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Abstract

Two new phenanthrenes "3!methoxyphenanthrene!1\2\6!triol and 3!methoxyphenanthrene!1\2\5\6!tetrol# and two new 8\09!dihy!
drophenanthrenes "4!methoxy!8\09!dihydrophenanthrene!1\2\6!triol and 3!methoxy!8\09!dihydrophenan!threne!1\2\5\6!tetrol#\
along with the known 3\5!dimethoxyphenanthrene!1\2\6!triol and its 8\09!dihydro derivative\ 2\3?\4!trihydroxy!2?!methoxybibenzyl
"tristin#\ dihydroferulic acid\ p!coumaric acid\ 2\3!dihydroxybenzoic acid and "2#!syringaresinol were isolated from the dichlo!
romethane extract of the orchid Bulbophyllum vaginatum[ The structures of these compounds were determined through spectroscopic
analysis[ Þ 0888 Elsevier Science Ltd[ All rights reserved[
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0[ Introduction

Bibenzyls\ phenanthrenes and 8\09!dihydrophen!
anthrenes are frequently encountered in extracts of
orchids "Majumder\ Roychowdhury\ + Chakraborty\
0886#[ We have previously reported the occurrence of
a variety of such compounds in the hexane extract of
Bulbophyllum vaginatum "Lindl[# Reichb[f[ "Leong\
Kang\ Harrison\ + Powell\ 0886#[ A subsequent exam!
ination of the constituents of the dichloromethane soluble
material has a}orded four new phenanthrene derivatives
along with seven known aromatic compounds[

1[ Results and Discussion

Puri_cation of the dichloromethane extract by exten!
sive column chromatography and HPLC a}orded four
new and seven known compounds[ The latter group con!
tained dihydroferulic acid "0#\ 3\5!dimethoxy!8\09!di!
hydrophenanthrene!1\2\6!triol "1#\ p!coumaric acid "2#\
3\5!dimethoxyphenanthrene!1\2\6!triol "3#\ 2\3!dihydroxy!
benzoic acid "4#\ 2\3?\4!trihydroxy!2?!methoxybibenzyl
"tristin# "5# and "2#!syringaresinol "6#[ The known com!
pounds were compared with authentic samples\ apart
from 5 "Majumder + Pal\ 0882# and 6 "Deyama\ 0872#

� Corresponding author[ E!mail] chmhlÝleonis[nus[edu[sg

which were identi_ed from published physical data[ 3\5!
Dimethoxy!8\09!dihydrophenanthrene!1\2\6!triol "1#
and 3\5!dimethoxyphenanthrene!1\2\6!triol "3# have
already been reported from the hexane extract "Leong et
al[\ 0886#[

The _rst novel compound was 3!methoxy!
phenanthrene!1\2\6!triol "7#\ C04H01O3[ Its UV absorp!
tion bands "147\ 171 sh\ 297 sh\ 233 and 251 nm# were
characteristic of a phenanthrene derivative "Letcher +
Nhamo\ 0860#\ whilst its positive reaction with FeCl2 and
IR spectrum "2426 "OH# cm−0# indicated the compound|s
phenolic nature[ The 0H and 02C NMR spectra showed
resonances for a 0\1\3!trisubstituted benzene ring "dH 8[16
"0H\ d\ J�8[1 Hz\ H!4#\ 6[13 "0H\ d\ J�1[6 Hz\ H!7#
and 6[08 "0H\ dd\ J�1[6 and 8[1 Hz\ H!5#^ dC 017[6 "C!
4#\ 006[2 "C!7# and 001[2 "C!5##\ a pair of ortho!coupled
aromatic protons "dH 6[40 and 6[32 "1H\ ABq\ JAB�7[8
Hz\ H!09 and H!8\ respectively#^ dC 016[8 "C!8# and 014[2
"C!09##\ an isolated aromatic proton "dH 6[04 "0H\ s\ H!
0#^ dC 098[4 "C!0##\ three hydroxyl groups "dH 7[50 "0H\
br s\ OH# and 7[20 "1H\ br s\ 1×OH#\ all exchangeable
with D1O#\ an ortho!disubstituted methoxyl group "dH

