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Abstract

Four new compounds (1-4) were isolated from the stem bark of Entandrophragma angolense
along with eleven known stuctures (5-15). The chemical structures were elucidated on the basis of
spectroscopic and HRMS data, and the absolute configuration was established with the aid of
electronic circular dichroism. Compound 5 displayed moderate cytotoxicity against MDA-
MB-231, OVCAR3, MDA-MB-435, and HT29 cell lines, with 1Cgq values ranging from 2.0-5.9
UM.
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1.

2.

Introduction

The genus Entandrophragma (Meliaceae) inhabiting in tropical Africa is made up by about
14 species of deciduous trees, commonly known as the mahogany. Apart from being
economically important timber plants, members of this genus have been extensively used in
African traditional medicine for the treatment of ailments such as malaria, stomach-ache,
arthritic pain, and sickle cell disease[1]. Biological evaluations of Entandrophragma plant
extracts have demonstrated antiplasmodial, anti-inflammatory, cytotoxicity, antiulcer,
antisickling, and antifeedant activities [1]. Chemically, this genus is characterized by the
presence of limonoids and its biosynthetic precursors, the protolimonoids, which not only
serve as the chemotaxonoic markers of the taxon, but were also found to possess a variety of
biological properties, including anticancer, antioxidant, anti-inflammatory, neuroprotective,
antimalarial, anti-HIV, and antimicrobial activities [2-4].

Among Entandrophragma plants, E. angolense (Welw.) C. DC. is widely spread in the East
and West Africa, and it was the first plant studied for phytochemical composition [5]. The
discovery of gedunin from this species has opened the revenue to many other chemical
investigations into the genus. £. angolense is now known to contain limonoids, triterpenoids,
steroids, and fatty acids [1, 6]. As a traditional medicine, £. angolense has been used for
treating pains such as abdominal pain, ear pain, rheumatic/arthritic pain, and peptic ulcer [7].
On the other hand, pharmacological studies of the plant extracts have demonstrated
antisickling, antioxidant, anti-inflammatory, antiulcer, antifeedant, antimalarial, and
antibacterial activities [8-12].

In a continuing effect to explore ethnobotanicals from African medicinal plants for new
bioactive substances, we have studied an extract of the stem bark of £. angolense. In this
report, the isolation of a new limonoid (1), a new triterpene (2), and two new seco-
triterpenoids (3 and 4), together with eleven known structures, as well as the cytoxicity
evaluation of the isolates, is described. In the course of the present study, quantitative NMR
(GNMR) was employed to estimate the ratio of the isomer pair of 1, and the electronic
circular dichroism (ECD) technige was applied to the determination of absolute
configuration.

Experimental section

2.1 General experimental procedures

Optical rotations at the sodium D line were measured with a Perkin Elmer 241digital
polarimeter using a quartz cell with a path length of 100 mm at room temperature.
Concentrations (c) are given in g/100 mL. IR spectra were measured on a Nicolet 380
Fourier Transform Infrared Spectrometer loaded with OMNIC software. UV spectra were
collected on a Shimadzu UFLC system with a photodiode array detector. The electronic
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circular dichroism (ECD) spectra were recorded on a +810 spectropolarimeter (JASCO,
Easton, MD, USA). The NMR spectroscopic data were recorded on a Bruker AV-400
spectrometer, and the data were processed on MestReNova (Mnova) software v14.1.2
(Santiago de Compostela, Spain). All chemical shifts were quoted on the &scale in ppm
using residual solvent as internal standard (chloroform-¢t &y 7.26 for 1H NMR, &¢ 77.16 for
13C NMR). Coupling constants () are reported in Hz. HRESIMS were obtained on a Waters
SYNAPT hybrid quadrupole/time of flight spectroscopy using positive electrospray
ionization mode. For HPLC purification, a C18 semi-preparative HPLC column (Agilent
SB-C18 column, 250%9.4 mm, 5um) and a Shimadzu UFLC system were utilized. Human
melanoma cancer cells MDA-MB-435, human breast cancer cells MDA-MB-231, human
colorectal adenocarcinoma cells HT29, and human ovarian cancer cells OVCAR3 were
purchased from the American Type Culture Collection (Manassas, VA, USA).

