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The chemical study of Ageratina deltoidea afforded grandiflorenic acid (1), kaurenoic acid (2) and eight benzylbenzoates (3 - 10), two of
them, 3',5'-dimethoxybenzyl 2,3,6-trimethoxybenzoate (5) and 4'-O-f-bglucopyranosyloxy-3'-hydroxybenzyl 2,6-dimethoxybenzoate
(9), described for the first time. In addition, the new sesquiterpene lactone deltoidin C (13), together with the known 11, and 12, the
phenolic compounds: ayanin, 2,6-dimethoxybenzoic acid, methyl 3,4-dihydroxycinnamate, chlorogenic acid, and 3,5-dicaffeoylquinic
acid were also isolated. The structures of these compounds were determined by spectroscopic methods and chemical reactions. The
antibacterial and antifungal activities of compounds 1 - 12 were evaluated on Staphylococcus aureus, Escherichia coli and Candida
albicans. Deltoidin A (11) was the most active antibacterial agent (MIC 16.0 xg ml”) against £.coli, and the ent-kaurenoid derivatives (1 -

2) showed activity (MIC 31.0 g ml”) against S. aureus.
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Introduction

The genus Ageratina (Asteraceae, Eupatoriae) comprises 196 perennial species segregated from the genus Eupatorium, located in
tropical and subtropical regions from southern United States to South America.! This genus is characterized, mainly by the presence of
terpenoids,?® flavonoids,™ and p-hydroxyacetophenone and thymol derivatives.” Ageratina species are used in Mexico to cure
diarrhea, stomach pain and kidney problems.” In previous studies of A. deftoidea, bornyl p-coumarate was reported in roots,”!
methoxylated flavonoids were isolated from aerial parts, and sesquiterpene lactones, diterpenes, and triterpenes were obtained from
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leaves.” The aim of this paper was to contribute to the chemistry of the genus studying the aerial parts of Ageratina deltoidea (Jacquin)
(former Eupatorium deltoideum Jacquin), and to seek for antibacterial agents. The antimicrobial activity of isolated compounds was

evaluated against Staphylococcus aureus, Escherichia coliand Candida albicans.

Results and Discussion

The hexane, acetone, and MeOH extracts of aerial parts of A. deltoidea afforded two new benzylbenzoate derivatives (5 and 9), and a
new sesquiterpene lactone (13) (Fig. 7). In addition, the known compounds: grandiflorenic acid (1), kaurenoic acid (2),) benzyl 2-
hydroxy-6-methoxybenzoate (3),/'” 3'-methoxybenzyl 2,3,6-trimethoxybenzoate (4),""! benzyl 2,5-dimethoxybenzoate (6),"'? benzyl 2,6-
dimethoxybenzoate (7),"% benzyl 2,3,6-trimethoxybenzoate (8),"'* deltoidin A (11),'® 8 #-angeloyloxyelemacronquistianthus acid (12),1"4
verimol K (10),1% ayanin,''® 2,6-dimethoxybenzoic acid,""”! methyl 3,4-dihydroxycinnamate,'® 3,5-dicaffeoylquinic acid, and chlorogenic
acid™ were also obtained. The structures of isolated compounds were determined by spectroscopic techniques and chemical
reactions, and those of the known compounds by comparison of their physical and spectroscopic features with those reported in the

literature. >*C-NMR of compound 12 is reported since it was not available in the literature.
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Figure 1. Structures of compounds 1 -13.

Compound 5 showed in the IR spectrum evidence of aromatic ester functionality (1734, 1597 and 1490 cm™). The molecular formula
Ci9H2207was deduced by HR-DART-MS and *C-NMR spectroscopy. In the DART-MS spectrum the base peak at m/z 195 indicated the
presence of a trimethoxy benzoyl cation. The "H-NMR spectrum showed the resonances of a tetrasubstituted aromatic ring with two
ortho protons at &H) 6.80 (d, J = 9.2 Hz) and &H) 6.59 (d, J = 9.2 Hz). These signals were assigned to H-C(4) and H-C(5), respectively, by
means of the HMBC correlations of H-C(4) with C(2) and C(6) and of H-C(5) with C(1), C(3) and C(7), suggesting a 2,3,6-
trimethoxybenzoate, as described for compounds 4"" and 8. A second aromatic ring was evident by the resonances of three protons

with meta coupling at &H) 6.40 (t, J = 2.4 Hz) for H-C(4') and &H) 6.60 (2H, t, J = 2.4 Hz) for H-C(2') and H-C(6'). Correlation of these last