2[77 "2H\ s\ 3!OCH2#\ dC 48[7 "q\ 3!OCH2## and eight
fully substituted aromatic carbons "dC 044[6 "C!6#\ 035[0
"C!2#\ 034[3 "C!3#\ 039[1 "C!1#\ 023[6 "C!7a#\ 015[8 "C!
09a#\ 012[8 "C!3b# and 008[9 "C!3a##[ Methylation of 7

a}orded a tetramethyl ether "8# "dH 3[92 "2H\ s\ 2!OCH2#\
3[90 "2H\ s\ 3!OCH2#\ 3[99 "2H\ s\ 1!OCH2# and 2[85 "2H\
s\ 6!OCH2## con_rming the presence of three hydroxyl
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groups in the parent compound[ The most deshielded
aromatic proton signal "dH 8[16# was characteristic of H!4
of a phenanthrene and the absence of a second deshielded
signal indicated that C!3 was substituted "Majumder\
Banerjee\ + Sen\ 0885#[ Since saturation of the methoxyl
protons resulted in an NOE at H!4 "6)#\ C!3 was meth!
oxylated[ The ortho!coupled aromatic protons at dH 6[40
and 6[32 were typical of H!8 and H!09 of phenanthrenes
"Majumder et al[\ 0885#[ Irradiation of the proton at dH

6[32 enhanced the signals due to H!7 "03)# and H!09
"8)#[ When H!09 "dH 6[40# was irradiated\ it showed the
expected NOE at H!8 "8)# as well as enhancing the
isolated aromatic proton signal "05)#[ It followed that
C!0 was unsubstituted and that the compound was 3!
methoxyphenanthrene!1\2\6!triol "7#\ a new natural
product[ The tetramethyl ether was therefore 1\2\3\6!
tetramethoxyphenanthrene "8# which possessed physical
properties in good agreement with those reported for the
same compound isolated from the orchid Bletilla striata
"Yamaki\ Kato\ Bai\ Inoue\ + Takagi\ 0880#[ Hydro!
genation of 7 a}orded 3!methoxy!8\09!dihydro!
phenanthrene!1\2\6!triol "09# which has been isolated
from the hexane extract of B[ vaginatum "Leong et al[\
0886#[ The 02C NMR spectrum of 7 was assigned by
comparison with previously assigned spectra "Leong et
al[\ 0886#[

The second compound\ 4!methoxy!8\09!dihydro!
phenanthrene!1\2\6!triol "00# was obtained as a brown
gum\ C04H03O3[ Its UV spectrum showed absorption
bands at 169 sh\ 167 and 291 nm that were similar to those
reported for 8\09!dihydrophenanthrenes "Majumder +
Joradar\ 0874# whilst the IR spectrum contained
hydroxyl "2449 cm−0# and aromatic ring "0597\ 0403 and
0353 cm−0# absorptions[ The 0H and 02C NMR spectra
"see Section 1# showed resonances for two isolated aro!
matic protons "dH 6[70 "0H\ s\ H!3# and 5[55 "0H\ s\ H!
0##\ a pair of meta!coupled aromatic protons "dH 5[32
"0H\ d\ J�1[3 Hz\ H!5# and 5[25 "0H\ d\ J�1[3 Hz\ H!
7##\ three hydroxyl groups "dH 7[18\ 6[59 and 6[44 "each
0H\ br s\ OH#\ exchangeable with D1O#\ a non!ortho!
disubstituted methoxyl group "dH 2[71 "2H\ s\ 4!OCH2#^
dC 44[6 "q\ 4!OCH2##\ two benzylic methylene groups "dH

1[47 "3H\ m\ H1!8 and H1!09#^ dC 20[7 and 18[7 "both
t\ C!8 and C!09## and eight fully substituted aromatic
carbons[ The phenol formed a tetramethyl ether "01# "dH

2[80\ 2[89\ 2[78 and 2[73 "each 2H\ s\ OCH2## which
agreed with the presence of three phenolic hydroxyl sub!
stituents in 00[ Saturation of the two benzylic methylene
groups\ which were attributed to H1!8 and H1!09 of a
8\09!dihydrophenanthrene "Majumder + Pal\ 0882#\
resulted in enhancements of the signals for H!7 "6)# and
the more shielded singlet aromatic proton\ H!0 "5)#[ C!
0 and C!7 were therefore unsubstituted[ The presence of
a deshielded aromatic proton "H!3# indicated that C!4
bore an oxygen substituent "Majumder + Pal\ 0882^
Anton\ Kraut\ Mues\ + Morales\ 0886#[ This was found

