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Abstract—Three new compounds, evomeliaefolin, evofolin-A and -B, and 43 known compounds were isolated from
the heartwood of Tetradium glabrifolium. Their structures were elucidated by spectral analyses. The existence of six
benzo[c]phenanthridine alkaloids further supported that Terradium is closely allied to Zanthoxylum, Toddalia,

Phellodendron and Fagaropsis.

INTRODUCTION

The leaves of Tetradium glabrifolium (Evodia meliaefolia)
are used as a folk medicine for the treatment of chronic
ulcer of the lower extremity [1] and stomach ache [2].
Waterman et al. [3, 4] have reported that the presence of
benzo[c]phenanthridine alkaloids, which are only found
in genera of Zanthoxylum, Toddalia, Phellodendron and
Fagaropsis, in the stem and root barks of 7. glabrifolium
supported Hartley’s decision to reassign taxa from
Evodia into the three genera: Tetradium. Evodia s.s. and
Melicope. In order to obtain further evidence, an invest-
igation in constituents of the heartwood of T. glabrifolium
was undertaken. In a preliminary communication, we
reported the isolation and synthesis of a benzenoid
evofolin-C (35) from the heartwood of this plant [5].
Further examination of the heartwood of the same plant
led us to isolate 54 compounds. We report now the
isolation and structural elucidation of three new com-
pounds, evomeliaefolin (1), evofolin-A (2) and -B (3). and
43 known compounds.

RESULTS AND DISCUSSION

The hot methanolic extract of the heartwood of Tet-
radium glabrifolium was concentrated and partitioned
with chloroform and water. The water layer was then
extracted with n-butanol. The chloroform and n-butanol
extracts as well as insoluble portion were chromato-
graphed on a column over silica gel or Dianion HP-20 to
give evomeliaefolin (1), evofolin-A (2) and -B (3) and 43
known compounds.

An optically active evomeliaefolin (1) was isolated as
needles with a molecular formula of C,¢H,,NOy, proved
by high resolution-mass spectrometry. The amide ab-
sorption at 1631 cm ™! in the IR spectrum and a NH
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signal at 58.94 (br, D,O exchangeable) in the 'HNMR
spectrum, as well as the UV bands at 219.0, 231.4, 250.0,
257.2, 323.0, 336.4 nm, suggested the presence of a 2-
quinolone skeleton [6]. In the 'H NMR spectrum, reson-
ances at 63.90 (6H, s, OMe-7 and OME-8) and 3.95 (3H,
s. OMe-4) corresponded to three aromatic methoxyl
groups. Two mutually coupling aromatic protons at
06.83 and 7.43 (each H, 4, J = 9.0 Hz) which appeared
further upfield than those in 4-methoxy-1-methyl-2-
quinolone [7] were assigned as H-6 and H-5, respective-
ly, followed by two methoxyl substituents (33.90)
attached at C-7 and C-8. A complex multiplet proton
signal at §5.38 collapsed into double doublets (J = 8.8,
3.4 Hz, H-1") after D, O exchange and the diastereotopic
methylene protons appeared at 62.67 (1H, dd, J = 154,
34 Hz, H-2") and 3.30 (1H, dd, J = 154, 8.8 Hz, H-2')
which established the existence of a -CH,CHOH-moiety.
In addition, the presence of an acetyl group at $2.10 (3H,
s)and a hydroxyl group at 54.83 was supported by the IR
absorptions at 3400 and 1712 cm™!. The El-mass spec-
trum of 1 showed a [M] ™ ion at m/z 321 accompanied by
the characteristic peaks at m/z 264 [M — CH,Ac]"* and
234 [M — CH(OH)CH,Ac]". The above data indicated
the presence of a side chain, 1'-hydroxy-3'-oxobutyl sub-
stituent in the molecule. In order to determine the posi-
tions of the side chain and the remaining methoxyl
group, a NOESY experiment was conducted. It showed
the subsequent NOE correlations among H-1" and
OMe-4; OMe-4 and H-S; H-5 and H-6; H-6 and OMe-7.
On the basis of these data, the structure of 1 was pro-
posed as evomeliaefolin.

