J. CHEM. SOC. PERKIN TRANS. 1 1991

2583

A Mass Spectral Analysis of some Cucurbitacins Isolated from Fevillea cordifolia
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An examination of the mass spectral behaviour of cordifolin A 1 (3B,16«-dihydroxy-20,25-epoxy-

19(10—-9B)abeo-10«-lanost-5-en-11,22-dione),

3-0-B-p-glucopyranosyl-6,1-B-b-glucopyrano-

sidecordifolin A 2, 22«-hydroxy-23,24-dehydrocordifolin A 3, and 22-deoxo-23,24-dehydrocordifolin
A 4, isolated from Fevilfea cordifolia (Cucurbitaceae), illustrates the diagnostic fragmentation path-
ways that occur in these cucurbitacins. Tandem mass spectrometry allowed the construction of a
detailed fragmentation map of 1. The structure elucidation of compounds 2-4 and their El, Cl and FAB
MS as well as those of cordifolin A 1 are discussed.

Mass spectrometric studies have yielded a wealth of information
in the structural characterization of triterpene skeletons, and in
locating the functional groups present in these molecules.!~8
Ionization techniques such as electron impact (EI),*? chemical
ionization (CI),® field desorption (FD),” fast atom bombard-
ment (FAB),% and secondary ion (SI) ® mass spectrometry (MS)
have been extensively employed. The cucurbitacins, triterpenes
which possess the biogenetically unusual 19(10—9f)abeo-10a-
lanostane skeleton, ! ! have evoked wide interest because of the
host of biological activities that members of this series display.'?
Numerous reports have appeared in the literature!3-2°
outlining the application of mass spectrometry to the structure
determination of the cucurbitacins. However, very few have
provided detailed fragmentation patterns for these com-
pounds.2® Recent examination of the seeds of Fevillea cordifolia
L. (Cucurbitaceae) led to the isolation and structure elucidation
of a novel pentacyclic triterpene, cordifolin A 1.2! Application
of multi-pulse NMR methods proved to be essential to obtain
the structure of 1 which displays extensive resonance overlap.
Further investigation of the plant extract allowed us to purify
three more cucurbitacins 2—4. In addition to multi-pulse NMR
methods, a number of mass spectral methods including EI, CI,
FAB and tandem mass spectrometry (MS-MS) were utilized
in the structural elucidation of these compounds. These results
are presented in this paper.

Results and Discussion

Mass spectral cleavages which were important in the
characterization of the cyclised side chain of cordifolin A 1
have been discussed earlier.2! Cordifolin A exhibits mass
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spectral reactions in its tetracyclic framework similar to those
observed in other functionalized triterpenes such as the
hopanes,! lanostanes?? and allobetulanes. Thus, ring C
scission, common among members of these series, was observed
in the EI and FAB mass spectra of 1 (Schemes 1 and 2).
The presence of the 11-oxo function renders ring C suscept-
ible to cleavage, which probably proceeds via «-cleavage
of the C(11)-C(12) bond followed by abstraction of a proton
from C-7 and cleavage of the C(8)—C(14) bond to give a peak at
m/z 173.

Ring B fissure in compound 1 was also prominent and can be
accounted for by the occurrence of a retro Diels—-Alder (rDA)
mechanism, initiated by the A-5 olefinic moiety. The peaks
which occurred at m/z 152.1183 (C,,H,¢0) and m/z 237.1500
(C,4H,,0;) were indicative of this cleavage and represented
rings A and CD, respectively. Audier and Das !® and, more
recently, Gamlath ez al.'® have reported that cleavage via a
rDA mechanism was very significant in the mass spectra of
cucurbitacins which possessed the diosphenolic moiety. There
were also, however, indications that the rDA mechanism was
not limited to cucurbitacins which possess the diosphenolic
moiety. In a study of the sweet and bitter cucurbitane glycosides
of Hemsleya carnosiflora,'” Tanaka and co-workers reported
an rDA mechanism even though the diosphenolic sub-
structure was absent from these compounds.

