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A new dimeric pyranocarbazole alkaloid, bisisomahanine (1), was isolated from the roots of Glycosmis steno-
carpa (DRAKE) TaN., along with two known monomeric carbazole alkaloids, murrayafoline-A (2) and murraya-
nine (3). The planar structure of bisisomahanine was determined to be 9,9”-dihydroxy-3,3",8,8"-tetramethyl-3,3"-
bis-(4-methyl-3-pentenyl)-3,3",11,11"-tetrahydro-10,10"-(bipyrano[3,2-a]carbazole) from the combination of spec-
troscopic and chemical evidence. Bisisomahanine is the first dimeric prenylated pyranocarbazole alkaloid with a
1,1’ type of linkage; the NMR and CD spectroscopic data indicated it to be a mixture of diastereomers having a
dominant configuration at the axis of chirality. '"H- and >*C-NMR assignments of murrayafoline-A were made on

the basis of 2D-experiments.
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The genus Glycosmis, family Rutaceae, is a rich source of
alkaloids, including those of the quinolone, quinazoline,
furoquinoline, acridone, sulphur-containing amides and car-
bazole types."? Carbazole alkaloids were isolated from the
seeds” and the roots*> of G. pentaphylla, from the bark of
G. mauritiana® and G. rupestris,” and from the roots of G.
arborea.® Carbazole alkaloids have also been found in other
Rutaceous genera, e.g., Micromelum, Murraya, and
Clausena. From two genera, Murraya and Clausena, nearly
four fifths of the natural carbazole alkaloids have been iso-
lated.”'” In a continuing search for bioactive natural prod-
ucts from Vietnamese plants, a number of plants, including
species Glycosmis stenocarpa (DRAKE) TaN., have been
screened for cytotoxic, antifungal, and antibacterial activi-
ties.!!? G. stenocarpa, local name “com ruou trai hep,” is a
small shrub, 0.75—1 m high. It is an endemic plant, found in
some provinces in north Vietnam.'® This paper reports the
isolation and structural elucidation of a new dimeric pyra-
nocarbazole alkaloid, named bisisomahanine (1), and two
known monomeric carbazole alkaloids, viz. murrayafoline-A
(2 and murrayanine (3),'® from the roots of G.
Stenocarpa.

Results and Discussion

Bisisomahanine (1) was obtained as a pale ivory powder,
mp 130—140°C, [o]3’ —13.1°. The UV spectrum showed
the typical absorbances at 209, 224, and 245 nm, closely sim-
ilar to those of 2 and 3, and indicative of the carbazole skele-
ton in 1. Furthermore, it exhibited absorbances at 298 (sharp,
strong) and 335 nm (broad, weak), typical of an angular pyra-
nocarbazole unit as described for isomahanine (4).'®

The *C-NMR and DEPT spectra of 1 showed the presence
of six olefinic and aromatic methine carbon signals at o
109—129, eleven non-protonated carbon signals, and four
methyl and two methylene (at & 40.8, 22.7) carbon signals.
Of the eleven non-protonated carbon signals, there were two
signals at § 150.3 and 151.1 assignable to non-protonated
aromatic carbons attached to oxygen.

Signals in the '"H-NMR spectrum [§ 1.71 (H-1"), 2.10 (H-
2"), 5.06 (H-3"), 1.53 (H-4'b), and 1.63 (H-4'a)] (Table 1)
and the peak at m/z 83 in the EI-MS spectrum were assigna-
ble to the isohexenyl side chain.'®!” The assignments of car-
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bons at positions C-1" and C-2" of alkaloid 1 are different
than those reported for isomahanine (4),'” and were con-
firmed by data from HMQC and HMBC experiments (Table
1). The HMQC spectrum of 1 showed the direct "H-"*C cor-
relations between the multiplet methylene proton signals at &
1.71 and 2.10 to the methylene carbon signal at  40.8 and
22.7, respectively. The methylene proton signals at 6 2.10
(H-2") had "H-'3C long range correlations to the carbon sig-
nals at & 131.7 (C-4'), 124.1 (C-3'), and 40.8 (C-1"),
whereas the methylene proton signal at 6 1.71 (H-1") had
HMBC correlations to the carbon signals at  128.8 (C-2),
78.3 (C-3), 124.1 (C-3"), and 22.7 (C-2'). The '"H-'H COSY
and NOESY spectra of 1 also confirmed the above assign-
ment of the isohexenyl side chain (Fig. 1).

