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Bruceines from Brucea sumatrana: The Structure of Bruceine G

Brucea sumatvana has long been known to contain a
number of bitter principles? but none of these substances
were ever fully characterized. Recent work has clarified
the structure of one of these principles?; it has been
named brusatol and has been shown to be related to
bruceine A which has been found in the seeds of Brucea
amarissima®.

We have investigated the seeds of B. sumatrana Roxb.4
and have isolated Z other principles by the extraction of
a concentrated 509, aqueous-alcoholic extract of defatted
seeds with chloroform:959%, ethancl 3:2 and chromatog-
raphy of this extract on a water-impregnated cellulose
column using toluene:#-butanol 1:1 as eluting solvent.
One of the substances isolated by this method proved to
be identical with a substance called bruceine D, recently
isolated from B. amarissima®. A mixed melting point of
our substance with authentic bruceine D showed no de-
pression and in addition, the IR-spectrum, mass-spectrum
and Rf on thin-layer chromatography were identical. The
other substance which we were able to isolate has not yet
been described in the literature; we have named it
bruceine G thus following the nomenclature in use for the
majority of the other bitter principles found in Brucea
species$,

Bruceine G (Ia) (CyoH,,0,7; m.p. 254-258°, [alf + 58.9
Py. [«)¥ + 85.4 W) exhibits an alkali-stable peak at
230 nm in the UV (¢ = 14,600 W) which is good evidence
for a fg-alkyl substituted «,p-unsaturated cyclic ketone
in ring A as shown. The IR-spectrum showed 2 carbonyl
bands at 1701 and 1724 cm~Y{KBr), the former given by
the unsaturated ketone and the latter by the d-lactone.
In addition, bruceine G gave an intense violet colouration
on treatment with concentrated sulphuric acid®.

Ia) R=H, bruceine G

Ib) R=Ac, bruceine G
triacetate

Bruceine G formed a triacetate with Ac,O/Py (Ib)
(CyeH3204,7; anal. found® C, 57.489%,; H, 6.26%,; calc. as
monohydrate: C, 57.98%; H, 6.36%; m.p. 243-248°,
[«]® + 89.0 EtOH). The IR-spectrum (KBr) showed a
band at 3448 cm-1, evidence for a remaining unacetylated
hydroxyl group. The NMR-spectrum of bruceine G tri-
acetate {see Table) provided information which defined
most of the structural features of the molecule as shown
in 1b. The signal at 4.08 ppm could be assigned to the
2 methylene protons in the 13,30 oxide bridge® while
other methyl and methylene proton signals occurred at
1.43, 1,53, 1.78 and 2.35 ppm. The signal at 2.35 ppm
integrated for 3 protons and we have reason to believe
that the C-5 proton signal occurs at this position along
with the 2 C-1 protons. Other assignments were in good
agreement with data reported for this or related classes
of compounds®!9-12, In addition to the NMR data,
bruceine G gave no red colouration with triphenyltetra-
zolium chloride, proof that a hydroxyl was lacking at
position 1. It also gave no colour with ferric chloride but
was positive with periodate, evidence for the glycol at
11 and 12 and also evidence that the 2 hydroxyls are cis
to one another. Due to the difficulty we encountered in
acetylating bruceine G completely, it would appear that
the configuration of the 11 hydroxyl is g (axial). If this

is so, the results with periodate would seem to indicate
that the configuration of the 12 hydroxyl is also § {equa-
torial).

NMR assignments for bruceine G triacetate»

ppm No. of protons Assignment
1
1.43 (s} 6 CH-C-30
1.53 (s) {
1.78 (s) 3 CHa—C=C<3v1°’11
|
2.10 (s) 9 CH,~CO,—
|
2.35 (broad) 1 CH-C=C< (C-5 proton)
|
2 -CH,—C=0
!
2.78 (s} 2 H-C— (C-9 proton)i1a2
|
2.90 (s) H-0-C-H
t
3.40 (s} 1 CH,~0- {impurity)
|
4.08 2 —CH,-0-C-3
|
|
4.70 2 H-C-04,C-R (lactone)
I
|
4.95 H-C~COp-CH, (C-14)11:12
i
|
5.30 1 H-C-0-H
I
1
5.60 3 H-CO,—CH,¥
i
]
6,30 (s) 1 H-C-C=012
|

a Spectrum in DCCl, using a Varian A60 Spectrometer with TMS as
internal standard.
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The remaining hydroxy! groups were readily acetylated
and are therefore secondary hydroxyls attached at posi-
tions 6 and 15 in the molecule as shown. Additional
evidence for the attachment of 1 of the hydroxyls at
position 6 was obtained by analysis of the mass spectrum
of bruceine G. An abundant peak at m/e 254 could be as-
signed to the fragment C,,H,,0,® which forms by the
fragmentation of the molecule across the 5-6 and 9-10
bonds as shown.