There were noticeable differences in the mass spectrum of 1
under the ‘softer’ ionizing conditions of FAB, wherein the
dominance of a different fragmentation pathway was evident.
Whereas the cleavages of the cyclized chain were very
pronounced in the EI spectrum, the rDA reaction of ring B,
driven by the A-5 function, acted as the principal source of
the prominent ions observed in FAB. Thus, ring B fissure
resulted in a fragment ion at m/z 135 [(134 + H)'*, 61%],
which subsequently lost a methane molecule, to afford a
fragment ion at m/z 119 (100%). This fragment ion at m/z 119
was previously observed by Gamlath and co-workers2?® in a
study of compounds isolated from Reissantia indica, which
possess the novel 19(10—-9)abeo-8«,98,10«-euphane skeleton.

An MS-MS?* study of cordifolin A allowed the establish-
ment of the parent—daughter ion relationships in this com-
pound. Thus, the EI CA-MIKE (collision activated-mass-
analysed ion kinetic energy) spectrum of the molecular ion
(m/z 486) showed fragment ions which are the products of the
primary fragmentary cleavages occurring in cordifolin A. The



2584

miz 173

mi/z 486

J. CHEM. SOC. PERKIN TRANS. 1 1991

A DA
. OH 1
H
o #
--OH
* miz 152 y
H miz 237
I—HZO I-“zo
. OH
} T
[e)
m/z 134 milz 219
Scheme 1
1
H H,0 H
486 —22 . 4o5 — 2 450 0
4
. co
H,0 H,0
m/z 134 m/z 119 13 471 . 453 2 435
Scheme 2 H,0
142 440 22
CHz
MS-MS information was interpreted as follows: facile loss of a 425 H0 CHs
molecule of water from the molecular ion yields m/z 468, while T 407
peaks at m/z 113 and 142 were the primary products of fissures H,0
which involved the cyclized side-chain. The fragment ion at m/z 338— 320
389, and its satellites at m/z 371 and 353, represented the
tetracyclic framework left after loss of the side-chain. The CHa
occurrence of primary skeletal fragmentations in the tetracyclic €0 . 325

framework of cordifolin A was signified by the peak at m/z 173.
It is interesting that no evidence of the rDA reaction, which
involves the A-5 function and is suggested by the presence of
daughter ions at m/z 152 and 134, was found. The rDA cleavage
was therefore not a primary process in the fragmentation of the
molecular ion. A similar study of the MIKE spectra of peaks at
m/z 468, 450, 425, 353, 389 and 346 allowed the construction
of a fragmentation map of cordifolin A (Scheme 3).

Fourier transform IR spectroscopy (FTIR) of compound 2
suggests the presence of hydroxy, carbonyl and olefinic
functionalities with absorption bands at 3220-3590, 1685 and
1630 cm™', respectively. Results obtained from the attached
proton test (APT)2%2¢ and the normal '3C and 'H NMR
spectra of compound 2 are summarized in Table 1. Application
of multi-pulse NMR techniques, such as direct 'H, 'H
INADEQUATE,?"2® long range and direct 'H,'3C hetero-

Hz0
237 — =219

&
173

nuclear correlation spectra (COLOC2° and HETCOR 3°-31),
and one dimensional nuclear Overhauser effect (NOE) dif-
ference spectroscopy,®*?? for the structural elucidation of 2 is
analogous to that reported for cordifolin A 1.2! When 1 is used
as a reference compound in the spectral analysis of compound 2,
close similarities are observed between the two molecules in
rings B, C, D and E. Ring A provided the major point of
difference. The C-3 resonance shows a glycosylation shift

