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Constituents of the Roots of Boerhaavia diffusa L. 1.

Rotenoids, Boeravinones A and B"
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Examination of the ether extract of the roots of Boerhaavia diffusa L. led to the isolation of three new rotenoid
analogues along with fatty acids, glycerides, and sterol derivatives. The structures of two rotenoid analogues named
boeravinone A and boeravinone B have been determined by means of nuclear magnetic resonance spectroscopy including
two-dimensional incredible natural abundance double quantum transfer experiment (2D INADEQUATE) and 'H-'3C

long range correlation spectroscopy.
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acylated steryl glucoside

- Boerhaavia diffusa L. is a plant of the family of
Nyctaginaceae and is widely used in traditional medicine: in
Nepal as a remedy for back bone pain (root paste) and as a
tonic (whole plant) in association with other plants®; in Sri
Lanka to treat rheumatism and snake bite; in India as a
medicine with multiple actions (stomachic, diuretic, anti-
asthmatic, diaphoretic, anthelminthic, febrifuge, antilep-
rosy, antiscabies, anti-urethritis, ete.®); in East Africa for
scabies, abscesses, and boils¥; and in Zaire as a medicinal
plant.> Antitumor and antiviral effects of B. diffusa have
also been reported.®” However, up to now, investigations
on its chemical constituents have been limited to the
isolation and structure elucidation of hentriacontane, ur-
solic acid, p-sitosterol, glucose, fructose,” p-ecdysone,” a
new C-methyl-flavone,”” and punanarvine.”

As a part of our chemical studies on Ayurvedic tradi-
tional medicines, we examined the constituents of the roots
of this plant and found that the ether extract shows a mild
growth-inhibitory activity against HeLa-S; cells, whereas
the methanol extract shows an a,-receptor binding activity.
Thus, systematic chemical investigation of these extracts
was undertaken. This paper describes the isolation and
structure elucidation of sterol derivatives and two new
rotenoid analogues named boeravinone A (9) and boerav-
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inone B (10) from the ether extract.

Air-dried roots of B. diffusa, collected at Manang, Nepal,
in August 1983, were pulverized and extracted with ether at
room temperature and then with hot methanol and hot
water successively. The ether extract was concentrated to
yield a white precipitate, which was determined to be a
mixture of D-glucosides of sitosterol (1), stigmasterol (2),
and campesterol (3) in a ratio of about 84:13:3 (see
Experimental). The ethereal solution was then evaporated
to dryness and the residue was divided into an acidic
fraction and a neutral fraction in the usual manner. The
acidic fraction gave a mixture of fatty acids, which was
converted to a mixture of methyl esters. These esters were
identified by means of gas chromatography (GC) and gas
chromatography combined with mass spectrometry (GC-
MS) as methyl palmitate, methyl heptadecyclate, methyl
oleate, methyl stearate, methyl arachidate, and methyl
behenate (see Experimental). The neutral fraction was
separated by silica gel column chromatography to give
fractions containing sitosterol esters, glycerol esters, sterols,
rotenoid analogues, and an acylated sterol glucoside as
shown in Chart 2.

Fraction 1 was further separated into two substances by
preparative thin layer chromatography (TLC). The less
polar substance, a colorless oil, showed a carbonyl absorp-
tion (1721cm™") in the infrared (IR) spectrum and its
proton nuclear magnetic resonance ('H-NMR) spectrum
suggested a sterol ester structure. On alkaline hydrolysis, it
gave sitosterol (1) and an acidic substance, which was
methylated with diazomethane to give a mixture of esters.
These esters were identified as methyl palmitate (about
849/), methyl heptadecyclate, methyl stearate, methyl ara-
chidate, and methyl behenate by GC-MS analysis. Thus,
the less polar substance is concluded to be a sterol ester
mixture containing sitosteryl palmitate (4) as the main
component. On the other hand, the more polar substance, a
colorless oil, C,,Hg,0,, showed IR absorptions at 1720
(CO)and 1669 (C=C)cm ™. Its "H-NMR spectrum showed
a pattern similar to that of sitosteryl palmitate (4), ex-
cept for the appearance of a signal due to olefinic protons
(6y 5.34, 2H, m). Alkaline hydrolysis of this substance
gave a sterol and an acid. This sterol was identified as
sitosterol (1), while the fatty acid moiety was identified as
oleic acid by GC and GC-MS analyses. Thus, the more
polar substance was determined to be sitosteryl oleate (5).
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Chart 2

Fraction 3 gave a crystalline substance which was de-
termined to be a mixture of sitosterol (1), stigmasterol (2),
and campesterol (3) by GC-MS examination.

