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Abstract—Ten new 5a,10a-cis<clerodane-type diterpenc lactones were isolated from the aerial parts of Gutierrezia
texana. Using NMR techniques and some chemical transformations, the structures were established as 6a,18-
dihydroxy-cis<leroda-3,13(14)-diene-15,16-olide; 18,19-dihydroxy-cis<cleroda-3,13(14)-diene-15,16-olide; cis<cleroda-
3,13(14)-diene-15,16:18,19-diolide;  18,19-epoxy-19a-hydroxy-cis-cleroda-3.13(14)-diene-15,16-olide;  3a4:18,19-
diepoxy-188,19a-dihydroxy-cis<cleroda-13(14)-ene-15.16-olide; 3a,4-cpoxy-19a-hydroxy-cis-cleroda-13(14)-ene-
15,16:18,19-diolide; 3a,4:18,19-diepoxy-19a-hydroxy-cis-cleroda-13(14)-cne-15,16-olide; 32,4 8,19a-trihydroxy-18,19-
epoxy-cis-cleroda-13(14)-ene-15,16-olide; 19-O-a-L-arabinopyranosyl-cis-cleroda-3,3,13(14)-diene-15,16-olide-19-oic
ester and 28,.6a-dihydroxy-ciscleroda-3,13(14)-diene-15,16: 18 6a-diolide. One of the structures was also confirmed by

X-ray crystallographic analysis.

INTRODUCTION

We previously reported furano-ent-labdane-type diter-
penoids from Gutierrezia grandis (Compositae) [1] and
some diterpene glycosides from G. sphaerocephala [2]
while Cruse and James reported a novel chloro-
diterpenoid lactone from G. dracunculoides [3]). Here, we
report from an annual Gutierrezia species native to Texas,
G. texana, 10 new 5x,10a-cis<clerodane-type diterpene
lactones (1 10).

RESULTS AND DISCUSSION

The IR spectrum of compound 1 (mass spectrum:
mjz 334 for C,,H,,0,, [a]3’ — 6.4°) indicated the pres-
ence of hydroxyl group(s) (vE® 3400cm ') A
B-substituted butenolide moiety was evident by IR peaks
at 1780, 1750 and 1640cm ', 'H NMR signals at §5.82
(br s, 1H) and 84.73 (br s, 2H) and a fragment in the
clectron impact mass spectrum at m:z 111

[CHzCHz—QB\\O J°. In the 'HNMR spectrum of 1,

signals for a carbinol group attached to a double bond
were present [broadened AB pattern at 4.28 and 4.10, sec
Table 1, and the vinylic proton signal at 65.59 (br ¢, J
= 3 Hz, 1H)]. The presence of three methyl groups in 1
was confirmed by the two three-proton singlets of 41.31,
0.81 and a three-proton doublet at §0.79 (J = 7 Hz). In
the '3CNMR spectrum (Table 6) of 1, a §-substituted
butenolide group was indicated by the characteristic
signals at §171.1 (s, C-13), 115.0 (d, C-14), 174.2 (s, C-15)
and 73.0 (¢, C-16). The presence of another pair of sp?
carbon signals at §129.4 (4, C-3), 141.4 (s, C-4)and a triplet

®Permanent address: South China Institute of Botany,
Academia Sinica. Guangzhou, China.

at §67.6 indicated an a,$-unsaturated carbinol function in
1. The doublet signal at §79.7 supported a secondary
hydroxyl group in 1. The formation of the diacetate 11 was
in accord with the presence of the two hydroxyl groups.
All the above data suggested a clerodane-type skeleton for
1[4-9]. Inthe 'H NMR spectrum of 1, the double doublet
signal at §3.42 (1H, dd, J = 4,11 Hz) (Table 1) indicated a
secondary hydroxyl group which could only be attached at
C-6 judging from the coupling pattern; moreover, the
coupling constants (4 and 11 Hz) suggested an equatorial
orientation of this hydroxyl group. In order to assign the
stereochemistry at the C-5 and C-10 positions, 1 was
correlated with the reported compound 26. In the AB ring
portion of the structure, while the 'H NMR data of 1 were
very similar to those of 26 except for the coupling pattern
of H-6, they exhibited opposite optical rotation, — 6.4 and
+ 23°, respectively [8]). When 1 was converted into 21 (28
was also obtained) and one then compared the 'H NMR
data and the optical rotation of 21 with those of the well
established structure 27 (8, 10], the chemical shift (61.25)
of H-19 in 21 appeared at lower field than the H-19 in 27
(61.15) and 21 and 27 again exhibited opposite optical
rotation, —22.4 and + 34°, respectively [8]). These in-
dicated most probably that the C-5 methyl was a-
orientated, that is, opposite to that of 27. The AB ring cis-
fusion was correlated with 3 and 4 which were deduced
from NOE results outlined below. Therefore, 1 was
assigned as 6a,18-dihydroxy-Sa,10x-ciscleroda-3.13(14)
diene-15,16-olide.

