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Methyl 4-(geranyloxy)-3-hydroxybenzoate (6), previously unreported, has been identified from
the New Zealand liverwort Trichocolea hatcheri. Four new related 3-hydroxybenzoates 7-10
were also found, with a carbonyl at C-5 of the geranyl group and various double bond
arrangements. Two known geranyl phenyl ethers 1 and 3, found in other Trichocolea species,
were also identified.

Liverworts have yielded a rich array of secondary
metabolites, which are mainly terpenoids or aromatic
compounds.1 A few of these metabolites contain com-
binations of these two groups, such as the geranyl
phenyl ether 1 that we recently reported as the main
cytotoxic component in the New Zealand liverwort
Trichocolea mollissima (Hook. f. and Tayl.) Gott. (family
Trichocoleaceae).2 Double-bond isomers 2 and 3 were
found at lower levels. Japanese collections of Trichocolea
tomentella (Ehrh.) Dum. also yielded 1 and 3, as well
as compound 4, with an unoxidized geranyl chain, and
compound 5, with a free hydroxyl group.2 These dis-
coveries prompted us to investigate another of New
Zealand’s Trichocolea species, T. hatcheri Hodgs. This
species, which grows throughout New Zealand, is dis-
tinguished from T. mollissima by its smaller size, dark
green color, and prostrate habit.3 Microscopically, T.
hatcheri is characterized by tapered leaf cilia, which lack
swollen septae, and weak or absent cuticular ornamen-
tation.4 However, the taxonomy of Trichocolea in New
Zealand is not settled. Hybrids between T. rigida and
T. mollissima have been reported by Ratkowsky as
having a morphology similar to that of T. hatcheri.5 The
nature of this morphological variation and associated
chemotaxonomy is the subject of ongoing research (see
below). We now report five new geranyl phenyl ethers
6-10 from T. hatcheri, all with free hydroxyl groups.
An extract of T. hatcheri showed cytotoxic effects

against monkey kidney (BSC) cells. Reversed-phase
flash chromatography concentrated the cytotoxic activ-
ity in fractions eluted with MeCN-H2O 3:1 and 9:1. Si
gel column chromatography spread this activity across
several fractions containing geranyl phenyl ethers 1, 3,
and 6-10. These compounds were obtained pure in
quantities too small for biological assays, but syntheses
and biological activities of some will be reported sepa-
rately.
The least polar compound (6), purified by preparative

TLC, had UV and IR spectra appropriate for a 3,4-
dioxygenated benzoic acid derivative. The MS sup-

ported a molecular formula of C18H24O4. 1H- and 13C-
NMR spectra of 6 (Tables 1 and 2) showed the presence
of only one methoxyl group, with a 13C-NMR shift (51.9
ppm) very close to the methyl ester shift (52.0 ppm) in
1. The 1H- and 13C-NMR signals of the benzoate portion
of 6 were very similar to those in the 3′-hydroxy
compound 5.2 The phenolic OH of 6 was observed in
the 1H-NMR spectrum as a broad exchangeable signal
at 5.7 ppm. The remaining 1H- and 13C-NMR signals
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of 6were very similar to those in the unoxidized geranyl
group of 4.2 An NOE interaction between the aromatic
H-5′ and the H-1 protons of the geranyl group showed
compound 6 to be the previously unreported methyl
4-geranyloxy-3-hydroxybenzoate.
Six more polar compounds were purified by reversed-

phase HPLC. Two of these were identified as com-
pounds 1 and 3 by comparison with our data on samples
from T. mollissima.2 The other compounds, 7-10, were
all 3′-OH methyl benzoates, by comparison of their 1H-
and 13C-NMR data with those of 6 (Tables 1 and 2).
The most polar compound (7) had the molecular

formula C18H22O5, isomeric with the previously reported
compound 5.2 However, the 1H-NMR spectrum of 7
differed from that of 5 in having both olefinic proton
signals as broad singlets (6.12 and 6.07 ppm, Table 1).
These shifts showed the presence of the cross-conjugated
dienone unit previously found in 2 and 3. The geometry
of the side chain in 7 was shown to be 3E by the
similarity of the 13C NMR shifts of C-8, C-9, and C-10
to those of 2.2
Two of the other new compounds from T. hatcheri, 8

and 10, were isomers with the molecular formula
C18H24O5. The 1H-NMR spectra of 8 and 10 (Table 1)
showed signals for only one olefinic proton and one
allylic methyl, plus a six-proton doublet of a (CH3)2CH
group. Therefore, the 6,7 double bond found in the other
Trichocolea geranyl ethers was reduced in these com-
pounds. The shift of the olefinic proton signal (6.12 ppm