Fraction 5 was further separated by repeated preparative
TLC to give an ester (6) as a yellow greasy substance, [«]p
—47.7° (CHCl;). The microanalytical data of 6 are con-
sistent with the molecular formula C;;Hg O, and its IR
spectrum showed a carbonyl band at 1733cm™!. The 'H-
NMR spectrum showed characteristic signals assignable to
an anomeric proton at dy 4.38 (d, J=8.0 Hz), methylene
protons geminal to an ester grouping at oy 4.26 (dd, J=
12.2, 2.0Hz) and 4.49 (dd, J=12.2, 49Hz), and three
hydroxyl-bearing methine protons at dy 3.36 (t, J=_8.0 Hz),
3.38 (t, J=9.0Hz), and 3.57 (t, /J=9.0 Hz), suggesting the
presence of a 6-O-acylglucoside residue in 6. Also the 'H-
NMR spectrum showed signals due to an olefinic proton
(04 5.36), two primary methyl groups (d4 0.85 and 0.88),
three secondary methyl groups (5, 0.81, 0.84, and 0.92),
and two tertiary methyl groups (dy; 0.68 and 1.01).
Acetylation of 6 afforded a triacetate (7), IR v, 1755cm ™!
whose 'H-NMR spectrum showed singlets due to three
acetoxyls (o 2.00, 2.02, and 2.05), and the spectral pattern
was closely similar to that of sitosteryl p-glucoside tetra-
acetate (8), except for the loss of one acetoxyl singlet and the
appearance of a methylene signal (éy4 2.35, t, J=7.6Hz)
and a primary methyl signal (6 0.88, t, J=6.4 Hz). These
spectral data indicated that 6 is a 6’-O-ester of sitosteryl D-
glucoside.

Alkaline hydrolysis of 7 afforded a fatty acid, which was
identified as palmitic acid by GC and GC-MS examinations
of its methyl ester. Based on the forégoing findings, the
structure of this ester was determined to be 6.

Fraction 2 yielded a pale yellow oil. The IR spectrum of
this substance showed a carbonyl band (1736 cm ~!) and the
"H-NMR spectrum showed a pattern suggestive of a glyc-

erol ester structure. On alkaline hydrolysis, it furnished
palmitic acid, oleic acid, stearic acid, arachidic acid, and
behenic acid in a ratio of about 16.6:20.0:6.1:1.5:5.5;
these identifications were confirmed by GC and GC-MS
analyses after methylation. Therefore, this substance is
considered to be a mixture of fatty acid glycerol esters.

Fraction 4 from the silica gel column chromatography of
the neutral fraction gave boeravinone B (10) as a yellow
precipitate. The mother liquor was separated by prepara-
tive TLC to give boeravinone A (9) and another new
compound named boeravinone C.'?

Boeravinone A (9) was obtained as yellow needles, mp
215-217°C, [o]p 0° (acetone). The MS of 9 exhibited the
molecular ion peak at m/z 326 and fragment ion peaks at
m/z 295 (M* —OCH,) and 267 (M* —OCH; —CO) and its
molecular formula was determined to be C,3H,,O¢ by high-
resolution MS measurement. It showed IR absorptions at
3600, 3250 (OH), 1650 (conjugated CO), 1620 (C=C),
1595, and 1495 (phenyl) cm~'. In the ultraviolet (UV)
spectrum it showed absorption bands at 217, 276, 300,
and 340,, nm (log ¢: 4.39, 4.37, 4.07, and 3.39 , respectively).
On addition of 3N NaOH (2 drops), bathochromic dis-
placements of these absorptions were noticed to 219, 291,
348, and 354, nm (log & 4.96, 4.56, 3.99, and 3.96, re-
spectively), suggesting that 9 may be a phenolic compound.

The 'H-NMR spectrum of 9 (in pyridine-d;), analyzed
with the aid of 'H-'H shift correlation spectroscopy
(COSY), showed signals due to o-disubstituted phenyl
protons at oy 7.16, 7.20, 7.29, and 9.10, along with signals
at 6y 13.44 (1H, OH), 6.56 (1H, s, aromatic proton), 5.89
(1H, s, methine proton), 3.45 (3H, s, OCH,), and 2.39 (3H,
s, vinyl-CH3). On the other hand, the '3C-NMR spectrum
indicated the presence of a carbonyl (6. 180.40) and five sp?
methine carbons (dc 93.53, 117.48, 122.91, 127.48, and
129.06) together with a methoxy carbon (6. 55.73), a tert-
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Fig. 1. 2D INADEQUATE Spectrum of Boeravinone A (9) in Pyridine-ds
Sample, 115mg; Joc=60Hz; 40°C: 90h run.
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Fig. 2. 'H-'*C Long-Range Shift Correlation Spectrum of Boeravinone A (9) in Pyridine-ds (Jou= 10 Hz)

