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Abstract

The flavonoid profiles of two monotypic genera, Teucridium and Tripora, have been studied by analytical methods. These genera
were formerly placed in the Verbenaceae, but are now classified in the Lamiaceae, subfamily Ajugoideae. The major flavonoids of both
genera were identified as glycosides of scutellarein 4’-methyl ether (5,6,7-trihydroxy-4'methoxyflavone) and acacetin (5,7-dihydroxy-
4’-methoxyflavone). The new flavone glycoside, scutellarein 4'-methyl ether 7-O-rutinoside, was isolated from Teucridium parvifolium
and the rare scutellarein 4’-methyl ether 7-O-glucuronide from Tripora divaricata. The latter compound has only been reported pre-
viously in the related genus Clerodendron. The potential of these flavonoids as taxonomic markers for the tribe Ajugoideae is dis-
cussed. © 2002 Elsevier Science Ltd. All rights reserved.
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1. Introduction

The taxonomic treatment of Teucridium parvifolium
Hook.f. and Tripora divaricata (Maxim.) P.D.Cantino
(= Caryopteris divaricata Maxim.) has changed many
times during the last decade. Teucridium parvifolium is
one of only four species of Lamiaceae native to New
Zealand, which are all endemic (Allan, 1961). It is a
woody shrub up to 2 m tall, with interlacing branches,
small leaves and very small flowers, and is the only species
in the genus Teucridium. Tripora is also a monotypic
genus with a name derived from the triporate pollen of
T. divaricata, a unique character in the Lamiaceae. Tri-
pora, a tall herb native to China, Japan and Korea, was
recently removed from Caryopteris, because this genus
was found to be paraphyletic (Cantino et al., 1999).
Teucridium and Caryopteris including Tripora were for-
merly classified in the family Verbenaceae, but later
transferred to the newly created Lamiaceae subfamily
Teucrioideae, together with a number of other genera
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(Cantino et al., 1992). Recently all the genera of the
Teucrioideae were transferred to the subfamily Ajugoideae
(Cantino et al., 1997), which now comprises ca. 850
species in 24 genera. These include Clerodendrum (500
spp.), Aegiphila (150 spp.), Teucrium (100 spp.), Ajuga
(50 spp.), Oxera (23 spp.), Caryopteris (7 spp.), Faradaya
(3 spp.) and the monotypic Huxleya, Oncinocalyx, Teucri-
dium and Tripora. Evidence from chloroplast DNA
sequences suggests that Teucridium is sister to the Aus-
tralian genus Oncinocalyx and that these form a clade
with the cosmopolitan genus Teucrium. Clerodendrum,
Caryopteris, Tripora and Ajuga form a sister group to this
clade (Wagstaff et al., 1998). To the best of our knowl-
edge Teucridium parvifolium and Tripora divaricata have
not yet been investigated for their flavonoid con-
stituents. This paper describes the isolation and identi-
fication of flavonoids from these species and discusses
their use in the chemosystematics of the Ajugoideae.

