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AssTrACT.—The new antileukemic quassinoid glucosides bruceantinoside-A (1)
and -B (2) were isolated from Brucea antidysenterica. The structure of 1 and 2 has
been established from chemical transformation, correlations and spectral analyses,
especially the *C-nmr spectral data.

An earlier investigation of the antileukemic constituents of the Ethiopian
Brucea antidysenterica by Kupchan and associates has led to the isolation of
bruceantin (3) and seven other related quassinoids (1). Bruceantin is currently
in Phase II clinical trial by the National Cancer Institute (2-3).

As a result of our search for new/novel antitumor principles, two novel anti-
leukemic quassinoid glycosides bruceoside-A (4) and -B (5) were isolated from a
Chinese anticancer drug, Brucea javanica (6, 7). Both bruceoside-A and -B gave
brusatol (6), which was also isolated from the chloroform extract of B. javanica®
upon acid hydrolysis (6, 7).> The fact that brusatol (6) is structurally identical
with bruceantin (3) except for the slight difference in the C-15 ester side chain,
in which 6 has a senecioate whereas 3 bears a irans-3,4-dimethyl-2-pentenoate
moiety, suggested that glycosides of 3 or related compounds might be found in the
extract of B. anfidysenterica. Subsequent careful examination of the thin layver
chromatogram from a chloroform soluble fraction of B. antidysenterica revealed
the presence of spots differing from those previously isolated by Kupchan e al.
(1). Two of these spots showed Ry values slightly higher than those of bruceoside-
A and -B. Isolation of these two compounds by an initial column chromatography
of the fraction on silica gel followed by further purification of the corresponding
resulting fractions with preparative thin layer chromatography and high perform-
ance liquid chromatography yielded the desired new glycosides, which were
provisionally named bruceantinoside-A (1) and -B (2), as amorphous powders.
Structural characterization of 1 and 2 was achieved by direct comparison of their
hydrolysis products and 3C nmr spectra with those of bruceoside-A (4) and related
compounds.

RESULTS AND DISCUSSION

The 2C nmr spectral difference between 1 and 4 corresponds very well to the
difference between 3 and 6 (table 1). Thus the spectral data indicates that 1 is
structurally identical with 4 except for the difference in the C-15 ester side chain
in which 1 possesses a trans-3,4-dimethyl-2-pentenoate as found in 3, and 4 contains
a senecioate moiety as seen in 6. This was further supported by the fact that the

'For part 38, see K. H. Lee, T. Ibuka, H. Furukawa, M. Kozuka, R. Y. Wu, I. H. Hall
and H. C. Huang, J. Pharm. Sci., 69, 1050 (1980).

?K. H. Lee and M. Okano, unpublished data.

3K. H. Lee, M. Okano and 1. H. Hall, J. Pharm. Sci., submitted.
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TaBLe 1. Chemical shifts and assignments of quassinoids (6-8).2

9 6 | 3 2 ! 8 T 41
Cl........ 44| 424 424 441 1301 | 1301 120.2 | 1296
C-2.. 19300 | 1920 | 1930 1007 1501 | 1502  1i8.8 | 1188
C3. 1457 . 1459 1459 | 1464 1050 | 1951 , 191.6  104.8
i 0 1285 | 1283 1283 1258 | 438  43.8 | 43.7 . 438
C-5 CoRY 2o 21 s ‘ j009 400 ‘ 103 | 404
C-6... 206 205 . 2006 206 | 300 | 200 | 208 | 29.9
C1.. 831 | 835 | 8.6 8.0 8.9 8.9 813 | 83.4
c-s | 457 | 460 | 401 . 4606 | 463 463 465 | 46,6
C9 . 12 1 oa0 ] o421 0 21l o412 421 1.3 413
C-10 143 0 113 414 | 488 396 . 396 | 305 306
C-11. . 728 7130 . 71 713 722 0 711 0 711 . 713
C-12 768 737 | 758 162 | Ti1 | 5.0 750 | 760
C-13 1 826 s26 . 827 826 826 | 8.6 | 825 | 825
C-14 523 523 | 2.4 | 523 523 523 | 523 | 523
C-15 . 61 | o682 G833 8T 662  B62 | 680 683
C-16.. 1727 1682 1683 , 1684  172.6 . 172.7  168.2 . 168.2
7 D0 e 7230 me a1 Tl 73| 783
C-18. 1735 1712 . 1713 1711 . 1735 | 1736 1711 | 1711
C-19 156 | 157 | 157 | 189 | 177 176 . 17.8 | 17.8
C-20 . 1304 1134 134 145 | 124 | 124 1255 | 1235
COOMe 552 500 . 501 307 | 5.2 | 352 | 302 | 502
C-21 . 1653 | 1658  165.9 ‘ 1653 | 165.7
C-22 | 1158 113.4 1134 L1159 1134
C23 1585 | 167.2 1673 | 1385  167.1
C-21 270 | 3811 | 381 270 381
C-25 201 207 2007 | 201 | 207
C-26. 207 207 ‘ 20.7
C-27. 167 | 167 16.7
c1 | 1007 102.0 1020 | 101.9 = 1020
Co. | T45 744 | Ti4 145 146
c30 ot st ! owir s | 188
Coy o713 712 . 711 . Ti1 0 T3
C-5" 783 | 782 | 181 | 184 | 183
C6 . 624 | 622 623 | 622 | 623

