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New Constituents of Sweet Capsicum annuum L. Fruits and
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Four new acyclic diterpene glycosides named capsianosides (1—4), together with 12 known
compounds, were isolated from the fresh sweet pepper fruits of Capsicum annuum L., a plant used
as a vegetable food, spice, and external medicine. The chemical structures of new natural compounds,
as well as their absolute configurations, were established by means of spectroscopic data including
infrared, high-resolution mass spectrometry, and one- and two-dimensional nuclear magnetic
resonance and by chemical derivatization. The known capsidiol (11) showed bacteriostatic properties
in vitro against Helicobacter pylori with a minimum inhibitory concentration (MIC) of 200 ug/mL when
compared with the commercial drug metronidazole (MIC, 250 ug/mL). Some purified components
were also tested for their antioxidant activities.
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INTRODUCTION chemical analysis of the pericarp and seeds with the identifica-

. : .. tion of new compound®)( 10). New sesquiterpenes and related

The genusCapsicum(Solanaceae) includes many species . .
9 b ( ) y sp compounds have been detected in stems and ro@apsicum

widely cultivated in Asia, Africa, and Mediterranean countries. annuum(11). Several diterpencid glycosides isolated from the
Peppers are native plants of America, and the fruits (pericarps); . ) o . ;
PP Ve p ! uits (pericarp )f uits of C. annuumexhibited antihypertensive effects (6)

are consumed as vegetable foods, spices, and external medicine

and are also a source of vitamins A, C, andLE Hot cultivars and haye been found_to be related to the improvement and
are rich in capsaicinoids giving the pungency of sdagsicum prevention of hypertensiorf). Among phytochemicals, polyphe-

species. Hot chili pepper has been used for centuries as anols deserve a special mention due to their free radical

condiment to aid digestion. Traditionally, medical doctors advise scgvepging .properties and in vivo biologica}l activitie§ that are
ulcer patients not to consume spicy foods like pungent capsicumbe'ng investigated by many researchers. Epidemiological studies

products, while naturopaths and herbalists have tended to usel"ave shown a possible correlat_|on bet\_/veen the d|eta_ry |nta_1ke
hot seasonings to relieve ulcers. Studies have shown thatOf polyphenols and the prevention of disease states, including

capsaicin in hot pepper cultivars such as cayenne and jal(,leenocancer, cardiovascular diseases, and neurovegetative disorders

inhibits the in vitro growth of the gastric pathogElelicobacter (12,13). . ) . )

pylori (2, 3). Other authors have reported that capsaicin does Several cherr_ucal and biological studies have been performed

not possess any in vivo efficacy in the treatmentofpylori on the hot cultivars, but only a few have been perfo_rmed on

(4). sweet peppers. In recent years, peppers have grown in popular-
Phytochemical investigations have been mainly focused on ity, and a wide number of varieties are now available in the

hot components of pepper speci&-{) and qualitative and ~ 90Cery stores. o _

quantitative determinations of phenolic metabolites with anti- ~ €ontinuing our research on promising active substances of

oxidant activities 8). In previous works, we reported a detailed  Plant origin, we describe in this paper the isolation and the
structure elucidation of four new glycosides named capsianoside

VIII (1), capsianoside 1X 2), capsianoside | esteB), and

* To whom correspondence should be addressed. Tel: 0039-0865-47891.

Fax: 0039-0865-411283. E-mail: iorizzi@unimol.it. capsianoside L4) along with 12 known compounds: capsiano-
lﬂmgz:g ggglg 2{33: g: '\N/Iéiilggg “Federico II". sides Il (5), V 6), and | (7) b, 6), inosine, uridine, quercetine
8 Universita degli Studi di Perugia. 3-O-rhamnoside (14), 3-0-(9,12,15-octadecatrienoyl)glyceryl-
Il Universita degli Studi del Molise. p-p-galactopyranoside (8)16), oxylipin (9) @6, 17), phos-
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phatidylcholine £0) (18), capsidiol {1) (19, 20), loliolide (12) Table 1. DCCC Fractionation and HPLC Purification of CHCI; and
(21), and blumenol C glucosiddy) (22) from fresh sweet n-BuOH Extracts
pepper fruits C. annuumL). Commonly consumed as a

vegetable in southern Italy, this pepper variety is known as “Red _ amount
Bull's Horn Chile”. The structural elucidation has been per- fractions (mg) compound MeOH/H.0
formed by spectral analysis, including various two-dimensional CHCl5 extract®
(2D) nuclear magnetic resonance (NMR) techniques, and by gg:% ‘3‘22 g 27265 (+1% HCOOH)
chemical means. In addition, we describe the antibacterial in  ;7_g4 20 9,11 6:4 (+1% HCOOH)
vitro properties of compound$l and 12 againstH. pylori 85-87 7.9 10 9:1 (+1% HCOOH)
indicated as the undisputed cause of chronic gasttipylori 161-175 225 8 91
is strongly associated with ulcer disease and has recently been n-BUOH extract?
recognized as a probable cofactor in the development of gastric A (47-55) 67.2 inosine 19
cancer (2324). B (56-63) 45.6 uridine 2:98

C (74-83) 36.4 5 6:4

D (84-899) 317 1 6:4
MATERIALS AND METHODS Eéfgsfﬂz) 2{3 12 2;‘

General Methods. Fast atom bombardment mass spectrometry Sgégjg)) ;218 g 3;25

(FAB-MS), electron ionization mass spectrometry .(EI-MS), and high- (225-247) 23.9 7 11
resolution (HR) FAB-MS were recorded on a Fisons VG Prospec | (756-274) 34.7 4 73
instrument. Optical rotations were determined on a Perkin-Elmer 141 (275-300) 76.0 quercetin 2:8
polarimeter. 3-O-rhamnoside