to be a methoxyl as irradiation of the methoxyl protons
enhanced both the H!3 "1)# and H!5 "04)# signals[ The
three hydroxyl groups were thus located at C!1\ C!2 and
C!6 and the natural compound was the novel 4!methoxy!
8\09!dihydrophenanthrene!1\2\6!triol "00#[ The derived
tetramethyl ether was hence 1\2\4\6!tetramethoxy!8\09!
dihydrophenanthrene "callosumin# "01# which occurs in
the orchid Agrostophyllum callosum[ Its physical proper!
ties agreed well with reported values "Majumder et al[\
0885#[ The 02C NMR spectrum of 00 was assigned by
comparison with previously assigned spectra "Leong et
al[\ 0886#[

The third compound\ 3!methoxy!8\09!dihydro!
phenanthrene!1\2\5\6!tetrol "02#\ was obtained as a
brown oil\ C04H03O4\ with UV and IR spectra that were
typical of a 8\09!dihydrophenanthrene[ The 0H and 02C
NMR spectra showed resonances for three isolated aro!
matic protons "dH 6[66 "0H\ s\ H!4#\ 5[63 "0H\ s\ H!7#
and 5[59 "0H\ s\ H!0##\ four hydroxyl groups "dH 4[51
"0H\ br s\ OH#\ 4[18\ "1H\ br s\ 1×OH# and 4[05 "0H\ br
s\ OH#\ exchangeable with D1O#\ a methoxyl group "dH

2[54 "2H\ s\ 3!OCH2#^ 48[8 "q\ 3!OCH2##\ two benzylic
methylene groups "1[52 "3H\ br s\ H1!8 and H1!09## and
nine substituted aromatic carbons\ _ve of which were
oxygenated[ The compound was therefore a penta!
substituted 8\09!dihydrophenanthrene with one meth!
oxyl and four hydroxyl substituents[ Methylation of the
compound resulted in a pentamethyl ether "03# "dH 2[82\
2[81\ 2[80\ 2[78 and 2[67 "each 2H\ s\ OCH2##[ The pres!
ence of three singlet aromatic proton resonances was
consistent only with the 1\2\3\5\6 oxygenation pattern as
was the enhancement of the signals due to H!0 "09)#
and H!7 "09)# upon saturation of the benzylic methylene
protons[ The methoxyl group was shown to be attached
to C!3 since its irradiation caused a small enhancement
of H!4 "4)#[ Therefore the compound was 3!methoxy!
8\09!dihydrophenanthrene!1\2\5\6!tetrol "02#\ a novel
compound[ The pentamethyl ether\ 1\2\3\5\6!pen!
tamethoxy!8\09!dihydrophenanthrene "03#\ was identical
to the compound prepared by the methylation of 3\5!
dimethoxy!8\09!dihydrophenanthrene!1\2\6!triol "1#
"Leong et al[\ 0886#[ H!0 and H!7 of 02 were distinguished
by comparison of their chemical shifts with those of the
corresponding protons of 1 which had previously been
assigned using 1D NMR "Leong et al[\ 0886#[

The _nal compound\ 3!methoxyphenanthrene!1\2\5\6!
tetrol "04#\ C04H01O4\ had UV and IR absorptions which
were characteristic of a phenanthrene derivative[ The 0H
and 02C NMR spectra showed resonances for three iso!
lated aromatic protons "dH 7[80 "0H\ s\ H!4#\ 6[12 "0H\
s\ H!7# and 6[98 "0H\ s\ H!0#^ dC 001[9 "d\ C!4#\ 001[7 "d\
C!7# and 098[3 "d\ C!0##\ a pair of ortho!coupled aromatic
protons "dH 6[25 and 6[23 "1H\ ABq\ JAB�7[7 Hz\ H!8
and H!09#^ dC 014[1 "d\ C!8# and 014[9 "d\ C!09##\ four
hydroxyl groups "dH 7[32\ 7[22\ 7[13 and 7[01 "each 0H\
br s\ OH#\ all exchangeable with D1O##\ an ortho!di!
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Fig[ 0[