In the downfield region of the "H-NMR spectrum, two
broad singlets at § 7.51 and 5.14 were assigned to an NH and
a phenolic hydroxyl group, respectively; this was supported
by the IR bands at 3470 and 3362 cm ™!, and the fact that no
carbons were attached to these proton signals, as shown by
the HMQC spectrum. There were two isolated pairs of ortho-
coupled protons: the first pair at 6 6.73 (H-5) and 7.71 (H-6),
and the second at § 6.43 (H-1) and 5.54 (H-2). The COSY
spectrum confirmed the two separate spin systems. The
NMR spectral data of the latter pair were similar to those in
some Murraya alkaloids such as isomahanine (4) and maha-
nine (5),'® murrayamine C (7),'® and pyrayafoline-D (6) (as-
signed the same structure as 4 by Ito ef al.),'” indicating the
presence of a pyran ring double bond in the pyranocarbazole-
type skeleton of 1.

The position of fusion between the pyrano and carbazole
rings was determined from analysis of the NOESY and
HMBC spectral data of 1. The correlation in the NOESY
spectrum between the amino proton at § 7.51 (11-NH) and
the doublet signals at § 6.43 (H-1) indicated a [3,2-a] type-
connection in the pyranocarbazole skeleton of 1 rather than a
[2,3-c] fusion, reported for 7-methoxyglycoumarin,” a [3,2-
d] type, as in the case of glycoborinine,” or a [3,2-¢] type, re-
ported for pyrayafoline-B.'” The [3,2-a] type of 1 was fur-
ther confirmed by the '*C—'H long range correlations in the
HMBC spectrum between the aromatic non-protonated car-
bon signal at 6 136.1 (C-11a) and H-1, H-6 and the NH pro-
ton.

© 2004 Pharmaceutical Society of Japan
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Table 1. NMR Spectral Data® of Alkaloid 1 and Derivative 8 (CDCls)
1 8
Position
H (5) BC () COSY HMBC 'H (8) BC (8)
1 6.43 d (10) 117.4d H-2 C-4a, C-11a, C-2, C-11b, C-3, 3-CH, 6.47 d (10)? 117.4 d°
2 5.54.d (10) 128.8d H-1 C-4a, C-3,C-1’, C-11b, 3-CH, 5.25d (10)° 128.5 d°
3 78.3s 78.5s
4a 151.1s 1519s
5 6.73 d (8.4) 109.9 d H-6 C-4a, C-6a, C-11b 6.72 d (8.4) 109.8 d
6 7.71d (8.4) 119.5d H-5 C-4a, C-11a, C-6b, C-11b 7.75d (8.4) 1202d
6a 117.8 s” 116.9s
6b 117.8 s 122.1s?
7 7.84 brs 1223d H,-8 C-9, C-10a, C-6a, C-10, 8-CH, 7.87s 121.1d
8 117.9 s 122.3 s
9 1503 s 145.1s
10 99.1s 1093 s
10a 13795 1379s
lla 136.1s 137.0's
11b 105.0 s 105.0 s
1 1.71m 40.8 t H,-2' C-2,C-3',C-3,C-2' 1.70 m 41.0t
2’ 2.10m 22.7t9 H-3', Hy-1 Cc-4',C-3',C-1" 2.0l m 226t
3 5.06 t(6.0) 124.1 d° H,-2', Hy-4'a, H;-4'b  C-1/,C-2",C-4'a, C-4'b 5.03t(7.2)9 124.1 d
4’ 131.7 9 131.7 9
4'a 1.63 59 25.6 q° H-3' C-4',C-3',C-4'b, C-2' 1.61 59 26.1 q9
4'p 1.53s 17.6 q H-3' C-4',C-3',C-4"a, C-2' 1.51s9 17.6 ¢©
3-CH, 1.39 brs 25.8q C-2,C-3,C-1' 1.42 59 25.7 ¢
8-CH, 2495 16.7q H-7 C-9, C-10a, C-7, C-6b, C-10, C-8 238s 17.0 q
9-OH 5.14s C-9, C-8,C-10
11-NH 7.51 brs C-10a, C-11a, C-6a, C-6b 7.80 brs
9-OAc 1.87s 20.0 q
166.4 s

a) Coupling constants (J) in Hz are in parentheses.

