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Sucrose Esters from the Fruits ofPhysalis nicandroidewar. attenuata
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Three 2,3,13-tetraacyl- and two 2,3'3riacylsucroses, nicandroses- (1—5), were isolated from the fruits ¢thysalis
nicandroidesvar. attenuata The acyl groups in these new compounds were identified as decanoyl, isobutyryl,
2-methylbutanoyl, and acetyl. The structureslef5 were determined on the basis of NMR and MS analyses.

Physalisand other Solanaceae genera (eAgnistus Datura, IR spectrum exhibited strong absorptions for hydroxyl (3455%m
lochroma Withanig Nicandrg are known to produce withasteroids, and saturated ester functions (1749¢émTwelve signals between
a group of polyoxygenated gergostane lactone derivatives with ¢ 59 and 103 in thé3C NMR spectrum, which were assigned (by
a diversity of biological activitie$In Physalisspecies withasteroids =~ DEPT) to seven oxymethynes, three oxymethylenes, one anomeric
have been mainly isolated from leaves and stems and occasionallymethyne ¢ 89.6), and one nonprotonated anomeric carbén (
from roots? fruits,® and caliced. This is probably due to the fact ~ 102.2), were indicative of a disaccharide. TheENMR signals and
that phytochemical studies have been focused on foliage, neglectingthe connectivities observed in thid—H COSY spectrum revealed
other parts of the plants, or due to a poor presence of withasteroidsboth a pyranose and a furanose as the monomers of the disaccharide.

in other organs. Reports on the compositionRifysalis fruits The pyranose was identified asglucopyranose by the observed
describe the presence of disaccharfidemnd calysteginsin P. coupling constantsJ{, = 3.5 Hz,J,3= 10 Hz,J34= J45 = 9.5

perwianaand withanolides ifP. philadelphica® Recently, the first Hz), while theJ; » = Jy5 = 8.5 Hz and the respective AB and
acyl sucrose in the genus was isolated fil@miscosa® As part of ABX patterns for CH-1' and CH-6' characterized the furanose as

our systematic studies dPhysalisspecies;'° we describe herein a f-fructofuranose. The HMBC correlation from H-1 of glucose
the isolation and characterization of five new acyl sucroses, (0 5.55) to C-2 of fructose ¢ 102.2) completed the identification
nicandroses AE (1-5), from the fruits ofP. nicandroidesSchltdl. of the disaccharide as sucrose. The low-field shifts of the H-2, H-3,
var. attenuataWaterf., a plant used as an insecticide in some regions CH,-1', and H-3 signals and the presence of carbonyl signal$ at
of Mexicol! Sucrose esters have been isolated from the Solanaceael78.3, 176.9, 175.6, and 173.0 were consistent with a '233,1
generaNicotiana!? Petunig!® Solanuni4 and Lycopersicort® as tetra<O-acylsucrose. FABMSIH, 13C, COSY, and HMBC spectra

well as from the Asteraced€ Cannacea®, and Polygalacedg allowed identification of the acyl groups as decanawz 155),
families. This is the second report on its occurrence®lirysalis isobutyryl (r/z 71), and two 2-methylbutanoylan(z 85). The
Sucrose esters of the Solanaceae have exhibited aphitidal, positions of these groups were established by the HMBC correla-
molluscicidal’® and antibacterid®13 activities. tions from H-2 to C-1 4 173.0) of decanoyl, H-3 to C-1(178.3)

Chromatographic purification of the EtOAc-soluble fraction of of isobutyryl, CH-1' to C-1 (¢ 175.6) of one of the 2-methyl-
the methanolic extract of the blended fruits Bf nicandroides butanoyl groups, and H-30 C-1 (¢ 176.9) of the other one. The
provided sucrose ester mixtures | and Il. Preparative reversed-phasé&ABMS fragment aim/z 387 supported the proposed substitution

TLC led to the isolation of nicandroses A)( B (2), and C @) of the pyranose, while the fragmentratz 331 was consistent with
from mixture | and nicandroses @)(and E &) from mixture II. two 2-methylbutanoyl moieties at the furanose ring, thus confirming
The known compounds &-dihydroxy-3,7-dimethoxyflavone (ku-  nicandrose A 1) as 2O-decanoyl-30-isobutyryl-1,3-di-O-2-
matakenind®?! and 1O-(p-hydroxybenzoyl)3-p-glucopyranos& methylbutanoylsucrose.