O ~_-CH;

Ia —le —H,0O

[ D

CoH,o0 + CppH 0@ mfe 254
CH,

This is very similar to the fragmentation found for
other bruceines® however occurs closer to ring A due to
the presence of the hydroxyl at position 6. {The lactone
at 7 in other bruceines promotes cleavage of the 6-7 bond.)

We have no direct evidence which proves that the
stereochemistry of the ring junctions is as shown, however
it is reasonable to assume that these related compounds
{bruceines) arise via similar biogenetic routes® and that
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their gross stereochemistry is alike. Also, it is reasonable
to assume that the configuration of the hydroxyls at
6 and 135 is equatorial due to their facile acetylation with
acetic anhydride/pyridine 4.

Zusammenjassung. Aus den Samen von Brucea suma-
trana wurden die beiden neuen Stoffe Brucein D und G
isoliert. Fiir die letztere Verbindung wird eine Struktur-
formel vorgeschlagen.
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The Syntheses of Axillarin and its Related Compounds

Axillarin {(quercetagetin 3, 6-dimethyl ether) was first
isolated from the leaves of cocklebur (Xanthium pensyl-
vanicum)! and later from the flowers and leaves of Jva
axillaris Pursh. ssp. vobusfor®. 1ts structure was assigned
to 5,7,3,4'-tetrahydroxy-3, 6-dimethoxyflavone (1)1
Axillarin 7-methyl ether (II) was also isolated from the
leaves of Cyanoestegia wmicvophylia®. The synthetic ap-
proaches to those compounds, however, had remained un-
successful, 5,7,3, 4"-Tetrahydroxy-3, 8-dimethoxyflavone
(III), an isomer of I was isolated from Ricirocarpus muri-
catus Muell. Arg.4 and was synthesized®. The present
paper deals with the first syntheses of I and 1I, and a new
synthesis of IIT from 2,4, 6-trihydroxy-3, w-dimethoxy-
acetophenone (IV) in a manner similar to that described
earlier®?,

According to the Allan-Robinson’s flavone synthesis,
the ketone (1V) with 3, 4-dibenzyloxybenzoic anhydride
and potassium 3, 4-dibenzyloxybenzoate gave a mixture
of flavones, which was used for next acetylation step
without purification. After usual acetylation, the reaction
products were purified by recrystallization from methanol
to give 35,7-diacetoxy-3’,4’-dibenzyloxy-3, 6-dimethoxy-
flavone (V) (m.p. 135-136.5°, UV xﬁ;ﬁ,’“ am (log ¢): 252
(4.32), 350 (4.21). Found: C, 69.08; H, 4.80. C4H,,0;,
requires: C, 68.84; H, 4.95%) in 269, yield from IV.
Treatment of V with dilute alkali gave 3, 4’-dibenzyloxy-
5, 7-dihydroxy-3, 6-dimethoxyflavone (VI) (m.p. 147.5 to
148.5°, UV iEOH ym (log £): 255 (4.27), 273 (4.23), 347
(4.35). Found: C, 70.66; H, 4.76. C;;H,,0, requires: C,
70.71; H, 4.98%,). The residue, obtained from the metha-
nolic {iltrate, hydrolyzed its acetoxy groups with alkali
to phenolic compounds, from which 3’,4’-dibenzyloxy-
5, 7-dihydroxy-3, 8-dimethoxyflavone (VIIj {m.p. 180 to
181.5°, UV 259 nm (log ¢): 258 (4.28), 277 (4.32), 339
(4.21), 355 (4.20). Found: C, 70.99; H, 4.97. C;,H,,0,
requires: C, 70.71; H, 4.98%) was isolated by repeated
recrystallization from ethyl acetate in 189%, yield from IV.

Debenzylation of VI with hydrogen yielded axillarin (I}

{m.p. 207-208° and 217-218° (208-209° sinter), IR 3380,
3130, 1652, 1602 cm~! (Nujol), UV EH nm (log ¢): 259

(4.25), 205 (3.91), 358 (4.32). Found: C, 58.86; H, 3.96.
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