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Bioassay-guided fractionation of an EtOH extract obtained from the roots of the Madagascahllplzatgummifera

led to the isolation of three new cytotoxic oleanane-type triterpenoid saponins, gummiferaosi@e§lA3). The
structures of these new compounds were elucidated using 1D and 2D NMR experiments and mass spectrometry.
Compoundsl—3 showed cytotoxicity against the A2780 human ovarian cancer cell line wighvi&@ues of 0.8, 1.5,

and 0.6ug/mL, respectively.

In our continuing search for bioactive molecules from the \ Fragment Il
Madagascar rainforests as part of an International Cooperative 1 M9CHs  jnner Mt
Biodiversity Group (ICBG) prograrh,we obtained an extract of Q X
the roots ofAlbizia gummifera(J. F. Gmel.) C. A. Sm. var. T8 e L wmo
gummifera(Fabaceae). This extract, designated MG 1012, showed M7 3
reproducible cytotoxicity to the A2780 ovarian cancer cell line,
with an 1G value of 7.2ug/mL. The extract was selected for
bioassay-guided fractionation on the basis of this activity. Glc .

The genuslbiziacomprises about 150 species widely distributed HOHONAG2g |

OH -

. . ; : = ) "o o4
in the tropics, with the greatest diversity in Africa and South OHO G__1;HH00 /%/ A o
America? Alkaloids? flavonoids? sterols? and triterpenoid Gle' ! X5 HOHONAETG Gle” o

saponing ! have been isolated fromlbizia species, andlbizia HOHO i @7] T8
Xyl lo) (o]
Fragment Il Rha MT-7

Fragment |
Aglycon
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Fragment IV "~ _ HsC

gummiferain particular has been studied for its alkalg®isand .

triterpenoids>® It has been reported that alkaloids froftbizia E FHO oy N

adinocephalanhibit plasmepsin Il, an aspartyl proteinase crucial o

to the survival of the malaria parasi®Albiziasaponin B from H3,w2 .

Albizia myriophyllawas found to show a potent sweetness intensity

relative to sucros& Some triterponoid saponins fromlbizia r2g

species exhibited in vitro cytotoxicity against various cancer cell

lines? 6272 T X Gglose) (A Garabinose) (T e T ‘
In this paper, we report the isolation, structure elucidation, and | v b

cytotoxicity of three new bioactive triterpenoid saponiris-8) E x5 -0 e

obtained from the roots oh. gummifera. EHQ"/W '

Results and Discussion

Liquid—liquid partitioning of a portion of an EtOH extract of
the roots ofA. gummiferanto hexane, CkCl,, and aqueous MeOH
fractions indicated that the aqueous MeOH fraction (1 g) was the 1R'=X,R?=H .
most active fraction, with an I§gvalue of <6.25ug/mL (the lowest 2R'=AR?=H 5 HyC
concentration tested). Purification of the aqueous MeOH fraction 3R'=H,R?=M-Q :
using a Gsopen column, followed by preparative HPLC on a phen- | palo
yl bonded column, and final purification by HPLC on an analytcal T
size G bonded column led to the isolation of compourids3. (fragment 1) was identified as acacic acid by analysigtdfand
Compoundl was obtained as a white solid. Its HRFABMS 13- "NMR spectra (Tables 1 and 2) and from observation of
(positive-ion mode) exhibited a quasimolecular ion peaknt  connectivities in the COSY, TOCSY, ROESY, HSQC, and HMBC
2177.9998, consistent with a molecular composition @ 6:04s- NMR spectra. The NMR spectra indicated the presence of one
Na (calcd for GoaHiezOsNa®, 2178.01282 The aglycon ofl trisubstituted double bond (12-position) and three oxygenated
methines (3-, 16-, and 21-positions) in the oleanane-type aglycon
" Dedicated fo the late Dr. Kenneth L. Rinehart of the University of - of 7. Qut of the seven methyl groups in the aglycon, only2d
lllinois at Urbana-Champaign for his pioneering work on bioactive natural (0u 1.42, s) exhibited & HMBC correlation to C-13dc 143.7),

products. ; . .
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Fax: (540) 231-3255. E-mail: dkingston@vt.edu. spectrum ofl, Hz-23 (0 1.09, s) and K24 (04 0.86, s) showed
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Table 1. 'H NMR Data of Compoundg—32b

Cao et al.

