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Bacopaside 111, Bacopasaponin G, and Bacopasides A, B, and C from Bacopa
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Two new saponins, 3-O-[6-O-sulfonyl-$-p-glucopyranosyl-(1—3)]-a-L-arabinopyranosyl pseudojujubogenin
(1) and 3-O-[a-L-arabinofuranosyl-(1—2)]-a-L-arabinopyranosyl jujubogenin (2), a new matsutaka alcohol
derivative, (3R)-1-octan-3-yl-(6-O-sulfonyl)-3-b-glucopyranoside (3), a new phenylethanoid glycoside, 3,4-
dihydroxyphenylethyl alcohol (2-O-feruloyl)-$-p-glucopyranoside (4), and a new glycoside, phenylethyl
alcohol [5-O-p-hydroxybenzoyl-3-p-apiofuranosyl-(1—2)]-4-p-glucopyranoside (5), were isolated from Bacopa
monniera. Their structures were established by NMR, MS, and chemical methods.

Bacopa monniera (Linn.) Wettestein (Scrophulariaceae)
is a herbaceous plant widely distributed throughout tropi-
cal and subtropical areas.»? It is used to cure various
ailments including bronchitis, inflammation, and asthma
in traditional medicine.22 The alcohol extract of B. mon-
niera has a relaxant effect on the trachea, pulmonary
artery, and aorta of rabbit and guinea pig.! Recent results
also suggest that the B. monniera extract acts as a
nonselective calcium antagonist.?2 In earlier chemical in-
vestigations, four aglycones of ebelin lactone,? bacogenin
A1, and partial characterization of bacogenin A; ®> and As,®
jujubogenin,” and pseudojujubogenin® were reported. At-
tempts have been made to isolate and define other con-
stituents of the saponin fraction, and the structures of some
dammarane-type triterpenoid saponins have been reported
thus far.®=16 In our preliminary antidiabetic screening test,
the activity is believed to be associated with the polar
fraction. We are pursuing our studies on the isolation of
the active compounds to provide a basis for discussion of
their biological activity in relation to their chemical
structures.

Results and Discussion

Repeated column chromatography of the n-BuOH-soluble
fraction of the MeOH extract of the fresh whole plant of
Bacopa monniera on silica gel and highly porous polymer
gel produced five new compounds (1-5), as outlined in the
Experimental Section.

On acid hydrolysis, compound 1 yielded bacogenin A; 4
as the major sapogenin, which is an artifact formed from
pseudojujubogenin® during acid hydrolysis. The sugar
constituents were identified as glucose and arabinose. The
absolute configuration of the sugars were b and L, respec-
tively, as determined by the specific rotation of the isolated
sugar. Treatment of 1 with periodate and alkali produced
pseudojujubogenin.® The negative-ion FABMS of 1 showed
a [M — H]™ peak at m/z 845 as the base peak, 132 mass
units less than that of 2. The C NMR spectrum of 1
displayed signals for 41 carbons, of which 30 carbons were
assigned to the triterpene moiety and 11 carbons to the
sugar units, which included two anomeric carbon signals
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R=80; R'=H
6 R=S0; R =arabinofuranosyl
7 R=H R' = arabinofuranosy!

at 0 107.2 and 105.0. Therefore, compound 1 consists of 1
mol each of pseudojujubogenin, p-glucose, and L-arabinose.
The 'H NMR spectrum of 1 indicated the presence of the
pseudojujubogenin part [0 0.74, 0.93, 1.07, 1.23, 1.37, 1.60,
1.68 (3H each, s, H-19, H-29, H-18, H-28, H-21, H-27,
H-26), 1.53, 2.46, 2.59, 2.85, 3.33, 3.87, 4.71, 5.84], an
arabinopyranosyl anomeric proton at 6 4.78, and a glu-
copyranosyl anomeric proton at 6 5.19. NMR techniques,
DEPT, 'H-!H COSY, HMQC, and HMBC were used for
unambiguous assignments of the 'H and 3C NMR spectra
and determination of the sugar units. The sugar moiety
contains a terminal glucose linked to an arabinose, which
is attached to the aglycone. The diglycoside bonding to the
3-hydroxyl group of pseudojujubogenin in 1 was character-
ized by means of the HMBC experiment, which showed
long-range correlations between Ara H-1' (0 4.78) and
pseudojujubogenin C-3 (6 88.5). The HMBC also confirmed
the arabinose substituted at C-3 of the aglycone as well as
the linkage of glucose to C-3 (6 84.9) of arabinose. The
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signal of C-2 of arabinose was significantly shifted to a
downfield value of 6 84.9. Elemental analysis indicated the
presence of one sulfur atom and showed IR absorptions at
1221 and 814 cm~! due to a sulfate group.l” The position
of the sulfate group was suggested by comparison of the
IH and 3C NMR (Table 1) spectra of 1 and 7. The
methylene protons (H-6", ¢ 4.24, 4.49) and carbon (C-6",
62.6) of the glucopyranose unit experienced deshielding to
0 5.02, 5.10 (A6 + 0.78, 0.61 ppm) and 6 67.3 (A6 + 4.7
ppm), demonstrating that the sulfate group must be linked
to C-6" of the glucopyranose unit.1® This was also supported
by the observed upfield shift of the C-5" signal by 1.7 ppm
(y effect) as against that of 7.16 Methylation of 1 by the
Hakomori method?® gave 2",3",4"'-tri-O-methyl-3-p-glucose
and 2',4'-di-O-methyl-a-p-arabinopyranose. This also proved
that the sulfate group is linked to the C-6 of glucose.
Furthermore, hydrolysis of 6 with hesperidinase produced
1. Thus, on the basis of the above evidence, compound 1
was characterized as 3-O-[6-O-sulfonyl-3-p-glucopyranosyl-
(1—3)]-o-L-arabinopyranosyl pseudojujubogenin and was
named bacopaside 111.

