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Blepharidophyllum, Jungermanniales, Scapaniaceae, ent-kauranes, ent-pimaranes,
Dammaranes

22 ent-kaurane and ent-pimarane type diterpenoids, ten of which are new, ent-19-acetoxy-
kaur-16-en-15-one, ent-19-oxo-kaur-16-en-15-one, ent-11a-acetoxy-20-oxo-kaur-16-en-15-one,
ent-11a-acetoxy-15-oxo-kaur-16-en-20-acid, ent-11a-acetoxy-7p3-hydroxy-kaur-16-en-15-one,
ent-11a-acetoxy-19-hydroxy-kaur-16-en-15-one, ent-19-acetoxy-11a-hydroxy-kaur-16-en-15-
one, ent-1la-acetoxy-6f3,19-dihydroxy-kaur-16-en-15-one,  ent-11a-acetoxy-19-hydroxy-
kauran-15-one and ent-19-acetoxy-11a-hydroxy-kauran-15-one were isolated from the liver-
wort Blepharidophyllum densifolium. Furthermore three known triterpenoids cabraleadiol,
cabraleadiolacetate and shoreic acid have been found. Their structures were established by

NMR spectroscopy.

Introduction

Liverworts are known to be a rich source of ter-
penoic constituents (Asakawa, 1995; Zinsmeister
et al, 1991; Zinsmeister et al, 1994). Since there
has been no previous investigation on the South
American liverwort Blepharidophyllum densifol-
ium, we decided to analyse the constituents of this
species, in order to find new natural products. This
paper describes the isolation and characterisation
of ten new ent-kauranes (1-10) along with eleven
known compounds of this type of structure (11—
21), an ent-pimarane type diterpenoid (22) and
three known dammarane triterpenoids (23-25).

Result and Discussion

A combination of size exclusion chromatogra-
phy, vacuum liquid chromatography and HPLC of
the ether and the methanolic extract of the plant
led to the isolation of the constituents discussed
below.

Compound 1, C;,H3,05 (m/z 344.2, [M]*), was
obtained as crystalline needles. The IR spectrum
indicated the presence of an a,3-unsaturated car-
bonyl in a five membered ring (1727 cm~!, 1645
cm~!'). The '"H NMR spectrum showed signals for
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two tertiary methyl groups (0 0.95, 1.08), a de-
shielded proton at oy 3.03 (brs, H-13), two exo-
methylene protons (8 5.92, brs; 5.23, brs), two
protons of an oxygene carrying methylene group
(01 4.19,d,J = 11.0 Hz; 3.86, d, J = 11.0 Hz) and
an acetoxy group (s, 8y 2.03). The '*C NMR
spectrum indicated the presence of 22 carbons
(Table I), three methyls, eight methylenes, three
methines, three quarternary carbons, two carbonyl
carbons (0¢ 210.2, s; 171.2, 5), one oxygenated
methylene (8¢ 67.1, 7) and two olefinic carbons (¢
149.6, s; 114.3, r). The above spectral data show
that compound 1 is tetracarbocyclic and consistent
with an acetylated kaur-16-en-15-one structure.
Since only three methyls are visible in the 'H
NMR spectrum an acetylation in position 18 ,19
or 20 can be assumed The location of the acetyl
was determined by twodimensional NMR. A cor-
relation between the protons of the methyl at C-
20 and the oxygenated methylene indicates that
the structure of 1 is ent-19-acetoxy-kaur-16-en-15-
one. The assumption of an ent-kaurane can be de-
duced from the co-occurrence of the known ent-
kauranes and from the sign of the specific rotation
of 1 ([a]3"” = 76 °) since ent-kauranes in general
have negative rotations.

Compound 2 with the molecular formula
C,oH»30, was obtained as crystalline needles. The
IR and '"H NMR spectra indicated a close relation
to 1. The NMR showed an additional signal of an
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aldehyde proton (8y 9.73, 5) instead of the singlet
of the methyl from an acetylic group. From this
observation the location of an aldehyde in position
19 can be assumed, which corresponds with the
detected mass of m/z 300, [M]*. Therefore, the
structure of 2 is represented as ent-19-oxo-kaur-
16-en-15-one.