sRun in pyridine-d;, and the & values are in parts per million downfield from Me;Si. The
assignment of the carbon resonances for the basie quassinoid skeleton and the glucopyranosyl
molety were comparable to those reported by Polonsky (9) and Kasai (10), respectively.

BC nmr spectrum of de-3,4-dimethyl-2-pentenoy] bruceantinoside-4 (7) resulting
from an alkaline hydrolvsis of 1 coincided with that of deseneciovl bruceoside-A
(8) which was obtained by an analogous alkaline hydrolysis of 4 (table 1). Acid
hydrolysis of 1 with 3N sulfuric acid-methanol (1:1) vielded D-glucose, identified
by gas liquid chromatography as its trimethylsily]l derivative, and the aglyvcon,
which was identified as bruceantin (3) by a direct comparison (comparable tle,
ir and nmr spectral analyses) with an authentic sample. The above evidence
led to the structural assignment of bruceantinoside-A as 1

Bruceantinoside-B (2) gave, upon the same acid hydrolysis as described above
for 1, the identical D-glucose and bruceantin (3), suggesting that 2 is a glucoside
of 3 and that the D-glucose moiety of 2 might be located at either C-3, C-11 or
C-12 position. The similarity of the chemical shifts for the C-11 and C-12
signals between 1 and 2 (table 1) indicated that D-glucose should be in position
C-3. This is further supported by the comparable chemieal shifts for C-1, C-2,
C-3, and C—4 between 2 and 3, leading to the structural assignment of brucean-
tinoside-B as bruceantin 3-g-D-glucopyranoside (2). The carbon resonances of
the sugar moiety (C-1' to C-6") of 2 is comparable to those of a 3-anomer of
D-glucose as reported by Kasai ef al. (10).
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EXPERIMENTAL

‘Melting points were determined on a Thomas-Hoover melting point apparatus and were
uncorrected. Specific rotations were obtained on a Rudolph Autopol III automatic polari-
meter (1=0.5 dm). Infrared (ir) spectra were recorded on a Perkin-Elmer 257 grating ir
spectrometer. Proton nuclear magnetic resonance (pmr) spectra were determined on a Varian
XL~100 spectrometer (Me,Si as an internal standard). '3C-nmr spectra were recorded on a
Varian XL-100 spectrometer functioning at 25.20 MHz. All nmr spectra were obtained with
the use of the Fourler transform technique. Mass spectra were determined on an A.E.I. MS-
902 instrument at 70 eV using a direct inlet system. Gas-liquid chromatography (gle) was
performed on a Varian model 3700 gas chromatograph. Silica gel (Merck silica gel 60PF-254)
was used for column chromatography, and precoated silica gel (Merck silica gel 60 F-254, 2
mm) was used for preparative thin layer chromatography (ptle). Detection of components
was made either by spraying with 19 cerium sulfate-109; sulfuric acid solution followed by
heating or by use of a uv lamp. High performance liquid chromatography (hple) was per-
formed on a Waters Associates Model ALC/GPC 244 liquid Chromatograph using a Whatman
Partisil M9 10/50 column.
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PLANT MATERIAL AND EXTRACTION.—The ground wood of Brucea antidysenterica (Simarou-
baceae) (4228 lbs) was percolated three times with methanol. The combined methanol ex-
tracts were concentrated to 440 lbs, dissolved in a mixture of water-methanol (78:22, 116 gal.)
and extracted with methylene dichloride (86;55;55 gal.). The combined methylene dichloride
extracts were concentrated to 32 gal. and partitioned between 10¢; aqueous methanol (232 gal.)
and #-hexane (186 gal.). The aqueous methanol extract was diluted with water (63 gal.) and
extracted three times with carbon tetrachloride (136, 110, and 110 gal., respectively). The
aqueous methanol layer was further diluted with water (83 gal ) and extracted four times with
chloroform (55 gal. each time) to give rise to the chloroform extract.

