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Twelve new withanolides were isolated from the aerial padaidforosa rotaceafive had a spiranoid-lactone (—5);

one contained a 26,1@Jactone and a C-12C-23 bond 6); five corresponded to trechonolide-type withanolides with
configuration at C-23 opposite of those previously isolae®(10—12); two of these have an additional oxido-bridge
between C-21 and C-24; finally a withanolide with a hemiketal ring formed between a 21-hydroxyl and a 12-ketone
(13) and the closely related jaborosalactone R were also isolated. New compounds were fully characterized by a
combination of spectroscopic methods (1D and 2D NMR and MS). The structures of the spiranoid withanolide and of
the epimer of trechonolide A were confirmed by X-ray diffraction studies. Compodnsiss, and8 showed selective
phytotoxicity toward monocotyledoneous and dicotyledoneous species.

The withanolides are a group of naturally occurring C-28 steroids
built on an ergostane skeleton functionalized at carbons 1, 22, and
26, commonly known as the withanolide skeleton. Their chemistry
and occurrence has been the subject of several revigiwdany
withanolides exhibit a variety of biological activities, including
antifeedant, insecticiddl,phytotoxic? immunosuppressive,and
cancer chemoprevention propertf€siVhile the presence of witha-
nolides is almost a monopoly of Solanaceous plants, these com-
pounds are not present in all members of the Solanaceae family.
Thus far, members of 12 Solanaceous genera, all within the
subfamily Solanoideae, have been shown to contain withanolides.
JaborosaMiers is a South American genus belonging to the
Solanaceae that comprises about 23 different species, which grow
mainly in Argentina. As part of our investigations of the withano-
lides of JaborosaMiers species, we studied the withanolides from
Jaborosa rotacedLillo) A. T. Hunziker et Barboza collected in
Tucuma Province, Argentina.

Results and Discussion

The aerial part oflJaborosa rotaceglants was air-dried and
extracted with ethanol. After concentration and defattening, the
residue was fractionated by a combination of chromatographic
techniques, ultimately giving 12 new withanolidds-@8, 10—13)
and the known jaborosalactone R, previously isolated ffaborosa
sativa.®

Compoundl revealed a molecular formula of 830, by
HRFABMS. TheH NMR spectrum ofl exhibited only three
signals at the low-field end, two olefinic protons@&6.02 (dd,J
=9.9 and 2.5 Hz) and 6.84 (dddi= 9.9, 6.2, and 2.2 Hz) typical
of a 2-en-1-one system in ring A, and a doubled 813 consistent
with a 55,68-epoxy group, also supported by the small value of
the coupling constant between H:@nd H-7 (J = 2.2 Hz)? The
substitution pattern in ring B was further confirmed by the signals

0 6H OH:

ato 61.9 and 63.0 in thé3C NMR spectrum (Table 1) that were OH cl
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unsaturated-lactone bearing methyl groups at positions C-24 and
C-25. The doublet for the C-21 methyl 4t1.16 confirmed the
absence of a hydroxyl group at C-20. Th¢ NMR spectrum did
not show the characteristic signal corresponding to the carbinyl
hydrogen at C-22 in the-45 ppm region. However, two nonpro-
tonated carbon signals were observed 400.0 and 103.5 in the
13C NMR spectrum, corresponding to two acetal or ketal centers,
assigned to C-12 and C-22, respectively. These data provided cleafFigure 1. Displacement ellipsoid diagram (40% probability level)
evidence for the hemiketal bridge between what must have Of jaborosalactone 261 showing the numbering scheme used.
originally been ketone functions at C-12 and C-22, resulting in a Broken lines show the intramolecular-®i- - -O bonds.
new six-membered ring with g-oriented hydroxyl group at C-12
and a spiranoid center at C-22 upon formation of dhkactone. The'H and**C NMR spectra of withanolide2—5 were closely
The resonances for H-&3and H-23% were observed as doublets related to those ofl, showing patterns typical of the spiranoid
exhibiting only the geminal mutual coupling, thus indicating that lactone arrangement at C-22, for resonances of carbong&and
the methylene at this position did not have neighboring protons, in their protons. The almost identic’lC NMR data (Table 1) for
agreement with the proposed structure. @ NMR spectrum rings C and D and the side chain of compoufig$ indicated that
showed two carbonyl groups &1202.6 and 164.5, assigned to C-1  structural differences were restricted to substituents in rings A and
and C-26, respectively. Also evident from the spectrum were the B. Furthermore, the presence of a 1-oxo-2-ene functionality in ring
four olefinic carbon resonances®@i29.4, 144.2, 146.7, and 120.4 A was evident for the five compounds. THe and**C NMR data
corresponding to C-2, C-3, C-24, and C-25, respectively. of 2 were consistent with adg63-diol typical of many withano-
Confirmation of the structure ofl and assignment of the lides® The small couplings in the H-6 resonance® &63 confirmed
configuration at C-12, C-17, C-20, and C-22 came from X-ray the axial orientationf) of the 6-hydroxyl. Thé3C NMR spectrum
diffraction analysis. The diffraction data led to the structure depicted showed the expected chemical shifts for signals of carbons C-5
in Figure 1, where the orientation for the hydroxyl groups at and C-6 ato 77.3 and 73.9, respectively. THEl and*C NMR
positions 12 and 17 was establishedsadhe S configuration for data of3 were consistent with acbchloro-g3-hydroxy arrangement.
C-20 and C-22 was also evident. The interatomic distances in the Thus the broad singlet @t 4.04 was assigned to equatorial H-6,
crystal structure indicate hydrogen bonds betweendtiiectone and the unusually high chemical shift observed for/Hed 6 3.53