2.2 Plant material

Dried stem bark of £. angolense was collected by Bamisaye O. Oyawaluja from the
Southwest region of Nigeria in April, 2016. The plant was identified by the botanist O. O.
Oyebaniji in the Department of Botany, University of Lagos, Nigeria, at which the voucher
specimen has been deposited (LUH 6977).

2.3 Extraction and isolation

The air-dried and ground stem bark of £. angolense (5 kg) was extracted with 80 % EtOH
(11x20 L) and dried under reduced pressure to afford 1.2 kg of crude extract. This extract
was partitioned sequentially with hexanes (6x18 L, 11 g), EtOAc (10x18 L, 54 g), and 7+
BuOH (5x18 L, 700 g), followed by further partition of the EtOAc part with CHCI3 (5%2 L,
12 g). The hexane partition was then fractionated on an ODS column (MeOH-H,0,
10-100% MeOH) to afford 8 fractions, H1-H8. Of these, fraction H3 (200 mg) was
chromatographed on an ODS column (MeOH-H,0, 20—-100% MeOH) to yield seven
subfractions (H31-H37). Subfraction H32 (50 mg) was subjected to purification over a
semi-preparative RP C-18 column using CH3CN-H,0 (40:60) as solvent to afford 1 (5 mg,
1R=23.9 min), 5 (15 mg, &r=41.3 min), and 6 (20 mg, &= 15.4 min). Then, H4 (150 mg)
was subjected to a Sephadex LH-20 column to afford 4 subfractions, H41-H44. Of these,
subfraction H43 (8 mg) was purified using a semi-preparative RP C-18 column to afford 7 (2
mg, &= 43.4 min). Fraction H6 (874 mg) was then eluted on a Sephadex LH-20 column to
yield five subfractions, H61-H65. One of these fractions, H62 (330 mg), was purified on
silica gel (hexane-EtOAc, 80% to 50%) to afford 3 fractions, H621-H623, followed up by
further purification of H622 on a silica gel column (CH,Cl,-Acetone, 95 to 50%) and over a
semi-preparative RP C-18 column, using gradient conditions (CH3CN-H-,0, 83.5 to 85 %).
As a result, crops of 2 (2 mg, &z=32.8 min), 8 (3 mg, &zk=21.1 min), and 9 (5 mg, &= 35.6
min) were obtained. Similarly, 4 (2 mg, &= 25.3 min), 10 (2 mg, &z=25.3 min), and 11 (2
mg, &= 33.0 min) were obtained from subfraction H623 using a semi-preparative RP-C18
column (CH3CN-H-,0, 60:40). On the other hand, H7 (2.0 g) was eluted on a silica gel
column (hexane-EtOAc, 90% to 70%) to yield 7 subfractions, H71-H77. Fractions H71 and
H72 were purified using a semi-preparative RP C-18 column, with CH3CN-H,0 (85:15) to
give 3 (3mg, &z=25.5 min) and 12 (2 mg, &R= 36.0 min).
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The CHCI3 partition was then fractionated on a silica gel column (CH,Cl,—MeOH, 99 to
40%) to afford 9 fractions, C1-C9. Fraction C2 (1 g) was chromatographed on Sephadex
LH-20 (100% MeOH) to yield seven subfractions (C21-C27), among which C21 yielded
methyl angolensate (13, 10 mg) by precipitation. Subfraction C22 was separated on an open
MCI gel column (MeOH-H20, 10-70% MeOH) to yield 7 subfractions, C221-C227.
Fraction C227 (130 mg) was subjected to purification over a semi-preparative RP-C8
column using CH3CN-H,0 (45:55) as solvent to afford 14 (2 mg, tg= 34.3 min) and 15 (2
mg, tg=17.3 min).

2.3.1. Compound 1—White amorphous powder; [a]p?® = +27 (0.1, MeOH); UV nax
232 nm; IR vy 3361, 2919, 1743, 1670, 1632, 1440, 1382, 1270, 1137, 1024 cm™1; ECD
(MeOH) A (Ae) 238 (-15.40), 258 (5.24), 330 (10.01) nm; *H NMR (CDCls, 400 MHz) and
13C NMR (CDCls3, 100 MHz), see Tables 1 and 2; HRESIMS 777/7501.2130 [M + H]* (calcd
for Cy7H330g, 501.2125).

