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Sulfur-containing and dimeric flavanols from Glycosmis montana
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Abstract—Two novel sulfur-containing flavanols, glymontanines A and B, and two new flavanol dimers, montahomobisflavans A
and B, were isolated from the twigs and leaves of Glycosmis montana. Their structures were elucidated by spectroscopic methods
including 2D NMR analysis.
� 2004 Published by Elsevier Ltd.
The genus Glycosmis (Rutaceae-Aurantioideae) was
shown to be a rich source of diverse amides character-
ized by sulfur-containing acid moieties, which to date
have exclusively been isolated from this genus.1 Some
sulfur-containing amides showed antimalarial, anti-
fungal, and insecticidal activity.2–6 In our search for bio-
active substances from Glycosmis montana, we isolated
two novel sulfur-containing flavanols (glymontanines
A and B) and two new dimeric flavanols in which two
units are linked through a methylene bridge at the
8,8 0- and 8,6 0-positions (montahomobisflavans A and
B). Glymontanines A and B are the first examples of
flavonoids with sulfur-containing amide moiety in nat-
ure. Here we report on the isolation and structural elu-
cidation of these compounds from G. montana.

The aerial parts of G. montana were extracted with
MeOH at room temperature and filtered. The filtrate
was concentrated and extracted with CHCl3 and EtOAc
in turn. The EtOAc extract (25g) was chromatographed
over D101 porous resin and eluted with gradient aque-
ous ethanol. The fraction eluted with EtOH/H2O (1:1)
was further subjected to Sephadex LH-20 (MeOH) and
reversed-phase HPLC chromatographic separation (RP-
18, with a gradient starting from 20% to 40% methanol).
Four compounds, glymontanines A (1, 9mg) and B (2,
8mg), and montahomobisflavans A (3, 32mg) and B
(4, 15mg) were obtained.
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Glymontanine A (1), was obtained as colorless powder.
The molecular formula was determined to be C19H21-
NO8S by negative HRESIMS (found 423.1009, calcd
423.0988).8 The 1H and 13C NMR (Tables 1 and 2) spec-
tra of 1 was similar to those of 4 0-O-methylgallocatechin
(5),7 which were obtained in a large amount (900mg)
and identified in our work. The absence of one methine
carbon signal in the ring-A, and instead, the presence of
a quaternary carbon signal at d 104.4, indicating a prob-
able ring-A substitution. The methyl signal at d 12.2 in
13C NMR and a singlet signal at d 2.25 (3H) in 1H
NMR suggested the occurrence of a methylthio group
(SMe). An additional proton signal at d 9.77 in
C5D5N, exchangeable with D2O, was determined to be
NH group, which has no HMQC correlations with car-
bon. The HMBC cross-peaks from the SMe and the
methylene protons of NH–CH2–Ar to the quaternary
carbon signal at d 172.5 indicated the connectivity of
the side chain, which was confirmed by the two HMBC
cross-peaks in C5D5 N, from the NH group to the qua-
ternary carbon signal at d 169.3 and the methylene car-
bon signal of NH–CH2–Ar at d 35.5. The linkage of the
side chain to the flavan backbone was also determined
by HMBC experiment. The H-2 proton showed long-
range correlation with the carbon at d 154.6, which
can only be assigned to C-8a. The methylene protons
of NH–CH2–Ar showed correlations with C-7, C-8,
and C-8a, suggesting a C-8 substitution. This was also
confirmed by the cross-peaks from the ring-A residual
aromatic proton to C-5 and C-7. The coupling constant
(J = 6.0Hz) for H-2 defined the 2,3-trans stereochemis-
try. The 2R, 3S configuration was assigned to 1 based
on the negative Cotton effect in the diagnostic wave-
length region of the CD spectra ([h] = �5632, 285nm).12
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Table 2. 13C (100MHz) data of compounds 1–4 in CD3OD (d, in ppm)

No. 1 2 3 (I II) 4 (I) 4 (II)

2 82.3 d 82.4 d 83.1 d 84.0 d 82.4 d

3 68.2 d 68.6 d 68.4 d 68.0 d 68.7 d

4 27.2 t 28.0 t 28.2 t 28.2 t 28.2 d

5 157.1 s 155.9 s 155.5 s 155.8 s 154.5 s

6 96.6 d 106.9 s 96.9 d 97.4 d 108.1 s

7 156.2 s 156.5 s 155.2 s 154.9 s 154.8 s

8 104.4 s 95.8 d 106.5 s 106.6 s 96.2 d

4a 100.7 s 100.7 s 101.2 s 101.5 s 102.0 s

8a 154.6 s 156.0 s 153.2 s 152.6 s 154.7 s

1 0 136.7 s 136.7 s 136.6 s 135.1 s 136.7 s

2 0/6 0 107.0 d 107.3 d 107.6 d 107.8 d 107.4 d

3 0/5 0 151.7 s 151.6 s 151.5 s 151.8 s 151.5 s

4 0 136.4 s 136.4 s 136.1 s 136.9 s 136.4 s

–OMe 60.8 q 60.8 q 60.8 q 60.8 q 60.8 q

–CH2– 35.3 t 35.4 t 16.8 t 17.6 t

–C(O)– 172.5 s 172.8 s

–SMe 12.2 q 12.2 q

Table 1. 1H (400MHz) data of compounds 1–4 in CD3OD (d, J in ppm)

No. 1 2 3 (I II) 4 (I) 4 (II)

2 4.76 d (6.0) 4.59 d (6.7) 4.50 d (7.2) 4.75 d (7.2) 4.54 d (6.8)