This article is protected by copyright. All rights reserved.



two protons with C(7') (XC) 66.9), and of H>-C(7') (§H) 5.33, 5) with the benzoyl carbonyl (&C) 165.8) in the HMBC spectrum, established
the 3',5'-dimethoxybezyloxy moiety. In agreement with the above, the *C-NMR spectrum displayed 19 signals, including those of a
carboxyl group, twelve aromatic carbons, a methylene and five methoxy groups, thus, compound 5 is 3',5'-dimethoxybenzyl 2,3,6-

trimethoxybenzoate.

Compound 9 had the molecular formula C22H26011 determined by HR-FAB-MS and *C-NMR spectroscopy. The NMR data of compound 9
were similar to those of compound 5, being evident the resonances of a methoxy benzoic acid benzyl ester and of a monosaccharide
moiety. The 2,6-dimethoxybenzoate was deduced from the presence, in the "H-NMR spectrum, of resonances at &H) 7.35 (t, J = 8.4 Hz)
and 6.70 (2H, d, J = 8.4 Hz), assigned to H-C(4) and to H-C(3) and H-C(5), respectively, by the HMBC correlations of H-C(4) with C(2) and
C(6), and of H-C(3) and H-C(5) with C(1) and C(7). The benzyl group with three aromatic protons was defined by the resonances at &H)
6.86 (d, /= 2.0 Hz), 6.76 (dd, J = 8.4, 2.0 Hz), and 7.09 (d, J = 8.4 Hz). The first two were assigned to H-C(2') and H-C(6'), respectively, by the
long range interactions with C(7') and C(4'), and the third one to H-C(5') by the cross peaks, observed in the HMBC experiment, between
this proton and C(1') and C(3'). On acid hydrolysis, compound 9 afforded pglucose ([a]*b = + 51.4, ¢ 0.18, H20), identified by GC of its
silylated derivative. Additionally, the H-C(1") coupling constant (&H) 4.66, d, J = 8.0 Hz) allowed to identify the sugar moiety as b
glucopyranose. Its attachment to C(4') was established by the correlation observed in the HMBC experiment between H-C(1") and C(4')
and by the NOESY interaction between H-C(1") and H-C(5"). Finally, the presence of hydroxyl group at C(3') was deduced by the cross
peak between H-C(2') and the hydroxyl group hydrogen at &H) 8.61 observed in the NOESY spectrum, and by the molecular formula
(C22H26011) determined in the HR-FABMS, therefore, compound 9 was identified as 4'-O-S-pglucopyranosyloxy-3'-hydroxybenzyl 2,6-

dimethoxybenzoate.

Figure 2. NOESY correlations of compound 13.

Compound 13 showed the molecular formula C20H2407 according to its HR-DART-MS and *C-NMR spectrum. The IR spectrum presented
absorption bands at 1768, 1712, 1685, and 1640 cm™ of conjugated j<lactone, unsaturated acid, and ester groups. The NMR spectra
showed the a-methylene-12,6-)-lactone resonances at &H) 6.35 (d, J = 3.6 Hz, H-13a), 5.65 (d, J = 2.8 Hz, H-13b), 2.93 (m, H-7), and 6.06
(dd, J=10.4, 8.8 Hz, H-6); and &C) 120.0 (t, C(13)), 168.7 (s, C(12)), 135.1 (s, C(11)), 53.5 (d, C(7)), and 73.1 (d, C(6)). A typical angeloyloxy