oxygen atom and the hydroxy| groups at C-12 and G917. (dt, J=20.0and 2.4 HZ) was indicative of a chlorine atom at C-5
) with a-orientation?*1 The substitution pattern in ring B was further
Table 1. C NMR Data of Compounds—6 in CDCls* confirmed by the signals ab 80.4 and 74.2 in thé3C NMR
C 1 2 3 4 5 6 spectrum that were assigned to C-5 and C-6, respectively. Highly
1 202.6 2040 2009  199.7 2049 2038 diagnostic of the ring B substitution #hwas the double doublet at
2 129.4 128.6 1284  127.6 1268 1283 O 4.31 0 = 12.5 and 4.8 Hz) assigned to H-6 of &-Bydroxy-
3 144.2 1415 141.6 142.0 139.9 141.4 6a-chloro arrangemeritAnalysis of the COSY and HSQC spectra
4 32.80 35.7 37.2 315 1183 35.8 allowed correlation of the H-6 signal with the hydrogens at position
2 g%'g ;gg ?2"21 g'g 1%'2 gg 7 (0 2.24 and 1.47) and with C-6 at65.9. The spir-spin coupling
7 303 306 324 37.7 39.0 304 pattern of H-6 indicated its axiaf3} orientation. Finally, théH
8 29.2 29.4 295 34.6 29.9 30.5 NMR spectrum of5 presented signals @t 6.04, 6.94, and 6.17
9 41.9 38.4 39.2 42.4 46.2 39.0 assigned to three olefinic protons at C-2, C-3, and C-4, respectively.
10 48.0 51.8 52.5 54.9 53.1 515 In addition to these signals, tH&l NMR spectrum displayed a
1; 1%% 1%% 1?6%% ?ég% 1%50'.41 ?;32926 carbinyl hydrogen signal @t 4.57 (t,J.= 2.7 Hz) assigngd to H-6.
13 48.0 48.1 48.1 48.2 47.7 50.3 The presence of the 1-oxo-2,4-diengd@ydroxy moiety was
14 47.4 47.3 47.2 475 46.2 485 confirmed by the signals & 126.8, 139.9, 118.3, 157.5, and 73.4
15 21.9 22.0 21.9 21.8 22.1 22.7 in the 13C NMR spectrum, assigned to C-2, C-3, C-4, C-5, and
16 34.1 34.2 34.2 34.2 34.1 34.7 C-6, respectively2 The full and unambiguous proton and carbon
17 78.9 79.1 79.1 78.8 78.5 88.4 NMR assignments for compoun@s-5 were confirmed using a
18 12.2 12.5 12.8 12.4 12.3 11.7 L
19 14.9 155 16.2 8.8 196 153 combination of DEPT-135, COSY, and HETCOR or HSQC
20 40.7 40.7 40.7 40.8 40.6 51.0 experiments. High-resolution mass measurements were in agreement
21 10.0 10.1 10.1 10.0 10.1 7.2 with the proposed formulas. The occurrence of 5,6-chlorohydrins

22 1035 1039 1039 1036  103.6  207.7  gnd diols together with the corresponding 5,6-epoxides is common

23 39.3 39.2 39.3 39.3 39.2 54.8 ; ; ; i
24 126.7 1479 1480 1463 1468 1939 among the withanolides, and their natural origin has been proven

25 1204 1201 1201 1206 1204 1467  throughout the literaturé:®

26 164.5 165.3 165.3 164.1 164.7 165.4 Compound6 revealed a molecular formula of§3c0; by
27 12.3 12.1 12.2 12.3 12.5 12.3 HRFABMS. Comparison of itdH and?3C NMR spectra with those
28 20.5 20.5 20.6 20.5 20.5 21.2

of compound4 showed almost identical signals for all carbons and
a Chemical shifts §) downfield from TMS; 50.32 MHz. protons of rings A and B, indicating a 1-oxo-2-ene;&5-diol
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Table 2. 13C NMR Data for Compoundg and9—13 in CDClg
C 7 o 10 11 12 13

1 202.6 204.5 200.0 205.0 202.9 200.8
2 129.5 128.3 127.3 128.1 129.7 128.6
3 144.2 141.8 142.8 142.5 144.7 141.3
4 32.7 35.4 317 35.4 32.6 37.1
5 61.9 77.2 77.4 77.3 61.5 79.9
6 63.1 73.8 65.9 74.2 63.0 74.5
7 30.2 33.% 37.8 32.8 30.0 335
8 29.4 29.5 34.7 29.6 29.4 28.7
. . . . . 9 41.9 38.1 42.2 38.4 41.7 39.9
Figure 2. Relevant HMBC correlations (HC) in the side chain 10 47.1 51.7 54.9 51.8 48.0 525
of jaborosalactone 316). 11 36.6 29.8 36.3 36.7 36.4 37.3
12 99.3 102.4 98.7 100.2 99.7 100.5
system. Five methyl signals were evident in tHeNMR spectrum 13 47.9 47.8 ar.7 48.4 48.0 51.0
of 6, and the resonance of the:#9 methyl group at 1.29 was %4 ‘Z‘g-% ‘Z‘g-g ‘2‘2-9 ‘2‘2-2 ‘2"2-? ‘2‘3-2
consistent with the substitution pattern in rings A and B. The high 12 339 325 33 96 33 big 335 35.4
chemical shift of the |3|'18 methyl group (Q 126) Suggested a 17 80:6 80:5 86.3 7'8.1 7.7_9 75_0
hydroxyl group withg configuration at C-17, and the doublet for 18 9.9 12.0 12.0 115 11.3 12.6
Hz-21 (0 1.14) confirmed the absence of a hydroxyl group at C-20. 19 14.8 15.4 8.8 15.6 14.4 16.3
The two methyl signals ai 1.99 and 2.06 assigned to; 47 and 20 35.7 36.3 35.7 37.4 37.3 47.6
Hs-28, respectively, are typical of anf-unsaturated lactone ring. 21 11.9 10.0 9.9 61.9 61.8 59.7
s7e 1 A . . 22 70.9 71.4 70.8 64.7 64.5 76.6
Also evident in this spectrum was the methine singled &.81 23 86.0 85.9 855 80.4 80.4 35.2
assigned to H-23, directly correlated to a carbon resonande at 54 158.2 158.7 1575 81.2 81.3 149.4

54.8. In the'*C NMR spectrum three carbonyl carbons were evident. 25 124.1 124.1 124.4 77.6 775 121.9
The ketone carbonyls @t 203.8 and 207.7 were assigned to C-1 26 174.8 175.0 174.7 177.7 178.1 165.2

of a 1-oxo-2-ene arrangement and to C-22, respectively. The lactone 27 8.4 8.3 8.4 11.5 11.5 12.4
carbonyl atd 165.4 was assigned to C-26 of ars-unsaturated 28 134 134 133 157 155 205
o-lactone. Besides the signals of C-5 and C-18 @7.2 and 88.4, a Chemical shifts §) downfield from TMS; 50.32 MHzP Cl;CD—

another oxygenated nonprotonated carbon was presen8ais, CD;0D (95:5); the spectrum corresponds to the 12-O;@erivative

