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Four new 11-nor-iridoids, /73,80,10-tetrahydroxyeis-2-oxabicyclo[4.3.0]nonan-3-onel) 643,75,8c,10-tetrap-
hydroxybenzoylis-2-oxabicyclo[4.3.0]Jnonan-3-on&)( 1/5,653,7a,8a,10-pentahydroxyis-2-oxabicyclo[4.3.0Jnonane

(3), and @-hydroxy-2-oxabicyclo[4.3.Q§8-°-nonen-1-one4)

, were isolated from the pulp of the fruits Gfescentia

alata. Although a limited number o€rescentiaspecies have been studied chemically, iridoids lacking C-11 have been
isolated from the fruits of these species, and the isolation of compdlindgrom C. alatais in accordance with the
constituents of the species previously analyzed. The structures of these compounds were established on the basis of IR,

UV, 'H and3C NMR, DEPT, COSY, HSQC, HMBC, MS,

Crescentia alataKunth (Bignoniaceae) [common names: cu-
atecomatl, kuhteconatl (haatl), cuastecomate, and cirian] is a tree
growing in mild and hot, dry arid zones of Mexico. The black
mature pulp of the fruits from this plant has been employed since
the eighteenth century to prepare a tonic used to relieve different
respiratory infections, cough, asthma, bronchitis, tuberculosis, and
breast pairt. A previous report to validate the use Gf alatain
the traditional medicine of Guatemala as an anti-inflammatory

and X-ray data.

Oc 176.3 in13C NMR spectrum). A bicyclic nor-iridoid skeleton
was evidenced from the nine carbon resonances irB&MR

and DEPT spectra df, corresponding to three GHfour CH, and

two quaternary carbons. Of these, in addition to the carbonyl group
(vide suprg, five signals were assigned to oxygenated carbons at
0 82.6 (C), 79.9 (CH), 79.4 (CH), 68.2 (GHand 66.2 (Ch), and
three signals abd 41.2 (CH), 41.0 (CH), and 33.8 (GHwere due

to sp carbons. In accordance with the COSY spectrum, there

remedy showed that a methanol extract of the leaves from this plantcorrelations were observed: the signabat4.48 showed a cross-

exerted significant activityn »ivo and that this extract contained
rutin, kaempferol, and kaempferol@G+utinoside? There have been
no previous literature reports on the chemical composition of the
fruits of this species.

C. alatais a 10 to 14 m tree with spherical fruits of approximately
15 cm diameter. The mature fruits included a black pulp, and the
methanol extract yielded compoundls-4, triacylglycerides, B-
sitosterol palmitaté,stigmast-4-en-3-ont stigmast-4,22-dien-3-
one? ningpogeniné,sucrose, and glycerol. The structure elucidation
of compoundsl—4 is described herein.

Compoundl was isolated as white needles and had, on the basis
of HRCIMS [(M + H)*, m/z 219.0865], a molecular formula of
CoH140s, indicating three unsaturation degrees. One of these was
due to the presence of a carbonyl group (1713im the IR and
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peak with the signal aby 4.33 (H-1), the signal aby 3.73 with
those avy 3.63 (H-10), and the signal &, 2.73 with those aby
2.58 (H-4). On the basis of the HMBC and HSQC spectra, the
signals aby 4.48 and 4.334c 68.2, H-1) showed cross-peaks with
the signals abc 176.3 (C-3), 41.0 (C-5), 82.6 (C-8), and 41.2 (C-
9), establishing that C-3 corresponded to the carbonyl group and
that C-8 was an oxygenated quaternary carbon; the signals at
2.73 and 2.58(c 33.8, H-4) showed cross-peaks with C-3, C-5,
C-9, and the signal aic 79.4 (C-6), establishing that C-6 was an
oxygenated tertiary carbon; the signabat3.76 ¢c 79.9) showed
cross-peaks with C-5, C-8, and C-9, establishing that it corresponds
to C-7 and identifies this as an oxygenated tertiary carbon; finally,
the signals aby 3.73 and 3.63dc 66.2, H-10) showed cross-peaks
with C-7, C-8, and C-9. As a consequence, the four hydroxyl groups
deduced from the molecular formula were located at C-6, C-7, C-8,
and C-10, and this compound corresponded to 6,7,8,10-tetrahy-
droxy-2-oxabicyclo[4.3.0]nonan-3-one. The structdrgvas con-
firmed by X-ray diffraction measurements (Figure 1), showing a
cis A/B ring junction and asynorientation among H-5, OH-6, OH-
7, CH-10, and H-9. In accordance with the biosynthetic origin of
the iridoids? the cis A/B ring junction is3, and1 corresponds to
6(,75,8a,10-tetrahydroxyeis-2-oxabicyclo[4.3.0]nonan-3-one. On
the basis of X-ray diffraction measurements and the NMR
analysis, a value ofus—49 = 8.8 Hz corresponds to thg cis
relationship between these hydrogens, a valu&efys = 8.0 Hz
justified its anti relationship, and a value Qfys-n7 = 3.6 Hz
justified a Hs—H- synrelationship.