2. Results and discussion

Aqueous methanol extracts of Teucridium parvifolium
and Tripora divaricata were analyzed by 2-D PC, HPLC
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with diode array detection and LC—MS using atmospheric
pressure chemical ionisation (APCI). The flavonoids
from the extracts of Teucridium parvifolium (1a, 2a, 3,
4a, 5) and Tripora divaricata (1b, 2b, 3, 4b, 6, 7) were
isolated by means of preparative PC and semi-pre-
parative HPLC. The short wavelength UV band of 1a
(Amax =285 nm) was typical of that of a flavone with
hydroxylation at C-6 (Harborne and Williams, 1971).
Analysis of the "TH NMR spectrum of 1a revealed char-
acteristic resonances of aromatic and glycosidic protons
(including two anomeric protons) and one methoxyl
group. The chemical shift values and coupling constant
data for the aromatic proton resonances at § 8.02 (2H,
d, J=9.2 Hz, H-2',6), 7.18 (2H, d, J=9.2 Hz, H-3'.5),
6.91 (1H, s, H-8) and 6.87 (1H, s, H-3) indicated that
the aglycone was a derivative of apigenin (5,7,4'-tri-
hydroxyflavone) (Markham et al., 1982; Markham and
Geiger, 1994). Furthermore, the downfield shift of the
H-3',5 proton resonances with respect to those of api-
genin (§ 6.98) suggested that the 4’-hydroxyl group was
substituted. A strong ROE connectivity detected
between H-3',5" of 1a and the methoxyl group at § 3.87
confirmed that the substituent was a methyl group (4'-
OCHj3). The singlet at § 6.91 was assigned to H-8 of the
flavone A-ring on the basis of its characteristic '3C
resonance at § 94.0 (Markham et al., 1982). Site selective
excitation of the anomeric proton resonance at § 5.00
gave a strong ROE connectivity to H-8, indicating that
the site of O-glycosylation was at C-7. The broad singlet
observed at § 12.70 was assigned to the 5-hydroxyl pro-
ton. These observations confirmed that the aglycone
was 5,6,7-trihydroxy-4’-methoxyflavone (scutellarein 4’'-
methyl ether). This was consistent with the protonated
aglycone [A +H]™ ion at m/z 301 observed in first-order
APCI-MS (positive mode) of 1a.

Assignment of the primary sugar resonances was
achieved by using the anomeric proton resonance at § 5.00
as a starting point for the interpretation of DQF-COSY
and HSQC datasets. Identification of the primary sugar
as B-glucopyranose was supported by the 3Jy17 o
coupling constant of 7.1 Hz and the ROE connectivities
detected between H-1” and both H-3"” and H-5". The
downfield and upfield shifts of the C-6” (+ 5.5 ppm) and
C-5" (—1.4 ppm) Glc resonances, respectively, compared
to scutellarein 7-O-B-glucopyranoside (Markham et al.,
1982), indicated that the second sugar was attached at
C-6”. This was identified as o-rhamnopyranose using the
'H and '3C NMR assignments obtained from DQF-COSY
and HSQC data and the anomeric proton resonance at &
4.61. Compound 1a was therefore identified as the new
flavone glycoside, scutellarein 4’-methyl ether 7-O-u-
rhamnopyranosyl(1”—6")-B-glucopyranoside (Fig. 1).
Its molecular formula of C,3sH3,0;5 was confirmed by
high-resolution MS.

The UV spectrum of compound 1b was identical to
that of 1a (Table 1) and analysis of first- and second-
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Fig. 1. Structure of scutellarein  4’-methyl ether 7-O-a-
rhamnopyranosyl(1”— 6")-B-glucopyranoside.

order APCI-MS spectra indicated that both compounds
were glycosides of the same aglycone. The 'H NMR
spectrum of compound 1b was similar to that of 1a with
respect to aromatic and methoxyl resonances, but con-
tained only one anomeric proton resonance. ROE con-
nectivities were detected between resonances at § 7.12
(H-3,5’) and 3.85 (4-OCH3) and between § 5.01 (H-1")
and 7.01 (H-8). These confirmed the presence of a
methyl ether at C-4’ and a glycosylation site at C-7, as
expected. The assignments of the 'H and '3C resonances
of the sugar moiety were consistent with its identifica-
tion as glucuronic acid, in particular the characteristic
13C resonance at § 171.3 corresponding to 6”-COOH
and the 'H resonance at § 3.65 (d, J=9.2 Hz, H-5"). The
protonated aglycone [A +H] ™" ion at m/z 301 observed in
first-order APCI-MS (positive mode) of 1b was equiva-
lent to [M+H)—176]", as expected (Table 1). The
configuration of the GIcA residue was determined to be
B from the 3Jy.;» p.o coupling constant of 7.3 Hz. A
molecular formula of C,,H»(,0;, was obtained for com-
pound 1b by high-resolution MS and was consistent
with its identification as scutellarein 4’-methyl ether 7-
O-B-glucuronopyranoside. This compound has only
been found previously in Clerodendrum trichotomum
(Morita et al., 1977) and was given the trivial name
clerodendroside.