The 'H-"H COSY spectrum of 1 showed cross peaks be-
tween the aryl methyl protons at § 2.49 to the lowest down-
field aromatic singlet proton at & 7.84, which in turn had
NOESY interactions with both the methyl group and the pro-
ton at 6 7.71 (H-6). The aryl methyl group also showed a
NOESY correlation to the hydroxyl group at & 5.13. These
data confirmed the assignment of the signal at 6 7.84 to H-7,
characteristic of carbazoles,"” and the location of the aryl
methyl group at C-8 and the hydroxyl group at C-9, bio-
genetically the same as in many Murraya pyranocarbazole al-
kaloids.'®!)

Thus most of the 1D- and 2D-NMR spectral data of 1 were
similar to those of isomahanine (4), with the exception of an
additional nonprotonated aromatic carbon signal at § 99.1
and a lack of the methine aromatic proton and carbon signals
due to H-10 (C-10) in the 'H- and "*C-NMR spectra. The
HR-EI-MS spectrum of 1 showed a molecular ion at m/z
692.3633, corresponding to the molecular formula
C4HsN,O,. In view of the simplicity of the NMR spectra, a
symmetric dimeric structure for 1 with the linkage position
between two carbazole monomers through C-10/10" was sug-
gested.

Spectral data of the acetylated derivative 8 of alkaloid 1
also confirmed the linkage position between C-10/10". O-
Acetylation of the hydroxyl group at C-9 caused a deshield-
ing of the ortho carbon atoms (ca. 4 ppm for C-8 and 10 ppm
for C-10), a shielding of the meta carbon (ca. 1 ppm for C-7)
and a deshielding of the para carbon atoms (ca. 4 ppm for C-
6b) in 8 in comparison to those of 1 (see Table 1). That the
chemical shift of C-10 (6 109.3) in 8 moved to lower field by
ca. 10ppm might be due to the further steric effects in the

b) Exchangeable within the column.

¢) Doubling of signals.

dimeric structure.

The EI-MS spectrum of 1 showed the molecular ion at m/z
692, and a weak peak at m/z 677 indicative of loss of a
methyl group. The base peak at m/z 609 [M—CH,,]* was
due to the loss of a methylpentenyl group by a cleavage be-
tween C-1" and C-3. There was also another significant peak
at m/z 263 which could be a doubly charged ion due to loss
of two methylpentenyl groups [M—(2XCH,,)] ™.

Bisisomahanine had a weak optical rotation [o]2’ —13.1°
but showed a strong Circular Dichroism spectrum, with a
positive Cotton effect at 209 nm, Ae +17.2, and negative
Cotton effects at 230nm, Ae —10.3 and 248 nm, Ae —16.1.
In the absence of other reports on the CD of the known natu-
rally-occurring biscarbazole alkaloids, it is difficult to draw
definite conclusions from the curve concerning the absolute
stereochemistry of the alkaloid, except to say that the magni-
tudes of the Cotton effects probably indicate the presence of
one predominant atropo-enantiomer.

Superficially, the 'H-NMR spectrum of bisisomahanine
showed one set of proton signals, but on close examination
slight doubling of the signal for the C-4'a protons could be
discerned. Corresponding doubling could be seen also in the
BC-NMR spectrum, especially of signals arising from the
alkyl substituents on the chromene rings, and more clearly in
the 'H- and *C-NMR spectra of the diacetate derivative 8
(Table 1). The 'H-NMR spectrum of 8 showed clearly two
sets of signals in a ratio of ca. 2: 1, except for protons H-5,
H-6, H-7, and 8-CH,. The corresponding *C-NMR spectrum
of 8 showed doubling of signals from C-2, C-1’, C-2', C-3’,
C-4', C-4’a, C-4'b and 3-CH,. Thus this evidence suggests
that compound 1 is a mixture of two diastereomers, in a ratio
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R1 RZ R3 R1 RZ
46 H CH; OH 9 H H
5 CH; H OH 10 OCH; H
7 H CHs OCHs 11 OCH3; OCH;

12 Key NOE interactions in 1

Fig. 1. Carbazole Alkaloids

SMS

Fig. 2. A Pair of Possible Diastereomers of 1

of ca. 2: 1. If the formation of the biaryl linkage is stereose-
lective (to form an M or a P biaryl)*” from a racemic isoma-
hanine precursor, the product could give rise to a mixture of
three diastereomers (e.g. for an M biaryl, RMR, RMS=SMR,
and SMS) theoretically in the ratio of 1:2:1, and in princi-
ple, though not necessarily, having different nmr spectra (Fig.
2). The observed NMR spectra are suggestive of this situa-
tion, but it is not clear from which isomers the different sig-
nals arise. If the chirality of the chromene ring induces some
bias in the coupling reaction, an unequal mixture of diastere-
omers could result. Another possibility is that the formation
of the biaryl linkage is not completely stereoselective, giving
perhaps a major atropo-enantiomer but also an amount of the
other axial enantiomer, which could also give rise, with se-
lectivity, to diastereomers. Furthermore there is the possibil-
ity of the involvement of chiral isomahanine precursors.
Much further work is needed to clarify this complex situa-
tion. For the present it can be stated only that bisisomaha-
nine, for which the planar structure 1 has been established,
exists as a mixture of stereoisomers having a dominant con-
figuration at the axis of chirality.?”

