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ABSTRACT

A diterpene (2), (+) 2-hydroxymanool was obtainedh&spredominant isolate from

the CHCI, extract ofXylopia benthamii using CHCI,/Hexane as the eluent followed
by repeated flash column chromatography of a speahge of fractions using also
CH.Cl,/Hexane. Its structure was assigned using modegntrigizcopic techniques:

'H NMR, *CNMR, DEPT 135H-'H COSY, HMBC, HMQC. It is the first labdane

diterpene of such a nature to be isolated frodylapia species and for the first time

isolated as its pure hydroxymanool form. The putergene (2) was monoacetylated
using acetic anhydride in the presence of pyridgineoom temperature for 24 hours
and was obtained as a brown viscous liquid (9) lviwas also characterized via the
above techniques.

Keywords: DiterpeneXylopia benthamii; 2-hydroxymanool; @-acetoxymanool.

INTRODUCTION

Sixty percent of Pharmaceutical drugs currentlyise are natural products in nature
(Mann, 1986, Mann, et. al, 1994, Asakawa, et. @042. Some diterpenes isolated
have the Manool skeleton incorporated in their citme (Bruns, et. al, 1970,
Bohlmann et. al, 1978), The latter can exist agth@nd (-) enantiomeric ent-manool
(1), Manool, 13 epimeric, Manool, enantio 13 epiimef Bruns, et. al, 1970).
However,Ent-manool was never isolated as its ent-2-hydroxye garm (3) and (4),
a or 3, from aXylopia species (Mass, et. al, 2001, Correa, et. al, 1984) buttas i
corresponding monoacetates (5) and (6) from th&laparts of another genus of
speciesBaccharia oxydonta, DC (Bohlmann, et. al, 1981). Even so, ofty NMR
characterization of the monoacetate was given €hiang, et. al, 1995). Added to
this, *H NMR assignment for Hd, H-1B, H-3a, H-33 are missing for the 2-
acetoxymanool. Based on these shortcomings, wertrépe isolation, structural
elucidation and complete characterization of cormpo2) using a combination dH
NMR, ®CNMR, DEPT 135 NMRH-'H COSY, HMBC and HMQC experiments.

As an ongoing program to isolate, structurallycelate and investigate
biologically active compounds from plants of theriGlean, this report outline the
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isolation and structural elucidation of a diterpgi2g¢ from the stems oKylopia
bentamii.

To the very best of knowledge, compound (2), a daledditerpene has never
been isolated from the geniXylopia or the familyannonaceae. Ent-Kaurane and
Ent-trachylobutane diter penes are encountered in the genus Xylopia (Faulkner.et. al
1985 Andrade,et. al 2004). Recently, two new diterpenes of theat-trachylobutane
type were isolated from the stems oOfylopia langsdorffiana, ent- 7a-
acetoxytrachyloban-18-oic acid (7) aedt-7a-hydroxytrachyloban-18-oic acid (8).
The cyctotoxic effect of (11) against V79 fibrolilasand rat hepatocytes was
investigated (Tavares, et. al, 2006). Seven newd&aé Diterpenes were isolated
from Xylopia langsdorffiana and Juniperus pseudosabina (Ribeiro, et. al, 2007,
Pandita, et. al, 1987). Sesquiterpenes and hydrocarwere also isolated from the
fruits of Xylopia emarginata (Moreira, et. al, 2007).

Diterpene (2) was isolated as a white crystakliokd (2.199) via flash column
silica gel chromatography of the @El, extract (20.11g) using GEl,/Hexane as
the eluent followed by repeated flash column clatmgraphy of a specific range of
fractions; using CkCl,/Hexane as the eluent.