Compound 3 gave the molecular formula
C,yH3004. Comparison of its 'H and '"C NMR
spectra with those of 2 displayed an additional sin-
glet of an acetyl methyl at &y 1.80 corresponding
to the 'C NMR signal at o, 21.2. A secondary
carbinole proton at 0y 5.24 (1, J = 3.2 Hz) is visible
in the spectrum. The low field shift of this signal
indicates the acetylation of this alcohol. The loca-
tion and the stereochemistry of the acetoxy group
was determined by NOE experiments. Those re-
vealed NOEs between H-11 and both H-la and

H-12a. Thus, these results establish the acetoxy
group as 1la. NOE experiments also showed that
the aldehyde at oy; 10.34 must be attached to C-
20. The above data indicate, that the structure of
3 is ent-11a-acetoxy-20-oxo-kaur-16-en-15-one.

Compound 4 has the molecular formula
C5,H30O5 (m/z 374, [M]*). Its 'C NMR data are
similar to those of 3 except for the presence of a
carboxylic acid (0¢ 181.4) instead of a C-20 alde-
hyde. This was proven by HMBC correlation be-
tween both H-5 and H-9 and C-20. On the basis of
these results structure 4, ent-11a-acetoxy-15-oxo-
kaur-16-en-20-acid, is assigned to this compound.

Compound 5 did not give a molecular ion on
GC-mass spectrometry analysis. However, 3C
NMR and DEPT spectra revealed its molecular
formula C,,H3,0,4. Comparison of the 'H and '*C
NMR data with those of the compounds described
above indicated that the structure is another ace-
tylated ent-kaur-16-en-15-one with an additional
hydroxyl group which is represented by a doublet
of doublet (0} 4.08, J = 12.0, 4.6 Hz). The location
and stereochemistry of the hydroxyl group was de-
termined by NOE experiments revealing correla-
tion between H-7 and both H-5f and H-9p. These
results establish the hydroxyl group as 7a. There-
fore, the structure of 5 is represented as ent-11a-
acetoxy-7-hydroxy-kaur-16-en-15-one.

Compound 6 gave the molecular formula
C»,H;3,0, (m/z 360, [M]%). Its '"H NMR data are
similar to those of 5 except for the occurrence of
two doublets (64 3.67,/=11.7Hz:3.43,/=11.7 Hz)
instead of the H-7 doublet of doublet. This indicates
the presence of an oxygenated methylene in posi-
tion 18, 19 or 20. A NOE correlation between the
methylene protons and the protons of the methyl at
C-20 indicates that the structure of 6 is ent-11a-
acetoxy-19-hydroxy-kaur-16-en-15-one.

The Cl-mass spectrometry of compound 7 dis-
played the same molecular ion (m/z 360, [M]") as
that of 6. The NMR data of both compounds are
also very similar. In the '"H NMR of 7 the doublets
of the protons at C-19 are shifted to lower fields
whereas the signal of H-11 shows a high field shift
of 1.06 ppm. The above results reveal that 7 con-
tains an acetylated hydroxyl group at C-19 and an
unsubstituted alcohol at C-11. On the basis of
these findings structure 7, ent-19-acetoxy-11a-hy-
droxy-kaur-16-en-15-one, is assigned to this com-
pound.