The other major flavonoid from Teucridium parvifo-
lium was identified as acacetin 7-O-rutinoside (2a) by
UV spectral analysis (Mabry et al., 1970; Markham,
1982), acid hydrolysis to aglycone and sugars (Harborne,
1998), APCI-MS (Grayer et al., 2000) and comparison
with an authentic standard. Similarly, compound 3 was
identified as apigenin 6,8-di-C-glucoside (vicenin-2). The
UV and APCI-MS spectra of 4a and 5 allowed them to be
identified as scutellarein 7-O-rutinoside and pectolinar-
igenin 7-O-rutinoside, respectively. Use of UV spectro-
scopy, acid hydrolysis and APCI-MS allowed the
second most abundant flavonoid from Tripora divaricata
to be identified as acacetin 7-O-glucuronide (2b), and the
remaining flavonoids from this species as vicenin-2 (3),
scutellarein 7-O-glucuronide (4b), luteolin 7-O-glu-
curonide (6), and the aglycone, scutellarein 4’-methyl
ether (7).
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Table 1

HPLC retention times, UV absorption maxima and APCI mass spectra of flavonoids identified in Teucridium parvifolium and Tripora divaricata

Compound Identification R, UV Amax APCI-MS in positive mode (m2/z)* Species from which isolated
(min) (nm)
[M+H]" [I+H]*" [A+H]*
1a Scutellarein 4’-methyl ether 16.5 285,333 609 463 301 Teucridium parvifolium
7-O-rutinoside
1b Scutellarein 4’-methyl ether 16.4 284,333 477 301 Tripora divaricata
7-0-glucuronide
2a Acacetin 7-O-rutinoside 17.6 266, 333 593 447 285 Teucridium parvifolium
2b Acacetin 7-O-glucuronide 17.8 267,332 461 285 Tripora divaricata
3 Vicenin-2 8.3 270, 336 595 577, 505, 475, Teucridium parvifolium and
457, 385, 355 Tripora divaricata
4a Scutellarein 7-O-rutinoside 13.0 285,338 595 449 287 Teucridium parvifolium
4b Scutellarein 7-O-glucuronide 12.6 283, 335 463 287 Tripora divaricata
5 Pectolinarigenin 7-O-rutinoside 17.7 271,333 623 477 315 Teucridium parvifolium
6 Luteolin 7-O-glucuronide 12.7  255,267sh, 463 287 Tripora divaricata
350
7 Scutellarein 4'-methyl ether (aglycone) 20.0 285, 336 301 301 Tripora divaricata

4 M= Molecular mass of the compound; I =mass of the intermediate(s); A =mass of the aglycone.

The occurrence of scutellarein 4'-methyl ether glyco-
sides in Tripora and Teucridium is of taxonomic interest
because they are relatively uncommon flavonoids in
angiosperms and only a few examples have been reported
in the family Lamiaceae. Tomas-Barberan et al. (1988)
found that reports of scutellarein 4'-methyl ether glyco-
sides in species of Stachys (subfamily Lamioideae) were
erroneous, as these actually contain glycosides of
isoscutellarein 4’-methyl ether, which yield scutellarein
4’-methyl ether as an aglycone on acid hydrolysis due to
the Wessely-Moser rearrangement. Scutellarein 4'-methyl
ether 7-O-glucuronide, a flavonoid with hypotensive
activity, was isolated originally from Clerodendrum tri-
chotomum (Lamiaceae, subfamily Ajugoideae) (Morita
et al., 1977). We have now isolated the same compound
(1b) from Tripora divaricata. The aglycone scutellarein
4'-methyl ether (7) has been reported from another
Clerodendrum species, C. inerme (Vendantham et al.,
1977), together with its 6-methyl ether, pectolinarigenin.
It is possible that these flavones are also present as gly-
cosides in this species. The occurrence of the uncommon
scutellarein 4’-methyl ether derivatives in species of
Clerodendrum, Tripora and Teucridium is evidence for a
close relationship among these three genera in the Aju-
goideae. The flavonoids of the monotypic Australian
genus Oncinocalyx, which is thought to be the closest
relative of Teucridium on the basis of DNA sequences,
have not yet been studied. Although no scutellarein
4'-methyl ether glycosides have been reported from
European species of the closely related genus Teucrium,
other 6-hydroxylated flavone glycosides are common in
these species (Harborne et al., 1986). It would be of
interest to examine Oncinocalyx and Australian species
of Teucrium to see whether they are more similar to