attributed to C-12. These evidences led us to propose a bond©f 8 ©Assignments may be interchanged.
between C-12 and C-23, resulting in a six-membered ring, an
arrangement similar to that present in the spiranoid withanolides
isolated fromJ. odonellianat®*4 J. runcinatg andJ. araucana:
However, at variance with the spiranoielactone arrangemeng,
had ad-lactone formed between the C-26 carboxyl and the C-12
hydroxyl. This structure was confirmed by the cross-correlation
peaks observed in the COSY and HMBC experiments. The key
correlations observed in the latter (Figure 2) were for He23.81)
with C-12 ( 89.6), C-22 ¢ 207.7), and C-24§ 123.2) and for
H-115 (6 1.64) with C-23 § 54.8). The configuration at C-23 was
established from a NOESY experiment, in which the NOE
correlations observed for H-23 with H-9, H-14, and H-20 indicated
the 23R stereochemistry (see Supporting Information).
Compound?7 revealed a molecular formula of 8360, by
HRFABMS. ThelH and3C NMR data of compound were very
similar to those of the known trechonolide A for rings-® and
the y-lactone side chaif16The main difference observed was the
downfield shift of the C-23 resonance fraiB82.4 for trechonolide Figure 3. Displacement ellipsoid diagram (40% probability level)
A to 6 86.0 for 7 (Table 2). Smaller shifts were evident for the of jaborosalactone 3ZJ.
C-22 and C-24 resonances (frain68.7 and 157.1 té 70.9 and
158.2, respectively) as well as the chemical shifts for H-20 and in both cases and that it effectively w&sIn view of the above,
Hs-21 (0 2.29 and 1.00 t@ 2.05 and 0.75). The similarity of the  the structures of all previously known trechonolides that have been
NMR data suggested the same skeleton and substitution pattermassigned the Zconfiguration upon comparison with trechonolide
for trechonolide A and’ but a different configuration in the side A should now be revised. Both the carbon chemical shift of C-23
chain (C-20, C-22, and/or C-23). The large coupling between H-22 and the sign of the Cotton effect at 218 nm may be used as a direct
and H-20 § = 11.3 Hz) indicated amnti arrangement for these  indicator of the configuration at this position.
hydrogens, as found in all trechonolide-type withanolides, indicating  The FABMS of compound® showed a quasimolecular ion [M
the same configuration at C-20 and C-2Ziand trechonolide A. + H] at m/z503, corresponding to a formula of4El3s0s. However
Therefore we considered thatshould have an opposite configu- the NMR spectra obtained in deuterochlorofermethanole, (95:
ration at the C-23 position. Circular dichroism data and the sign of 5) corresponded to the 1Q-trideuteromethyl derivativ® being
the Cotton effect supported this assumption; thus trechonolide A closely related to those of 12-methyljaborosotetrol previously
showed a negative Cotton effect at 218 nixe:( —1.4), while isolated fromJaborosa leucotrichd’ The ease with which hemiket-
compound? showed a positive Cotton effect at 218 nive( +1.6). als such a8 react with methanol (in this case deuteromethanaol) is
Surprisingly, single-crystal X-ray analysis of compouhetvealed well documented in the literature and reinforces the assumption of
anR configuration for C-23 (Figure 3Y,the same as that reported their artifactual naturé>” The most remarkable difference between
for trechonolide A by Lavie et d&F and Fajardo et dF Careful the spectra 09 and 120-methyljaborosotetrol was the downfield
inspection of the published X-ray data for trechonolidé>¥& shift of the C-23 resonance frod 82.2 in the latter ta) 85.9,
showed that the C-23 configuration had been incorrectly assignedsuggesting as in the previous case, an inverted configuration at C-23
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Figure 4. Relevant HMBC correlations (HC) in the side chain

of jaborosalactone 35L(). (b

~

(i.e., 2R for 8). This was confirmed by CD measurements that
showed a positive Cotton effect f8r Thus the structure & was
established as the C-23 epimer of jaborosotetrol.

The'H and3C NMR data of compoundO were closely related
to those of jaborochlorotriol, previously isolated frain magel-
lanica;18 the same differences observed betw@amd trechonolide
A were evident in this case. Compourdid showed different
chemical shifts for B21, C-20, C-24, and especially C-23 (from
0 82.14 for jaborochlorotriol to 85.5 fot0) (Table 2). Circular
dichroism measurements also showed a positive Cotton effect for
this compound. These results in conjunction with the NMR data
confirmed the structure of0 as the C-23 epimer of jaborochlo-
rotriol. The NMR assignments faf, the trideuteromethyl derivative
9, and 10 were confirmed by DEPT, COSY, and HETCOR
experiments.

The 'H and 13C NMR spectra ofll revealed a 1-oxo-2-ene-
5a,64-dihydroxy substitution pattern from the characteristic signals
corresponding to C-1, C-2, C-3, C-4, C-5, and C-6 and the
corresponding protons. The chemical shifts and multiplicity ob-
served for H-234 4.69 d), H-22 ¢ 4.44 dd), C-124§ 100.2), C-22
(0 64.7), and C-23{ 80.4) were indicative of a trechonolide-type
skeleton; however some differences were evident. Only four methyl
resonances were observed. The appearance of sigre®&8 and
3.69 suggested an oxygenated function at C-21, consistent with the
double triplet observed for H-20. The COSY spectrum showed the 6 7
expected correlations between hydrogens at position 21 and H-20. compound
Furthermore, the spinspin coupling observed between H-20 and Figure 5. Effect of withanolidesl, 3—8, 10, 12, and13 on (a
each of the hydrogens at C-21 € 11.6 and 3.3 Hz) suggested gegrmination, (b) radicle length, and (c) emergence rate inde(x)(ERI)
that carbons 20 and 21 were part qf aring. The chemlcgl shifts of of | actuca satia (dicotyledon) andPhalaris canariensigmono-
Hs-27 and H-28 were consistent with oxygenated substituents at cotyledon). The data are presented as percentage differences from
C-24 and C-25; thus structurkl, containing an oxygen bridge  the control (zero value); positive values represent stimulation of
between C-21 and C-24, was proposed. H#@NMR and DEPT  the studied variable and negative values represent inhibition.
spectral data ofl1 were in agreement with this structure; two  Withanolide concentration was S@/mL in all cases.
carbonyl carbons were observedda?05.0 and 177.7 assigned to

Effect on radicle length

6 7 10 12 13

—_
3)

~

Effect on ERI (%)

5

8

10 12 13

C-1 of the 1-oxo-2-ene system in ring A and C-26 of the five-
membered saturated lactone in the side chain. The methylene
resonance ab 61.9 was assigned to C-21, and the oxygenated
quaternary carbons at81.2 and 77.6 were assigned to C-24 and
C-25, respectively. A strong correlation in the HMBC spectrum
between théH double doublet ap 3.83 (H-21x) and the carbon

at 0 81.2 (C-24) confirmed the additional ring (Figure 4). The
configuration ofl11 at positions 23, 24, and 25, was assigned on
the basis of spectroscopic evidence and biosynthetic considerations
The small coupling observed between H-22 and H-23=(2.7

Hz) allowed us to discard those structures where H-22 and H-23
have ananti arrangement. Thus, assuming &S2dnfiguration as

in most known withanolide¥ the configuration at C-23 must be

S, consistent with that found in compoun@s9. The strong NOE
correlations of H-28 with H-23, H-22, and H-23 and the absence
of NOE between H-22 and H-23 are consistent with a R4
stereochemistry. Finally assuming that the compound originates in
the addition of a 21-hydroxyl to a 24,25-epoxide, the configuration

at C-25 may be assumed &sThus, the configuration of the side
chain was assigned as @23S¢,24R*,25S).

