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Abstract

Six new iridoids, 6-O-a-L-(20-O-, 30-O-, 40-O-tribenzoyl)rhamnopyranosylcatalpol, 6-O-a-L-(20-O-, 30-O-dibenzoyl, 40-O-cis-p-
coumaroyl)rhamnopyranosylcatalpol, 6-O-a-L-(20-O-, 30-O-dibenzoyl, 40-O-trans-p-coumaroyl)rhamnopyranosylcatalpol, 6-O-a-
L-(20-O-benzoyl, 30-O-trans-p-coumaroyl)rhamnopyranosylcatalpol, 6-O-a-L-(20-O-, 30-O-dibenzoyl)rhamnopyranosylcatalpol,

and gmephiloside as well as ®ve known monoacyl and diacyl rhamnopyranosylcatalpol derivatives were isolated from the aerial
parts of Gmelina philippensis. Their structures were established by spectroscopic means. Additionally, the known iridoids
catalpol, geniposidic acid, gardoside, and 8-epi-loganic acid were identi®ed and quanti®ed by GC and GC±MS. The taxonomic

signi®cance of rhamnopyranosylcatalpol derivatives and iridoid acids as chemical characters is discussed. 7 2000 Elsevier
Science Ltd. All rights reserved.
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1. Introduction

The genus Gmelina (ca. 40 species) is widely distribu-
ted in the tropical and subtropical regions of Australia,
Asia and Africa. Briquet (1885) and Moldenke (1971)
included Gmelina and Premna along with Vitex and
some smaller genera in the tribe Viticeae of the sub-
family Viticoideae and family Verbenaceae. Cantino
(1992a) and Cantino et al. (1992b) introduced a revised
classi®cation and transferred the subfamily Viticoideae
along with most genera of the former Verbenaceae to
the Lamiaceae s.l. However, recent cladistic analyses
of cpDNA sequences by Wagsta� et al. (1998) and
Olmstead et al. (1998) suggested that neither the Viti-
coideae nor the former tribe Viticeae form a monophy-
letic group. They found a clade consisting of Premna
and Gmelina emerging in a weakly supported position

as sister group to a clade consisting of the subfamilies
Scutellarioideae, Pogostemonoideae and Lamioideae.

Investigations of several Premna species for iridoids
revealed a heterogeneous iridoid pattern. Rhamnopyr-
anosylcatalpol esters (e.g. Otsuka et al., 1989, 1990,
1991), other acylated derivatives of catalpol (e.g. Sudo
et al., 1997, 1998), iridoid acids and derivatives of iri-
doid acids (e.g. Bheemasankara Rao et al., 1981;
Otsuka et al., 1992) were isolated from di�erent Pre-
mna species. In contrast to these numerous studies, the
distribution of iridoids in Gmelina species is only
poorly known. Apart from the early chromatographic
investigations of Kooiman (Hegnauer and Kooiman,
1978) only one species, G. arborea Roxb. (Hosny and
Rosazza, 1998), has recently been examined for iri-
doids. Therefore, we investigated a second species, G.
philippensis CHAM. (syn. G. hystrix Schult. ex Kurz).
We here report the isolation and structure elucidation
of three new triacyl, two new diacyl and ®ve known
monoacyl and diacyl rhamnopyranosylcatalpol deriva-
tives, one new derivative of 8-epi-loganic acid as well
as the identi®cation of ®ve other known iridoids.
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Table 1
1H NMR spectral dataa (500 MHz) of compounds 1±5 and 16