The presence of aromatic rings in compotnaas evident from
the absorptions at 1606 and 1464 ¢nn the IR spectrum and the
absorption maximum at 251 nm in the UV spectrum. The presence
of four para-substituted benzoyl residues was deduced from the
observation of four signals for carbonyl group)atl65.0, 164.9,
164.4, and 164.0; eight singlet signalsdat129.6, 129.4, 129.1,
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Figure 1. ORTEP view of ®,74,8a,10-tetrahydroxycis-2-
oxabicyclo[4.3.0]nonan-3-ond);

129.0, 128.0, 127.8, 127.7, and 127.6; and four AB systems at
7.95 d (8.4 Hzpc 131.25), 7.77 d (8.8 Ha)c 131.22), 7.73 d (8.4
Hz, 6c 131.5), 7.66 d (8.4 Ha)c 132.4), 7.61 d (8.4 Hzjc 131.0),
7.54 d (8.4 Hz¢ 132.2), 7.53 d (8.8 Hz)c 132.1), and 7.46 d
(8.4 Hz,0c 132.1) in the'H, 13C NMR and HSQC spectra. The
bicyclic nor-iridoid nature oR was deduced from analysis of the
nine additional signals in th®C NMR spectrum and from their
corresponding signals in th#d NMR spectrum. The downfield
shift observed for H-6 46 5.50-4.06 = 1.44), H-7 A6 6.40 —
3.76=2.64), H-10a A6 5.36 — 3.73= 1.63), H-10b A0 5.10—
3.63= 1.47), and C-8A40 88.1— 82.6= 5.5) with respect td
established that the foyrara-substituted benzoyl residues were
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with C-4 and C-5 §c 50.1), establishing that a hydroxyl group
was on C-6. In accordance withJas—pe = 7.6 Hz, the OH-6 i.
Compound4 was thus identified as /Bhydroxy-2-oxabicyclo-
[4.3.0]A%%-nonen-1-one.

Although a limited number of species from the ge@ussscentia
have been studied chemically, iridoids lacking C-11 have been
isolated from the fruits of these specf@$,and the isolation of
compoundsl—4 from C. alatais totally in accordance with the
chemical constituents of the species previously analyzed.

Experimental Section

General Experimental Procedures.Optical rotations were mea-
sured on a Perkin-Elmer 341 MC polarimeter, and UV spectra were
recorded on a Hewlett-Packard 8453 spectrometer using £HCI
solvent. IR spectra were obtained in KBr or as films (CEGin a
Bruker Vector 22 IR spectrometer. All NMR spectra were recorded on
a Varian Unity 400 spectrometer at 400 MHz fé# NMR, *H—H
COSY, HSQC, and HMBC and 100 MHz f6iC NMR and**C DEPT,
using CDC} or CD;0OD as solvent as indicated. Chemical shifts are
reported in ppmd) relative to the TMS signal. CIMS, EIMS, HRCIMS,
and HREIMS were recorded on a JEOL JMStation-JM 700 mass
spectrometer in a matrix of glycerol. X-ray diffraction measurements
were obtained on a monocrystal Bruker Smart Apex (low temperature).
GC-MS analyses were obtained using a Agilent 6890 GC System/5973
MSD chromatograph equipped with a HP-1 capillary column (length
30 m, i.d. 0.25 mm, 0.2xm). The carrier gas was helium, and the
linear gas velocity was 36 cm/s. The injector temperature was@50
and the column temperature, initially at 46, was gradually increased
at a rate of 10°C/min to 250°C. For detection, a flame ionization
detector at 280C, IE (scan 36-550 u), was used. The identification
of each component was based on a comparison of its mass spectrum

located on the oxygens at C-6 to C-10 and that this natural productWith those contained in the N-15598 Mass Spectral Library.