Compound12 revealed a molecular formula of£3¢09 by
HRFABMS. ThelH and'3C NMR spectral data of2 were very
similar to those ofL1. A 53,65-epoxide was evident in thHél NMR
spectrum from the doublet @t3.15 J = 1.8 Hz), corresponding
to H-6, in agreement with the signals@61.5 and 63.0 in th&’C
NMR spectrum. The assignments i were confirmed by DEPT,
COSY, HETCOR, and NOESY spectra.

Compound13 had H and 3C NMR data closely resembling
those of jaborosalactones R, S, and T previously isolated from
Jaborosa satia,? differing only in the substitution pattern of ring
B. On the other hand, the resonances from rings A and B were
almost identical to those in compoudespecially the unusually
high chemical shift observed for H34(6 3.53 dt) and the broad
singlet atd 4.06 assigned to Hef consistent with a &-chloro-
63-hydroxy arrangement in ring B. TH&C NMR and DEPT spectra
of 13 were in agreement with the proposed structure.
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Some withanolides have shown selective phytotoxic effects on (1.62 g, EtOAe-MeOH, 97.5:_2.5), and 1l (2.31 g, EtOAdVieOH,

monocotyledons and dicotyledoh®. Thus jaborosalactone 18,  92.5:7.5). Fraction | was subjected to CC with hexaBeOAc, 2:1,

isolated fromJaborosa bergiiinhibited radicle growth of several  Yielding three fractions containing withanolides; compodr(@0 mg)

dicotyledons and stimulated it in monocotyledons (at 20~3 M) premplt_ated from the most pola_r frac_tlon. Further fracthnatlon of the

but had no effect on germinatiériTo evaluate the withanolides of ~ '€Maining fractions by CC eluting with GBI,~MeOH mixtures of

3. rot tential phytotoxi ts. their effect . increasing polarity gave compoun8g5 mg),7 (50 mg),10 (8.5 mg),

- rotaceaas potential phytoloxic agents, their efiects on germina- and12 (10 mg). Fraction Il was separated by CC with hexaB8OAc

tion, radicle growth, and emergence rate were assayéddtuca

A ) ; O and EtOAc-MeOH mixtures of increasing polarity to give a mixture
sativa (dicotyledon) andPhalaris canariensigmonocotyledon). The that was further fractionated by preparative reversed-phase HPLC

assays were performed according to the procedures optimized by(water-MeOH, 1:1). This led to the isolation of (in order of elution)
Macias et af° and the methodology of Ma et #l.The results are 11 (3 mg), 8 (10 mg),2 (16 mg), andl3 (5 mg). The mixtures from
reported as percentage differences of germination (Figure 5a),fraction Il, showing similar TLC behavior, were pooled and processed
radicle growth (Figure 5b), and emergence rate iAgigigure 5c) by radial chromatography with GBl,—MeOH mixtures of increasing
from controls. Compound4, 5, 6, and8 had opposite effects on p'OI%r'Ity and prepa(rgtl(\ée re\;erszd_-pglase TlLCt(wamF;Je(tlcl)mtnl)e, Cl3|1)’
the dicotyledonL. sativa and the monocotyledoR. canariensis yielding compoun mg) and jaborosaiactone mg). ~olumn

S . L chromatography of fraction Il with CKCl,—EtOAc and EtOAe-
_Compound4 I'_1ad the _strongest inhibitory effect, selectlvgly inhibit- MeOH mixtures of increasing polarity gave compoun(l2 mg) and
Ing germination, radicle growth,_ an(_:i emergence rate |_ndelx. of 4 (15 mg). All new compounds were determined to*b85% pure by
sativa, while its effect orP. canariensiglid not differ significantly

. X H NMR spectroscopy.
from controls. Compoundsand6 had the highest stimulatory effect

) o hal Seed Germination BioassaysSeeds of actuca satia (lettuce) and
on radicle growth ofP. canariensis Compound3 was the only Phalaris canariensigbirdseed) were obtained from Instituto Nacional
withanolide that significantly inhibited radicle growth d®.

de Tecnologa Agropecuaria (INTA, San Juan, Argentina); they were
canariensis surface sterilized with 1.5% (v/v) bleach for 1 min and washed with
sterile deionized water. Bioassays were conducted according to the
methodology of M&! Briefly, germination was carried out in sterile
. . . flasks over a disk of sterile filter paper. Compounds were added to
General Experimental Procedures Melting points were measured _ each germination flask (1@g/flask) in CHC} solution, and the solvent
on a mercury thermometer apparatus and are uncorrected. Opticakyas evaporated; seeds were added followed by sterile deionized water
rotations were measured on a Jasco P-1010 polarimeter. UV spectrg200 4L) and the flasks sealed with plastic wrap to prevent moisture
were obtained in a Shimadzu-260 spectrophotometer. Circular dichroism|oss. Four replicates20 seeds eachwere prepared for each treatment,

Experimental Section

spectra were measured on a Jasco J-810 spectropolarimeter. IR spectrand germination was conducted at 26 in the dark for 4 days.

were obtained in a Nicolet 5-SXC spectrophotométérand*C NMR

Germination was considered positive when the radicle had protruded

spectra were recorded on a Bruker AC-200 NMR spectrometer at 200.13from the seed coat at least 1 mm. After 4 days, seeds with roots were

(*H) and 50.32 ¢C) MHz or a Bruker AM-500 at 500.13'fl) and
125.77 3C) MHz. Multiplicity determinations (DEPT) and 2D spectra
(COSY, HETCOR, HMBC, HSQC, and NOESY) were obtained using
standard Bruker software. Chemical shifts are given in ppm (
downfield from TMS internal standard. FABMS and HRFABMS were

measured on a NBA-sodium matrix in a VG-ZAB mass spectrometer.
Single-crystal X-ray measurements were performed on a Bruker

SMART CCD diffractometer, with graphite-monochromated Ma K
radiation. The structures were solved by direct methods with SHELXS97
and refined by full matrix least squaresff using SHELXL9724 C-H
hydrogen atoms were idealized at their expected position$4(C0.93

A) and allowed to ride; O-H hydrogens were found in the late difference

frozen at—10 °C for 24 h to stop growth and facilitate handling and
root elongation measurement. Inhibitory and stimulatory effects were
calculated according to Ma et &l Emergence rate index (ERI) was
determined according to Schmueli and Goldb@rBata are reported

as difference from controls, and statistical significance between groups
was determined using ANOVAp(< 0.05).

