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Abstract—The investigation of two further Trixis species afforded five new sesquiterpenes related to trixikingolide, six
new germacrene derivatives and a sesquiterpene derived from rotundene. Some further known compounds were
isolated too, which in part may be of chemotaxonomic significance. The structures were elucidated by spectroscopic
methods and a few chemical transformations. The relative position of the ester groups in eight of the new
sesquiterpenoids however, could not be established with certainty as partial saponifications were not successful.

INTRODUCTION

Only a few species of the large genus Trixis have so far
been investigated chemically. All contained a new type of
sesquiterpene skeleton [1-3], also present in a Proustia
species [3]. As the taxonomy of the tribe seems to be very
complicated, we have now investigated two further species
to see whether these compounds are typical for the genus
or for the subtribe, and whether other constituents may
give indications to further relationships in the tribe. Again
trixikingolides and similar compounds were present.
However, T. vautheri also contained a new type of highly
oxygenated germacrene derivatives, unusual sesquiter-
pene lactones and a coumarin, so far only isolated from
Gerbera species.

RESULTS AND DISCUSSION

The roots of T. vautheri DC. afforded caryophyllene,
the corresponding 1,10-epoxide, the sesquiterpene
lactones 15 [4] and 16 {57, the isovalerate 1 [1], the
lactone 3 [2], as well as the methyl ether 2, which has not

1 R =a-0-i-Val
2 R=p-OMe

*Part 346 in the series “Naturally Occurring Terpene
Derivatives”. For Part 345 see Bohimann, F. Suwita, A,
Robinson, H. and King, R. M. (1981) Phytochemistry 20, (in
press}.

been isolated before. Its structure followed from the ‘H
NMR data (Table 1), which clearly indicated that the
stereochemistry at C-14 was changed if compared with
that of 1. As C-14 epimeric compounds have already been
prepared [2], the assignment of the configuration was
easy. We have named 2 14f-methoxytrixic acid methyl
ester. Furthermore, a methoxysesquiterpene acetate was
present in small amounts. The molecular formula and the
13C NMR data indicated the presence of a tricyclic
sesquiterpene with one double bond. The 'H NMR data
(Table 4) showed one broadened olefinic singlet. Its allylic
coupling with the signals of a CH,OMe group allowed the
placement of this oxygen function, while a CH,OAc
group had to be placed at a tertiary carbon. Only one
methyl group was present (1.04, s), indicating that the
carbon skeleton must be formed by using one of the
methyls normally present in sesquiterpenes. Addition of
Eu(fod), allowed the assignment of several more signals.
The broadened double doublet at 2.48 ppm obviously
must be the signal of a tertiary allylic proton. Epoxidation
led to only one epoxide, while oxidation of the free
alcohol, obtained by saponification, gave an aldehyde. All
signals of the epoxide could be assigned by measuring the
spectrum in CDCl, with different amounts of C,Dy
(10-509). In each spectrum all signals that were not
overlapping were decoupled by double resonance
experiments starting with the signals of the CH,OAc
group. This allowed the assignment of the neighbouring
proton and further spin decoupling in the usual way led to
the sequence A:
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Table 1. *H NMR spectral data of compounds 2 and 4-8 (270 MHz, CDCl,, TMS as internal
standard)
2 4 5+D,0 6 7 8
H-1¢] 200m 1.44 dd 144 dd 1.45 dd 143 dd 14 m
H-15 3.16 dd 317 dd 316 dd 3.15dd 317 dd
H-2 260 brdd  2.38 ddd 23R ddd 2.38 ddd 2.39 ddd 238 brd
- 5 . 9 4.9 9
gg;} 575 dd 4795 dd 435 did 4775a'd ,,iﬁdd 34 dd
H-4 5834 4.87 dd 487 dd 4.86 dd 4.83 dd 4.87 dd
H-7 200 m 2.62 ddd 2.62 ddd 2.60 ddd 2.62 ddd 24 m
H-8a 223 dd 223 dd 222 dd 2.23 dd 22m
H-8f 1.87 ddd 1.88 ddd 1.87 ddd 1.89 ddd 1.6 m
19-14m
H-9z - -— — - —
H-98 4.42 dd 441 dd 4.41 dd 4.40 dd 441 dd
H-10 2.85dd 218 br d 217 brd 218 br d 218 brd 21m
H-13 1.28 5 159 s 159 s 1.59 5 1.60 s 1535
H-14 458 d 547 d 548 d 549d S44.d 4.50 d
H-15 6.10 5 6353 s 6.53 s 6.52 ¢ 6.49 s 6.51 s
OMe 38675 — — — — —
344 5 - - - —