Compound 2 was obtained as an amorphous powder.
Acid hydrolysis of 2 yielded ebelin lactone and L-arabinose.
Treatment of 2 with periodate and alkali produced jujubo-
genin. The negative-ion FABMS of 2 exhibited the [M —
H]~ peak at m/z 735 as the base peak. Other discernible
peaks were observed at m/z 603, 470, and 455 and are
ascribable to [M — H — arabinosyl]~, [M — 2 x arabinosyl]~,
and [aglycone — OH], respectively. The HRFABMS showed
the molecular formula to be C49Hg4O12. The 13C and DEPT
NMR spectra displayed signals for 40 carbons. Two ano-
meric carbon signals were evident at ¢ 106.0 and 109.9,
and the *H NMR spectrum showed anomeric protons at ¢
4.88 and 6.15. The *H—1H COSY and HMQC spectra of 2
established each sugar’s spin-coupling network, and com-
plete assignments of the 'H and 3C NMR signals (Table
1) were accomplished by DEPT, IH—!H COSY, and HMQC
experiments. The linkage of the two sugars was deduced
to be at the hydroxyl group of C-2 of arabinopyranose,
because this carbon signal was shifted downfield from ¢
73.0 to 76.2 in comparison to 3-5-O-a-L-arabinopyranosyl
jujubogenin.’®> The proton signal at 6 4.88 (H-1') was
correlated to C-3 (6 88.8), and the proton signal at 6 6.15
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Table 1. 3C NMR Chemical Shifts of Compounds 1, 2, 6, and
7 in CsDsN

carbon 1 2 6 7
1 38.8 38.7 38.8 38.8
2 26.8 26.7 26.8 26.8
3 88.5 88.8 88.5 88.7
4 39.8 39.6 39.9 39.9
5 56.1 56.1 56.2 56.2
6 18.3 18.3 18.3 18.3
7 36.1 36.0 36.1 36.1
8 37.5 37.5 37.5 37.5
9 53.1 53.0 53.1 53.1
10 37.3 37.2 37.3 37.2
11 21.8 21.8 21.8 21.8
12 28.6 28.6 28.6 28.6
13 37.1 37.1 37.1 37.1
14 53.5 53.8 53.5 53.5
15 36.9 36.9 36.9 36.9
16 110.4 110.6 110.4 110.4
17 51.3 51.3 51.3 51.3
18 18.9 18.9 18.9 18.9
19 16.4 16.3 16.4 16.4
20 71.9 71.9 71.9 71.9
21 27.2 27.3 27.2 27.2
22 46.3 45.5 46.3 46.3
23 66.2 68.6 66.2 66.2
24 124.2 127.2 124.2 124.2
25 133.0 134.1 133.0 132.9
26 26.1 25.6 26.1 26.1
27 185 18.4 185 185
28 28.0 28.1 27.8 27.8
29 16.8 16.8 16.6 16.6
30 65.9 66.0 65.9 66.0
1 107.2 106.0 105.7 105.8
2' 71.3 76.2 76.9 77.1
3 84.9 73.6 83.7 83.6
4 68.3 68.6 68.6 68.7
5 66.5 65.8 65.9 65.9
1" 105.0 105.0 105.0
2" 75.5 75.1 75.3
3" 77.6 77.5 78.2
4" 70.8 71.1 71.5
5" 76.8 76.0 78.5
6" 67.3 68.0 62.6
1 109.9 110.3 110.3
2" 81.0 83.8 83.9
3" 78.7 78.0 78.0
4" 88.3 85.0 85.0
5 62.8 62.1 62.1

(H-1"") was correlated to C-2' (6 76.2). These HMBC
experimental data clearly indicate that a terminal ara-
binofuranosyl unit is joined to the inner arabinopyranosyl
unit through a 1—2 linkage. The latter is joined to
jujubogenin through an O-glycosidic linkage at C-3. The
result was confirmed by a NOESY experiment. Correlations
between the signals of H-3 (6 3.24) and H-1' (6 4.88) as
well as between H-2' (6 4.43) and H-1"" (6 6.15) were also
observed. Thus, 2 was characterized as 3-O-[a-L-arabino-
furanosyl-(1—2)]-o-L-arabinopyranosyl jujubogenin and was
named bacopasaponin G.