methyl carbon (5. 7.92), an acetal carbon (d¢ 95.33), and Methylation of 9 with diazomethane gave a methyl ether
nine quaternary carbons (see Table I). Each of these carbon (11), C,4H,40, (amorphous powder). The 'H-NMR spec-
signals, except for quaternary ones, was assigned based on  trum of 11 showed a singlet due to a newly introduced
the 'H-'*C COSY. methoxy group at &, 3.91 along with a singlet (1H, dy
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12.94) which could be ascribed to a phenolic hydroxyl
proton, strongly hydrogen-bonded with the carbonyl group
(see Table I).

Since boeravinone A (9) has a number of quaternary
carbons, the two-dimensional incredible natural abun-
dance double quantum transfer experiment (2D INADE-
QUATE)'? was applied to clarify the sequence of carbon
atoms in the molecule, employing the pulse system: (90°)-
7—(180°)-1—(90°)~t, ;,~(135°)~t, ,~1,. The result is repro-
duced in Fig. 1, in which carbon signals are marked with
small letters a—r in the order of increasing & value and
coupled '*C-'3C pairs are joined by slanting dotted lines.
Figure 1 shows that carbon r (s) is directly connected with
carbon g (s), carbon g (s) with carbon i (s), carbon i (s) with
carbons m (s) and k (d), carbon k (d) with carbons i (s) and j
(d), carbon j (d) with carbons k (d) and 1 (d), carbon 1 (d)
with carbons j (d) and h (d), and carbon h (d) with carbons
m (s) and 1 (d). Further, correlations were observed between
each 13C-13C couple in carbon series a»f—-p—-oe—o0—c—
q—f and n—d. This result indicated the presence of partial
structures A, B, and C in boeravinone A as depicted in Fig.
1. :

Next, we measured the 'H-'*C long-range COSY'? of 9
in order to clarify the connectivities of the partial structures
and substituent groups. As shown in Fig. 2, the carbon
signal at - 110.12 (g, C-12a) is correlated with the protons
at 8y 5.89 (6-H) and 9.10 (1-H), and the signal at J 95.33
(d, C-6) with the proton at d, 3.45 (OCH;). On the other
hand, the carbon signal at d. 149.05 (m, C-4a) is correlated
with the proton signals at Jy 5.89 (6-H), 7.29 (3-H), and
9.10 (1-H) and other long-range correlations observed are
also shown here by arrows. Therefore, it is reasonable to
conclude that the carbon g (C-12a) is connected with the
carbon n (C-6a) and that the methoxyl group is bonded to
the carbon d (C-6), and the latter is connected with the
carbon m (C-4a) through an acetal linkage. Although
connectivity could not be detected between the quaternary
carbons r (C-12) and e (C-11a), there must be a chemical
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bonding between them because one of the two hydroxyl
groups is internally hydrogen-bonded with the 12-ketone
group. This hydroxyl group was proved to be linked to the
carbon p (C-11) by the use of deuterium-induced isotope
effect’® under the stow OH-OD exchange condition: viz., in
the 1*C-NMR spectrum, the signal p at dc 160.54 was
obviously broadened on addition of a 1:1 mixture of
deuterium oxide and water, as shown in Fig. 3. Further,
in view of the composition, an ether linkage should exist
between quaternary carbons n (C-6a) and o (C-7a).

On the basis of the above findings, the structure of
boeravinone A was determined to be racemic 6-methoxy-
9,11-dihydroxy-10-methyl-6a,12a-dehydrorotenoid as re-
presented by the formula 9.4

Boeravinone B (10) was obtained as a yellow amorphous
powder, [a]p 0° (acetone), and was determined to have the
molecular formula C,;H,,0, by high-resolution MS
measurement. The IR spectrum of 10 showed absorption
bands at 3250 (OH), 1650 (conjugated CO), 1595, and 1495
(phenyl) cm ~! and the UV spectrum showed absorptions at
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Fig. 3. '3C-NMR Spectrum (Low-Field Region) of Boeravinone A (9) in
Pyridine-dj

TabLe [. 400 MHz 'H- and 100 MHz '3C-NMR Data for Boeravinone A (9), Boeravinone A Methyl Ether (11), and Boeravinone B (10)