OCOCH,C(OAc)Me,: 295 and 2.85 d, J = 145Hz; 1.52 5; 2.005; OCOCH{Me)CH-
(OH)Me: 2.56dg,J =7, 7THz;3.94dq,J =7, 7Hz; 1.25d and 1.21 d (J = 7 Hz) [in 5: 2.594dg,
41ldq (J =7 45Hz), 1244, 1.234]; OCOCH,C(OH)Me,: 2585 1335, 131s;
COCH(Me)Et: 2.34 ddyg (J = 7,7,7Hz), 1.64 ddq and 1.43 ddy (7 = 14,7,7Hz),1,13dand 0.89d
{(f = 7Hz); OCOCH(Me)CH(OAc)Me: 2.80 dg (J = 7,7Hz), 5.16 dg (J = 7.7Hz), 1.25d and

1.20d (J = 7Hz).

J (Hz): 2: 12=4; 23=06; 34=9; 7,14 =135; 910=8; 4: lalff =12; 122 =15;
12=6.230 =304 =25 78u=85,788=05;714=9; 880 = 15,8894 =910 =35

Together with the other data this was in good agreement
with structure 29 and consequently the natural compound
is 27. Though a few couplings could not be estimated with
certainty, the crucial ones were clear and fully in
agreement with those expected from a model. Especially
the angles between H-7 and H-6f and H-8x were nearly
90° and those between H-64 and H-5 180° thus explaining
the large coupling observed. Irradiation of the H-7 signal
sharpened the H-12 signal, thus establishing the position
of the olefinic bond. A W-coupling was present further
between H-2f and H-4, which supported the o-
orientation of the CH,0OAc group. Furthermore the
observed shifts after addition of Eu(fod); in the spectrum
of 27 were in agreement with the proposed slereo-
chemistry. Since H-5 showed one large coupling only H-1
and H-5 must be both «-orientated. The **C NMR data
{Table 4) also agreed with the proposed structure, though
not all signals could be assigned with certainty. In the
mass spectrum of 27 the base peak formed by loss of
CH,OMe is remarkable. Most probably this has to be
explained as shown in the Schemc 1 (27a), by first splitting
the L,11-bond followed by 5.11-H-shift leading to an
allylic methyl ether. The corresponding hydrocarbon
probably is rotundene [6), in which structure, however,
no stereochemistry is proposed. 27 may be derived from a
guaiane like 30 by an acid-catalyzed cyclisation (see
Scheme 1).

The aerial parts afforded caryophyllene, 1, 2, 3, the
coumarin aldehyde 26 [71, the flavones 23-25 [8]and the
flavanones 17-20. Sakuranetin (17) is widespread in
Compositae, while padmatin (19) [9] and 7-0-methyl-
dihydrokaempferol (20) [10] seem to be rare. 18 or its
3" 4’-isomer was isolated from a Eupatorium species [10].

