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Eighteen new eremophilanes (dimeric lactones, lactams, carboxylic acid, methyl ester, tetranor- and
dinor-ketones, furanoeremophilane, enoleremophilanolide, epoxyeremophilanolide, and hydroxy- or
methoxyeremophilanolides) have been isolated from the methanol extract of fresh rhizomes of Farfu-
gium japonicum (Compositae), and their structures have been determined on the basis of high-resolution
2D NMR and X-ray crystallographic analyses as well as by chemical transformations.

� 2010 Elsevier Ltd. All rights reserved.
1. Introduction

Four epoxyeremophilanes from the fresh rhizomes of Petasites
japonicus have been reported1 and, more recently, two new lactones
withanenol lactoneunit andanepoxideatC-7andC-8positionshave
been reported from the fresh rhizomes of the closely related Farfu-
gium japonicum.2 In continuation of these study on the chemical
constituents from the same plant, further eighteen new eremophi-
lanes (including nor-type) have been isolated, and their structures
determinedon thebasis of extensive spectroscopic analyses aswell as
X-ray crystallography and by chemical transformations. The first re-
port of the eremophilane dimer was made by Bohlmann in 2004.3

Since then, seven dimers of eremophilane-type sesquiterpenes have
been reported.4e10 Recently advances in isolation and detection,
predominately throughhigh-resolution2DNMRmethodologieshave
made possible the identification of dimeric compounds. There are
now three examples of eudesmane-type sesquiterpene dimers.11e13

Baldwin studied the mechanism of formation of such dimers in de-
tail to clarify the radical mechanism.14 We have been studying the
chemical constituents of Farfugium,2 Petasites,1 Eupatorium,15 and
Ligularia,16 belonging to Compositae and have found various com-
pounds described in Baldwin’s report.14 Now, recent reports4e10 have
prompted us to report three new dimeric eremophilanolides, one of
which has been characterized by X-ray crystallography, lactams,
norketones, and other eremophilanolides.
x: þ81 88 655 3051; e-mail
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2. Results and discussion

The EtOAc soluble part of the MeOH extract from fresh F. japo-
nicum rhizomes collected in Tokushima Prefecture was fractionated
by silica gel column chromatography, followed by Sephadex LH-20
and HPLC to isolate eremodimers A (1), B (2), and C (3), eremo-
lactams A (4) and B (5), eremofarfuginoic acid (6), and methyl ere-
mofarfuginoate (7), noreremophilanes 8 and 9, furanoeremophilane
10, six lactones 11e16, eremopharfugin A (17),2 and eremopetasi-
tenin B3 (18)2 (Fig.1), aswell as 15 known compounds19e33 (Fig. 2).

In eremodimer A (1), C40H50O8, the angeloyl moiety was rapidly
identified from the 1H NMR spectrum, because the signals of
a proton at d 6.07 (qq, J¼7.1, 1.6 Hz, H-30) and two methyl groups at
d 1.90 (quint, J¼1.6 Hz, H-50) and d 2.02 (dq, J¼7.1, 1.6 Hz, H-40) were
observed. The presence of the double bond between C-9 and C-10
was inferred from the HMBC spectrum as shown in Figure 3. The
connectivity between H-3 and C-10 was also revealed in the HMBC
spectrum. The 1H NMR spectrum of 1 was highly similar to that of
known compound 1917 except that the proton at d 5.62 in 19 is
shifted to d 5.73 in 1, and that the coupling pattern changed from
triplet (J¼1.9 Hz) to doublet (J¼1.4 Hz). A further difference in 1was
seen in the absence of the proton attributable to H-8 at d 5.17 in 19.
Therefore, the carbon at C-8 must be quaternary, while no func-
tional group appeared to be connected to C-8. The FABMS spectrum
clearly showed a quasi-molecular ion peak at m/z 659 [MþH]þ, as
well as 681 [MþNa]þ. Therefore, it should be the symmetric dimer
of compound 19 connected at C-8. The 13C NMR spectrum of 1
showed C-8 at d 86.6 as a singlet, while C-8 of 19 appeared at d 78.2



Figure 1. New compounds isolated from F. japonicum.

Figure 3. Major HMBC and NOE correlations detected for eremodimer A (1).

Figure 2. Known compounds isolated from F. japonicum.
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(Table 1). The stereochemistry was established from the NOESY
spectrum (Fig. 3). The cis arrangement of the two methyl groups
and the angeloyl moiety was determined by the presence of NOEs
between H-3 and H-4, H-4 and H-6a, H-6 b and H-13, H-14 and H-
1b, H-30 and H-40, and H-30 and H-50. Although the NOE between
themonomeric units was not observed, the configuration at the C-8
position should be a. If the C-8 position is b,1,2 the NOEs should not
have been observed as indicated in Figure 3. Thus, the total struc-
ture was established as depicted in the formula.

The 1H NMR spectra of eremodimers B (2), C40H50O8 (HRMS),
and C (3), C40H50O8 (HRMS), were very similar to each other. Both
have an angeloyl moiety (d 6.04 (H-30) for 2, d 6.05 (H-30) for 3) and
an oxymethine proton at d 5.04 and 5.01 (H-3), respectively. The
singlet and doublet methyl groups for 2 appeared at d 1.02 and 1.00,
while those for 3 appeared at d 1.25 and 0.85, respectively. The IR
spectra for both compounds showed the presence of lactone and
ester groups. However, the oxymethine proton at C-8 was not
found, instead the 13C NMR signals appeared at d 90.7 and 88.1 in 2



Table 1
13C NMR data for compounds 1e7 and 19 (150 MHz, in CDCl3)