IH and**C NMR spectra were determined on a Varian Unity INOVA
spectrometer at 500.13 and 125.77 MHz, respectively, equipped with  a A\l fractions were purified on Cig u-Bondapak, except for fractions 85—
an indirect detection probe. Chemical shifts were referenced to the g7 purified on Luna C-18. P All fractions were purified on Cig w-Bondapak
solvent signals: deuterated methanol ¢OD) and deuterated chlo- column.
roform (CDCE). Residual CHROD: oy 3.31, dc 49.0; residual

CHCls: _6H 7.26, 6c 77.0. _For4, the heteronucle_ar mulnp_le bon_d Then-BuOH extract (3.3 g) was chromatographed by DCCC using
correlation (HMBC) experiment Was_recordeq with a Varian Unity n-BUOH/Me:CO/H,O (3:1:5) in descending mode (the upper phase was
INOVA 700 MHz spectrometer equipped with a triple resonance e stationary phase): the flow rate was 18 mL/h: 6 mL fractions were
cryoprobe. ' collected and combined as described above [TLC on it n-BuOH/
The heteronuclear single-quantum coherence (HSQC) spectra wereqoac/H,0 (12:3:5) as eluent]. Eleven fractions£M) were obtained
optimized for an averagdcn of 140 Hz; the gradient-enhanced HMBC  5pg purified by HPLC as summarized Trable 1.
experiment was optimized for dcy of 8 Hz. Capsianoside VIII (1). Yield, 40.6 mg f]o% —26.8 (c 0.3, MeOH).
Droplet countercurrent chromatography (DCCC) was performed on FAB-MS m/z1083 [M — H]~. HRFAB-MS m/z1083.5218 [M— H]~
a DCC-A apparatus (Tokyo Rikakikai Co., Tokyo, Japan) equipped (calcd for GoHg:O2s 1083.5223)H andC NMR are inTable 2.
with 250 glass columns. High-performance liquid chromatography  Capsianoside IX (2).Yield, 0.9 mg; p]o? —37.8°(c 0.09, MeOH).
(HPLC) was performed using a Waters 510 pump equipped with a FAB-MS m/z937 [M — H]~, m/z792 [(M — H) — 146]", andm/z646
Waters U6K injector and a Waters 401 differential refractometer as (792 — 146). HR-FAB-MS m/z 937.4639 [M — H]~ (calcd for
the detector, using a 150 mm 4.60 mm i.d., 3um, Luna C-18 CusH730,1, 937.4644)H and3C NMR are inTable 2.
(Phenomenex, Torrance, CA) and 30 en8.9 mm i.d., Gsu-Bondapak 16-OMe Ester of Capsianoside | (3)Yield, 4.8 mg; [a}25 —7.5°
(Waters, Milford, MA) columns; the flow rate was 1 mL mih (c 0.08, MeOH). FAB-MSm/z673 [M — H]~, m/z641 [(M — H) —
Plant Material. The fresh sweet pepper fruits 6f annuumwere 32]", andm/z479 (641— 162)". *H and**C NMR are inTable 2.
collected at the ripening stage at Campobasso (Italy) during the summer-  Enzymatic Hydrolysis of 3 To Give 3a.Compound3 (3.5 mg) in
time of 2004 and identified at the Dipartimento di Scienze Animali, a citrate buffer (1 mL; pH 4.5) was incubated with a glycosidase mixture
Vegetali e dell’Ambiente, University of Molise (Campobasso, Italy). (5 mg) of Charonia lampas(Shikagaku Kogyo, CO. LTD, Tokyo,
Red Bull's Horn Chile is a tapered,-82 in. long, nonbell sweet red  Japan) at 37C. After 3 days, the TLC analysis showed that the starting
pepper with the largest of stuffing pericarps, Italian Heirloom pre-1920. material had disappeared and was replaced by one major spot. The
A voucher specimen (PEP 5104) is preserved at the Dipartimento di mixture was passed through a C-18 Sep-Pak cartridge, washed with
Scienze e Tecnologie per 'Ambiente e il Territorio, University of H,0, and eluted with MeOH. The MeOH was evaporated to dryness,
Molise (Isernia, Italy). and the residue was submitted to HPLC on the CuiBondapak
Extraction and Isolation. The fresh sweet pepper fruits @. column in MeOH:HO 85:15 to give compoungda (2 mg); FAB-MS
annuum(259 g), immediately analyzed, were chopped and soaked in m/z349 [M — H] .
methanol (MeOH, 6 L) three times at room temperature for 12 h. The  Preparation of (R)- and (S)-a-Methoxy-a-(trifluoromethyl)-
methanol extracts, concentrated under vacuum, afforded 16.6 g of aphenylacetyl Chloride (MTPA) Esters (3d and 3a") from 3a. A
glassy material and were subjected to a modified Kupchan’s partition solution of3a (1 mg) in 1 mL of dry CHCI, was reacted with-)-
procedure (25) as follows. The methanol extract was dissolved in 10% MTPA-CI (5uL) in the presence of triethylamine (140) and a catalytic
aqueous methanol and partitioned agambexane. The water content  amount of 4-N,N’-(dimethylamino)pyridine (DMAP), and the mixture
(% vlv) of the MeOH was adjusted to 20 and 40% and partitioned was stirred at 25C for 30 min. After the solvent was removed, the
against tetrachloride (Cgland CHCY, respectively. The aqueous phase  mixture was purified by Si gel column chromatography performed in
was concentrated to remove MeOH and then extractednlitiithanol a Pasteur pipet filled with a slurry of Si gel using CH@k the eluent
(n-BuOH). Four extracts were obtained as followshexane (600 mg), to afford 3a’. Compound3a’ was then prepared through a similar
CCl, (1.4 g), CHC} (1.2 g), andh-BuOH (11.4 g). The CHGlextract procedure fromBa (1 mg) using (—)-MTPA-CI (5«L), triethylamine
(1.2 g) was chromatographed by DCCC using C#H@EOH/H,0 (7: (10 uL), and 4-DMAP.
13:8) in the ascending mode (the lower phase was the stationary phase); 13-(R)-MTPA Ester (3a'). EI-MS m/z 566 [M]". 'H NMR (500
the flow rate was 18 mL/h; 6 mL fractions were collected and combined MHz, CDCL): Jy (ppm) 7.31—7.57 (5H, aromatic protons), 6.71 (1H,
on the basis of their similar thin-layer chromatography (TLC) behavior dd,J = 1.5, 8.6 Hz, H-14), 5.95 (1H, ddl = 17.0, 11.0 Hz, H-2),
on SiQ plates (Alugram SIL G/UYs, TLC, Macherey-Nagel, Germany)  5.84 (1H, m, H-13), 5.12 (1H, t] = 6.8 Hz, H-10), 5.23 (1H, d) =
with CHCIl/MeOH/H,O (80:18:2) as the eluent. Five fractions were 17.5 Hz, H-1), 5.10 (1H, tJ = 6.8 Hz, H-6), 5.09 (1H, dJ = 11.2
obtained and purified by HPLC as summarizediable 1. Hz, H-1), 3.68 (3H, s, -OC}k}, 3.53 (3H, s, -OCHh), 2.43 (1H, dd,J =
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Table 2. 'H and 3C NMR (CD;0D, 500 and 125 MHz) of Compounds 1-3