M. Flegel and H. Becker - Di- and Triterpenoids from Blepharidophyllum

Table 1. 'C NMR spectral data of compound 1-10.
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C 1 2 3 4 5 6 7 8 9 10
C-1 39.7t 39.6 ¢ 343 ¢ 3871t 39.11¢ 3961 3981« 4211 39.2¢ 39.1¢
C-2 18.0 ¢ 184 ¢ 19.0 ¢ 202 ¢t 182 ¢ 17.9 ¢ 179t 182 ¢ 18.0 ¢ 17.8 ¢
C-3 3641t 36.5 1 4141 4201t 4151 3541 36.11¢ 40.2 ¢ 352¢ 36.1 ¢
C-4 37.1s 379 s 338 s 34.1s 333s 388 s 37.0s 39.1s 382s 37.1s
C-5 559d 56.0d 545d 558 d 525d 557d 557d 564d 555d 55.7d
C-6 182 ¢ 18.8 ¢ 178 t 1851t 275t 183 ¢ 18.6 ¢ 64.7 d 18.7 t 18.7 ¢
C-7 3401t 3371t 33.01¢ 3331 71.1d 3391« 3391« 398 ¢ 3481 347t
C-8 525 s 5145 504 s 505 s 56.7 s 50.6 s 504 s 488 s 50.9 s 50.9 s
C-9 528d 523d 60.7 d 573d 592d 599d 642d 599d 59.0 d 63.9 d
C-10 40.0 s 399 s 534 s 48.0 s 388 s 388 s 38.6s 387 s 383 s 382 s
C-11 189 ¢ 20.0 ¢ 67.6 d 679 d 68.0 d 683d 66.0d 685d 67.2 d 65.0 d
C-12 3241t 3211 3571t 3651t 3991t 3861 413 ¢ 3831 31.5¢ 33.2¢
C-13 382d 38.1d 36.8 d 364 d 36.3d 36.7 d 36.8d 37.1d 343 d 347 d
C-14 36.6t 371 ¢ 38.6 ¢ 3501t 278t 3631 36.51¢ 377 ¢ 369t 37.0 ¢t
C-15 2102s 210.1s 2074s 209.1s 2092s 2088s 20945 2094s 222.0s 22385
C-16 1496s 149.5s 149.8s 1499s 1499s 150.0s 150.1s 149.6s 489d 494d
C-17 1143 ¢ 1146¢ 1132¢ 113.1¢ 1134 113.1¢ 113.0¢+ 113.0¢r 104¢ 11.1 g
C-18 27.5q 28.6 ¢ 32.0¢q 33.0 ¢ 33.6 g 271 q 275 q 279 q 26.7 q 274 g
C-19 67.11¢ n. d. 20.8 g 222 ¢q 2154q 6551 66.9 ¢ 68.2 1 6551 66.9 1
C-20 18.0 ¢ 154 ¢g 2066 d  180.1s 181 ¢q 18.2 q 17.9 q 188 ¢s 1844¢q 17.9 g
C-21 1712 s 169.1 s 1693s 1694s 1694s 1713s 1693s 1699s 17135
C-22 20.9 ¢ 212 q 214 ¢q 215 ¢ 214 g 21.0¢q 213 ¢ 212 ¢q 215 ¢

The molecular formula of compound 8 was
established as C5,H+,Os (m/z 376, [M]*). Its 'H
NMR data are similar to those of 6 but in the
spectrum of 8 an additional broad singlet of an-
other hydroxyl group can be observed at 0y 4.38.
In order to elucidate the location of this oxygen-
ated methine HMBC experiments had been done
which indicated correlation between the methine
proton and C-10 and C-8. For this reason the alco-
hol must be located in position 6. Its stereochemis-
try was determined by NOE. The above results
reveal that 8 is ent-11a-acetoxy-6f3,19-dihydroxy-
kaur-16-en-15-one.

Compound 9 was obtained as colourless needles
with a molecular formula of C,,H;,0, as calcu-
lated from the CI mass spectrum (m/z 362, [M]).
On comparison of the 'H NMR data of the com-
pounds described above with the data of 9 it is
obvious that the singlets of the olefinic protons are
missing. Instead a doublet of a secondary methyl
(0y 1.14, J = 7.3 Hz) is visible in the spectrum
corresponding to a '*C NMR signal at dc 10.6.
This signal can be assigned to a methyl at C-16.
Thus, compound 9 is consistent with a kauran-15-
one structure. Based on its chemical shift and
multiplicity a doublet at 8y 5.03 (J = 6.0 Hz) could
be assigned to a proton of an acetylated methine
in 11a. The shifts of two doublets at 0y 3.66 (J =

11.0 Hz) and 8y 3.42 (J = 11.0 Hz) are almost iden-
tical with the signals of the methylene protons in
position 19 of compound 6. The above data indi-
cate that the structure of 9 is ent-11a-acetoxy-19-
hydroxy-kauran-15-one.