No. 19 1 2 3 4 5 6 7

1 27.3 27.9 21.9 21.6 124.2 21.9 24.6 24.7
2 31.2 31.4 25.2 24.8 32.0 25.4 25.9 26.0
3 72.7 73.0 73.0 73.0 71.6 73.0 72.7 72.9
4 45.8 45.2 40.1 32.6 41.2 32.2 41.3 41. 6
5 44.8 45.4 41.4 40.7 37.1 39.4 40.0 39.9
6 38.2 38.5 38.9 36.6 35.5 35.5 154.8 153.8
7 158.5 160.4 164.1 162.7 140.0 151.4 136.5 137.1
8 78.2 86.6 90.7 88.1 135.2 88.6 198.2 197.4
9 117.7 117.2 33.0 37.8 109.8 39.2 39.9 39.9
10 148.8 151.5 36.2 37.8 140.2 37.5 36.2 36.0
11 121.7 123.7 124.8 123.9 125.8 128.7 38.6 38.2
12 174.3 172.6 173.1 172.8 173.2 172.6 176.9 174.9
13 8.2 8.6 8.8 8.8 8.2 8.6 15.8 16.1
14 20.7 21.1 24.7 24.5 20.6 24.1 24.6 24.7
15 11.8 11.8 12.4 12.1 12.2 12.8 8.8 8.6
10 167.3 167.3 167.3 167.3 167.9 167.3 167.3 167.2
20 127.6 127.7 127.8 127.8 127.9 127.7 127.9 128.0
30 138.8 138.8 138.4 138.4 138.2 138.8 138.1 137.8
40 15.7 15.7 15.7 15.6 15.7 15.7 15.8 15.7
50 20.8 20.8 20.8 20.9 20.9 20.8 20.7 20.7
OMe d d d d d 49.4 d 52.1
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and 3, respectively, as singlets. These values were rather down field
compared with that of 1 (d 78.2). From the careful analysis of 2D
NMR spectra, it was concluded that these two compounds should
be dimers of the corresponding monomeric eremophilanolides at
the C-8 position (Figs. 4 and 6). In each case the NOESY spectrum
Figure 4. Major HMBC and NOE correlations detected for eremodimer B (2).

Figure 5. ORTEP drawing
indicated that rings A and B were in a cis arrangement. Other NOE’s
from the monomeric parts only suggest the connection at C-8 to be
in the b orientation. This may be because the conformation of either
compound is distorted due to steric hindrance, and thus no corre-
lation, indicating the correct stereochemistry was seen. Fortu-
nately, eremodimer B (2) crystallized form EtOAc and its structure
was solved by X-ray crystallography18 to show a-orientation at the
C-8 position as depicted in Figures 4 and 5. Therefore, eremodimer
C (3) should be substituted at C-8 in the b-orientation (Fig. 6). The
conformation of this compound was deduced to be as shown in
Figure 7, as calculated by CONFLEX.19 The angeloyl moiety also
adopted the b-orientation in compound 3. The H-3 appeared at
5.01 ppm with the coupling pattern of a triplet of doublets (J¼3.7,
3.0 Hz), indicating it is the equatorial proton. While in compound 2,
ring A was distorted and the H-3 appeared at d 5.04 as a quartet
(J¼3.0 Hz), also indicating it to be the equatorial proton. Owing to
this phenomenon, it was not easy to distinguish the geometry of
these compounds only by the NOESY spectrum.

These compounds may be formed by coupling of the corre-
sponding monomeric counterpart as proposed by Baldwin et al.14

and thus both isomers 2 and 3 indirectly support this hypothesis
as the biogenetic sequence. Furthermore, Baldwin described
a monoepoxy-lactone1,2 and an enol-lactone,1,2 both of which were
isolated from the plants studied by us as mentioned above.

The nitrogen atom of eremolactam A (4), C20H25O3N (de-
termined by HRMS), was attributed to an amide (3500, 3200,
1680 cm�1). The molecule was deduced to be tricyclic, because
therewere four double bonds and an ester as well as an amide bond
in the molecule from the 1H and 13C NMR spectra (Table 1) giving
a degree of unsaturation of nine. The amide proton had correlations
between the C-7, 8, 9, 11, and 12 in the HMBC spectrum as shown in
Figure 8. The presence of an angeloyl group was revealed by the 1H
NMR spectrum and the position of substitutionwas indicated at C-3
by the HMBC spectrum. The H-3 proton appeared at d 5.21 and its
coupling patternwas not clearly axial or equatorial. The patternwas
ddd with J¼5.8, 1.6, and 1.1 Hz. The most stable conformation was
calculated using CONFLEX19 and the result is shown in Figure 9.
Ring A is slightly distorted and the proton at the C-3 position is not
equatorial. However, the NOE correlations are shown in Figure 9
and the stereochemistry has been assigned as indicated.

The characteristics of the 1H NMR spectrum of eremolactam B
(5), C21H31O4N, are similar to known eremophilanes. However, the
13C chemical shift of the C-8 position (d 88.7) is at a higher field than
a typical carbon which is attached to two oxygen atoms (Table 1).
of eremodimer B (2).



Figure 6. Major HMBC and NOE correlations detected for eremodimer C (3).

Figure 7. The conformation of eremodimer C (3). The C-8 atom has been replaced with
H for clarity.

Figure 8. Major HMBC and COSY correlations detected for eremolactam A (4).

Figure 9. Major NOE correlations detected for eremolactam A (4).
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From this observation and other 2D NMR evidence, it was de-
termined to be a lactam as depicted in Figure 10. The angeloyl
moiety was substituted at the C-3 position indicated by the HMBC
spectrum. The stereochemistry was established by the NOESY
spectrum to have the A/B cis ring system (Fig. 11). The CD spectrum
showed the positive Cotton effect at 254 nm (De þ5.1), which was
similar to those of known 8bH- or 8b-OMe substituted eremophi-
lenolides.20 Therefore, the absolute configuration of 5 was estab-
lished as depicted in Figure 11.
Figure 10. Major HMBC correlations detected for eremolactam B (5).

Figure 11. Major NOE correlations detected for eremolactam B (5).
The IR spectrum of the eremofarfuginoic acid (6), C20H28O5,
showed the presence of carboxyl (3600e2600 cm�1), ester
(1730 cm�1), and enone (1710 and 1680 cm�1) groups. Methyl
eremofarfuginoate (7), C21H30O5 (by HRMS), exhibited absorptions
at 1740, 1710, and 1680 cm�1 in the IR spectrum. The 1H NMR
spectra of 6 and 7 were very similar to each other. Therefore, the
acid 6 was treated with TMS diazomethane in ether/methanol to
afford methyl ester 7, the spectral data of which were identical to
the natural product. The HMBC spectrum of 7 showed the con-
nectivities as shown in Figure 12. Although the long-range con-
nectivity between H-3 and C-10 was not indicated in the HMBC
spectrum, it does suggest that the angeloyl group is attached at the
C-3 position, because it indicates the oxygen function is attached at
Figure 12. Major HMBC correlations detected for methyl eremofarfuginoate (7).



Figure 16. Major HMBC and NOE correlations detected for compound 9.