1 2 3
pOSitiOﬂ 6Ha (30 6Ha 60 6Ha 6(;
1 5.25d (J=18.0), 115.7 5.25,05.21b 115.8 5.23d(J=175), 115.7
521d(J=111) 521d(J=112)
2 6.14dd (J=11.1,18.0) 144.2 5.95dd (J=11.0,17.1) 144.5 6.13dd (J=11.2,17.5) 1445
3 81.0 81.3 81.8
4 1.610 42.8 2.30,01.63° 42.9 1.60° 42.7
5 2.06° 233 2.170 23.2 2.06° 233
6 513brt(J=7.2) 125.6 530t(J=7.2) 129.3 5.13t(J=16.8) 125.6
7 135.9 1394 1355
8 1.980 40.6 2.13b 36.0 1.980 40.3
9 2.06° 275 2.13b 27.9 2.080 274
10 513brt(J=7.2) 1256 5,150 126.0 518t (J=6.8) 129.0
11 135.0 135.7 131.1
12 2.010 40.6 202t(J=1.7) 40.9 2.30dd (J= 6.9, 13.5), 47.6
2.13dd (J=6.9, 13.5)
13 218m 27.1 2.196 27.3 454 m 67.6
14 541t(J=8.1) 1311 540t(J=8.1) 1313 6.60 dd (J= 1.5, 8.6) 128.6
15 1321 1324 1449
16 1.78s 21.6 1.78s 21.9 169.7
17 434d(J=115),4.13d (J=115) 67.4 433d(J=112),4.13d (J=112) 67.7 184 127
18 161s 16.0 1.62s 16.3 1.66 s 16.4
19 161s 16.0 4.08s 59.7 1.60s 15.8
20 1.39s 23.2 1.39s 23.2 1.39s 231
—OCH3; 374s 52.1
Gl !
1 446d(J=177) 98.3 437d(J=76) 99.5 448d(J=177) 98.2
2 3.44P 83.0 3.190 75.2 3.43b 83.0
3 3.50t(J=19.0) 77.8 3.310 78.2 3.520 77.8
4 3.326 713 3.280 7.7 3.34b 713
5 3.18° 713 3.16° 716 3.190 713
6 3.79,03.63P 62.3 3.82,03.65° 62.8 3.81dd (J=11.9,23), 62.5
3.63dd (J=11.9,5.6)
Gle I
1 421d(J=178) 101.9 422d(J=16) 102.1
2 3.200 75.0 3.22b 75.2
3 3.44b 76.5 3.44b 76.7
4 356t (J=9.4) 789 358t (J=09.2) 793
5 3.380 75.2 3.390 75.4
6 3.93,03.61° 66.4 3.93,03.63" 66.9
Gl Il
1 454d(J=1.6) 105.7 456d(J="7.7) 105.6
2 3.250 76.4 3.250 76.3
3 3.26° 78.1 3.270 77.9
4 3.33b 714 3.370 714
5 3.370 7.4 3.380 77.5
6 3.80,03.70° 62.3 3.83dd (J=11.9,25), 62.5
3.70 dd (J = 11.9, 5.0)
Rha |
1 482s 102.5 483s 102.7
2 3.83° 72.2 3.830 72.2
3 3.655 72.0 3.655 72.0
4 3.39 737 3.400 735
5 4,000 70.3 4,00 70.3
6 1.26d (J=6.6) 177 1.26d (J=6.1) 178
Rha ll
1 471s 101.4 472s 101.6
2 3.850 72.0 3.850 72.0
3 3.69° 721 3.69dd (J=19.6,3.3) 721
4 3.360 73.6 3.380 73.6
5 3.72b 69.6 3.740 69.6
6 1.28d (J=6.6) 17.8 128d (J=6.1) 181

a Coupling costants (in Hz) are given in parentheses. © Overlapped signals.