H 1b, c 2b, d 3b, d 4d 5b 16e

1 5.13 d 5.11 d 5.12 d 5.11 d 5.11 d 5.07 d

J1, 9 = 10 J1, 9 = 10 J1, 9 = 10 J1, 9 = 10 J1, 9 = 10 J1, 9 = 10

3 6.43 dd 6.41 dd 6.42 dd 6.39 dd 6.41 dd 6.35 dd

J3, 4 = 6 J3, 4 = 6 J3, 4 = 6 J3, 4 = 6 J3, 4 = 6 J3, 4 = 6

J3, 5 = 2 J3, 5 = 2 J3, 5 = 2 J3, 5 = 2 J3, 5 = 2 J3, 5 = 2

4 5.19 dd 5.10 dd 5.17 dd 5.14 dd 5.16 dd 5.05 dd

J4, 3 = 6 J4, 3 = 6 J4, 3 = 6 J4, 3 = 6 J4, 3 = 6 J4, 3 = 6

J4, 5 = 5 J4, 5 = 5 J4, 5 = 5 J4, 5 = 5 J4, 5 = 5 J4, 5 = 5

5 2.59 m 2.57 m 2.57 m 2.52 m 2.54 m 2.38 m

6 4.18 dd 4.13 dd 4.15 dd 4.10 dd 4.12 dd 3.99 dd

J6, 5 = 8 J6, 5 = 8 J6, 5 = 8 J6, 5 = 8 J6, 5 = 8 J6, 5 = 8

J6, 7 = 1 J6, 7 = 1 J6, 7 = 1 J6, 7 = 1 J6, 7 = 1 J6, 7 = 2

7 3.75 bs 3.72 d 3.74 d 3.68 bs 3.71 bs 3.62 d

J7, 6 = 1 J7, 6 = 1 J7, 6 = 2

8 ± ± ± ± ± ±

9 2.63 dd 2.61 dd 2.63 dd 2.59 dd 2.60 dd 2.54 dd

J9, 1 = 10 J9, 1 = 10 J9, 1 = 10 J9, 1 = 10 J9, 1 = 10 J9, 1 = 10

J9, 5 = 8 J9, 5 = 8 J9, 5 = 8 J9, 5 = 8 J9, 5 = 8 J9, 5 = 8

10A 3.83 d 3.82 d 3.83 d 3.81 d 3.82 d 3.81 d

J10A, 10B = 13 J10A, 10B = 13 J10A, 10B = 13 J10A, 10B = 13 J10A, 10B = 13 J10A, 10B = 13

10B 4.18 d 4.16 d 4.17 d 4.15 d 4.16 d 4.13 d

J10B, 10A = 13 J10B, 10A = 13 J10B, 10A = 13 J10B, 10A = 13 J10B, 10A = 13 J10B, 10A = 13

1 ' 4.78 d 4.77 d 4.78 d 4.75 d 4.78 d 4.77 d

J1 ', 2 ' = 8 J1 ', 2 ' = 8 J1 ', 2 ' = 8 J1 ', 2 ' = 8 J1 ', 2 ' = 8 J1 ', 2 ' = 8

2 ' 3.27 dd 3.26 dd 3.27 dd 3.26 dd 3.26 dd 3.25 dd

J2 ', 1 ' = 8 J2 ', 1 ' = 8 J2 ', 1 ' = 8 J2 ', 1 ' = 8 J2 ', 1 ' = 8 J2 ', 1 ' = 8

J2 ', 3 ' = 9 J2 ', 3 ' = 9 J2 ', 3 ' = 9 J2 ', 3 ' = 9 J2 ', 3 ' = 9 J2 ', 3 ' = 9

3 ' 3.39 t 3.39 t 3.39 t 3.39 t 3.39 t 3.38 t

J = 9 J = 9 J = 9 J = 9 J = 9 J = 9

4 ' 3.24 dd 3.24 dd 3.25 dd 3.24 dd 3.25 dd 3.24 dd

J4 ', 3 ' = 8 J4 ', 3 ' = 8 J4 ', 3 ' = 8 J4 ', 3 ' = 8 J4 ', 3 ' = 8 J4 ', 3 ' = 8

J4 ', 5 ' = 10 J4 ', 5 ' = 10 J4 ', 5 ' = 10 J4 ', 5 ' = 10 J4 ', 5 ' = 10 J4 ', 5 ' = 10

5 ' 3,3 mf 3,3 mf 3,3 mf 3,3 mf 3,3 mf 3,3 mf

6 'A 3.62 dd 3.62 dd 3.62 dd 3.62 dd 3.62 dd 3.61 dd

J6 'A, 6 'B = 12 J6 'A, 6 'B = 12 J6 'A, 6 'B = 12 J6 'A, 6 'B = 12 J6 'A, 6 'B = 12 J6 'A, 6 'B = 12

J6 'A, 5 ' = 6 J6 'A, 5 ' = 6 J6 'A, 5 ' = 6 J6 'A, 5 ' = 6 J6 'A, 5 ' = 6 J6 'A, 5 ' = 6

6 'B 3.91 dd 3.91 dd 3.91 dd 3.91 dd 3.91 dd 3.91 dd

J6 'B, 6 'A = 12 J6 'B, 6 'A = 12 J6 'B, 6 'A = 12 J6 'B, 6 'A = 12 J6 'B, 6 'A = 12 J6 'B, 6 'A = 12

J6 'B, 5 ' = 2 J6 'B, 5 ' = 2 J6 'B, 5 ' = 2 J6 'B, 5 ' = 2 J6 'B, 5 ' = 2 J6 'B, 5 ' =2

10 5.32 d 5.27 d 5.28 d 5.16 d 5.19 d 4.92 d

J10, 20 = 2 J10, 20 = 2 J10, 20 = 2 J10, 20 = 2 J10, 20 = 2 J10, 20 = 2

20 5.72 dd 5.69 dd 5.70 dd 5.54 dd 5.61 dd 3.84 dd

J20, 10 = 2 J20, 10 = 2 J20, 10 = 2 J20, 10 = 2 J20, 10 = 2 J20, 10 = 2

J20, 30 = 3 J20, 30 = 3 J20, 30 = 3 J20, 30 = 3 J20, 30 = 3 J20, 30 = 3

30 5.79 dd 5.57 dd 5.67 dd 5.32 dd 5.47 dd 3.67 dd

J30, 20 = 3 J30, 20 = 3 J30, 20 = 3 J30, 20 = 3 J30, 20 = 3 J30, 20 = 3

J30, 40 = 10 J30, 40 = 10 J30, 40 = 10 J30, 40 = 10 J30, 40 = 10 J30, 40 = 9

40 5.64 t 5.46 t 5.51 t 3.76 t 3.84 t 3.38 t

J = 10 J = 10 J = 10 J = 10 J = 10 J = 9

50 4.35 m 4.15 m 4.25 m 3.95 m 3.99 m 3.63±3.69 m

60 (3H) 1.35 d 1.31 d 1.32 d 1.38 d 1.41 d 1.25 d

J60, 50 = 6 J60, 50 = 6 J60, 50 = 6 J60, 50 = 6 J60, 50 = 6 J60, 50 = 6

Acyl moiety A (R1)