MATERIALSAND METHODS
Instrumentation: Melting points were measured on a Geahaka modell500
version apparatus and are uncorrectétl.and °C NMR, **C- DEPT 135 NMR,
COSY, HMQC and HMBC spectra were recorded on a &rubRX-500
spectrophotometer using CRGls the solvent. Chemical shifts are quoted ppm
with reference to TMS internal standard and cowgptianstants jJexpressed in Hertz
(Hz). HREIMS and EIMS were recorded on a KRATOS/A#BE-50 spectrometer.
Silica gel 60A (70-230 mesh, Merck) was used faslil column chromatography
(CC). All solvents were redistilled prior to usenaytical TLC analyses were done
on precoated Kiesegel 6Gsk-(Merck) plates and were 0.25mm thick. TLC plates
were viewed under a UV lamp, (Spectroline Longlifdter) and developed
chromatograms were visualized via spraying withined IR spectrum was recorded
on a Perkin Elmer FT_IR spectrometer connected lewalett-Packard Colour Pro.
Plotter. €@)p was recorded in CHglon an ADP220 Polarimeter ADS220
Saccharimeter.
Plant Collection: Xylopia benthamii (Family-Annonaceae) was obtained from the
Coastal Plain (Berbice-Corentyne region) of Guyland. McDowell with D. Gopaul
on the 14 of April, 1990. It was identified by a Taxonomiat the University of
Guyana and a Voucher specimen (# 2260) is depoatttide Biodiversity centre of
the University of Guyana.
Plant Extraction: The stems of the plant were dried, ground and esthaaly
extracted in distilled methanol for 48 hours. Salgewere removed iwacuo to yield
a crude dark viscous brown liquid of weight 47gisT¢rude extract was subjected to
sequential extraction using solvents of increagiolgrity: GHi4, CH,Cl,, EtOAc and
CH3OH. For each solvent type, three extractions wereedEach solvent type extract
was dried over sodium sulphate. N8y, filtered and solvents removed wacuo to
yield viscous oils and paste. The &H) extract was a crude black viscous liquid of
weight 20.11g. The physical nature of th¢Hg, EtOAc and CHOH extract was oil,
light brown solid and brown solid respectively.
Isolation of Natural Products. The CHCI, extract (20.11g) was loaded on a silica
gel column and was eluted with @E,/Hexane (9:3, v/v) via Flash column
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chromatography (CC). It was further gradient elutgth CH,CI,/EtOAc (20: 1 to
2:18, v.v). Several bands were observed and fragtwere collected and combined
based on similar Rvalues via TLC analyses on precoated KieselgeF#&Q and
chromatogram developed using iodine and viewedguaibV/Vis lamp. All together
a total of 260 fractions were collected of whiclactions 240-254 (3.4g) were
combined and re-chromatographed using@kHexane (10: 3, v/v). Fractions 15-25
were collected from the second chromatographicraéipa and combined based on
similar R values. Solvents were removedwacuo to yield a white solid of 2.19 g
which was found to be spectroscopically pure as $smm NMR profiles. Further
purification via re-crystallization was not require

Compound (2)C2H3402, White solid; mp 134.5-136°C,tR 0.059(CHC), (a)p -
45.31(c 0.06, CHG); HREIMS: m/z [M] = 306.47; Calcd for gHs40, = 306.47;
IR bands (KBr): 3371.4, 2964.6, 1640.5, 1458, 1381162.4, 1038.5, 917.1, 697.6
cm* *HNMR (CDCl;, 400MHz)&: 5.92 (dd, J = 10.8Hz; 1H), 5.26 (d, J = 17.6 Hz;
1H), 5.08 (d, J= 10.8 Hz; 1H), 4.85 (brs; 1H), 4(b#s; 1H), 3.89 (m; 1H), 2.39 (d; J
= 12.8 Hz; 1H), 2.13(d, J = 10.8Hz; 1H), 1.96 (rkf)11.73-1.80 (m) 1.57-1.84 (m),
1.35-1.43 (m), 1.29 (s; 3H), 1.16 (t; J = 12Hz; 1H11(d; J = 9.3 Hz; 1H), 0.94 (d, J
= 6.63Hz; 1H), 1.0 (s; 3H), 0.96 (s; 3H), 0.823st), **C NMR (CDCls, 400MHz)