11 (in CDCl,) 10 (in pyridine-ds)

s 9 (in pyridine-ds)
Position 5,9 S S 5 5y A
9.10 dd (8.0, 1.3) 127.48 d 8.85 dd (8.0, 1.5) 127.23 9.14 dd (8.0, 1.2) 127.44 d
la — 117.77 s - 117.10 — 118.00 s
2 7.16 ddd (8.0, 7.6, 1.3) 12291 d 7.17 ddd (8.0, 7.5, 1.5) 122.98 7.16 ddd (8.0, 6.0, 3.0) 122.53 d
3 7.29 ddd (8.0, 7.6, 1.3) 129.06 d 7.30 ddd (8.0, 7.5, 1.5) 128.96 7.30 m 128.96 d
4 7.20 dd (8.0, 1.3) 117.48 d 7.12 dd (8.0, 1.5) 116.97 7.30 m 118.00 d
4a — 149.05 s — 148.37 — 150.06 s
6 589 s 95.33 d 5.80 s 95.06 6.52 s 89.53 d
6a - 154.82 s - 154.40 — 155.19 s
7a — 155.06 s — 155.00 — 155.77 s
8 6.56 s 93.53d 6.45s 89.35 6.65 s 93.58 d
9 - 164.11 s — 163.64 - 164.08 s
10 109.12 s — 109.73 — 109.00 s
11 160.54 s — 159.21 — 160.59 s
lla 105.32 s — 106.16 — 105.28 s
12 180.40 s - 180.28 — 180.69 s
12a — 110.12 s — 110.54 - 109.47 s
6-OCH, 3.45s 55.73 q 3.60 s 55.95 — -
9-OCH, — — 391s 56.04 — —
10-CH, 2.39s 792 q 2.12s 7.37 242s 8.08 q
11-OH 13.44 s — 1294 s — 13.67 s -

& values in ppm and coupling constants in Hz. a) 'H-'H COSY was measured.

are indicated as s, d, t, and q.

b) Multiplicities of carbon signals were determined by means of the DEPT method and

¢) 'H~13C COSY was measured. @) Only the complete decoupling spectrum was measured.

NII-Electronic Library Service



3218

217, 273, 300, and 345, nm (log & 4.41, 4.40, 4.13, and
3.61, respectively). Its MS exhibited the M* peak at m/z
312 and fragment ion peaks at m/z 295 (M* —OH), 283
(base peak, M* —CHO),"'” and 267 (M* —OH —CO). The
'H- and '*C-NMR spectra of 10 showed very similar pat-
terns to those of boeravinone A (9), respectively, except
for the absence of signal due to the methoxy group, suggest-
ing that the structure would be 10 (Table I).

Treatment of boeravinone B (10) with p-toluenesulfonic
acid in dry methanol gave a methyl acetal, mp 207—209 °C,
which was found to be identical with boeravinone A (9) by
IR and 'H-NMR comparisons. Therefore, the structure
of boeravinone B was established to be racemic 6,9,11-
trihydroxy-10-methyl-6a,12a-dehydrorotenoid (10).

The biological activities of 9 and 10 are currently under
investigation.

Rotenoids'® are a class of isoflavonoids having an
extra carbon atom in an additional pyran ring and some of
them are known to have insecticidal and piscidal activity!”’
and other interesting biological activities.'® Their occur-
rence in natural resources has hitherto been limited to the
Leguminosae and Stemonaceae plants, but recently two
new 12a-hydroxyrotenoids have been isolated from a
Brazilian plant Boerhaavia coccinea,'” and our present
result provides the second example of isolation of rotenoids
from Boerhaavia species. It should be mentioned that most
of the known natural rotenoids contain an isoprenoid-
derived substituent, usually at the C-8 position and oc-
casionally at the C-10 position. In contrast, boeravinones A
and B have a methyl group at the C-10 position and are
interesting from a biogenetic viewpoint.?® The distribution
of rotenoids in other Nyctaginaceae plants and their
biological activities would be worthy of investigation.