substituted methoxyl group "dH 2[76 "2H\ s\ 3!OCH2#^ dC

48[7 "q\ 3!OCH2## and nine substituted aromatic carbons[
Methylation of 04 gave a pentamethyl ether "05# "dH 3[93
"5H\ s\ 1×OCH2#\ 3[92 "2H\ s\ OCH2#\ 3[90 "2H\ s\ 1!
OCH2 or 6!OCH2##[ The presence of three uncoupled
aromatic protons was again consistent with a 1\2\3\5\6!
pentasubstituted phenanthrene with the most deshielded
hydrogen at C!4[ Irradiation of H!8 and H!09 a}orded
the expected NOEs at H!0 "4)# and H!7 "4)#\ respec!
tively[ A small NOE at H!4 "8)# upon irradiation of the
methoxyl protons established that the methoxyl group
was attached to C!3[ The compound was therefore 3!
methoxyphenanthrene!1\2\5\6!tetrol "04# and its per!
methylated derivative was 1\2\3\5\6!pentamethoxy!
phenanthrene "05# which was identical to a sample pre!
pared previously "Leong et al[\ 0886#[ Catalytic hydro!
genation of 04 a}orded 3!methoxy!8\09!dihydro!
phenanthrene!1\2\5\6!tetrol "02# which was identical to
the natural product described above[ Con_rmation of
structure 04 as well as assignment of the 0H and 02C NMR
resonances was performed using HMQC and HMBC
spectroscopy "see Fig[ 0#[ The 02C resonances C!5:C!6
and C!1:C!2 could not be distinguished unambiguously
due to the heavily substituted nature of the aromatic rings
and the absence of correlations to the hydroxyl protons[
However\ C!1 is expected to be more deshielded than C!2[

2[ Experimental

M[p[|s] uncorr[ ðaŁD] CHCl2[ IR] CHCl2 unless other!
wise speci_ed[ UV] EtOH[ EIMS] 69 eV[ CC] silica gel
"Baker\ 39 mm#^ CN "Bakerbond\ 39 mm#\ DIOL "Lich!
rosorb 39Ð52 mm#^ C07 "Bakerbond\ 39 mm#[ GPC]
Sephadex LH!19 "CHCl2ÐMeOH 0]0 as eluant#[ HPLC]
Lichrosorb C07\ CN or DIOL\ 09 mm\ 3[4×149 mm or
8[9×149 mm\ RI detection[

2[0[ NMR spectroscopy

0D] 299 "0H# and 64 MHz "02C# in CDCl2 "unless speci!
_ed otherwise# relative to TMS at d 9[9[ 1D and NOE
experiments were run at 499 "0H# and 014 MHz "02C#[
Di}erence NOE spectra were run using the NOEMULT
programme[ The relaxation delay was 1[4 s and the total
irradiation time was 2Ð3 s[ Di}erence NOE results are
recorded below in the following manner] H irradiated "H
enhanced ") enhancement##[ Proton!detected HMQC
experiments were optimised for a 0JCH value of 039 Hz[
The relaxation delay was 1[4 s[ 401 increments\ each of
21 scans\ were used in t0 and zero _lled to 0K prior to
Fourier transformation[ In t1\ 1K points were used prior
to Fourier transformation[ Sine multiplication was used
in both dimensions to improve the signal to noise ratio
and suppress truncation errors[ Proton!detected HMBC
experiments were performed under the same conditions
as in the HMQC experiment except for modulation tun!
ing which was optimised for nJCH�6 Hz and a composite
pulse which was used to eliminate 0JCH[

2[1[ Isolation

After exhaustive extraction of the plant material with
hot hexane "Leong et al[\ 0886#\ the extraction was
repeated with CH1Cl1[ CC of the crude extract "45 g# on
silica gel eluting with an EtOAcÐhexane gradient gave 06
frs[ Frs 0Ð00 were not investigated further since TLC
showed no distinct spots[