were also isolated. The molecular formulas $£Hs40;5 for nicandrose B Z) and

Cs3Hs60;5 for nicandrose C3) derived from the quasi-molecular
ion peaks, [M+ Na]*, atm/z 701 ) andmv/z 715 @), which were
observed in their respective FABMS. A fragmentalz 387 was
present in both mass spectra, thus indicating, as in compaund
isobutyryl and decanoyl moieties attached to the pyranose rings of

WO ' ' 2 and 3. Analysis of the NMR data led us to identify the acetyl

1 and isobutyryl moieties as the acyl groups bonded to the furanose
of compound2, and the acetyl and 2-methylbutanoyl moieties in
1 R = R = 2-methylbutanoyl compound 3. Finally, on the basis of the observed HMBC
2R = Ac, R" = isobutyryl correlations, the structure of nicandrose B yas formulated as
3R = Ac, R' = 2-methylbutanoyl 1'-O-acetyl-20-decanoyl-3,3di-O-isobutyrylsucrose and that of
4R=H, R'=isobutyryl nicandrose C3) as 1-O-acetyl-20-decanoyl-39-isobutyryl-3-
5R =H, R"=2-methylbutanoy! O-2-methylbutanoylsucrose. Supporting the above-mentioned, the

. . alkaline hydrolysis of mixture | gave sucrose (identified by TLC,
Nicandrose A {) was isolated as an amorphous powder. The [o]o, H and3C NMR) and a mixture of acids.

positive FABMS showed a quasi-molecular ion peakrét 757

[M + NaJ*, consistent with the molecular formuladie;Ozs. The The more polar of the new compounds were nicandrose$) D (

and E 6). The molecular formulas ot (CsHs,014) and 5
(C31H54014) were determined from the positive FABMS ion peaks
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Table 1. '"H NMR Data ¢, 500 MHz, CDC}) for Nicandroses A-E (1—5)

Notes

H 1 2 F 4 5
1 5.55d (3.5) 5.56 d (3.5) 5.55d (3.7) 5.55d (3.5) 5.55d (4)
2 4.96 dd (10, 3.5) 4.92 dd (10, 3.5) 4.93dd (10, 3.7) 4.88dd (10.5, 3.5) 4.91dd (10.5, 4)
3 5.14 dd (10, 9.5) 5.18 dd (10, 9.5) 5.15dd (10, 9.5) 5.22 dd (10.5, 9.5) 5.18 dd (10.5, 9.5)
4 3.54t(9.5) 3.55t(9.5) 3.52t(9.5) 3.54t(9.5) 3.531t(9.5)
5 4.06 n¥ 4.05 P 4.02 n? 4.04 ddd (10, 6, 2.5) 4.05ddd (9.5, 6, 2)
6a 3.97 brd (12.5) 3.96dd (12, 2) 3.99m 3.97dd (12, 2) 3.98 brd (12)
6b 3.75dd (12.5, 6) 3.75dd (12, 6) 3.78m 3.75dd (12, 6) 3.75dq12, 6)
1d 4.04d (11.5) 4.06d (12) 4.05d (11.7) 3.58d (12.5) 3.56d(12)
10 3.91d(11.5) 3.93d(12) 3.89d(11.7) 3.49d (12.5) 3.26a)
3 5.27 d (8.5) 5.24d (9) 5.28d (8.7) 5.19d (8) 5.21d(8.5)
4 4.621(8.5) 4.60t(9) 4.60t(8.7) 4.52t(8) 4.581(8.5)
5 3.90 n? 3.93 nP 3.95 n? 3.94 np 3.93nP
6d 3.93 br & (11.5) 3.93mM 3.95nP 3.91 br & (13) 3.92d(12.5)
60 3.72d (11.5) 3.72d (13.5) 3.74°m 3.75d (13) 3.74 8 (12.5)
2-0- decanoyl
2a 2.37dt (16, 7.5) 2.36 dt (16, 7.5) 2.35dt (16, 7.5) 2.28 dt (16, 8) 2.28dt (16, 7.5)
2b 2.29dt (16, 7.5) 2.29dt (16, 8) 2.27 dt (16, 7.5) 2.23dt (16, 8) 2.23dt (16, 7.5)
3 1.58 n? 1.57m 1.56 A 1.55gnt (7.5) 1.57mM
4-9 1.27 nk 1.25nP 1.25 nP 1.26 nP 1.25nP
10 0.88t(7) 0.881t(7) 0.88t(7) 0.88t(7) 0.88t(7)
3-0- isobutyryl
2 2.57 hept(7) 2.57 hept (7) 2.56 hept (7) 2.56 hept (7) 2.56 hetp (7)
3 1.17d (7) 1.16d(7) 1.16d (7) 1.15d (7) 1.15d (7)
4 1.16d (7) 1.15d (7) 1.14d (7) 1.13d (7) 1.14d (7)
1'-0- 2-methylbutanoyl! acetyl acetyl
2 2.43 hept (7) 2.10s 2.11s
3a 1.70 dgrft(14, 7.5)
3b 1.52 dqgrt(14, 7.5)
4 0.93t(7.5)
5 1.14d (7)
3-0- 2-methylbutanoyl isobutyryl 2-methylbutanoyl isobutyryl 2-methylbutanoyl
2 2.58 sext(7) 2.74 hept (7) 2.58 sext (7) 2.74 hept (7) 2.58 sext (7.5)
3a 1.78 dgnt (14, 7.5) 1.30d (7) 1.78 dgnt (14, 7) 1.28d (7) 1.78 dgnt (14, 7)
3b 1.62 dgnt (14, 7.5) 1.26d (7) 1.60 dgnt (14, 7.5) 1.25d (7) 1.60 dgnt (14, 7.5)
4 0.97 t (7.5) 0.97 t(7.5) 0.97t(7.5)
5 1.24 & (7) 1.23 ¢ (7) 1.24 & (7)