M. Tori et al. / Tetrahedron 66 (2010) 5235e5243 5239
C-3. The configuration of the doublet methyl group at the C-11
position, however, cannot be determined from these data.

Eremopetasitenin A (17),2 one of the new compounds isolated in
this plant, must be biogenetically closely related with compound 7.
Therefore, eremopetasitenin A (17) was treated with TsOH to hy-
drolyze the enol-lactone. The compound produced was treated
with diazomethane to afford the methyl ester, whose spectral data
were identical with those of methyl eremofarfuginoate (7) (Fig. 13).
The configuration at the C-11 position was established to be R.
Fortunately, compound 7 crystallized and this stereochemistry was
confirmed by X-ray crystallography (Fig. 14).18
Figure 13. Chemical correlation of compound 17 with eremofarfuginoic acid (6) and
methyl eremofarfuginoate (7).

Figure 14. ORTEP drawing of methyl eremofarfuginoate (7).

Figure 17. Major HMBC and NOE correlations detected for compound 10.
The MS spectrum of compound 8 showed a molecular ion peak
at m/z 302 and its molecular formula was determined to be
C18H28O4. The 13C NMR spectrum exhibited only 18 peaks, among
them an angeloyl moiety as well as a carbonyl group. This gave
a degree of unsaturation of five, and thus has a bicyclic nor type
skeleton. The HMBC spectrum indicated the six and five-membered
skeleton as shown in Figure 15. The stereochemistry was deduced
from the NOESY spectrum (Fig. 15). Similar compounds have been
reported previously (vide infra).
Figure 15. Major HMBC and NOE correlations detected for compound 8.

Figure 18. Major HMBC and NOE correlations detected for compounds 11, 12, and 14.
Compound 9 had a quasi-molecular ion peak at m/z 265. The
molecular formula has two carbons less than compound 8. Namely,
there is no acetyl group in this compound. The 2D NMR spectra
indicated the structure shown in Figure 16. The bicyclic hydrinda-
none is fused in a cis arrangement. It is worth mentioning that for
compounds 8 and 9 some of the carbon signals are quite broad in
CDCl3. Assigning these signals revealed that C-1, 5, 9, 10, and 14
were broadening for both compounds. This is presumably due to
slow inversion of the five-membered ring, although the NOEs were
clearly observed between H-10 and H-14, H-4a and 6a, as well as H-
15 and 6a (for compound 9). These phenomena are sometimes
observed in similar compounds. Because the CD spectrum showed
the negative Cotton effect at 297 nm (De �1.7), the absolute con-
figuration of 9 was established as depicted in Figure 16.

Compound 10 has a furan, an angeloyl and a methoxyl group as
judged by the 1H and 13C NMR spectra as well as the IR spectrum.
The HMBC spectrum suggested the position of the methoxyl group
to be at C-9, and the hydroxy group at C-6 (Fig.17). Rings A and B are
cis to each other, and the configurations of the hydroxy and
methoxyl groups were both determined to have a b orientation as
indicated in Figure 17.
Lactones 11e16 were all A/B cis and either 8a or 8b configura-
tion. As already discussed, these compounds, tend to adopt the
conformation indicated in Figures 18 and 19, which was supported
by the NOEs as indicated by the arrows. Therefore, compounds
11e16 were easily identified as 8a-OH for 11, 8a-OMe for 12, 8b-
OMe for 13, 8a-OMe for 14, 8b-OMe for 15, and 8b-H for 16.
Compound 16 has no oxygen function at the C-3 position, but there
is an angeloyl group at the C-3 position for all the others except for
compound 14. Compound 14 had a senecioyl group21 at the C-3
position, which has two methyl groups with long-range coupling
attached to the sp2 carbon as well as an olefinic proton with long-
range coupling.



Figure 19. Major HMBC and NOE correlations detected for compounds 13, 15, and 16.
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Compound 15 crystallized from a EtOAc/hexane mixture, and
the structure was solved by X-ray analysis. An ORTEP drawing is
shown in Figure 20.18 The CD spectrum shows the positive Cotton
effect at 253 nm (De þ7.6), which is similar to those of known
compounds, 8b-hydroxyeremophil-7(11)-en-12,8a-olide (242 nm,
De þ9), and 8bH-eremophil-7(11)-en-12,8a-olide (227 nm, De
þ5).20 Therefore, the absolute configuration was the same as those
of known compounds.
Figure 20. ORTEP drawing of compound 15.
Preliminary reports on compounds 17 and 18 have already been
published.2 The known compounds 19e3317,22e30 were also iden-
tified in this extract (Fig. 2).
3. Conclusion

In conclusion, 18 new eremophilanes have been isolated: ere-
modimers A (1), B (2), and C (3) are examples of dimers of ere-
mophilane-type sesquiterpenes, although dimeric compounds
with eremophilane skeleton have been reported previously.3e10

Two lactams, eremolactams A (4) and B (5) are only the fourth
and fifth examples of lactams in eremophilane-type
sesquiterpenes.31e33 The seco-type of eremophilanes has pre-
viously been reported,34e37 but the stereochemistry at the C-11
position was left undetermined. We have established the whole
structure of the eremofarfuginoic acid (6) and methyl eremofarfu-
ginoate (7) by use of X-ray crystallographic analysis and chemical
transformation. Several dinor- and tetranor-type sesquiterpenoids
are known37e39 and they are biosynthetically related to compounds
6 and 7. Various lactones were isolated as well as one example of
a furanoeremophilane. F. japonicum is a rich source of eremophilane
sesquiterpenoids, including seco-, dimeric-, and lactam-type
compounds, all of which are genuine natural products found in this
plant. Our discovery of the symmetrical dimers supports the
Baldwin hypothesis as the biogenetic sequence. The absolute con-
figurations of some new compounds were determined using the CD
spectra by comparing with those of known compounds. The ere-
mophilane sesquiterpenoids isolated from higher plants are be-
lieved to have the absolute configurationwith vic-methyl groups in
the b configuration as depicted in the formula.16e,20,40
4. Experimental

4.1. General procedure

Specific rotations and CD spectra were measured on a JASCO
DIP-1000 and a JASCO J-725 auto recording polarimeter; IR spectra,
on a JASCO FT/IR-5300 spectrophotometer; 1H and 13C NMR spec-
tra, on a Varian Unity 600 (600 MHz and 150 MHz, respectively)
and a JEOL ECP 400 (400 MHz and 100 MHz, respectively) spec-
trometer. Mass spectra, including high-resolution data, were
recorded on a JEOL JMS-700 MStation. X-ray crystallographic
analysis was carried out on a Mac Science MXC 18 diffractometer
using a DIP image plate. Chemcopak Nucleosil 50e5 (4.6�250 mm)
with a solvent system of hexane/ethyl acetate was used for HPLC
(JASCO pump system). Silica gel 60 (70e230 mesh, Fuji Silysia) was
used for column chromatography. Silica gel 60 F254 plates (Merck)
were used for TLC.