chain was deduced from the resonance of a vinylic proton at &H) 6.15 (gq, J = 7.2, 1.6 Hz, H-C(3')) coupled to those of two methyl
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groups at &H) 1.99 (dg, J = 7.2, 1.6 Hz, H3-C(4')) and 1.84 (quint, J = 1.6 Hz, Hs-C(5")). The HMBC correlations of H-C(8) (XH) 5.78, br.d J =
6.0 Hz) and C(1") (XC) 166.0) permitted the location of this ester at C(8). A 1,10 epoxide function (&H) 2.76, dd, J = 11.6, 2.8 Hz, H-C(1);
&CQ) 66.3, d, C(1) and 59.7, s, C(10)) was deduced from the cross peaks observed in the COSY and HMBC experiments. The relative
configuration was proposed by the NOESY correlations (Fig. 2) of H-C(1) with Ha-C(2), Ha-C(9) and H-C(5); those of H-C(5) with H-C(7)
and Ha-C(3); and of Hs-C(14) with HA-C(2), HB-C(9) and H-C(6), indicating a trans-1,10 epoxide function. In the same spectrum, the
interaction of H-C(7) with H-C(8), and based on the biogenetic considerations regarding the a-orientation of H-C(7),2% defined the £
orientation of the angeloyloxy moiety, and the correlations between H-C(3’) and the methyl groups Hs-C(4') and Hs-C(5’) stablished its Z
configuration. In addition, the large coupling constant between H-C(6) and H-C(7) (8.8 Hz) suggested the S-orientation of H-C(6) and
disclosed the trans-fused lactone ring of the new sesquiterpene lactone deltoidin C (13). The data of the sesquiterpene lactone moiety
were in agreement with those reported for 14310a-epoxycronquistic acid,?" which has a tigloyloxy group instead of an angeloyloxy

residue.

Table 1. Antimicrobial activity of compounds 1 - 12.2 Minimal inhibitory concentrations (MIC, zg ml™)

Compound S. aureus E. coli C. albicams
1-2° 31.0 NA NA
11 NA 16.0 NA
12 125.0 125.0 NA
Chlorampenicol 12,5 12.5 NT
Nystatin NT NT 15.0

2Compounds 3-10 were not active. "Mixture 75:25 by HPLC of compounds 1 - 2. NA: no activity. NT not tested

The antimicrobial activity of compounds 1 - 12 was evaluated against Staphylococcus aureus, Escherichia coli and Candida albicans by
the disk-diffusion method,”? using chloramphenicol (MIC 12.5 ug ml”) and nystatin (MIC 15.0 ug ml”) as reference compounds for
bacteria and fungus, respectively (Table 1). Results showed that benzylbenzoates (3 - 10) were not active in tested microorganisms,
while the ent-kaurene derivatives mixture 1 - 2 (75% of 1 and 25% of 2 by HPLC) and sesquiterpene lactones exhibited substantial
activities. The mixture of compounds 1 - 2 was active (MIC 31.0 ug ml") against Gram-positive but inactive against Gram-negative
bacteria, as expected from the published data for this type of diterpenoids.”®24 This activity could be related with the capacity of
insertion of these metabolites in the lipophilic region of the microorganism and the activity of the carboxylic acid as hydrogen donor
group.? Among the sesquiterpene lactones, deltoidin A (11) showed the highest and selective activity against Gram-negative bacteria,
inhibiting exclusively the growth of E. cofi at a MIC of 16.0 ug ml”, while lactone 12 exhibited a weaker and non-selective effect against
Gram-positive and Gram-negative bacteria (MIC of 125.0 ug mI™ in both). It has been mentioned that, in sesquiterpene lactones the
presence of an a-methylene-ylactone and of the 4,5 epoxide function, as in compound 11, might be some of the structural
requirements for antibacterial activity in sesquiterpene lactones, 2! however, the decrease of the activity in compound 12, pointed
out that probably the presence of the ten carbon macrocycle could have some influence. Candida albicans was not sensitive to any of
the tested compounds. The activity of lactone 13, obtained in small quantity, was not determined. Since the antimicrobial activity of
ayanin,?”! 2,6-dimethoxybenzoic acid,”® methyl 3,4-dihydroxycinnamate,?® 3,5-dicaffeoylquinic acid,*” and chlorogenic acid®" has

been extensively studied, they were not tested. .
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Conclusions

The isolation of benzyl benzoates, sesquiterpene lactones and kaurenic and quinic acids derivatives is in agreement with the chemistry
of the genus. With exception of benzyl benzoate derivatives which were not active, the presence of ent-kaurene derivatives,
sesquiterpene lactones, and quinic acid derivatives may be related to the curative effects attributed to some Ageratina species in

popular medicine.