2.3.2. Compound 2—White amorphous powder; [a]p2® = =42 (¢ 0.1, MeOH); UV nax
216 nm; IR vy 3334, 2942, 2831, 1662, 1448, 1114, 1022 cm™L; ECD (MeOH) A (Ae)
208 (-5.58), 243 (-1.20) nm; IH NMR (CDCls3, 400 MHz) and 13C NMR (CDCl3, 100
MHz), see Tables 1 and 2; HRESIMS /2571.3998 [M — CoH50]* (caled for Ca5Hs506,
571.3999).

2.3.3. Compound 3—White amorphous powder; [a]p?® = =56 (¢ 0.1, MeOH); UV nax
237 nM; IR vinax 3261, 1635, 1407, 1116, 1014 cm-1; ECD (MeOH) A (Ae) 226 (-1.84)
nm; 1H NMR (CDCls, 400 MHz) and 13C NMR (CDCl3, 100 MHz), see Tables 1 and 2;
HRESIMS 1/2513.3566 [M + H]* (calcd for C35H4905, 513.3580).

2.3.4. Compound 4—White amorphous powder; [a]p?® = +12 (0.1, MeOH); UV max
244 nm; IR vmax 3247, 2944, 2834, 1643, 1448, 1112, 1016 cm-1; ECD (MeOH) A (A¢)
211 (-14.69) nm; IH NMR (CDCl3, 400 MHz) and 13C NMR (CDCl3, 100 MHz), see
Tables 1 and 2; HRESIMS m/2557.3469 [M + H]* (calcd for C33HggO7, 557.3478).

2.4 Quantitative HNMR with GSD approach

Compound 1 (1.5 mg) was dissolved in 500 pL of CDCI3 and transferred into a 5 mm NMR
tube. The HNMR spectrum was acquired using the following gHNMR conditions: relaxation
delay (D1) of 60 s, calibrated 90° pulse (P1), 64 number of scans, receiver gain (RG) of 63,
and acquisition time of 8.19 s. The acquired spectrum was then treated with the following
postacquisition processing: 256k of zero-filling, Lorentzian—Gaussian window function
(exponential factor —0.3, Gaussian factor 0.05 in GF mode), and baseline correction (third
order polynomial) [13].

The gHNMR spectrum was processed with the global spectral deconvolution (GSD)
approach for 1a and 1b. It was initiated by individual peak fitting using the “edit fit” with
five fitting cycles in the global SD function of the Mnova software. The deconvoluted lines
and their peak areas were used to obtain the average peak areas and standard deviation. For
doublets, the two individual peak areas were combined to give the total area.
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2.5 Conformational analysis

The conformational analyses of the plausible stereoisomers of 1-4 were performed by
SYBYL-X-2.1.1 program with MMFF94s molecular force field. The energy of optimized
structures at the B3LYP/6-31+G(d) level in the Gaussian 09 software was applied to screen
stable conformers. The ECD and NMR calculations of all the selected conformers were
carried out with the TD/B3LYP/6-31+G(d) mode in the gas phase and the GIAO/
mPW1PW91/6-311G(d,p) method in chloroform, respectively. The overall ECD curves
were weighed by Boltzmann distribution of each conformer and compared with the
experimental results using the SpecDis 1.71 software with UV correction. The theoretical
chemical shifts calculation for 13C NMR was analysed by using linear regression and DP4
probability to assign the configurations of C-22 in 4. Subsequently, the simulated ECD
curves of all plausible stereoisomers of 1-4 were utilized for the absolute configuration
determination.

2.6 Cytotoxicity assay

Cytotoxicity tests were carried as previously described [14]. Paclitaxel was used as positive
control (ICs5¢ = 0.1 — 3.1 nM), and ICxq values are expressed in uM relative to the solvent
(DMSO) control.

3. Results and discussion

The stem bark of £. angolense was extracted with 80% EtOH and worked up by solvent
partitioning and repeated chromatography. During the separation process, column fractions
were monitored by thin-layer chromatography (TLC) using a specific visualizing reagent,
vanillin sulfuric reagent, for the detection of limonoids and triterpenoids [15]. In general, the
limonoid/triterpenoid spots will change color from red/pink to blue after 1 hour on the TLC
plates. Major fractions were also subjected to 1H NMR analyses to detect the presence of
characteristic proton resonances (such as methyls around & 0.8-1.2, aliphatic CH> protons
at 64 1.5-3.0, and unsaturated protons at &4 5.0-7.0). Those fractions showing positive
results were further separated, leading to the isolation of four new compounds (1-4, Fig. 1),
together with 11 known compounds (5-15).