Jaborosalactone 26 ((28,225)-54,66:12a,22-diepoxy-18,17p-
dihydroxy-1-oxo-witha-2,24-dien-26,22-olide) (1)colorless crystals
(hexane-EtOAc), mp 218-220 °C; [a]?p +3.3 (¢ 0.0036, CHCJ);

UV (MeOH) Amax 219 nm; IR (dry film)vmax 3500, 1703, 1673, 1382
cm % 'H NMR (CDCl;, 200.13 MHz)6 6.84 (1H, dddJ = 9.9, 6.2,
2.2, H-3), 6.02 (1H, ddJ = 9.9, 2.5, H-2), 3.13 (1H, d] = 2.2, H-6),
2.97 (1H, dt,J = 18.6, 2.5, H-#), 2.81 (1H, d,J = 17.9, H-23),

Fourier synthesis and refined with isotropic displacement factors 1.2 5 54 (1H, dd,J = 14.2, 4.4, H-1#&), 2.12 (1H, d,J = 17.9, H-23)
times those of the oxygen to which they were attached. Molecular plots .08 (1H, br d,J = 14.2, H-P), 1.93 (1H, m, H-20), 1.91 (6H, s,

were drawn with XP, in the SHELXLTL-PC packagfe.

H-27, H-28), 1.89 (1H, dd] = 18.6, 6.4, H-4), 1.85 (1H, m, H-161),

Chromatographic separations were performed by vacuum liquid 1.68 (1H, m, H-18), 1.67 (1H, m, H-14), 1.64 (2H, m, H-8, H-B§

chromatography, column chromatography (CC) on Si gel 60 (6-063
0.200 mm), radial chromatography with a radial Chromatotron Model
7924 T on Si gel 60 PF254 Merck (1 mm thick), preparative TLC on

Si gel 60 F254 (0.2 mm thick) or Si gel reversed-phase C18 Merck,

1.59 (2H, m, H-15), 1.27 (1H, m, H-9), 1.22 (1H, m, kg7 1.22 (3H,
s, H-19), 1.16 (3H, dJ = 6.9, H-21), 1.09 (3H, s, H-18)3C NMR
(50.32 MHz), see Table 1; FABM&/z507 [MNa]" (76), 467 (MH—
H,0, 30), 341 (15), 313 (12), 166 (3), 158 (2), 150 (8), 145 (10), 144

and preparative HPLC on a semipreparative HPLC (Spectra Physics)(8), 132 (2), 128 (4), 123 (24); HRFABMS8Vz 507.2364 (calcd for

with a reversed-phase YMC ODS-A column (C-18), 2250 mm (5
um, 120 A particle size), using a Shodex RI 71 detector.

Plant Material. The aerial parts ofaborosa rotaceglants were
collected in Tafidel Valle, Department TafkKm. 90/91, Tucuma,

CasH3607Na, 507.2359).

Crystallographic Data and Data Collection Parameterst® Color-
less prismatic crystals recrystallized from hexaB#OAc. GgH3s07,
M = 484.56, orthorhombic, space groBp:2:2,2; (#19); cell constants

Argentina, in March 1998. A voucher specimen is deposited at Museo a = 6.4596(5) A,b = 12.2100(10) Ac = 30.375(3) A;V = 2395.7-

Botanico, Universidad Nacional de @ioba, under No. Barboza-144.
Extraction and Isolation. The air-dried powdered aerial partsbf
rotacea (1000 g) were extracted exhaustively with EtOH, and the

(3) A3, D(z=2) = 1.341 g cm3; crystal dimensions 0.26 0.18 x
0.14 mm, reflections measured 17 738, reflections unique 5431,
reflections observed (> 20(1)) 2591;R = 0.046 andR,? = 0.087.

resulting extract was concentrated at reduced pressure. The residue Jaborosalactone 27 ((28,225)-12a,22-epoxy-5.,603,1283,17f-tet-

(244.67 g) was defatted by partition in hexaiddeOH—H,O (10:9:
1), the MeOH-H,0O phase was washed with hexanex3400 mL),

rahydroxy-1-oxo-witha-2,24-dien-26,22-olide) (2)colorless crystals
(hexane-EtOAc), mp 194°C (dec); p]*p +11.8 € 0.0029, CHCJ);

and the MeOH was evaporated at reduced pressure. The residueJV (MeOH) Amax 225 nm; IR (dry film)vmax 3449, 1735, 1720, 1380

was diluted with HO and extracted with C¥Ll, (3 x 400 mL). The
CH.CI, extract was dried over anhydrous JS&, filtered, and

cm L 'H NMR (CDCl, 200.13 MHz)6 6.60 (1H, ddd,J = 9.9, 5.1,
2.6 Hz, H-3), 5.85 (1H, ddJ = 9.9, 2.2 Hz, H-2), 3.63 (1H, br s,

evaporated to dryness at reduced pressure. The residue (18.2 g) wasl-6), 3.32 (1H, dtJ = 19.5, 2.6 Hz, H-#), 2.82 (1H, br dJ = 18.3

initially fractionated by vacuum liquid chromatography. Elution with
hexane-EtOAc mixtures of increasing polarity (100:0 to 0:100)
afforded a fraction containing withanolides, and elution with EtGAc
MeOH (100:0 to 50:50) afforded two fractions containing withano-
lides. The fractions collected were | (2.86 g, hexaB¢OAc, 1:3), Il

Hz, H-23x), 2.53 (1H, dd,]) = 14.3, 3.6 Hz, H-1&), 2.26 (1H, dJ =
18.3 Hz, H-28), 2.06 (1H, dd,J = 19.5, 5.1 Hz, H-4), 2.00 (1H, m,
H-20), 1.94 (1H, m, H-9), 1.93 (3H, s, H-27), 1.90 (3H, s, H-28), 1.86
(1H, m, H-14), 1.85 (1H, m, H-8), 1.60 (2H, m, H-7), 1.59 (1H, m,
H-150), 1.52 (1H, m, H-18), 1.50 (1H, m, H-1B), 1.28 (3H, s, H-19),
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1.15 (3H, d,J = 6.9 Hz, H-21), 1.11 (3H, s, H-18}*C NMR (50.32
MHz), see Table 1; FABM®Wz 525 [MNa]* (29), 485 (MH— H.0,
9), 439 (8), 341 (11), 166 (8), 150 (7), 145 (6), 128 (7), 123 (11);
HRFABMS m/z 525.2483 (calcd for §H3s0sNa, 525.2464).

