7 0  Hz, C-11 methyl), 1 12 (3H, d, J = 7  5 Hz, C-10 methyl) 
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