Compound 1 was isolated as a white amorphous powder. Its molecular formula was deduced
to be Cy7H3,0g from the HRESIMS [M + H]* ion at 7/2501.2130 (calcd for Cy7H330g,
501.2125) and 13C NMR data, corresponding to 12 indices of hydrogen deficiency. The UV
Amax 232 nm and IR vynax 1743 and 1670 cm~1 indicated the presence of carbonyl,
carboxyl, and/or ester groups. The H and 13C NMR spectra of 1 (Tables 1 and 2) displayed
resonances attributed to four tertiary methyl, a methyl ester, four methylene, and five sp3
methine groups including three oxymethines H-15, H-17, and H-23. Resonance signals of a
disubstituted double bond (64 6.06, 6.10, 7.09, and 7.14), an y-hydroxy-a,fB-unsaturated- -
lactone ring, four sp3 quaternary carbons including an oxycarbon (8¢ 67.6 and 67.7) and two
ketones (6¢ 153.2, 154.0, 203.8, and 204.7) were also observed. Careful interpretation of the
HMBC and COSY spectra (Fig. 2) pointed to a structure of andirobin-type limonoid similar
to andirolide S [16], the only difference being the replacement of the ethoxyl group by a
hydroxyl on C-23 in 1. The planar structure of 1 was thus established.
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The relative configuration of 1 was determined by the NOESY data (Fig. 3). Thus, the
correlations between Me-18/H-30, Me-18/H-22, H-30/H-9, and H-9/H-5 suggested cofacial
orientation of the groups, and Me-18, H-9, and H-5 were assigned an a-orientation. On the
other hand, the cross-peak between H-1/H-19 indicated that Me-19 was S-oriented.

The absolute configuration of 1, except C-23, was determined by a comparison of the
experimental and calculated ECD spectra using time dependent density functional theory
(TDDFT) (Fig. 4) [17]. The ECD spectrum of 1 displayed a negative Cotton effect at 238 nm
and a positive Cotton effect at 330 nm, in good agreement with the Boltzmann-averaged
ECD result of (5R,9R,10R,135,145,155,17R)-1. All available evidence supported the
structure of 1 as depicted, and it was given the trivial name 23- O-deethylanderolide S.

In the course of the NMR study, it was noted that, in the 1H NMR spectrum of 1, doubling
of some signals occurred, indicating the existence of a pair of C-23 epimers. In order to
estimate the ratio of the epimers, quantitative 1TH NMR (qHNMR) approach was adopted by
employing the GSD method. This approach helped to assess the ratio of the epimers and
preserved the compound from the sample loss by avoiding chromatographic separation [18].
Thus, proton signals of H-1, H-15, H-19, and H-30 were designated to epimers 1a and 1b
based on the correlations observed in the NOESY spectrum. H-1, H-15, and H-30 were
processed using the GSD in the Mnova software and the generated peak table was used to
calculated their relative ratio (Fig. 5 and Table S1). As a result, a ratio of 1.1:1.0 was
obtained. The two C-23 epimers were therefore estimated to occur in a 1:1 ratio.