2 Determined at 300 MH2Superimposed signal.gnt = quintuplet.¢ hept= heptuplet sext= sextet.

field (40 6 3.58 and 3.49;5: 6 3.56 and 3.46) than the
corresponding CH1' signals of 1-3 (6 ~4.05 and~3.91).
Analysis of their NMR data, including the HMBC spectra, together
with the FABMS fragments atvz 387 and 233 fod andm/z 387
and 247 fors, allowed us to formulatd as 20-decanoyl-3,3di-
O-isobutyrylsucrose an8 as 20-decanoyl-30-isobutyryl-3-O-
2-methylbutanoylsucrose.

We have observed, after preliminary analysis of sevengbkalis

species, that acylsucroses are the main constituents of the resin

November 2003. A voucher specimen of the plant (M. ezl s/n)
was identified by one of us (M.M.) and deposited at the Herbarium of
the Universidad Autooma de Quétaro.

Extraction and Isolation. The fruits (without calices) were blended
and extracted with MeOH to give 137 g of extract. This extract was
partitioned with MeOH-H,0 (4:1) (1 L), hexane (300 mLx 3), and
then HO (1 L)—EtOAc (300 mL,x 3) to obtain the hexane (9.6 g),
EtOAc (44 g), and KO (70 g) fractions. The EtOAc fraction was
fractionated by VCC (column A) eluted with hexanEtOAc (4:6
ractions AT-A50; 3:7 fractions A5+A54; 0:10 fractions A55-A60).

covering fruits and inner parts of the calices, whereas in other partsycc (hexane-EtOAc 3:1) of fractions A+-A3 yielded 16.2 mg of

of the plant they are scarce. This and the aphicidal, molluscicidal,

kumatakenin (mp 254257 °C, MeOH, uncorrected; I mp 253

and antifeedant activities exhibited by other known sucrose esters254 °C). Fractions A4-A9 contained a mixture (I), as deduced from

suggest a protective role for these compounds.

Experimental Section

General Experimental Procedures.Vacuum column chromatog-
raphy (VCC) was performed on silica gel 60 (Merck G), while silica
gel 230-400 mesh (Macherey-Nagel) was used for flash chromatog-
raphy. TLC was carried out on precoated Macherey-Nagel Sil GJUV
plates of 0.25 mm thickness or Alugram RP-18 Wid\plates of 0.15
mm thickness. Spots were visualized by spraying with 3% GeSQ
N H,SO, followed by heating. Preparative TLC was carried out on
precoated Macherey-Nagel Sil RP-18W/¥ plates of 1.0 mm

an elonged and nonhomogeneous spdt0(32) on TLC (silica gel,
hexane-Me,CO, 7:3, 3 runs). A similar spoR 0.22) was exhibited
by fractions A18-A32, indicating the presence of a more polar mixture
(II). Fractions A16-A17 contained both mixtures, which were purified
by VCC (hexane-Me,CO, 7:3). A total of 11.8 g of | and 9.21 g of Il
were obtained. Mixture |, obtained after VCC (hexaie,CO—
MeOH, 75:25:2) of fractions A4A9, was fractionated on a silica gel
column eluted with hexareMe,CO—MeOH, 7:3:0.1 (column B,
fractions B1-B26). Fraction B4 contained mixture | enriched with the
less polar constituentl). A portion of this fraction (81.1 mg) was
subjected to preparative TLC (RP-18, Et©H,0, 1:1, 8 runs) to afford