position 1 2 3 position 1 2 3
1 1.62m 1.62m 1.62m M4 2.30m 2.30m 2.30m
2 1.85m 1.85m 1.85m -5 1.70m 1.70m 1.70m
1.70 m 1.70m 1.70m
3 3.33m 3.33m 3.33m -7 5.93dd (17.7, 5.92dd (17.7, 5.92dd (17.7,
11.0) 11.0) 11.0)
5 0.78 br d (10.0) 0.78 m 0.78 m -8 5.27dd (17.7, 5.27dd (17.7, 5.27dd (17.7,
1.2) 1.2) 1.2)
5.20dd (11.0, 5.20dd(11.0, 5.21m
1.2) 1.2)
6 1.50m 1.50m 1.52m -9 1.89s 1.82s 1.82s
1.28m 1.28m 1.38m
7 1.36 m 1.38 m 1.38m -10 1.38s 1.38s 1.38s
9 1.68m 1.66 m 1.66 m MT-3 6.731(7.3)
11 1.92m 1.90 m 1.90 m -4 2.30m
12 5.34brs 5.34brs 5.35brs -5 1.70 m
15 1.50m 1.45;1.55 1.50m -7 5.73dd (17.7,
11.0)
16 4.45dd (5.0, 5.0) 4.48brs 4.48brs -8 521m
521m
18 2.96 dd (10.5, 2.97m 2.97m -9 1.79s
5.5)
19 2.50dd (12.0, 2.50 dd (14.0, 2.50 dd (14.0, -10 1.33s
10.5) 14.0) 14.0)
1.18dd (12, 5.5) 1.17 dd (13.1, 1.17 dd (13.1,
5.0) 5.0)
21 5.43 dd (10.8, 5.44dd (11, 5.5) 5.43dd (11, 5.5) Q-1 4.42d (7.6) 4.41.d(7.8) 4.42d (8.0)
5.5)
22 2.07 dd (12.0, 2.10dd (13.8, 2.10dd (13.8, -6 1.10d (6.1) 1.09d (6.0) 1.09d (6.2)
5.5) 5.5) 5.5)
1.67m 1.67m 1.67m
23 1.09s 1.09s 1.09s 'Q 4.35d (7.6) 4.34d (7.8) 4.54d (8.0)
24 0.86s 0.85s 0.85s -6 1.23d(6.1) 1.22d(6.2) 1.23d (6.2)
25 0.96s 0.96s 0.96s " 4.35d(7.8)
26 0.75s 0.76s 0.76s -6 1.26d (6.2)
27 1.42s 1.41s 1.40s G-1 4.47m 4.43d (7.6) 4.43d (7.6)
29 0.85s 0.85s 0.85s 'G 4.66d (7.8) 4.66d (7.7) 4.66d (7.8)
30 1.03s 1.03s 1.03s F-1 4.47m 4.46d(7.1) 4.32d(7.1)
MT-3 6.751(7.3) 6.751(7.3) 6.751(7.3) -6 1.26d (6.4) 1.26d (6.2) 1.26d (6.2)
-4 2.30m 2.30m 2.30m X-1 4.47m
-5 1.70 m 1.70m 1.70m A-1 4.55d (6.4)
-7 5.95dd (17.7, 5.93dd (17.7, 5.93dd (17.7, G'-1 5.32d (7.8) 5.32d (7.8) 5.32d (7.8)
11.0) 11.0) 11.0)
-8 5.29.dd (17.7, 5.29dd (17.7,1.2) 5.29dd (17.7, R-1 5.41d (1.4) 5.40d (1.5) 5.40d (1.5)
0.8) 1.2)
5.21.dd (11.0, 5.21dd (11.0,1.2) 521m
0.8)
-9 1.83s 1.82s 1.84s -6 1.31d (6.4) 1.30d (6.2) 1.30d (6.2)
-10 1.36s 1.36s 1.37s X 4.47m 4.50d (7.7) 4.50d (7.6)
MT'-3 6.801t(7.3) 6.801t(7.3) 6.831(7.3)

24 (ppm) 500 MHz; multiplicities;J values (Hz) in parenthesésln CD;OD.

tions between k23 and H-3 §y 3.33) and between #25 Oy
0.96, s) and K24 revealed that H-3 has anaxial orientation. In
turn, H-16 ¢y 4.45, dd,J = 5.0 and 5.0 Hz) ofl was assigned as
ap-equatorial proton from its coupling constants. In corroboration (¢, 1.88, s) of1 all showed HMBC correlations to C-MT-1)¢
of this assignment, H-16 of the 1€3-oxygenated triterpenoid
gymnemagenin is a doublet of doublets with coupling constants of correlations between H-MT-1®{ 1.54, s) and C-MT-5/C-MT-6/

11.5 and 5.0 Hz, respectively The orientation of H-21{y 5.43,

dd, J = 10.8 and 5.5 Hz) was determined @saxial, which was
confirmed by a ROESY correlation between-BD and H-21.
Further, the NMR data of fragment | dfwere in full agreement

acacic acid aglycotf:14

Analysis of thelH NMR, ¥C NMR, and HSQC spectra df
indicated the presence of nine sugar units and additional unsaturatecorrelation between HMT-9 and H-MT-4.
ester units in three fragments designated Il IIl, and IV. 1D TOCSY
spectra were initially obtained in GDD to elucidate the structures
of these fragments, but overlapping signals intHé&lMR spectrum
prevented complete spectroscopic interpretation. The uselNC
containing three drops of GDD as the NMR solvent was found to

the NMR data collected in this mixed solvent system (see Experi-
mental Section fofH NMR data, and Table 2 fofC NMR data).