corresponded to the tetmhydroxybenzoyl derivative of. On the
basis of IH NMR analysis, theS cis A/B ring junction was
established in accordance with a valuelef 11.6 Hz for H—Hg,
an anti relationship between $+Hg was deduced from the value
of Jus—ue = 7.2 Hz, and asynrelationship between ¢+H; was
established fromlys—n7 = 4.4 Hz. Thus, this natural product
corresponds to/§73,8a,10-tetrap-hydroxybenzoykis-2-oxabicyclo-
[4.3.0]nonan-3-one?). Compound? gave the HRFABMS peak at
m/z 458.1262, corresponding to [M 2C;H4O,]™, which justified
the molecular formula §H30014 and 23 unsaturation degrees.
Compound3 was isolated as a white, amorphous powder with a
positive ion HRCIMS (M+ H)* at m/z 221.0616 (GH1¢0¢) and
two unsaturation degrees, in accordance with a bicyclic nor-iridoid
skeleton. Nine carbon resonances were observed frofGHeMR
and DEPT spectra: three GHive CH, and one quaternary carbon.

Plant Material. The mature fruits o€. alatawere collected at Sierra
de Huahutla, Morelos, Méco, in March 2003. The botanical specimen
(voucher 17197) was identified by Biol. Juan Carlo$rdaaDelgado
from Centro de EducacinAMbiental e Investigacio de la Sierra de
Huautla (CEAMISH) and deposited at the Herbarium of the Universidad
Autbnoma del Estado de Morelos (HUMO), Cuernavaca, Morelos,
México.

Extraction and Isolation. The air-dried pulp of the mature fruits
from C. alata (4 kg) was extracted with MeOH (20 k 3) at room
temperature. The extraction solvent was concentrated to dryness
vacuoto obtain 210 g of residue. Fractionation of this extract by open
column chromatography was performed withnéhexane-acetone
gradient, collecting fractions of 500 mL each. The composition of the
fractions was monitored by TLC, and the compounds were visualized
using a UV lamp or by spraying with a 1% solution of (WkCe-
(SO)sH0 in 2 N H,SOs. On the basis of TLC, the fractions were

ooled into seven groups: F-1 (10.2rghexane, 100%), F-2 (7.7 g,

Of these, six signals were assigned to oxygenated carbons (one oh-hexane-acetone, 95:5), F-3 (3.9 g;hexane-acetone, 9:1), F-4 (4.7

a hemiacetal function), and three signals were due t@agons.
These data were in agreement with a dihydroisomefi..ofhe
hemiacetal function was at C-1 on the basis of the HMBC and
HSQC spectra. Compoungl had af cis A/B ring junction in
accordance with @ = 10.0 Hz for H—H,, an anti relationship
between H—Hg (J = 10.0 Hz), and aranti relationship between
Hg—H7 (J = 10.0 Hz); a value 08yg-p1 = 5.2 Hz justified aranti
relationship between those hydrogeasd thej orientation of OH-
1. As a consequence, compouhdorresponds to/3,64,7a,8a,10-
pentahydroxyeis-2-oxabicyclo[4.3.0]nonane.