13.5, 6.9 Hz, H-12), 2.26 (1H, dd,= 13.5, 6.9 Hz, H-13, 1.96 (3H, 6.8 Hz, H-10), 5.09 (1H, tJ = 6.8 Hz, H-6), 5.07 (1H, dJ = 11.2

s, CH:-17), 1.60 (3H, s, Ckt18), 1.57 (3H, s, Ckt19), 1.30 (3H, s, Hz, H-1), 3.68 (3H, s, -OC}}, 3.53 (3H, s, -OCH), 2.50 (1H, ddJ =

CH;-20). 13.5, 6.9 Hz, H-12), 2.31 (1H, dd,= 13.5, 6.9 Hz, H-13, 1.94 (3H,
13-(S)-MTPA Ester (3a").EI-MS m/z566 [M]*. *H NMR (500 s, CH-17), 1.67 (3H, s, CE18), 1.58 (3H, s, CE19), 1.30 (3H, s,

MHz, CDCL): 0y (ppm) 7.30—7.58 (5H, aromatic protons), 6.57 (1H, CHs-20).

dd,J = 1.5, 8.6 Hz, H-14), 5.93 (1H, dd} = 17.0, 11.0 Hz, H-2), Capsianoside L (4).Yield, 0.6 mg; [t]o2® —10.0°(c 0.06, MeOH).

5.82 (1H, m, H-13), 5.22 (1H, dl = 17.5 Hz, H-1), 5.21 (1H, t) = HR-FAB-MS m/z1579.7889 (calcd, 1579.7896). FAB-M8/z 1579
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Table 3. 'H and 3C NMR (CD;0D, 500 and 125 MHz) of Compound 4

position On? Jc position Ox? dc
1 5.21,05.25b 115.8 Iy 5.23b 115.8
2 5.95dd (J=17.7,11.0) 1445 2 6.14 dd (J=17.6, 10.9) 1445
3 81.3 3 81.4
4 1.640 42.8 4 1.620 42.8
5 2.16P 235 5 2.06 233
6 5.310 129.3 6' 5.13 brt 125.7
7 139.3 7 135.7
8 2.13b 35.6 8 2.000 40.5
9 2.09p 28.0 9 2,110 217
10 5.14b 128.9 10’ 5.13 brt 125.7
11 1315 11 135.5
12 2.30,02.15P 47.7 12' 2.020 40.6
13 455m 67.7 13 2.190 27.3
14 6.72dd (J=8.6,1.5) 129.0 14' 5.41b 131.0
15 145.0 15 132.3
16 169.6 16' 1.78s 21.8
17 1.89s 13.2 17 4.34d (J=115), 67.3
4.13d (J=115)
18 1.68s 16.5 18 1.62s 16.3
19 4,09 59.8 19’ 1.62s 16.3
20 1.38s 231 20" 1.39s 234
Glel
1 448d(J=1.6) 98.3 4 3.310 715
2 3.44P 83.1 5 3.19° 715
3 3.500 78.0 6 3.815,3.63" 62.5
Gle IV
1 436d(J=7.6) 99.4 4 3.280 717
2 3.18° 75.2 5 3.17° 775
3 3.30° 78.0 6 3.82,03.64° 62.8
Glell
1 4.21d(J=8.0) 102.1 4 3.560 78.0
2 3.21b 75.0 5 3.380 75.2
3 3.450 77.0 6 3.95,0 3,65° 66.8
Rha |
1 4.83s 102.6 4 3.580 71.6
2 400d (J=3.0) 70.2 5 4,020 701
3 4.68 dd (J=10.0, 3.0) 75.6 6 1.28d (J=6.3) 18.1
Gle I
1 456d(J=17.5) 105.7 4 3.35° 71.2
2 3.24b 76.5 5 3.37P 774
3 3.26° 78.1 6 3.83,03.70° 62.8
Rha ll
1 472s 101.6 4 3.370 73.8
2 3.85° 72.1 5 3.76° 69.7
3 3.70 72.2 6 129d (J=16.3) 18.0

2 Coupling costants (in Hz) are given in parentheses. © Overlapped signals.

Table 4. 'H and 13C NMR (CD:OD, 500 and 125 MHz) of Oxylipin 9
[M — H]-, m/z1083 [(M — H) — 496] , m/z921 [1083— hexosel, abe an (CD50D, 500 an 2) of Oxylipin

m/z 775 [921 — deoxyhexose], m/z 467 [775— deoxyhexose and position Ot dc
hexose]. 'H and*C NMR are inTable 3. 1 1781
Capsianoside IlI (5).Yield, 2.5 mg; p]p?® —23.3 (¢ 0.12, MeOH). 5 227t (J=T74H) 351
FAB-MS m/z 1123 [M + Na]+. lH, lSC, and 2D NMR data were 3 161m ' 263
virtually identical to those reported in the literatu® 6). 4 1.36 mb 30.1
Capsianoside V (6).Yield, 1.0 mg; [ab?® +1.7° (¢ 0.1, MeOH). 5 1.36 mP 30.1
6
7
8
9

FAB-MS m/z537 [M + NaJ". H, 13C, and 2D NMR data were virtually 1.36 m? 30.1
identical to those reported in the literature 6, 1.56-1.355 26.4
Capsianoside | (7).Yield, 4.7 mg; [cb? —8.5° (c 0.1, MeOH). 1.74-1.42° 33.9

FAB-MS m/z 683 [M + NaJ*. *H and*3C NMR were virtually identical 3.47 ddd (J_: 9.8,7.5,2.2) 733
to those reported in the literature ). i(l) i'g; gg 8; ;2 3'8% ;Za.?l

3-0-(9,12,15-Octadecatrienoyl)glyceryl-fb-galactopyranoside 1 5.51 ddt U= 12184 1 5) 129.4
(8). Yield, 6.9 mg. FAB-MSmz 515 [M + H]*. 'H, 1C, and 2D 13 553m T 13256
NMR data were virtually identical to those reported in the literature 14 2.99 dt (J= 15.7, 6.8), 27.1
(15). 2.85dt (J= 15.7, 6.6)

Oxylipin (9). Yield, 2.6 mg. ESI-MS (m/827 [M]"). *H and*3C 15 5.35m 127.9
NMR are inTable 4. 16 5.39m 132.7