4.2. Extraction and isolation

The EtOAc soluble fraction (52 g) of the MeOH extract (279 g)
from the fresh rhizomes of F. japonicum (8.05 kg) collected in
Tokushima Prefecture was separated by silica gel column chroma-
tography, followed by Sephadex LH-20 (CHCl3/MeOH, 1:1) and
HPLC (Nucleosil 50e5, hexane/EtOAc or CHCl3/EtOAc) to isolate
eremodimers A (1) (9.9 mg), B (2) (1.4 mg), and C (3) (4.4 mg),
eremolactams A (4) (19.0 mg) and B (5) (6.5 mg), eremofarfuginoic
acid (6) (14.9 mg), and methyl eremofarfuginoate (7) (19.9 mg), 8
(1.5 mg), 9 (12.5 mg), 10 (66.4 mg), 11 (47.3 mg), 12 (10.3 mg), 13
(5.7 mg), 14 (1.4 mg), 15 (4.4 mg), 16 (2.4 mg), 17 (5.6 mg), 18
(30.1 mg), 1917 (25.3 mg), 2021 (9.4 mg), 2122 (902.3 mg), 2223

(20.3 mg), 2324 (11.0 mg), 2425 (49.6 mg), 2526 (406.1 mg), 2627

(20.9 mg), 2726 (375.7 mg), 2827 (172.2 mg), 2925 (19.8 mg), 3027

(78.3 mg), 3128 (10.3 mg), 3229 (1.9 mg), and 3324 (44.6 mg).

4.2.1. Compound 1. Solid. [a]D21 þ88.4 (c 0.93, CHCl3); FABMS m/z
681 [MþNa]þ, 659 [MþH]þ; HRFABMS obsd m/z 659.3592 [MþH]þ

(calcd for C40H51O8: 659.3584); IR (KBr) cm�1: 1760, 1710, 1650; 1H
NMR (600 MHz, CDCl3) d 1.01 (3H, d, J¼7.1 Hz, 15-H), 1.04 (3H, s, 14-
H), 1.79 (3H, d, J¼1.1 Hz, 13-H), 1.80 (1H, m, 2a-H), 1.90 (3H, quint,
J¼1.6 Hz, 50-H), 2.02 (3H, dq, J¼7.1, 1.6 Hz, 40-H), 2.04 (1H, m, 4-H),
2.08 (1H, m, 2b-H), 2.11 (1H, m, 1a-H), 2.47 (1H, td, J¼14.3, 3.3 Hz,
1b-H), 2.30 (1H, br d, J¼12.9 Hz, 6a-H), 5.15 (1H, q, J¼2.7 Hz, 3-H),
5.73 (1H, d, J¼1.4 Hz, 9-H), 6.07 (1H, qq, J¼7.1, 1.6 Hz, 30-H); 13C
NMR (CDCl3) in Table 1.

4.2.2. Compound 2. Colorless crystals; mp 258e262 (EtOAc); [a]D21

þ54.9 (c 0.43, CHCl3); CIMS m/z 663 [MþH]þ, 333, 233 (base);
HRCIMS obsd m/z 663.3880 (calcd for C40H55O8: 663.3897); IR
(KBr) cm�1: 1760, 1710, 1680, 1650; 1H NMR (600 MHz, CDCl3)
d 1.00 (3H, d, J¼6.9 Hz, 15-H3), 1.02 (3H, s, 14-H3), 1.20 (1H, br d,
J¼14.4 Hz,10-H),1.30 (1H, m,1a-H),1.66 (1H, tt, J¼14, 2.8 Hz, 2a-H),
1.76 (3H, d, J¼0.6 Hz,13-H3), 1.77 (1H, br d, J¼14 Hz, 2b-H), 1.88 (3H,
quint., J¼1.5 Hz, 50-H), 1.92 (1H, m, 1b-H), 1.93 (1H, dd, J¼14, 3.3 Hz,
9b-H), 2.00 (3H, dq, J¼7.1, 1.5, 0.6 Hz, 40-H), 2.06 (1H, qd, J¼6.9,
3.0 Hz, 4-H), 2.28 (1H, br d, J¼13.2 Hz, 6a-H), 2.41 (1H, d, J¼13.2 Hz,
6b-H), 2.69 (1H, t, J¼14 Hz, 9a-H), 5.04 (1H, q, J¼3.0 Hz, 3-H), 6.04
(1H, qq, J¼7.1, 1.5 Hz, 30-H); 13C NMR (CDCl3) in Table 1.

4.2.3. Compound 3. Solid. [a]D21 þ90.0 (c 0.19, CHCl3); CIMSm/z 663
[MþH]þ, 391, 279, 57 (base); HRCIMS obsd m/z 663.3901 (calcd for
C40H55O8: 663.3897); IR (KBr) cm�1: 1760, 1710, 1680, 1650; 1H
NMR (600 MHz, CDCl3) d 0.85 (3H, d, J¼7.0 Hz, 15-H3), 1.25 (3H, s,
14-H3), 1.28 (1H, m,1a-H), 1.40 (1H, qd, J¼7.0, 3.7 Hz, 4-H), 1.63 (1H,
m, 2-H), 1.66 (1H, m, 2-H), 1.68 (1H, m, 6b-H), 1.70 (1H, m, 9a-H),
1.78 (3H, d, J¼1.0 Hz, 13-H3), 1.90 (3H, quint., J¼1.4 Hz, 50-H), 1.99



Table 2
13C NMR data for compounds 8e16 (150 MHz, in CDCl3)