Experimental Section

General

Melting points were determined on a Fisher-Johns melting point apparatus and are uncorrected. Optical rotations were obtained on a
Perkin-Elmer 343 polarimeter. UV and IR spectra were recorded on a Shimadzu UV 160U and a Bruker Tensor 27 spectrometer,
respectively. 1D and 2D NMR spectra were obtained on a Bruker Avance Ill 400 MHz or a Varian-Unity Inova 500 MHz spectrometer with
tetramethylsilane (TMS) as internal standard. For DART-MS a JEOL AccuTOF JMS-T100LC DART was used. FAB-MS were obtained on a
JEOL MStation JMS-700 mass spectrometer. HPLC was carried out on an Agilent 1200 using a Luna A18(2) 100 x 2.0 mm, 3 zm column,
eluted with a 0.2 ml min™ gradient system of acetonitrile/H.0 60:40 through 100:0 in 20 min. GC analysis was performed on an Agilent
6890 GC system with AT5 column (30 m x 0.25 mm, 0.1 zm film thickness) using a temperature gradient starting at 100 °C, which was
raised to a final temperature of 240 °C in 10 min. Vacuum column chromatography (VCC) was carried out under vacuum on silica gel G

60 (Merck, Darmstadt, Germany). Flash column chromatography (FCC) was performed on silica gel 230-400 mesh (Macherey-Nagel,

Germany). Analytical TLC was carried out on Si gel 60 GF2s4 or RP-18W/UVasa (10 = 40) um, Macherey-Nagel, Germany) and preparative
TLC on Si gel GF2s4 layer thickness 2.0 mm or RP-18W/UV:s4 layer thickness 1.0 mm, using 10 x 20 cm plates.

Plant Material
Ageratina deltoidea (Jacq.) R. M. King & H. Rob. was collected by the road to Espaiiita, 2 km from the Calpulalpan-Apizaco road, Tlaxcala
State, México, in October 2014, and authenticated by Dr. José Luis Villasefior. A voucher specimen (MEXU 1398390) was deposited at

the Herbario del Instituto de Biologia, UNAM, México.
Extraction and Isolation

Dried and ground aerial parts (890 g) were extracted successively with hexane, acetone, and MeOH at room temperature. The hexane
extract (23 g) was fractionated by VCC (hexane/EtOAc gradient system) to obtain fractions A-F. Fractions A afforded 390 mg of a mixture
of grandiflorenic acid (1, 75%) and kaurenoic acid (2, 25%). This mixture (50 mg) by preparative HPLC (gradient system CH3CN/H.O
60:40 through CHsCN) produced 1 (15 mg, amorphous powder, [a]*o=+ 35, ¢ = 0.15, EtOH) and 2 (5 mg, amorphous powder [a]*po= -
95, ¢ = 0.13, EtOH). Fractions B by FCC (hexane/EtOAc 19:1) afforded compound 3 (30 mg, colorless oil). Fraction C by successive
chromatographies yielded compounds 4 (45 mg, colorless oil) and 5 (6 mg, colorless oil). Fraction D was purified by FCC (hexane/EtOAc
4:1) to obtain compound 5 (5 mg) and mixture D-1. Mixture D-1 gave compound 11 (10 mg, colorless needles, M.p. 158 - 160 °C, [a]*b
=-135, ¢ =0.20, CHCl3). Fraction E, by repeated chromatographies yielded compound 11 (650 mg) and ayanin (35 mg, yellow needles,
M.p. 172 - 174 °C). Fraction F, by successive FCCs and a preparative TLC afforded compound 12 (25 mg, colorless needles, M.p. 132 -

