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Abstract*Six new lignans\ 4\4ý!bis ð1\2!dicarboxy!5\6!dihydroxy!l!"2?\3?!dihydroxyphenyl#!0\1!dihy!
dronaphthaleneŁ\ trilobatins AÐC\ trilobatin A!0ý!methyl ester and bazzania acid\ as well as 1\2!dicarboxy!5\6!
dihydroxy!l!"2?\3?!dihydroxyphenyl#!0\1!dihydronaphthalene and 2!carboxy!5\6!dihydroxy!l!"2?\3?!dihydroxy!
phenyl#!naphthalene were isolated from the liverwort Bazzania trilobata[ Their structures have been elucidated
from extensive NMR spectral evidence and\ in the case of trilobatin C\ additionally by chemical derivatization[
A possible biosynthetic pathway for bazzania acid is discussed[ Þ 0887 Elsevier Science Ltd[ All rights reserved

INTRODUCTION

Recently we reported on the isolation and structural
elucidation of 00 new bisbibenzyls from Bazzania tri!
lobata ð1Ł[ Further investigation of the methanol
extract from this liverwort has now led to the isolation
of two known "0 and 1# and six new "2Ð7# lignans[

RESULTS AND DISCUSSION

All compounds were isolated from the ethyl acetate!
soluble fraction of the methanol extract\ obtained as
previously reported ð1Ł[ 1\2!Dicarboxy!5\6!dihydroxy!l!
"2?\3?!dihydroxyphenyl#!0\1!dihydronaphthalene "0# and
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2!carboxy!5\6!dihydroxy!l!"2?\3?!dihydroxyphenyl#!
naphthalene "1# could be identi_ed from their NMR
and mass spectral data ð2\ 3Ł[ Both had been isolated
previously from the liverwort\ Pellia epiphylla ð2\ 3Ł[

The negative FAB mass spectrum "ðMÐHŁ− m:z
602# of 2 was in agreement with the molecular formula
C25H15O05[ The 0H NMR spectrum "Table 0# displayed
two aliphatic methine protons\ three signals of a 2\3!
dihydroxyphenyl group and two singlets[ The 02C
NMR and DEPT spectra showed 07 signals\ two of
them belonging to carboxylic carbons\ 03 aromatic or
ole_nic carbons and two aliphatic methine carbons[
The 0H and 02C NMR data of 2 were similar to those
of 0\ except that the resonance of H!4 was missing
and the multiplicity of C!4 has changed from d to s[
Therefore\ compound 2 is the symmetrical dimer of 0

with 4!4ý linked subunits[ HMBC and NOESY spec!
tra con_rmed the structure of 2 to be 4\4ý!bis ð1\2!
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Table 0[ 0H NMR spectral data for compound 2

H 2

H!0\ 0ý 3[42 br s
H!1\ 1ý 2[74 br s
H!3\ 3ý 6[30 s
H!7\ 7ý 5[57 s
H!1?\ 11 5[57 d "0[7#
H!4?\ 41 5[53 d "7[0\ 0[7#
H!5?\ 51 5[32 dd "7[0\ 0[7#

Coupling constants "J in Hz# in parentheses

phyto4397st4

dicarboxy!5\6!dihydroxy!l!"2?\3?!dihydroxyphenyl#!
0\1!dihydronaphthalene[

Compound 3\ which we named trilobatin A\ was
isolated as a colourless oil[ 0H and 02C NMR spectra
"Tables 1 and 2# showed the presence of two partial
structures[ The _rst one was the phenyldihydro!
naphthalene moiety 0[ The second one was char!
acterized by a carboxyl group "C!0ý#\ a methylene
group "C!2ý# and six oxygen!bearing aliphatic carbons
"C!1ý\ C!3ýÐC!7ý#[ From the 0HÐ0H COSY\ 0HÐ02C
COSY and the HMBC data\ a linear chain of eight
carbon atoms could be deduced\ indicating a
1\3\4\5\6\7!hexahydroxy octanoic acid moiety[ Fur!
thermore\ a 2J!correlation between H!3ý and C!7ý\ as
well as H!7ý and C!3ý\ could be observed "Fig[ 0#[
Therefore\ an ether linkage between C!3ý and C!7ý
had to be assumed[ The cyclic structure was supported