No. 8 9 10 11 12 13a 14 15 16a

1 28.4b 19.8 25.4 27.1 26.7 21.6 26.8 29.9 34.5
2 27.6b 24.3 25.4 25.6 25.7 25.1 25.7 27.5 22.0
3 72.4 72.2 71.7 71.6 71.8 73.1 71.0 72.0 29.7
4 38.9 36.2 36.2 42.0 42.1 32.9 42.1 36.6 33.4
5 48.1 41.4 42.3 41.7 42.0 39.9 42.0 46.3 46.9
6 39.1 53.3 67.9 32.4 32.7 35.9 32.7 31.4 81.3
7 210.7 d 120.8 156.3 157.9 156.8 158.0 155.6 158.1
8 47.4 218.7 148.9 108.6 105.9 106.4 105.9 105.5 77.3
9 37.4 40.4 76.0 35.2 37.6 37.9 37.6 42.4 41.7
10 83.2 41.0 41.5 34.5 34.9 38.7 34.9 73.3 75.4
11 29.4 d 120.2 126.9 126.7 125.0 126.6 125.9 125.8
12 d d 140.4 171.7 171.6 171.7 171.6 171.1 174.0
13 d d 9.0 8.2 8.2 8.4 8.2 8.6 8.7
14 15.8 22.8 20.2 24.1 24.0 24.5 24.1 18.2 10.9
15 12.5 11.9 8.5 8.9 9.0 12.0 8.8 12.4 16.3
10 167.4 167.4 167.5 167.4 167.5 167.3 166.2 167.2 d

20 127.9 127.9 128.1 128.0 128.0 127.9 116.3 127.7 d

30 138.2 138.3 137.8 137.9 138.0 138.4 157.0 138.8 d

40 15.7 15.7 15.7 15.8 15.7 15.7 27.5 15.7 d

50 20.9 20.9 20.7 20.6 20.6 20.9 20.2 20.8 d

OMe d d 57.5 d 50.0 50.2 50.0 50.3 57.8

a Measured at 100 MHz.
b Assignment may be reversed.
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(3H, dq, J¼7.1, 1.4 Hz, 40-H), 2.06 (1H, tt, J¼13.5, 3.7 Hz, 1b-H), 2.52
(1H, m, 9b-H), 2.71 (1H, d, J¼13.7 Hz, 6a-H), 5.01 (1H, td, J¼3.7,
3.0 Hz, 3-H), 6.05 (1H, qq, J¼7.4, 1.4 Hz, 30-H); 13C NMR (CDCl3) in
Table 1.

4.2.4. Compound 4. Oil; [a]D22 þ58.1 (c 1.3, CHCl3); CIMS (CH4) m/z
328 [MþH]þ, 256, 244, 228 (base); HRCIMS (CH4) obsd m/z
328.1898 [MþH]þ (calcd for C20H26O3N: 328.1912); IR (KBr) cm�1:
3500, 3200, 1710, 1680; 1H NMR (CDCl3) d 1.12 (3H, d, J¼7.1 Hz, 15-
H3), 1.16 (3H, s, 14-H3), 1.87 (3H, quint, J¼1.4 Hz, 50-H3), 1.89 (3H, d,
J¼1.9 Hz, 13-H3), 1.96 (1H, qd, J¼7.1, 2.7 Hz, 4a-H), 1.99 (3H, dq,
J¼7.4, 1.4, 40-H3), 2.18 (1H, br d, J¼15.9 Hz, 6a-H), 2.43 (1H, dd,
J¼20.9, 4.8 Hz, 2b-H), 2.66 (1H, ddd, J¼20.9, 5.5, 3.3 Hz, 2a-H), 2.82
(1H, d, J¼15.9 Hz, 6b-H), 5.21 (1H, ddd, J¼5.8, 1.7, 1.1 Hz, 3a-H), 5.63
(1H, t, J¼4.1 Hz, 1-H), 5.86 (1H, s, 19-H), 6.04 (1H, qq, J¼7.4, 1.4 Hz,
30-H), 7.93 (1H, br s, NH); CD (CHCl3) [q] þ7400 (257 nm), �4400
(308 nm); 13C NMR (CDCl3) in Table 1.