1 (12 mg). Fractions B16B16 contained mixture | enriched with

thickness. Optical rotations were measured on a Perkin-Elmer 343 gnd 3. Preparative TLC (RP-18, MeOHH,0, 3:2, 5 runs) of this
polarimeter. The IR spectra were recorded on a Bruker Tensor 27 mixture (83.7 mg) gave (18.2 mg) and3 (12.9 mg). Mixture Il was

spectrometefH and'3C NMR spectra were recorded either on a Varian
Unity Plus 500 {H at 500 MHz;*3C at 125 MHz) or on a Varian Unity
(*H at 300 MHz;*C at 75 MHz) spectrometer, with TMS as internal
standard. Positive mode FABMSwnitrobenzyl alcohotsodium
matrix) and HRFABMS (polyethylene glycol 600 as standard) were
measured on a JEOL JMS-SX102A spectrometer.

Plant Material. Ripe fruits ofPhysalis nicandroidesar. attenuata
Waterf. were collected in Tlayacapan, State of Morelos, Mexico, in

purified by flash chromatography (hexankle,CO—MeOH, 6:4:0.1).
Then 117.9 mg of this mixture was subjected to preparative TLC (RP-
18, MeOH-H,0, 3:2, 3 runs), to obtain pu#(19.9 mg) and (33.8
mg). 1-0-(p-Hydroxybenzoyl)s-p-glucopyranose (16.2 mg) was ob-
tained after crystallization from fractions AS5A58 (mp 234 °C,
MeOH, uncorrected; li? mp 228°C, MeOH).

Nicandrose A (1):amorphous solid;d]?% +17.04 € 0.27, CHC});
IR (film) vmax3455, 1749 cm'; *H NMR (CDCls, 500 MHz) see Table



Notes

Table 2. 13C NMR Data ¢, 125 MHz, CDC}) for Nicandroses
A—E (1-5)

position 1 2 F 4 5
1CH 89.6 89.7 89.8 89.7 89.6
2CH 69.2 69.4 69.4 69.8 69.6
3CH 73.3 73.0 73.3 72.7 73.0

4 CH 70.0 69.9 70.1 71.2 70.0
5CH 74.7 74.5 74.5 73.9 74.2
6CH, 623 62.3 62.3 62.3 62.3
1'CH, 6338 64.5 64.4 64.3 64.4
2C 102.2 102.1 102.2 103.9 103.7
3 CH 78.3 78.6 78.4 79.0 78.6

4 CH 70.4 70.7 70.7 69.9 70.7

5 CH 82.3 82.3 82.4 82.3 82.2

6 CH, 59.4 59.5 59.6 60.1 59.8
2-0- decanoyl

1C 173.0 173.1 173.0 173.0 172.9
2CH, 34.0 33.9 34.0 33.9 34.1
3CH, 246 24.6 24.6 24.6 24.6
4CH, 29. 29.p 29.1 29.p 29.1

56 CH 29.2 29.2 29.2 29.2 29.2
7CH, 29.4 29.9 29.4 29.9 29.4
8CH, 318 31.8 31.8 31.8 31.8
9CH, 226 22.6 22.6 22.6 22.6
10CH 141 14.0 14.0 14.1 14.1
3-0 isobutyryl

1C 178.3 178.1 178.1 177.9 178.1
2CH 34.1 34.1 34.1 34.05 34.1
3CH; 18.9 18.9 18.9 18.9 18.9

4 CHs 18.7 18.7 18.8 18.8 18.7
1'-O- 2-MeB¢ Ac Ac

1 175.6,C 170.0,C 170.0,C

2 40.9, CH 20.6,ChH 20.6,CH

3 26.7,CH

4 11.5,CH

5 16.5,CH

3-0- 2-MeBu i-Bud 2-MeBu  i-Bu 2-MeBu
1 176.9,C 1774,C 176.9,C 178.0,C 177.7,C
2 40.8, CH 339,CH 409,CH 339,CH 40.8,CH
3 26.9,CH 19.2,CH 26.9,CH 19.2,CH 26.9,Ch
4 11.46,CH 18.7,CH 11.4,CH 18.7,CH 11.4,CH
5 16.4,CH 16.3,CH 16.3,CH

aDetermined at 75 MHZ? Signals may be interchange@-MeBu
= 2-methylbutanoyldi-Bu = isobutyryl.