Protons H-21, H-MT-3 ¢4 6.87, t,J = 7.3 Hz), and H-MT-9

168.1) (Figure 1), indicating that C-21 is esterified. The HMBC

C-MT-7 (6c 40.7/80.1/144.4) and the COSY correlations between
Ho-MT-4 (0y 2.40, m) and H-MT-3/kMT-5 (0 6.87,t,J = 7.3
Hz/1.74, m) and between H-MT-9 6.21, m) and B-MT-8 (d4
5.44, br dJ = 15.8 Hz;0 5.27, br d,J = 11.0 Hz) indicated that
with those reported in the literature for acacic acid, supporting an the ester unit is a ®-2,6-dimethylocta-2,7-dienoyl monoterpenoid
moiety1° The trisubstituted double bond in the inner monoterpenyl
unit was assigned the configuration, as evidenced by a ROESY

The H-Qui-1 proton gy 4.84, d,J = 8 Hz) showed & HMBC
correlation to C-MT-6 §c 80.1), establishing the connectivity from
the 6-position of the inner monoterpenyl moiety to the anomeric
position of the quinovopyranose unit. The spin system from the
anomeric proton to the other protons of the inner quinovopyranose
reduce the overlap problem, and the following discussion is based onwas clearly exhibited in a 1D TOCSY spectrum [H-Qui-1 (se-
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Table 2. 13C NMR Data of Compound$—32b

carbon 1c 1d 2¢ 3* carbon 1c 1d 2¢ 3*
1 39.9 39.9 40.2 40.1 Q-1 99.3 99.6 99.5 99.4
2 27.4 27.1 27.6 27.4 -2 76.4 75.8 76.6 76.5
3 90.3 89.0 91.2 91.6 -3 76.4 75.8 76.4 76.7
4 40.6 40.3 40.7 40.6 -4 77.9 77.5 78.1 78.0
5 57.1 56.4 57.2 57.3 -5 70.9 70.5 71.1 71.3
6 18.3 18.7 18.5 18.5 -6 18.3 19.1 18.4 18.4
7 34.3 33.7 34.5 34.5 A 99.3 99.6 99.5 97.6
8 40.8 40.8 41.0 41.0 -2 75.5 75.7 75.8 76.1
9 48.0 47.4 48.3 48.0 -3 78.3 78.5 78.5 76.3
10 37.9 37.3 38.1 38.1 -4 77.3 77.0 77 78.1
11 24.6 24.0 24.8 24.7 -5 72.6 73.3 73.3 73.3
12 124.0 124.0 124.3 124.3 -6 18.2 19.1 18.4 18.4
13 143.7 144.3 143.9 143.3 "€l 99.4
14 42.6 42.3 42.8 42.8 -2 75.8
15 35.9 36.2 36.1 36.1 -3 78.5
16 74.1 73.8 74.3 74.3 -4 7.5
17 52.3 52.0 52.5 52.5 -5 73.0
18 41.5 41.3 41.8 41.9 -6 18.4
19 48.0 48.0 48.3 48.0 G-1 104.6 105.3 105.5 105.5
20 36.3 35.6 36.6 36.5 -2 81.2 83.2 81.2 81.3
21 78.6 77.4 78.8 78.7 -3 78.2 78.5 78.7 78.6
22 36.1 36.7 36.4 36.3 -4 71.8 71.8 72.0 72.0
23 28.4 28.5 28.6 28.7 -5 775 77.0 78.1 78.1
24 16.9 16.1 17.2 17.1 -6 69.8 70.2 69.4 69.0
25 16.2 17.2 16.4 16.3 'a 105.2 106.3 104.7 105.3
26 17.6 175 17.9 17.8 -2 76.2 76.1 75.9 75.8
27 27.4 27.5 27.5 27.4 -3 77.9 77.5 77.5 77.3
28 175.4 175.0 175.6 175.6 -4 71.9 72.3 72.1 72.1
29 29.4 29.5 29.6 29.5 -5 78.3 78.5 78.4 78.3
30 19.4 19.5 19.6 19.5 -6 63.1 62.8 63.4 63.3
MT-1 169.1 168.1 169.3 169.2 F-1 104.0 103.7 104.1 104.7
-2 129.1 128.9 129.3 129.2 -2 82.4 82.6 81.2 72.4
-3 144.0 142.5 144.2 144.1 -3 75.4 75.4 75.7 75.6
-4 24.4 23.9 24.7 24.5 -4 72.9 72.9 72.5 72.5
-5 41.0 40.7 41.2 41.3 -5 717 71.6 71.4 72.1
-6 81.0 80.1 81.3 81.2 -6 16.7 17.7 16.9 16.9
-7 144.1 144.4 144.3 144.2 X-1 107.1 107.3
-8 115.9 115.4 116.2 116.1 -2 75.6 76.3
-9 12.6 13.0 12.8 12.8 -3 77.8 78.1
-10 23.6 23.9 23.8 23.8 -4 71.1 71.0
MT'-1 169.6 168.0 169.8 169.8 -5 67.3 67.6
-2 128.4 128.3 128.6 128.8 A-1 106.1
-3 144.1 143.7 144.2 144.2 -2 71.6
-4 24.5 23.9 24.6 24.6 -3 73.1
-5 41.0 40.7 41.2 41.3 -4 70.0
-6 80.9 79.8 81.1 81.1 -5 66.3
-7 144.7 144.4 144.9 144.8 "a 95.2 95.5 95.4 95.4
-8 115.9 115.2 116.1 116.1 -2 77.1 76.7 77.3 77.2
-9 12.6 13.0 12.8 12.8 -3 79.5 79.4 79.6 79.6
-10 23.6 24.0 23.8 23.8 -4 71.4 71.4 71.3 71.3
MT"-1 168.8 -5 79.5 79.4 79.8 79.6
-2 128.8 -6 62.2 62.1 62.4 62.3
-3 143.8 R-1 101.1 101.6 101.3 101.3
-4 24.3 -2 72.2 72.7 72.0 72.1
-5 41.2 -3 72.9 72.9 73.0 73.2
-6 81.0 -4 84.0 83.4 84.2 84.0
-7 1445 -5 68.8 68.8 69.0 69.0
-8 116.5 -6 18.3 19.0 18.5 18.3
-9 12.8 X-1 106.9 106.7 107.1 107.0
-10 24.2 -2 77.1 76.5 77 77.0
-3 78.4 78.7 78.6 78.5
-4 71.1 71.2 71.1 71.0
-5 67.3 67.5 67.5 67.5