The IR spectrum of 2, one of the major components in
the extract, was similar to that of 1 except that the
hydroxyl absorptions were broader at
3200-3400 cm ™', thus indicating hydrogen bonding. In
the 'H NMR spectrum of 2, signals were observed for a
B-substituted butenolide and an x,8-unsaturated carbinol
group as observed for 1 (Table 1). Instead of a downfield
signal for a C-5 methyl asin 1 a sharp AB quartet appeared
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at$3.60 (d,J = 10 Hz)and 63.24 (d,J = 10 Hz) which was

& : 0 unambiguously assignable to a C-19 primary hydroxyl
\ group. In the mass spectrum, a fragment for an ethyl-
o o butenolide was also present. The ! )C NMR data of 2 and
that of its diacetate supported the structure of 2, a
compound which could be easily converted into the
natural diolide 3 discussed below.
The 'HNMR spectrum of 3 (C;,H,O.. 330; [«]}°
R R, +41.4°) again indicated the presence of a butenolide
R group. While an AB system was also indicated, both the
1 H 2 CHyOM CH, OH coupling constants and the chemical shifts (Table 1) were
: Ac 9 CH, CoOx different from those for both AB systems in 2. A signal for
~ ~ H-18 as exhibited by 2 was not observed. The H-3 vinylic
(X » & - L - orabenosy}) proton was deshiclded (A6 = 0.99) when compared with
12 CHOA CH,OAC those in 2. These data indicated a second lactone function
-~ at C-18,19 in 3 as opposed to 2. A 2D Cosy spectrum
14 0104 oo (500 MHz) established the signal assignments. A long
19 CH, COOM range coupling between H-68 and H-19x was observed in
~ the 2D Cosy spectrum; inspection of Dreiding models
29 cHO CHO indicated a W-coupling. The same couplings were ob-
served for kerlin and kerlinolide, structures which have
been confirmed by X-ray analysis [11]. In the *C NMR
R spectrum of 3, the C-18 carbonyl group was confirmed by
)3 H a signal at 6170.9. Other '*CNMR signals and all the
23 oH W o \ 4 spectral data were in accord with 3 being a 15,16:18,19-
diolide. It is noteworthy that 3 could be prepared in
0 quantitative yield from 2 by Jones reagent (see
R Experimental). The transformation of 2 into 3 strongly
4 H e supported all the above structural assignments. In order to
13 Ac ' AN establish the stercochemistry, NOE experiments were
conducted at 500 MHz on 3. Irradiation of the signal at
Table 1. '"H NMR data of compounds 1-$ (recorded at 500 MHz, CDCl,, TMS)*
H 1 2 3 4 s
la — 187m 1.92 1.9 brm 145
18 - - 1.72 ddd 1.66 145
2a — 2.18brm 211l m 207 1.58
28 — 2.18brm 238m 202 206 brd (14)
3 5.59 br1 (3) 5.80 6.7 564 brm (wi/2:8) 3.52brs
6a — — 1.67 bes 1.60ddd (4,14,14) 1.77
68 342dd (4. 11) — 1.56 br s 1.524dt (4,4,14) 1.60
Ta — — 193 — 191 m 178
18 — — 1.42ddd (3.7.14) 1.33 132
8 - 140 brm 1.60 1.53 145
10 — 149 — 1.37dd (2,11) 1.65 1.62
11 - —_ 1.50ddd (3.14,14) 187 1.60
1 — — 1.50ddd (5.14,14) 1137 145
12 223 — 226 — 233ddd (3.14,14) 251 240
12 213 — 226 — 2334ddd (5.14,14) 230 227
14 S82brs 5.80 5.80 5.1 519
161 473 brs 4.72d (1.2) 4.72 469 brs 471
173 0.79d (1) 0.76 1.05 1.04 091
18 428 brd (12) 420 brd (11) — 423 brd (11) S.18brs
18 410brd 12) 393brd (11) — 437 ddd (3. 5, 11) —
19 1313 3604 (10) 3.72dd (1.8) S444d (4) 551 brs
19 —_ 3.244 (10) 4544 (8) — —
203 081s 0.75 097 093 0.80
*Coupling pattern and coupling constants (value in Hz in parentheses) are not repeated if identical with the
proceeding column.

tIntensity for two protons.
3 Intensity for three protons.
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$3.72 (H-192) markedly enhanced the signal at §1.37 (H-
10), and also some enhancement of H-11 (51.50), H-16
(64.72) and H-12 (52.33) was observed. This evidence
indicated that the A-B ring was cis-fused and that the
lactone side chain at C-9 should have an x-orientation.
Irradiation of the signal at §4.54 (H-198) enhanced the

*This successful reaction is noteworthy because earlier at-
tempts to oxidize a similar hemiacetal group into a corresponding
lactone were not successful [S]).

signal for H-7a (61.93) and also to some extent the signal
for H-16 (64.72). Irradiation of the signal at 61.05 (H-17)
gave NOE on the signals for H-68, H-78 and H-18.
Irradiation of the signal for H-20 (60.97) dramatically
enhanced the signal at §1.92 (H-1a) and also the signal for
H-10 (6 1.37), models indicated spatial proximity of H-10«
and the C-98 methyl group. All these results suggested the
A-B ring cis-fusion and the C-88 and C-98 methy! groups.
From biogenetic considerations, compounds 1-4 should
be closely related to each other. But while 1, 2 and 4 had
negative optical rotation, 3 exhibited positive optical
rotation. Therefore, NOE experiments were also con-
ducted on 4 and the NOE results proved that the AB rings
in 4 were also cis-fused. Thus, we assigned the stereochem-
istry for 1 and 2 to be the same as that for 3 and 4 based
on NOE results for the later two compounds. The 5a,10a-
configuration was also proposed for 2 10 based on the
arguments for 1 and the biogenetic origin.