Frs 01Ð04 "748 mg# were subjected to CC "CN\ 29Ð
49) EtOAcÐhexane# to give three frs AÐC[ CC of fr[ A
"088 mg# "CN\ 14) EtOAcÐhexane# a}orded two frs A0
and A1[ Fr[ A0 "52 mg# yielded dihydroferulic acid "0#
"5 mg# and 3\5!dimethoxy!8\09!dihydrophenanthrene!
1\2\6!triol "1# "5 mg# after HPLC "DIOL\ 24) EtOAcÐ
hexane#[ Fr[ A1 "099 mg# was also subjected to HPLC
"silica gel\ 39) EtOAcÐhexane# to give p!coumaric acid
"2# "7 mg#\ 3!methoxyphenanthrene!1\2\6!triol "7# "30 mg#
and 3\5!dimethoxyphenanthrene!1\2\6!triol "3# "06 mg#[
Fr[ B "259 mg# was chromatographed twice "DIOL\ 39)
EtOAcÐhexane# followed by HPLC "DIOL\ 39)
EtOAcÐhexane# to give\ in order of elution\ mixture B0\
"7# "20 mg#\ 4!methoxy!8\09!dihydrophenanthrene!1\2\6!
triol "00# "09 mg#\ 2\3!dihydroxybenzoic acid "4# "04 mg#
and 3!methoxy!8\09!dihydrophenanthrene!1\2\5\6!tetrol
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"02# "13 mg#[ Mixture B0 was chromatographed "silica
gel\ 0) CH2OHÐCHCl2# to give 3 "00 mg# and 2\3?\4!
trihydroxy!2?!methoxybibenzyl "tristin# "5# "8 mg#[ Fr[ C
"041 mg# was chromatographed twice to give mainly 3!
methoxyphenanthrene!1\2\5\6!tetrol "04# "03 mg#[ 0\ 1\ 2\
3 and 4 were identi_ed by comparison with authentic
samples[

Frs 05Ð06 "0[0 g# were chromatographed twice "C07\
49) acetoneÐH1O^ CN\ 34) acetoneÐH1O# to yield two
frs\ D and E[ Fr[ D "009 mg# a}orded 2\3!dihy!
droxybenzoic acid "4# "4 mg#\ "02# "8 mg# and "04# "19
mg# after HPLC "DIOL\ 59) EtOAcÐhexane#[ Fr[ E
"000 mg# yielded "2#!syringaresinol "6# as the major com!
ponent "10 mg# after HPLC puri_cation "CN\ 22)
EtOAcÐhexane#[

2[2[ 2\3?\4!Trihydroxy!2?!methoxybibenzyl "tristin# "5#

Brown gum[ UV lmax nm] 115 sh\ 171^ IR nmax cm−0]
2435\ 2217 "OH#\ 0592\ 0403\ 0354 "benzene ring#^ EI!
MS m:z "rel[ int[#] 159 ðMŁ¦ "45#\ 026 "099#\ 012 "04#^
HREI!MS] m:z 159[0946 "C04H05O3 requires m:z
159[0938#^ 0H NMR "acetone!d5#] d 7[96 "1H\ br s\ OH#\
6[29 "0H\ br s\ OH#\ 5[79 "0H\ d\ J�0[6 Hz\ H!1?#\ 5[61
"0H\ d\ J�7[9 Hz\ H!4?#\ 5[54 "0H\ dd\ J�0[6 and 7[9
Hz\ H!5?#\ 5[11 "1H\ m\ H!1 and H!5#\ 5[07 "0H\ t\ J�1[0
Hz\ H!3#\ 2[79 "2H\ s\ 2!OCH2#\ 1[63 "3H\ m\ CH1CH1#^
02C NMR "acetone!d5#] d 048[2 "1×s#\ 037[0 "s#\ 034[4
"s#\ 034[0 "s#\ 023[1 "s#\ 010[4 "d#\ 004[4 "d#\ 001[8 "d#\
096[7 "1×d#\ 090[0 "d#\ 45[1 "q#\ 28[9 "t#\ 26[8 "t#[ Di}er!
ence NOE "acetone!d5#] CH1CH1 ðH!1? "2[5#\ H!5? "2[1#\
H!1 and H!5 "6[6#Ł\ 2!OCH2 ðH!1 "09[4#Ł[