135 °C, [a]®p =+ 18, ¢ = 0.10, CHCls). The acetone extract (35 g) was purified by VCC (hexane/acetone gradient system) to obtain
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fractions G-K. Fraction G yielded a mixture of compounds 1 and 2 (20 mg), compound 3 (15 mg) and a mixture of /Ssitosterol and
stigmasterol (60 mg). Fraction H after several chromatographies afforded compounds 6 (5 mg, colorless oil), and 7 (7 mg, colorless oil).
Fraction | gave compounds 11 (32 mg), 12 (10 mg), and 8 (7 mg, colorless oil). Fraction J by successive chromatographic purifications
yielded mixtures J-1, J-2, J-3, these mixtures were treated with charcoal/ acetone to afford compounds 12 (30 mg) and 13 (6 mg).
Fraction K by VCC (EtOAc/MeOH gradient system) yielded compound 9 (1.1 g). The MeOH extract (120 g) was fractionated by VCC with
an EtOAc/MeOH gradient system to obtain fractions L-O. Fraction L was purified by several chromatographies to give compound 10 (2.5
mg, colorless oil), 2,6-dimethoxybenzoic acid (29 mg, white amorphous powder), and methyl 3,4-dihydroxycinnamate (20 mg, white
amorphous powder). Fraction M by VCC (EtOAc/MeOH gradient system) produced compound 9 (1.8 g) and 3,5-dicaffeoylquinic acid
(180 mg, white amorphous powder, []*o= - 178, ¢ = 0.10, MeOH). Fraction N was purified by a Sephadex LH-20 column (MeOH) to
yield compound 9 (850 mg) and 3,5-dicaffeoylquinic acid (180 mg). Fraction O was purified by a Sephadex LH-20 column (MeOH/H.0O

1:1) to afford chlorogenic acid (750 mg, white amorphous powder, [a]*p = - 36, ¢ =0.10, MeOH) .

3',5'-Dimethoxybenzyl 2,3,6-trimethoxybenzoate; 5). Colorless oil. IR (CHCls): 1734, 1597, 1490. "H-NMR (400 MHz, CDCls): 6.80 (d,
3J(H,H) = 9.2, H-C(4)); 6.60 (t, *J(H,H) = 2.4, H-C(2"), H-C(6")); 6.59 (d, *J(H,H) = 9.2, H-C(5)); 6.40 (t, *J(H,H) = 2.4, H-C(4"); 5.33 (s, H-C(7"));
3.821 (s, OMe-C(3)); 3.819 (s, OMe-C(2)); 3.79 (s, OMe-C(3"), OMe-C(5"); 3.78 (s, OMe-C(6)). *C-NMR (100 MHz, CDCls) 165.8 (s, C(7)); 160.8
(s, C(3"), C(5"): 150.7 (s, C(6)); 147.2 (s, C(2)); 146.9 (s, C(3)); 138.2 (s, C(1"); 119.2 (5, C(1)); 114.4 (d, C(4)); 106.3 (d, C(5)); 105.8 (d, C(2"), C(6"));
100.1 (d, C(4"); 66.9 (t, C(7"); 61.5 (g, OMe-C(3)); 56.6 (g, OMe-C(2)); 56.3 (g, OMe-C(6)); 55.3 (g, OMe-C(3'), OMe-C(5'). DART-MS: 363

[M+HI* (50), 195 [C10H1104]* (100). HR-DART-MS: 363.14440 ([M + H]*, C1oH2307%; calc. 363.14438).