Scheme 3
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Table I '3C and 'H NMR chemical shifts® of compound 2
Carbon  Multiplicity  d(ppm)  dy(ppm)
1 CH, 2248 1.32 (H,), 1.58 (Hy)
2 CH, 2893 1.96 (H,), 178 (H,)
3 CH 87.59 3.46
4 C, 4262
5 ) 142.06
6 CH 119.58 5.61(d, J 5.6 Hz)
7 CH, 24.78 1.96 (H,), 2.33 (H,)
8 CH 44.53 1.88
9 C, 50.39
10 CH 36.68 2.42
1 C, 216.87
12 CH, 49.88 3.31(H,), 2.51 (Hy) (/ 14.4 Hz)
13 C, 4931
14 ) 51.91
15 CH, 46.73 1.36 (H,), 1.82 (H,)
16 CH 71.53 441 (t,J 7.6 Hz)
17 CH 59.29 2.56 (d, J 74 Hz)
18 CH, 2037 088 (s)
19 CH, 20.37 1.05 (s)
20 C, 80.84
21 CH, 25.50 1.37 (s)
2 C, 217.25
23 CH, 33.11 2.86 (H,), 2.71 (Hy)
24 CH, 38.12 1.71
25 C, 70.82
26 CH, 29.39 118 (s)
27 CH, 29.14 118 (s)
28 CH, 2859 1.06(s)
29 CH, 2590 1.3 (s)
30 CH, 19.75 131 (s)
31 CH 104.86 441 (d,J 7.7 Hz)
32 CH 75.54 3.15
33 CH 78.19 3.28
34 CH 71.68 3.26
35 CH 77.17 3.40
36 CH, 69.93 3.78 (dd, J2 11.9, J? 5.8 Hz)
407 (dd, J2 11.4 Hz)
37 CH 106.36 4.28 (d, /7.7 Hz)
38 CH 75.16 3.18
39 CH 71.97 3.25
40 CH 71.63 3.32
41 CH 71.97 3.34
42 CH, 62.76 3.67(dd, J? 11.8,J° 5.2 Hz)

3.87(dd, J? 11.4 Hz)

“ Internal standard, Me,Si.

consistent with the introduction of sugar molecules at this site
(6 76.90—-87.59). The C-1 and C-2 signals were assigned after
comparison with the chemical shifts reported for ring A in
similar structures reported by Kasai et al.'” The observation of
two anomeric carbon shifts (6 104.86 and 106.36) and two
signals attributable to C’-6 (6 69.93) and C"-6 (6 62.76) of
carbohydrates indicates the presence of two sugar molecules
linked in a 1-6 arrangement. Literature analogy and
comparison of the '*C chemical shifts with those of known
compounds suggests that the sugar units are B-nD-glucose.!317
Further, hydrolysis of 2 by an enzyme showing B-p-glucosidase
activity and subsequent analysis of the hydrosylate by HPLC
confirmed the presence of §-p-glucose.

The paucity of fragment ions in the CI-MS of 1 renders the
technique unattractive for studying the fragmentation processes
which were occurring within that molecule. The CI-MS of
compound 2 was, however, very interesting. A fragment ion at
m/z 342 (Scheme 4) represented the glycosidic moiety and
confirmed 2 as a monodesmoside. Subsequent cleavages of this
ion resulted in fragments at m/z 324 (342 — H,0), 180 and
162, with the latter fragment ions being formed after rupture
of the interglucosidic bond.

The FAB-MS of compound 2 were obtained using two
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Scheme 4

different matrices (thioglycerol and formic acid—glycerol) and
exhibited an (M + H)* peak at m/z 811. The glycosidic moiety
exhibited similar fragment ions in both matrices, but there were
significant differences in the cleavages of the tetracyclic
framework. Matrix effects **-** can be important in FAB-MS
and can influence which process dominates in the fragmentation
of organic compounds. Thus, the peak at m/z 185, observed
in the formic acid-glycerol matrix, was absent from the
thioglycerol spectrum. Its origin may be the result of a cleavage
across ring C with concomitant migration of the 30-methyl
group to C-8.

FTIR spectroscopy of compound 3 suggests the presence

of hydroxy, carbonyl and two olefinic functionalities with
absorption bands at 3300-3540, 1685, 1630 and 1615 cm™,
respectively. Results obtained from the APT, and the normal
13C and 'H NMR spectra of compound 3 are summarized in
Table 2. Again using cordifolin A as the model, close similarities
are observed in the substitution patterns of rings A, B, C and D.
The major differences arise from substitution of the cyclised
side chain. The C-22 position bears a hydroxy group that
appears to be «-oriented, based on observations of NOE
enhancement after irradiation at the 21-methyl site (6 1.17).
In addition, an olefinic function appears between C-23 and
C-24 of compound 3.