Compound 4 was the major constituent. Its 'H NMR
spectrum, in which a total number of 28 proton signals
were unambiguously observed, indicated the presence of
a butenolide group and an AB system with allylic coupling
(Table 1). In addition to the vinylic proton signal at §5.64
(br m, 1H) for H-3, two doublet signals with the same
coupling constants of 4 Hz appeared at 45.44 and 63.44.
Upon addition of D,0, the signal at $3.44 disappeared
and the signal at §5.44 became a singlet. A 2D Cosy
spectrum (500 MHz) clearly indicated that the signal at
45.77 (H-14) was coupled with the signal at §4.69 (H-16),
and the signal at 4 5.64 (H-3) was coupled with that for H-
2a at $2.07. The AB quartet (m actually) showed further
coupling with H-3 and H-2a. Morcover, the downficld
part of the AB system was also coupled with H-28 at §2.02.
The signal at §5.44 was coupled only with the hydroxyl
signal at $3.44. Intensive spin decoupling experiments
supported the abovc assignments. Accordingly, a
hemiacetal group could be tentatively assigned to C-19. A
C-19 hemiacetal function was confirmed by the Jones
oxidation® of the hemiacetal group in 4 into the cor-
responding lactone function in 22, the C-18,C-19 struc-
tural isomer of 3. Moreover, 23 and 24 were produced
along with 22 in the oxidation. Normal acetylation of 4
yielded, in addition to a normal acetylation product 13, a
by-product 14, all in accord with a C-19 hemiacetal
function. In the '3C NMR spectra of 4, the hemiacetal
function was unambiguously indicated by the resonance
at 81013 (d). The above evidence plus the '°C-'H
chemical shift correlations (500 MHz), which confirmed
the chemical shift assignments, all supported the structure
of 4. The stereochemistry of 4 was also deduced from
NOE results (500 MHz). Irradiation of the doublet methyl
signal at 4 1.04 enhanced signals at §1.66 (H-18), 1.33 (H-
78) and 1.52 (H-6p8). Irradiation of the methyl singlet at
40.93 enhanced signals for H-12,12,11" and H-10.
Irradiation of the signal at 44.37 (H-186) enhanced the
signal for H-6a. All these results supported 4 having the
same A,B ring cis-fusion as 3. For a final proof, compound
4 was submitted for X-ray crystallographic analysis and
the results [W. H. Watson et al., personal communication]
confirmed that A,B-ring is cis-fused, the hydroxyl group at
the C-19 position is a-located and the other chiral centres
are as depicted.

Spectral data for § indicated that it had a similar
skeleton as 4; however, in the 'H NMR spectrum of §, the
C-3 vinylic proton signal exhibited by 4 was replaced by a
broadened singlet at §3.52 which did not disappear upon
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addition of D, 0. This evidence suggested a C-3,C-4 epoxy
function, a conclusion which was also supported by spin
decoupling experiments. In the 'HNMR spectrum, in
addition to the H-19 signal at §5.51 (s) similar to the one
exhibited by 4, another broad singlet at §5.18 suggested a
second hemiacetal group at C-18. In the '*CNMR
spectrum, the '3C-'H chemical shift correlations
{500 MHz) established the signal assignments while the C-
18,C-19 dihemiacetal groups and the C-3,C-4 epoxy
system were confirmed by the signals at §97.8 (d), 102.7 (d)
and 857.3 (d), 70.6 (s). The stereochemistry at C-3 and C-4
is tentatively assigned based on the following arguments.
Firstly, from biogenetic considerations, compound §
should have the same 5q,10a-A,B -ring cis-fusion system
as 3 and 4 had, and thus, the C-3xC-4 epoxy, a less
hindered position, should be favoured. Secondly, the
'HNMR data of H-3 (63.52, br s, W, ., < 2 Hz) were
more similar to those reported for a 3x-epoxide rather
than those (d, J = 5.5 Hz) for a 38-cpoxide [8]. Thirdly, a
3a-hydroxy analogue, 8, which was most likely derived
from the 3a-epoxy compound by epoxy ring opening, was

F. Gaoand T.J. Mamy

also isolated from this extract. The hydroxyl group at the
C-19 position in 8 (and also in 6, 7 and 8) was correlated
with that in 4 in which a C-19 hydroxy was confirmed by
X-ray analysis. However, the 8-hydroxyl group at the C-18
position was assigned on the basis of NOE experiments
since irradiation of the signal at § 5.18 enhanced only the
signal for H-3 at $3.52. This indicated a C-188 hydroxy
group since if irradiation of C- 18§ proton signal enhanced
the H-3 signal, inspection of molecular models indicated
that it should also enhance a signal for H-6. As expected,
irradiation of the signal at §5.51 (H-19) did not enhance
the H-3 signal. These NOE results, together with the
13C-'H chemical shift correlations, also helped to confirm
the '*CNMR and 'HNMR signal assignments
{Tables 1-3 and 6) at the C-18 and the C-19 positions in
5-8 As expected, 8 readily gave the diacetate 15 on
acetylation. Therefore, we assigned compound § as
32,4:18,19-diecpoxy- 18 8,19a-dihydroxy-cis-cleroda-1 3(14)-
ene-15,16-olide.