Compound 3 was obtained as an amorphous powder. The
IH NMR spectral features of 3 were very similar to those
of 8, which was completely assigned with the aid of "H—
IH COSY and HMQC spectra. The IH NMR spectrum of 3
showed the presence of a 1-octen-3-ol (matsutake alcohol)
moiety and a glucopyranose moiety. The 13C NMR spec-
trum of 3 was also very similar to that of 8, except that
the signal of 3 at 6 62.9 (glc C-6) was downfield shifted to
0 67.7, and the signal at 6 78.4 (glc C-5) was upfield shifted
to 0 76.2. Elemental analysis indicated the presence of one
sulfur atom, and the IR showed absorptions characteristic
of a sulfate group (1218 and 832 cm™1). Solvolysis of 3 with
a dioxane—pyridine mixture!® gave 8, and continued hy-



Bacopasides A—C from Bacopa monniera

drolysis of 8 with -glucosidase yielded 1-octen-3-o0l.2° This
observation was consistent with the negative FABMS of
3, which displayed an ion peak at m/z 369 [M — H]~, 80
units higher than that of 8. The site of the sugar linkage
to the aglycon was considered to be C-3 from the HMBC
experiment. The proton signal at 6 4.82 showed a cross-
peak by the three-bond correlation with C-3 (6 81.2). The
configuration of 3 was suggested to be 3R by comparing
the optical rotation values of the solvolysis and hydrolysis
products with literature data.?%2! Thus, 3 was identified
as (3R)-1-octan-3-yl-(6-O-sulfonyl)-3-p-glucopyranoside and
was named bacopaside A.

Compound 4 was obtained as an amorphous powder. In
the 'H NMR spectrum of 4, there were of two groups of
ABX-type aromatic signals. The H NMR spectrum of 4 was
very similar to that of plantainoside B,?2 except for the
appearance of an additional methoxy signal at 6 3.93,
which was further confirmed by an ion peak [M — H]~ at
m/z 491, 14 mass units more than that of plantainoside B
in the negative FABMS of 4. The glucose signals were
assigned using the 'H—'H COSY and HMQC spectra. The
site of the methoxy group in 4 was considered to be C-3"
from the result of the HMBC experiment. The methoxy
signal at ¢ 3.93 showed a cross-peak with C-3" (6 148.7).
Acid hydrolysis of 4 yielded 3,4-dihydroxyphenethyl alcohol,
ferulic acid, and glucose. The HMBC spectrum showed a
correlation between the proton signal of H-2' (6 4.86) and
the carboxylic carbon signal (60 166.6) of the feruloyl
residue, as well as between the anomeric proton of glucose
(6 4.55) and the carbon signal (6 71.0) of the 3,4-dihydroxyl-
phenylethyl alcohol. Accordingly, 4 is 3,4-dihydroxyphen-
ylethyl alcohol (2-O-feruloyl)-5-p-glucopyranoside and was
named bacopaside B.