There is now a sizeable number of dimeric carbazole alka-
loids which can be considered as arising from phenolic cou-
pling of monomeric alkaloids to produce biaryls with link-
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ages adjacent to the phenolic substituents.” Thus, bis-2-hy-
droxy-3-methylcarbazole,'® isolated from Murraya koenigii,
has a 1,1’ type of linkage. The synthetic compounds®? 9 and
10 and clausenamine-A%? 11 have 2,2’ type of linkages. Here
we suggest using the term “type of linkage” for distinguish-
ing the linkage position of both the simple carbazole and
pyranocarbazole dimers, considering only the parent car-
bazole ring systems themselves for numbering purposes. Ex-
amples of C;, (C 3+ C,4) dimers arising from dimethyl-pyra-
nocarbazole monomers are bis-7-hydroxygirinimbine A*)
and 8,8"-biskoenigine'” with 8,8' type of linkages, bis-7-hy-
droxygirinimbine B? with an 8,6' type of linkage and
kwangsine®¥ which is a 5,5’ dimer of koenine; bismurrayafo-
line-B?® is a prenylated carbazole dimer with a 2,2’ type of
linkage. Mahanine (5), with a methyl, methylpentenyl substi-
tuted chromene ring is a homologue of the putative 7-hydroxy-
girinimbine which, because of two free ortho positions to the
phenolic group, can give rise to the two abovementioned
C,, dimers, A and B. Likewise two mahanine C,q (C,;+C,5)
dimers can be anticipated, but to date only bismahanine
(12)'® with an 8,6’ type of linkage has been reported. Isoma-
hanine (4), having only one free ortho position, gives rise to
bisisomahanine (1) having a 1,1’ type of linkage through
C10/C10". Other known C,, dimers arising from geranylated
carbazole monomers are bismurrayafoline-C and -D** with
2,2 type of linkages, and bismurrayafoline E 27 also with a
1,1’ type of linkage.

Compound (2), the main component of the methanol ex-
tract of G. stenocarpa root, was determined to be murrayafo-
line-A from 1D- and 2D-NMR experiments and by compari-
son with reported data.'¥ However the C-NMR data
(CDCL,) of 2 were previously not assigned.'” New 'H- and
BC-NMR data of 2 are now reported, together with assign-
ments made on the basis of COSY, NOESY, HMBC, and
HMQC evidence.”® Murrayanine 3 was isolated from the
hexane fraction of the methanolic root extract and its struc-
ture determined by the reported spectroscopic data.!>*" The
trivial name murrayanine has recently been reused for a new
carbazole alkaloid from Murraya koenigii.'”

Experimental

General Experimental Procedures 'H- and *C-NMR, COSY,
NOESY, HMQC, HMBC spectra were measured on a Bruker AVANCE 500
spectrometer. Chemical shifts are shown in 6 (ppm) with TMS as an internal
reference. UV spectra were recorded on an UV/VIS Cintra 40 double-beam
spectrometer (GBC 2855), and IR spectra on an IMPACTS 410 (NICOLET,
U.S.A.). EI-MS spectra were obtained by a 5989B MS (Hewlett Packard)
spectrometer. HR-MS spectrum was obtained by a KRATOS MS25 RFA
spectrometer. The optical rotation was measured in CHCl; with a PO-
LARIMETER-D spectropolarimeter and the CD spectrum was measured on
a Jasco J-710 spectropolarimeter in acetonitrile solvent. All solvents were
distilled before use.

Plant Material Roots of G. stenocarpa were collected at Hoang Hoa
Tham commune, Chi Linh district, Hai Duong Province, Vietnam, in Janu-
ary 2001, and identified by the botanist, Dr. Ngo Van Trai. A voucher speci-
men (TCO036) is deposited at the Institute of Materia Medica (Ministry of
Health, Hanoi, Vietnam).