Evofolin-A (2), a pale yellow liquid, was an optically
active compound. The molecular formula was deter-
mined as C;oH,,04 by high resolution-mass spectro-
metry. The UV spectrum showed /., at 228.2, 279.8,
310.0 nm and the IR absorption at 1660 cm ™! indicated
that 2 must be a conjugated benzoketone derivative. In
the aromatic region of the 'H NMR spectrum, one shiel-
ded signal at 3698 (1H, d, J = 8.3 Hz), as well as two
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deshielded resonances at $7.47 (1H. dd. J = 8.3, 1.9 Hz)
and 7.54 (1H, d, J = 1.9 Hz), were consistent with a 3.4-
disubstituted benzoketone. One aliphatic hydroxy and
one aromatic hydroxy functionality in this molecule were
inferred from a broad IR band at 3450 cm ™! and
'H NMR signals at 3.82 and 6.20 (each 1H, br) which
disappeared in the presence of D,0O. Owing to the nega-
tive Gibb’s test, this aromatic hydroxy substituent must
be attached to C-4. The other substituent at C-3 was
attributed to a methoxyl group determined from a signal
at 6398 (3H, s) in the 'HNMR spectrum. Thus a 4-
hydroxy-3-methoxybenzoketone nucleus was estab-
lished. The remaining part of the ketone was suggested to
be a a-hydroxyethyl group because of the AX-coupling
pattern at 61.36 (3H. d, J = 6.9 Hz) and 5.11 (1H, g,
J=69Hz) and the fragment ion at mjz 151
[M — COCH(OH)Me]". Therefore, the structure of
evofolin-A was established as 2.

The other optically active compound, evofolin-B (3),
was isolated as pale yellow liquid with the molecular
formula, C,-H,304, determined by high resolution-mass
spectrometry. Two pairs of three proton signals in the
aromatic region of the "HNMR spectrum, which ap-
peared at 66.83 (1H, d, J = 8.3 Hz, H-5), 7.58 (1H, d,
J =2.0Hz, H-2), 7.64 (1H, dd, J = 8.3, 2.0 Hz, H-6) and
6.72 (1H, d, J = 8.1 Hz, H-5'), 6.79 (1H, dd, J = 8.1,
20 Hz, H-6), 698 (1H. d, J = 20 Hz, H-2), indicated
that the structure of 3 contained two 1,3 4-trisubstituted
benzene rings. The former one, together with the UV
absorptions at 230.6, 279.6, 306.0 nm. the IR bands at
3400, 1660 cm ™' and the '"H NMR signal at §3.86 (3H, s.
OMe-3), was identified as a 4-hydroxy-3-methoxyben-
zoketone derivative by the direct comparison of the spec-
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Fig. 1. '*C-"H long range correlations from the HMBC experi-
ment for compound 3.

tral data with 2. The presence of a -CHCH,OH moiety
was inferred by the ABC type signals with a methine
proton at §4.79 (1H, dd, J = 8.4, 5.2 Hz, H-«) together
with two nonequivalent methylene protons at §3.69 (1H,
dd, J =104, 52 Hz, H-f) and 4.22 (1H, dd, J = 104,
8.4 Hz, H-f) which was proved by the connectivity to the
same carbon signal in the HMQC experiment. The
downfield methine signal suggested the existence of two
fully substituted carbon atoms, carbonyl carbon and
phenyl carbon, alpha to this methine carbon. Finally,
a methoxyl substituent at 43.81 (3H, s) and the remaining
hydroxyl group was assigned to attach at C-3’ and C-4,
respectively. The relationship between substituents at
C-3 and C-4 and at C-3' and C-4’ were confirmed by
NOESY and HMBC spectra (Fig. 1). Consequently,
evofolin-B was proposed to be 3.