Phosphatidylcholine (10).Yield, 2.8 mg. FAB-MSm/z518 [M + 17 2.10 quintet (J = 7.5) 211
Nal*, m/z459 (18). 18 0.97t(J=15) 14.0

Capsidiol (11).Yield, 2.7 mg; p]p?® +18.9°(c 0.15, MeOH). El-
MS m/z 236 [M]*. *H NMR (500 MHz, CQXOD): du (ppm) 5.90 a Coupling costants (in Hz) are given in parentheses. © Overlapped signals.
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(1H, dd,J = 6.8, 2.1 Hz, H-9), 4.70 (1H, § = 1.5 Hz, H-12), 4.68
(1H, d,J = 1.1 Hz, H-12), 4.50 (1H, dy = 12.7, 4.3 Hz, H-3), 4.27
(1H, dd,J = 3.5, 2.7 Hz, H-1), 2.21 (1H, tf] = 12.4, 3.8 Hz, H-7),
2.05 (1H, m, H-8), 1.89 (1H, m, H'8 1.83 (1H, H-2), 1.75 (1H, dd,
J=13.9, 3.0 Hz, H-6), 1.73 (3H, s,3H13), 1.69 (1H, m, H-4), 1.63
(1H, ddd,J = 13.4, 12.7, 3.5 Hz, H-2'), 1.35 (3H, sgH15), 1.32 (1H,

m, H-6), 0.87 (3H, dJ = 7.0 Hz, H-14).13C NMR (125 MHz, CD-
OD): 6 ¢ (ppm) 150.8 (C-11), 141.4 (C-10), 129.3 (C-9), 109.2 (C-
12), 75.6 (C-1), 66.0 (C-3), 46.6 (C-6), 41.6 (C-7), 40.1 (C-5), 36.9
(C-2), 32.6 (C-15), 31.5 (C-8), 21.1 (C-13), 9.6 (C-14).

Loliolide (12). Yield, 0.7 mg; pJp® —61.7°(c 0.07, MeOH). EI-

MS m/z196 [M]*. *H NMR (500 MHz, CDOD): 6w (ppm) 5.75 (1H,

s, H-7), 4.22 (1H, quintet) = 3.4 Hz, H-3), 2.42 (1H, dt) = 13.7,

2.4 Hz, H-4), 2.01 (1H, dtJ = 14.3, 2.5 Hz, H-2), 1.76 (3H, s, H
11), 1.75 (1H, ddJ = 13.7, 4.2 Hz, H-4), 1.53 (1H, dd,= 14.3, 3.8
Hz, H-2), 1.47 (3H, s, B9 ax), 1.27 (3H, s, B10). *C NMR (125
MHz, CD;0D): dc¢ (ppm) 185.4 (C-6), 174.3 (C-8), 113.3 (C-7), 88.7
(C-5), 67.2 (C-3), 48.1 (C-2), 46.5 (C-4), 37.1 (C-1), 31.0 (C-10), 27.5
(C-11), 27.0 (C-9).

Blumenol C Glucoside (13).Yield, 1.0 mg; [ab? +48° (c 0.1,
MeOH). FAB-MSm/z395 [M + NaJ* (22).

Bacterial Strain. The isolate ofH. pylori (strain DSMZ 4867,
originating from human gastric samples) was obtained from the DSMZ
Culture Collection. The strain was cultured on Columbia agar (Difco,
Italy) with 4% horse blood (Difco).

Minimum Inhibitory Concentration (MIC) Determination. The
MIC was performed by the NCCL26) agar microdilution procedure

De Marino et al.

activity. Capsidiol synthesis occurs in many solanaceous species
and is synthesized in response to several environmental stimuli
(20).

The FAB mass spectrum df exhibited a quasi-molecular
ion peak aim/z1083 [M — H]~, and high-resolution measure-
ments indicated the molecular formulgg8s4Ozs.

A comparative analysis ofH and 3C NMR and 'H—H
correlation spectroscopy (COSY) spectralofvith those of5
(5, 9) suggested the presence ofl8 BOE 147 17-hydroxygera-
nyllinalool as the basic skeleton, which was confirmed by the
observed HMBC correlations. Significant differences were
attributable to NMR data of oligosaccharide chains with respect
to the reference compounds, and the new compdusttbws a
branching glucose unit never found before in other related
metabolites.

The presence of five sugar units was corroborated by the
anomeric proton resonancesdt 4.54, 4.82, 4.21, 4.71, and
4.46, which were correlated with the corresponding anomeric
carbon signals at 105.7, 102.5, 101.9, 101.4, and 98.3 ppm in
the HSQC experiment. The identity of the five sugar units was
determined by acid methanolysis and GLC analysis, as glucose
and rhamnose in the ratio 3:2. TR&C NMR confirmed the
presence of 20 carbon signals including one oxygenated
methylene carbon (C-17, 67.4 ppm), one quaternary carbon

(27). The bacterium was recultured on Columbia agar, as describedbearing one oxygen atom (C-3, 81.0 ppm), along with signals

above, at 37C for 5—7 days under microaerobic conditions. In a tube

of f-glucose &3) anda-rhamnose %2). HMBC cross-peaks

of brain heart infusion broth (Difco), a bacterial suspension was made of C-3 and C-17 with the anomeric protonséat 4.46 (Glc 1)

to a density of a 0.5 McFarland standard{©OFU/mL). The inoculum

was diluted in sterile saline such that the final organism suspensions

contained a viable count of § 10~ CFU/mL. Compound41and12
were dissolved in dimethyl sulfoxide (DMSOZ2TY). Metronidazole
(dissolved in DMSO) was used as a positive control.