Compound 5 was obtained as an amorphous powder. The
HRFABMS analysis agreed with the molecular formula
C26H32015. In the TH NMR spectrum, signals at ¢ 7.94 and
6.90 could be assigned as aromatic AX-type protons,
together with five aromatic proton signals between 6 7.12
and 7.23. In addition, the 'H NMR spectrum exhibited
signals at 6 3.27—5.48 for two sugar moieties and at 6 2.84
(2H, t, 3 = 7.5 Hz) for one methylene group. The 13C and
DEPT NMR spectra of 5 showed 26 carbons, including one
carbonyl carbon (6 166.5), two methylene carbons (6 37.0
and 70.7), two aromatic rings, and a five-carbon sugar, as
well as a six-carbon sugar. The H—1H COSY and HMQC
spectra led us to assign the glycosidic moieties as apiofura-
nose and glucopyranose. The HMBC experiment showed
correlations between H-7 (6 2.84) and C-2, -6 (6 129.0), as
well as between H-8 (6 3.98) and C-1 (6 139.6), indicating
the presence of a phenylethyl alcohol unit. HMBC correla-
tions were observed between the proton signal at 6 7.94
(H-2'", -6"") and the carbon signal at 6 162.8 (C-4""), as well
as signals at 6 7.94 and 166.5 (—COO-), suggesting the
presence of a p-hydroxybenzoic acid unit in the compound.
The HMBC spectrum showed correlations between H-5"
(6 4.33 and 4.41) of the apiose moiety and —COO— (6 166.5)
of the p-hydroxybenzoic acid unit, as well as H-1' (6 4.36)
of the glucose moiety and C-8 (6 70.7) of the phenylethyl
alcohol unit. Furthermore, the NOESY spectrum indicated
the proximity of glucose H-1 to oxymethylene H-8. These
correlations confirmed that the phenylethyl alcohol was
linked to C-1 of glucose and that p-hydroxybenzoic acid was
substituted at C-5 by the apiose moiety. The apiosyl-(1—2)-
glucosyl linkage of the glycosidic moieties was assigned
from the cross-peaks observed between apiose H-1" and
glucose H-2' in the NOESY spectrum. Also in the HMBC
spectrum of 5, a correlation was evident between glucose
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H-2' (6 3.43) and apiose C-1" (6 109.5), as well as between
apiose H-1" (6 5.48) and glucose C-2' (6 77.0). The position
was confirmed by the chemical shift (6 77.0) of glucose C-2,
as compared with a nonsubstituted C-2, which is ca. 6 72.0.
The p-configuration of C-1 in the sugar moieties was
determined on the basis of the coupling constants (glu-
copyranose, 7.7 Hz; apiofuranose, 1.0 Hz) of the anomeric
protons.?? Since only the p-configuration is known to exist
in naturally occurring glucose and apiose,?® the sugars in
5 were tentatively assigned the p-configuration. Therefore,
the structure of 5 was established to be phenylethyl alcohol
[5-O-p-hydroxybenzoyl-j3-p-apiofuranosyl-(1—2)]-3-p-glu-
copyranoside, and it was named bacopaside C.

We have tested 24 compounds isolated from this plant
for antihyperglycemic activity in vivo using STZ-diabetic
rats.?* Three compounds showed moderate lowering of
plasma glucose at a dose of 1 mM/kg: calcerorioside B2
(A —26.49 + 9.38%), marytynoside?® (A —20.60 + 5.71%),
and luteolin 7-O-glucuronic acid?” (A —25.54 4+ 10.02%).

Experimental Section

General Experimental Procedures. Melting points were
determined on a Blchi B-545 melting point apparatus and
were uncorrected. Optical rotations were measured with a
JASCO P-1020 digital polarimeter. IR spectra were recorded
on a BIO-RAD 165 FT-IR spectrometer. NMR spectra were
recorded on a Bruker DRX-500 spectrometer. *H and 3C NMR
spectra were measured at 500 and 125 MHz, respectively. All
chemical shifts were recorded in ppm (6) with respect to the
corresponding solvent as the internal standard. FABMS
spectra were recorded on JEOL JMS-SX102A spectrometers.

Plant Material. Fresh samples of Bacopa monniera (5 kg)
were collected in Tainan, Taiwan, in February 1999. A voucher
specimen is deposited at the Department of Medicinal Chem-
istry, College of Pharmacy, Taipei Medical University, Taipei,
Taiwan.

Extraction and Isolation. Fresh whole plants were suc-
cessively extracted with MeOH. The MeOH extract was
concentrated and partitioned between H,O and n-BuOH. The
n-BuOH residue was chromatographed on a Sephadex LH-20
column eluted with EtOH to produce two fractions. Fraction
1 was separated using a Diaion HP-20 column (H,O—MeOH)
to give three fractions. Fraction 1-1 was successively purified
by MCI-gel CHP 20P and silica gel to produce 6 (98 mg), 1 (41
mg), and 8 (203 mg). Fractions 1-2 and 1-3 were purified by
silica gel column chromatography with CHCI;—MeOH (50:1
to 0:1) to obtain 7 (951 mg), 3-5-O-a-L-arabinopyranosyl
jujubogenin® (132 mg), 2 (46 mg), bacoside Az '* (583 mg), and
1-linolenyl-3-O-f-p-galactopyranosyl-sn-glycerol?® (359 mg).
Fraction 2 was passed through a Diaion HP-20 column eluted
with H,O—MeOH (1:0 to 0:1) to give fractions 2-1 and 2-2.
Fraction 2-1 was repeatedly chromatographed on MCI-gel CHP
20P (H,0—MeOH, 1:0 to 0:1), a Sephadex LH-20 column (60%
MeOH), and Cosmosil C;5-OPN (H,O—MeOH, 1.0 to 1:1) to
provide 3 (36 mg), $-(3,4-dihydroxyphenyl)ethyl-O-j3-b-glu-
cose®® (203 mg), martynoside®® (52 mg), and 5 (24 mg).
Chromatography of fraction 2-2 over a Sephadex LH-20 column
and Cosmosil C;5-OPN with H,O—MeOH (1:0 to 0:1) yielded
4 (36 mg), plantainoside B (47 mg), plantainoside A% (575
mg), calcerorioside B (164 mg), acetoside?® (100 mg), apige-
nin® (2 mg), and luteolin® (5 mg). The known compounds were
identified from literature values or by comparion with stan-
dard material.