0. 15.58(C-20),17.97(C-11),22.73(C-19), 24.07(C-88.18 (C-16), 33.77(C-18),
35.27 (C-4), 38.28 (C-7), 41.45 (C-12), 48.43 (CEW).15 (C-3), 55.12(C-5), 57.2 (C-
9), 35.27 (C-4), 38.28 (C-7), 41.45 (C-12), 48.43(C51.15 (C-3), 55.12 (C-5), 57.2
(C-9), 65.92 (C-2), 73.83 (C-13), 111.97 (C-15)5.29 (C-14),107.50 (C-17),148.02
(C-8). COSY:H-1/H.-1, H-2, H-3; H-2/H-1, H,-3, H-18; H-3/H-2, H-3; H-5/H-6,
H.-7; H-6/H-5, H-6, H-7; H-7/H-5, H-6, H7, H-9, H-9/H-5, H-6, H,-7, H-11, H-12;
H-11/H-6, H-7, H-9, H-11, H-12; H-12/H-6, K7, H-9, H-11, H-12, H-17; H-
14/H,-15; H-15/ H-14; H-17/K%11, H-12, H-17; HMBC CORRELATIONS: H-
1/C-1, C-2, C-3, C-6, C-9, C-10, C-19, C-20; H-ACEC-2, C-6, C-11, C-16; H-5/C-
1, C-6, C-9, C-10, C-16; H-7/C-5, C-6, C-8, C-172@ H-9/C-7, C-8, C-10, C-13,
C-17, C-20; H-11/C-6, C-7, C-8, C-9, C-10, C-131%-C-20; H-12/C-5, C-7, C-8,
C-9, C-10, C-11, C-13; H-13/ C-8, C-10; H-14/C-618, H-15/C-13, C-16; H-15/C-
13, C-16; H-16/C-5, C-7, C-13, C-15, C-18, C-201HC-5, C-18; H-18/C-2, C-3, C-
5, C-20; H-19/C-3, C-5, C-20; H-20/C-1, C-10, C-11.

Monoacetate of 2-hydroxymanool (9), 2a-acetoxymanool: Diterpene (0.022g, 7.2 x
10° mol) was treated with acetic anhydride in the enes of pyridine. The reaction
mixture was left stirring for twenty four hours wdnitrogen after which it was
guenched with ice and worked up. Solvent was rewhamevacuo to yield a light
brown viscous oil (0.03g, 95%;20H302. *H NMR (CDCk, 400MHz)3: 5.91 (dd; J
=17.2 Hz), 5.08 (dd; J = 12Hz), 5.24 (dd; J =172),15.08 (dd; J = 12 Hz), 5.026
(m), 4.85 (brs), 4.51 (brs), 2.38 (dd, J = 12.82z078 (d, J = 9.6Hz), 2.04 (s, @H
1.245(t, J =), 1.121 (d = 2.8Hz), 1.052 (d; J =H2&), 0.94 (s, Ch), 0.89 (s, ChH),
0.76 (s, CH); **CNMR (CDCk, 400MHz) &: 170.669, 147.522, 144.948, 111.781,
107.430, 73.616, 69.34, 56.95, 54.98, 46.82, 44415147, 41.13, 38.011, 34.95,
33.58, 28.31, 23.89, 22.45, 21.55, 17.83, 15CNMR (DEPT 135 (CDG|
400MHZz) &: 144.949, 69.34, 56.95, 54.99, €KB3.58, 28.31, 22.45, 21.55, 15.17;
CH,(111.78, 107.43, 46.82, 44.15, 41.12, 38.01, 2217282);COSY: H-1/H,-1, H-