The following known compounds were identified. Six
benzo[c]phenanthridine alkaloids: bocconoline (4) [8],
norchelerythrine (5) [8], oxychelerythrine (6) [8], 6-
acetonyl dihydrochelerythrine (7) [9], arnottianamide (8)
[10] and decarine (9) [11]; four furoquinoline alkaloids:
dictamnine (10) [12], y-fagarine (11) [13], robustine (12)
[14] and skimmianine (13) [15]; two quinazolinocarbo-
line alkaloids: rutaecarpine (14) [15] and hortiacine (15)
[16]; one 2-quinolone alkaloid: 4-methoxy-1-methyl-2-
quinolone (16) [7]: one sterol: sitosterol (17) [6]; one
steroidal glucoside: sitosteryl glucoside (18) [17]; one
sesquiterpenoid: atractylenolide 111 (19) [18]; one triter-
penoid: lupeol (20) [19]; one lignan: ( — )-matariesinol
(21) [20]; one coumarin: umbelliferone (22) [21]; 14 ben-
zenoids: p-hydroxybenzaldehyde (23) [22], vanillin (24)
[23], methylvanillate (25) [24], methylparaben (26) [25],
methylsyringate (27) [26], syringaldehyde (28) [27],
methyl-p-hydroxycinnamate (29) [28], trans-4-hy-
droxy-3-methoxycinnamaldehyde (30) [29], 34,5-
trimethoxybenzyl alcohol (31) [30], 2-hydroxy-4'-
methoxyacetophenone (32) [31], p-hydroxybenzoic acid
(33) [32], w-hydroxypropioguaiacone (34) [33],
evofolin-C (35) [5] and hortiamide (36) [34]; six tetranor-
triterpenoids: limonin (37) [35], evodol (38) [35], 12a-
hydroxyevodol (39) [35], 6f-acetoxy-5-epilimonin (40)
[35], rutaevine (41) [35] and graucin A (42) [35]; four
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amides: cis-N-p-coumaroyltyramine (43) [36]. rrans-N-
p-coumaroyltyramine (44) [37], cis-N-feruloyltyramine
(45) [38] and trans-N-feruloyltyramine (46) [38]: an inor-
ganic compound: KNOj;. These compounds were iso-
lated and characterized by the comparison of their spec-
troscopic data (UV. IR, NMR and mass spectrometry)
with literature values. Evomehiaefolin (1). evofolin-A (2)
and evofolin-B (3) are reported from a natural source for
the first time.

The isolation of six benzo[¢]phenanthridine alkaloids
from the heartwood of T. glabrifolium further proved the
origin of this plant is closely similar to Zanthoxylum.
Toddalia.  Phellodendron and  Fagaropsis from the
chemotaxonomical point of view.

EXPERIMENTAL

Mps: uncorr. UV: MeOH. IR: KBr unless otherwise
stated. '"HNMR and '*CNMR: CDCIl,. TMS as int.
standard except where noted. MS: a direct inlet system.

Plant material. Tetrudium glabrifolium (Champ. ex
Benth) T. Hartley (Rutaceae) used in this investigation
was collected from San Dc¢i Men. Pingtung Hsien.
Taiwan in April 1990. A specimen of the plant is depos-
ited at the herbarium of the National Cheng Kung Uni-
verstty, Tainan. Taiwan.

Extraction and separation. The dried heartwood
(15 kg) of T. glubrifolium was extracted with hot MeOH
several times. The combined MeOH extracts were concd.
under red. pres. to give a brown syrup (402 g). It was
partitioned between H.QO and CHCI,, and then between
H,O and n-BuOH. The CHCI; laver was dried over
Na,SO, and then evapd to lcave a brown syrup (98 g).
The n-BuOH and H-O layvers and the insoluble interface
part were concd to afford n-BuOH. H,O and insoluble
portions, respectively. The CHCl; extract was directly
chromatographed on  silica  gel  eluting  with
CHCl1;-Me,CO (9: 1) to afford 9 fractions. Fr. 2 under-
went CC over silica gel using n-hexane-Me,CO (9:1) as
eluent to yield 4 (46.4mg). § (5.6 mg). 6 (3.3 mg).
7 (3.9 mg). 10 {258 mg). 11 (391.0 mg). 14 (7.5 mg). 20
(1.8 mg). 32 (5.2 mg) and 36 (2.4 mg), successively. Fr.
3 and 4 were combined and rechromatographed on silica
gel celuted with C,Hy-Me.O (19:1) to give 8 (7.2 mg).
9 (3.8 mg). 12 (5.6 mg). 13 (3.8 mg). 15 (1.5 mg), unknown
A (1.7mg). 16 (5.2 mg) 19 (7.8 mg), 21 (2.0 mg). 22
(16.5mgl 24 (6.2mg). 28 (4.1 mg. 29 (1.5mg). 31
(6.3 mg). 2 (1.8 mg) and 35 (0.5 mg). Similarly, the com-
bined frs 5. 6 and 7 eluting with EtOAc Me,CO (40: 1)
gave 37 (7852 mg). 38 (7292 mg). 39 (699.0 mg), 40
(342 mg) 41 (6.0 mg). 42 (23.5mg). 43 (1.9 mg). 44
(5.5mg). 3 (2.1 mg). unknown B (154.0 mg). unknown
C (12.4 mg). unknown D (2.3 mg), unknown E (3.2 mg)
and unknown G (1.2 mg). successively. The solid of the
insoluble portion was collected and identified as 17
{78.5 mg) after filtration. Then the filtrate was subjected