'H NMR data for compound 6 were similar to those for
S except that one of the two singlet signals for the

Table 2. 'H NMR data of compounds 6 8, 16-18 (200 MHz, CD(l,, TMS)*

[ 16 7 17 8 18
H-3 361 brs 365 k') 333 3744dd (5.11) 491
H-14 584 brt (1.5) 5.80 581 579 585 5.85
H-16t 4774 (1.7) 4.7 475 470 4177 482
H-173 0994 (%) 092 1.00 092 1.03 097
H-18 - . 4004 (10y 3194 4294 (11} 433

— —_— 383d (1) 388 3994 (11} 196
H-19 592 brs 670s 555brs 642 550 brs 651s
H-20§ 088s 0.86 087 085 094 092
OAct 217 — 209 - 205s
OAc - — 1995

*Coupling pettern and coupling constants (value in Hz in parentheses) arc not repeated if

wdentical with the proceeding column.
tIntensity for two protons.
$ Intensity for three protons.

Table 3. '"H NMR data of compounds 18-15 and 20 (200 MHz, CDCl,, TMS)*

H 10 20 n 12 13 14 18
2 464 ddd (3.9.9) 564 e — - — —
3 6.72d (3) 6.66 STibre (3) 591 5.65 br m (wl2:8) 6.18brt (3) 3S4brs
6 4324dd (0.11) 432 46-49 — . — —

14 588brt (1.5) 587 5.86 586 578 585 5719

i6¢ 4764 {1.7) 475 476 477 470 478 470

173 0.86d (7) 0.87 0.83 0.80 1.04 026 091

18 — — 4649 462brs  424ddd (2,3.11) 458brs  6.19s

- 4649 462brs  443ddd (3,5, 11) 4.58brs —

19 1.38 s 1.393 1.16¢ 3%6d (11) 6395 938 6.44

- - — 387d (11) - -— —

208 0.75s 0.81 087 083 096 091 085

OAct — 210 207 207 201 204 207

OAct - - 2085 208 — - 21t s

*Coupling pettern and coupling constants (value in Hz in parentheses) are not repeated if identical with the

proceeding column.
tIntensity for two protons.
$Intensity for three protons.
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hemiacetal groups observed for § was not present. The
13C NMR data for 6 were also similar to those for § except
for some differences for C-18, C-4, C-3 and C-19 (Table 6).
Instead of two doublet hemiacetal signals as in 8, 6
exhibited only one hemiacetal doublet signal at $ 101.3 but
another singlet at §175.6 was observed. This evidence
suggested that one of the hemiacetal groups in § was
oxidized into a carbonyl group to yield 6. That C-18 was
oxidized to a carbonyl group was evident from the
following data. In the ' *C NMR spectrum, the C-5 signal
(645.1) in 6 remained almost unchanged when compared
with the C-5 signal (645.9) in 8. In contrast, the C-4 signal
was greatly shielded (A39.9) and the C-3 signal was
slightly deshielded (A$2.2). As expected, 6 gave only the
monoacetate 16 on acetylation. By comparing all the
available data, 6 could be deduced to be 3a,4-epoxy-19a-
hydroxy-cis<cleroda-13(14)-¢ene-15,16: 18,19-diolide.

Spectral properties of 7 were similar to those for Sand 6.
One hemiacetal group was deduced based on the signals at
45.55 (br s) and the AB quartet (64.00 and 3.83, two d, J
= 10 Hz) in its '"HNMR spectrum and this was also
supported by spectral properties of the monoacetate 17
derived from 7. That the hemiacetal group was attached at
the position of C-19 rather than C-18 followed from the
following evidence. The chemical shift for the hemiacetal
signal at 65.55 was closer to the valuc for the H-19signal at
65.51 rather than the value for the H-18 signal at 65.18 in
5. Morcover, the ' *C NMR data (Table 6) indicated that
the C-5and C-19 signals were not shifted in comparison to
the data for § and 7, while the C-4 signal shifted up-field
from 670.6 in § to 67.2 in 7 and the C-3 signal shifted
down-field from 857.3 in § to §60.2 in 7. Furthermore,
NOE resuits (500 MHz) were in good agreement with the
above analysis since irradiation of the epoxy signal at
43.29 dramatically enhanced part of the AB quartet at
64.00 (and also the H-2 signals at §2.10 and 1.65); the
reciprocal irradiation of the signal at §4.00 enhanced the
signal at §3.29; irradiation on the signal at §5.55 did not
enhance the signal at 63.29. Therefore, 7 was deduced to
be 34,4:18,19-diepoxy-19x-hydroxy-cis<cleroda-13(14)
ene-15,16-olide.