CHROMATOGRAPHY OF THE CHLOROFORM FRACTIONS.—The crude chloroform fraction (181 g)
was subjected to column chromatography on silica gel (1 kg, 7 x 60 em and eluted with chloro-
form-methanol-water, 50:14:3, v/v) to yield four fractions: Fraction 1 (brown oil, 32.5 g),
Fraction 2 (brown viscous oil, 68.6 g), Fraction 3 (amorphous, 51.1 g) and Fraction 4 (amor-
phous, 12.0 g). Irspectra of Fraction 3 and Fraction 4 showed characteristic absorption bands
of glycosides similar to those of bruceoside-A at 3400, 1060 and 1040 em™.

ISOLATION OF BRUCEANTINOSIDE-A (1).—Rechromatography of Fraction 3 (51.1 g) on silica
gel (1 kg, 7 x 60 em) with elution by chloroform-methanol-water (50:14:3, v/v) gave fractions
(10.1 g, amorphous) which showed slightly higher R; value compared to that of bruceoside-A
(6). Subsequent purification of this fraction by ptle (chloroform-acetone 1:1) afforded an
amorphous compound (5.6 g). This amorphous compound was further subjected to hple (1-
butanol-ethyl acetate-water 4:1:2, upper layer) to vield pure bruceantinoside-A (1, amorphous):
mp ca. 150° (dec.); [@]®D+7.8° (¢ 0.6, pyridine); ir (KBr) 3410, 1060, 1040 (glycosidic OH),
1725 (8-lactone and ester CO), 1678 («,3-unsaturated CO) 1635 and 800 (C=C) em™!; Pmr
(pyridine-d;) 6 0.84 (6H, d, J=7 Hz, Z\Ie-% 1.13 (3H, d, J=6 Hz, Me-1), 1.59 (3H, s, Me-10),
2.14 (3H, s, Me-23), and 3.76 (3H, s, COO\Ie)

The presence of a glucose moiety in 1 was also revealed by the characteristic ions of the
trimethylsilyl ether of the sugar molety at m/e 271.1184 (caled for Ci3H30481,: 217.1184) and
361 (Ci5H;50.481;) in the mass spectrum of a trimethylsilyl ether of 1.

DE-3,4-DIMETHYL-2-PENTENOYL BRUCEANTINOSIDE-A (7).—A solution of 1 (709 mg) in 0.1 N
potassium hydroxide-methanol (20 ml) was added with 1N potassium hydroxide-methanol (10
ml). After the mixture was stirred at room temperature for 22 hr, it was neutralized with
cation exchange resin (Dowex 50 W-X2} and filtered. The filtrate was methylated with
diazomethane-ether® in the usual manner. The methylated product was evaporated in vacuo
and purified by ptle (chloroform-methanol-water, 50:14:3, v/v) 1o vield 7 (126 mg, amorphous):
mp ca. 190° (dec.); ir (KBr) 3400, 1068, 1042 (glvcosidic OH), 1725 (8-lactone and ester CO),
and 1675 (a,8-unsaturated CO) em™!; pmr (CDCL,+CD,0OD) 6 1.17 (3H, d, /=6 Hz, Me-4),
1.62 (3H, s, Me-10), 3.87 (3H, s, COOMe), 5.21 (1H, d, /=13 Hz, H-15), and 6.99 (1H, s, H-1).