2/6 8.08 m 8.05 m 8.06 m 8.05 m 8.02 m

3/5 7.55 m 7.53 m 7.53 m 7.51 m 7.51 m

4 7.68 m 7.66 m 7.66 m 7.65 m 7.64 m

Acyl moiety B (R2)

2/6 7.74 m 7.82 m 7.80 m 7.27 m 7.89 m

3/5 7.27 m 7.29 m 7.31 m 6.71 m 7.35 m

4 7.46 m 7.49 m 7.49 m ± 7.53 m
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2. Results

The ethanol±water extract of the aerial parts of G.
philippensis was separated by a combination of column
chromatography (CC) on celite and silica gel, centrifu-
gal partition chromatography (CPC), and medium-
pressure (MPLC) as well as high-pressure liquid chro-
matography (HPLC). The known isolated compounds
were identi®ed as 6-O-a-L-(30-O-, 40-O-dibenzoyl)-
rhamnopyranosylcatalpol (6), 6-O-a-L-(20-O-, 40-O-
dibenzoyl)rhamnopyranosylcatalpol (7) (Hosny and
Rosazza, 1998), 6-O-a-L- (20-O-trans-p-methoxycinna-
moyl)rhamnopyranosylcatalpol (8), 6-O-a-L- (30-O-
trans-p-methoxycinnamoyl)rhamnopyranosylcatalpol
(9) (Otsuka et al., 1991), and 6-O-a-L- (20-O-trans-p-
coumaroyl)rhamnopyranosylcatalpol (saccatoside) (10)
(Otsuka et al., 1990) by comparison of the 1H NMR
and 13C NMR spectra with the corresponding pub-
lished data.

From di�erent fractions of the isolation we ident-
i®ed the known iridoids catalpol (11), geniposidic acid
(12), gardoside (13), and 8-epi-loganic acid (14) by GC
and GC±MS.

The 1H NMR (see Table 1) and 13C NMR (see
Table 2) spectra of compound 1 showed the character-
istic signals of a 6-O-a-L-rhamnopyranosylcatalpol unit
bearing three benzoyl moieties. The ESI-MS showed
the expected quasimolecular ions at m/z 843
([M+Na]+) and m/z 859 ([M+K]+), suggesting
a molecular formula of C42H44O17. The three acyl
moieties were attached to the rhamnopyranosyl unit
since the H-20, H-30 and the H-40 signals were shifted
down®eld by 1.88, 2.12 and 2.26 ppm, respectively,
compared to the unsubstituted 6-O-a-L-rhamnopyrano-
sylcatalpol (16) (Helfrich and Rimpler, 1999). The 1H

signals and the corresponding 13C NMR signals of the
di�erent benzoyl moieties were assigned to data sets A,
B, and C by 1H1H COSY and 13C1H COSY. The pos-
itions of the respective benzoyl groups were deter-
mined by 13C1H long-range connectivities: the acyloxy
group A was attached to C-20 since its H-2 and H-6
signals were correlated to the ester carbonyl group at
166.86 ppm which in turn showed a long-range coup-
ling to the H-20 signal at 5.72 ppm. The ester carbonyl
signal at 167.27 ppm was correlated to the H-2 and H-
6 signals of the aromatic ring C as well as to the H-40
signal at 5.64 ppm. The benzoyloxy group C, there-
fore, was attached to C-40. Then the benzoyloxy group
B must be attached to C-30, although the expected
long-range coupling of the remaining ester carbonyl
signal at 166.76 ppm to H-30 could not be detected.
Thus, the structure of 1 was established as 6-O-a-L-(20-
O-, 30-O-, 40-O-tribenzoyl)rhamnopyranosylcatalpol.

The ESI mass spectra of compounds 2 and 3 showed
the same quasimolecular ions at m/z 885 ([M+Na]+)
and m/z 901 ([M+K]+), suggesting a molecular for-
mula of C44H46O18. The signals of the 1H NMR spec-
tra (see Table 1) and 13C NMR spectra (see Table 2)
were assigned to a basic skeleton of rhamnopyranosyl-
catalpol, two benzoyl moieties and one p-coumaroyl
moiety. In 2 the double bond of the p-coumaroyl moi-
ety was cis-con®gurated since the two doublets at d
5.67 (1H, H-a) and d 6.83 (1H, H-b) showed a coup-
ling constant of 13 Hz whereas the H-a and H-b sig-
nals of 3 showed a coupling constant of 16 Hz
indicating the trans-con®guration of this double bond.
In 2 the H-20, H-30 and H-40 signals were shifted
down®eld by 1.85, 1.90 and 2.08 ppm, respectively,
compared to 16. Down®eld shifts in the same range
(1.86, 2.00 and 2.13 ppm) were also observed for the

Table 1 (continued )