Compound4 was a bicyclic nor-iridoid isolated as a yellow oil,
which showed a positive ion in HREIMS [(M) at m/z 168.0739

g, n-hexane-acetone, 8:2), F-5 (9.0 gi-hexane-acetone, 7:3), F-6
(6.6 g,n-hexane-acetone, 6:4), and F-7 (2.4mghexane-acetone, 5:5).
Each fraction was further separated using column chromatography over
silica gel 60 and a gradient ofthexane-acetone-methanol as eluent.
Fraction F-1 yielded a mixture of palmitic, palmitoleic, stearic, oleic,
and linolenic acids (4.6 g, 2.19%, GC-MS retention times 18.50, 18.73,
20.21, 20.55, and 20.90 min, respectively); fraction F-2 yielded
p-sitosteryl palmitate (236 mg, 0.11%) and an equal proportion mixture
of estigmastan-4-en-3-one and estigmastan-4,22-dien-3-one (477 mg,
0.22%); fraction F-3 yielded a mixture of estigmastan-4-en-3-one and
estigmastan-4,22-dien-3-one (89 mg, 0.04%}p,78,80,10-tetrap-
hydroxybenzoykis-2-oxabicyclo[4.3.0Jnonan-3-o0ng&,(79 mg, 0.037%),

and 3-hydroxy-2-oxabicyclo[4.3.218°-nonen-1-one4, 39 mg, 0.018%);

(CoH1,05) and four unsaturation degrees. Two of these were due fraction F-4 yielded ningpogenine (1.3 g, 0.62%); fraction F-5 yielded

to the bicyclic skeleton, and two were due to a tetrasubstigéd
unsaturated carbonyl ester. Tg-unsaturated carbonyl ester was

ningpogenine (286 mg, 0.14%) anfd,®3,7a,8a,10-pentahydroxgis-
2-oxabicyclo[4.3.0]nonane3( 70 mg, 0.03%); fraction F-6 yieldesl
(43 mg, 0.02%) and sucrose (882 mg, 0.42%); and fraction F-7 yielded

located at C-1, C-9, and C-8 in accordance with cross-peaks betweenss 75 gy 10-tetrahydroxyeis-2-oxabicyclo[4.3.0Jnonan-3-ona, (384

On 2.65 and 2.54dc 46.9, H-7) andy 2.20 (¢ 17.0, H-10) and
signals atdc 157.0 (C-8) and 122.6 (C-9) in the HMBC spectrum.
Both hydrogens H-7 andy 2.20 Oc 28.3, H-4b) showed cross-
peaks with C-6 §¢ 78.6), whiledy 4.20 (H-6) showed cross-peaks

mg, 0.18%) and glycerol (167 mg, 0.08%).
64,75,80,10-Tetrahydroxy-cis-2-oxabicyclo[4.3.0]Jnonan-3-one (1):

white needles; mp 164165 °C; [a]p?® +0.131 € 0.45, CHCY); IR

(KBr) vmax 3381, 2927, 2855, 1713, 1466, 1380, 1095 &rH NMR
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(CDsOD, 400 MHz)é 4.48 (1H, ddJ = 12.0, 8.0 Hz, H-1a), 4.33 dd
(1H, dd,J = 12.0, 6.8 Hz, H-1b), 4.06 (1H, dd,= 8.0, 3.6 Hz, H-6),
3.76 (1H, dJ = 3.6 Hz, H-7), 3.73 (1H, dJ = 11.2 Hz, H-10a), 3.63
(1H, d,J = 11.2 Hz, H-10b), 2.73 (1H, ddl = 14.4, 5.6 Hz, H-4a),
2.58 (1H, ddJ = 14.4, 8.0 Hz, H-4b), 2.53 (1H, dddd,= 8.0, 8.8,
8.0, 5.6 Hz, H-5), 2.47 (1H, ddd,= 8.0, 8.8, 6.8 Hz, H-9)}3C NMR
(CDs0OD, 100 MHz)é 176.3 (C, C-3), 82.6 (C, C-8), 79.9 (CH, C-7a),
79.4 (CH, C-6), 68.2 (CH C-1), 66.2 (CH, C-10), 41.2 (CH, C-9),
41.0 (CH, C-5), 33.8 (CH C-4); CIMSm/z 219 [M + H]* (76), 201
[M + H — H,0]* (35), 183 [M+ H — 2H,0]* (100), 165 [M+ H —
3H0]" (79), 153 (53), 137 [M+ H — 3H,O— COJ* (67), 123 (23);
HRCIMS nvz 219.0865 [M+ H]* (calcd for GH1s0s, 219.0868).
X-ray crystallographic analysis data of 1:crystal size 0.23«< 0.09
x 0.04 mm; molecular formula §81140s; crystal system monoclinic;
space grouP2(1); unit cell dimensionsa( b, ¢) 8.7505(9) A, 5.1734-
(5) A, 10.6057(11) A = 90°, 5 = 98.6820(10), y = 90°, volume
474.62(8) &, Z = 2; density 1.527 mg n#; absorption coefficient
0.129 mn%; F(000) = 232; diffractometer used, Bruker APEX;
radiation 4) Cu Ko (0.71073 A); P range 1.9425.00; reflections