A very prominent peak at m/z 98, the base peak, was used to
support the proposed structure of the cyclised side chain of
compound 3. Otherwise, 3 exhibited cleavages in the tetracyclic
framework that were analogous to those observed in the
fragmentations of cordifolin A 1. For example, the fragment ion
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Table2 '3C and 'H NMR chemical shifts? of compound 3
Carbon  Multiplicity ~ dc(ppm)  Sy(ppm)
1 CH, 21.68 1.29 (H,), 1.55 (H,)
2 CH, 29.77 1.81 (H,), 1.60 (Hy)
3 CH 76.90 3.42
4 C, 4229
5 . 141.36
6 CH 120.45 5.63 (d, J 5.8 Hz)
7 CH, 24.79 1.94 (H,), 2.38 (Hy)
8 CH 44.66 1.91
9 C, 50.33
10 CH 36.65 2.39
11 C, 217.48
12 CH, 49.82 3.16 (H,), 2.46 (H,) (J 14.4 Hz)
13 C, 49.15
14 C, 52.05
15 CH, 46.56 1.45 (H,), 1.86 (H;)
16 CH 72.68 4.65(t,J 7.4 Hz)
17 CH 57.84 241 (d,J5.5Hz)
18 CH, 20.30 0.88 (s)
19 CH; 20.25 1.09 (s)
20 C, 77.53
21 CH, 22.03 L17 (s)
22 CH 78.07 4.24 (dd, J 0.55,7.5 Hz)
23 CH 142.57 5.71 (dd, J 7.2, 15.7 Hz)
24 CH 126.71 5.92 (dd, J0.66, 15.8 Hz)
25 C, 71.24
26 CH; 29.88 1.27 (s)
27 CH, 29.88 1.27 (s)
28 CH, 28.21 1.02 (s)
29 CH, 26.05 1.14 (s)
30 CH, 19.56 1.30 (s)

¢ Internal standard, Me,Si.

at m/z 389 (C,4H;,0,) represented the tetracyclic framework
which remained after the loss of the side chain. Other important
fragments occurred at m/z 237, 173, 134 and 119. The
pronounced peak in the CI-MS of 3 may be due to (389 +
NH,)* and this adduct suggests that cleavages involving that
cyclised side chain occurred very early in the fragmentation
process, even under CI conditions. A prominent peak at m/z
309 in the FAB-MS of 3 was the result of C(17)-C(2) bond
rupture. Apparently, elimination of water molecules, involving
both the C-3 and the C-16 hydroxy functions had previously
occurred. A similar cleavage was detected among the cucur-
bitacins of Hemsleya carnosiflora,'” but this fragmentation
process was hitherto unobserved among the cucurbitacins of
Fevillea cordifolia. The important fragments of 3 are
summarized in Scheme 5.

Mass spectrometry was used to elucidate the structure of a
new cucurbitacin 4 in the following manner. High resolution
mass spectrometry (EI) indicated a molecular weight of
470.3403 and a molecular formula of C;oH,c0,. FAB-MS,
after peak matching using internal standards, confirmed the
molecular ion by showing a (M + H)" peak at 471.347. The
fact that the molecular ion in the EI spectrum was the base
peak implied that the cleavages involving the side chain, facile
processes in the other cucurbitacins studied, were not very
dominant in compound 4. This suggested that the side chain
of 4 was relatively unfunctionalized. An interesting peak was
observed at m/z 389.2519, wherein all the oxygen atoms present
in the molecular formula were retained on the tetracyclic
framework (Scheme 6). The prominent peak at m/z 319 was
reminiscent of a McLafferty-type cleavage*® involving a C-1
proton and the 11-oxo function which was reported for
bryogenin '® and which contained rings C, D and the cyclized
side chain. The other cleavages of the tetracyclic framework
were consistent with the presence of substituents in rings A, B,
C and D that are similar in both cordifolin A and compound 4.
In fact, the difference between 3 and 4 resides in the presence
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of the 22-hydroxy function in 3, whereas compound 4 appears
to be a 22-deoxocucurbitacin. The occurrence of 22-deoxo-
cucurbitacins has been previously reported,'® but this
constitutes the first indication of a 22-deoxocucurbitacin in
Fevillea cordifolia. Sample size precluded the acquisition of
supporting NMR data for 4, thus this structure assignment is
tentative.