H 1b, c 2b, d 3b, d 4d 5b 16e

a 6.19 d

Ja, b = 16

b 7.50 d

Jb, a = 16

Acyl moiety C (R3)

2/6 7.95 m 7.48 m 7.36 m

3/5 7.41 m 6.63 m 6.70 m

4 7.55 m ± ±

a 5.67 d 6.20 d

Ja, b = 13 Ja, b = 16

b 6.83 d 7.57 d

Jb, a = 13 Jb, a = 16

a In CD3OD. Chemical shift values �d� in ppm. Coupling constants (J ) in Hz.
b Assignments were con®rmed by 1H1H COSY.
c The positions of the acyl moieties were determined by 13C1H long-range correlation with delay times optimized for coupling constants of 8

Hz.
d The positions of the acyl moieties were determined by HMBC.
e Data taken from Helfrich and Rimpler (1999).
f Overlapped by the CD2HOD signal.
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H-20, H-30 and H-40 signals of 3. Therefore, the three
acyl groups were linked to the rhamnopyranosyl moi-
ety in both compounds. The 1H signals and the corre-
sponding 13C NMR signals of the di�erent benzoyl
groups were assigned to data sets A and B for each

compound by 1H1H COSY and 13C1H COSY. The pos-
itions of the corresponding benzoyl moieties as well as
of the p-coumaroyl moieties were determined by
HMBC: the ester carbonyl group at 167.00 ppm
showed a long-range coupling to the H-b signal of the
cis-p-coumaroyl moiety as well as to the H-40-signal of
2. A long-range coupling was also observed for the
ester carbonyl group at 168.38 ppm to the H-b signal
of the trans-p-coumaroyl moiety as well as to the H-
40-signal of 3. Thus, the p-coumaroyl moiety was
attached to O-40 in 2 as well as in 3. The H-2 and H-6
signals of the benzoyloxy groups A of both com-
pounds were correlated to the corresponding ester car-
bonyl groups as well as to the H-20 signals. The
benzoyloxy group A of 2 as well as of 3, therefore,
was attached to C-20. Then, the benzoyloxy groups B
of both compounds must be connected to C-30
although the expected long-range couplings of the cor-
responding carbonyl groups to H-30 were not observa-
ble. Thus, the structures were determined as 6-O-a-L-
(20-O-, 30-O-dibenzoyl, 40-O-cis-p-coumaroyl)rhamno-
pyranosylcatalpol (2) and 6-O-a-L-(20-O-, 30-O-diben-
zoyl, 40-O-trans-p-coumaroyl)rhamnopyranosylcatalpol
(3).

The ESI mass spectrum (ESI-MS) of compound 4
showed two quasimolecular ions at m/z 781
([M+Na]+) and m/z 797 ([M+K]+), suggesting a
molecular formula of C37H42O17. The 1H NMR data
(see Table 1) and 13C NMR data (see Table 2) indi-
cated a rhamnopyranosylcatalpol moiety acylated with
one benzoyl and one p-coumaroyl moiety. The two
doublets of the p-coumaroyl moiety at d 6.19 (1 H, H-
a) and d 7.50 (1 H, H-b) with a coupling constant of
16 Hz demonstrated the trans-con®guration of the
double bond. The acyloxy moieties were attached to
the C-20 and C-30 since the H-20 and the H-30 signals
were shifted down®eld by 1.70 and 1.65 ppm, respect-
ively, compared to 16. The positions of the acyl units
were determined by HMBC: the benzoyloxy group was
linked to C-20 since its H-2 and H-6 signals �d 8.05)
showed a long-range coupling to the ester carbonyl sig-
nal at 166.92 ppm which in turn was correlated to the
H-20 signal at 5.54 ppm. The ester carbonyl signal at
168.46 ppm showed the expected long-range coupling
to the H-b signal of the trans-p-coumaroyl moiety as
well as the H-30 signal. Thus, compound 4 was ident-
i®ed as 6-O-a-L-(20-O-benzoyl, 30-O-trans-p-coumar-
oyl)rhamnopyranosylcatalpol.

The 1H NMR (see Table 1) and 13C NMR (see
Table 2) spectra of compound 5 exhibited the signals
of a rhamnopyranosylcatalpol moiety as well as of two
benzoyl moieties. The ESI-MS showed the expected
quasimolecular ions at m/z 739 ([M+Na]+) and m/z
755 ([M+K]+), corresponding to a molecular formula
of C35H40O16. The benzoyloxy moieties were linked to
C-20 and C-30 since the H-20 and H-30 signals showed