24 (ppm) 125 MHz.P The signals of the sugar carbons were assigned by HSQC-TOCSY¥@dMR. ¢ In CD;0D. 4In CsDsN with three
drops of CROD.

lected): oy 4.84, d,J = 8.0 Hz; H-Qui-2: 64 3.99,d,J= 8.0, 8.8 corresponding inner ones by the same methods. The HMBC
Hz; H-Qui-3: 0y 4.17, dd,J = 8.8, 8.8 Hz; H-Qui-4:64 5.32, dd, correlations from H-Qui-4 to C-MT1, and H-Qui1 to C-MT'-6,

J = 8.8, 9.2 Hz; H-Qui-5: 04 3.66, m; H-Qui-6: 6y 1.34, d,J = established the connectivities from the 4-position of the inner
6.0 Hz] and the HSQC-TOCSY spectrum (correlations from quinovopyranose to the 1-position of the outer monoterpenyl moiety
H-Qui-1 to C-Qui-+6: C-Qui-1, 6c 99.6; C-Qui-2,0¢c 75.8; and from the 6-position of the outer monoterpenyl moiety to the
C-Qui-3, 6¢ 75.8; C-Qui-4,0c 77.5; C-Qui-5,0c 70.5; C-Qui-6, anomeric position of the outer quinovopyranosyl unit. H-Qui-1 and
Oc 19.1) of 1. H-Qui'-1 showed ROESY correlations to H-MT-10 and H-MT

The outer monoterpenoid moiety (NJTand outer quinovopy- 10, respectively. Th&C NMR chemical shifts of C-MT-5/C-MT5
ranosyl unit (Q) of 1 were determined to be identical to the and C-MT-10/C-MT-10 of compoundl were nearly identical to
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Figure 1. Key HMBC (arrows) and ROESY (dashed) correlations for compaund

those of C-MT-5 {c 41.3) and C-MT-10dc 23.8) of the related 4.50/71.8; 4.25/77.0; 4.40 and 4.60/70.2] of which were assigned
compound kinmoonoside B, which has tBeonfiguration at the by 1D and 2D NMR spectra (Experimental Section and Table 2).
C-MT-6 and C-MT-6 position“2In contrast, these chemical shifts The axial orientations of H-Glc-3 and H-Glc-5 were determined
were different from those of C-MT-5¢ 39.5) and C-MT-10dc by the observation of ROESY correlations between H-Glc-1 and
24.5) of kinmoonoside A, which has tHe configuration at the H-Glc-3/H-Glc-5. The significant downfield signals for C-Glc-2
C-MT-6 and C-MT-6 positioni#a These facts indicated that and C-Glc-6 indicated that they attached to two other suarke
compoundl has theS stereochemistry at the 6-positions of the coupling patterns of H-Glel (0y 5.35, d,J = 7.6 Hz) and H-Gl&2
monoterpenoid moietie’d2 These observations were used to (dy4.08,ddJ= 7.6, 8.4 Hz) and the ROESY correlations between
establish the structure of fragment 101 H-GIc'-1 and H-GI¢-3/H-GIc-5 (0 4.19/3.90, br d,) = 8.4 Hz)
Starting from the anomeric and/or the sixth protons of each of indicated as-glucopyranosyl unit, which was supported by a set
the other seven sugar units, all the protons within each spin systemof typical carbon chemical shifts for this unit [C-Glit—6 (d¢):
of 1 were assigned using COSY NMR spectra with the aid of 106.3, 76.1, 77.5, 72.3, 78.5, 62.8 (Table )]Similar to the
ROESY and 1D and 2D TOCSY spectra. TR& NMR resonances previously describeg-glucopyranosy! units, the chemical shifts
of each of these seven sugar units were assigned by HSQC-TOCSY of a third S-glucopyranosyl unit [GI¢-1—6 (0n/dc): 6.11/95.5,
HSQC, and HMBC spectra. One of the seven sugars was found t04.23/76.7, 4.23 or 3.96/79.4, 4.23 or 3.96/71.4, 4.23 or 3.96/79.4,
be af-fucopyranosyl unit, as indicated by the presence of a methyl 4.23/62.1 (Experimental Section and Table 2)] matched literature
group atdy 1.48 (H-F-6, d,J = 6.0 Hz). The coupling constants  values, especially thEC NMR chemical shiftd?
of H-Fuc-1 ¢y 4.94, d,J = 7.8 Hz), H-Fuc-2 ¢4 4.40, dd,J = The connectivities of these seven glycosidic units in fragments
7.8, 9.6 Hz), and H-Fuc-3(; 4.11, dd,J = 4.0, 9.6 Hz) indicated Il and IV were determined by analysis of HMBC and ROESY
axial positions for these three protons. The proton signal of H-Fuc-4 experiments (Figure 1). The anomeric proton of Glc-1 showed
(0n 4.00) was broad, indicating am-equatorial orientation. An ROESY and HMBC correlations to H-3 and C-3, indicating a
o-axial position for H-Fuc-5 d4 3.75, m) was required by the linkage of this -glucopyranosyl unit to the 3-position of the
ROESY correlations between H-Fuc-1 and H-Fuc-3/H-Fuc-5. The aglycon. H-GI¢-1 correlated to C-Glc-2 in the HMBC spectrum,
carbon signal abc 82.6 assigned to C-Fuc-2 suggested that it was and H-Xyl-1 and H-Fuc-1 showed an HMBC and a ROESY
a glycosidic linkage site for another sugarrhe second of the correlation to C-Fuc-2 and H-Glc-6, respectively. The structure of
seven sugars was identified as arrhamnopyranosyl unit. The  fragment Il was thus assigned as shon.
proton signals of both H-Rha-b 6.36) and H-Rha-2dy 4.78) Both H-18 and H-GI¢-1 exhibited®J HMBC correlations to C-28
had small coupling constants, suggesting that both were equatorial.(6c 175.0), suggesting that position-28 is esterified. The intergly-
The coupling patterns of H-Rha-3{ 4.72, dd,J = 3.6, 8.8 Hz), cosidic correlations of Glg Xyl’, and Rha were evident from the
H-Rha-4 ¢y 4.43, dd,J = 8.8, 9.2 Hz), H-Rha-5dy 4.54, m), ROESY [H-Rha-1 to H-Gl¢-2] and HMBC [H-Xyl'-1 to C-Rha-
and H-Rha-6 ¢y 1.74, d,J = 6.5 Hz) indicated a rhamnopyranosyl 4] cross-peaks. Hence, fragment?Mand thus the final structure
unit. The downfield chemical shift of C-Rha-4483.4) indicated of 1 were determined as shown.