by the molecular ion peak ðM¦HŁ¦ at m:z 452 in the
positive FAB mass spectrum[ A signal at m:z 470
necessary for an open!chain structure could not be
observed[ Consequently\ the C!7 moiety is a 1!
hydroxy!2! "2?\3?\4? ! trihydroxy! tetrahydropyran!1!
yl#!propanoic acid subunit[ The linkages of both subu!
nits were obtained from HMBC results[ H!4ý showed
a correlation with the carboxylic carbon C!8 of the
lignan moiety "Fig[ 0#[ In addition\ the chemical shift
of H!4ý is characteristic of an alcohol component of
an ester[ The stereochemistry of the C!7 moiety could
be explained on the three!dimensional model "Fig[ 1#[
The chair is the preferred conformation of similar
arranged carbohydrates of the pyranose type\ wherein

Fig[ 0[ Signi_cant HMBC couplings of compound 3[

Fig[ 1[ Conformation of C!7 moiety of compound 3[
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the C!7 moiety could also be arranged[ Proton H!4ý
gave rise to a triplet with J � 8[5 Hz\ revealing a
sterically _xed trans!arrangement to the neighbours
H!3ý and H!5ý[ The small coupling constant of H!5ý
"J � 2[3 Hz# resulted from the equatorial position of
H!6ý[ Therefore\ the alignment of the substituents\
with the exception of the hydroxyl group on C!6ý\ was
equatorial\ establishing the relative con_guration of 3[

Compound 4 gave a positive FAB mass spectrum
ðM¦HŁ¦ at m:z 466\ in agreement with a molecular
formula of C16H17O03[ The 0H and 02C NMR spectral
"Tables 1 and 2# were very similar to those of com!
pound 3[ The only di}erence was the presence of an
additional methyl group "C!8ý#\ indicating a methyl
ester or ether[ Because of the up_eld shift of the car!
boxyl signal C!0ý by 0[3 ppm\ which is in accordance

Table 1[ 0H NMR spectral data for compounds 3Ð5

H 3 4 5

Lignan moiety
H!0 3[28 d "1[7# 3[32 d "1[7# 3[31 d "1[5#
H!1 2[73 d "1[7# 2[76 d "1[7# 2[74 d "1[5#
H!3 6[46 s 6[50 s 6[54 s
H!4 5[79 s 5[72 s 5[72 s
H!7 5[40 s 5[43 s 5[43 s
H!1? 5[28 d "0[8# 5[30 d "1[0# 5[39 d "1[0#
H!4? 5[46 d "7[0# 5[59 d "7[0# 5[50 d "7[1#
H!5? 5[24 dd "7[0\ 0[8# 5[26 dd "7[0\ 1[0# 5[26 dd "7[1\ 1[0#
C7 moiety
H!0ýa * * 2[35 dd "00[2\ 3[4#
H!0ýb * * 2[40 dd "00[2\ 3[4#
H!1ý 3[17 dd "09[7\ 1[2# 3[22 dd "09[4\ 1[7# 2[79 m
H!2ý 0[68 m 0[79 m 0[54 m and 0[72 m
H!3ý 2[44 d "8[5# 2[41 d "8[5# 3[08 m
H!4ý 3[82 t "8[5# 3[85 t "8[5# 2[83 d "00[5#
H!5ý 2[69 dd "8[5\ 2[3# 2[62 dd "8[5\ 2[3# 2[86 d "00[5#
H!6ý 2[73 d "2[3# 2[76 d "2[3# 2[77m
H!7ýa 2[46 d "03[1# 2[48 d "01[3# 3[11m
H!7ýb 2[89 d "03[1# 2[89 d "01[3# *
OCH2 * 2[57 s *

Coupling constants "J in Hz# in parentheses^ signals indicated as m were unresolved or overlapped multiplets

with ester_cation of a carboxyl function\ ð4Ł com!
pound 4 should be trilobatin A!0ý!methyl ester[

Compound 5 also showed two partial structures\
one of which was again the phenyldihydronaph!
thalene 0[ The second moiety was composed of seven
oxygen!bearing \ aliphatic carbon atoms "C!0ý^ C!
1ý^ C!3ýÐC!7ý# and one methylene group "C!2ý#[ The
sequence of the carbon atoms could be deduced from
the 0HÐ0H and 0HÐ02C COSY[ With the exception of
C!0ý\ that was reduced from a carboxyl group to a
secondary alcohol\ the succession of the carbon atoms
correspond to the C!7 moiety of compound 3[ The
position of the ether linkage could not be obtained
from correlations of the HBMC spectrum\ probably
due to the electronegative substituents and a dihedral
angle of ca 89> between the vicinal C\H atoms of
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Table 2[ 02C NMR spectral data for compounds 3Ð6 and 6a "CDCl2#\ 7