Table 2
13C NMR spectral dataa (125 MHz) of compounds 1±5 and 16

C 1b, c 2d, e 3d, e 4d, e 5 16f

1 95.18 95.13 95.13 95.15 95.19 95.23

3 142.56 142.55 142.55 142.39 142.41 142.18

4 103.25 103.20 103.24 103.40 103.40 103.64

5 37.28 37.18 37.25 37.24 37.27 37.37

6 85.35 84.82 85.09 84.44 84.53 83.69

7 59.64 59.40 59.53 59.39 59.43 59.38

8 66.61 66.57 66.59 66.55 66.59 ndh

9 43.40 43.27 43.33 43.29 43.34 43.35

10 61.46 61.46 61.46 61.48 61.48 61.50

1 ' 99.75 99.70 99.70 99.71 99.74 99.77

2 ' 74.86 74.84 74.84 74.84 74.86 74.88

3 ' 77.72 77.68 77.68 77.69 77.72 77.76

4 ' 71.82 71.80 71.80 71.81 71.82 71.83

5 ' 78.69 78.69 78.69 78.67 78.68 78.65

6 ' 62.99 62.98 62.98 62.98 62.99 62.97

10 98.05 97.73 97.92 97.73 97.80 100.38

20 72.09 71.84g 71.80 72.16 72.08 72.28g

30 71.56 71.80g 71.69 73.03 73.75 72.38g

40 73.13 72.15 71.93 71.94 71.92 73.93

50 68.29 68.13 68.36 70.33 70.38 70.19

60 17.91 17.85 17.88 18.12 18.10 17.94

Acyl moiety A (R1)

1 130.68 130.67 130.67 130.72 130.73

2/6 130.79 130.80 130.80 130.78 130.78

3/5 129.86 129.84 129.84 129.78 129.77

4 134.86 134.84 134.84 134.71 134.73

C.O 166.86 167.00 166.84 166.92 166.91

Acyl moiety B (R2)

1 130.38 130.51 130.51 126.45 130.47

2/6 130.50 130.63 130.58 131.21 130.61

3/5 129.43 129.53 129.49 117.14 129.40

4 134.50 134.56 134.53 162.50 134.30

C.O 166.76 166.84 166.82 168.46 167.30

a 114.21

b 147.24

Acyl moiety C (R3)

1 130.47 126.97 126.09

2/6 130.64 133.78 131.46

3/5 129.67 116.06 117.31

4 134.69 161.12 163.14

C.O 167.27 167.00 168.38

a 114.91 113.20

b 147.25 148.15

a In CD3OD. Chemical shift values �d� in ppm.
b Assignments were con®rmed by 13C1H COSY.
c The positions of the acyl moieties were determined by 13C1H

long-range correlation with delay times optimized for coupling con-

stants of 8 Hz.
d Assignments were con®rmed by HMQC.
e The positions of the acyl moieties were determined by HMBC.
f Data taken from Helfrich and Rimpler (1999).
g Values in each column are interchangeable.
h nd: signal was not detectable.
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the characteristic down®eld shifts of 1.77 and 1.80
ppm, respectively, compared to 16. The 1H signals of
the di�erent benzoyl groups were assigned to data sets
A and B by 1H1H COSY. The positions of the corre-
sponding benzoyl moieties were determined by com-
parison of the proton shifts with those of the aromatic
protons of 1: the proton signal with the highest chemi-
cal shift was observed for H-2/H-6 of the aromatic
ring A �d 8.08), whereas the H-2/H-6 signals of the
aromatic rings B and C showed signi®cantly lower
chemical shifts. The H-2/H-6 signal of the benzoyl
group A of 5 was observed at 8.02 ppm, indicating the
attachment of this benzoyloxy group at C-20. Then,
the benzoyloxy group B must be attached to the C-30.
Thus, compound 5 was identi®ed as 6-O-a-L-(20-O-,
30-O-dibenzoyl)rhamnopyranosylcatalpol.

The 1H NMR and 13C NMR data of compound 15
suggested a basic skeleton of 8-epi-loganic acid esteri-
®ed with a second b-D-glucopyranosyl moiety. The
ESI-MS showed the expected quasimolecular ions at
m/z 561 ([M+Na]+) and m/z 577 ([M+K]+), corre-
sponding to M = C22H34O15. The down®eld shift of
H-10 (0.86 ppm) compared to H-1 ' proved the ester
linkage between 8-epi-loganic acid and the second glu-
copyranosyl moiety. In addition, our 13C data of both
glucosyl moieties recorded in D2O were identical with
those of asystasioside A (Demuth et al., 1989). Thus,
compound 15 was identi®ed as 1-O-(8-epi-loganoyl)-b-
D-glucopyranose. We propose the name gmephiloside
for this new compound.

3. Discussion

Gmelina philippensis accumulates a range of rhamno-
pyranosylcatalpol esters like G. arborea (Hosny and
Rosazza, 1998). Additionally, G. philippensis contains
some iridoid acids and an iridoid acid glucosyl ester.

Within Lamiaceae iridoid acids have also been
found in species of Premna (e.g. Bheemasankara Rao
et al., 1981), Vitex (e.g. Sehgal et al., 1983), and in sev-
eral other genera, e.g. in Holmskioldia (Helfrich, 2000),
Scutellaria (e.g. C° alis et al., 1993a), Clerodendrum (e.g.
C° alis et al., 1994), Physostegia (e.g. Nass and Rimpler,
1996), Prostanthera and Pogostemon (Schmidt, 1997).
Thus, the occurrence of these compounds seems to be
a less useful character for taxonomic studies within
Lamiaceae.