its connectivity to another anomeric positignTwo of the seven Compoundl is structurally related to similar complex saponins
sugars were identified g&xylopyranosyl units, as evidenced by with monoterpenoid esters at C-21 such as the julibrosides from
their proton and carbon chemical shifts [Xy+5 (0n/dc): 5.03/ Albizia julibrissin Three close analogues are julibrosides I, 11, and

107.3, 4.05/76.3, 4.05/78.1, 4.05/71.0, 3.58 and 4.45/67.6: Xyl J4,"1°which differ from 1 in the nature and position of some of
1-5 (0n/dc): 5.25/106.7, 3.864.20/76.5, 3.864.20/78.7, 3.86 the sugar units. Similar compounds were also isolated from other
4.20/71.2, 3.47 and 4.23/67.5 (Experimental Section and Table 2)]. genera of the legume family, for example the avicins frdoacia

The 13C NMR chemical shifts of these two xylopyranosyl units victoriae Benth!314and the elliptosides fromrchidendron ellip-
were in good agreement with literature d&t@he final three sugars ~ ticum (Blume) I. C. Nielser?! all of which share the same acacic
were found to bg-glucopyranosyl units. The unit at the 3-position  acid aglycon with monoterpenoid glycosides at the 21-position and
of the aglycon was determined to be3alucopyranosyl moiety, oligosaccharides at the 3- and 28-positions.

the chemical shifts [C-Glc-16 (0n/dc): 4.87,d,J= 7.6 Hz/105.3; Compound2 was obtained as a white solid. Comparison of the
4.00, dd,J = 7.6, 9.0 Hz/83.2; 4.12, dd] = 9.0, 9.0 Hz/78.5; NMR data (Tables 1 and 2) df and2 in CD;OD indicated that
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the xylopyranosyl unit at the 2-position of the fucopyranosyl unit
in fragment Il of1 was replaced by an arabinopyranosyl residue in
2, while fragments I, lll, and IV o were the same as those bf

The arabinopyranosyl residue was attached to the 2-position of the

fucopyranosyl unit, as deduced from an HMBC correlation between
H-Ara-1 Oy 4.55) and C-Fuc-2dc 81.2), and the3C NMR
chemical shifts of the arabinopyranosyl residue [C-Araéb1(0¢):
106.1, 71.6, 73.1, 70.0, 66.3 (Tables 1 and 2)] were in good
agreement with the literature ddfesuggesting that fragment Il of

2 is Al-?F1-8G(1-3aglycon¥-1G'. Therefore, the structure @was
determined as shown.