C 3 4 5 6 6a 7

C!0 35[5 d 35[6 d 35[7 d 35[5 d 34[1 d 44[1 d
C!1 37[5 d 37[7 d 37[5 d 37[5 d 35[7 d 37[4 d
C!2 012[0 s 012[0 s 012[9 s 012[2 s 011[4 s 027[0 s
C!3 028[4 d 028[5 d 028[8 d 028[3 d 026[2 d 018[0 d
C!3a 013[8 s 014[9 s 014[0 s 014[9 s 013[0 s 054[0 s
C!4 006[1� d 006[1� d 006[1� d 006[9 d 000[7� d 007[0 d
C!5 034[4 s 034[5 s 034[5 s 034[3 s 037[1 s 062[2 s
C!6 038[0 s 038[0 s 038[0 s 037[6 s 049[7 s 060[7 s
C!7 006[2� d 006[2� d 006[2� d 006[9 d 000[8� d 26[1 t
C!7a 020[4 s 020[5 s 020[4 s 029[7 s 029[1 s 75[8 s
C!8 057[3 s 057[3 s 057[5 s 069[4 s 055[7 s 056[7 s
C!09 065[3 s 065[3$ s 065[2 s 065[0 s 061[6 s 064[1 s
C!0? 025[3 s 025[4 s 025[4 s 025[4 s 023[8 s 015[3 s
C!1? 004[7 d 004[7 d 004[7 d 004[3 d 002[0 d 007[5 d
C!2? 033[4 s 033[8 s 034[9 s 034[4 s 034[3 s 035[9 s
C!3? 035[9 s 035[9 s 035[9 s 035[4 s 036[5 s 035[5 s
C!4? 005[2 d 005[2 d 005[2 d 006[3 d 009[6 d 005[0 d
C!5? 008[8 d 019[9 d 008[8 d 011[8 d 010[4 d 011[5 d
C!0ý 067[9 s 065[5$ s 56[8 t 014[8 s 014[2 s *
C!1ý 56[6 d 57[1 d 69[7 d 007[9 d 001[3 d *
C!2ý 26[6 t 26[5 t 22[8 t 035[1 s 037[6 s *
C!3ý 64[8 d 64[8 d 79[2 d 037[4 s 049[2 s *
C!4ý 63[5 d 63[5 d 68[8 d 005[3 d 001[4 d *
C!5ý 62[5 d 62[5 d 79[7 d 014[9 d 013[6 d *
C!6ý 60[9 d 60[9 d 73[1 d 018[1 d 016[4 d *
C!7ý 60[2 t 60[2 t 55[1 t 028[3 s 026[7 s *
C!8ý * * * 056[9 s 053[0 s *
R1OCH2 * 41[3 q * * * *
R0 * * * * 41[1� q *
R1 * * * * 41[2� q *
R2 * * * * 44[3 q *
R3\ R6 * * * * 45[9$ q *
R4\ R5 * * * * 44[7$ q *
R7 * * * * 40[6 q *

Assignments con_rmed by 0HÐ02C COSY and HMBC[
�\ $Values may be interchanged within the same column

the ether sequence\ both minimizing the 2J coupling
constant ð4Ł[ Because an ether!bearing carbon should
resonate at lower _eld than a free alcohol ð4Ł\ we had
to analyze the 02C data of the C!7 moiety[ The lowest
shift was found for C!6ý at 73[1\ which therefore
should be part of the ether linkage[ The second carbon
atom of the ether could be only C!3ý\ C!1ý or C!0ý\ of
which C!3ý showed the lowest shift[ Therefore\ the
ether group connects C!6ý with C!3ý\ furnishing a
tetrahydrofuran ring[ The linkage of the subunits
could be con_rmed from the HMBC data\ in which
H!7ý showed a correlation with C!8[ Additionally\
a NOESY experiment was carried out to reveal the
stereochemistry of the C!7 moiety "Fig[ 2#[ H!3ý
showed a correlation with H!4ý\ as well as H!5ý with
H!6ý[ Cross!peaks between H!4ý and H!5ý could not
be observed[ If we arrange the tetrahydrofuran ring in
the 1T2 conformation\ frequently shown for furanoses\
the absence of a correlation between H!4ý and H!5ý
could only be explained by a quasi!axial arrangement