Bacopaside 111 (1): white amorphous powder; [a]?5p —17.4°
(c 0.4, MeOH); IR (KBr) vmax 3400 (OH), 1221, 814 (—SOzH)
cm1; IH NMR (CsDsN, 500 MHz) ¢ 0.70 (1H, d, J = 11.8 Hz,
H-5), 0.74 (3H, s, Me-19), 0.81 (1H, t, J = 11.8 Hz, H-1), 0.88
(1H, d, 3 = 13.6 Hz, H-9), 0.93 (3H, s, Me-29), 1.07 (3H, s,
Me-18), 1.23 (3H, s, Me-28), 1.30—1.39 (3H, m, H-6, H-7, H-11),
1.37 (3H, s, Me-21), 1.45—1.56 (4H, m, H-1, H-6, H-7, H-11),
1.53 (1H, d, J = 8.3 Hz, H-15), 1.60 (3H, s, Me-27), 1.65 (1H,
d, J = 7.0 Hz, H-17), 1.68 (3H, s, Me-26), 1.78—1.93 (3H, m,
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H-2, H-12, H-12), 2.13 (1H, m, H-2), 2.46 (1H, d, J = 8.3 Hz,
H-15), 2.59 (1H, br d, J = 10.4 Hz, H-22), 2.85 (1H, m, H-13),
3.33 (1H, dd, J = 4.2, 11.6 Hz, H-3), 3.77 (1H, d, J = 11.9 Hz,
H-5'), 3.81 (1H, t, J = 7.4 Hz, H-2"), 3.87 (1H, br d, J = 9.5
Hz, H-23), 4.06 (1H, m, H-5"), 4.15 (2H, m, H-3", H-4"), 4.19
(AH,d, 3 =7.0 Hz, H-30), 4.24—4.29 (3H, m, H-30, H-3', H-5'),
4.56 (2H, m, H-2', H-4"), 4.71 (1H, br d, J = 9.5 Hz, H-23),
4.78 (1H,d, 3 = 7.0 Hz, H-1"), 5.02 (1H, dd, J = 4.8, 10.5 Hz,
H-6"), 5.10 (1H, d, J = 10.5 Hz, H-6"), 5.19 (1H,d, J = 7.8
Hz, H-1""), 5.84 (1H, br d, J = 10.3 Hz, H-24); 3C NMR (CsDsN,
125 MHz) (Table 1); FABMS m/z 845 [M — H]~ (100), 765 (2);
HRFABMS m/z 845.3993 [M — H]~ (calcd for CsiHesO16S,
845.3993); anal. C 50.78%, H 7.85%, S 3.19%, calcd for
C41H65016S:7H20, C 50.70%, H 8.2%, S 3.3%.

Acid Hydrolysis of 1. Compound 1 (10 mg) was hydrolyzed
with 2 N HCI in aqueous MeOH (5 mL) in a H,O bath for 5 h
and was worked up in the usual way. The major aglycone was
found to be identical with bacogenin A;,* mp 241—-242 °C.

The filtrate from the hydrolysate was neutralized with
DOWEX HCR-S ion-exchange resin and filtered, and a portion
of the filtrate was concentrated under reduced pressure and
examined for carbohydrates by silica gel TLC [Kieselgel 60
(Merck Art 5554), i-PrOH—Me,CO—H,0 (5:3:1)] using authen-
tic samples. Two spots were detected, and these were identified
as p-glucose, [0]?°p +52.5° (¢ 0.4, H,0), and L-arabinose, [0]*°p
+100.8° (c 0.4, H0), by comparison with authentic samples.

Periodate Oxidation of 1. Compound 1 (10 mg) was
oxidized with NalO,4 (40 mg in 20 mL of 50% aqueous MeOH)
at room temperature for 48 h, and a few drops of ethylene
glycol were added to destroy any excess NalO4. The reaction
mixture was extracted with n-BuOH, and the butanolic layer
was refluxed with 5% KOH in 20% aqueous EtOH for 3 h and
then extracted with n-BuOH. The above procedure was
repeated twice. The final products were chromatographed on
silica gel eluted with n-hexane—acetone (10:1) to give pseudo-
jujubogenin (2 mg). Its *H NMR spectrum was confirmed using
data from the literature.?