in 8 and 6.23 ppm in 10) showed the presence of a 3,4
double bond, conjugated to a carbonyl group at C-5. An
NOE interaction between the olefinic proton and the
allylic methyl group suggested the 3Z geometry for
compound 10, so compound 8 should have the 3E
geometry. These assignments were supported by close
matches of the 13C-NMR shifts of C-1, C-2, and C-10
signals of 8 with those of 2, and of 10 with those of 3
(compare Table 2 and data in Perry et al.2). We could
find no references to any (3,7-dimethyl-5-oxo-3-octenyl)-
oxy compounds in the literature. The nearest related
compounds seem to be (E)- and (Z)-tagetones (11) and
(12), which co-occur with dihydrotagetone (13) and (E)-
and (Z)-ocimenones in the essential oil of the higher
plant Tagetes minuta.6 The 13C-NMR shifts of C-5 to
C-10 of 10 closely matched those reported for the
corresponding carbons in (Z)-tagetone (12).6

The final new compound obtained pure from T.
hatcheri, compound 9, had the molecular formula
C18H26O5. The 1H-NMR spectrum (Table 1) showed no
olefinic proton or allylic methyl signals, so 9 was
proposed to be the 3,7-dimethyl-5-oxooctyl ether. This
structure contains a chiral center at C-3. The natural
product 9 showed an optical rotation, but its absolute
stereochemistry was not determined. The 1H-NMR
spectrum of 9 (Table 1), which was relatively complex
because of the chiral center, was assigned from a COSY
spectrum. The 13C-NMR shifts of C-4 to C-10 of 9 (Table
2) closely matched those reported for the corresponding
carbons in dihydrotagetone (13).6,7
The discovery of compounds 1, 3, and 6-10 in T.

hatcheri supports the proposal that isoprenyl phenyl
ethers are characteristic of the genus Trichocolea.2 The

Table 1. 1H-NMR Data for Compounds from Trichocolea hatcheria

signal 6 7 8 9 10

1 4.67 (d, 7) 4.27 (t, 7) 4.27 (t, 7) 4.1 (m) 4.26 (t, 6)
2 5.47 (br t, 7) 2.66 (br t, 7) 2.65 (br t, 6) 1.85 (m), 1.7 (m) 3.04 (br t, 6)
3 2.3 (m)
4 2.1 (m) 6.12 (br s) 6.12 (br s) 2.4 (m) 6.23 (br s)
5 2.1 (m)
6 5.07 (m) 6.07 (br s) 2.31 (d, 7) 2.29 (d, 7) 2.33 (d, 7)
7 2.16 (m) 2.16 (m) 2.16 (m)
8 1.68 (br s) 1.91 (d, 1) 0.93 (d, 7) 0.92 (d, 7) 0.94 (d, 7)
9 1.61 (br s) 2.19 (d, 1) 0.93 (d, 7) 0.92 (d, 7) 0.94 (d, 7)
10 1.75 (br s) 2.24 (d, 1) 2.21 (br s) 1.01 (d, 6) 1.97 (d, 1)
2′ 7.6 (m) 7.6 (m) 7.6 (m) 7.6 (m) 7.6 (m)
5′ 6.87 (d, 9) 6.88 (d, 9) 6.88 (d, 9) 6.84 (d, 9) 6.90 (d, 9)
6′ 7.6 (m) 7.6 (m) 7.6 (m) 7.6 (m) 7.6 (m)
7′-OMe 3.88 (s) 3.89 (s) 3.89 (s) 3.86 (s) 3.87 (s)
3′-OH 5.7 (br s) 5.6 (br s) 5.6 (br s) 6.3 (br s) 6.1 (br s)

a In CDCl3, δ in ppm (J in Hz), 300 MHz spectrometer.

Table 2. 13C-NMR Data for Compounds from Trichocolea
hatcheria

signal 6b 7b 8c 9b 10c

1 65.9 66.5 66.4 66.9 67.4
2 118.4 40.4 40.3 35.7 33.8
3 142.7 N.O.d 152.2 26.3 152.7
4 39.5 127.8 125.8 50.7 126.9
5 26.2 N.O.d 201.0 210.6 201.5
6 123.5 125.9 53.6 52.4 53.5
7 132.0 N.O.d 25.2 24.6 25.1
8 25.7 27.9 22.7 22.7 22.7
9 17.7 20.8 22.7 22.7 22.7
10 16.7 19.2 19.2 20.2 26.0
1′ 123.2 N.O.d 123.9 N.O.d 123.5
2′ 115.5 115.9 116.0 115.8 115.7
3′ 145.5 N.O.d 145.5 N.O.d 145.7
4′ 149.7 N.O.d 149.3 N.O.d 149.9
5′ 111.0 110.9 110.9 110.6 110.9
6′ 122.6 122.8 122.8 122.6 122.6
7′ 166.8 N.O.d 166.8 166.6 166.9
7′-OMe 51.9 52.1 52.1 52.0 52.0
a In CDCl3, δ in ppm. b 75 MHz spectrometer. c 50 MHz spec-