The last new diterpenoid from B. densifolium,
10, gave the molecular formula C,,H3,0, (m/z
362, [M]*). The 'H NMR spectra of 10 and 9 are
very similar. From the shifts of the doublet of H-
11 (0 3.90, J = 5.8 Hz) and of the two doublets
of the protons at C-19 (0y 4.14, J = 11.2 Hz; oy
3.93,J =11.2 Hz) can be deduced that the location
of the acetylation of compound 10 has changed
from 11 to 19. For these reasons the structure of
10 is ent-19-acetoxy-11a-hydroxy-kauran-15-one.

The previously known ent-19-oxo-kaur-16-en
(11) (Piozzi et al, 1971), ent-kaur-16-en-15-one
(12) (Langenbahn er al., 1993), ent-15a-hydroxy-
kaur-16-en (13) (Langenbahn er al., 1993), ent-11a-
acetoxy- kaur-16-en-15-one (14) (Fujita and
Ochiai, 1978), ent-19-hydroxy-kaur-16-en (15)
(Gonzales et al., 1980), ent-7p-hydroxy-kaur-16-en-
15-one (16) (Buchanan er al, 1996), ent-19-hy-
droxy-kaur-16-en-15-one (17) (Boaventura et al.,
1994), ent-11,16-epoxy-15a-hydroxy-kauran (18)
(Benes et al., 1977), ent-73-hydroxy-kauran-15-one
(19) (Buchanan et al, 1996). ent-1la-hydroxy-
kaur-16-en-15-one (20) (Nagashima er al,, 1990),
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ent-15-oxo-kauran-19-acid (21) (de Oliveira et al,
1995), ent-33-hydroxy-pimara-8(14),15-diene (22)
(Ansell et al., 1993) together with the triterpenoids
cabraleadiol (23) (Hisham et al., 1996), cabraleadi-
olacetate (24) (Waterman and Ampofo, 1985) and
shoreic acid (25) (Govindachari er al., 1994) were
also isolated from B. densifolium and identified by
comparison of their spectroscopic data with pub-
lished results.

Experimental
Solvents used for spectral measurements

CDCl; ['H NMR: 400 MHz; *C NMR: 100
MHz for 1D, 500 MHz and 125 MHz for 2D tech-
niques, respectively. Chemical shifts are given in f3
values (ppm) from TMS], CHCl; (optical rota-
tion).

Plant material

Blepharidophyllum densifolium (Hook.) /o\ngstr.
was collected in Tierra del Fuego, south of Paso

20

Garibaldi, Argentina, in March 1997 by Prof. Dr.
R. Mues and identified by Dr. U. Drehwald,
Gottingen. A voucher specimen is deposited at the
Botanical Institute of the Universitdt des Saarlan-
des (Herbarium SAAR, No. 5692).