2, H-3, H-5, H-20; H-2/H-1, H-3, H-5; H-3/H-2, H,-3, Hy-1, H-5; H-5/H-1, Hx-3,
H,-6, H-7, H-9, H-11, H-20; H-6/H-5, H6, H,-7, H-9; H-7/H-5, H-6,H-7,H-9, H-
11, H-12; H-9/H-5, K46, H-7, H-11, B-12; H-11/H-5, B-7, H-9,H>-12; H-12/H-6,
H-7, H-9, KB-11, H-12, H-17; H-14/H-15; H-15/H-14; H-17/7, H-9, KB-17; H-
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22/H-1, H-2, H-3, H-19HMBC: H-1/C-1, C-2, C-3, C-6, C-9, C-10, C-19, C-20; H-
3/C-1, C-2, C-6, C-11, C-16; H-5/C-1, C-6, C-9, @-C-16; H-6/C-2, C-5, C-9, C-
10, C-11, C-13, C-18, C-20; H-7/C-5, C-6, C-8, G-C#20; H-9/C-7, C-8, C-10, C-
13,C-17,C-20; H-11/C-6, C-7, C-8, C-9, C-10, C-€317, C-20; H-12/C-5, C-7, C-8,
C-9, C-10, C-11, C-13; H-13/C-8, C-10; H-14/C-618-H-15/C-13, C-16; H-16/C-
5, C-7, C-13, C-15, C-18,C-20; H-17/C-5, C-18; HaR, C-3, C-5, C-11, C-19; H-
19/C-3, C-5, C-20; H-20/C-5, C-9, C-16

RESULTSAND DISCUSSION
The structure of the white solid (2) was elucidatsthg a combination dfH NMR,
13C NMR, DEPT 135H-'H COSY, HMQC and HMBC spectroscopy. The combined
spectral data are shown in Table 1.0 and 2.0. *Fh&IMR spectrum recorded in
CDCl; displayed a doublet of doublet at 5.92 ppm, agishom alkene proton H-14
(J=10.8Hz; J=6.4Hz). This results framans andcis coupling with terminal alkene
protons H-15. Terminal alkene protons H-15 resoaaténvo doublets at 5.26 ppm (J
= 17.6 Hz) and 5.09 ppm (J = 10.8 Hz) as a reduttams andcis coupling with
alkene H-14 protons. Terminal alkene protons, Hadjacent to a quaternary carbon
C-8 resonate as a broad singlet at 4.87 and 4.54 p3 anticipated, protons on
adjacent carbon of the fused cyclohexane ring éxaial-axial and axial-equatorial
coupling whereas protons on the same carbon exfp#riminal coupling (axial-
equatorial interaction). For example, H-1 axialtprs interact with H-2 axial to give
a doublet which is further split into a doublet doaeHaxial- H equatorial interaction.
Thus, two doublets of doublets are seen for H-Igm®at 2.133 and 0.9 ppm in the
'H NMR profile. H-7 proton is seen as a doublet ansfoad singlet at respectively.
For each axial-equatorial protons, the equatomatgms resonate downfield since its
position in the deshielding zone. For example, egliatorial (J = 2.13Hz) resonate at
2.13 ppm whereas the axial proton resonate upael9 ppm. The spectrum exhibit
complexity in the region 1.3-1.8 ppm with three tipléts resonating in the region
1.70-1.80 ppm, 1.57-1.70 ppm and 1.34-1.43 ppmthis multiplet are found
overlapping signals. For example, in the first nplgt, one proton for H-6, H-3 and
H-12 resonate whereas in the second, one protokl{bt and H-9 resonate. In the
third multiplet, one proton for H-6, H-11 and H-fesonate. The other proton for H-3
is seen as a triplet at 1.17(J = 12Hz). Four (#¢cint methyl signals arising from H-
16, H-18, H-19 and H-20 are seen as singlets &, ®B9, 0.99 and 1.27 ppm
respectively.

The *C NMR spectrum indicates the presence of twentfewifit carbon
signals consistent with the diterpenedGtructure. This in combination with DEPT
135 NMR confirmed the presence of four methyls 355.17.89, 22.65 and 23.94
ppm), four methine (-CH), eight methylenes ¢FK5.15, 18.11, 24.02, 28.18, 38.06,
48.22ppm) of which two are from the terminal oléfinarbons, resonating at 111.827
and 107.364 ppm.