Experimental

Melting points were determined with a Kofler-type apparatus and are
uncorrected. Optical rotations were measured in acetone or chloroform
solutions on a JASCO DIP-4 automatic polarimeter at 20 °C. UV spectra
were taken with a Shimadzu 202 UV spectrometer in EtOH solutions and
IR spectra with a JASCO IRA-2 or a Nicolet DX FT-IR spectrometer in
chloroform solutions unless otherwise noted. 'H- and '*C-NMR spectra
were taken on a JEOL JNM-GX 400 spectrometer with tetramethylsil-
ane as an internal standard, and chemical shifts are recorded in & values.
'H-'H COSY, 'H-'3C COSY, 'H-'3C long-range COSY, and 2D
INADEQUATE spectra were obtained with the JEOL standard pulse
sequences and data processing was performed with the JEOL standard
software. MS and high-resolution MS were obtained with a JEOL JMS-D
300 spectrometer (ionization voltage, 70eV; accelerating voltage, 3kV)
using a direct inlet system. GC analyses were done on a Shimadzu gas
chromatograph (model GC-6A) with a flame ionization detector using a
2% OV-17 column (on Gas-Chrom Q, 2m x 3mm i.d. glass tube) at a
column temperature of 298-—300 °C (2 °C/min) or a 3% OV-1 column (on
Gas-Chrom Q, 2m x3mm i.d. glass tube) at 180—300°C (3 °C/min).
Nitrogen was used as the carrier gas at flow rate of 35ml/min. GC-MS
analyses were done on a JEOL JMS-D 300 mass spectrometer using a GC
injection system. Helium was used as the carrier gas (1 kg/cm?). Column
chromatography was done with Mallinkrodt silica gel. Preparative TLC
was carried out on Merck Kieselgel GF,s, plates and the plates were
examined under UV light. Extraction of substances from silica gel was
done with MeOH-CH,Cl, (1:9 or 3:7) and solutions were concentrated
in vacuo. TLC analyses were done on Merck Kieselgel GF,5, plates devel-
oped with CHCI;, MeOH-CHCl; (1:99, 6:94, 1:9), CHCl;,~hexane
(15:85), and MeOH-benzene (1:9) and spots were detected by the use
of 19, Ce(SO,),-aqueous H,SO, (10%) reagent. For drying organic so-
lutions, anhydrous MgSO, was used.

Extraction and Separation of Constituents of Boerhaavia diffusa Air-

dried roots of B. diffusa (1.2kg), collected at Manang (Central Nepal) in-

August 1983, were pulverized and extracted three times (2d each) with
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ether (1.51 each) at room temperature. The plant material was further
extracted successively with boiling methanol (2 [x 3) and with boiling
water (2 1x 3) to give a methanolic extract (130g) and a water extract
(100 g).

The above ether solutions were combined and concentrated (about
200ml) to yield a white precipitate, which was collected by filtration,
giving sterol glucosides (300 mg).

The concentrated ether solution freed from the precipitate was evap-
orated to dryness. The yellow brownish residue (8.5 g) was dissolved again
in ether and extracted with saturated aqueous Na,CO;. The aqueous layer
was made slightly acidic by the addition of 5%, HCl and extracted with
ether. The combined ether layers were evaporated to give an acidic
substance as an oil (3 g).

The remaining ether solution from the Na,CO, treatment was washed
with saturated NaCl, dried, and evaporated to give a greasy residue (5.5 g),
which was subjected to column chromatography on silica gel (127.5g).
Elution with benzene (1050 ml), methanol-benzene (1:99, 3:97, 6:94,
10:90, 20:80, and 30:70; 500ml each), and finally with methanol-
chloroform (30:70, 1000ml) gave fractions 1 (I g), 2 (1.5g), 3 (0.6g), 4
(1.1g), and 5 (0.3 g), containing sitosterol esters, glycerol esters, sterols,
rotenoid analogues, and an acylated sterol glucoside, respectively.

Identification of Acids A portion of the acidic substance (195 mg) was
separated by preparative TLC with MeOH-CHCI, (6:94) to yield a
mixture of fatty acids (180 mg). IR v, cm™': 3000 (broad, OH) and 1710
(CO). This mixture (110 mg) was treated with an excess of diazomethane to
give a mixture of methyl esters. GC and GC-MS (3% OV-1 column)
analyses of this mixture revealed the presence of methyl palmitate, methyl
heptadecyclate, methyl oleate, methyl stearate, methyl arachidate, and
methyl behenate (intensity ratio 55:1:27:7:2:3).

Identification of Sterol Glucosides A portion (16 mg) of the white
precipitate, IR v,,,cm™! (KBr): 3400 (OH), from the ether extract was
treated with acetic anhydride (1 ml) and pyridine (1 ml) at room tempera-
ture for 24 h. Addition of water to the reaction mixture afforded a pre-
cipitate, which was collected by filtration and washed with water. This was
purified by preparative TLC with CHCI, to give a tetraacetate (14 mg). IR
Vmax €M 't 1755 (CO). The 'H-NMR of this tetraacetate was almost
superimposable on that of authentic sitosterol D-glucoside tetraacetate (8).
'H-NMR (CDCl,) &y: 0.68 (3H, s, 18-H;), 0.81 (3H, d, J=7.0Hz, 27- or
26-H;), 0.84 (3H, d, J=7.3 Hz, 26- or 27-H;), 0.85 (3H, t, J=7.6 Hz, 29-
H,), 0.92 (3H, d, J=6.4Hz, 21-H,), 0.99 (3H, s, 19-H,), 2.00--2.08 (each
3H, s, 4x OAc), 3.49 (1H, m, 3-H), 3.68 (1H, ddd, /=9.8, 4.8, 2.4 Hz, 5"-
H), 4.11 (1H, dd, /=12.2, 2.4Hz, 6’-H), 4.26 (1H, dd, J=12.2, 4.8 Hz, 6'-
H), 4.59 (1H, d, J=7.9Hz, 1"-H), 4.96 (1H, dd, /=9.5, 7.9 Hz, 2’-H), 5.08
(IH, t, J=9.8 Hz, 4’-H), 5.20 (1H, t, J=9.5Hz, 3’-H), 5.36 (1H, m, 6-
H).