Extraction and isolation

The extraction scheme followed standard pro-
cedures of our group (Bungert er al, 1998; Cull-
mann et al., 1993; Adam and Becker, 1994). Pow-
dered air dried plant material (400 g) was
subsequently extracted with EtO and MeOH. The
Et,O extract (13.9g) was chromatographed on
Sephadex LH-20 (150 x 2.5 c¢m i.d.) with MeOH-
CH-Cl, (1:1) as eluent to give two fractions (B 1
and B 2). Fraction B 2 (7.5 g) was separated by
VLC (Silica gel 15 um, 60 mm x 35 mm i.d., step-
wise with an n-hexane-EtOAc gradient) and gave
the fractions B 2-1 (1.5-2% EtOAc, 707 mg). B
2-2 (2- 4% EtOAc, 777mg), B 2-3 (4-12%
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EtOAc, 1249mg), B 2-4 (12-20% EtOAc,
966 mg), B 2-5 (20-40% EtOAc, 823 mg) and B
2-6 (40-80% EtOAc, 845 mg). These fractions
were further purified by HPLC (5 um, 4 x 250)
on silica gel, diol-modified silica gel and cyano-
modified silica gel to give the following constitu-
ents in order of increasing polarity: 11 (Si 60, n-
hexane-EtOAc 99.5:0.5) (3.0 mg), 12 (Si 60, n-hex-
ane-EtOAc 99.5:0.5) (10.0 mg), 1 (Si 60, n-hexane-
EtOAc 97.5:2.5) (12.4 mg), 14 (Si 60, n-hexane-
EtOAc 97.5:2.5) (143 mg), 2 (Si 60, n-hexane-
EtOAc 97.5:2.5) (1.2mg), 13 (Si 60, n-hexane-
EtOAc 97:3) (5.0 mg), 22 (Si 60, n-hexane-EtOAc
93:7) (1.8 mg), 15 (Si 60, n-hexane-EtOAc 93:7)
(19.0mg), 3 (Si 60, n-hexane-EtOAc 93:7)
(21.0 mg), 24 (Si 60, n-hexane-EtOAc 92:8)
(5.8 mg), 16 (CN, n-hexane-EtOAc 93:7) (8.4 mg),
17 (Diol, n-hexane-EtOAc 95:5) (4.5 mg), 18 (Si
60, n-hexane-EtOAc 84:16) (11.4 mg), 19 (Si 60, n-
hexane-EtOAc 84:16) (6.4 mg), 23 (Si 60, n-hex-
ane-EtOAc 84:16) (3.1 mg), 20 (Si 60, n-hexane-
EtOAc 84:16) (5.4mg), 21 (Si 60, n-hexane-
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EtOAc 84:16) (3.3 mg), 4 (Diol, n-hexane-EtOAc
90:10) (6.2 mg), 25 (Si 60, n-hexane-EtOAc 82:18)
(8.5mg), 10 (Si 60, n-hexane-EtOAc 75:25)
(25mg), 5 (Si 60, n-hexane-EtOAc 70:30)
(6.4mg), 6 (Diol, n-hexane-EtOAc 85:15)
(8.6mg), 9 (Si 60, n-hexane-EtOAc 65:35)
(1.8 mg) and 7 (Si 60, n-hexane-EtOAc 60:40)
(4.4 mg). The methanol soluble extract was distrib-
uted between EtOAc and H,O. The organic layer
was evapd in vacuo and also chromatographed via
Sephadex LH-20 with MeOH-CH,Cl, (4:1) as
eluent to give the two fractions BE-1 and BE-2.
The VLC (Diol, 15 um, 60 mm x 35 mm i. d., step-
wise with an n-hexane-EtOAc gradient) of BE-2
(6.21 g) afforded fraction BE-23 (25-40%
EtOAc, 156 mg). A HPLC purification (5 um, 4 x
250) on CN modified silica gel gave compound 8
(CN, n-hexane-EtOAc 79:21) (25.4 mg).

ent-19-acetoxy-kaur-16-en-15-one (1)

[a)2° —76° (CHCl;); EI-MS m/z (rel. int.): 344.2
[M]* (22), 284(13), 271(24), 269(12), 173(15).
161(20), 148(39), 136(51), 131(23), 123(88),
119(45), 107(78), 95(53), 91(100); IR vKBr cm~1:
2980, 1727, 1645; '"H-NMR (CDCl5) &y 5.92 (1H,
brs, H-17A), 5.23 (1H, brs, H-17B), 4.19 (1H, d,
J = 11.0 Hz, H-19A), 3.86 (1H, d, J = 11.0 Hz, H-
19B), 3.03 (1H, brs, H-13), 2.35 (1H, d, J = 11.9
Hz, H-11), 2.03 (3H, 5, H-22), 1.89 (1H, brd, J =
13.0 Hz, H-1a), 1.08 (3H, s, H-20), 0.95 (3H, s, H-
18); 3C-NMR (CDCl;): Table I

ent-19-oxo-kaur-16-en-15-one (2)