Three different concentrations @fl and12 (50—200ug/mL) were

andoy 4.21 (Glc ), respectively, confirmed the glycosylation
sites of geranyllinalool aglycone. Two different oligosaccharide
chains were present ib, and a comparative analysis of NMR
data with those of known capsianoside 1l suggested the presence
of the same disaccharide chain linked at C-3 of aglycone. By

prepared and added to 5 cm diameter Petri plates where the bacteriaHMBC experiment, the linking of Glc Ill at Glc | from a cross-

suspension (0.1 mL) and 5 mL of MuelteHinton agar with 5% aged
(>2 weeks old) sheep blood (Difco) were previously inoculated at 45
°C. The Petri plates were incubated at’&7for 72 h under microaerobic

peak between H-1 (¢4.54) of Glc Il with C-2 ¢ 83.0) of
Glc | was established. The remaining sugar units, glucose and
rhamnose (x2), are components of the second oligosaccharide

conditions. After incubation, the bacterial colonies were counted. The chain in which the glucose unit (Glc 1) was linked to C-17 of

lowest drug concentration showing no growth was read as the MIC.

RESULTS AND DISCUSSION

The methanol extracts of Red Bull's Horn Chile pericarps
were very rich in secondary metabolites. Thbuthanol soluble
portion was subjected to DCCC and HPLC purification to

aglycone.

2D-TOCSY and COSY experiments clearly showed correla-
tion signals from the H-1 to §6 spin system of Glc Il and for
Rha | and Rha Il. Taking into account the known effects of
glycosylation on the'3C chemical shift 29), the position of
interglycosidic linkages was determined. On the basis of these

furnish four new glycosides named capsianosides and classifiedconsiderations, the Rha | and Rha Il units were located as

in two groups, monomeric diterpene glycosidds-8) and
dimeric esters 4). Capsianosidedl, 2, and 4 contain a

terminal sugars by the absence of &f@ glycosylation shifts.
The attachment of Rha | at C-4 of Glc Il was established by a

trisaccharide chain with an unusual glucose unit, a branching significant cross-peak H-1 (Rha 1) at 4.82 with C-4 (Glc II)

point never found before in other related compounds. By HPLC
purification were also isolated the known compoubds, and
7, inosine, uridine, and quercetine 3-O-rhamnoside.

Analysis of the chloroform soluble fraction led to the isolation
and structural elucidation @&, 9, 10; two sesquiterpenegl
and 12; and the megastigmane blumenol C glucosii8) (
previously identified from several plants.

at oc 78.9 in the HMBC spectrum. In the same experiment,
H-1 of Rha Il ¢y 4.71) showed a correlation with C-6 of Glc

Il (6 c 66.4) indicating a 4,6-diglycosylatgidp-glucopyranosyl
unit. These data were also in agreement with the downfield shift
observed in thé3C NMR for C-4 ¢ 78.9) and C-6 d¢ 66.4)

of Glc Il as expected for a glycosylation shift. Moreover, C-3
(6c 76.5) and C-5 (¢ 75.2) were upfield shiftedyteffect) with

In the sweet variety examined, acyclic diterpene glycosides respect to the reference data of a unsubstituted glucose (Glc
constituted the main components when compared with otherlll) (29). The presence of a disubstituted glucose unitlin

products obtained in minor amounts. Compouhé a very
rare metabolite, and its biological functions have not been fully
clarified (28). It is generally accepted that plants respond to

represents a singular exception to the general pattern encountered
in the previously isolated capsianosides. The absolute config-
uration at C-3 was suggested to &3 in other capsianosides

pathogen attack with a multicomponent defense response.isolated, on the basis of optical rotation. Therefore, the structure

Formation of oxygenated fatty acids, collectively named oxy-
lipins, is one of the early responses of plant cells to environ-

of 1 was defined as 3-O-f-glucopyranosyl-(1—2)-/-glu-
copyranosyl-17-hydroxy+6 10E,147-(3S)-geranyllionalool-17-

mental stress (17), and in this plant material, it is associated O-[a-L-rhamnopyranosyl-(3-4)<{ a-L-rhamnopyranosyl-(3-6)} ]-

with the presence afl, a natural phytoalexin with antifungal

[-D-glucopyranoside.
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Comparison offtH and13C NMR data of2 with those of1l
clearly indicated structural similarity between the two com-
pounds (Table 2). In a negative ion mode spectrum, the quasi-
molecular ion peak fo2 was found atm/z 937 [M — H]~
followed by two predominant peaks at/z792 [(M — H) —
146] and m/z 646 (792— 146) indicating the loss of two
deoxyhexose units. The main difference in the compd@wvith
respect tol was the lack of signals of a glucose unit in the
NMR spectrum.'H NMR and 'H—'H COSY showed four
anomeric proton signals aty 4.22 (d,J = 7.6 Hz),oy 4.37 (d,

J = 7.6 Hz) typical of twgB-glucosyl moieties, andy 4.72 (s)
andoy 4.83 (s), indicative of twa-rhamnosyl units. Moreover,

in 2, a singlet avy 4.08 (2H) due to a hydroxymethyl group
and three methyl groupsy 1.39 (CH-20), 1.62 (CH-18), and
1.78 (CH-16)] was observed, one less tharijiwhen compared
with the™M NMR of 1. The location of the hydroxymethyl group
at C-19 was derived from the HMBC spectrum, which showed
correlations between #19 (d4 4.08) and C-7 (¢ 139.4), C-6
(0c 129.3), and C-8 (¢ 36.0) and was also supported by
hydroxylation shifts observed in th&C NMR spectrum for C-6,
C-7, and C-8 with respect to the same carbon signalk i
good coincidence in the chemical shift of HSQC data and
HMBC correlations was observed for the trisaccharide moiety
linked at C-17 with the unusual 4,6-disubstituted glucose as in
1 (Table 2). The remaining3-p-glucopyranosyl residue was
linked at C-3 of the geranyllinalool moiety as deduced from
HMBC correlation for anomeric proton signal (Glc )@ 4.37
with C-3 (81.3 ppm). Thus, the structure reportedrigure 1
was assigned to compouBdwhich was given the trivial name
of capsianoside IX.