"H NMR data of 8 indicated that it should be closely
related to 7 (Table 2). While a hemiacetal signal at §5.50
was similar to that (65.55) exhibited by 7, the signal for H-
3 (83.29) for 7 shifted downfield to §3.74 in 8. Moreover,
the coupling pattern of this signal changed froma brsin 7
toadd (J = 5, 11 Hz) in 8 Obviously, the signal at §3.74
was attributable to a proton attached to a carbon atom
bearing a free hydroxyl group; this was confirmed by the
formation of the diacetate 18. Consequently, a C-3,C-4
dihydroxy function could be proposed. In the '*C NMR
spectrum, a hemiacetal doublet signal was present at
6104.1. Two free hydroxy-bearing carbon signals (one d
and one s) were observed at §72.7 and 85.1. It was clear that
the deshielding effect on C-3 and C4 was due to the
epoxy-ring opening on the basis of comparing the data for
8 with those for 7. A 3a-hydroxyl group followed from the
H-3 coupling (J = S, 11 Hz) and a C48-hydroxyl group
could only be assigned based on the A,B ring cis-fusion
and the C-18,C-19 five-member ring construction. This is
probably due to the epoxy ring opening of 7 to form a
trans-diol system found in 8. Similar trans-diaxial open-
ings of this type of epoxide were previously reported [5]. 7
and 4 are the likely precursors of 8 and, therefore, we
pro?osed the stereochemistry of 8 as depicted.

13C NMR data of 9 indicated that it was a pentoside of a
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clerodane-butenolide (an anomeric doublet at §95.2, a
triplet at $66.9 and three other oxygen-bearing doublets at
468.1, 73.3 and 70.4). 'HNMR data of 9 at 500 MHz
showed clearly all signals of the pentosyl moiety. The
coupling pattern and coupling constants (Table 4) were in
accord with those of other arabinopyranosides isolated
from Gutierrezia [2]. Moreover, acid hydrolysis of 9
yielded arabinose and an aglycone 19. The a-1.-arabinosyl
linkage was deduced based on J(1.2') = 7.5 Hz. The
vinylic methy! signal at §1.59 (br s, 3H) left only position
C-19 for the arabinosyl group. All spectral data, including
those for the aglycone 19, supported the structure of 9
as 19-0-a-L-arabinopyranosyl-cis-cleroda-3,13(14)-
diene-15,16-olide-19-oic ester.

Compound 10 was a minor constituent. The 'H NMR
signals at 64.32 (dd, J = 7, 11 Hz) and 6.72 (d. J = 3 Hg)
suggested that a C-18,6a lactone was present when these
data were compared with relevant data for 1. One
secondary hydroxyl group in 10 was confirmed by the
formation of a monoacetate 20. The C-2 hydroxyl group
followed from the signal for H-3 (4, J = 3 Hz) and spin
decoupling experiments on 10: irradiation on the signal
for H-3 (66.72) collapsed the signal at 64.64 into a triplet
(J = 9 H2). Irradiation of the signal at 4.64 collapsed the
doublet at §6.72 into a singlet. That the C-2 hydroxul
group should have a f-orientation was indicated by
inspection of models and consideration of coupling
constants.

EXPERIMENTAL

Gutierrezia texana (DC) T. and G. var. texana was collected by
M. Leidig and F. Gao on 3 Sept. 1984 in Travis Co., TX, off
Highway 183, near the bridge over Cottonmouth Creek. The
material was identified by Meredith A. Lane, Department of
Botany, University of Colorado, Boulder. A voucher specimen
(MAL2009) is on deposit in the Herbarium of the University of
Texas at Austin.

Isolation of compounds. Aerial parts (529 g) of G. texana were
extracted with CH,Cl; (101 30 min x 2). The combined extract
when evapd afforded a residue which was dissolved in Me,CO
(1.4 1), the soln was stored in a refrigerator overnight. After

Table 4. '"HNMR data of compounds 9 (re-
corded at S00 MHz)and 19 (recorded at 200 MHz)

(CDCl,, TMS)

H 9 19

3 556brm 563 brm
14 588 brs S84 bre (15)
16 477dd (15,17) 4744 (1.7)

472dd (15.17) 4.74d (1.7)

17¢ 0924 (7) 0934 (?)
18¢ 1.59 brs 1.73brs
20° 089s 091 s
Arabinosyl

v 5.32d (1.5) —

2 376 dd (1.5, 9) -

¥ 3644dd (3,9) -

4 39 brs —

Sa 360 brd (12) —
5'b 3904dd (2.12) —

*Intensity for three protons.
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Table 5. 'H NMR data of compounds 21-25 (90 MHz, CDCl,. TMS)*

H 21 22 23 24 28
3 6.86 ¢ (3) 5.85 691 7.034d (3.6) 6911 (3)
6 431dd (7.11) — - — —
14 $86 brr (1.5 585 582 5.82 574
16t 4734 (1.5 480 brs 476 473 47
17¢  081d (6) 098 1.08 097 08s
18 - 447 brd (10) 10.12 brs 940
— 495 d (10) — —
19 125s — 598brs 9.28s 1.28
208 075s 098 1.00 094 093

*Coupling pattern and coupling constants (valuc in Hz in parentheses) are not
repeated if identical with the preceding column.

tIntensity for two protons.
¢+ Intensity for three protons.