Jaborosalactone 28 ((28,225)-50.-chloro-12a,22-epoxy-@®,124,-
17p-trihydroxy-1-oxo-witha-2,24-dien-26,22-olide) (3):colorless crys-
tals (hexane EtOAc), mp 185-187°C; [a]*» —0.6 (c 0.0045, CHGJ);
UV (MeOH) Amax 224 nm; IR (dry film)vmax 3394, 1698, 1459, 1031
cm%; *H NMR (CDCl;, 500.13 MHz)d 6.66 (1H, dddJ = 10.1,5.1,
2.0 Hz, H-3), 5.89 (1H, ddJ = 10.1, 2.6 Hz, H-2), 4.04 (1H, br s,
H-6), 3.53 (1H, dtJ = 20.0, 2.4 Hz, H-@), 2.84 (1H, dJ = 18.1 Hz,
H-230), 2.64 (1H, ddJ = 13.9, 4.2 Hz, H-1d&), 2.52 (1H, ddJ =
20.0, 5.1 Hz, H-4), 2.29 (1H, d,J = 18.1 Hz, H-28), 2.07 (1H, m,
H-9), 2.06 (1H, gJ = 6.7 Hz, H-20), 1.96 (3H, s, H-28), 1.92 (1H, m,
H-78), 1.91 (3H, s, H-27), 1.91 (2H, m, H-8, H-14), 1.84 (1H, m,
H-160), 1.68 (1H, m, H-16), 1.66 (1H, br d,J = 12.8 Hz, H-%),
1.59 (1H, m, H-1&), 1.52 (1H, tJ = 13.9 Hz, H-18), 1.51 (1H, m,
H-156), 1.35 (3H, s, H-19), 1.17 (3H, d] = 6.7 Hz, H-21), 1.14
(3H, s, H-18);*3C NMR (50.32 MHz), see Table 1; FABM®Vz 543
[MNa]* (85), 503 (MH— H,0, 14), 341 (15), 340 (11), 166 (17), 150
(7), 145 (5), 128 (5), 123 (15); HRFABMS8Vz 543.2141 (calcd for
CysH3707NaCl, 543.2125).

Jaborosalactone 29 ((28,22S)-6a-chloro-120,22-epoxy-$,12,-
17p-trihydroxy-1-oxo-witha-2,24-dien-26,22-olide) (4)white amor-
phous powder;d]p +4.2 (€ 0.002, CHC{); UV (MeOH) Amax 223 nm;
IR (dry film) vmax 3383, 1796, 1675, 1375 c) *H NMR (CDCls,
500.13 MHz)d 6.73 (1H, dddJ = 10.0, 5.5, 2.0 Hz, H-3), 6.05 (1H,
dd,J = 10.0, 2.0 Hz, H-2), 4.31 (1H, dd,= 12.5, 4.8 Hz, H-6), 2.83
(1H, dt,J = 20.4, 2.5 Hz, H-#), 2.82 (1H, m, H-28&), 2.60 (1H, dd,
J = 20.4, 5.5 Hz, H-4), 2.31 (1H, br dJ = 17.3 Hz, H-23), 2.24
(1H, dt,J = 13.4, 4.6 Hz, H-B), 1.93 (1H, qJ = 6.8 Hz, H-), 1.88
(3H, d,J = 0.9 Hz, H-28), 1.86 (3H, s, H-27), 1.84 (1H, m, Hel§
1.84 (1H, m, H-1B), 1.72 (1H, m, H-14), 1.69 (1H, m, H-8), 1.60
(1H, m, H-11), 1.55 (1H, m, H-1&), 1.55 (1H, m, H-1B), 1.47 (1H,
m, H-70), 1.40 (1H, m, H-9), 1.20 (3H, s, H-19), 1.16 (3H,4= 6.8
Hz, H-21), 1.15 (1H, m, H-14), 1.08 (3H, s, H-18)}*C NMR (50.32
MHz), see Table 1; FABM$vz 543 [MNa]" (4, too weak for accurate
mass determination), 341 (73), 313 (50), 125 (27), 111 (29).

Jaborosalactone 30 ((28,22S)-120,22-epoxy-@,128,17f-trihy-
droxy-1-oxo-witha-2,4,24-trien-26,22-olide) (5):white amorphous
powder; pt]o —32.0 € 0.0016, UV (MeOHYlmax 223 nm; IR (dry film)
vmax 3270, 1701, 1690, 1572, 1370 cin'H NMR (CDCl;, 500.13
MHz) 6 6.94 (1H, ddJ = 9.7, 6.0 Hz, H-3), 6.17 (1H, d = 6.0 Hz,
H-4), 6.04 (1H, dJ = 9.7 Hz, H-2), 4.57 (1H, tJ = 2.7 Hz, H-6),
2.78 (1H, d,J = 18.1 Hz, H-238), 2.17 (1H, dd,J = 11.6, 3.0 Hz,
H-8), 2.12 (1H, ddJ = 14.3, 4.3 Hz, H-1&), 2.05 (1H, dJ = 18.1
Hz, H-23), 2.02 (1H, dtJ = 12.0, 3.0 Hz, H-B), 1.92 (1H, m, H-20),
1.89 (3H, s, H-27), 1.87 (3H, s, H-28), 1.83 (1H, m, He)H1.81
(1H, m, H-19), 1.71 (1H, t,J = 10.1 Hz, H-16), 1.66 (1H, d,J =
10.9 Hz, H-14), 1.57 (2H, m, H-15), 1.45 (3H, s, H-19), 1.23 (1H, m,
H-9), 1.19 (3H, s, H-18), 1.15 (3H, d,= 6.7 Hz, H-21), 1.11 (1H, td,
J=12.0, 3.6 Hz, H-@&); °C NMR (50.32 MHz), see Table 1; FABMS
m/z 507 [MNa]" (10), 342 (12), 341 (31), 166 (10), 150 (12), 144 (4),
136 (80), 132 (2), 128 (3), 123 (11); CHCHRFABMS m/z507.2341
(calcd for GgHzs07/Na, 507.2359).

Jaborosalactone 31 ((28,23R)-12f,26-epoxy-o,68,17f-trihy-
droxy-26-oxo-12x,23-cycloergosta-2,24-dien-1,22-dione) (6yvhite
amorphous powderp]p —25.9 € 0.0005, CHGJ); UV (MeOH) Amax
220 nm; IR (dry film)vmax 3430, 1715, 1695 cm; 'H NMR (CDCls,
500.13 MHz)d 6.62 (1H, dddJ = 10.2, 5.0, 2.3 Hz, H-3), 5.87 (1H,
dd,J = 10.2, 2.3 Hz, H-2), 3.81 (1H, br s, H-23), 3.66 (1HJ & 2.7
Hz, H-6), 3.34 (1H, dtJ = 19.8, 2.7 Hz, H-8), 2.94 (1H, qJ = 6.5
Hz, H-48), 2.75 (1H, ddJ = 13.2, 3.0 Hz, H-1&), 2.26 (1H, tdJ =
10.7, 7.5 Hz, H-14), 2.07 (1H, ddd,= 19.8, 5.0, 0.9 Hz, H-d), 2.06
(3H, d,J = 1.0 Hz, H-28), 2.04 (1H, m, H-1H), 2.03 (1H, m, H-8),
1.99 (3H, s, H-27), 1.96 (1H, td,= 11.2, 3.0 Hz, H-9), 1.81 (2H, m,
H-150, H-166), 1.76 (1H, dtJ = 13.9, 2.5 Hz, H-B), 1.66 (1H, m,
H-7a), 1.66 (1H, m, H-1B), 1.64 (1H, t,J = 12.7 Hz, H-1p), 1.29
(3H, s, H-19), 1.26 (3H, s, H-18), 1.14 (3H, 8= 6.5 Hz, H-21);**C
NMR (50.32 MHz), see Table 1; FABM8Vz 507 [MNa]* (19), 485
[MH] * (24), 383 (25), 341 (21), 313 (20), 166 (13), 158 (8), 150 (19),
145 (11), 144 (7), 132 (9), 128 (11), 123 (35); HRFABM& 507.2346
(calcd for GgHzs07Na, 507.2359).