4.2.5. Compound 5. Oil; [a]D26 þ146.6 (c 0.35, CHCl3); CIMS (CH4)m/
z 362 [MþH]þ, 330, 262, 230 (base), 83; HRCIMS (CH4) obsd m/z
362.2343 [MþH]þ (calcd for C21H32O4N: 362.2331); IR (KBr) cm�1:
3500, 3200, 1720, 1690; 1H NMR (CDCl3) d 0.91 (3H, d, J¼6.9 Hz, 15-
H3),1.25 (3H, s,14-H3),1.57 (1H, qd, J¼7.1, 3.3 Hz, 4a-H),1.65 (1H, m,
2-Ha), 1.67 (1H, m, 2b-H), 1.71 (1H, dq, J¼13.7, 1.5 Hz, 6b-H), 1.81
(1H, t, J¼7.7 Hz, 9a-H), 1.83 (3H, d, J¼1.5 Hz, 13-H3), 1.92 (3H, quint,
J¼1.4 Hz, 50-H3), 1.96 (1H, m, 10b-H), 1.97 (1H, m, 9b-H), 2.00 (3H,
dq, J¼7.1, 1.4 Hz, 40-H3), 2.06 (1H, tt, J¼14.0, 4.7 Hz, 1b-H), 2.73 (1H,
d, J¼13.7 Hz, 6a-H), 3.01 (3H, s, OMe), 5.03 (1H, td, J¼3.3, 2.7 Hz,
3a-H), 5.80 (1H, br s, NH), 6.05 (1H, qq, J¼7.1, 1.4 Hz, 30-H); CD
(CHCl3) De þ5.1 (254 nm); 13C NMR (CDCl3) in Table 1.
4.2.6. Compound 6. Oil; [a]D21 þ2.9 (c 0.37, CHCl3); CIMS (NH3) m/z
366 [MþNH3þH]þ, 349 [MþH]þ, 248, 204, 83 (base); HRCIMS obsd
m/z 349.2027 [MþH]þ (calcd for C20H29O5: 349.2015); IR (KBr)
cm�1: 3600e2600, 1730, 1710, 1680; 1H NMR (CDCl3) d 1.01 (3H, d,
J¼7.1 Hz, 15-H3), 1.25 (3H, s, 14-H3), 1.34 (3H, d, J¼7.1 Hz, 13-H3),
1.52 (2H, m, 1b-H, 2a-H), 1.71 (2H, m, 1a-H, 2b-H), 1.90 (3H, quint,
J¼1.6 Hz, 50-H3), 1.99 (3H, dq, J¼7.3, 1.5 Hz, 40-H3), 2.05 (1H, m, 4-H),
2.10 (1H, m, 10-H), 2.39 (1H, dd, J¼17.3, 4.4 Hz, 9a-H), 2.65 (1H, dd,
J¼17.3, 3.6 Hz, 9b-H), 3.61 (1H, q, J¼7.1 Hz,11-H), 4.90 (1H, dt, J¼6.3,
4.1 Hz, 3-H), 6.07 (1H, qq, J¼7.4, 1.6 Hz, 30-H), 6.64 (1H, s, 6-H); 13C
NMR (CDCl3) in Table 1.
4.2.7. Compound 7. Colorless needles; mp 90e92 �C (hexane/
CHCl3); [a]D22 þ14.7 (c 1.5, CHCl3); CIMS (CH4) m/z 391 [MþC2H5]þ,
363 [MþH]þ, 331, 263, 231, 83 (base); HRCIMS (CH4) obsd m/z
363.2152 [MþH]þ (calcd for C21H31O5: 363.2171); IR (KBr) cm�1:
1740, 1710, 1680; 1H NMR (CDCl3) d 1.00 (3H, d, J¼6.9 Hz, 15-H3),
1.24 (3H, s, 14-H3), 1.30 (3H, d, J¼7.4 Hz, 13-H3), 1.53 (1H, m. 2a-H),
1.68 (1H, m, 1b-H), 1.71 (1H, m, 1a-H), 1.72 (1H, m, 2b-H), 1.90 (3H,
quint, J¼1.4 Hz, 50-H3), 1.98 (3H, dq, J¼7.1, 1.4 Hz, 40-H3), 2.09 (1H,
m, 4-H), 2.10 (1H, m, 10-H), 2.35 (1H, dd, J¼17.9, 4.1 Hz, 9a-H), 2.64
(1H, dd, J¼17.0, 4.1 Hz, 9b-H), 3.68 (3H, s, OMe), 4.89 (1H, m, 3-H),
6.06 (1H, qq, J¼7.1, 1.4 Hz, 30-H), 6.57 (1H, s, 6-H); CD (CHCl3) [q]
�1300 (256 nm); 13C NMR (CDCl3) in Table 1.
4.2.8. Compound 8. Oil; [a]D19�54.7 (c 0.06, CHCl3); MS (CI)m/z 308
[M]þ 291, 209, 191 (base), 167, 147, 120, 83, 55; HRCIMS obsd m/z
308.1991 [M]þ calcd for C18H28O4 308.1988; FTIR (KBr) 3500, 1730,
1710, 1650 cm�1; 1H NMR (CDCl3) d 0.92 (3H, d, J¼6.9 Hz, 15-H3),
1.04 (3H, s, 14-H3), 1.56 (1H, m, 4-H), 1.69 (1H, m, 1-H), 1.70 (1H, m,
2-H), 1.73 (1H, m, 2-H), 1.74 (1H, dd, J¼13.7, 1.7 Hz, 9b-H), 1.82 (1H,
dd, J¼13.4, 11.8 Hz, 6b-H), 1.88 (1H, m, 1-H), 1.91 (3H, quint,
J¼1.2 Hz, 50-H3), 2.00 (3H, dq, J¼7.2, 1.2 Hz, 40-H3), 2.02 (1H, m, 6a-
H), 2.17 (3H, s, 11-H3), 2.43 (1H, dd, J¼13.7, 9.6 Hz, 9a-H), 3.27 (1H,
m, 8-H), 4.99 (1H, q, J¼3.0 Hz, 3-H), 6.04 (1H, qq, J¼7.2, 1.2 Hz, 30-
H); 13C NMR (CDCl3) in Table 2.
4.2.9. Compound 9. Solid. [a]D21 �5.6 (c 1.5, CHCl3); MS (CI) m/z 265
[MþH]þ, 247, 165 (base), 101, 83; HRMS (CI) HRCIMS obsd m/z
264.1725 [M]þ calcd for C16H24O3 264.1725. FTIR 1745, 1718,
1650 cm�1; 1H NMR (CDCl3) d 0.94 (3H, d, J¼7.1 Hz,15-H3), 1.22 (3H,
s, 14-H3), 1.49 (1H, dq, J¼14.6, 3.6 Hz, 1a-H), 1.59 (1H, m, 4a-H), 1.72
(1H, ddt, J¼16.5, 12.4, 3.9 Hz, 2b-H), 1.82 (1H, dq, J¼14.8, 4.4 Hz, 2a-
H), 1.93 (3H, quint, J¼1.4 Hz, 50-H3), 1.93 (1H, d, J¼18.1 Hz, 6b-H),
1.97 (1H, m, 1b-H), 2.01 (3H, dq, J¼7.1, 1.4 Hz, 40-H3), 2.28 (2H, m, 9-
H2), 2.30 (1H, m, 10b-H), 2.46 (1H, d, J¼18.1 Hz, 6a-H), 5.08 (1H, q,
J¼3.9 Hz, 3a-H), 6.07 (1H, qq, J¼7.1,1.4 Hz, 30-H); CD (CHCl3)De�1.7
(297 nm); 13C NMR (CDCl3) in Table 2.

4.2.10. Compound 10. Solid. [a]D23 �1.9 (c 1.0, CHCl3); MS (CI) m/z
363 [MþH]þ, 345, 312, 263, 231 (base), 213, 154, 83; HRCIMS obsd
m/z 363.2155 [MþH]þ calcd for C21H31O5 363.2172. FTIR 3450, 1715,
1640 cm�1; 1H NMR (CDCl3) d 1.00 (3H, d, J¼7.1 Hz,15-H3), 1.08 (3H,
s, 14-H3), 1.23 (1H, m, 1a-H), 1.60 (1H, m, 1b-H), 1.73 (1H, m, 2b-H),
1.82 (1H, m, 2a-H), 1.91 (3H, quint, J¼1.4 Hz, 50-H3), 2.00 (3H, dq,
J¼7.1, 1.4 Hz, 40-H3), 2.10 (3H, d, J¼1.1 Hz, 13-H3), 2.21 (1H, ddd,
J¼12.9, 4.1, 1.9 Hz, 10-H), 2.30 (1H, m, 4a-H), 3.48 (3H, s, OMe), 3.90
(1H, br s, 9a-H), 5.00 (1H, br s, 6a-H), 5.28 (1H, dt, J¼11.3, 4.1 Hz, 3a-
H), 6.07 (1H, qq, J¼7.1, 1.4 Hz, 30-H), 7.16 (1H, q, J¼1.0 Hz, 12-H); 13C
NMR (CDCl3) in Table 2.