4'-0-#pGlucopyranosyloxy-3'-hydroxybenzyl 2,6-dimethoxybenzoate; 9). White amorphous powder. [a]*b = - 40.5 (c = 0.2,
MeOH). IR (KBr): 3323, 1724. "H-NMR (400 MHz, (Ds)DMSO): 8.61 (br. s, HO-C(3")); 7.35 (t, *J(H;H) = 8.4, H-C(4)); 7.09 (d, *J(H;H) = 8.4, H-
C(5"), 6.86 (d, “J(H;H) = 2.0, H-C(2")); 6.76 (dd, *J(H;H) = 8.4, *J(H;H) = 2.0, H-C(6")); 6.70 (d, *J(H;H) = 8.4, H-C(3), H-C(5)); 5.46 (br. s, OH); 5.13
(s, H2-C(7"); 5.05 (br. d, *J(H;H) = 3.6 Hz, OH); 5.01 (d, *J(H;H) = 4.8, OH); 4.46 (t, *J(H;H) = 6.0, HO-C(6")); 3.75 (s, OMe-C(2), OMe-C(6));
Glucose: 4.66 (d, >J(H;H) = 8.0, H-C(1")); 3.70 (ddd, 2J(H;H) = 12.0, *J(H;H) = 6.0, *J(H;H) = 2.0, H-C(6"a)); 3.45 (ddd, 2J(H;H) = 12.0, 3J(H;H) =
6.0, *J(H;H) = 6.0 Hz, H-C(6"b)); 3.28 (m, H-C(2")), 3.26 (m, H-C(3")), 3.24 (m, H-C(5")), 3.16 (m, H-C4")). >*C-NMR (100 MHz, (D¢)DMSO): 165.4
(s, C(7)): 156.6 (s, C(2), C(6)); 146.7 (s, C(3"); 145.0 (s, C-(4); 131.2 (d, C(4)), 130.6 (s, C(1"), 118.9 (d, C(6)), 116.5 (d, C(5"), 115.6 (d, C(2")),
112.5 (d, C(1)), 104.2 (d, C(3), C(5)); 65.8 (t, C(7")); 55.8 (g, OMe-C(2), OMe-C(6)); Glucose: 102.3 (s, C(1"); 77.2 (d, C(5")); 75.9 (d, C(3")); 73.3

(d, C(2")); 69.8 (d, C(4"); 60.7 (t, C(6")). FAB-MS: 447 [M+H]*, 165, 183; HR-FAB-MS: 467.1545 (IM+H]*, C22H27011*, calc. 467.1543).

Deltoidin C; 13). Colorless oil. [2]®b=+ 13 (c = 0.1, CHCl5). IR (CHCls): 2932 (large), 1768, 1712, 1685, 1640."H-NMR (400 MHz, CDCls): 6.35
(d, *J(H;H) = 3.6, H-C(13a)); 6.18 (d, *J(H;H) = 10.4, H-C(5)); 6.15 (qq, *J(H;H) = 7.2, “J(H;H) = 1.6, H-C(3"); 6.06 (dd, *J(H;H) = 10.4, *J(H;H) = 8.8,
H-C(6)), 5,78 (br. d, *J(H;H) = 6.0, H-C(8)); 5.65 (d, *J(H;H) = 2.8, H-C(13b)); 2.96 (m, HB-C(3)); 2.93 (m, H>-C(7)); 2.86 (dd, *J(H;H) = 15.6,
3J(H;H) = 6.0, HAC(9)); 2.76 (dd, *J(H;H) = 11.6, *J(H;H) = 2.8, H-C(1)); 2.42 (ddd, 2J(H;H) = 12.8, *J(H;H) = 12.8, *J(H;H) = 5.6, Ha-C(3)), 2.24
(br. d, 2J(H;H) = 14.0, Ha-C(2)); 1.99 (dg, *J(H;H) = 7.2, *J(H;H) = 1.6, H3-C(4")); 1.84 (quint, *J(H;H) =°J(H;H) = 1.6, Hs-C(5")); 1.63 (dddd, 2J(H;H)
=14.0, *J(H;H) = 12.8, *J(H;H) = 11.6, 3J(H;H) = 4.8, HA-C(2)); 1.32 (dd *J(H;H) = 15.6, *J(H;H) = 3.0, Ha-C(9)); 1.12 (s, H3-C(14)). *C-NMR (100
MHz, CDCls): 169.1 (s, C(15)); 168.7 (s, C(12)); 166.0 (s, C(1"); 142.4 (d, C(5)); 141.3 (d, C(3')); 136.2 (s, C(4)); 135.1 (s, C(11)); 126.3 (s, C(2");
122.0(t, C(13)); 73.1 (d, C(6)); 66.3 (d, C(1)); 66.1 (d, C(8)); 59.7 (s, C(10)); 53.5 (d, C(7)); 42.7 (t, C(9)); 31.4 (t, C(3)); 25.7 (t, C(2)); 20.3 (g, C(5));
18.6 (g, C(14)); 15.9 (g, C(4")). DART-MS m/z 394 [M+H:0]"* (50), 377 [M+H]* (100), 277 (45); HR-DART-MS: 377.16017 ([M+H]*, C20H2507*,