Table 6. '*C NMR data of compounds 1-9 [22.6 MHz (4 and § at 125.8 MHz), CDCl,,

TMS]*
C No. 1 2 3 4t 5t 6 7 8 9
1 170¢ 172 244 230 178p 179t 183 17.2 219
2 351 311 272 262 264p 2621 270 304 26.5
3 12944 1310 1366 1196 573n 595d 602 727 12587
4 1414s 1398 1352 1409 06p 607s 672 851 1353
S 424s 415 436 49.1 459p 451s 454 547 514
6 19.7d 279t 257 237 198p 196¢ 198 26.2 260
7 219¢ 219 255 259 252p 245t 255 251 255
8 360d 369 358 371 351n 345d 357 36.8 350
9 400s 399 388 378 374p 373s 376 392 389
10 455d 406 453 385 379n 3674 380 403 429
11 375: 3438 400 399 390p 388: 392 414 374
12 235: 236 226 238 236p 235t 239 236 233
i3 1711s 1714 1711 1731 1729s 1728s 1731 1714 1732
14 11504 1148 1157 1143  1143n 1145d 1145 1152 1145
15 1742s 1743 1744 1751 1753p 1742s 1753 1747 1758
16 730 731 76.6 735 6p 738¢ 737 73 739
17 155q 157 183 177  167a 164q 170 170 168
18 67.6r 752 1709s 674: 1027n 17565 6671 667 1944
19 310g 6481 770 1011d 978n 101.3d 1026d 1041 1765s
20 1764q 172 227 223 218n 21449 222 236 210
Arabinosyl
I — — - — — — 95.2d
2> _ — — — 68.1d
3 _ — — — 733d
& — - — — 7044
5 — — — - — — 6691

*Multiplicities are not repeated if identical with the preceding column.

t Assignments for 4and § were confirmed by ' *C-'H chemical shift correlation and for §
also by attached proton test. The APT results are given at the right within the column for §:
p = positive signal (two protons or no proton attached), n = negative signal (one or three

protons).

filtering through celite, the soln was evapd to yield 28.2 g of a dark
brown syrup which was applied onto a silica gel column. The
column was eluted with a hexane- EtOAc gradient to yield, after
further separation and purification over a Sephadex LH-20
column packed in cyclohexane CH,Cl,-MeOH (7:4:1), com-
pounds 3, 4 and 7. Further elution of the silica gel column with
MeOH-EtOAc (9: 1) yielded a complex mixture. The mixture was
firstpassed through a Sephadex LH-20 column. Final separations

were achieved by HPLC using the following conditions: semi
prep. silica gel column (10 mm x 25 cm); RI detector; EtOAc as
eluting solvent; flow rate: 2.8 ml min. Compounds 1 (60 mg). 2
(200 mg), § (300 mg), 6 (26 mg). 8 (39 mg). 9 (110 mg) and 10
(10 mg) were obtained.
6a.18-Dihkydroxy-cis-cleroda-3,13(14)-diene-15.16-olide (1).
{2)3 - 647 (CHQly, ¢ 1.2). IR vEB cm ~': 3400 (OH), 3100, 3030,
1780, 1640 (C=C), 1750 (C=0), 1030, 1010, 760. EIMS (probe)
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70V, m:z (rel.int.): 316 (M — H,0])° (C,,H,,04, 334), (17), 301
[316 — Me] " (100}, 111 [C,H.O,]}" (22

Oxidation of 1. 1 (44 mg in Iml Me,0) was treated with
three drops of Jones reagent for S min. After removal of most of
the Me,0, the reaction mixture was poured into H,O and
extracted with EtQAc. The crude products obtained in the usual
work-up were separated by HPLC (conditions as described above
but using hexane-EtOAc, 1:1) 10 obtain 21 (7 mg), 25 (6 mg) and
a minor compound (unidentified). The diolide 21 had [}
- 22.4° (CHCl,; c 0.66), EIMS (probe) 70 eV, m;z (rel. int.). 330
[M]" (C;oH,,0.] (78 315 [(M—Me]® (99} 219 [M
- C,H,0,]" (98) 149 (100}, 111 [C,H,0,]" (46). The alde-
hydic ketone 28 had [a]}} — 44.7° (CHCl,: ¢ 0.55; EIMS (probe)
70eV.m/z (rel int.): 330 [M]" (C,0H,,0,) (8) 315 [M ~ Me]”
(19} 220 [M — C,H,0,]" (22}, 111 [C,H,0,] (71), 69 (100).

Acetylation of 1. Compound 1 (15 mg) was acetylated with
Ac,O pyridine to yield diacetate 11 (16 mg)l EIMS (probe)
70eV m.z (rel int.): 316 [M — MeCOO ~ MeCO]* (3). 301 (316
—Me]" (10}, 283 (301 — H,0]" (7} 43 [MeCO]" (100).

18.19-Dikydroxy<is-cleroda-3,13(14)-diene-15,16-0lide {2).
Colourless prisms from EtOAc, mp 149-150°. (a)}, ~29.7°
(McOH, c 075 IRvE® e ¥ 3200-3400 (br OH), 3000, 1780,
1640, (C=C), 1750 (C=0), 1060, 1030, 1000, 890, 860. EIMS
(ptobe) 70 eV, m;z (rel. ant): 316 [M — H,0] " (C,;,H,,0,. 334)
(6), 298 [M - 2H,0]" (3} 285 [316-CH,OH]" (72}, 173 [316
—McOH ~ C H.0,]" (93} 111 [C H,0,] (43), 105 (100°;).

Acetylation of 2. Compound 2 (32 mg) was scetylated with
Ac,O pyridine to afford 33 mg of the diacetate 12. EIMS (probe)
70eV, m:: (rel. int.) 316 (M — MeCOO — MeCOJ " (3), 298 [M
-2xMcCOOHT® (20), 285 [316—-CH,OH]" (100}, 43
[MeCOT " (62).