Notes

5.40 (1H, dJ = 5.2 Hz, H-1), 4.49 (1H, dJ = 10.4 Hz, H-10a), 4.14
(1H, dd,J = 10.0, 2.0 Hz, H-7), 3.99 (1H, dd] = 10.0, 10.0 Hz,
H-6), 3.90 (1H, ddd, = 12.0, 12.0, 2.8 Hz, H-3a), 3.63 (1H, dd,
= 12.0, 5.2, 2.0 Hz, H-3b), 3.51 (1H, dd,= 10.4, 2.0 Hz, H-10b),
2.42 (1H, ddJ = 10.0, 5.2 Hz, H-9), 2.28 (1H, dddd,= 10.0, 10.0,
6.0, 2.0 Hz, H-5), 1.84 (1H, dddd,= 14.8, 12.0, 6.0, 1.2 Hz, H-4a),
1.71 (1H, ddJ = 14.8, 2.8 Hz, H-4b)*3C NMR (CDCk, 100 MHz)
6 100.1 (CH, C-1), 85.0 (C, C-8), 75.6 (CH, C-6), 73.6 (CH, C-7),
72.4 (CH, C-10), 55.8 (CH, C-3), 44.3 (CH, C-9), 35.2 (CH, C-5),
21.1 (CH, C-4); CIMSm/z 221 [M + H]* (43), 203 [M+ H — H,0]*
(100), 185 [M+ H — 2H,0]* (34), 167 [M+ H — 3H,0]* (56), 155
(26), 149 [M+ H — 4H,0]" (19), 121 (17), 113 (33), 84 (21); HRCIMS
m/z 221.0616 [M+ H]* (calcd for GH160g, 221.1225).
6/3-Hydroxy-2-oxabicyclo[4.3.0A8°-nonen-1-one (4)yellow oil;
[0]p?° +0.68 € 0.06, CHCY); UV (CHCls) Amax (109 €) 246 (1.84) nm;
IR (CHCl3) max 3365, 1727, 1652, 1603, 1043 cin'H NMR (CDCls,
400 MHz) 6 4.43 (1H, dddJ = 11.2, 4.8, 2.8 Hz, H-3a), 4.27 (1H,
ddd,J = 11.2, 12.0, 2.8 Hz, H-3b), 4.20 (1H, di,= 7.6, 8.8 Hz,
H-6), 2.87 (1H, m, H-5), 2.65 (1H, ddd,= 16.8, 8.0, 1.2 Hz, H-7a),

collected, 4588; independent reflections, 1673; observed reflections, 2.54 (1H, ddcJ = 16.8, 8.8, 1.6 Hz, H-7b), 2.20 (3H, s, H-10), 2.20