Although rhamnopyranosylcatalpol esters, ob-
viously, evolved several times independently they
may be a more useful taxonomic character because
of their restricted occurrence in only a few genera
of the Lamiaceae and the related families Buddleja-
ceae (Miyase et al., 1991) and Scrophulariaceae (e.g.
C° alis et al., 1988, 1993b; Warashina et al., 1991;
Kalpoutzakis et al., 1999; Miyase and Mimatsu,

1999). Within Lamiaceae acylated rhamnopyranosyl-
catalpol derivatives have only been isolated from
Gmelina species, several Premna species (e.g. Otsuka
et al., 1989, 1990, 1991) and Holmskioldia sanguinea
(Helfrich and Rimpler, 1999).

The accumulation of these compounds in both inves-
tigated Gmelina species and in several Premna species
supports a close relationship between these two genera
as well as the segregation of both genera from Vitex,
where no rhamnopyranosylcatalpol derivatives have
been found (e.g. HaÈ nsel et al., 1965; Rimpler, 1972a,
1972b; Sehgal et al., 1983; GoÈ rler et al., 1985; Kouno
et al., 1988; Iwagawa et al., 1993; Suksamran et al.,
1999). However, the fact that rhamnopyranosylcatalpol
esters are also accumulated in Holmskioldia (Scutellar-
ioideae) favours a position of the clade consisting of
Gmelina and Premna as sister group to the Scutellarioi-
deae rather than the weakly-supported position as sis-
ter group to the whole clade including Scutellarioideae,
Lamioideae and Pogostemonoideae as inferred from
cpDNA sequences by Olmstead et al. (1998) and Wag-
sta� et al. (1998).

4. Experimental

4.1. Plant material

Gmelina philippensis was cultivated in the Botanical
Garden, Freiburg. The aerial parts of the plant were
collected in the ¯owering period. A voucher specimen
(1271) has been deposited at the herbarium of the
Institut fuÈ r Pharmazeutische Biologie, Freiburg.

4.2. General

NMR: 500 MHz �1H� or 125 MHz �13C), chemical
shifts as d values (ppm) relative to the CD2HOD signal
at 3.30 ppm �1H� and 49.0 ppm �13C), CD3OD as sol-
vent. ESI-MS: positive ion mode, 3.8 kV, capillary
2508C, sheath gas 30 psi. GC±MS: EI 70 eV, TMSi de-
rivative, He as carrier gas (6 psi, split vent ¯ow of 10
ml minÿ1); WCOT Rtx1-200 (tri¯uoropropylmethyl
polysiloxane, 30 m� 0.32 mm), ®lm thickness 0.25 mm;
operation conditions: 2208C for 10 min, then 38C
minÿ1 to 2908C. GC: same column and operation con-
ditions; guard column (5 m� 0.32 mm); linear velocity
19 cm minÿ1 (set at 2208C), split ratio 85:1. TLC: silica
gel 60 F254, CH2Cl2±MeOH±H2O (70:30:3) and RP-18
MeCN±MeOH±H2O (25.0:7.7:67.3); spray reagent
vanillin (3%) and H2SO4 (1%) in EtOH followed by
heating at 1108 for 5±10 min. CC: silica gel 60, 63±200
mm (Merck); celite 545 (Johns±Manville). HPLC:
LiChrospher 100 C-18 (10 mm; 8� 250 mm), ¯ow 2 ml
minÿ1, pressure 430±480 psi; photodiode array detec-
tor, Waters 996, 193±400 nm; solvent systems were

E. Helfrich, H. Rimpler / Phytochemistry 54 (2000) 191±199 195



optimized with OPTISOLV (Geiger and Rimpler,
1990). MPLC: column I: LiChroprep C-18 (15±25 mm;
18.5 � 480 mm), ¯ow 3 ml minÿ1, pressure 50±80 psi;
column II: LiChroprep C-18 (15±25 mm; 26 � 500
mm), ¯ow 4.5 ml minÿ1, pressure 50±80 psi; frs. were
monitored by UV detection (Uvicord VW 2251, 230
nm). VLC: Eurochrom Bioselect C-18 (25±40 mm; 60�
230 mm), ¯ow 10 ml minÿ1, pressure ca 2.5 psi. CPC:
ITO multi-layer coil separator±extractor (capacity 380
ml; i.d. 2.6 mm; 700 rpm), CHCl3±MeOH±iso-PrOH±
H2O (5:6:1:4) in the descending mode (normal elution
mode, NEM) and ascending mode (reversed elution
mode, REM), ¯ow 4 ml minÿ1; frs. were monitored by
TLC: silica gel 60 F254, organic layer of CHCl3±

MeOH±iso-PrOH±H2O (5:6:1:4); CHCl3 was puri®ed
by CC on basic Al2O3. Preparation for lyophilization:
to minimize transacylations frs. obtained by HPLC
and MPLC were diluted with H2O without removing
the organic solvents; frs. obtained by CPC were diluted
with H2O after removal of CHCl3. After dilution the
frs. were immediately frozen in liquid N2 and sub-
sequently lyophilized.