calc. 377.16003).
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8/-Angeloyloxyelemacronquistianthus acid; 12). *C-NMR (100 MHz, CDCls): 170.9 (s, C(15)); 169.3 (s, C(12)); 166.8 (s, C(1"); 145.8 (d,
C(1)); 139.7 (d, C(3"); 135.0 (s, C(4)); 134.7 (s, C(11)); 130.0 (t, C(3)); 127.0 (s, C(2"); 120.1 (¢, C(13)); 113.2 (t, C(2)); 75.7 (d, C(6)); 65.7 (d, C(8));

52.0(d, C(7)); 49.4 (d, C(5)); 42.6 (t, C(9)); 42.3 (s, C(10)); 20.6 (g, C(5")); 18.8 (g, C(14)); 15.9 (g, C(4")).
Hydrolysis of compound 9

Compound 9 (100 mg) was refluxed for 1 h with MeOH (3 ml) and 2 NHCI (3 ml). The reaction mixture was evaporated and purified by
VCC eluting with EtOAc-MeOH gradient system to obtain fractions A and B. Fraction A by FCC (hexane-EtOAc 3:2) yielded 2,6-
dimethoxybenzoic acid (10 mg), and fraction B by FCC (EtOAc-MeOH 7:3) produced bglucose (7 mg) ([a]*o = + 51.4, ¢ = 0.18, H;0)

identified by GC of the silylated derivative.
Antibacterial Activity

The antibacterial activity was measured by the disk-diffusion method.?? Staphylococcus aureus ATCC 12398, Escherichia coli ATCC 25922
were used. Microorganisms were grown overnight at 37 °C in 10 ml of Mueller-Hinton broth (Bioxon). The cultures were adjusted with
sterile saline solution to obtain turbidity comparable to that of McFarland no. 0.5 standard (1.0 x 108 CFU mI").2? Petri dishes containing
Mueller Hinton agar (Bioxon) were inoculated with these microbial suspensions. Solutions of pure compounds were prepared. For polar
compounds sterile distilled water and for non-polar compounds dimethyl sulfoxide were used. Disks of filter paper (Whatman no. 5) of
5 mm diameter were impregnated with 10 ul of each solution (final doses per disk: 400 ug) and placed on the agar surface. Disks
impregnated with dimethyl sulfoxide or distilled water were used as negative controls. Disks with chloramphenicol were used as

positive controls. Each experiment was repeated three times.
Antifungal Activity

Candida albicans ATCC 14065 was assayed by the method described for bacteria, using Petri dishes containing CzapekDox Agar
(Bioxon), Nystatin (30 ug/disc) was used as positive control and dimethyl sulfoxide as negative control. Each experiment was repeated

three times.?2
Quantitative assays

For quantitative assays, seven doses of pure compound (0.0155, 0.031, 0.0625, 0.125, 0.250, 0.5, 1.0 mg ml™) dissolved in sterile dimethyl
sulfoxide was added to rapidly mixing in Muller- Hinton or Czapek Dox agar for bacteria and yeast respectively (5 ml) and poured into 6
cm petri dishes. When the agar reached the room temperature, test bacteria or yeast were inoculated at the concentration of 10° CFU
ml™. MIC values were taken as the lowest concentration that prevents visible bacterial or yeast growth after 24 h of incubation at 37 °C
or 28 °C. Chloramphenicol and Nystatin were used as reference antibiotics and dimethyl sulfoxide as negative control. Each experiment

was repeated three times, and results are expressed as mean + standard deviation.*!

Supplementary Material
Supporting information for this article is available on the WWW under http://dx.doi.org/10.1002/MS-number.
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