Oxidation of 2. Compound 2 (34 mg) in 3Iml Mec,0, was
treated with 4.5 drops of Jones reagent added under magnetic
stirring at room temp within § min. After removal of most of the
Me,0, H,0 was added to the reaction mixture. Usual work-up
yielded 31 mg of aimost pure 3 {identity to the natural compound
was confirmed by 'HNMR and TLC).

cis-Cleroda-3,13(14)-diene-15,16:18,19-diotide  (3). White
needles (64 mg) from EtOAc, mp 195-196". [a]}’ +41.4°
(CHQC,;c 1.3) IR vXB cm ' 3100, 1770, 1680, 1630 (C=C), 1740
(vs, 2 x C=0), 1200, 1030, 980, 890, 760. EIMS (probe) 70 eV,
miz (rel. int) 330 [M]" (C,,H,,0,) (5} 219 [M -C ,H,0,})"
(31 111 {C,H-0,]° (19}, 91 {100%).

18.19-Epoxy-192-hydroxy<is-cleroda-3,13(14)-diene-15,16-
olide (4). Colourless prisms (390 mg) from EtOAc, mp 151 153°.
[2]y ~59.2° (MeOH; c 1.2} [2)}' -49.1° (CHQl,, c1.2).
IR vX3 cm 12 3360 (OH), 3100, 1790, 1620, (C=C), 1720 (C~O),
1160, 1040, 1000, 910, 890. EIMS (probe) 70 ¢V, m/z (rel. int.} 314
[M - H,0]" (C,,H,,0,. 332) (100}, 299 [314 - Me]"* (8), 285
(68}, 111 [C,H.0,]° (50)

Acetylation of 4. Compound 4 (93 mg) was acetylated with
Ac,O pyridine at ca 50° for 7hr. After usual work-up, the
reaction products 13 (69 mg) and 14 (18 mg) were separated by
HPLC using a semi-prep. silica gel column (10 mm x 25 cm), R
detector, hexane EtOAc (2:1) as solvent at a flow rate of
2.8 mi;min. The monoacetate 13, EIMS (probe) 70 ¢V, m/z (rel.
inty 315 (M* - MeCOO]" (C,,H,,0,. 374) (20), 285 [315
~CH,0]1" (39 173 {285~C,H,0,]" (88). 105 (100). The
aldehydic acetate 14, IR vX& cm =12 3100, 1780, 1640 (C=C), 2700
(CHO, 1730 (vs, 2 x C=0), 1240 (COOR). EIMS (probe) 70 eV,
m;z (rel. int.) 285 [M ~ HOAc - CHO]J " (C,;,H,,0,. 374) (32},
173 {285 - C,H,0,]" (59), 105 (100).

Oxidation of 4. Compound 4 (62 mg) was dissolved in 4 ml
Me,O. Jones reagent (seven drops) was added under magnetic
stirring at room temp within 40 min. Work-up gave 57 mg crude
products (threc major spots). Separation was made on HPLC
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using the conditions described above with the solvent system
hexane-EtOAc (1:1) 22 (8 mg) 23 (8 mg) and 24 (9 mg) were
obtained. 23: {aJy' ~-21° (CHQ,, ¢ 1.0x 24 [a)f -218°
(CHQl,, ¢ 0.5). EIMS (probe) 70 eV, m/z (rel. int.) for 22: 330
[M]" (C;0H,;,0,) (4) 285 [M~COOH]" (15}, 220 [M
~CH,0,]" (90}, 175 [285 —-C,H,0,]" (89} 111 [C ,H,0,]’
(95) 105 (100) for 23: 364 [M]° (C,oH,,0,) (1), 314 [M
— MeOH] " (3}, 301 [M - COOH]" (11}, 271 [M -C,H;0,1"
23),190[M ~ C,H,0,]" (100}, 111 [C ,H,0,]" (86); for 24: 330
[(M]* (C30H,,0,) (2), 298 [M — MeOH] " (59), 192 (100), 111
[CH,0,]° 8%

32,4:18,19-Diepoxy-188,19a-dihydroxy -cis-cleroda- 13(14)-
ene-15.16-clide (S). (2]} +19.9° (CHCly, c08). IR vKBrem 1.
3420 (OH), 3120, 1780, 1640 (C=C), 1750 {C=~0), 1120, 1010, 960,
940, 900, 850. EIMS (probe) 70 eV, m/z (rel. int.k 347[M — OH]*
(C10H 40, 364) (2), 346 [M -~ H,0] " (1), 328 (M -2 x H,0]"
{1 111 (C,H,0,]" (100}

Acetylation of 8. Compound 8 (25 mg) was acetylated with
Ac,; O pyridine in the usual manner to give 25 mg diacetate 15.
EIMS (probe} 70eV, myz (rel. int)y 389 [M - MeCOO]’
(C4H,,0,. 448) (3), 360 [389-CHO]" (3). 347 [389
~C;H,;0]" (36}, 328 [M-2xMeCO,H]" (5} I8 [347
—CHO]" (46),300[318 - H,0]" (221 111 [C H,0,]" (84}, 43
[MeCO] " (100).