Extraction and Isolation Dried powdered roots (1.1kg) of G. steno-
carpa were extracted with MeOH (3X3 1), filtered and evaporated in vacuo.
The suspension of the methanol residue in MeOH/H,O (1:1) was succes-
sively extracted with n-hexane, chloroform, and butanol to give hexane
(30g), chloroform (17 g), and butanol extracts. The hexane extract (30 g)
was chromatographed on silica gel (250 g, Merck silica 80—120 mesh)
using a gradient of hexane and EtOAc as eluent to give 19 fractions. Frac-
tion 4 was further rechromatographed on flash silica gel (hexane/EtOAc 10/1
as eluent) to yield murrayafoline-A (2) (3.3 g, 3%). Fractions 10 to 14 were
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combined and also rechromatographed on silica gel (using hexane/EtOAc
6/1 as eluent) to give 1 (33mg, 0.03%). Fraction 16 contained crystals,
which were recrystalized from a mixture of hexane/EtOAc (80/20), giving
murrayanine (3) (165 mg, 0.15%).

Bisisomahanine (1):  9,9”-Dihydroxy-3,3",8,8"-tetramethyl-3,3"-bis-(4-
methyl-3-pentenyl)-3,3",11,11"-tetrahydro-10,10"-(bipyrano[3,2-a]car-
bazole), pale ivory powder, violet spot on TLC plate with H,SO,/vanillin
agent, Rf: 0.3 (hexane/EtOAc 7:1), [a]¥ —13.1° (¢=0.25, CHCI;), mp
130—140°C; CD (CH,CN): Ag,p0=+17.2, Agq=—16.1, Ag,;,=—10.3.
HR-EI-MS m/z 692.3633 (Calcd for C,sH,sN,O,, 692.3614); EI-MS m/z:
692 (M™), 609 (M—83)" (100%), 263 [M—(2X83)]"", 207, 167, 149, 129,
111, 105, 97, 83. IR (KBr) cm™': 3470, 3362, 2923, 2859, 1723, 1621,
1447, 1258, 1188, 1132, 1048, 807, 725, 641, 550. UV A, (CDCl;) nm
(log €): 209 (4.1), 224 (3.7), 245 (5.0), 298 (4.9), 335 (4.4). '"H-NMR
(CDCl,) and *C-NMR (CDCl,): see Table 1.

Preparation of 8 Acetylation (dry DMAP and Ac,0O, room temp., 10 h)
of 1 (9 mg) gave 8 (9.2 mg) after work-up as a yellow solid showing a violet
spot on TLC plate with H,SO,/vanillin agent, Rf: 0.28 (hexane/EtOAc 7: 1),
"H-NMR (CDCl,) and *C-NMR (CDCl,): see Table 1.

Murrayafoline-A (2): Brown oil, C,,H;;NO, Rf: 0.25 (hexane/EtOAc,
10:0.5), EI-MS m/z: 211 (100%) (M)*, 196 (M—CH,)*, 167, 139, 115,
101, 77. UV A, (CHCL)) nm: 209, 222, 243, 291, 327, 340; 'H-NMR
(CDCl,) 6: 8.12 (1H, brs, NH), 8.00 (1H, d, J/=7.4 Hz, H-5), 7.46 (1H, brs,
H-4), 7.39 (1H, d, J=7.4Hz, H-8), 7.36 (1H, t, J=7.4Hz, H-7), 7.18 (1H, t,
J=7.4Hz, H-6), 6.71 (1H, brs, H-2), 3.97 (3H, s, 1-OCH,), 2.52 (3H, s, 3-
CH,). *C-NMR (CDCl,) §: 145.4 (s, C-1), 139.5 (s, C-8a), 129.5 (s, C-3),
128.0 (s, C-9a), 125.5 (d, C-7), 124.4 (s, C-4a), 123.6 (s, C-4b), 120.4 (d, C-
5), 119.2 (d, C-6), 112.5 (d, C-4), 110.9 (d, C-8), 107.7 (d, C-2), 55.5 (q, 1-
OCH,), 21.9 (q, 3-CH,).

Murrayanine (3): Silver white plates (EtOAc), mp 155 °C, C,,H;,NO,, EI-
MS m/z: 225 (M)™ (100%), 210 (M—CH,)*, 182, 154, 127, 126, 99, 75, 63.
UV .. (CHCL) nm: 210, 222, 241, 250, 274, 287, 327, 340. 'H- and *C-

‘max

NMR (CDCl;) data were as reported.'>3)
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