TheH-'H COSY spectrum shows the relationship or couptiigne proton
with another. It is noticeable that H-14 (J = 6.4; & = 10.8 Hz) are coupled to both
H-15 protons (J = 17.56 Hz; J = 10.95 Hz). H-17t@ms exhibit germinal coupling.
Interstingly, H-17 protons also show some couphvith H-11 and H-12 protons,
suggesting a nearby side chain at C-9. *HéH COSY spectrum also indicates that
H axial and Hequatorialprotons of the cyclohexane ring scaffold couplehwone
another and also with adjacent axial and equatpratons. For example, H-1 axial
protons which resonate as a broad doublet at 2ph3 ghows cross peak coupling
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with H-1 equatorial double doublet at 0.9 ppm. Rermore, both protons show cross
peak coupling with H-2 protons at 3.90 ppm. H-7ssr@eak which arise from the
axial proton at 2.39 ppm show coupling with H-7 aauial proton at 1.99 ppm. Also,

further cross peak coupling is seen with H-6 prstonthe multiplet envelope 1.69-

1.80 ppm and the other H-6 proton of the other iplelt 1.36-1.43 ppm. The four

methyl groups resonate as a singlet and show s ggeak coupling with the ring

protons.

HMQC (Heteronuclear Multiple Quantum Correlatioimdicates which
protons are attached to a specific carbortiHe'*C correlations of protonated carbon:
For example, alkene H-14 proton shows connectiatZ-14 carbon at 145.28 ppm.
Both terminal alkene protons, H-15 and H-17 showneativity at 111.97 ppm (C-
15) and 107.5 ppm (C-17) respectively. Both axiatl a&quatorial H-7 and H-3
protons show connectivity to C-7 and C-3 at 38.pB@and 51.15 ppm respectively.
Likewise, one of the H-1 proton at 0.9 ppm and dttker at 2.13 ppm shows
connectivity to the same carbon at 1.16 ppm. Theetiprotons of the four GHl, H-
16, H-18, H-19 and H-20 show connectivity to carli®i6, C-18, C-19 and C-20 at
28.18, 33.91, 22.87 and 15.58 ppm respectively HMBC long range correlation
was used for the assignment of non-protonated nafbar example, a proton on C-1
shows long range HMBC correlation with that of C&6, C-9, C-10 and C-20.
Protons on C-15 show HMBC correlation with protams C-13 and C-16. H-14
shows strong HMBC to C-13 (73.83ppm) and a weak KIMB C-6 at 24.16. H-1
shows correlation to carbons: C-2, C-3, C-9, CQ4,9, C-20, suggesting that these
carbons are nearby. HMBC data were particularifulise determining the location
of the CH groups. For example, C-20 protons show HMBC cati@h to C-10, C-11
and C-1 whereas, C-19 carbons cross peaks poitit3pC-5 and C-20, suggesting
that these carbons are nearby as shown in Figuwe.Nd HMBC correlation was
obtained for proton on C-4, C-10 indicating thatttare quaternised. Figure-2 shows
structure of the molecule and an assignment of gibecific carbon and proton
chemical shifts based ohH NMR, ** NMR, * H-'H COSY, HMQC and HMBC
experiments.

The IR spectrum shows a broad O-H stretch at 33ari*. Alkene C=C and
C-H stretch occurs at 1640.5 ¢nand 3084.3 crhrespectively. Alkene C-H bend
occurs at 996.6 cth Methyl asymmetric stretch occurs at 2964.6'dmcomparison
to methylene asymmetric stretch at 2843.7cMethylene rock is seen at 739.9tm