2[3[ "2#!Syringaresinol "6#

Needles\ m[p[ 066Ð067>C "CH1Cl1Ðhexane#\ 089Ð
080>C "ethanol# "lit[ 069Ð060>C "Sto�cklin\ De Silva\ +
Geissman\ 0858##^ ðaŁD −0[3 "c 0[18#^ UV lmax nm] 121
sh\ 161\ 293^ IR nmax cm−0] 2428 "OH#\ 0507\ 0407\ 0353
"benzene ring#^ EI!MS m:z "rel[ int[#] 370 ðMŁ¦ "24#\ 070
ðM!syringoyl moietyŁ¦ "099#\ 056 ðM!"3!hydroxy!2\4!
dimethoxybenzyl moiety#Ł¦ "48#^ HREI!MS] m:z
307[0511 "C11H15O7 requires m:z 317[0517#^ 0H NMR
"C5D5#] d 5[59 "3H\ s\ H!1?\ H!1??\ H!5? and H!5??#\ 4[39
"1H\ br s\ 3?!OH and 3??!OH#\ 3[64 "1H\ br d\ J�3[1 Hz\
H!1 and H!5#\ 3[03 "1H\ dd\ J�5[7 and 8[9 Hz\ H!3 and
H!7#\ 2[75 "1H\ dd\ J�2[7 and 8[9 Hz\ H!3 and H!7#\
2[27 "01H\ s\ 3×OCH2#\ 1[82 "1H\ m\ H!0 and H!4#^ 0H
NMR] d 5[47 "3H\ s\ H!1?\ H!1??\ H!5? and H!5??#\ 4[42
"1H\ br s\ 3?!OH and 3??!OH#\ 3[62 "1H\ br d\ J�3[1 Hz\
H!1 and H!5#\ 3[17 and "1H\ dd\ J�5[8 and 8[1 Hz\ H!3
and H!7#\ 2[78 "1H\ dd\ J�2[7 and 8[1 Hz\ H!3 and H!
7#\ 2[89 "01H\ s\ 3×OCH2#\ 2[98 "1H\ m\ H!0 and H!4#^
02C NMR] d 036[1 "3×s\ C!2?\ C!2??\ C!4? and C!4??#\
023[3 "1×s\ C!3? and C!3??#\ 021[0 "1×s\ C!0? and C!0??#\
091[7 "3×s\ C!1?\ C!1??\ C!5? and C!5??#\ 75[0 "1×s\ C!1

and C!5#\ 60[7 "1×s\ C!3 and C!7#\ 45[3 "3×s\ OCH2#\
43[3 "1×s\ C!0 and C!4#[

2[4[ 3!Methoxyphenanthrene!1\2\6!triol "7#

M[p[ 197Ð109>C "CHCl2#^ UV lmax nm] 147\ 171 sh\
297 sh\ 233\ 251^ IR nmax cm−0] 2426 "OH#\ 0502\ 0474\
0401\ 0364^ EI!MS m:z "rel[ int[#] 145 ðMŁ¦ "099#\ 130
"80#\ 112 "05#\ 074 "07#\ 017 "08#^ HREI!MS] m:z
145[9620 "C04H01O3 requires m:z 145[9625#^ 0H and 02C
NMR "acetone!d5#] see text[ Di}erence NOE "acetone!
d5#] 3!OCH2 ðH!4 "6[3#Ł\ H!8 ðH!09 "7[6#\ H!7 "02[8#Ł\ H!
09 ðH!8 "8[9#\ H!0 "04[6#Ł[

2[5[ Methylation of 7

Compound 7 "7 mg# was methylated in the usual
fashion with CH2IÐK1CO2 in Me1CO[ CC of the crude
product "silica gel\ 7) EtOAcÐhexane# a}orded 1\2\3\6!
tetramethoxyphenanthrene "8# "7 mg# as a solid\ m[p[
049Ð040>C^ UV lmax nm] 123 sh\ 147\ 171\ 189 sh\ 291\
231\ 259^ IR nmax cm−0] 0503\ 0388\ 0361 "benzene ring#^
EI!MS m:z "rel[ int[#] 187 ðMŁ¦ "099#\ 172 "62#\ 139 "79#\
086 "31#^ HREI!MS] m:z 187[0109 "C07H07O3 requires
m:z 187[0194#^ 0H NMR] d 8[30 "0H\ d\ J�8[3 Hz\ H!4#\
6[48 "1H\ s\ H!8 and H!09#\ 6[14 "0H\ dd\ J�1[7 and 8[1
Hz\ H!5#\ 6[12 "0H\ J�1[7 Hz\ H!7#\ 6[97 "0H\ s\ H!0#\
3[92 "2H\ s\ 2!OCH2#\ 3[90 "2H\ s\ 3!OCH2#\ 3[99 "2H\ s\
1!OCH2#\ 2[85 "2H\ s\ 6!OCH2#^ 02C NMR] d 046[1 "s#\
040[73 "s#\ 040[68 "s#\ 031[8 "s#\ 022[3 "s#\ 018[0 "s#\ 017[3
"d#\ 016[0 "d#\ 015[6 "d#\ 013[1 "s#\ 008[1 "s#\ 005[6 "d#\
097[7 "d#\ 094[2 "d#\ 50[2 "q#\ 59[1 "q#\ 44[8 "q#\ 44[2
"q#[ Di}erence NOE] 3!OCH2 ðH!4 "7[9#Ł\ 1!OCH2 ðH!0
"06[6#Ł\ 6!OCH2 ðH!5 and H!7 "06[6#Ł[