if the *H NMR data of 18 (Tabile 3) were compared with
those of the acetylation products 21 and 22, the free
hydroxyl most probably must be placed at C-4.
Furthermore, from the most polar fractions a complex
mixture of sesquiterpenes was isolated, which couid only
be separated by HPLC. Two groups of compounds were
present, the germacrene derivatives 9-13 (11 and 12 could
not be separated) and the trixikingolides 4-6. 9 was the
main constituent. Acetylation afforded the diacetate 14.
Careful 'H NMR studies (Table 2) and comparison of the
data with those of related germacrenes led to the proposed
structure. Spin decoupling starting with the H-7 signal
allowed the assignment of all signals, though several were
overlapped. The stereochemistry at (-5 and C-9 was
deduced from the corresponding couplings observed. The
presence of a 15-OH group was shown by comparning the
NMR data of 9 and 14, while the position of the three ester
groups could be deduced only indirectly. The presence of a
f-hydroxy-2-methylbutyrate in all compounds was
apparent from the typical 1H NMR signals as was the
nature of the other ester groups. As on acetylation of 9 the
H-14 signals were shifted slightly, while the chemical shifts
of these signals were nearly the same in all compounds, the
hydroxymethylbutyrate group was assigned to the 14-
position. While the chemical shift of H-12 was not different
in the spectra of 8-14, the position of the H-9 signal
depended on the nature of the ester residue. Therefore most
probably 9-13 differed in the oxygen function at C-9 only.
We have named 9 with 4 free hydroxyl at C-9 vautheriol.
The structures of 4-6 could not be deduced directly from
the '"H NMR data (Table 1}. However, the data were all
very close to those of the known 9a-hydroxykingolide
diesters [1]. From the '"H NMR data the nature of theester
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Scheme 1.

Table 2. 'H NMR data of 9-14 (270 MHz, CDCI,, TMS as internal standard)

9(C¢Dy) 10 11 12 13 14
H-1 573 brdd 581 brdd 5.80 br dd 580 brdd 580m
H-2a 1.85m 2.15m 215 m 22m 21m
H-28 278 m 2.82 m 2.80 m 28m 2.8 m
H-3a 248 m 25m 25m 25m 25m
H-3p 1.35m 1.5m 1.5m 1.5m 1.5m
H-5 3.03 dd 335brd 334brd 332brd 333 brd
H-62 1.58 ddd 1.7m 1.68 m 1.65m 1.65 m
H-68 221 brd 228 m 228 m 226 m 22m
H-7 226 brdd 250 m 250 m 25m 25m
H-8« 221m 220 m 22m 22m 22 m
H-33 193 m 20m 20m 20 m 20 m
H-9 6.01 brd 593 brd 5.89 br d 584 brd 5.87m
H-12 5.00 br s 5.05 br s 5.06 br s 5.06 br s 508 brs
H-12" 490 br s 495 br s 495 br s 495 br s 497 brs
H-13 457 ABq 454 br s 453 brs 453 brs 4.55 br s
H-14 486 d 483 d 482d 480d 480 d 463 d
H-14  451d 448 d 447 d 4.46 d 453d
H-15 389 brd 379 brd 3.78 br d 3.78 br d 437 brd
H-15"  3.62brd 358 brd 358 brd 358 brd 393 brd
OAc 1815 208 s 207 s 208 s 2.10 s 212

2.09 s
200 s

OCOR 227 g 6.12 gq 6.86 qq 5.66 qg 253 qq 2.38 1g

1.67 ddd

1.37 ddd

0.89 ¢ 1.99 dg 1.80 br d 217d 1.18d 092¢

1.07 d 1.88 dg 1.82 brs 1904 - 1.14d

2.48 dg 2.50 dg 2.48 dg 248 dgq 2.77 dq

391 dgq 393 dg

397 dg 3.92 dg 1.23d 124 d 5.15 dg

1.14 d 1.24 d 1.17d 1.16 d 124 d

1.07 d 1.19d 121 4

J(Hz): 122 = 7; 1,28 = 10; 5,60 = 11; 5,68 = 2; 60,7 = 10; 60,68 = 12; 7,88 ~ 5; 8,86 ~ 12;8.9a ~ 5;
14,14" = 12.5; 15,15 =12; OCOCH(Me)CH(OH)Me: 2.3’ =2'5"=134"=7; OMebu:
23 =25=34 =17 3,3, =14, OAng: 34 =7; 3,5 =45 =15; OTigl: 3’4" =7: OSen:
24 =25=1;0-i-Bu: 2,3 =2'4' = 7.
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Table 3. *H NMR spectral data of compounds 18,
21 and 22 (270 MHz, CDCl,, TMS as internal