3 4.02–4.06 m 3.96–4.01 m 3.92–3.97 m 4.07–4.10 m 3.90–3.97 m

4ax 2.55 dd (16.3, 6.5) 2.55 dd (16.3, 7.2) 2.49 dd (16.4, 8.0) 2.57 dd (16.5, 7.9) 2.47 dd (16.3, 7.4)

4eq 2.67 dd (16.3, 4.9) 2.78 dd (16.3, 5.1) 2.79 dd (16.4, 5.4) 2.88 dd (16.3, 5.2) 2.76 dd (16.5, 5.2)

6 5.99 s 5.97 s 6.07 s

8 5.96 s 5.95 s

2 0/6 0 6.38 s 6.38 s 6.38 s 6.48 s 6.37 s

–OMe 3.76 s 3.77 s 3.79 s 3.81 s 3.77 s

–CH2– 4.43 d (15.7) 4.29 s 3.75 s 3.68 s

4.29 d (15.7)

–SMe 2.25 s 2.29 s

–NH– 9.77 br sa 10.5 br sa

a Values in C5D5N.
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The negative HRESIMS of 2 gave the molecular for-
mula C19H21NO8S (found 423.0997, calcd 423.0988).
The 1H and 13C NMR data (Tables 1 and 2) as well as
2D correlations9 revealed that both the functional
groups and the skeleton present in 2 were similar to
those observed in 1, suggesting that 2 was a conforma-
tion isomer of 1. In its HMBC spectra,9 the H-2 proton
doublet at d 4.59 correlated with the carbon signal at d
156.0, which corresponds thus to C-8a. This carbon
showed correlation with the residual aromatic proton
located at d 5.96, which was then attributed to H-8, indi-
cating a C-6 substitution. This was confirmed by the
presence of correlations between C-5, C-6, and C-7 car-
bons with the methylene protons of NH–CH2–Ar. Gly-
montanine B was then concluded to be the isomer of 1 in
which the side chain is linked to the C-6 carbon.

Careful inspection of the NMR data (Tables 1 and 2) for
montahomobisflavan A (3) indicated that the flavanol
unit was the same as those of 1 and 2. The singlet signal
at d 3.75 of the methylene group was characteristic of a
proton located between two deshielding groups. On the
contrary, the carbon signal of the CH2 group (d 16.8)
was not influenced by the presence of such deshielding
groups. From the aromatic ring-A, only one proton sig-
nal was observed as a singlet at d 5.97. The negative
HRFABMS10 of 3 gave the molecular formula
C33H32O14 corresponding to two flavanol units linked
by a methylene group. There are three possible isomers:
the 6–6, 6–8, and the 8–8 regio-isomer. Since we ob-
served only one flavanol unit signal, we can assign either
6–6 or 8–8 isomer to 3. The HMBC10 cross-peaks from
the methylene protons of Ar–CH2–Ar to C-7, C-8, and
C-8a suggesting a C-8 substitution. The ring-A residual
aromatic proton showed correlations to C-5 and C-7,
which confirmed 3 to be the 8–8 isomer.

Montahomobisflavan B (4) was obtained as colorless
powder. Its molecular formula was determined to be
C33H32O14 by negative HRFABMS.11 The NMR signals
of 4 appeared (Tables 1 and 2) in pairs at the same re-
gion as those of 3, which suggested 4 to be the nonsym-
metrical 6–8 isomer. The presence of a correlation peak
in the HMBC11 experiment from the methylene protons
of Ar–CH2–Ar to C-8 (I) and C-8a (I) demonstrated
that the methylene bridge is attached to C-8 of unit I.
Detailed analysis of the 1D and 2D (HMQC and
HMBC)11 data allowed us to assign all protons and
carbons.

The same 2R, 3S-configuration depicted in structure 2–4
was based on the coupling constant for H-2 and the neg-
ative Cotton effect at around 280nm of their CD
spectra.

The mechanism of the formation of these flavanol deriv-
atives is suggested to be similar to that described else-
where.13–15 The structure of the intermediates may be
4 0-O-methylgallocatechine substituted by aldehydic unit
at C-6 and/or C-8, and then react with another 4 0-O-
methylgallocatechine to form montahomobisflavans A
and B. The –CO–S–Me group of the thiocarbamate unit
has been proposed to come from cysteine by b-oxida-
tion.5 The intermediates bind to the thiocarbamate moi-
ety, giving rise to glymontanines A and B.
Acknowledgements

We thank Dr. Biao Yu of Shanghai Institute of Organic
Chemistry, Chinese Academy of Sciences, for the help
in CD measurements. The authors are grateful to the
Analyzing group of Laboratory of Phytochemistry,
Kunming Institute of Botany, Chinese Academy of
Sciences, for NMR measurements. This research was
supported by National Natural Science Foundation of
China (No. 30200350).
References and notes

1. Hofer, O.; Greger, H. Prog. Chem. Org. Nat. Prod. 2000,
80, 187–223.

2. Bhattacharyya, P.; Chowdhury, B. K. Phytochemistry
1985, 24, 634–635.

3. Greger, H.; Hofer, O.; Kählig, H.; Wurz, G. Tetrahedron
1992, 48, 1209–1218.

4. Greger, H.; Zechner, G.; Hofer, O.; Hadacek, F.; Wurz,
G. Phytochemistry 1993, 34, 175–179.

5. Greger, H.; Zechner, G.; Hofer, O.; Vajrodaya, S. J. Nat.
Prod. 1996, 59, 1163–1168.

6. Hinterberger, S.; Hofer, O.; Greger, D. H. Tetrahedron
1994, 50, 6279–6286.

7. Garcia, J.; Massoma, T.; Morin, C.; Mpondo, T. N.;
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