to CC on Dianion HP-20 eluting with a gradient of

MeOH i H,O and rechromatrographed over silica gel
toobtam 1 (1.5 mg). 18 (18.6 mg). 23(2.0 mg). 30 (1.9 mg).

34 (5.8 mg) and unknown F (0.8 mg), successively. The
n-BuOH extract was chromatographed on Dianion HP-
20 and eluted with a gradient of H,O and MeOH to give
33 (1.2 mg), 45 (1.5 mg), 46 (1.8 mg) and KNO; (35 mg).

Evomeliaefolin - (1). Needles (CHCl;-MeOH), mp
226-228°. [2]p-50° (MeOH; ¢ 0.015). HR-MS: calcd for
C1eH[oNOg, m/z 321.1212 [M]", found 321.1213. UV
/.max M (loge): 219.0 (4.84), 231.4 (sh, 4.69), 250.0 (4.48),
257.2 (4.51), 323.0 (4.32), 336.4 (sh, 4.19) IR v, cm ™
3400, 1712, 1631, 1600, 1508. EI-MS m/z (rel. int.): 321
([M17, 12) 306 (40), 278 (23), 265 (24), 264 (100), 260 (85),
234(21). NOESY data: H-1' (65.38)/H-2' (62.67 and 3.30)
and OMe-4 (63.95); H-5(57.43)/OMe-4 and H-6 (66.83);
H-6/0Me-7 (33.90).

Evofolin-A (2). Pale yellow oil. [«]p-28.57° (CHCl;;
¢ 0.021). HR-MS: caled for C,oH,,0,, m/z 196.0736
[M]~ found 196.0734. UV A,, nm (loge): 228.2 (4.08),
279.8 (3.91), 310.0 (3.79). IR vE& cm ~ !: 3450, 1660, 1593,
1517. EI-MS m/z (rel. int.): 196 ([M]*, 11), 152 (20), 151
(100), 123 (11).

Evofolin-B (3). Pale yellow oil. [a]p — 14.3° (MeOH,
¢ 0.021). HRMS: caled for C,;H;30,, m/z 318.1103
[M]", found 318.1105. UV A, nm (loge): 230.6 (4.5),
279.6 (4.3), 306.0 (4.2). IR v2& ¢cm™': 3400, 1660, 1591,
1502. EI-MS m/z (rel. int.): 318 ([M] ", 10), 300 (16), 152
(18). 151 (100), 150 (47), 123 (12). '*C NMR (Me,CO-d):
d55.8 (d, C-2), 56.2 (g, 2 x OMe), 65.6 (t, C-B), 112.3 (d,
C-2). 115.3(d, C-5), 116.0(d, C-5'), 121.9 (d, C-6'), 124.5 (4,
C-6), 1299 (s, C-1"). 131.3 (s, C-1), 146.7 (s. C-4"), 148.2 (s,
C-3), 148.5 (s, C-3"), 152.2 (s, C-4), 198 (s, C=0). NOESY
data: H-2 (67.58)/H-a (64.79) and OMe-3 (63.86); H-6
(37.64);H-5(66.83) and H-x; H-2' (66.98)/H-f (63.69) and
OMe-3" (33.81).
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