Analysis of NMR data of compoun8, in comparison with
those ofl, indicated the same disaccharide moiety linked at

C-3 of the aglycone and the loss of the trisaccharide chain at

C-17. The IR spectrum showed absorption due to hydroxyl
(3458 cnt?) functions and ao,S-unsaturated ester carbonyl
group (1724, 1652 cm). In the FAB-MS spectrung exhibited

a pseudomolecular ion peakratz 673 [M — H]~ together with
fragment ions am/z641 [(M — H) — 32] andm/z479 (641

— 162)". The 13C NMR spectrum displayed signals assigned
to two 3-p-glucose units, one hydroxymethine grodg 67.6),
one carbonyl ester functiod¢ 169.7), and one-OMe group
(0c 52.1). The complete elucidation & was achieved by
HSQC, HMBC, andH—'H COSY experiments (Table 2) and
by the correlations observed; it was possible to deduce3that
was the 16-methyl ester Gf(5, 6), also isolated as component
of the same extract. The absolute configuration at C-13 was
determined to beR by a modified Mosher's method after
esterification with MTPA [emethoxy-a(trifluoromethyl)phenyl
acetate] (30) of the aglycon8a obtained by enzymatic
hydrolysis of3. A0S—AdRvalues in Hz are shown iRigure

3. Compound4 showed the absorption bands due to hydroxyl
(3438 cntl) and aa,S-unsaturated ester groups (1715, 1647
cmY) in the IR spectrum. Its molecular formula was determined
to be GeH124034 by an HR-FAB-MS spectrum. The negative
FAB-MS gave a pseudomolecular ion peakrdz 1579 [M —

H]~ and significant mass fragment ionsratz1083 [(M — H)

— 496, m/z 921 [1083 — hexose}, m/z 775 [921 —
deoxyhexose], andm/z 467 [775— deoxyhexose and hexose]
The 13C NMR spectrum o# showed 76 signals including six
anomeric carbonsT@ble 3) at & 98.3, 99.4, 101.6, 102.1,
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Figure 1. New compounds isolated from fresh sweet pepper fruits of C.
annuum L.

Glc IV

(capsianosides A—H) esters of acyclic diterpene glycosides,
isolated from different species ofapsicum (5—7). Acid
methanolysis o# affordedp-glucose and.-rhamnose in the
ratio 4.2. The identity of the single sugar chain and the sequence
of oligosaccharide chains was determined!bly-'H COSY,
TOCSY, HSQC, and HMBC data. Detailed inspection of 2D
NMR experiments indicated a cluster of signals for the'kisl
H-20' chain and for Glc I, Glc Ill, Glc I, and Rha Il units,
virtually identical to those detected fdr. In addition, NMR
data showed signals relative to a secolrj1®E,14E-geranyl-
linalool chain with a terminal glucosy! unit (Glc 1V) linked at
C-3 as indicated by cross-peak H-1 (Glc I¥) 4.36 with C-3

(6c 81.3) observed in the HMBC spectrum. The analysi&-bf
NMR andH—'H COSY from H-1 to Hs-20 displayed signals
for three tertiary methyl groups ¢-17, Hs-18, and H-20), one
oxymethine ¢y 4.56), one oxymethylen&y 4.09), and a series

102.6, and 105.7, which were correlated with the corresponding of olefinic protons. On the basis of HSQC and HMBC

anomeric protons in the HSQC experiment. Moreover,#ie

experiments, hydroxyl groups were located at C-13 and C-19.

NMR also suggested the presence of the ester carbonyl groupThis was supported by correlations observed between K413 (

atdc 169.6; therefore4 was estimated to be related to dimeric

4.56)/C-14 (¢ 129.0) and C-12dc 47.7) and between #19
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Figure 2. Known compounds isolated from fresh sweet pepper fruits of C. annuum L.

70 125 135 involved in the ester linkage. Moreover, we also observed the
> , acylation shifts in the 24 4.00; 6¢ 70.2) and 4 ¢y 3.58; 5¢
71.6) positions. These data were confirmed by HMBC correla-
tions observed between C-16169.9) and H-3dy 4.68) of
OMTPA o Rha I. The absolute configurations at C-3 and 'Oagre
10 +35 suggested to beS3as indicated for previously isolated com-
pounds. The chirality at C-13 was assigned Rs as for
compound3. Thus, structurd was indicated for capsianoside

Figure 3. Results of the modified Mosher's method for 3a. The Ad values
are in Hz (0S-0R, 500 MHz).

L.
(0n 4.09) and C-6dc 129.3), C-7 §c 139.3), and C-84c 35.6), Oxylipins are important signaling and defense compounds
respectively. From HMBC data, the carbonyl ester was located in plants whose synthesis may occur either enzimatically via
at C-16 on the basis of the cross-peaks1H/C-16, H-17/C- the lipoxygenase pathway or by autoxidatid@), Among them,

15, and H-14/C-17. Interpretation #i—1H COSY and TOCSY several kinds of oxygenated unsaturated C18 fatty acids have
experiments clearly indicated a different chemical shift values been isolated. A &),10(S),11[R)-trihydroxy-12¢),15()-octa-

in the spin system sequence for the Rha | unit as compareddienoic acid was previously identified with several related
with those of terminal rhamnosyl residue (Rha Il). Thus, a compounds, as novel elicitor-inducible oxylipins in potat6)
hydroxyl group of Rha | that participated in the ester bonding with strong antifungal activity. We report herein the character-
was suggested. The low-field chemical shift of H-3 (Rha I) at ization of compoun® because no clear references about the
O0n 4.68 (& 75.6) indicated that the hydroxyl group at C-3 was stereochemical determination were found.