Fig[ 2[ Conformation and signi_cant NOESY correlations
of compound 5[

of these protons[ The coupling constant of H!4ý and
H!5ý\ each J � 00[5 Hz\ con_rmed this assumption[
Thus\ the neighbours H!3ý and H!6ý should show a
quasi equatorial position[ Because of the structural
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similarity with 3\ compound 5 was named trilobatin
B[

Compound 6 showed in the negative FAB mass
spectrum a ðMÐHŁ− at m:z 426\ in agreement with a
molecular formula C16H19O01[ The 0H and 02C NMR
spectra "Tables 2 and 3# showed again the phen!
yldihydronaphthalene moiety[ Furthermore\ there are
nine additional carbons\ viz\ a carboxyl group and
eight partially oxygen!bearing\ ole_nic or aromatic
carbons[ The 0H NMR spectrum showed the typical
signal pattern of a 0\2\3!trisubstituted aromatic sys!
tem and a singlet belonging to a trisubstituted double
bond\ conjugated to the aromatic ring[ Since there are
no further carbon atoms with a free valency\ the fourth
substituent of the double bond should be an oxygen
atom[ From the 0HÐ0H COSY\ 0HÐ02C COSY and
HMBC\ as well as comparison with the published
NMR data ð5\ 6Ł\ the structure of 7ý!O!substituted
ca}eic acid was established[ The con_guration of the
ole_nic bond at C!6ý!C!7ý was Z\ based on com!
parison between the chemical shift of the ole_nic pro!
ton H! 6ý with those of corresponding protons of
known compounds ð5Ł "Z!form] dH6[19\ E!form] dH

5[77# with analogous partial structures[ The con!
nection of the 7ý!O!substituted ca}eic acid with the
lignan moiety could result from an ester or an ether
bond[ Since there were no conclusive spectroscopic
data supporting the linkage\ chemical derivatization
of 6 was necessary[

Methylation of 6 a}orded the octamethyl derivative
6a "positive FAB mass spectrum\ ðM¦HŁ¦ m:z 538\
in accordance with the molecular formula C24H25O01#[
The 02C spectrum of 6a "Table 2# indicated the pres!
ence of _ve aromatic methoxyl groups and three car!
boxy methyl groups[ Therefore\ C!7ý of the ca}eic

Table 3[ 0H NMR spectral data for compounds 6 "CD2OD# and 6a "CDCl2#

H 6 6a

Lignan moiety
H!0 3[26 d "0[7# 3[36 d "1[8#
H!1 2[62 d "0[7# 2[61 d "1[8#
H!3 6[30 s 6[41 s
H!4 5[60 s 5[64 s
H!7 5[36 s 5[38 s
H!1? 5[32 d "0[3# 5[32 d "1[9#
H!4? 5[64 d "7[0# 5[67 d "7[3#
H!5? 5[48 dd "7[0\ 0[3# 5[42 dd "7[3\ 1[9#
7ý!O!substituted ca}eic acid moeity
H!1ý 6[12 d "0[5# 6[22 d "0[6#
H!4ý 5[63 d "7[2# 5[66 d "7[3#
H!5ý 6[90 dd "7[2\ 0[5# 6[01 dd "7[3\ 0[6#
H!6ý 6[19 s 6[15 s
R1OCH2

R0\ R7 * 2[56 s
R1 * 2[43 s
R2 * 2[57 s
R3 * 2[69 s
R4\ R5\ R6 * 2[73 s

Coupling constants "J in Hz# in parentheses

acid moiety must be connected to one of the phenolic
oxygens of the lignan subunit via an ether[ Con!
_rmation of the ether bond was given by the HMBC
spectra of 6a^ the methoxyl protons of R4\ R5 and R6

showed correlations with carbon atoms C!3?\ C!2 and
C!3ý[ Furthermore\ there were cross!peaks between
the signals of the methyl groups R2 and R3 with the
quaternary carbon atoms C!5 and C!6[ Since no 2J
long!range correlations were observed between a
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methoxyl group and C!7ý or C!2?\ only a linkage
between these two carbons via an oxygen was possible\
establishing the complete structure of 6[ Similar com!
pounds are known from Melissa of_cinalis\ melitric
acid A ð5Ł\ and Salvia cavaleriei ð6Ł\ salvianolic acid\
which show an ether linkage between the hydroxyl
group at C!7ý of a 7ý!O!substituted ca}eic acid and the
phenolic oxygen at C!3? of a rosmarinic acid moiety[