1673 R(int) = 0.0200]; finalR indices (obsd dataR = 0.0284,R, =
0.0746; goodness of fit, 1.080;= 273(2) K. The structure was solved
by direct methods and refined by full matrix least-squaresbH
63,7,80,10-Tetra{p-hydroxybenzoyl-cis-2-oxabicyclo[4.3.0Jnonan-
3-one (2):white, amorphous powderp]p?® +56.2 € 0.83, CHC});
UV (CHCls) Amax (log €) 251 (2.70), 272 (0.96), 385 (0.35) nm; IR
(CHCls) vmax 3390, 2925, 2854, 1714, 1606, 1464, 1089 &rftH NMR
(CDCls, 400 MHz)¢ 7.95 (2H, d,J= 8.4 Hz, H-2",6""), 7.77 (2H, d,
J=8.8Hz, H-2',6"), 7.73 (2H, dJ = 8.4 Hz, H-2"",5""), 7.66 (2H,
d,J=8.4 Hz, H-3",5"), 7.61 (2H, dJ = 8.4 Hz, H-2,6'), 7.54 (2H,
d,J = 8.4 Hz, H-3",5""), 7.53 (2H, d,J = 8.8 Hz, H-3',5"), 7.46
(2H, d,J = 8.4 Hz, H-3,5), 6.40 (1H, dJ = 4.4 Hz, H-7), 5.50 (1H,
dd,J=17.2,4.4 Hz, H-6), 5.36 (1H, d = 12.4 Hz, H-10a), 5.10 (1H,
d,J = 12.4 Hz, H-10b), 4.70 (1H, ddl = 12.4, 6.4 Hz, H-1a), 4.55
dd (1H, dd,J = 12.4, 5.6 Hz, H-1b), 3.33 (1H, ddd,= 11.6, 6.4, 5.6
Hz, H-9), 3.16 (1H, dddd) = 11.6, 7.2, 6.8, 7.2 Hz, H-5), 2.91 (1H,
dd,J = 15.6, 6.8 Hz, H-4a), 2.79 (1H, dd,= 15.6, 7.2 Hz, H-4b);
3C NMR (CDCk, 100 MHz)¢ 65.7 (CH, C-1), 170.6 (C, C-3), 32.2
(CH,, C-4), 38.2 (CH, C-5), 77.0 (CH, C-6), 75.9 (CH, C-7), 88.1 (C,
C-8), 42.0 (CH, C-9), 63.5 (CKI C-10), 164.92 (C, C*y 128.0 (C,
C-1), 131.0 (CH, C-2 C-6), 132.07 (CH, C-3 C-5), 129.1 (C, C-4,
164.0 (C, C-8), 127.7 (C, C-1), 131.22 (CH, C-2, C-6"), 132.09
(CH, C-3', C-5"), 129.4 (C, C-4), 164.4 (C, C-¥), 127.8 (C, C-1'),
131.25 (CH, C-2', C-6"), 132.4 (CH, C-3', C-5"), 129.6 (C, C-4"),
164.96 (C, C-4"), 127.6 (C, C-1"), 131.5 (CH, C-2", C-6""), 132.2
(CH, C-3"", C-5""), 129.0 (C, C-4"); CIMS m/z 458 [Cy3H2:010, M
— 2CGH402] (20), 430 [G2H2209, M — 2CH4O, — COJ* (100), 412
[C2H2008, M — 2CH40, — CO — H0]" (30), 293 [GsH1706, M —
3CGH40; — CO, — H]* (97), 277 (43), 201 [6H1505, M— 4CH,O,
+ H— H,0]" (24), 155 (29); ¢)-FABMS nVz 430 [C;H2200, M —
2C7H40, — COJ* (100), 412 [GH2008, M — 2C7H40, — CO — HO]*
(57), 377 [GaH170s, M — 2CH4O, — CO — 3H,O]* (43), 339
[C16H1908, M — 3C/H40, + H] T (22), 293 [GsH1706, M — 3CH.40,
— CO; — H]* (52), 279 (33); HRFABMSm/z 458.1262 [M —
2(:7H402]Jr (calcd for Q3H22010, 4581213)
153,64,70,80,10-Pentahydroxy<€is-2-oxabicyclo[4.3.0]nonane (3):
white, amorphous powderg]p?® +78.2 € 0.11, CHC}); IR (CHCl)
Vmax 3382, 2918, 2851, 1043 c) *H NMR (CDCls, 400 MHz) 6

(1H, m, H-4b), 1.67 (1H, dddd] = 13.6, 12.0, 12.0, 4.8 Hz, H-4a);
13C NMR (CDCh, 100 MHz) 164.1 (C, C-1), 69.4 (CKH C-3), 28.3
(CHa, C-4), 50.1 (CH, C-5), 78.6 (CH, C-6), 46.9 (GHC-7), 157.0
(C, C-8), 122.6 (C, C-9), 17.0 (GHC-10); EIMSz 168 [M]* (75),
154 [M + CHg]* (58), 149 [M+ H,0 — H]* (40), 137 (35), 125 (24),
111 (38), 97 (53), 84 (100), 71 (57), 57 (57), 55 (44), 43 (38); HREIMS
m/z 168.0739 [M] (calcd for GH1,0s, 168.0786).
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