Jaborosalactone 32 ((28,23R)-54,66:12a,22-diepoxy-18,178-
dihydroxy-1-oxo-witha-2,24-dien-26,23-olide) (7)colorless crystals

Nicotra et al.

(hexane-EtOAc), mp 186-182 °C; [a]?!p +25.3 € 0.099, CHCY);
CD (0.002, MeOHWe +1.6 (218 nm); UV (MeOHYmax 217 nm; IR
(dry film) vmax 3490, 1736, 1672, 1383, 1101, 1012, 756 &H NMR
(CDCls, 200.13 MHz)6 6.87 (1H, dddJ = 9.9, 6.2, 2.2 Hz, H-3),
6.02 (1H, dd,J = 9.9, 2.6 Hz, H-2), 4.88 (1H, br s, H-23), 4.18 (1H,
dd,J = 11.3, 2.6 Hz, H-22), 3.15 (1H, d,= 2.2 Hz, H-6), 2.96 (1H,
dt, J = 18.6, 2.6 Hz, H-#), 2.24 (1H, ddJ = 13.5, 4.4 Hz, H-1&),
2.07 (1H, m, H-PB), 2.05 (3H, s, H-28), 2.05 (1H, m, H-20), 1.92 (1H,
m, H-14), 1.90 (1H, ddJ = 18.6, 6.2 Hz, H-4&), 1.79 (3H, s, H-27),
1.78 (1H, t,J = 13.5 Hz, H-1B), 1.77 (1H, m, H-18&), 1.62 (1H, m,
H-8), 1.60 (2H, m, H-16), 1.54 (1H, m, H-B% 1.43 (1H, m, H-9),
1.35 (1H, br t,J = 11.6 Hz, H-%), 1.22 (3H, s, H-19), 1.01 (3H, s,
H-18), 0.75 (3H, dJ = 6.6 Hz, H-21);*3C NMR (50.32 MHz), see
Table 2; FABMSm/z 507 [MNa]* (20), 485 [MH]* (15), 467 (MH—
H,0, 100), 341 (15), 166 (7), 158 (3), 150 (5), 145 (11), 144 (5), 128
(9), 123 (14); HRFABMSm/z 507.2378 (calcd for &Hzs0:Na,
507.2359).

Crystallographic Data and Data Collection Parameterst® Color-
less prismatic crystals recrystallized from hexaf&tOAc. GgH3s07+
H.O, M = 502.58, orthorhombic, space grouRR:2:2:2; (#19);
cell constantss = 7.4703(6) Ab = 15.0140(11) Ac = 21.9821(17)
A; V = 2465.5(3) B, D(Z=2) = 1.354 g cm?, crystal dimensions
0.34x 0.14 x 0.12 mm, reflections measured 14 823 reflections unique
5558, reflections observed ¢ 20(1)) 2839; R = 0.042 andR,? =
0.077.

Jaborosalactone 33 ((23,23R)-12a,22-epoxy-m,6,126,173-tet-
rahydroxy-1-oxo-witha-2,24-dien-26,23-olide) (8)colorless crystals
(hexane-EtOAc), mp 191192 °C; [a]?p +26.2 € 0.0144, CHGJ);
UV (MeOH) Amax 224 nm; IR (dry film)vmax 3425, 1736, 1685, 1380,
1107, 1018, 760 cnt; 'H NMR (CDCl—CD30D, 95:5, 200.13 MHz,
corresponds to the 12-O-Gerivative9) 6 6.61 (1H, ddd,J = 10.2,
5.1, 2.2 Hz, H-3), 5.86 (1H, ddl = 10.2, 2.6 Hz, H-2), 4.95 (1H, br
s, H-23), 3.77 (1H, ddJ = 11.3, 3.3 Hz, H-22), 3.71 (1H, br s, H-6),
3.31 (1H, dtJ = 19.7, 2.6 Hz, H-#), 2.76 (1H, ddJ = 13.2, 4.0 Hz,
H-110), 2.13 (3H, s, H-28), 2.13 (1H, m, H-14), 2.11 (1H, m, k)4
2.11 (1H, m, H-20), 2.06 (1H, br § = 10.2 Hz, H-9), 1.83 (3H, s,
H-27), 1.82 (1H, m, H-8), 1.73 (1H, m, HgJ, 1.73 (1H, m, H-16),
1.60 (1H, m, H-1&), 1.56 (2H, m, H-&, 163), 1.51 (1H, m, H-1B),
1.35 (1H, t,J = 12.8 Hz, H-1B), 1.31 (3H, s, H-19), 1.00 (3H, s,
H-18), 0.82 (3H, d,J = 6.6 Hz, H-21);%C NMR (50.32 MHz,
corresponds to the 12-O-GMerivative9), see Table 2; FABMS3n/z
503 [MH]™ (48), 341 (61), 166 (10), 123 (19); HRFABM&z503.2227
(calcd for GgH3zs0O7Na, 503.2644).

Jaborosalactone 34 ((23,23R)-60.-chloro-12a,22-epoxy-$,128,-
17p-trihydroxy-1-oxo-witha-2,24-dien-26,23-olide) (10)white amor-
phous powder;d]p +7.15 € 0.0112, CHGJ); UV (MeOH) Amax 219
nm; IR (dry film) vmax 3406, 1738, 1670, 1383, 1044, 758 Timn'H
NMR (CDCls, 200.13 MHz)¢ 6.76 (1H, dddJ = 10.0, 5.1, 2.5 Hz,
H-3), 6.01 (1H, ddJ = 10.0, 1.8 Hz, H-2), 4.86 (1H, br s, H-23), 4.31
(1H, dd,J=12.4, 5.1 Hz, H-6), 4.18 (1H, dd,= 11.3, 2.2 Hz, H-22),
2.87 (1H, dtJ = 20.5, 2.5 Hz, H-#), 2.61 (1H, ddJ = 20.5, 5.1 Hz,
H-4a), 2.23 (1H, dt,J = 13.2, 4.2 Hz, H-B), 2.02 (1H, m, H-20),
2.01 (1H, s, H-28), 2.01 (1H, m, H-14), 1.78 (3H, s, H-27), 1.74 (1H,
m, H-16x), 1.68 (1H, m, H-8), 1.62 (1H, m, H-1d, 1.62 (1H, m,
H-115), 1.60 (3H, m, H-9, H-15), 1.55 (1H, m, H-£H 1.49 (1H, m,
H-7a), 1.20 (3H, s, H-19), 1.00 (3H, s, H-18), 0.79 (3H,X= 6.6
Hz, H-21);13C NMR (50.32 MHz), see Table 2; FABM®/'z 193 (30),
179 (24), 165 (24), 163 (25), 136 (61), 123 (40), 121 (44), 111 (51).