Compound3 was also isolated as a white solid, and its aglycon
was shown to be the same as thatlaby comparison of NMR
spectra. The major difference between compoubhdsd 3 was
the presence of an extra monoterpenoid moiety3jnas was

evidenced by its mass spectrum and the HSQC spectrum. There

were nine sugar units assigned3nincluding three quinovopyra-
noses, three glucopyranoses, one rhamnopyranose, one fucopyr
nose, and one xylopyranose. Fragments | and I\B afere the
same as those df, as indicated by a comparison of their NMR
spectra. There were only three sugars in fragment4f@{*-3agly-
cony-1G']Y7 of 3 (Tables 1 and 2), as opposed to fourlinbut
these three were the same as three of the four sugdrsaind so
this unit was identified by a comparison of NMR spectra. Protons
H-Q'-4 and H-Q'-1 showed HMBC correlations to the carbons
C-MT"-1 and C-MT'-6, respectively, of the additional monoter-
penoid unit, indicating that fragment Il is (aglycoHyT6-1Q#-1-
MT'6-1Q4-IMT""6-1Q". The connectivities of these units were
determined by the same methodology used in the structure
elucidation ofl. The structure 08 was thus determined as shown.
Some acacic acid-type saponins have been evaluated for thei
cytotoxicity. It was reported that the monoterpene-quinovopyranosyl
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Table 3. Antiproliferative Activities of Compound4—3

A2780  MDA-MB-435  HT-29  H522-T1 U937
ICSO ICSO ICSD ICSO ICSO
(um)? (uM)® (uM)® (uM)® ()P
1 0.37 0.84 6.61 >10 0.9
2 0.70 ND ND ND ND
3 026 0.48 0.61 0.64  0.29

a Concentration of compound that inhibited cell growth by 50%
compared to untreated cell populations, with actinomycin D as the
positive control. Data are the mean of three determinativ@encen-
tration of compound that inhibited cell growth by 50% compared to
untreated cell populations, with vinblastine as the positive control. Data
are the mean of two determinations.

1H, 13C, HMQC, and HMBC and an INOVA 400 spectrometer for

TOCSY, COSY, ROESY, and HSQC-TOCSY. Chemical shifts are
given in 6 (ppm), and coupling constants are reported in Hz. Mass
spectra were obtained on a JEOL JMS-HX-110 instrument, in the

aléositive-ion mode. HPLC was performed on a Shimadzu LC-10AT

instrument with a semipreparative €arian Dynamax column (&m,
250 x 10 mm) and a preparative phenyl Varian Dynamax column (8
um, 250x 21.4 mm).

Cell Growth Inhibition Assays. Antiproliferative effects of com-
pounds on the A2780 ovarian cancer cell line were performed at
Virginia Polytechnic Institute and State University as described
previously. The A2780 cell line is a drug-sensitive human ovarian
cancer cell liné* Antiproliferative effects of compounds on the four
cultured human cancer cell lines MDA-MB-435 breast cancer, HT-29
colon cancer, H522-T1 non-small-cell lung cancer, and U937 histiocytic
lymphoma were performed as follows. The cells were placed into 96-
well plates and grown in the absence or continuous presenceof 0.3

r10 000 nM compounds for 96 h. Cell growth was assessed using the

CellTiter-Glo luminescent cell viability assay (Promega) according to
the manufacturer's recommendations. Luminescence was read on a

moiety at C-21 and the oligosaccharide ester at C-28 of the acacicyictor?v 1420 MultiLabel HTS counter (Perkin-Elmer/Wallac). siC

acid-type aglycon are crucial substituents required for the cytotox-
icity of julibroside 11l and prosapogenins-8.0 against KB cells,
and their hydroxyl group at C-16 may also be important for the
cytotoxicity 52 Neither monodesmonoterpenyl elliptoside A nor any
of the anatoliosides AE (monoterpene glycosides) produced
distinctive cytotoxicity in the NCI 60-cell line screen, which
supported the apparent requirement for both the terminal mono-
terpenoid unit and the acacic acid portion of such active mol-
eculest*2! |t was reported that the trisaccharide unit at C-3 of
kinmoonosides A-C was not crucial for their cytotoxicit}#2 but
oligosaccharides at 3-positions may intensify the cytotoxicity of
acacic acid derivatives. The apoptotic properties of avicins from
Acaciavictoriae have been studied by Gutterman et?alrhe same
group also reported the thioesterification of avicins by a thioester

values were determined as the concentration of a compound that inhibits
cell growth by 50% compared to untreated cell populations. Two
separate replicate experiments were performed.

Plant Material. Roots ofAlbizia gummifergJ.F. Gmel.) C.A. Sm.
var. gummifera (Fabaceae) were collected in November 2001 as
collection RFA 579. The collection was made by Fidy Ratovoson et
al., 3 km northwest of the village of Nosivola. The plant was growing
in a dense humid forest adjacent to Zahamena National Park, in
Toamasina Province, Madagascar’df.01 S; 4838.28 E, elevation
900 m). The specimen accessed was a smal @ren in height and
trunk diameter 14 cm, with pale green sepals, white petals, and 10
dark red stamens. The vernacular name of this species in this area is
“volomborond. Duplicate voucher specimens were deposited at Centre
National d’Application des Recherches Pharmaceutiques (CNARP) and
the Departement des Recherches Forestieres et Piscicoles Herbarium

linkage between Cys-199 of OxyR and the outer monoterpene sidein Antananarivo, Madagascar (TEF), at Missouri Botanical Garden, St.
Chaln’ such derivatization can induce an adapt|ve response thaﬂ_OUIS, Missouri (MO), and the Museum National d’Histoire Naturelle

protects cells against oxidative or nitrosative stFéss.