Teucridium and contain glycosides of scutellarein
4'-methyl ether. Genera of the Ajugoideae that have
already been surveyed for glycosides of 6-hydroxy-
flavones are Oxera, Faradaya and Huxleya. These com-
pounds are present in Huxleya (de Kok et al., 2000), but
completely absent from Oxera and Faradaya (Grayer
and de Kok, 1998), so that the latter two genera are
chemically distinct from the remainder of the Ajugoi-
deae investigated to date. The present results suggest
that an extended survey of the distribution of 6-hydroxy-
lated flavone glycosides in genera of the Ajugoideac is
likely to provide additional taxonomic characters for future
phylogenetic studies of this subfamily of the Lamiaceae.

3. Experimental
3.1. General

'"H NMR (500 MHz) and '3C NMR (125 and 67.8 MHz)
spectra were recorded in DMSO-dg with the residual sol-
vent resonances used as internal references at § 2.50 and
39.5, respectively. ROE connectivities were measured
using the 1D XSROESY pulse sequence (Gradwell et
al,, 1997). High-resolution ESI-MS (positive mode)
were obtained on a Bruker Apex II instrument using
internal calibrants. Positive ion first-order APCI-MS
were obtained with a quadrupole ion-trap instrument
(Finnigan LCQ) using a vaporiser temperature of
550 °C, sheath and auxiliary nitrogen gas pressures of
80 and 20 psi, a needle current of 5 pA, and a heated
capillary temp. of 150 °C. Samples were introduced by
direct infusion, or via an HPLC fitted with a Merck
(Darmstadt, Germany) LiChrospher 100RP-18 (250x
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4.0 mm i.d.; 5 pm particle size) column using a 20 min
linear gradient of 25-100% MeOH in 1% aq. HOAc at
1 ml/min. The system for analytical and semipreparative
HPLC consisted of a Waters LC600 pump and a 996
photodiode array detector. For analytical HPLC, the
same column and gradient were used as for LC-MS
described above, but the eluting solvents were 2% aq.
HOAc and MeOH, HOAc, H,O (18:1:1). An identical
LiChrospher column but with 10 mm i.d. was used for
semipreparative HPLC, and the eluting solvents con-
sisted of H>O and MeOH. The column temperature was
30 °C for both analytical and semipreparative HPLC.

3.2. Plant material

Plant material of Teucridium parvifolium was collected
from a cultivated plant growing on the campus of the
Victoria University of Wellington, New Zealand. The
material was dried in a plant press. A herbarium vou-
cher has been deposited in the Herbarium of the Royal
Botanic Gardens, Kew. Plant material of Tripora divar-
icata was obtained from a cultivated specimen growing
at Wakehurst Place (part of the Royal Botanic Gardens,
Kew; garden accession no. 1982-8128). A herbarium
voucher was prepared and the remainder of the leaf
material was freeze-dried.

3.3. Extraction and isolation of flavonoids

For the extract of T. parvifolium, 22.8 g of dried
leaves, stems and fruits were were broken up into small
pieces and then ground with a pestle and mortar. For T.
divaricata 20.0 g of freeze-dried ground leaves were used
for extraction. Plant material of each species was boiled
for 5 min in 300 ml of 80% aq. MeOH to deactivate
enzymes, and then extracted further at room temperature
for 24 h. The plant material was re-extracted with
another 300 ml of 80% aq. MeOH and all extracts
filtered, combined and concentrated by rotary evapora-
tion at 40°. The concentrated extracts were resuspended
in 80% aq. MeOH to a total volume of 10 ml. These
solutions were centrifuged to remove precipitated
chlorophyll and a small sample of each of the extracts
was analysed for flavonoid content by HPLC with diode
array detection. The extracts were separated by pre-
parative PC into fractions, the flavonoids of which were
monitored by analytical HPLC. Final purification of the
flavonoids was carried out by means of semipreparative
HPLC of flavonoid-rich fractions.