4.3. Isolation

The lyophilized powdered aerial parts (150 g) were
extracted by re¯uxing for 30 min successively with
96%, 80%, 70% and 50% EtOH. The combined
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extracts were conc. in vacuo and subsequently lyophi-

lized providing 59 g of crude extract. This extract was

partitioned into a lipophilic and hydrophilic fr. (30 g)

by CC on Celite with CH2Cl2±n-Hexan (1:1) and

CH2Cl2±MeOH (1:1). After freeze-drying 15 g of the

hydrophilic fr. were separated by CC on silica gel with

CH2Cl2±MeOH±H2O mixtures of increasing polarity

[(70:30:3)4 (50:50:5)] providing 8 frs. (I±VIII). Frs. I±

V were eluted with mixture 70:30:3, frs. VI±VII with

mixture 60:40:4 and fr. VIII with mixture 50:50:5. The

following yields were obtained after lyophilization: fr.

I 0.05 g, fr. II 0.92 g, fr. III 2.29 g, fr. IV 3.52 g, fr. V

2.18 g, fr. VI 2.21 g, fr. VII 1.17 g, and fr. VIII 0.82 g.

TLC as well as GC-analysis indicated the presence of

iridoids in all frs. except for fr. I. Fr. II was separated

(x2 450 mg) by CPC into eight subfractions; frs. II.1±

II.4 were obtained by REM, frs. II.5±II.8 by NEM.

Puri®cation of fr. II.6 (147 mg) by MPLC (column II)

with MeCN±MeOH±H2O (56.2:7.7:36.1) gave com-

pound 1 (46 mg). Fr. II.8 (54 mg) was separated by

MPLC (column I) with MeCN±MeOH±H2O

(43.8:9.5:46.7) providing compounds 2 (1 mg) and 3 (1

mg). HPLC analysis showed that each compound was

contaminated with the other. Therefore, the structure

elucidation was carried out with 3 containing 2 in a

ratio of 4:1. MPLC (column II) of fr. II.2 (123 mg)

with MeCN±MeOH±H2O (37.2:8.1:54.7) gave com-

pound 4 (2 mg). Separation of fr. II.3 (86 mg) by

MPLC (column I) with MeCN±MeOH±H2O

(37.2:8.1:54.7) a�orded compound 5 (3 mg) and a mix-

ture of 5, 6 and 7 (5 mg) in a ratio of 1:5:1.5. The sub-

fractions III.5 (320 mg) and III.10 (20 mg) were

obtained by separation of fr. III (�3 500 mg) by CPC

(NEM). Puri®cation of fr. III.5 by CPC (NEM) gave

fr. III.5.2 (140 mg) which was separated by MPLC

(column II) with MeCN±-iso-PrOH±H2O

(26.6:3.6:69.8) a�ording a mixture of 8 and 9 (23 mg)

in a ratio of 2:5. Compound 10 (2 mg) was obtained

by prep. HPLC of fr. III.10 with MeCN±MeOH±H2O

(20.0:6.2:73.8). 500 mg of fr. VI were separated by

MPLC with MeCN±MeOH±H2O (8.4:1.2:90.4) provid-

ing 15 (7 mg). Since the isolated amounts of some

compounds were too small for structure elucidation 14

g of the hydrophilic fr. were separated in a second iso-

lation procedure providing compounds 2 (2 mg), 3 (5

mg), 4 (7 mg), and the mixture of 6 and 7 (10 mg).

The frs. IV±VIII (500 mg of each fr.) were separated

by CPC (NEM); the CPC subfractions were investi-

gated by GC±MS and GC co-chromatography with

authentic samples. Compound 11 was detected in frs.

IV.8 and V.8, 12 in fr. V.7 and 13 in fr. VI.5. Com-

pound 14 was identi®ed in subfractions of the frs. III±

VIII. Therefore, the isolation procedure was modi®ed

for a quantitative analysis of 11±14.

4.4. Modi®ed extraction

20 g of the lyophilized powdered aerial parts were
extracted by re¯uxing for 30 min successively with
96%, 80%, 70% and 50% EtOH. The combined
extracts were conc. in vacuo and partitioned between
H2O and CHCl3. The aq. layer after conc. in vacuo
(10 ml) was separated by FC with a H2O±MeOH gra-
dient (H2O ± MeOH10% ± MeOH30% ± MeOH50%
± MeOH100%). GC±MS and GC co-chromatography
with an authentic sample proved the presence of 11
(0.03%) only in the 10% MeOH-fr. (284 mg) as well
as of 12 (0.01%) and 13 (0.03%) in the 30% MeOH-
fr. (290 mg). Compound 14 (0.07%) was detected in
the 30% MeOH-fr. and in the 50% MeOH-fr. (540
mg). The yields given in parenthesis refer to lyophi-
lized plant material. They were quanti®ed by GC with
harpagide as internal standard. Salts of the iridoid
acids were not detectable in the H2O-fr (1640 mg).

4.4.1. 6-O-a-L-(20-O-, 30-O-, 40-O-
Tribenzoyl)rhamnopyranosylcatalpol (1)

White amorphous powder. �a�22D ÿ 568 (MeOH; c
0.11).