Compound 2, isolated as an amorphous white solid, was assigned a molecular formula of
C37Hgo07 based on an HRESIMS [M — C,H50]™ ion peak at /m/2z571.3998 (calcd for
C3sH5506, 571.3999). In its TH NMR spectrum, resonances due to eight tertiary methyls (&4
0.85, 0.89, 0.90, 1.03, 1.26, 1.29, 1.90, and 2.18 ), a cyclopropyl methylene [&4 0.51 (d, J=
4.9 Hz) and 0.75 (d, J= 4.9 Hz)], an acetal methine proton [y 4.97 (d, /= 4.9)], and an
olefinic proton (&4 5.77) were observed (Table 1). The 13C NMR spectrum revealed 37
carbon signals, which could be sorted into nine methyls, ten methylenes, ten methines, and
eight quaternary carbons including one carbonyl carbon at § 166.6 (Table 2). The presence
of a senecioyl moiety was obvious from the NMR data. Careful comparison of the NMR
data with those of prototiamin F revealed similarities as a glabretal-type triterpenoid [19]. In
particular, the presence of three hydroxyl groups at C-7, C-24, and C-25 and a cyclopropane
ring at C-13, C-14, and C-18 could be established by the 13C NMR and HMBC data. The
presence of a senecioyl ester group at C-3 was confirmed by the HMBC correlation between
the carbonyl signal at &c 166.6 (C-1) and the proton signal at 64 4.68 (H-3) (Fig. 2). A
major difference between 2 and prototiamin F was the presence of an O-ethyl group (84
1.22, 3.45, and 3.71 and &¢ 15.6 and 64.2) in the former. The location of the ethyl group was
assigned to C-21 as evidenced by the HMBC correlation between C-31 (&¢c 64.2) and H-21
(64 4.97). The NOESY data supported the same relative configuration as that of prototiamin
F, except for C-3 (Fig. 3). To be specific, the NOE correlations between H-3/ Me-19, H-5/
H-9, H-7/Me-30, H-9/H-18, H-17/H-21, H-18/H-20, and Me-19/Me-30 confirmed that H-5,
OH-7, H-9, H-20, and the 13,14,18-cyclopropane ring were of a-orientation whereas H-3,
H-17, Me-19, H-21, and Me-30 were B-oriented. Compound 2 is thus a C-3 epimer of
prototiamin F. Indeed, the NMR resonances of CH-3 were consistent with those of 35-H
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orientation in similar glabretal structures. Thus, the C-3 signal was in the neighbourhood of
&¢ 77 and the H-3 signal appeared as a triplet with coupling constant of 2.5 Hz [20]. On the
other hand, the g orientation of H-24 [y 3.23 (br s)] was consistent with that of prototiamin
F as evidenced by a negligible coupling constant [21]. With all the evidence on hand, the
structure of 2 was determined to be as depicted in Fig. 1 and assigned the trivial name
34H-21- O-ethylprototiamin F. The calculated ECD spectrum of

(B3R5SR 7TR8RIR10513R 14517520521 R,23R,245)-2 was in good agreement with the
experimental reslts (Fig. 4). It is interesting to note that this is the first report of glabretal-
type triterpenoid from E. angolense. Only four structures of this type (including prototiamin
F) have been previously found in E. congoense of this genus [19].

Compound 3 was obtained as an amorphous white powder; the HRESIMS [M + H]" ion at
m/z513.3566 suggested the molecular formula of C3oHyg05 (calcd for C3oHg0s,
513.3580). The UV spectrum showed an absorption at 237 nm consistent with an a,f-
unsaturated carbonyl moiety. With nine indices of hydrogen deficiency, this compound
exhibited three double bonds, one conjugated ketone and two carbonyls in the 13C NMR
spectrum, thus confirming the presence of three rings. The 1H NMR spectrum of 3 exhibited
resonance signals for six methyl groups on quaternary carbons, an olefinic proton coupled to
a vicinal methylene, and two methoxy groups. A major difference between 3 and the known
structure 23-0x0-3,4-secotirucalla-4(28),7,24-trien3,21-dioic acid 21-methyl ester [22] was
the presene of a methyl ester group on C-3. Indeed, CH3-31 displayed correlations with C-3
in the HMBC spectrum (Fig. 2). The relative configuration at C-20 was supported by
NOESY correlations between H-9/ H3-18/ H-20 and H3-30/ H-17 (Fig. 3). The available
data suggested the structure of 3 to be 23-oxo-3,4-secotirucalla-4(28),7,24-trien-3,21-dioic
acid 3,21-dimethyl ester. Its experimental ECD spectrum matched well with the calculated
spectrum for (55,9R,105,135,145,17 5,205)-3 (Fig. 4). It represents the third seco-
triterpenoid found in £. angolense.