standard)
18 21 22

H-2 502d 539d 5.37d
H-3 4.57 d 573d 582d
H-6 6.13 d 6.43 d 6.14 d
H-8 6.07 d 6.34 d 6.08 d
H-2' 7.05d 7.094d 710 d
H-5 6.99 d 7.08 d 7.09 d
H-6’ 7.07 dd 7.02 dd 7.03 dd
OMe 3955 387s 388 s

3835 384 s 384 s
OAc — 2395 234 s

— 2.33s —

— 2.03 s 208 s
OH 11.21 s — 1146 s

574 s — —

J(Hz): 23 =12, 26’ = 1.5; 56’ = 8.

groups was clearly deduced, but the relative position of the
different esters caused difficulties. In the case of 4, partial
saponification was successful and thus allowed structural
assignment since in the {H NMR spectrum of the resulting
diol 8 the H-14 signal was shifted upfield and the signals of
the acetoxyisovalerate still were present. As § was an
isomer of4, its structure was also clear. If the signals of the
hydroxymethylbutyrate residues in the spectra of4 and 5
are compared, slight difference in the chemical shifts can be
observed, which surely were caused by the lactone
carbonyl. The relative position of the ester residues in 6
could not be established with certainty. As a partial
saponification was not possible, the presence of hydroxy
acid at C-14 was less likely, as obviously the success in the
case of4 was highly influenced by thelability of such anacid
function.

The roots of T. antimenorrhoea (Schrank.) Mart. also
afforded 1, 3 and y-curcumene, while the aerial parts gave
germacrene D, 1, 3 and a further derivative of this type
differing in the nature of the ester residues. The 'H NMR
data showed the presence of a 2-methylbutyrate and a f-
acetoxy-2-methylbutyrate group, while the other signals
were more or less the same as those of 4—6. A small upfield
shift of the H-14 signal led to the proposed structure 7 as
the more likely one. The absence of a f-oxygen function at
the ester residue was obviously the reason for this
difference in chemical shifts. Again partial saponification
was unsuccessful. The results show again the significance
of the trixikingolide like compounds for the subgenus
Nassauviinae. However, the lactones 15 and 16, present in
a Wunderlichia [4) and an Onoseris species [5],
respectively, as well as the coumarin 26, found in Gerbera
species [7], show relationships to the subtribes
Gochnatiinae and Mutisiinae. Investigations of the fruit
anatomy [11] have also led to groupings of genera, which
include Trixis, Gerbera, Onoseris and Wunderlichia. These
genera also show chemical relationships.

EXPERIMENTAL
The air-dried plant material was extracted with Et,O-petrol
(1:2) and the resulting extracts were separated first by column
chromatography and further by repeated TLC (Si gel). Only the
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polar parts were further separated by HPLC (reversed phase,
RF 18). Known compounds were identified by comparing the IR
and 'H NMR spectra with those of authentic material.