Compoundsl—3 were evaluated in an antiproliferative assay
using the A2780 human ovarian cancer cell line, and compounds
1 and3 were also evaluated in a panel of four additional cell lines:
MDA-MB-435 breast cancer, HT-29 colon cancer, H522-T1 non-
small-cell lung cancer, and U937 histiocytic lymphoma. The data
are shown in Table 3. All three compounds had significant
antiproliferative effects on the A2780 cell line, and compouhds
and3 also had strong effects on the MDA-MB-435 and U937 cell
lines. Compoun@ alone showed strong activity against HT-29 and
H522-T1 cells. Compoundks-3 possess structural features essential
for cytotoxicity, similar to the cytotoxic julibrosides, prosapogenins,
elliptoside, and avicins, mentioned above.

Experimental Section

General Experimental ProceduresOptical rotations were recorded
on a Perkin-Elmer 241 polarimeter. IR and UV spectra were measured
on MIDAC M-series FTIR and Shimadzu UV-1201 spectrophotometers,
respectively. NMR spectra were obtained on a JEOL Eclipse 500 for

in Paris, France (P).

Extraction and Isolation. Dried roots ofA. gummifera(430.9 g)
were ground in @ hammer mill, then extracted with EtOH by percolation
for 24 h at rt to give the crude extract MG 1012 (10.14 g), of which
7.44 g was shipped to Virginia Polytechnic Institute and State University
(VPISU) in triplicate vials for distribution to Eisai Research Institute
(2.79 g), Dow AgroSciences (2.19 g), and VPISU (2.46 g). Extract
MG 1012 (1.49 g, I1& 7.2 ug/mL) was suspended in aqueous MeOH
(MeOH—H0, 9:1, 100 mL) and extracted with hexanesq{3.00 mL
portions). The aqueous layer was then diluted to 70% MeOH wit H
and extracted with C¥Cl, (3 x 100 mL portions). The aqueous MeOH
extract (1 g) was active with an kgless than 6.2xg/mL, while both
the hexane and Ci€l, extracts were inactive. The aqueous MeOH
fraction was chromatographed on an opaac@lumn (130x 22 mm)
using HO—MeCN (80:20 to 40:60, then 0:100) to yield the three
fractions A [296 mg (polar, inactive)], B [516 mg, 4gess than 6.25
ug/mL], and C [73 mg, nonpolar, inactive]. Fraction B furnished 15
subfractions after HPLC separation on a phenyl-bonded column (35%
MeOH-H,0, 10 mL/min). HPLC of subfraction 4 (28 mg) on g C
bonded phase column eluted with 70% Me©H,O (2 mL/min)
yielded compoundd (tx 30 min, 6 mg) and2 (tr 34 min, 3 mg).
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Compound3 (tr 37 min, 3 mg) was obtained by HPLC of subfraction and a multilateral agreement between the ICBG partners, including the
14 (18 mg) also using £HPLC (72% MeOH-H,0, 2 mL/min). Centre National d’Applications des Recherches Pharmaceutiques. We
Gummiferaoside A (1): white solid; p]?% —15 (¢ 0.37, MeOH); gratefully acknowledge courtesies extended by the Government of