2[6[ Hydrogenation of 7

The phenanthrene 7 "4 mg# was hydrogenated "H1!
Pd:C#[ CC "silica gel\ 29) EtOAcÐhexane# of the crude
product gave 3!methoxy!8\09!dihydrophenanthrene!
1\2\6!triol "09# "1 mg#\ identical to an authentic sample
"Leong et al[\ 0886#[

2[7[ 3!Methoxy!8\09!dihydrophenanthrene!1\2\6!triol
"00#

Brown gum[ EI!MS m:z "rel[ int[#] 147 ðMŁ¦ "099#\ 114
"45#^ HREI!MS] m:z 147[9891 "C04H03O3 requires m:z
147[9781#^ UV lmax nm] 169 sh\ 167\ 291^ IR nmax cm−0]
2449 "OH#\ 0597\ 0403\ 0353^ 0H NMR "acetone!d5#] d

7[18 "0H\ br s\ OH#\ 6[70 "0H\ s\ H!3#\ 6[59 "0H\ br s\
OH#\ 6[44 "0H\ br s\ OH#\ 5[55 "0H\ s\ H!0#\ 5[32 "0H\ d\
J�1[3 Hz\ H!5#\ 5[25 "0H\ d\ J�1[3 Hz\ H!7#\ 2[71 "2H\
s\ 4!OCH2#\ 1[47 "3H\ m\ CH1CH1\ H1!8 and H1!09#^ 02C
NMR "acetone!d5#] d 047[5 "C!4#\ 046[2 "C!6#\ 032[5 and
032[2 "C!1 and C!2#\ 030[3 "C!7a#\ 029[2 "C!3a#\ 014[7
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"C!09a#\ 005[32 "C!0#\ 005[27 "C!3b#\ 004[9 "C!3#\ 097[2
"C!7#\ 88[0 "C!5#\ 44[6 "4!OCH2#\ 20[7 and 18[7 "C!8 and
C!09#[ Di}erence NOE "acetone!d5#] H1!8 and H1!09 ðH!
7 "5[4# and H!0 "5[0#Ł\ 4!OCH2 ðH!3 "1[1# and H!5 "04[2#Ł[

2[8[ Methylation of 00

The phenol "6 mg# was methylated as described in
Section 1[5 and the crude product was subjected to HPLC
"silica gel\ 7) acetoneÐhexane# to give 1\2\4\6!tetra!
methoxy!8\09!phenanthrene "01# "1 mg# as a gum[ UV
lmax nm] 119\ 169 sh\ 167\ 291\ 297 sh^ IR nmax cm−0] 0594\
0403\ 0353 "benzene ring#^ EI!MS m:z "rel[ int[#] 299
ðMŁ¦ "099#\ 174 "49#\ 146 "02#\ 115 "07#^ HREI!MS] m:z
299[0261 "C07H19O3 requires m:z 299[0251#^ 0H NMR] d

6[81 "0H\ s\ H!3#\ 5[63 "0H\ s\ H!0#\ 5[36 "0H\ d\ J�1[4
Hz\ H!5 or H!7#\ 5[33 "0H\ d\ J�1[4 Hz\ H!7 or H!5#\
2[80\ 2[89\ 2[78\ 2[73 "each 2H\ s\ 3×OCH2#\ 1[63 "3H\
m\ CH1CH1#[