Methylation of 1 by the Hakamori Method. Compound
1 (10 mg) was treated with NaH (100 mg) and Mel (1 mL) in
DMSO (5 mL) under a N, atmosphere at room temperature
for 3 h. The reaction mixture was diluted with H,O and
extracted with CHCI;. The CHCI; layer was washed, dried,
and evaporated. The residue was chromatographed on silica
gel eluted with n-hexane—Me,CO (3:1) to give 1a (5 mg) as
an amorphous powder: *H NMR (CsDsN, 500 MHz) 6 0.74 (3H,
s, Me-19), 0.93 (3H, s, Me-29), 1.07 (3H, s, Me-18), 1.13 (3H,
s, Me-28), 1.30 (3H, s, Me-21), 1.60 (3H, s, Me-27), 1.67 (3H,
s, Me-26), 2.47 (1H, d, 3 = 8.3 Hz, H-15), 2.59 (1H,d, J =10.4
Hz, H-22), 2.85 (1H, m, H-13), 3.51, 3.55, 3.57, 3.67, 3.74 (3H
each, s, 5 x OMe), 4.50 (1H, d, J = 7.0 Hz, H-1"), 4.86 (1H, d,
J = 7.6 Hz, H-1"), 5.84 (1H, br d, J = 10.3 Hz, H-24).

Partial Hydrolysis of 6 with Hesperidinase. Compound
6 (10 mg) in H2O was incubated with hesperidinase at 40 °C
for 14 days, and the product was extracted with n-BuOH. The
extracts were evaporated and chromatographed on silica gel
to give 1 as an amorphous powder (2 mg).

Bacopasaponin G (2): white amorphous powder; [a]®p
—54.5° (¢ 0.4, MeOH); IR (KBr) vmax 3253 (OH), 2944, 1462,
1288, 980 cm™*; *H NMR (CsDsN, 500 MHz) ¢ 0.64 (1H,d, J =
11.7 Hz, H-5), 0.70 (3H, s, Me-19), 0.81 (1H, t, J = 11.8 Hz,
H-1), 0.88 (1H, m, H-9), 0.96 (3H, s, Me-29), 1.04 (3H, s, Me-
18), 1.23 (3H, s, Me-28), 1.30—1.34 (3H, m, H-6, H-7, H-11),
1.36 (3H, s, Me-21), 1.50—1.55 (6H, m, H-1, H-6, H-7, H-11,
H-15, H-22), 1.65 (3H, s, Me-27), 1.67 (3H, s, Me-29), 1.74 (1H,
dd, J=1.2,13.5 Hz, H-22), 1.79—1.80 (2H, m, H-2, H-12), 1.90,
(1H, m, H-12), 2.12 (1H, dd, J = 13.5, 3.6 Hz, H-2), 2.46 (1H,
d, J = 8.2 Hz, H-15), 2.80 (1H, m, H-13), 3.24 (1H, dd, J =
4.6, 11.6 Hz, H-3), 3.77 (1H, d, J = 10.4 Hz, H-30), 4.15—4.20
(3H, m, H-3', H-5', H-5""), 4.26—4.28 (4H, m, H-30, H-4', H-5',
H-5"), 4.43 (1H, t, J = 7.0 Hz, H-2'), 4.85 (1H, m, H-3""), 4.88
(1H,d, J=6.0 Hz, H-1'), 4.94 (1H, dd, J = 8.3, 4.2 Hz, H-4""),
5.02 (1H, br s, H-2"""), 5.18 (1H, t, J = 9.0 Hz, H-23), 5.51 (1H,
d-like, J = 8.1 Hz, H-24), 6.15 (1H, br s, H-1""); *C NMR
(CsDsN, 125 MHz) (Table 1); FABMS m/z 735 [M — H]~ (100),

Hou et al.

603 (8), 455 (4); HRFABMS m/z 735.4317 [M — H]~ (calcd for
CaoH64012, 735.4319).

Acid Hydrolysis of 2. Compound 2 (10 mg) was hydrolyzed
with 2 N HCI in agueous MeOH (5 mL) in a H,O bath for 5 h
and was worked up in the usual way. The purified major
aglycone was identified as ebelin lactone: mp 173—175 °C. The
1H, 13C NMR, and mass spectral data were identical with data
from the literature.®

The filtrate from the hydrolysate was neutralized with
DOWEX HCR-S ion-exchange resin and then analyzed by
silica gel TLC [Kieselgel 60 (Merck Art 5554), iPrOH—Me;-
CO—H;0 (5:3:1)]. One spot was detected that corresponded to
arabinose. The L-configuration was confirmed by isolation from
preparative TLC and comparison of its specific rotation,
L-arabinose, [0]?°p +101.6° (c 0.5, H,0), with an authentic
sample.