Compound 7\ bazzania acid\ was obtained as an
oil[ Its DCI mass spectrum "ðMŁ¦ m:z 397# and NMR
spectral data were in agreement with a molecular for!
mula of C07H05O00[ The signals of the 0H NMR spec!
trum "Table 4# integrated for nine protons[ Five of
these resonated in the region of conjugated double
bonds or aromatic rings[ The signal with the highest
down!_eld shift gave rise to a doublet "H!3#\ followed
by a higher order spin!system integrating for three
protons "H!1?\ H!4? and H!5?# and a singlet "H!4#[ The
aliphatic protons region showed resonances for four
protons "H!0^ H!1^ 1×H!7#[ The 02C NMR spectrum
"Table 2# showed 07 signals\ four of them carboxylic
carbons\ ten due to aromatic or ole_nic carbons and
four to aliphatic carbons\ including one quaternary\
oxygen!bearing carbon[ The 0HÐ0H COSY\ 0HÐ02C
COSY and HMBC "Fig[ 3# revealed the complete
constitution of 7 indicating that it is formally an oxi!
dation product of 0[ The relative con_guration was

Table 4[ 0H NMR spectral data for compound 7

H 7

H!0 2[17 d "00[2#
H!1 3[01 dd "00[2\ 1[1#
H!3 6[60 d "1[1#
H!4 5[11 s
H!7 1[79 d "4[5#
H!1? 5[70 s "br#
H!4? 5[66 m
H!5? 5[66 m

Coupling constants "J in Hz# in parentheses^ signals indi!
cated as m were unresolved or overlapped multiplets

Fig[ 3[ Signi_cant HMBC couplings of compound 7[

determined by a NOESY experiment and the coupling
constants shown in the 0H NMR spectrum[ The mag!
nitude of J0\1 "00[2 Hz# revealed for H!0 and H!1
a quasi axial position\ implying a quasi equatorial
position of the carboxyl group C!09 and the aryl sub!
stituent of C!0[ This part of the structure showed the
same relative con_guration as that found in 0[ The
stereochemistry of the quaternary centre C!7a was
deduced from the NOESY spectrum[ H!7 showed a
cross!peak with H!1 due to an axial!axial arrange!
ment^ however\ there was no correlation with H!0[
Thus\ the hydroxyl function at C!7a had to be equa!
torial[ The NOESY cross!peak between H!3 and H!4
con_rmed the 3aE!geometry[ On basis of the above
evidence\ the molecular structure and relative con!
_guration of 7 was established[

A possible biosynthetic pathway for 7 is shown in
Fig[ 4[ Oxidative cleavage of the ene!diol structure of
the dihydronaphthalene system 0 by an intra!
dioldioxygenase could lead to the formation of two
carboxyl functions\ whereby the geometry of the
remaining double bonds are retained[ The subsequent
addition of H1O\ proceeding in Markownikow!orien!
tation\ would lead to the formation of bazzania acid[

EXPERIMENTAL

Solvents used for spectral measurements] MeOH!
d3\ CDCl2 "only for 6a# ð0H NMR] 399 MHz\ 02C
NMR 099 MHz for 0D spectra\ 499 MHz and 014
MHz for 1D spectraŁ[ Chemical shifts are given in d

relative to CH2OD at dH 2[2 or CD2OD at dC 38[9\
respectively\ to CHCl2 at dH 6[13 or CDCl2 at dC 66[9[
MeOH "UV\ rotation#[ IR] KBr[

Plant material

Bazzania trilobata "L[# S[F[ Gray was collected in
Wei)kirchen\ Saarland\ Germany\ during March
0883[ The plant was identi_ed by Prof[ R[ Mues at the
Institute of Botanik der Universita�t des Saarlandes\
Saarbru�cken\ Germany\ and a herbarium specimen
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Fig[ 4[ Possible biosynthetic pathway of compound 7[

with the voucher number 39 is deposited at Phar!
makognosie und Analytische Phytochemie\ Univ!
ersita�t des Saarlandes\ Saarbru�cken\ Germany[