4.2.11. Compound 11. Solid. [a]D22 �46.2 (c 0.3, CHCl3); MS (CI) m/z
348 [M]þ, 330, 265, 248, 230, 174, 124, 107, 83 (base), 55; HRCIMS
obsd m/z 348.1922 [M]þ calcd for C20H28O5 348.1936. FTIR 3330,
1770, 1715, 1650 cm�1; 1H NMR (CDCl3) d 0.86 (3H, s, 14-H3), 1.00
(3H, d, J¼7.1 Hz, 15-H3), 1.57 (1H, m, 1b-H), 1.64 (1H, m, 2b-H), 1.76
(1H, m,10b-H), 1.78 (1H, m, 2a-H), 1.85 (3H, d, J¼1.6 Hz, 13-H3), 1.90
(3H, quint, J¼1.6 Hz, 50-H3), 1.93 (1H, m, 4a-H), 1.97 (1H, m, 9b-H),
2.00 (3H, dq, J¼7.4, 1.6 Hz, 40-H3), 2.16 (1H, m, 1a-H), 2.19 (1H, m,
9a-H), 2.20 (1H, d, J¼13.7 Hz, 6b-H), 2.98 (1H, d, J¼13.7 Hz, 6a-H),
5.27 (1H, dt, J¼12.4, 4.4 Hz, 3a-H), 6.07 (1H, qq, J¼7.1, 1.4 Hz, 30-H),
8.55 (1H, s, OH); 13C NMR (CDCl3) in Table 2.

4.2.12. Compound 12. Solid. [a]D22 �83.0 (c 1.4, CHCl3); MS (CI) m/z
362 [M]þ, 331, 263, 231, 83 (base); HRCIMS obsd m/z 363.2148
[MþH]þ calcd for C21H31O5 363.2172. FTIR 1765, 1710, 1645 cm�1;
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1H NMR (CDCl3) d 0.84 (3H, s, 14-H3), 1.01 (3H, d, J¼7.1 Hz, 15-H3),
1.58 (1H, m, 1b-H), 1.67 (1H, td, J¼12.4, 4.1 Hz, 2b-H), 1.75 (1H, m,
10b-H), 1.76 (1H, m, 2a-H), 1.85 (3H, d, J¼1.4 Hz, 13-H3), 1.87 (1H,
dd, J¼14.0, 5.8 Hz, 9b-H), 1.90 (3H, quint, J¼1.4 Hz, 50-H3), 1.92 (1H,
m, 4a-H), 2.00 (3H, dq, J¼7.1, 1.4 Hz, 40-H3), 2.16 (1H, m, 9a-H), 2.17
(1H, dd, J¼13.2, 1.4 Hz, 6b-H), 2.21 (1H, td, J¼14.0, 4.4 Hz, 1a-H),
2.82 (1H, d, J¼13.2 Hz, 6a-H), 3.13 (3H, s, OMe), 5.25 (1H, dt, J¼12.4,
4.4, 3a-H), 6.08 (1H, qq, J¼7.1, 1.4 Hz, 30-H); 13C NMR (CDCl3) in
Table 2.

4.2.13. Compound 13. Solid. [a]D23 þ136.2 (c 0.8, CHCl3); MS (CI)m/z
362 [M]þ, 331, 279, 263 (base), 231, 83; HRCIMS obsd m/z 362.2091
[M]þ calcd for C21H30O5 362.2094; FTIR 1765, 1718, 1650 cm�1; 1H
NMR (CDCl3) d 0.92 (3H, d,. J¼7.0 Hz, 15-H3), 1.27 (1H, m, 1-H), 1.27
(3H, s, 14-H3), 1.53 (1H, m, 1-H), 1.55 (1H, m, 4-H), 1.64 (1H, m, 2-H),
1.68 (1H, m, 2-H), 1.81 (1H, m, 6b-H), 1.86 (1H, m, 9b-H), 1.87 (3H, d,
J¼1.5 Hz, 13-H3), 1.92 (3H, quint, J¼1.5 Hz, 50-H3), 1.96 (1H, m, 10b-
H), 2.00 (3H, dq, J¼7.3, 1.5 Hz, 40-H3), 2.05 (1H, m, 1-H), 2.13 (1H, td,
J¼13.2, 3.7 Hz, 9a-H), 2.80 (1H, d, J¼13.5 Hz, 6a-H), 3.12 (3H, s,
OMe), 5.05 (1H, q, J¼3.3 Hz, 3a-H), 6.06 (1H, qq, J¼7.3, 1.5 Hz, 30-H);
13C NMR (CDCl3) in Table 2.

4.2.14. Compound 14. Solid. [a]D22 �64.6 (c 0.3, CHCl3); MS (CI) m/z
362 [M]þ, 331, 263, 231, 83 (base); HRCIMS obsdm/z 362.2108 [M]þ

calcd for C21H30O5 362.2093; FTIR 1760, 1710, 1650 cm�1; 1H NMR
(CDCl3) d 0.83 (3H, s, 14-H3), 0.98 (3H, d, J¼7.1 Hz, 15-H3), 1.56 (1H,
m, 1-H), 1.60 (1H, m, 2-H), 1.52 (1H, m, 2-H), 1.71 (1H, m, 10-H), 1.84
(3H, d, J¼1.4 Hz, 13-H3), 1.85 (1H, m, 9-H), 1.90 (1H, m, 4a-H), 1.91
(3H, quint, J¼1.1 Hz, 50-H3), 2.16 (1H, m, 9-H), 2.18 (1H, m, 6b-H),
2.18 (3H, quint, J¼1.1 Hz, 40-H3), 2.20 (1H, m, 1-H), 2.82 (1H, d,
J¼13.2 Hz, 6a-H), 3.12 (3H, s, OMe), 5.19 (1H, dt, J¼12.4, 4.4 Hz, 3a-
H), 5.69 (1H, septet, J¼1.1 Hz, 20-H); 13C NMR (CDCl3) in Table 2.