DESENECIOYL BRUCEOSIDE-A (8) FROM BRUCEOSIDE-a (4).—Brucecside-A (4, 1.36 g) was dis-
solved in 1N potassium hydroxide-methanol (34 ml) at 0°. The mixture was stirred at 0° fcr
20 min. and neutralized with 3N sulfuric acid and then subjected to ptle (chloroform-methanol-
water, 50:14:3, v/v) to give an amorphous compound (8, 533 mg): mp ca. 200° {dec.). TLe pmr
spectrum of 8 is exactly identical to that of 7 deseribed above.

BRUCEANTIN (3) AND D-GLUCOSE FROM BRUCEANTINOSIDE-A (1).—A solution of 1 (96 mg) in
3N sulfurie acid-methanol (1:1, v/v, 20 ml) was refluxed for 7 hr and then extracted with chloro-
form. The chloroform extract was dried (anhydrous magnesium sulfate), filtered, and evapo-
rated 7n vacuo to give a product which was subjected to ptle (chloroform-acetone, 1:1, v/v) to
vield a pure 3 (17 mg): ms m/e 548.2250 (caled for C3sHsO11, 548.2256). The identity of 3 was
confirmed by a direct comparison (mixed mp, tle, specific rotation, ir, pmr, 33C-nmr, and mass
spectra) with an authentic sample of bruceantin (1, 8).

The aqueous layer was passed through a column of anion exchange resin (Amberlite IR-45)
and evaporated under reduced pressure to give a residue. Part of this residue (ca. 1 mg) was
treated with one drop of TRISIL at 80° for 1 hr, and the product was extracted with hexane.
hexane extract was analyzed by gle (3¢ OV-17 on chromosorb, 80-100 mesh, 3 mm X 2 m, 170°,
N3, 15 ml/min) to reveal two peaks at 9.6 and 13.8 min. which were identified as trimethylsilyl
D-glucose (a-, and 38-) by comparison with those of an authentic sample prepared from a tri-
methylsilylation of D-glucose.

ISOLATION OF BRUCEANTINOSIDE-B (2).—Preparative thin layer chromatography of Fraction
4 (12.0 g) on silica gel furnished an amorphous compound (6.9 g) showing a R value somewhat
higher than that of bruceoside-B (5) on tle (chloroform-methanol-water, 50:14:3, v/v). This
compound was further chromatographed twice on sephadex (Pharmacia Sephadex LH-20,
35 mm X 75 em) to vield pure 2 (2.1 g, amorphous): mp ca. 200° (dec.); [«]®*D—3.6° (¢ 0.5, pyri-
dine); ir (KBr) 3440, 1070, 1035 (glyeosidic OH), 1725 (5 lactone and ester CO), 1675 (a,5-un-

sFurther methylation of C-13 COOMe was needed as it had been partially hydrolyzed.
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saturated CO), 1635 and 800 (C=C) em™!; pmr (pyridine-d;) 5 0.89 (6H, d, J=7 Hz, Me-24),
1.40 (3H, s, Me-10), 1.86 (3H, s, Me-4), 2.17 (3H, s, Me-23), and 3.78 (3H, s, COOMe).

BRUCEANTIN (3) and D-GLUCOSE FROM BRUCEANTINOSIDE-B (2).—A solution of 2 (246 mg) in
3N sulfuric acid-methanol (1:1, 50 ml v/v) was refluxed for 7 hr and worked up in a manner
similar to that described above for the hydrolysis of 1 to yield a D-glucose (identified by gle
as the trimethylsilyl derivative) and an aglycon 3, which was shown to be identical with
bruceantin.

BIOLOGICAL ACTIVITY.—In vive activity was assayed by the standard National Cancer
Institute procedures described in literature reference 11. Bruceantinoside-A (1) and -B (2)
showed significant (T/C>1259) antileukemic activity in P-388 lymphocytic leukemia (e.g. 1
at 0.5, 1, 6, 10, and 20 mg/kg afforded T/C 9 values of 110, 106, 118, 152 and 172, respectively,
and 2 at 10 and 20 mg/kg afforded T/C 9 132 and 160, respectively).
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