2[09[ 3!Methoxy!8\09!dihydrophenanthrene!1\2\5\6!
tetrol "02#

Brown oil[ UV lmax nm] 123 sh\ 171\ 207^ IR nmax cm−0]
2433\ 2166 "OH#\ 0594\ 0404\ 0341 "benzene ring#^ EI!
MS m:z "rel[ int[#] 163 ðMŁ¦ "099#\ 161 "17#\ 148 "06#\
130 "25#\ 102 "07#^ HREI!MS] m:z 163[9729 "C04H03O4

requires m:z 163[9730#^ 0H NMR "acetone!d5#] d 6[66
"0H\ s\ H!4#\ 5[63 "0H\ s\ H!7#\ 5[59 "0H\ s\ H!0#\ 4[51
"0H\ br s\ OH#\ 4[18\ "1H\ br s\ 1×OH#\ 4[05 "0H\ br s\
OH#\ 2[54 "2H\ s\ 3!OCH2#\ 1[52 "3H\ br s\ H1!8 and H1!
09#^ 0H NMR "acetone!d5#] d 6[73 "0H\ s\ H!4#\ 6[57 "1H\
br s\ exchangeable with D1O\ 1×OH#\ 6[41 "0H\ br s\
exchangeable with D1O\ OH#\ 5[58 "0H\ s\ H!7#\ 5[41
"0H\ s\ H!0#\ 2[50 "2H\ s\ 3!OCH2#\ 1[45 "3H\ br s\ H1!8
and H1!09#^ 02C NMR "acetone!d5#] d 035[3\ "s#\ 033[8 "s#\
033[0 "s#\ 033[9 "s#\ 026[5 "s#\ 029[4 "s#\ 029[1 "s#\ 014[3
"s#\ 008[8 "s#\ 004[2 "d#\ 003[7 "d#\ 000[5 "d#\ 48[8 "q\ 3!
OCH2#\ 29[6 "t#\ 29[9 "t#[ Di}erence NOE "acetone!d5#]
3!OCH2 ðH!4 "4[2#Ł\ H1!8 and H1!09 ðH!0 "09[0# and H!7
"8[7#Ł[

2[00[ Methylation of 02

Compound 02 "2 mg# was methylated as described in
Section 1[5 to a}ord 1\2\3\5\6!pentamethoxy!8\09!dihy!
drophenanthrene "03# "1[7 mg# "Leong et al[\ 0886#[

2[01[ 3!Methoxyphenanthrene!1\2\5\6!tetrol "04#

Gum[ UV lmax nm] 147\ 173\ 299 sh\ 201\ 231\ 247^ IR
nmax cm−0] 2428\ 2158\ 0599\ 0407\ 0351^ EI!MS m:z "rel[

int[#] 161 ðMŁ¦ "099#\ 146 "37#^ HREI!MS] m:z 161[9581
"C04H01O4 requires m:z 161[9574#^ 0H NMR "acetone!d5#]
d 7[80 "0H\ s\ H!4#\ 7[32\ 7[22\ 7[18\ 7[01 "each 0H\ br s\
exchangeable with D1O\ 3×OH#\ 6[25 "0H\ d\ JAB�7[7
Hz\ H!8#\ 6[23 "0H\ d\ JAB�7[7 Hz\ H!09#\ 6[12 "0H\ s\
H!7#\ 6[98 "0H\ s\ H!0# and 2[76 "2H\ s\ 3!OCH2#^ 02C
NMR "acetone!d5#] d 098[3 "C!0#\ 035[1 "C!1#\ 028[7 "C!
2#\ 034[5 "C!3#\ 007[6 "C!3a#\ 013[7 "C!3b#\ 001[9 "C!4#\
034[6 "C!5 or C!6#\ 038[3 "C!6 or C!5#\ 001[7 "C!7#\ 017[2
"C!7a#\ 014[1 "C!8#\ 014[9 "C!09#\ 016[3 "C!09a#\ 59[9
"3!OCH2#[ Di}erence NOE "acetone!d5#] 3!OCH2 ðH!4
"7[4#Ł\ H!8 and H!09 ðH!0 "4[6# and H!7 "4[1#Ł[

2[02[ Methylation of 04

Compound 04 "2 mg# was methylated as usual to a}ord
1\2\3\5\6!pentamethoxyphenanthrene "05# "2 mg# which
was identical "TLC\ 0H NMR# to a sample prepared
previously "Leong et al[\ 0886#[

2[03[ Hydrogenation of 04

The phenanthrene 04 "4 mg# was subjected to catalytic
hydrogenation[ CC "DIOL\ 49) EtOAcÐhexane# of the
crude product gave 3!methoxy!8\09!dihydrophen!
anthrene!1\2\5\6!tetrol "02# "0 mg#\ identical "TLC\ 0H
NMR# to the natural product[
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