Jaborosalactone 35 ((28%,23S%,24R*,255%)-120,22:21,24-di-
epoxy-5u,6f,128,176,25-pentahydroxy-1-oxo-with-2-en-26,23-
olide) (11): white amorphous powder; UV (MeOHax 221 nm; IR
(dry film) vmax 3420, 1772, 1670, 1382, 1051 cin*H NMR (CDCls,
500.13 MHz)d 6.64 (1H, ddd,J = 10.1, 5.0, 2.0 Hz, H-3), 5.88 (1H,
dd,J=10.1, 2.7 Hz, H-2), 4.69 (1H, d,= 2.7 Hz, H-23), 4.44 (1H,
dd,J = 11.6, 2.7 Hz, H-22), 3.83 (1H, dd,= 12.1, 3.8 Hz, H-2d),
3.71 (1H, br s, H-6), 3.69 (1H, § = 12.1 Hz, H-2p), 3.27 (1H, dt,
J=19.7, 2.3 Hz, H-8), 2.65 (1H, dd,J = 13.4, 4.3 Hz, H-1d), 2.28
(1H, td,J = 11.6, 3.3 Hz, H-20), 2.18 (1H, td,= 12.8, 4.3 Hz, H-9),
2.16 (1H, m, H-14), 2.14 (1H, m, Hed, 1.89 (1H, m, H-16), 1.85
(1H, m, H-8), 1.75 (1H, td) = 14.3, 2.2 Hz, H-B), 1.71 (1H, tJ =
13.4 Hz, H-1B), 1.69 (1H, m, H-1&), 1.62 (1H, m, H-1B), 1.56
(1H, m, H-T), 1.48 (1H, m, H-1B), 1.35 (3H, s, H-27), 1.33 (3H, s,
H-28), 1.32 (3H, s, H-19), 1.05 (3H, s, H-18JC NMR (50.32 MHz),
see Table 2; FABM$z 231 (42), 215 (25), 155 (26), 136 (41), 117
(100).
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Jaborosalactone 36 ((28*,23S*,24R*,255)-5a,66:120.,22:21,24-
triepoxy-128,17f,25-trihydroxy-1-oxo-with-2-en-26,23-olide) (12):
colorless crystals (hexar&tOAc), mp 216-212 °C; [a]?p —13.10
(c 0.048, CHCY); UV (MeOH) Amax 221 nm; IR (dry film)vmax 3480,
1774, 1664, 1381, 1097, 1053, 768 ¢m'H NMR (CDCl;, 200.13
MHz) 6 6.88 (1H, ddd,J = 12.9, 6.6, 2.2 Hz, H-3), 6.05 (1H, dd,
J=12.9, 2.6 Hz, H-2), 4.59 (1H, d] = 2.9 Hz, H-23), 4.40 (1H,
dd,J=12.1, 2.9 Hz, H-22), 3.80 (1H, dd,= 12.1, 4.0 Hz, H-2&),
3.65 (1H, t,J = 12.1 Hz, H-2}), 3.15 (1H, dJ = 1.8 Hz, H-6), 2.95
(1H, dt,J = 18.3, 2.2 Hz, H-#), 2.30 (1H, dd,J = 13.5, 4.4 Hz,
H-11a), 2.17 (1H, m, H-20), 2.06 (1H, m, HAJ, 1.94 (1H, m, H-14),
1.87 (1H, dd,J = 18.3, 6.6 Hz, H-4), 1.83 (1H, m, H-18), 1.64
(1H, m, H-1%), 1.62 (2H, m, H-16), 1.58 (1H, m, H-8), 1.44 (1H, m,
H-7a), 1.43 (1H, m, H-9), 1.40 (1H, m, H-1, 1.32 (3H, s, H-27),
1.31 (3H, s, H-28), 1.22 (3H, s, H-19), 1.00 (3H, s, H-18% NMR
(50.32 MHz), see Table 2; FABMBVz 539 [MNa]" (13), 499 (MH—
H,0, 16), 343 (11), 166 (8), 158 (3), 150 (7), 145 (6), 136 (80), 128
(6), 123 (23); HRFABMSm/z 539.2255 (calcd for &HacOoNa,
539.2257).

Jaborosalactone 37 ((2B,22R)-5a-chloro-12a,21-epoxy-@,124,-
17p-trinydroxy-1-oxo-witha-2,24-dien-26,22-olide) (13): colorless
crystals (hexaneEtOAc), mp 205°C; [o]*p +62.85 ¢ 0.0047,
CHCl); UV (MeOH) Amax 227 nm; IR (dry film)vmax 3420, 1685, 1655,
1381, 1304, 1045, 960, 760 cf *H NMR (CDCls, 500.13 MHz)d
6.66 (1H, dddJ = 10.1, 5.0, 2.4 Hz, H-3), 5.92 (1H, dd= 10.1, 2.6
Hz, H-2), 4.36 (1H, ddd) = 12.2, 8.4, 3.0 Hz, H-22), 4.06 (1H, br s,
H-6), 3.98 (1H, ddJ = 11.4, 5.0 Hz, H-28), 3.66 (1H, t,J = 11.0
Hz, H-210), 3.53 (1H, dtJ = 19.9, 2.4 Hz, H-#), 2.87 (1H, dddJ
= 11.0, 8.4, 5.0 Hz, H-20), 2.65 (1H, dd,= 13.6, 4.2 Hz, H-1&),
2.59 (1H, br tJ = 14.4 Hz, H-23), 2.53 (1H, ddJ = 19.9, 5.0 Hz,
H-40), 2.25 (1H, dd,d = 13.2, 2.4 Hz, H-28), 2.23 (1H, m, H-9),
2.11 (1H, ddJ = 14.2, 9.5 Hz, H-16), 2.02 (1H, tdJ = 9.2, 2.0 Hz,
H-70), 2.00 (1H, td,J = 8.8, 2.0 Hz, H-8), 1.95 (3H, s, H-28), 1.88
(3H, s, H-27), 1.81 (1H, dd] = 14.2, 7.1 Hz, H-18), 1.69 (1H, br d,
J = 10.6 Hz, H-PB), 1.68 (1H, t,J = 13.0 Hz, H-1p), 1.61 (1H, m,
H-150), 1.57 (1H, m, H-14), 1.55 (1H, m, H-B%, 1.39 (3H, s, H-19),
1.08 (3H, s, H-18)*C NMR (50.32 MHz), see Table 2; FABM®&/z
543 [MNa]" (8, too weak for accurate mass), 521 [MHP, too weak
for accurate mass), 505 (15), 503 (MHH.0, 25), 166 (10), 136 (86),
123 (27).
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