Trixis vautheri (voucher RMK 8040, collected in ‘ rth-eastern
Brazil). The roots (500 mg) afforded 300 mg caryophyllene, 20 mg
caryophyllene epoxide, 100mg 1, 100mg 2 (Et,O-petro}, 1:3),
100 mg 3, 10mg 15, 300 mg 16, and 10 mg 27 (Et,O-petrol, 1:3),
while the aerial parts (330 g) gave 200 mg caryophyllene, 20 mg 1,
20mg 2, 500mg 3, S0mg 9, 8 mg 10, 4mg 11, 1 mg 12, 6 mg 13
(9-13 separated by HPLC) (MeOH-H,O0, 7:3), 200mg 17,
50mg 18 (CHCl,-Et,0,4:1),10mg 19, 50mg 20, 10mg 26 and a
mixture of 4-6, which after HPLC (MeOH-H,0, 3:2 and
MeCN-H,0, 2:3) finally afforded Smg 4, 5mg 5 and Smg 6.

Trixis antimenorrhoea (voucher RMK 8071, collected in north-
eastern Brazil). The roots (20g) afforded 10mg y-curcumene,
10mg 1 and 20mg 3, while the aerial parts (200g) gave
germacrene D, 20mg 1, 20mg 3 and Smg 7 (Et,0, 2 x).

14p-Methoxytrixic acid methyl ester (2). Colourless gum, IR
yE€S% em~1: 1730 (CO,R), 1650 (C=COR); MS m/z (rel. int.):
290.152 (M™, 38) (C,,H;,0,), 259 (M — OMe, 4), 231
(M — CO,Meg, 3), 71 (C;H,0,, 100).

9a-Hydroxy-3f-[3’-acetoxy-isovaleryloxy ]-trixikingolide-3'-
hydroxy-2'-methylbutyrate (4). Colourless gum, IR v$S* cm™!:
3620 (OH), 1740 (lactone, CO,R), 1670 (C=COR); MS m/z (rel.
int.): 536.226 (M*, 0.8) (C,.H;¢0,,), 435
(M — H,C=C(Me)OAc, 3), 419 (M — OCOCH(Me)CH(OH)-
Me, 6), 376 (M — HO,CCH,C(Me),0OAc, 3), 83 (C,H,CO*,
100).

589
—-17.5

To5mg4in 1 ml MeOH was added 10 mg K,CO, in 0.1 ml H,0.
Following the reaction by TLC led to the isolation of 8 (2mg),
colourless gum. MS m/z (rel. int.): 436.173 (M*, 3) (C,,H,;50,),
376 (M ~ HOAC, 2), 294 (M — O=C=CH-C(Me),0Ac, 4), 143
(RCO*, 21), 83 (143 — HOAC, 100).
9a-Hydroxy-38-[3'-hydroxy-2'-methylbutyryloxy]-trixi-
kingolide-3'-acetoxyisovalerate (5). Colourless gum, IR v<&+
cm™}: 3620 (OH), 1740 (lactone, OAc), 1710 (CO,R), 1760
(C=COR); MS m/z (rel. int): 536226 (M™*, 0.3), 435
{M — H,C-C(Me)OAc, 2), 419 (M—-OCOCH(Me)CH(OH)Me,
4),376 (M — RCO,H,2),143 (RCO*,21),83 (143 — HOAC, 100).

580 578 546
-33 35 -40

578
—18

546 436nm
-21 =32

[a}he = {c = 0.48, CHCl,).

436
6‘;’“ (c = 02, CHCL,).

[ ]314“ =

9a-Hydroxy-3B-[3'-hydroxy-isovaleryloxy l-trixikingolide-3'-
acetoxy-isovalerate (6). Colourless gum, IR vE&* em™!: 3620
(OH), 1745 (lactone, CO,R), 1670 (C=COR); MS m/z (rel. int.):
536.226 (M, 0.8)(C,,H,40,,),436 (2), 419 (6), 376 (3), 143 (19),
83 (100).

589 578
—42 —4

546
-52

436 nm
-82

(@134 = (¢ = 6.2, CHCL,).

9a-Hydroxy-3B-[3'-acetoxy-2'-methylbutyryloxy }-trixikingo-
lide-2"-methylbutyrate (7). Colourless gum, IR vS< em™1: 3620
(OH), 1750 (lactone, CO,R), 1670 (C=CORY); MS m/z (rel. int.):
520231 (M*, 5) (C,,H;40,,), 409 (M — RCO,, 4), 83
(C,H,CO*, 100).