A sample (6 mg) of the tetraacetate (8) was hydrolyzed with 5%, HCl-
EtOH (Z2ml) under reflux for 2h. After neutralization with aqueous
Na,CO,, the reaction product was taken up with CHCl;, and then purified
by preparative TLC with MeOH-CHCI, (1:99) to yield a mixture of free
sterols (4 mg). This was proved to be a mixture of sitosterol (1), stigmas-
terol (2), and campesterol (3) in a ratio of about 84:13:3 by GC (29, OV-
17 column) and GC-MS analyses.

Identification of Sitosterol Esters Fraction 1 (1 g), obtained from the
silica gel chromatography of the neutral fraction, was further separated by
repeated preparative TLC with CHCl, and CHCl,-hexane (1.5:8.5) into
two zones. The less polar zone gave a mixture of sterol esters (80 mg),
colorless greasy substance, IR v,,,,cm™*: 1721 (CO), while the more polar
zone afforded sitosteryl oleate (5) (150 mg), colorless greasy substance. IR
Venax €M ™12 1720 (CO), 1669 (C =C). "H-NMR (CDCl,) ;: 0.68 (3H, s, 18-
H;), 0.81, 0.84 (each 3H, d, J=7.0Hz, 26- and 27-H,), 0.85 GH, t, J=
7.3Hz, 29-H,), 0.88 (3H, t, J=6.7Hz, 18'-H,), 0.92 3H, d, J=6.7Hz, 21-
H,), 1.02 (3H, s, 19-H;), 4.61 (1H, m, 3-H), 5.34 (2H, m, 9’- and 10’-H),
5.37 (1H, br d, J=4.5Hz, 6-H). Anal. Caled. for C,,Hg,0,: C, 83.12; H,
12.17. Found: C, 83.22; H, 12.05.

The less polar substance (10 mg) dissolved in tetrahydrofuran (THF)
(0.5 ml) was hydrolyzed with 5%, KOH-MeOH (2 ml) by refluxing for 4 h.
After neutralization with 59 HC}, the mixture was concentrated in vacuo
and extracted with CHCI,. The product was separated by preparative TLC
with MeOH-CHCl, (1:99) to give a free sterol (5mg) and a mixture of
carboxylic acids (3 mg).

The acidic fraction was esterified with diazomethane in ether. The
product was proved to be composed of methyl palmitate, methyl hepta-
decyclate, methyl stearate, methyl arachidate, and methyl behenate (in-
tensity ratio 84:2:6:2:3) by GC (3% OV-1 column) and GC-MS anal-
yses. On the other hand, the sterol moiety was identified as sitosterol (1)

NII-Electronic Library Service



December 1989

(over 93%) by GC (2%, OV-17 column) and GC-MS analyses.

The more polar substance (5) (10mg) was hydrolyzed in the same
manner as above to give a free sterol (Smg) and a fatty acid (3 mg). The
sterol moiety was found to be identical with sitosterol (1) by GC and GC-
MS analyses. The acidic moiety was derived to a methyl ester, which was
identified as methyl oleate by GC-MS analysis.

Identification of Free Sterols On standing, fraction 3 (600 mg) yielded a
crystalline mass which was recrystallized from acetone—methanol to afford
colorless plates (12mg). IR v, cm™': 3600 (OH). GC and GC-MS
analyses (2% OV-17 column) of this substance revealed the presence
of sitosterol (1), stigmasterol (2), and campesterol (3) (intensity ratio
80:16:4).