3a4-Epoxy-19x-hydroxy-cis-cleroda-13(14)-ene-15,16: 18,19-
diolide (6). IR v cm ™ ': 3420 (OH), 1780, 1640 (C=C), 1740 (vs,
2 x C=0), 1130, 1030, 910, 760. EIMS (probe) 70 eV, m:z (rel. int .k
289 [M - C,HO,]" (C30H,,0,. 362) (39), 271 [289 - H,0}"
(13}, 111 [C,H,0,]" (100).

Acetylation of 6. Compound 6 (14 mg) was acetylated with
Ac,O-pyrudine in the usual way to give 12 mg of 16. {2]§’ - §°
{CHCl,, ¢ 1.2). EIMS (probe) 70eV, miz (rel. int) 344 [M
- MeCOOH] " (C;,H,,0-, 404 (10}, 315 [344 ~ CHOJ" (18},
233 [344 - C,H,0,]" (58), 177 (99). 43 [McCO]" (100).

32,4:18,19-Diepoxy-19-hydroxy<is-cleroda- 13(14)-ene- 15,16-
olide (7). Compound 7 (190 mg) had the following properties:
(2]}’ - 21.8° (CHC,, ¢ 3.1). IR X% cm “1: 3420, 1040 (OH),
3120, 1780, 1640 (C=C}), 1750, (C=0), 940, 890, 840, 770. EIMS
{probe} 70 eV, m:z (rel. int): 330 [M — H,0]* (C,oH,,0,. 348)
6 312 [M -2 x H,0]" (5} 111 [C,H,0,]" (100)

Acetylation of 7. Compound 7 (14 mg) was acetylated with
Ac,O-pyridine for 6 hr. After usual work-up, 14 mg of 17 were
obtained. IR vK8 cm ': 3120, 1780, 1640 (C=C), 1750 (C=0),
1250, 890. EIMS (probe) 70¢V, m:: (rel. int)y 331 [M
~MeCOO]" (4) 111 [C,H,0,]* (55) 43 [MeCO]" (100).

32.48,19x- Trihydroxy- 18,19 epoxy -cis - cleroda- 13(14) - ene-
15.16-olide (8). IRvEB cm ': 3420 (OH), 3120, 1780, 1640
{C=C). 1740 (C=0), 1030, 760. EIMS (probe} 70 eV, m;2 (rel. int.):
314 [M-H,0-2x0H]* (C,4H,,0,, 366) (1), 312 [M -3
xH,0]° (1) 173 (223, 111 {C,H,0,]" (100).

Acetylation of 8. Compound 8 (14 mg) was acetylated with
Ac,O pyridine for 3 hr to give 10 mg 18 [x)} + 14.1° (CHQ,,
€ 1.2). EIMS (probe) 70 eV, m;z {rel. int.); 391 [M — MeCOO]"
(C;4H, 04, 450) (2), 330 [M-2xMeCOOH]' (4} (1!
(C.H-0,]° (84), 43 [MeCO]" (100).

19-0-a- - Arabinopyranosyl-cis-cleroda-3,13(14)-diene-15,16-
olide-(19-oic ester (9). [2)f ~ 19° (McOH, ¢ 0.77). IR vK& cm " ;
3420 (OH), 3120, 1780, 1640 (C=C), 1740 (vs, 2 x CwO), 1080,
1030, 950, 790. EIMS (probe) 70eV, m/z (rel. int) 332 ™M
-CsHeO,]1" (Cy,H,,0,, 464) (2}, 288 [M ~ C,H,0,)" (25)

OH__,0-Ca0* OH .
177 @j (70, 149 Ko;n ; ®2. 1

OH OH
(C,H,0,1" (27). 109 (100).
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Acid hydrolysis of 9. Compound 9 (12 mg) was dissolved in
0.5 ml McOH and 1.5 ml 5%, HCl was added. The mixture was
stirred at 80° for 2 days. The reaction mixture was then extracted
with EtOAc to yield an EtOAc extract and a H,0 layer. The
EtOAc extract yickded an aglycone 19 (8 mg). IRvEM cm™ .
3400- 2600 (COOH), 1780-1680 (2 x C=0), 1630 (C=C), 1180,
1130, 1030, 750. EIMS (probe) 70 eV, m;z (rel. int.). 332 [M]*
(C,0H;40,) (7), 302 (M -2 x Me]"* (3), 288 [M - CO,] (40),
287 [M —COOH]" (39), 175 (100}, 111 [C(H,O,]" (81). The
H,O layer yiclded one sugar, arabinose (identified by cellulose
TLC, in pyridine-EtOAc-HOAc-H,0, 36:36:7:21. Hydrogen
aniline phthalate was used for visualization).

28.6a-Dikydroxy-cis-cleroda-3,13(14)-diene-15,16: 18, 6a-
diolide (10). IR vE cm™*: 3420 (OH). 3120, 1780, 1640 (C=C),
1750 (C=0), 1030, 970, 770, 760. EIMS (probe) 70 eV, m/z (rel.
int): 346 [M]* (C,oH,,0y) (1) 331 (M —Me]"* (88), 313 [331
~H,0]"* 45). 119 (100}, 111 [C,H,0,]° 93}

Acetylation of 10. Compound 10 (10 mg) was acetylated with
Ac,O-pyridine in the usual manner to give 9 mg monoacetate 20.
EIMS (probe) 70 eV, m:z (rel. int.): 346 [M - MeCOO] " (38), 331
(346 -~ Me] " (13), 313 [331 - H,0]" (19). 43 [MeCO] " (100).
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