Periodate Oxidation of 2. Compound 2 (10 mg) was
oxidized with NalO,4 (20 mg in 20 mL of 50% aqueous MeOH)
at room temperature for 48 h, and a few drops of ethylene
glycol were added to destroy excess NalO,. The reaction
mixture was extracted with n-BuOH, and the butanolic layer
was refluxed with 5% KOH in 20% aqueous EtOH for 3 h and
then extracted with n-BuOH. The above procedure was
repeated twice. The final products were chromatographed on
silica gel eluted with n-hexane—acetone (10:1) to give jujubo-
genin (2 mg), identified by comparison of its *H and *C NMR
spectra with data from the literature.”

Bacopaside A (3): off-white amorphous powder; [0]%*p
+17.7° (c 0.4, MeOH); IR (KBr) vmax 3385 (OH), 1274, 1218,
832 (sulfate) cm™%; *H NMR (CsDsN, 500 MHz) 6 0.77 (3H, t,
J=6.7 Hz, H-8), 1.09—-1.20 (4H, m, H-6, 7), 1.40 (2H, m, H-5),
1.60 (1H, m, H-4), 1.72 (1H, m, H-4), 3.93 (1H, t, J = 8.2 Hz,
glc H-2), 3.98 (1H, m, glc H-5), 4.17 (1H, t, 3 = 9.3 Hz, glc
H-3), 4.25 (1H, t, J = 9.3 Hz, glc H-4), 4.36 (1H, m, H-3), 4.82
(1H, d, I3 = 7.7 Hz, glc H-1), 4.98 (2H, m, glc H-6), 5.10 (1H, d,
J = 10.5 Hz, H-1), 5.31 (1H, d, J = 17.2 Hz, H-1), 6.06 (1H,
ddd, J =17.2, 10.5, 6.7 Hz, H-2); ¥*C NMR (CsDsN, 125 MHz)
0 14.2 (C-8), 22.8 (C-7), 24.8 (C-5), 32.1 (C-6), 35.0 (C-4), 67.7
(glc C-6), 71.4 (glc C-4), 75.3 (glc C-2), 76.2 (glc C-5), 77.9 (glc
C-3), 81.2 (C-3), 103.5 (glc C-1), 115.4 (C-1), 140.4 (C-2);
FABMS m/z 369 [M — H]~ (100), 257 (10); HRFABMS m/z
369.1224 [M — H]~ (calcd for Ci14H2604S, 369.1219); anal. C
41.44%, H 7.2%, S 7.6%, calcd for C14H2604S-3H,0, C 41.40%,
H 7.4%, S 7.9%.

Solvolysis of 3. The solution of 3 (5 mg) in pyridine (5 mL)
was refluxed for 10 min, then dioxane (20 mL) was added. The
mixture was refluxed for a further 25 min. The reaction
mixture was diluted with H,O and extracted with n-BuOH,
and the n-BuOH layer was washed and evaporated. The
residue (solvolysate) was identified as (3R)-1-octan-3-yl-3-O-
B-b-glucopyranoside (8) by comparison of its *H and 3C NMR
data with the literature,'” and its specific rotation was [0]*°p
+11.4° (c 0.4, H;0).

Enzymic Hydrolysis of (3R)-1-Octan-3-yl-3-O-#-p-glu-
copyranoside (8). Compound 8 (10 mg) in H,O was incubated
with f-glucosidase at 40 °C for 2 days, and the product was
extracted with n-BuOH. The extracts were evaporated and
chromatographed on a Sephadex LH-20 column with MeOH
to give aglycone (2 mg), which was identified as 1-octen-3-ol
by comparison of its *H and 3C NMR spectra with data from
the literature, and its specific rotation was [0]?°» —3.5° (¢ 0.4,
H,0).2° The H,O layer was analyzed by silica gel TLC [Kie-
selgel 60 (Merck Art 5554), i-PrOH—Me,CO—H,0 (5:3:1)] and
showed a brown spot (Rs 0.45) after spraying an anilin-
phthalate solution and heating, which was coincident with that
of glucose, [0]?°p +53.0° (c 0.4, H;0).