Vautheriol-2'-methylbutyrate (9). Colourless gum, IR vE<
cm ™ !: 3480 (OH), 1740 (CO,R), 1660 (C=C); MS m/z (rel. int.):
290 (M — HO,CCH(Me)Et, HO,CCH(Me)CH(OH)Me, 14),
85 (C,H,CO™, 58), 57 (85 — CO, 100); CI (iso-butane): 511
(M + 1, 4), 409 (511 ~ HO,CCH(Me)Et), 291 (409 — HO,-
CCH(Me)CH(OH)Me, 100); 13C NMR (C,Dy): 175.75,175.6 5,
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17015, 148.85, 1355513034, 111.5¢,72.34,69.84,65.6¢,64.7 5,
64.21,63.71,009d,4834d,41.34,404¢,35.11,31.71,270¢, 2541,
21.0 ¢4, 20.51 g, 16.6 q, 14.1 4, 11.7 q.

38 578 546 436nm (c = 4.7, CHCL,).
—-335 -35 -395 64

10mg 9 were heated for 1 hr with 0.1 ml Ac,O at 70°. TLC
afforded 10mg 14, colourless gum, IR v$S em ! 1740 (CO,R),
1655 (C=C): MS m/z (rel. int.): 534.283 (M*, 0.3) (C,H,,0,),
474 (M — HOAc, 02), 432 (M — RCO,H, 0.3), 372 (474
—RCO,H, 0.6), 272 (432 — HO,CCH(Me)CH(CAc)Me, 4),
143 (RCOY, 21), 83 {143 — HOAg, 100).

Vautheriol angelate (10). Colourless gum, IR v5& em™': 3500
(OH), 1740 {CO,R), 1720, 1656 (C=CCO,R); M8 (CI, iso-
butane) m/z (rel. int.): 509 (M + 1, 3), 409 (M + 1 — AngOH,
113, 391 (509 — RCO,H, 10), 291 (391 — AngOH, 100}, 231
(391 ~ HOAG, 85), 213 (231 — 1,0, 47), 101 (AngOH + 1, 42),
83 (101 — H,0, 1)),

o ]i&“ =

589 578
—345 36

546
—40.5

436
a‘i‘" c = 0.8, CHCL,).

f“]gu =

Vautheriol tiglate and senecioate (11 and 12). Not separated
colourless gum, IR vSSH+ em ™1 3500 (OH), 1740 (CO,R), 1720,
1655 (C=CCO,R}); MS (CI, iso-butane} myz (rel. int): 509
(M + 1, 4, 409 (18), 391 (12), 291 (100), 231 (92), 213 (51}, 101
(52), 83 (8).

Vautheriol isobutyrate (13). Colourless gum, IR v5S* em **:
3480 (OH), 1735 (CO,R); MS (CI, iso-butanc): 497 (M + 1, 5),
409 (M + [ — Me,CCO,H, 21), 291 (409 — RCO,H, 100), 231
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(291 — HOAc, 72), 119 (MeCH(OH)CH(Me)CO,H + 1, H1),
101 (119 — H,0, 11).

589 578 546
[a)3r = " — (¢ = 0,38, CHUC,}.