4.4.2. 6-O-a-L-(30-O-, 40-O-
Dibenzoyl)rhamnopyranosylcatalpol (6) and 6-O-a-L-
(20-O-, 40-O-dibenzoyl)rhamnopyranosylcatalpol (7)

Pale yellow powder. ESI-MS, m/z: 755 [M+K]+,
739 [M+Na]+. 13C NMR: Our data of 6 and 7 were
identical with published data (Hosny and Rosazza,
1998). 1H NMR: our data of 6 as well as of the rham-
nopyranosyl moiety and of the acyl moieties of 7 are
given here because they di�ered signi®cantly from pub-
lished data (Hosny and Rosazza, 1998). (6, 7): d 1.25
(3 H, d, J = 6 Hz, 7: H-60), 1.27 (3 H, d, J = 6 Hz,
6: H-60), 2.53 (2 H, m, 6, 7: H-5), 2.60 (1 H, dd, J =
10, 8 Hz, 6: H-9), 3.25 (2 H, dd, J = 10, 8 Hz, 6, 7:
H-4 '), 3.27 (2 H, dd, J = 9, 8 Hz, 6, 7: H-2 '), 3.30 (6,
7: H-5 ', overlapped by the CD2HOD signal), 3.40 (1
H, t, J = 9 Hz, 6: H-3 '), 3.63 (1 H, dd, J = 12, 6 Hz,
6: H-6 'A), 3.71 (1 H, br s, 6: H-7), 3.83 (1 H, d, J =
13 Hz, 6: H-10A), 3.92 (1 H, dd, J = 12, 2 Hz, 6: H-
6 'B), 4.11 (1 H, m, 7: H-50), 4.11 (1 H, dd, J = 8, 2
Hz, 6: H-6), 4.16 (1 H, d, J = 13 Hz, 6: H-10B), 4.16
(1 H, m, 6: H-50), 4.27 (1 H, dd, J = 3, 2 Hz, 6: H-
20), 4.35 (1 H, dd, J = 10, 3 Hz, 7: H-30), 4.78 (1 H,
d, J = 8 Hz, 6: H-1 '), 5.09 (1 H, d, J = 2 Hz, 6: H-
10), 5.12 (1 H, d, J = 10 Hz, 6: H-1), 5.16 (1 H, dd, J
= 6, 5 Hz, 6: H-4), 5.18 (1 H, d, J = 2 Hz, 7: H-10),
5.36 (1 H, t, J = 10 Hz, 7: H-40), 5.39 (1 H, dd, J =
3, 2 Hz, 7: H-20), 5.52 (1 H, dd, J = 10, 3 Hz, 6: H-
30), 5.59 (1 H, t, J = 10 Hz, 6: H-40), 6.41 (1 H, dd, J
= 6, 2 Hz, 6: H-3), 7.36 (2 H, m, 6B: H-3/5) 7.39 (2
H, m, 6C: H-3/5), 7.51 (2 H, m, 7C: H-3/5), 7.52 (2 H,
m, 6B: H-4; 6C: H-4), 7.53 (2 H, m, 7A: H-3/5), 7.62 (1
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H, m, 7C: H-4), 7.65 (1 H, m, 7A: H-4), 7.92 (2 H, m,
6B: H-2/6), 7.93 (2 H, m, 6C: H-2/6), 8.08 (2 H, m, 7C:
H-2/6), 8.13 (2 H, m, 7A: H-2/6). Assignments were
con®rmed by 1H±1H COSY, HMQC and HMBC.

4.4.3. Gmephiloside (15)
White amorphous powder. 1H NMR: d 1.04 (3 H, d,

J = 8 Hz, H-10), 1.88 (1 H, dt, J = 14, 5 Hz, H-6a),
2.08 (1 H, ddd, J = 14, 9, 5 Hz, H-6b), 2.13 (1 H, m,
H-8), 2.62 (1 H, dt, J = 9, 4 Hz, H-9), 3.06 (1 H, m,
H-5), 3.18 (1 H, dd, J = 9, 8 Hz, H-2 '), 3.24 (1 H, dd,
J = 10, 9 Hz, H-4 '), 3.30 (H-5 ', overlapped by the
CD2HOD signal), 3.32±3.38 (4 H, m, H-20, H-30, H-
40, H-50), 3.42 (1 H, t, J = 9 Hz, H-3 '), 3.64 (1 H, dd,
J = 12, 6 Hz, H-6 'A), 3.68 (1 H, dd, J = 12, 6 Hz,
H-60A), 3.81 (1 H, m, H-7), 3.83 (1 H, dd, J = 12, 2
Hz, H-60B), 3.90 (1 H, dd, J = 12, 2 Hz, H-6 'B), 4.64
(1 H, d, J = 8 Hz, H-1 '), 5.51 (1 H, d, J = 8 Hz, H-
10), 5.54 (1 H, d, J = 4 Hz, H-1), 7.54 (1 H, d, J = 1
Hz, H-3). 13C NMR: d 14.35, C-10; 30.85, C-5; 40.93,
C-6; 42.95, C-9; 45.12, C-8; 62.29, C-60; 62.93, C-6 ';
71.03, C-40; 71.70, C-4 '; 74.00, C-20; 74.73, C-2 ';
78.02�, C-30; 78.04�, C-3 '; 78.45, C-5 '; 78.76, C-50;
79.32, C-7; 95.42, C-10; 96.29, C-1; 99.73, C-1 '; 113.52,
C-4; 153.95, C-3; 167.26, C-11. Assignments were con-
®rmed by 1H±1H COSY and 13C±1H COSY (� Data
are interchangeable).
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