3.4. Scutellarein 4'-methyl ether 7-O-a-
rhamnopyranosyl( 1" —6" )-B-glucopyranoside (la)

Yellow solid (MeOH); UV (MeOH) A, nm: 285,
333; +NaOMe 271, 360 (decreased intensity); + AlCl;
299, 352;+ AICl; and HCI 298, 350;+NaOAc 283,

336;+NaOAc and H3;BO; 293, 333. Ry on paper in
BAW (n-BuOH, HOAc, H,O =4:1:5, top layer) 0.40; Ry
on paper in 15% HOAc (HOAc, H,O=15:85) 0.38. 'H
NMR (DMSO-ds, 500 MHz) § 12.70 (1H, br s, 5-OH),
8.02 (2H, d, J=9.2 Hz, H-2',¢"), 7.18 (2H, d, J=9.2 Hz,
H-3',5), 6.91 (1H, s, H-8), 6.87 (1H, s, H-3), 5.00 (1H, d,
J=17.3 Hz, H-1"), 4.61 (1H, br s, H-1"), 3.92 (1H, m,
H-6"), 3.87 (3H, s, 4-OCHs;), 3.73 (1H, m, H-2"), 3.65
(1H, m, H-5"), 3.52 (1H, m, H-3"), 3.49 (1H, m, H-6"),
3.45 (1H, m, H-5"), 3.38 (1H, m, H-2"), 3.35 (1H, m,
H-3"), 3.19 (1H, m, H-4"), 3.18 (1H, m, H-4""), 1.11 (3H,
d, J=6.1 Hz, 6”-CHs); 3C NMR (DMSO-dgs, 125
MHz) (assignment of non-quaternary C atoms by
HSQC) § 128.3 (C-2,6"), 114.8 (C-3,5), 103.3 (C-3),
101.0 (C-17), 100.3 (C-1""), 94.0 (C-8), 75.6 (C-5"), 75.3
(C-3"), 72.9 (C-2"), 71.8 (C-4"), 70.6 (C-3"), 70.3
(C-2"), 69.5 (C-4"), 68.1 (C-5"), 65.9 (C-6"), 55.2
(4-OCH3), 17.4 (67-CHj3); HRESIMS m/z: 609.1810
[1\/I‘O‘H]+ (calc. for C23H33015, 6091814)

3.5. Scutellarein 4'-methyl ether 7-O-f-
glucuronopyranoside (1b)

Yellow solid (MeOH); UV (MeOH) A,,.x nm (and
after addition of shift reagents): same data as for 1a. Ry
on paper in BAW 0.33; R¢on paper in 15% HOAc 0.17.
'"H NMR (DMSO-dg, 500 MHz) § 8.02 (2H, d, J=8.6
Hz, H-2',6'), 7.12 (2H, d, J=8.6 Hz, H-3",5), 7.01 (1H,
s, H-8), 6.86 (1H, s, H-3), 5.01 (1H, d, J=7.3 Hz, H-1"),
3.85 (3H, s, 4-OCHy), 3.65 (1H, d, J=9.2 Hz, H-Y"),
3.37 (1H, m, H-2"), 3.33 (1H, m, H-3"), 3.26 (1H, m,
H-4"); 3C NMR (DMSO-d,, 67.8 MHz) § 182.3 (C-4),
171.3 (C-6”), 163.5 (C-2), 162.2 (C-4), 151.5 (C-9),
148.9 (C-7), 146.7 (C-5), 130.7 (C-6), 128.2 (C-2,6'),
122.9 (C-1"), 114.6 (C-3,5"), 105.9 (C-10), 103.1 (C-3),
100.9 (C-17), 94.3 (C-8), 75.8 (C-3"), 74.2 (C-5"), 72.9
(C-2"), 71.9 (C-4"), 55.5 (4-OCHj3); HRESIMS m/z:
477.1029 [M +H]™ (calc. for C,,H, 015, 477.1028).

3.6. Chromatographic data of the flavonoids isolated

Table 1 shows the retention times, UV spectra and
APCI mass spectra of the compounds isolated from
Teucridium parvifolium and Tripora divaricata.
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