trometer. d Not observed.
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predominance of 3′-OH benzoates in T. hatcheri, com-
pared with 3′-OMe benzoates in T. mollissima, could
indicate a chemical division between these species;
however, valid chemotaxonomic conclusions require
analysis of multiple samples combined with careful
morphological examinations. We are currently taking
this approach to the intraspecific and interspecific
chemotaxonomy of Trichocolea.

Experimental Section

General Experimental Procedures. All solvents
were distilled before use and were removed by rotary
evaporation at temperatures up to 45 °C. Octadecyl-
functionalized Si gel (Aldrich) was used for reversed-
phase flash chromatography, and Davisil, 35-70 µm,
150 Å, was used for Si gel flash chromatography. TLC
was carried out using Merck DC-plastikfolien Kieselgel
60 F254, visualized with a UV lamp, then by dipping in
a vanillin solution (1% vanillin, 1% H2SO4 in EtOH),
and heating. MS, UV, and IR spectra were recorded
on Kratos MS-80, Shimadzu UV 240, and Perkin-Elmer
1600 FT-IR instruments, respectively. NMR spectra,
of CDCl3 solutions at 25 °C, were recorded at 300 MHz
for 1H and 75 MHz for 13C on a Varian VXR-300
spectrometer, and at 200 MHz for 1H and 50 MHz for
13C on a Varian Gemini spectrometer (CDCl3). Chemi-
cal shifts are given in parts per million on the δ scale
referenced to the solvent peak CHCl3 at 7.27 and CDCl3
at 77.08. Optical rotation was measured on a Perkin-
Elmer 241 polarimeter. BSC cytotoxicity assays were
performed as described previously.8

Plant Material. T. hatcheri was collected from a
steep earth bank in the Morrisons Creek area, Dunedin,
New Zealand, in February 1996 [University of Otago
Herbarium (OTA) specimen no. 048094].
Isolation of 1, 3, and 6-10. Dried T. hatcheri (13.2

g) was extracted with EtOH (600 mL) and CHCl3 (200
mL) by homogenizing and filtering to give a dark green
gum (443 mg, 50% BSC cytotoxicity at 150 µg/disk,
abbreviated as 50% cyt at 150 µg). Reversed-phase flash
chromatography over C18 (443 mg precoated on 1.0 g
C18, loaded on a 10-g C18 column) was developed in
20-mL steps from H2O through CH3CN to CHCl3.
Fractions eluted with H2O-CH3CN 1:3 and 1:9 (86 mg,
brown oil, 75% cyt at 60 µg) were chromatographed over
Si gel (precoated on 172 mg Si gel, loaded on a 1.0-g
column). This column was developed in steps from
EtOAc-cyclohexane 3:97 to EtOAc-cyclohexane 20:80.
Si gel column fractions eluted with EtOAc-cyclohex-

ane 3:97 and 5:95 showed the same UV active spot on
TLC (lilac with vanillin-H2SO4). These were combined
and the solvent removed to produce a residue (14 mg,
yellow oil). Final purification was by Si gel TLC with
EtOAc-hexane 20:80. A UV-active band at Rf 0.30 was
eluted with Et2O to give 6 (4.5 mg).
Si gel column fractions eluted with EtOAc-cyclohex-

ane 5:95, 7:93, and 10:90 showed the same UV active
spots on TLC (total mass 31.1 mg, yellow gums). These
fractions were subjected to preparative reversed-phase
HPLC (Merck Lichrospher 100 C18, 256 × 10 mm, with
25× 4 mm guard column). The mobile phase was H2O-
CH3CN 40:60 (5 mL/min) with UV detection at 280 nm.
Samples, as 31.1 mg/mL solutions in CH3CN, were
injected in amounts of up to 100 µg per injection.