The HRESIMS of 4 displayed an [M + H]* ion at /7/2557.3469, suggestiong the molecular
formula of C33H4g07. An inspection of the NMR data (Tables 1 and 2) suggested close
resemblance with those of 23-o0x0-3,4-secotirucalla-4(28),7,24-trien-3,21-dioic acid 21-
methyl ester (12) [22], with the exceptions that additional signals of an acetyl (C-32 and
CH3-33) were present in 4. The acetyl group could be assigned to C-22 since the chemical
shifts of CH-22 (6¢ 78.4; &4 5.14, d, J= 4.1 Hz) were consistent with those attached to an
oxygenated functional group. This was further suggested by a cross peak observed between
é¢c 170.6 (C-32) and &y 5.14 (H-22) in the HMBC spectrum (Fig. 2). To determine the
configuration of C-22, theoretical calculations of 13C NMR shifts of the possible isomers
22 R* and 22 S* were conducted by using the GIAO method with the Gaussian 09 software at
the mPW1PW91/6-311G(d,p) level [23]. Comparison of the experimental and calculated
13C chemical shifts suggested that the configuration of 4 is 22/”2* with a DP4 probability of
approximately 99.42 %, compared to 0.58 % for 22.S* configuration (Fig. S1 and Table S2).
Finally, the experimental ECD spectrum of 4 matched well with the calculated spectrum of
(559R,105135,145,175,20R,22 R)-4 (Fig. 4). Compound 4 was determined to be 22(R)-
acetoxy-23-ox0-3,4-secotirucalla-4(28),7,24-trien-3,21-dioic acid 21-methyl ester. It is the
fourth seco-triterpenoid found in £. angolense.
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Along with the new compounds, eleven limonoids and triterpenoids were isolated; they are,
namely, 6-deacetoxydomesticulide D 21-methylether (5) [12], 6-deacetoxydomesticulide D
(6) [12], andirobin (7) [24], toonapubesin B (8) [25], piscidinol A (9) [26], 3pH-21-O-
methylprototiamin F (10) [20], 3aH-21- O-methylprototiamin F (11) [20], 23-0x0-3,4-
secotirucalla-4(28),7,24-trien-3,21-dioic acid 21-methyl ester (12) [22], methyl angolensate
(13) [27], swietmanin J (14) [28], and toonin A (15) [29]. Compounds 7, 8, 14, and 15 were
found for the first time in this genus and 9-11 for the first time in this species.

Limonoids represent a group of nor-seco-triterpenoids mostly found in plants of the Rutales
(Meliaceae, Rutaceae, and Simaroubaceae families). They are derived from tetracyclic
triterpenes through a series of oxidation and rearrangement reactions. As such, limonoids
and related triterpenoids (the protolimonoids) such as the tirucallane-, apotirucallane-, and
glabretal-type serve as chemotaxonomic markers of the Entandrophragma species [1]. Of
particular interest is the isolation of 3,4-seco-tirucallanes (3, 4, and 12) from E. angolense.
The formation of this type of metabolites where C-4 is oxygenated or part of a double bond
has been suggested to involve an ezymatic Baeyer—Villiger oxidative process [30]. In this
manner, formation of 3, 4, and 12 could be correlated to a plausible triterpene precursor,
3,23-dioxotirucalla-7,24-dien-21-al, which was found to co-exist in £. angolense [22].

Compounds 1-5, 13, and 14 were evaluated for cytotoxic activity. All compounds showed
no activity (ICgp = 25 uM) except 6-deacetoxydomesticulide D 21-methylether (5), which
displayed modest activities against MDA-MB-231 (IC5p = 1.9 uM), OVCAR3 (IC55 = 3.1
uM), MDA-MB-435 (ICgq = 3.4 pM) and HT29 (IC5¢ = 5.9 uM) cell lines. Among all

isolated compounds, 7 has been previously reported to be inactive in MDA-MB-231 [31].

To conclude, the present study on E. angolense has resulted in the isolation of secondary
metabolites belonging to the limonoid (1, 5, 6, 7, 13, 14, and 15) and both glabretal- (2, 10,
and 11) and tirucallane-types (3, 4, 8, 9, and 12) of triterpenoid. This findings highlights the
chemotaxonomic significance of these markers for the Entandrophragma genus.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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1

Fig. 1.
Structures of compounds 1-4.
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'H-TH COSY ===  HMBC

Fig. 2.
1H-1H COSY and HMBC key correlations of 1-4.
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Experimental and calculated ECD spectra of 1-4.
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Fig. 5.
The global spectral deconvolution of 23-epimers of 1. The colored lines represent the sum

(purple), the fitted peaks (green), and the residual (red) of the decolvolution approach.
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Table 1.