Identification of Palmitoyl Glucosyl Sitosterol (6) Fraction 5 (300 mg)
was purified by repeated preparative TLC with MeOH-CHCl, (1:9) to
yield palmitoyl glucosyl! sitosterol (6) (60 mg), slightly yellow grease. [o]p
—47.7° (¢=0.4, CHCL,). IR v, cm™!: 3595—3399 (OH), 1733 (CO). 'H-
NMR (CDCl,) dy: 0.68 (3H, s, 18-H,), 0.81 (3H, d, J=7.0 Hz, 27- or 26-
H,), 0.84 (3H, d, J=7.3 Hz, 26- or 27-H;), 0.85 (3H, t, J=7.3Hz, 29-H,;),
0.88 (3H, t, J=6.4Hz, 16""-H;), 0.92 (3H, d, J=6.7 Hz, 21-H,), 1.01 (3H,
s, 19-H;), 2.35 (2H, t, J=7.6 Hz, 2""-H,), 3.36 (1H, t, J=8.0Hz, 2"-H),
3.38 (1H, t, J=9.0Hz, 4’-H), 3.46 (1H, m, 3-H), 3.56 (1H, m, 5"-H), 3.57
(1H, t, J=9.0Hz, 3’-H), 4.26 (1H, dd, /=12.2, 2.0 Hz, 6'-H), 4.38 (1H, d,
J=8.0Hz, 1’-H), 449 (1H, dd, J=12.2,49Hz, 6"-H), 5.36 (1H, brd, J=
5.0Hz, 6-H). Anal. Caled for CqHooO,-1/2H,0: C, 75.13; H, 11.13,
Found: C, 75.59; H, 11.40.

Acetylation of Palmitoyl Glucosyl Sitosterol (6) A mixture of 6
(4.5 mg), acetic anhydride (0.2 ml) and pyridine (0.2 ml) was left to stand at
room temperature for 45h. The reaction mixture was worked up in the
usual manner to give an amorphous substance, which was purified by
preparative TLC with MeOH-CHCI, (0.5:99.5) to afford a triacetate (7)
(4mg). IR v, cm™*: 1755 (CO). *H-NMR (CDCl,) 8, 0.67 (3H, s, 18-
H,), 0.81 (3H, d, J=7.0Hz, 27- or 26-H;), 0.83 (3H, d, J=7.0Hz, 26- or
27-H,), 0.84 (3H, t, J=7.5Hz, 29-H,), 0.88 (3H, t, /=6.4Hz, 16"-H,),
092 (3H, d, J=6.7Hz, 21-H;), 0.99 (3H, s, 19-H;), 2.00 (3H, s,
-OCOCH,), 2.02 (3H, s, -OCOCHj), 2.05 (3H, s, -OCOCH,), 2.32 (2H, t,
J=17.5Hz, 2’"-H,), 3.47 (1H, m, 3-H), 3.68 (1H, m, 5’-H), 4.13 (1H, dd,
J=12.0, 2.5Hz, 6’-H), 4.23 (1H, dd, J=12.0, 5.0Hz, 6'-H), 4.59 (1H, d,
J=8.0Hz, 1’-H), 4.95 (1H, dd, J=12.0, 8.0Hz, 2'-H), 5.05 (1H, ¢, J=
12.0Hz, 4’-H), 5.20 (1H, t, J=12.0 Hz, 3’-H), 5.35 (1H, m, 6-H).

Alkaline Hydrolysis of Palmitoyl Glucosyl Sitosterol (6) A solution of 6
(2mg) in 5% KOH-MeOH (1ml) was refluxed for 2h. The reaction
mixture was concentrated in vacuo and the residue was diluted with water,
then extracted with CHCl;, dried, and evaporated. The residue was
methylated with diazomethane in ether. The resulting material was proved
to be methyl palmitate by GC (3% OV-1 column) and GC-MS analyses.

Treatment of Glycerides Glycerol ester mixture was obtained as a pale
yellow oil (1.5g). IR v,,cm™": 1736 (CO). 'H-NMR (CDCl,) dy: 0.88
(SH, t, J=6.7Hz, CH; x 3), 2.31 (4H, t, J=7.5Hz, -OCOCH,), 2.32 (2H,
t,J=7.3Hz,-OCOCH,),4.14 2H, dd, J=11.9, 6.0 Hz, 1-H and 3-H), 4.29
(2H, dd, J=11.9, 4.5Hz, 1-H and 3-H), 5.26 (1H, tt, J=6.0, 4.5 Hz, 2-H),
5.35 (about 2H, m, viny! protons).

A portion of the glycerol ester mixture (1 mg) was refluxed with 5%
KOH-MeOH for 3h, and then neutralized with 5%, HCl. After evap-
oration to dryness, a solution of CH,N, in Et,O was added to the crude
residue. Concentration of the ether solution gave a mixture of methyl
esters. GC-MS analysis (3%, OV-1 column) revealed the presence of methyl
palmitate, methyl oleate, methyl stearate, methyl arachidate, and methyl
behenate in a ratio of about 16.6:20.0:6.1:1.5: 5.5, respectively.