UV (MeOH) Amax (log €) 218 (4.6) nm; IR (film)vmax 3339, 2945,
2833, 1744, 1730, 1432, 1364, 1343, 1304, 1253, 1200, 1153, 1076,
1009, 1025 cm?; *H NMR (500 MHz, CQyOD), see Table 1:°C NMR
(125 MHz, CB;OD and GDsN with three drops of CBDD), see Table
2;*H NMR (500 MHz, GDsN with three drops of CBDD) 7.02 (1H,
t,J = 7.5 Hz, H-MT-3), 6.87 (1H, tJ = 7.3 Hz, H-MT-3), 6.36 (1H,
br s, H-R-1), 6.21 (1H, m, H-MT-7), 6.21 (1H, m, H-MT), 6.18
(1H, m, H-21), 6.11 (1H, dJ = 7.6 Hz, H-G'-1), 5.70 (1H, br s, H-12),
5.44 (1H, br dJ = 15.8 Hz, H-MT-8a), 5.44 (1H, br d] = 15.8 Hz,
H-MT'-8a), 5.35 (1H, dJ = 7.6 Hz, H-G-1), 5.32 (1H, ddJ = 8.8,
9.2 Hz, H-Q-4), 5.30 (1H, m, H-16), 5.27 (1H, br d,= 11.0 Hz,
H-MT-8b), 5.27 (1H, br dJ = 11.0 Hz, H-MT-8b), 5.25 (1H, dJ =
7.0 Hz, H-X-1), 5.03 (1H, dJ = 6.4 Hz, H-X-1), 4.94 (1H, dJ =
7.8 Hz, H-F-1), 4.87 (1H, d] = 7.6 Hz, H-G-1), 4.84 (1H, d) = 8.0
Hz, H-Q-1), 4.84 (1H, dJ = 8 Hz, H-Q-1), 4.78 (1H, br s, H-R-2),
4.72 (1H, dd,J = 3.6, 8.8 Hz, H-R-3), 4.60 (1H, m, H-G-6b), 4.54
(1H, m, H-R-5), 4.50 (1H, m, H-G-4), 4.45 (1H, ddl= 4.0, 11.4 Hz,
H-X-5b), 4.43 (1H, ddJ = 8.8, 9.2 Hz, H-R-4), 4.40 (1H, dd =
7.8, 9.6 Hz, H-F-2), 4.40 (1H, m, H-G-6a), 4.29 (1H, m, H6&b),
4.25 (1H, m, H-G-5), 4.23 (1H, m, H6b), 4.23 (1H, m, H-G-2),
4.23 or 3.96 (2H, m, HG"-6), 4.23 or 3.96 (1H, m, H-G3), 4.23 or
3.96 (1H, m, H-G-4) 4.23 or 3.96 (1H, m, H-G5), 4.22 (1H, m,
H-G'-6a), 4.26-3.86 (1H, m, H-X-2), 4.20-3.86 (1H, m, H-X-3),
4.20-3.86 (1H, m, H-X-4), 4.19 (1H, m, H-G3), 4.19 (1H, m, H-G
4), 4.17 (1H, ddJ = 8.8, 8.8 Hz, H-Q-3), 4.12 (1H, dd,= 9.0, 9.0
Hz, H-G-3), 4.11 (1H, ddJ = 4.0, 9.6 Hz, H-F-3), 4.08 (1H, dd,=
7.6, 8.4 Hz, H-G-2), 4.07 (1H, m, H-Q3), 4.07 (1H, m, H-Q4), 4.05
(1H, m, H-X-2), 4.05 (1H, m, H-X-3), 4.05 (1H, m, H-X-4), 4.00 (1H,
dd,J = 7.6, 9.0 Hz, H-G-2), 4.00 (1H, br s, H-F-4), 3.99 (1H, dd=
8.0, 8.8 Hz, H-Q-2), 3.95 (1H, dd,= 8.0, 8.8 Hz, H-Q-2), 3.90 (1H,
br d, J = 8.4 Hz, H-G-5), 3.75 (1H, m, H-F-5), 3.66 (1H, m, H-Q-
5), 3.66 (1H, m, H-Q5), 3.58 (1H, ddJ = 10.0, 11.4 Hz, H-X-5a),
3.47 (1H, dd,J = 9.6, 11.2 Hz, H-X5a), 3.45 (1H, m, H-3), 3.45
(1H, m, H-18), 2.91 (1H, dd] = 14.0, 13.1 Hz, H-19a), 2.82 (1H, dd,
J=14.2, 3.9 Hz, H-22a), 2.40 (2H, m,HT-4), 2.40 (2H, m, H-
MT'-4), 2.26 (1H, m, H-2a), 2.20 (1H, m, H-22b), 2.07 (1H, m, H-11a),
2.04 (2H, m, H-15), 1.91 (1H, m, H-2b), 1.88 (3H, s,sHIT-9), 1.86
(1H, m, H-9), 1.82 (3H, s, HMT'-9), 1.80 (3H, s, BH27), 1.74 (2H,
m, Hx-MT-5), 1.74 (2H, m, H-MT'-5), 1.74 (3H, dJ = 6.5 Hz, H-
R-6), 1.63 (1H, m, H-1), 1.61 (1H, m, H-11b), 1.60 (1H, m, H-6a),
1.58 (2H, m, H-7), 1.57 (1H, dJ = 6.0 Hz, H-Q'-6), 1.54 (3H, s,
H3-MT-10), 1.54 (3H, s, BMT'-10), 1.48 (3H, dJ = 6.0 Hz, H-F-6),
1.41 (1H, m, H-19b), 1.34 (1H, dl = 6 Hz, H-Q-6), 1.30 (1H, m,
H-6b), 1.28 (3H, s, K23), 1.09 (3H, s, K24), 1.07 (3H, s, K30),
1.05 (3H, s, H-25), 0.98 (3H, s, K29), 0.88 (3H, s, K26), 0.85 (1H,
br d, J = 10.0 Hz, H-5); HRFABMSm/z 2177.9998 (calcd for
C102|-|152043Na, 21780128)

Gummiferaoside B (2): white solid; []*» —11 (c 0.18, MeOH);
UV (MeOH) Amax (log €) 218 (4.6) nm; IR (film)vmax 3344, 2931,
1678, 1439, 1360, 1309, 1280, 1246, 1201, 1181, 1134, 1063, 998 cm
H NMR (500 MHz, CROD) and**C NMR (125 MHz, CROD), see
Tables 1 and 2; HRFABM$&vz 2178.0071 (calcd for (gH16:04sNa,
2178.0128).

Gummiferaoside C (3): white solid; [o]?% —24 (c 0.28, MeOH);
UV (MeOH) Amax (log €) 218 (4.7) nm; IR (film)vmax 3328, 2943,
2833, 1745, 1732, 1598, 1431, 1364, 1342, 1304, 1252, 1195, 1152,
1067, 1022, 1007 cnt; *H NMR (500 MHz, CROD) and**C NMR
(125 MHz, CQOD), see Tables 1 and 2; HRFABM&z 2358.1262
(calcd for GigH17é0s0Na, 2358.1278).
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