The monoacetate (9) was prepared from the par@rpdne (2) by stirring in
1.5 equivalents of acetic anhydride. Acetylatiorthed OH at position C-2 was more
favourable than acetylation at position C-13 beeaxfghe less steric nature of C-2 in
comparison to C-13. Solvent removal, followed byrkup yielded the monoacetate
in quantitative yield. ThéH NMR of the monoacetate exhibit a similar speatopic
splitting pattern as that of the parent diterpet@wever, the Chemical s shifts differ
due to the presence of the electron withdrawingatfdf the acetate group at position
C-2. This effect is transmitted through the-framework of the molecule.
Significantly, H-2 proton which resonate as a npldti in the parent diterpene, exhibit
a downfield shift ofAS = 1.13 ppm (3.90 ppm-5.03 ppm). Other protonsidéted
are H-6 and H-9. Protons such as H-14, H-15, HHL7, H-16 etc. are deshielded.
The complexity of the three multiplet envelope acty at is also reduced. For
example, in the second multiplet (), the peaks wareesolved. However, for the
monoacetate, the peaks are discernible with a dofidl H-9 and a triplet for H-11.
Also, H-1, H-3 and H-5 triplet, doublet and triplare shifted downfield. An

Copyright © 2011, Journal of Natural Products, INDDY. Sudhanshu Tiwari, All rights reserved
49



Jagessar and Maxwell, /Journal of Natural Products, Vol. 5(2012): 45-53

additional CH proton resonance,, due to the {3jfloup of the acetyl moiety is seen as
a sharp singlet at 2.04 ppm.

The **C NMR spectrum indicates twenty two carbons coesiswith the
structure. Dept 135 differentiated the hybridizatiof carbons. It indicates the
presence of five tertiary methyls at 15.17, 215345, 28.31 and 33.58 ppm, four
methine at 54.99, 56.95, 69.34 and 144.95 ppm thiéhoxygenated one at 69.34
ppm, eight methylenes at (17.84, 23.89, 38.012,21146.80, 107.43 and 111.78 ppm
and the four quaternary carbons at 147.52, 73.62,.54and 34.95 ppm with the
oxygenated one at 73.62 ppm. The acetyl carborsdes at 170.67 ppm.

The *H-'H COSY spectrum of the monoacetate shows a sirifitarproton
relationship as that described for the parent pitee. Additionally, the acetyl GH
protons show &H-'H COSY interaction with H-1, H-2, H-3 and H-19.

HMQC establisHH-"*C connectivity of protonated carbons. Comparechéo t
diterpene, with the exception of C-5, C-16, allbmars exhibit an upfield shift of
signal relative to that of the parent diterpener Ewample, the parent diterpene
exhibit HMQC values for H-1, H-2, H-7, H-11, H-1AdchH-22 at 44.15, 65.34, 38.01,
17.33 and 107.43 ppm respectively. For the cormredipg monoacetate, these values
occur at 48.43, 65.92, 38.28, 17.97 and 107.50 qgsmectively.

The monoacetate also exhibit a simil@HC-C and *HC-C-C HMBC
correlations as that of the parent diterpene. Hewethere are some additional
HMBC correlations. For example, for both compounHsprotons show HMBC
correlation at C-2, C-3, C-5 and C-10. However, fbe parent diterpene, an
additional HMBC is seen at C-9 and C-20. For thet@anoiety, the protons of the
acetyl group exhibit an HMBC at only C-2, suggestihat it is connected to the
latter. For the acetyl moiety, the protons of thetgl group exhibit an HMBC at only
C-2, suggesting that it is connected to the latter.
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Table- 1: NMR datafor compound (2) (CDCl5)2