4.2.15. Compound 15. Mp 161e163.5 �C (hexane/AcOEt); [a]D20

þ100.3 (c 0.13, CHCl3); MS (CI) m/z 407 [MþC2H5]þ, 379 [MþH]þ,
361, 347, 329, 278, 261, 247 (base), 223, 195, 95, 83; HRCIMS obsd
m/z 407.2434 [MþC2H5]þ calcd for C23H35O6 407.2434; FTIR 3520,
1770, 1715, 1650 cm�1; 1H NMR (CDCl3) d 0.96 (3H, d, J¼7.1 Hz, 15-
H3), 1.27 (3H, s, 14-H3), 1.36 (1H, ddd, J¼14.4, 4.4, 2.5 Hz, 1a-H), 1.49
(1H, dq, J¼7.1, 3.3 Hz, 4a-H), 1.61 (1H, tt, J¼14.4, 4.4 Hz, 2a-H), 1.84
(1H, ddt, J¼14.4, 4.4, 2.5 Hz, 2b-H), 1.91 (3H, quint, J¼1.6 Hz, 50-H3),
1.91 (3H, d, J¼1.4 Hz, 13-H3), 2.01 (3H, dq, J¼7.3, 1.6 Hz, 40-H3), 2.05
(1H, td, J¼14.4, 4.4 Hz, 1b-H), 2.19 (1H, dq, J¼14.2, 1.4 Hz, 6b-H),
2.20 (1H, d, J¼14.3 Hz, 9a-H), 2.24 (1H, J¼14.3 Hz, 9b-H), 2.64 (1H,
d, J¼14.2 Hz, 6a-H), 3.18 (3H, s, OMe), 3.80 (1H, s, OH), 5.01 (1H, q,
J¼3.3 Hz, 3a-H), 6.07 (1H, qq, J¼7.3, 1.6 Hz, 30-H); CD (CHCl3) De
þ7.6 (253 nm); 13C NMR (CDCl3) in Table 2.

4.2.16. Compound 16. Solid. [a]D23 þ81.6 (c 0.3, CHCl3); MS (CI) m/z
281 [MþH]þ (base), 263, 248, 231, 206, 155, 140; HRCIMS obsd m/z
281.1754 [MþH]þ calcd for C16H25O4 281.1753; FTIR 3500, 1760,
1708, 1650 cm�1; 1H NMR (CDCl3) d 0.83 (3H, d, J¼6.0 Hz, 15-H3),
1.16 (3H, s, 14-H3), 1.25 (1H, m), 1.30 (1H, m), 1.32 (1H, m), 1.36 (1H,
m), 1.38 (1H, m), 1.40 (1H, m), 1.66 (1H, m), 1.91 (3H, d, J¼1.8 Hz, 13-
H3), 1.96 (1H, dd, J¼12.8, 11.0 Hz, 9b-H), 2.30 (1H, dd, J¼12.8, 7.0 Hz,
9a-H), 3.31 (3H, s, OMe), 4.16 (1H, s, OH), 4.30 (1H, s, 6a-H), 5.16
(1H, dd, J¼11.0, 7.0 Hz,, 8b-H); 13C NMR (CDCl3) in Table 2.

4.2.17. Compound 19. Oil; 1H NMR (600 MHz. CDCl3) d 1.05 (3H, d,
J¼7.1 Hz, 15-H3), 1.07 (3H, s, 14-H3), 1.64 (1H, tdd, J¼14.6, 2.7, 1.6 Hz,
2a-H), 1.82 (1H, qd, J¼7.1, 3.0 Hz, 4-H), 1.85 (3H, t, J¼1.6 Hz, 13-H3),
1.91 (3H, quint, J¼1.6 Hz, 50-H3), 2.02 (3H, dq, J¼7.4, 1.6 Hz, 40-H3),
2.04 (1H, m, 2b-H), 2.07 (1H, m, 1a-H), 2.18 (1H, br d, J¼12.9, 6a-H),
2.42 (1H, tdt, J¼14.6, 2.3,1.9 Hz,1b-H), 2.84 (1H, d, J¼12.9 Hz, 6b-H),
5.14 (1H, dt, J¼3.0, 2.7 Hz, 3-H), 5.17 (1H, br s, 8-H), 5.62 (1H, t,
J¼1.9 Hz, 9-H), 6.08 (1H, qq, J¼7.4, 1.6 Hz, 30-H); 13C NMR (CDCl3) in
Table 1.

4.3. X-ray crystallography

All diagrams and calculations were performed using maXus
(Bruker Nonius, Delft & Mac Science, Japan). Mo Ka radiation,
l¼0.71073 Å. Data collection: DIP Image plate, Program(s) used to
refine structure: SHELXL-97 (Sheldrick, 1997). Crystallographic data
for compounds 2, 7, and 15 have been deposited at the Cambridge
Crystallographic Data Center with supplementary publication
numbers below. Copies of the data can be obtained, free of charge,
via www.ccdc.cam.ac.uk/data_request/cif, or by mailing to the Di-
rector, CCDC,12 Union Road, Cambridge CB21EZ, UK [fax:þ441223
336033 or e-mail: data_request@ccdc.cam.ac.uk].

For compound 2: 7231 measured reflections, 7207 independent
reflections, 5227 observed reflections, crystal data: orthorhombic,
P212121, a¼10.4490 (4) Å, b¼10.4490 (4) Å, c¼34.7480 (11) Å,
a¼90.00�, b¼90.00�, g¼90.00�, V¼3793.8 (2) Å3, R¼0.0631. CCDC
767923.

For compound 7: 2088 measured reflections, 2072 independent
reflections, 1389 observed reflections, crystal data: orthorhombic,
P212121, a¼7.716000 (0) Å, b¼13.300000 (0) Å, c¼19.974001 (0) Å,
a¼90.00�, b¼90.00�, g¼90.00�, V¼2049.899902 (0) Å3, R¼0.0807.
CCDC 767924.

For compound 15: 2971 measured reflections, 2778 in-
dependent reflections, 2157 observed reflections, crystal data: or-
thorhombic, C2221, a¼11.908000 (0) Å, b¼8.096000 (0) Å,
c¼43.157001 (0) Å, a¼90.00�, b¼90.00�, g¼90.00�, V¼4161.000000
(0) Å3, R¼0.047. CCDC 767925.

4.4. Conversion of compound 17 to methyl farfuginoate (7)

A stirred solution of compound 17 (5.6 mg) in benzene (1 mL)
was treated with TsOH (1 mg) at rt for 2 h. Ether was added and the
organic layer was washed with an aqueous NaHCO3 solution fol-
lowed by brine. The solvent was evaporated to give a residue. The
residue was directly methylated with diazomethane in ether to
afford compound 7 (4.9 mg) after purification (SiO2 column
chromatography).
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