Isolation of Boeravinones A (9), B (10), and C Fraction 4 (1.1g),
obtained from the silica gel column chromatography of the ethereal
neutral fraction, afforded an amorphous yellow precipitate from MeOH-
CH,Cl, (5:95). This was separated by filtration to give boeravinone B (10)
(41 mg). On the other hand, the MeOH-CH, Cl, solution was concentrated
to dryness and the residue was separated by repeated preparative TLC
with MeOH-CHCl, (5:95) and with MeOH-CHC]; (1:9) to give two
yellow compounds. The less polar compound was recrystallized from
MeOH-CH,Cl, to afford boeravinone A (9) (125 mg) as yellow needles.
The more polar compound was recrystallized from CHCI; to yield
boeravinone C (129 mg) as pale yellow needles.

Boeravinone A (9) Yellow needles from MeOH-CH,Cl,, mp 215—
217°C, [o]p 0° (¢=0.13, acetone), IR v, cm~!: 3600, 3250 (OH), 1650
(conj. CO), 1620 (C=C), 1595, 1495 (phenyl). UV i_, nm (log &): 217
(4.39), 276 (4.37), 300, (4.07), 340, (3.39); UV 4,,,, (2 drops of 3N NaOH
added) nm (log £): 219 (4.96), 291 (4.56), 348 (3.99), 354, (3.96). 'H- and
3C-NMR: see Table 1. MS m/z: 326 (M%), 295 (base peak, M" —OCH,;),
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282, and 267 (M*—OCH,;—CO). High-resolution MS m/z: Found
326.0757, Caled for C;gH,,0, (M*) 326.0790; Found 295.0584, Calcd for
C,,H;;05 295.0606; Found 282.0541, Calcd for C,H,,0s 282.0529;
Found 267.0645, Calcd for C,(H,,0, 267.0656.

Boeravinone A Methyl Ether (11) A solution of CH,N, in ether was
added to a solution of 9 (4mg) in a small amount of MeOH and the
mixture was allowed to stand for 40h at room temperature. After
evaporation of the solvent, the residue was purified by preparative TLC
and then recrystallized from MeOH-CH,ClI, to afford a monomethyl ether
(11) as yellow needles (3 mg), mp 208—210°C. IR v, cm~': 3400 (OH),
1655 (conjugated CO), 1590, 1495 (phenyl). UV A ,,nm (log &): 217.5
(3.96), 275.5 (3.96), 309, (3.69), 328.5,, (3.13). '"H-NMR: see Table I. MS
m/z: 340 (M™), 309 (M* —OCH,, base peak), 281 (M* —OCH, —CO),
266. High-resolution MS m/z: Found 340.0923, Caled for C,gH;0, (M ™)
340.0946; Found 309.0767, Calcd for C,gH,;05 309.0763.

Boeravinone B (10) Yellow amorphous powder, [o], 0° (¢ =1, acetone).
IR v, cm™! (KBr): 3250 (OH), 1650 (conjugated CO), 1620 (C=C),
1595, 1495 (phenyl). UV i_,.nm (log ¢): 217 (4.41), 273 (4.40), 300,
(4.13), 345, (3.61); UV i, (2 drops of 3n NaOH added) (log ¢): 214
(4.81), 252 (4.16), 284.5 (4.51), 295, (4.39), 343 (4.09). 'H- and *C-NMR:
see Table 1. MS m/z: 312 (M%), 295 (M* —OH), 283 (M* —CHO, base
peak), 267 (M* —OH —CO). High-resolution MS m/z: Found 312.0645,
Calcd for C,;H,,0, (M) 312.0634; Found 295.0623, Calcd for C;H,,05
295.0607.

Boeravinone B Methyl Acetal (9) A mixture of 10 (2.8 mg), absolute
MeOH (4ml), and p-TsOH (1 mg) was refluxed for 3h. After neutrali-
zation with saturated Na,CO, and evaporation of MeOH, the mixture was
extracted with ether. The combined ether solutions were dried and
concentrated. The residue was purified by preparative TLC (developed
with MeOH~benzene, 1:9) and then recrystallized from MeOH-CH,Cl,
to give a methyl acetal (9) (2.7 mg), yellow needles, mp 207—209 °C. UV
A max DM (lOg €): 219 (4.16), 276 (4.21), 299, (3.97), 338, (3.45). The IR and
'"H-NMR spectra of this compound were superimposable on those of
boeravinone A (9).
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