Combined fractions from the 8.04-min peak yielded 7
(2.5 mg); the 9.25-min peak yielded 8 (2.0 mg), the 11.50-
min peak yielded 1 (4.6 mg), the 12.19-min peak yielded
9 (0.6 mg), the 12.71-min peak yielded 10 (5.7 mg), and
the 18.03-min peak yielded 3 (0.2 mg).
Methyl 4-[[(2E)-3,7-dimethyl-2,6-octadienyl]oxy]-

3-hydroxybenzoate (6): colorless oil; UV (MeOH) λmax
(log ε) 261 (4.55), 297 (4.28) nm; IR (dry film) νmax 3412,
2920, 1716, 1615, 1599, 1509, 1436, 1287, 1212, 1127,
990, 765 cm-1; 1H NMR in Table 1; 13C NMR in Table
2; CIMS (C4H10) m/z 305.1751 [MH]+ (17, calcd for
C18H25O4, 305.1753), 209 (10), 169 (57), 138 (13), 137
(100).
Methyl 4-[[(3E)-3,7-dimethyl-5-oxo-3,6-octadieny-

l]oxy]-3-hydroxybenzoate (7): colorless oil; UV
(MeOH) λmax (log ε) 262 (3.35) nm; IR (dry film)νmax
3412, 2932, 1714, 1622, 1513, 1436, 1382, 1355, 1284,
1213, 1126, 1033, 989, 886, 761 cm-1; 1H NMR in Table
1; 13C NMR in Table 2; EIMS (30 eV)m/z 318.1475 [M]+
(2.5, calcd for C18H22O5, 318.1467), 168.0416 (25, [M]+
- C10H14O), 152 (13), 151 (100), 150 (35), 137 (49), 135
(39), 109 (17), 95 (27), 83 (76).
Methyl 4-[[(3E)-3,7-dimethyl-5-oxo-3-octenyl]oxy]-

3-hydroxybenzoate (8): colorless oil; UV(MeOH) λmax
(log ε) 221 (4.31), 255 (4.09), 296 (3.71) nm; IR (dry film)
νmax 3408, 2956, 1716, 1690, 1615, 1590, 1511, 1461,
1436, 1286, 1214, 1128, 1096, 1043, 993, 892, 766 cm-1;
1H NMR in Table 1; 13C NMR in Table 2; EIMS (30 eV)
m/z 320.1612 [M]+ (2, calcd for C18H24O5, 320.1624),
289.1421 (5, [M]+ - OCH3), 263.0869 (4, [M]+ - C4H9),
168.0428 (23, [M]+ - C10H16O), 154 (12), 153 (100), 152
(23), 137 (39), 109 (20), 95 (90), 85 (28).
Methyl 4-[[(2E)-3,7-dimethyl-5-oxo-2,6-octadieny-

l]oxy]-3-methoxybenzoate (1): colorless oil; UV, IR,
1H NMR, and EIMS match those reported previously.2

Methyl 4-[(3,7-dimethyl-5-oxo-3-octyl)oxy]-3-hy-
droxybenzoate (9): colorless oil; [R]21.4D ) -11.4° (c
0.25 in MeOH); UV (hexane) λmax (log ε) 252 (3.39), 285
(3.11) nm; IR (dry film) νmax 3349, 2924, 2856, 1712,
1514, 1460, 1376, 1288, 1215, 1127, 766 cm-1; 1H NMR
in Table 1; 13C NMR in Table 2; EIMS (70 eV) m/z
322.1782 [M]+ (3, calcd for C18H26O5, 322.1780), 168.0401
(7, [M]+ - C10H18O), 167.0350 (8, [M]+ - C10H19O), 156
(10), 155 (100), 137 (12), 99 (8), 85 (27).
Methyl 4-[[(3Z)-3,7-dimethyl-5-oxo-3-octenyl]oxy]-

3-hydroxybenzoate (10): colorless oil; UV (MeOH)
λmax (log ε) 223 (4.93), 257 (4.83), 296 (4.49) nm; IR (dry
film) νmax 3408, 2955, 1712, 1616, 1512, 1439, 1289,
1133, 1020, 992, 764 cm-1; 1H NMR in Table 1; 13C NMR
in Table 2; EIMS (30 eV) m/z 320.1624 [M]+ (1, calcd
for C18H24O5, 320.1624), 168.0396 (17, [M]+ - C10H16O),
155 (19), 153 (55), 152 (26), 151 (18), 149 (13), 137 (36),
109 (28), 95 (100), 85 (12).
Methyl 4-[[(3Z)-3,7-dimethyl-5-oxo-3,6-octadieny-

l]oxy]-3-methoxybenzoate (3): colorless oil; 1H and
EIMS match those reported previously.2
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