Experimental

The procedure for isolation and purification of cordifolin A 1
from Fevillea cordifolia, as well as experimental details for
acquisition of NMR spectra have been described previously.?!
Cucurbitacins 3 and 4 were obtained from chromatographic
fractions eluting at retention times of 65.8 and 74.4 min,
respectively.

The ground endosperm of seeds of Fevillea cordifolia (1.1 kg)
was extracted overnight using methanol (2 dm?) to afford a
brown gum (61.1 g). The chloroform-soluble extract was
removed and 16.3 of the residue was separated by column
chromatography over silica gel (ethyl acetate—ethanol-water,
5:2:0.5), giving five fractions. Fraction 3 (3.3 g) was further
purified by preparative reverse phase HPLC (Cg, 10 um), using
a stepwise gradient of methanol (A) and water as follows: 0 min
(20% A); 45 min (90% A); 60 min (909, A). The fraction eluting
at 19.1 min (86 mg) was finally purified over silica gel (0.25 mm,
20 x 20 cm, Merck) using double development in a mobile
phase comprising chloroform—ethanol (7:3), affording 2 as
the major band (28 mg).

The mass spectral conditions were as follows: MS-MS
measurements were performed on a ZAB-E mass spectrometer
(V.G. Analytical Ltd.) fitted with a MIKES collision gas cell at
the intermediate focal plane. Samples were ionized by electron
impact (70 eV) or by 8 keV Xe bombardment of samples which
were previously dissolved in a thioglycerol matrix. The ions
were accelerated to 8 keV and were focussed into the collision
cell containing the He target gas at a pressure sufficient to
attenuate the incident beam by 50%,. Product ions were energy
analysed and were detected using an off-axis electron multiplier,
the deflector plate being held at a potential of —20 kV.

Accurate masses (+6 ppm) were determined by peak
matching using secondary standards added to the matrix.
Twenty such standards, authenticated by intercomparison and
by reference to salt cluster and FAB matrix peaks, were used
to cover the mass range 143 to 506 Da thus allowing the
determination of the mass values for the compounds
investigated.

Cordifolin A diglucoside 2; m.p. 153-155°C; 'H and '3C
NMR data are given in Table 1; v, /cm™" 3220-3590, 1685
and 1630; the highest observable EI-MS peak was at m/z
587.3537 (C;,Hs;04); FAB-MAS shows (M + H)* at m/z
811.448 which, after peak matching using internal standards,
gave a molecular formula of C4,Hs,0;.

Cordifolin B 3; m.p. 210-211 °C; 'H and '*C NMR data are
given in Table 2; v,,,/cm™" 3300-3540, 1685, 1630 and 1615
(Found: M™, 486.3340. C;,H,s05 requires 486.3345). FAB-
MS (glycerol) and CI-MS (ammonia) confirms M * by showing
M + H)*, 487.

Cordifolin C 4; m.p. 126-128 °C; v,,,,/cm™" 3440, 1680 and
1640 (Found: M*, 470.3403. C;,H,¢O, requires 470.3418).
FAB-MS (thioglycerol) showed (M + H)* 471.

Enzymatic Hydrolysis of Compound 2—To a solution of 2
(100 pg) in water (200 mm?) was added B-p-glucosidase (200 pg;
Sigma). The mixture was incubated at 36 °C for 72 h, after which
the mixture was filtered and analysed by HPLC on a Perkin-
Elmer chromatograph consisting of a series 410 SDS, series
210 photo diode array detector (195 nm), a LC1-100 integrator,
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and a six-port injection valve (Rheodyne 7125). Separations
utilized a mobile phase comprised of H,SO, (0.005 mol dm™3)
at a flow rate of 0.5 cm® min~! and a column capable of
separating sugars (Biorad HPX-87H, 300 x 7.8 mm, with
guard). The sample peak was identified by comparison with
an authentic sample of B-p-glucose.
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