[a]3° —98° (CHCls); EI-MS m/z (rel. int.): 300.3
M]* (16), 271(13), 173(11), 161(15), 149(26),
133(25), 119(31), 107(45), 95(37), 91(100); IR vKBr
cm~1: 2980, 1727, 1645; 'H-NMR (CDCl3) &y 9.73
(1H, s, H-19), 5.93 (1H, brs, H-17A), 5.24 (1H, brs,
H-17B), 3.03 (1H, brs, H-13),2.36 (1H, d, J = 11.9
Hz, H-140), 1.79 (1H, brd, J = 13.0 Hz, H-1a),
1.00 (3H, s, H-20), 0.92 (3H, s, H-18); 3C-NMR
(CDCl5): Table I

ent-11a-acetoxy-20-oxo-kaur-16-en-15-one (3)

[a]3° —86° (CHCI3); EI-MS m/z (rel. int.): 330.3
[M-COJ*(0.8), 314(1.4), 296(2.7), 269(7), 253(6),
217(7), 160(14), 145(10), 133(13). 126(20), 111(55),
91(34), 69(31), 43(100); IR vEB cm-1: 2980, 1727
'H-NMR (CDCLy) by 10.34 (1H, s, H-20), 5.83
(1H, 5, H-17A), 5.18 (1H, s, H-17B), 5.24 (1H, 1,
J = 32 Hz, H-11), 2.98 (1H. brs, H-13), 2.67 (1H.
d, J = 13.6 Hz, H-14a), 1.80 (3H, s, H-22), 0.93
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(3H, s. H-18), 0.75 (3H. s, 3C-NMR

(CDCl5): Table I

H-19);

ent-11a-acetoxy-15-oxo kaur-16-en-20-acid (4)

[a]3° —43° (CHCly); EI-MS m/z (rel. int.): 374.3
[M](32). 318(28). 300(96), 285(51). 270(32).
241(15), 169(21). 151(100), 131(19), 123(51),

109(55), 91(79): IR vKBr ecm-1: 2980, 1727; 'H-
NMR (CDCl;) &y 5.83 (1H, s, H-17A), 5.18 (1H.
s, H-17B). 5.38 (1H. brs, H-11), 2.87 (1H. d, J =
3.2 Hz. H-12), 2.68 (1H. brd, J = 13.0 Hz, H-1a).
2.49 (1H, d. J = 12.5 Hz, H-14a). 1.80 (3H. s, H-
22), 0.88 (3H, s, H-18), 0.78 (3H. s, H-19); 1*C-
NMR (CDCls): Table I

ent-11a-acetoxy-73-hydroxy-kaur-16-en-15-one (5)

[a]3° —86° (CHCl;): CI-MS m/z (rel. int.): 300.0
[M+H-C,H;0-H,0]*(24),  282(20),  175(64),
149(31), 134(20), 123(63), 176(27), 109(58), 91(56),
69(100); IR vEB7 cm~1: 3450, 2980, 1727; 'H-NMR
(CDCls) &y 5.88 (1H, s, H-17A), 5.22 (1H, s, H-
17B), 5.10 (1H, d.J = 4.8 Hz, H-11), 4.08 (1H, dd.
J =119, 45 Hz, H-7), 3.07 (1H, s, H-13), 1.82 (3H.
s. H-22), 1.05 (3H, s, H-20), 0.88 (3H, s, H-18), 0.81
(3H. s, H-19); 3C-NMR (CDCls): Table I

ent-11a-acetoxy-19-hydroxy-kaur-16-en-15-one (6)