=30 -3 -3

38,5,4'-Trihvdroxy-7,3'-dimethoxyflavanone (18). Coloutrless
crystals, mp 185-190°, IR vE5" em *: 3540 (OH), 1640 (PhCO);
MS m/z (rel. int): 332090 (M*, 30), 314 (M - H,0, 6), 303
(M — CHO, 42), 167 {(C,H,O,, 100). To 20 mg 18 in 2m! CHCI,
were added 30 mg 4-pyrrolidinopyridine [12] and 0.1 ml Ac,Q.
After 20 hr TLC afforded 10mg 21 and 6mg 22. 21: IR v5&
em "1 1760 (PhOAc), 1710 (QAc), 1640 (PhCO); MS m/z (rel.
int): 458.121 (M*, 6) (C,,H,,0,,), 416 (M ~ ketene, 10), 374
(416 — ketene, 8), 332 (374 — ketene, 8),314 {374 - HOAc, 100),
167 (CzH,0,, 95); 22: IR vE5s em 11 1770, 1640; MS m/z (rel.
int): 416,111 (M, 15) (C,, H,,0,) 374 (12). 332 (12). 314 (100),
167 (95).

15-Acetoxy-13-methoxyrotundene (27). Colourless oil, IR vS&h

om "t 1745, 1250 (OAc), 840 (~-C=CH ); MS m/z (rel. int.):
202204 (M*, 21) (C,gH50,). 260 (M — MeQH, 8), 247

(M — CH,OMe, 100}, 200 (260 — HOAc, 30}, 187
(247 — HOAc, 89).
2mg 27 were saponified at room temp.  with

KOH-MeOH-H,0. The alcoho! obtained on stirring with
20mg MnO, in Et,0 afforded 1.5mg 28. For '"H NMR see Table
4. 8mg in 1 ml CHCI, was stirred with 20mg NaQAc and 20mg
m-chloroperbenzoic acid. TLC (Et,0~petrol, 1:4) afforded 6 mg
29, colourless oil. For 'H NMR see Table 4.

Table 4. 'H NMR spectral data of compounds 27-29 {400 MHz, TMS as internal standard)

27 27 28 29 29
(CDy) (+ Eu(fod),) {CeDy) (CsDs—CDClL,, 9:11) BC(CDCL,)*
H-1 1.73 ddd C-1 5124
H-2 1.22m C.2 2311
H.2' 1.37 dddd C-3 2731
H-3 i9m 1.51 dddd C-4 414 4
H-3 208 m 1.11 dddd C-5 40353 d
2.06 br dddd C-6 29.5¢
H-4 2.18 br dddd 2.99 br dddd 2.40 br dddd 2.06 br dddd C-7 3264
H-5 1.7 m 2.35 dddd 2.04 dddd 1.95 dddd C-8 2974
H-6 223 br ddd 1.61 br ddd [@XY) 281t
H-&' 0.82 br dd 1.23 br dd 0.88 br dd 0.86 br dd C-10 365y
H-7 258 br dd 2.80 br dd 2.43 br dd 2.15 br dd C-11 1385 5
C-12 1355d
H-8 I.Im 091 dddd C-13 065.7 ¢
H-8' 1.7m 208 m 1.83 dddd C-14 30.1 g
H-9 130 m C-15 75351
H-9’ 1.22m OMe 3794
H-12 578 br s 598 brs 5.74 br s 270 brs
H-13 3.81 dd 4.23 dd 37544 348 4 Ac 171.1 s
H-13*  3.76dd 4.15 dd 3.67 dd 303 d 20.9 g
H-14 104 s 1.13 s 098 s 087 5
H-15 41044 5.84 dd } 9.50 d 388 dd
H-15"  4.00 dd 5.64 dd : 3.80 dd
OMe 3205 358 s 318 s 3195
OAc 175 s 339 s 1.73 5

* Some shifts may be interchangeable.

J{Hz): 1,20 ~ 6.5; 1,2 ~9; 1,5 =6.5; 20,28 = 30,35 = 62,60 = B, 88 ~ 14; 2032 ~ 8; 2238 ~9; 2832 =8§;
2638 ~7; 30,4 =11; 3f4~5; 45=65; 415=65; 413 =8; 56a =6.5; 5.60=13; 6a,7="75; T8x= 1.3;
786 = 6; 80,9 ~ 5; B, 9f ~ 10; 889« ~ 11; 8498 = 4; 13,13 = 11.5; 15,15" = 10.5.
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