New Constituents of Sweet Capsicum annuum L. J. Agric. Food Chem., Vol. 54, No. 20, 2006 7515

The molecular formula 0® was determined as;gH3,0s by
elemental analysis, ESI-M®1(z 327 [M]7), 13C, and 2D NMR.
The!H NMR (Table 4) displayed one methyl group( 0.97),
four olefinic protons (¢ 5.53,0n 5.51,04 5.39, anddy 5.35),

number of newer compounds showing high antimicrobial
activity without the resistance drawbad’(38). In recent years,

a growing interest in alternative therapies and therapeutic use
of natural products, especially those derived from plants, has

three oxygen-bearing methine signal§{(4.59, dd, 1H), ¢u
3.47, ddd, 1H), anddy 3.41, dd, 1H)], and several methylene
groups resonating fromy 1.35 to oy 2.99. Thel3C NMR
(Table 4) indicated the presence of a carbonyl groupX48.2),

been observed.

In the present study, we have examined the antibacterial

properties of capsidiol (11) and lolioliddZ) usingH. pylori
cultures and NCCLS microdilution method. Comparative

four olefinic carbons, and partially overlapped methylene carbon efficacies of11, 12, and metronidazole were examined in

signals. Inspection dfH—'H COSY and TOCSY experiments
allowed us to detect the C18 chain, starting from18 to H-

vitro.

Compoundl1 showed bacteriostatic properties in vitro at the

6, with 12@),15(2 unsaturations. The location of the carboxylic concentrations of 20@g/mL (MIC). The commercial drug
function was determined by inspection of the HMBC spectrum, metronidazole possessed a similar MIC (2@@/mL) as
which showed a long-range coupling between the carboxyl compared tall. Compoundl2 showed no inhibitory activity

group atoc 178.2 with the methylene protons & 2.27 (H-

againstH. pylori. The results clearly demonstrate tldtcan

2), while the remaining hydroxyl functions at C-9, C-10, and act as an antibacterial agent agaifispylori. In the guidelines

C-11 were supported by cross-peaks between HéL®B(41)/
C-11, C-12, C-9, and C-8 and between Héy 3.47)/ C-10,

established by the NCCLS (26), the MIC interpretive standard
of metronidazole foH. pylori is defined as follows: susceptible,

C-11, C-8, and C-7. The double bond positions were supported <8 #g/mL; intermediates=8 ug/mL; and resistant; 8. H. pylori

by correlations observed forH4 with H-15 and H-13. Th&
geometry of double bonds was derived from the coupling

DSMZ 4867 showed metronidazole resistance.

The capsidiol showed a clear in vitro amti-pylori activity

constants (3= 12.1 Hz) between H-12 and H-13, while a very against DSMZ 4867 isolate; thus, treatment with capsidiol may

complex signal was detected for H-15 and for H-16. The

be a useful treatment for antibiotic-resistant strains and for

stereochemistry was assigned on the basis of high-field chemicalpatients who do not wish to take synthetic antibiotics and would

shift of the allylic methylene carbons in th#&C NMR spectrum
(31).

also be a cheaper alternative in developing countries. However,
absolutely further animal models and clinical studies should be

We suggest the 9(S),10(S),11(R) configuration in our mol- Performed.

ecule, as for the previously isolated oxylipin, by application of
the Murata method, d-based configuration analysis for the

Antioxidant Activity. We have also investigated the anti-

oxidant activity of compoundq, 5, 6, and8 with different

elucidation of relative stereochemistry in acyclic structures with Methods: DPPH scavenging test (39), assays based upon the

1,2-chiral centers usingly—n and?3Jc—y values, with a phase-
sensitive HMBC 82) in combination with ROE daté88, 34).

reduction of Cd*/ Cu* (40), and lipid peroxidation4(l) using
the reported procedure. All of the tests gave negative results,

This approach allowed the determination of the predominant which are not reported in this paper.

staggered rotamers along the-6910 axis and the C16C11
axis. Observation of a largeaiti) 3J4_y value between H-9
and H-10 led a protonproton anti arrangement. Thexythro
rotamer with C/Canti configuration was proposed because no
ROE was observed between H-9 and H-10. In our case, ROE
experiments revealed spatial proximity for H-8 and H-10, H-10
and H-15, and H-11 and H-14. These data were supported by
a large2Jcio-ne (—4.6 Hz) and?Jco—n1o0 (—5.4 Hz) coupling
constants. For the segment CG1011, the observed values of
3J410-H11 SMall (gauche)Jcio-n11 large, and?cii—nio small
(—2.1) were consistent with the proposed stereochemistry. On
the basis of above evidencewas determined to be S§,10-
(S),11(R)-trihydroxy-12(Z),15(Z)-octadecadienoic acid.

Other compounds isolated from this plant material were fully
characterized by comparison of the NMR data with spectro-
scopic data reported in the literaturem$, 7 (5, 6), 8 (15), 10
(18),11 (19, 20), 12 (21), and13 (22).

Antimicrobial Activity. H. pylori is strongly associated
with gastritis and ulcer disease. Environmental sources indi-
cate thatH. pylori can survive in water, chilled foods, milk,
and fresh vegetables for several dakis.pylori can be found
in human feces and can be transmitted directly from person to
person by the fecaloral or orat-oral route.H. pylori can
be found in several animal reservoirs; however, the possi-
bility of animal-to-animal or zoonotic transmission is unknown
(35). Patients withHelicobacter-associated peptic ulceration
can be cured by antimicrobial treatment, and agents used in the
therapy are metronidazole, bismuth salts, furazolidone, cipro-
floxacin, etc. 86). Widespread antimicrobial use has resulted
in a worldwide increase in the prevalence of antibiotic resistance
in H. pylori, and this problem has led to the evaluation of a
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