Position| & 3 (Jur 1z) H-'H cosy HMBC
1 8.43 2.13,d(J=10.8 Hz);0.9, dd; J5§) »>HH-2,H-3 | C-1,C-2, C-3, C-6, C-9,
C-10, C-19, C-20
2 65.92 3.90, m H1,H,-3,H-18 -
3 51.15 | 1.17,t(J =12 Hz);d in m(1.8-1.69) H-2, H-3  |C-1, C-2, C-6, C-11, C-16
4 35.27 - - -
5 5.12 1.11,d (J = 12.4 Hz) H-6,+ C-1,C-6,C-9,C-10, C-16
6 24.07 1.72, m H-5,H-6, H-7 | C-2,C-5,C-9,C-10,C-11
1.297 m C-13,C-18, C-20
7 38.28 2.39,brd(J=12.8 Hz);1.99, br H-5, H-6;H C-5, C-6, C-8,
H-9,H-11,H-12 C-17, C-20
8 148.02 - - -
9 57.2 1.64, m H-5, 16, H-7, | C-7,C-8,C-10, C,13 C-
H-11, H-12 17, C-20
10 41.45 - - -
11 17.97 1.62, m p6, H-7, H9 | C-6,C-7,C-8,C-9, C-10,
Hr11, H-12 C-13, C-17, C-20
12 41.45 1.39, m H-6, H-7, | C-5,C-7,C-8, C-9, C-10
H-9,H,-11, C-11,C-13
Hr12, H-17
13 73.83 - - C-8, C-10,
14 | 145.29] 5.92,dd(J = 6.4 Hz; 10.8 Hz) 15 C-6, C-13
15 | 111.97 5.26, d(J = 17.6 Hz) H-14 C-13, C-16
5.09, d(J = 10.8 Hz)
16 28.18 1.29,s - C-5,C-7,C 13,C-15, C-
18,C-20
17 | 107.50 4.87,brs Ho-11,H-12, C-5,C-18
4.54,brs H-17
18 33.77 1.06, s - C-2,C-3,C-5,C-11, G-16
19 22.73 0.96,s - C-3, C-5, C-20
20 15.58 0.75,s - C-1, C-10, C-11

2400 MHz for'H NMR and 100 MHz fof*C NMR.
» All Chemical shifts (relative to TMS) are givendr{ppm) and coupling constants in Hz.
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Table-2: NMR datafor compound (9) (CDCls3) &

[92)

Position | & 31 (I 1z) H-'H cosy HMBC
1 44.15 | 2.08,d(J = 6.6 Hz);1.08, t; J = 4Hz) 1 H-2, H-3, H5,| C-2, C-3, C-5,
H-20 C-10
2 65.34 5.03,m H1,H,-3, H-5 c-21
3 46.82 | 1.17,t(J=4.8Hz); din m(1.8-1.69)) »2 H-3, H-1, H-§ C-1, C-2, C-5,
C-19
4 35.27 - - -
5 54.98 1.05,d (J = 12.4 Hz) -H,H-3, H-6,H- | C-1,C-6,C-9,C-
7, H-9, H-11, H-20 10, C-16
6 23.89 1.74-1.78, m H-5,H-6, H-7, H-9 | C-5, C-7, C-9,
1.27-1.39 m C-20
7 38.01 | 2.32,brd(J=12.8 Hz);1.97, br t, J=4.BH5, H,-6, H,-7, H- | C-5, C-6, C-7,
9, H-11 c-9
8 - - -
9 56.95 1.52-1.66, m H-5.6, H-7, H-| C-12, C-13
11, H-12,H-17, H-20
10 41.45 - - -
11 17.33 1.52-1.66, m H-5, Hy-7, H,-9, H-12| C-9, C-12, C-13,
1.27-1.37m
12 41.12 1.74-1.78, m #0,H,-11, C-9,C-13
Hr12, H-17
13 73.62 - - C-8, C-10,
14 144.95 5.91, dd(J = 6.4 Hz; 10.8 Hz) 15 C-6, C-12, C-13
C-15, C-16
15 111.78 5.24,d (J =17.2 Hz) H-14 C-13,C-14
5.08,d (J =12 Hz)
16 28.34 1.26,s - C-5,C-7,C 13
C-15, C-18,C-20
17 107.43 4.85,brs Hy-7, Hy-9, C-7,C-9
4.51,brs H-17
18 33.58 0.94, s - C-2,C-3,C-5
C-11, C-19
19 22.45 0.89,s - C-3,C-4,C-§
20 15.17 0.76,s - C-5,C-9,C-1
21 170.67 - - -
22 21.55 2.04,s H-1, H-2, H-3, H-19 C-2

2400 MHz for'H NMR and 100 MHz fof°C NMR.
All Chemical shifts (relative to TMS) are givendr(ppm) and coupling constants in Hz.
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