Bacopaside B (4): off-white amorphous powder; [0]%p
—209.5° (c 0.2, MeOH); IR (KBr) vmax 3253 (OH), 1699 (C=0),
1517, 1268, 1028 cm™*; *H NMR (Me,CO-ds + D0, 500 MHz)
0 2.65 (2H, td, 3 = 7.0, 3.0 Hz, H-7), 3.36 (1H, m, H-5'), 3.45
(1H, t, J = 9.0 Hz, H-4), 3.58 (1H, m, H-8), 3.62 (1H, t, J =
9.0 Hz, H-3'), 3.68 (1H, dd, J = 5.6, 11.5 Hz, H-6"), 3.86 (1H,
br d, J = 11.5 Hz, H-6'), 3.93 (3H, s, OCH3), 3.90—3.94 (1H,
m, H-8), 4.55 (1H, d, J = 8.0 Hz, H-1"), 4.86 (1H, dd, J = 8.0,
9.0 Hz, H-2'), 6.40 (1H, d, J = 15.9 Hz, H-a), 6.51 (1H, dd, J
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= 1.8, 8.1 Hz, H-6), 6.65 (1H, d, J = 8.1 Hz, H-5), 6.69 (1H, d,
J=1.8 Hz, H-2), 6.86 (1H, d, J = 8.1 Hz, H-5"), 7.14 (1H, dd,
J =18, 8.1 Hz, H-6"), 7.35 (1H, d, J = 1.8 Hz, H-2"), 7.61
(1H, d, J = 15.9 Hz, H-B); *C NMR (Me,CO-ds + D;0, 125
MHz) 6 36.2 (C-7), 56.3 (OMe), 62.7 (C-6"), 71.0 (C-8), 71.8 (C-
4", 74.4 (C-2'), 76.1 (C-3'), 77.6 (C-5'), 101.8 (C-1'), 111.1 (C-
2'"), 115.8 (C-5), 115.9 (C-5"), 116.0 (C-o), 116.8 (C-2), 121.1
(C-6), 124.0 (C-6"), 127.5 (C-1""), 131.1 (C-1), 144.1 (C-4), 145.5
(C-3), 145.7 (C-p), 148.7 (C-3"), 150.0 (C-4"), 166.6 (COO);
FABMS m/z 491 [M — H]~ (100), 257 (10); HRFABMS m/z
491.1550 [M — H]~ (calcd for CpsH25011, 491.1553).

Acid Hydrolysis of 4. Compound 4 (5 mg) was hydrolyzed
with 2 N HCI in agueous MeOH (5 mL) in a water bath for 5
h and was worked up in the usual way. The purified major
aglycones were identified as 3,4-dihydroxyphenylethyl alcohol
and ferulic acid by comparison with authentic samples, and
the sugar was identified as glucose.

Bacopaside C (5): off-white amorphous powder; [a]®p
—13.8° (¢ 1.0, MeOH); IR (KBr) vmax 3253 (OH), 1685 (C=0),
1610, 1282, 1012 cm™%; tH NMR (Me,CO-ds + D,0, 500 MHz)
02.84 (2H, t, J = 7.5 Hz, H-7), 3.27 (1H, m, H-5), 3.32 (1H, t,
J = 9.0 Hz, H-4'), 3.43 (1H, dd, J = 7.7, 9.0 Hz, H-2"), 3.55
(1H, t, 3 = 9.0 Hz, H-3'), 3.61-3.64 (2H, m, H-8, H-6'), 3.78
(1H, d, 3 =9.6 Hz, H-4"), 3.80 (1H, dd, J = 2.4, 12.0 Hz, H-6"),
3.98 (1H, g, J = 7.6 Hz, H-8), 4.05 (1H, br s, H-2"), 4.17 (1H,
d, J = 9.6 Hz, H-4"), 4.33 (1H, d, J = 11.3 Hz, H-5"), 4.36
(1H,d,J=7.7 Hz, H-1'), 4.41 (1H, d, 3 = 11.3 Hz, H-5"), 5.48
(1H, br s, H-1"), 6.90 (2H, d, 3 = 8.7 Hz, H-3"", H-5'"), 7.12—
7.16 (3H, m, H-3, H-4, H-5), 7.20—7.23 (2H, m, H-2, H-6), 7.94
(2H, d, J = 8.7 Hz, H-2"", H-6""); 13C NMR (Me,CO-ds + D0,
125 MHz) ¢ 37.0 (C-7), 62.8 (C-6"), 68.1 (C-5"), 70.7 (C-8), 72.0
(C-4"),75.2 (C-4"),77.0 (C-2'), 77.3 (C-5'), 78.0 (C-2"), 78.6 (C-
3"), 78.7 (C-3"), 102.6 (C-1'), 109.5 (C-1"), 116.0 (C-3'", 5'"),
122.3 (C-1"""), 126.8 (C-4), 129.0 (C-2, 6), 129.7 (C-3, 5), 132.7
(C-2"", 6"), 139.6 (C-1), 162.8 (C-4'"), 166.5 (COO); FABMS
m/z 535 [M — H]~ (49), 415 (6), 279 (5), 137 (100), 121 (8);
HRFABMS m/z 535.1815 [M — H]~ (calcd for CzsH3z.012,
535.1816).

Antihyperglycemic Testing. Antihyperglycemic activity
was determined as described previously.33
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