1H (400 MHz) NMR Spectroscopic Data of 1-4(&4 in ppm, CDCly).

position
1

11

12

15

16

17
18

19
20
21
22

23
24
25
26
27
28

29
30a
30B

31

1

7.09(d, 10.5), 7.14 (d, 105) 118, m

1.37, m

6.06 (d, 10.5), 6.10 (d, 10.5)  1.60, m

2.66% m
2.31 (m), 2.35 (m)

2.49 (m), 2.53 (dd,

2.46 (m), 2.48 (m)
1.87%m
2.02% m
1157 m

1.92% m
4.03 (s), 4.05 (5)

5.42 (s), 5.43 (s)
0.99 (s), 1.02 (s)

0.96 (s), 0.97 (s)

7.29% m

6.14 (m), 6.21 (m)

107% s

1.09 (s), 1.10 (5)
5.28 (s), 5.31 (s)
5.37 (s), 5.39 (5)

1.92, m
4.68,1(2.5)
1.98, m

1.63, m
34,70) 158 m
3.75, 1 (2.5)
1.34, m
1.33, m

1.33,m
1.83, m
1.83,m

1.65, m
155, m
0.95,m
0.95,m
2.01,m
0.75, d (4.9)
051, d (4.9)
0.90, s
2.10,m
4.97,d (4.9)
1.88,m

1.79, m
4.27,ddd (1.6, 5.3, 10.2)
3.23,brs

1.29,s

1.26,s
0.85, s

0.89, s
1.03,s

3.7, m

1.63, m
1.63, m
224, m
237, m

241, m

202, m
218, m
524, m
243, m
1.46, m

1.35,m
1.60, m

151, m
151, m
1.23,m
1.96, m
1.95, m
0.97,s

0.82,s
2.78, m

2.82, m

2.60, dd (2.3, 16.5)

6.03, m

1.87,d (1.1)
2.12,d(1.1)
479, brs

4.83,brs
1.78, brs
0.98, s

3.69, s

1.64, m
1.64, m
242, m
2.25;m

242, m

220, m
2.05,m
5.26, brs
243, m
1.49, m

1.23,m
1.76, m

1.54, m

137, m
1.87, m
2.36, m
0.89, s

0.84, s
2.92, dd (4.1, 11.4)

5.14,d (4.1)

6.12, brs

1.95,s
2.15,s
4.80, s

4.84,s
1.78,s
1.02,s

3.62,s
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3.45, dq (7.3, 9.6)
32 1.22,(7.1) 3.67,s
33 2.18s
2' 5.77,s
3
4 1.90,s
5' 2.18,s
7 3.71(s), 3.72 (5)

apeaks overlapped
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13C (100 MHz) NMR Spectroscopic Data of 1-4(&¢ in ppm, CDCly).

position
1

© 00 N O O B W N

NN NN RN RN RN RN NN R B R 2R s 2 m s
© © N o U ~A W N P O © ®® N oo o A W N P O

30
31
32
33

2
3

5
7

la
153.2, 154.0
125.8, 126.1
203.8, 204.7
46.2, 46.3
42.8,43.0
315, 31.6
174.4,174.6
138.1, 138.7
48.7,48.9
43.2,43.3
213,214
29.2,29.4
39.3,39.5
67.6,67.7
55.2,55.3
165.5, 166.3
75.2,77.4
145,152
20.3,20.3
133.6, 133.8
168.9, 169.0
149.7,150.0
97.0,97.9

22.8,22.9

2272
122.8,123.2

52.3,52.4

34.0
23.0
77.1
36.4
41.4
24.3
74.4
39.2
44.1
375
16.3
25.8
28.6
36.4
26.0
26.2
48.4
13.9
15.8
49.1
108.2
32.2
77.1
75.7
73.2
26.7
26.5
27.9
22.0

19.6
64.2
15.6

166.6
117.1
156.0
275
20.4

32.0
28.2
174.8
147.5
49.5
30.3
118.5
146.0
40.7
36.9
18.1
30.0
43.3
51.4
33.8
275
49.9
21.8
16.0
425
176.5
47.0
199.0
123.4
156.1
27.8
21.0
114.1
22.6

27.7
51.7
51.7

31.7
27.8
178.3
147.4
49.6
30.6
118.7
145.7
40.7
36.9
18.0
30.3
43.5
51.4
33.9
26.5
454
22.3
16.0
48.3
1717
78.4
194.9
119.8
160.4
28.3
215
114.2
22.4

21.7
51.7
170.6
20.9
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