[a]3” —101° (CHCls); CI-MS m/z (rel. int.):
361.0 [M+HJ*(5), 329(14), 301(100), 283(20),
169(14), 141(20), 119(22), 91(69), 69(27); IR vKBr
cm~!: 3450, 2980, 1727, 1650; 'H-NMR (CDCls)
o1 5.85 (1H, 5, H-17A), 5.19 (1H, s, H-17B), 5.09
(IH, d,J =5.0 Hz, H-11), 3.68 (1H, d, J = 11.0, H-
19A), 3.43 (1H, d, J = 11.0, H-19B), 3.01 (1H, s,
H-13), 2.35 (1H, s, H-14), 1.82 (3H, s, H-22), 1.75
(1H, d,J = 13.8 Hz, H-1a), 1.02 (3H, s, H-20), 0.96
(3H. s, H-18): 13C-NMR (CDCl;): Table I

ent-19-acetoxy-11a-hydroxy-kaur-16-en-15-one (7)
[a]3® —110° (CHCIl;); CI-MS m/z (rel. int.):

361.0 [M+H]*(1), 333(1). 301(5). 283(50). 205(3).
91(44), 73(100); IR vEBr cm~1: 3450, 2980, 1727,
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1650; 'H-NMR (CDCls) &y 5.84 (1H, s, H-17A),
5.24 (1H. s. H-17B). 4.16 (1H. d. J = 11.0, H-19A),
402 (1H. d. J = 44 Hz, H-11), 3.84 (1H, d, J =
11.0, H-19B), 2.03 (3H. s, H-22), 1.00 (3H, s, H-
20), 0.96 (3H, s, H-18): 3C-NMR (CDCl,): Table I

ent-11a-acetoxy-6(3,19-dihydroxy-kaur-16-en-15-
one (8)

[a]3” —66° (CHCL3); EI-MS m/z (rel. int.): 376.0
[M]*(16), 357(17), 316(23). 299(32), 281(18),
253(30), 197(16), 91(100); IR vKBr ecm-1 3450,
2980, 1727, 1650; 'H-NMR (CDCl) &;; 5.84 (1H.
s, H-17A), 521 (1H, s, H-17B), 5.12 (1H, d, J = 4.5
Hz, H-11), 4.38 (1H, brs, H-6), 417 (1H, d, J =
11.4 Hz, H-19A), 3.16 (1H, d, J = 11.4, H-19B),
3.01 (1H, brs, H-13), 1.81 (3H, s, H-22), 1.42 (3H,
s, H-20), 1.01 (3H, 5, H-18); 3C-NMR (CDCl):
Table I

ent-11a-acetoxy-19-hydroxy-kauran-15-one (9)

[a]3? —-91° (CHCLy); EI-MS m/z (rel. int.): 362.0
[MJF(9), 331(16), 319(2), 302(47), 285(12),
271(100), 259(35), 123(33), 91(29): IR vKBr cm-1.
3450, 2980, 1727; '"H-NMR (CDCls) 6y 5.03 (1H,
d,J =59 Hz, H-11), 3.66 (1H, d,J = 11.0 Hz, H-
19A), 3.43 (1H, d, J = 11.0, H-19B), 1.92 (3H, s,
H-22), 1.14 (1H, d, H-17), 0.99 (3H, 5, H-20), 0.94
(3H, s, H-18); '*C-NMR (CDCl,): Table I

ent-19-acetoxy-11a-hydroxy-kauran-15-one (10)

[a]3° -83° (CHCLy); EI-MS m/z (rel. int.): 362.0
[M]*(4), 345(5), 317(4), 303(15), 285(41), 271(3),
123(7), 91(65), 73(100); IR vKB, cm~": 3450, 2980,
1727; TH-NMR (CDCly) &y 4.15 (1H, d, J = 11.0
Hz, H-19A), 3.90 (1H, d, J = 5.8 Hz, H-11), 3.84
(1H, d, J = 11.0, H-19B), 2.03 (3H, s, H-22), 0.97
(1H, d, H-20), 0.94 (3H. s, H-18); *C.NMR
(CDCls): Table I
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