1; 13C NMR (CDCk, 125 MHz) see Table 2; FABMS (positiveyz
757 [M + NaJ* (7), 387 [GoHss07] " (5), 331 [GeH27O7]" (29), 181
[CeH130g] " (16), 155 [GoH160]* (28), 127 [GH1g] ™ (18), 85 [GHsO]*
(55), 71 [CH/O]* (56), 57 [GHg]* (100), 43 [GH7, CHCOJ* (82);
HRFABMS myz 757.3997 [M+ NaJ" (calcd for GeHs015 + Na,
757.3986).

Nicandrose B (2):amorphous solid;f]?*% +36.96 ¢ 0.23, CHC});
IR (film) vmax 3456, 1746 cmt; *H NMR (CDCls, 500 MHz) see Table
1; 13C NMR (CDCk, 125 MHz) see Table 2; FABMS (positiveyz
701 [M + Nal*, (77), 387 [GoHssO7]™ (10), 275 [GaH1dO7] ™ (47),
215 [275— AcOH]* (8), 181 [GH1306]™ (8), 155 [GoH14O]" (56),
127 [GHa* (22), 71 [GH/O]" (63), 57 [GHe]* (58), 43 [GH7,
CH3;COJ" (100); HRFABMS m/z 701.3359 [M+ NaJ* (calcd for
CsoHs4015 + Na, 7013360)

Nicandrose C (3):amorphous solid;ff]*°%> +41.43 € 0.28, CHC});
IR (film) vmax 3459, 1746 cmt; *H NMR (CDCls, 500 MHz) see Table
1; 13C NMR (CDCk, 125 MHz) see Table 2; FABMS (positiveyz
715 [M + Na]*, (9), 387 [GoH3s07]" (12), 289 [GsH2107]" (8), 247
[C1iH160¢] ™ (97), 181 [GH1:0¢]"™ (57), 155 [GoHiO]™ (77), 127
[CoHuq] ™ (33), 85 [GH9O]* (80), 69 [GHsO]" (43), 57 [GHy| * (100),
43 [C3H7, CH,COJ* (63); HREFABMSm/z 715.3522 [M+ NaJ* (calcd
for CasHs6015 + Na, 7153517)

Nicandrose D (4):amorphous solid;d]*’% +55.0 € 0.22, CHCY});
IR (film) vmax 3422, 1740 cmt; *H NMR (CDCls, 500 MHz) see Table
1; 13C NMR (CDCk, 125 MHz) see Table 2; FABMS (positiveyz
659 [M + NaJ* (19), 387 [GoH3s07]" (7), 233 [GoH170¢]* (52), 215
[C10H150s] ™ (8), 155 [GoH190]™ (40), 127 [GH19)* (18), 71 [GH;O]"
(73), 57 [GHq)* (37), 43 [GH7]" (100); HRFABMS m/z 659.3248
[M + NaJ* (calcd for GoHs2014 + Na, 659.3255).

Nicandrose E (5):amorphous solidid]?% +30.56 ¢ 0.23, CHC});
IR (film) vmax3401, 1764 cmt; *H NMR (CDCl;, 500 MHz) see Table
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1; 13C NMR (CDCk, 125 MHz) see Table 2; FABMS (positivaeyz
673 [M + Nal", (75), 387 [GoHss07]" (12), 247 [GiH1406]" (29),
181 [GH1306]* (57), 155 [GoHeQO]* (27), 85 [GHO]* (50), 71
[C4H-O]" (54), 69 [GHsO]" (63), 57 [GHo] " (100), 43 [GH]" (85);
HRFABMS m/z 673.3401 [M+ Na]" (calcd for GiHs4014 + Na,
673.3411).

Alkaline Hydrolysis of Mixture I. A solution of mixture | (105.1
mg) in 2 M NH;OH (4 mL) was heated at 4% for 4 h. The reaction
mixture was acidified (pH 4) wit 2 M formic acid and extracted with
EtOAc to give 53.5 mg of the acid mixture. The aqueous phase was
dried in vacuo to afford 45.4 mg of syrup identified as sucrose.
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