Extraction and isolation

Air!dried\ powdered plant material "829 g# ð1Ł was
_rst extracted with Et1O and then with MeOH[ The
MeOH extract was evapd in vacuo and distributed
between EtOAc and H1O[ The organic layer was
evapd in vacuo and chromatographed on Sephadex
LH!19 using MeOHÐCH1Cl1 "3]0# to yield 4 frs[ Fr[
1 was chromatographed on diol!modi_ed silica gel via
VLC using a hexaneÐEtOAcÐMeOH gradient yielding
3 frs\ 1[0Ð1[3[ Further puri_cation of fr[ 1[2 by HPLC
"LiChrospher Diol\ 4 mm\ tert[ butylmethyletherÐ
MeOH\ 38]0# a}orded bazzania acid "7# "13 mg#[ Fr[
1[3 yielded after HPLC separation "LiChrospher Diol\
4 mm\ EtOAcÐMeOH\ 38]0# and subsequent puri!
_cation "LiChrospher Diol\ 4 mm\ EtOAcÐMeOH\
86]2# trilobatin A "3# "68[4 mg#\ trilobatin A!0ý!
methyl ester "4# "16 mg# and trilobatin B "5# "01[4 mg#[
Fr[ 2 was also chromatographed on diol!modi_ed sil!
ica gel via VLC with a n!hexaneÐEtOAcÐMeOH gradi!
ent to a}ord 1\2!dicarboxy!5\6!dihydroxy!l!"2?\3?!
dihydroxyphenyl#!0\1!dihydronaphthalene "0# "397
mg# and fr[ 2[0[ Further HPLC separation of 2[0
"Spherisorb ODS 0\ 4 mm\ MeOHÐH1O\ 02]06¦0)
HCO1H# gave trilobatin C "6# "56 mg#[ Fr[ 3 was
chromatographed as described above via VLC and
further separated using HPLC "LiChrospher Diol\ 4
mm\ n!hexaneÐEtOAc\ 0]8# to yield 2!carboxy!5\6!

dihydroxy!l!"2?\3?!dihydroxyphenyl#naphthalene "1#
"09[4 mg#\ and 4\4ý!bisð1\2!dicarboxy!5\6!dihydroxy!
l!"2?\3?!dihydroxyphenyl#!0\1!dihydronaphthaleneŁ
"2# "48 mg#[ "Spherisorb ODS 0\ 4 mm\ MeOHÐH1O\
2]06¦0) HCO1H[#

Methylation of compound 6

A mix[ of 6 "19 mg#\ CH2I "9[0 ml# and K1CO2 "79
mg# in DMF was stirred for 04 h at 49>[ The insol[
material was then _ltered o} and _ltrate evapd to
dryness to a}ord 6a "12 mg#[

Compound 2[ ðaŁ19
D −095[0 "MeOH^ c 9[48#[ IR n

cm−0] 2299\ 0699\ 0509\ 0489\ 0414\ 0349\ 0259\ 0174\
0199[ UV lmax nm 141\ 218^ lmin 139\ 187[ 0H NMR]
Table 0[ 02C NMR] d "each signal correspond to 1C#]
36[4 "d#\ 38[7 "d#\ 004[5 "d#\ 005[5 "d#\ 006[9 "d#\ 019[2
"d#\ 012[3 "s#\ 012[5 "s#\ 013[1 "s#\ 020[6 "s#\ 025[4 "s#\
026[6 "d#\ 033[0 "s#\ 033[8 "s#\ 035[9 "s#\ 038[2 "s#\ 069[8
"s#\ 065[7 "s#[ FAB!MS] ðMÐHŁ− m:z 602[

Compound 3[ ðaŁ19
D −74[2 "MeOH^ c 9[68#[ IR n

cm−0] 2299\ 0699\ 0509\ 0489\ 0419\ 0349\ 0259\ 0174\
0129\ 0199[ UV lmax nm 141\ 227^ lmin 125\ 167[ 0H
NMR] Table 1[ 02C NMR] Table 2[ FAB!MS]
ðM¦HŁ¦ m:z 452[

Compound 4[ ðaŁ19
D −64[2 "MeOH^ c 9[16#[ IR n

cm−0] 2299\ 0699\ 0509\ 0489\ 0419\ 0349\ 0259\ 0174\
0129\ 0199[ UV lmax nm 142\ 227^ lmin 124\ 166[ 0H
NMR] Table 1[ 02C NMR] Table 2[ FAB!MS]
ðM¦HŁ¦ m:z 466[

Compound 5[ ðaŁ19
D −24[8 "MeOH^ c 9[01#[ IR n

cm−0] 2299\ 0699\ 0509\ 0489\ 0419\ 0349\ 0259\ 0174\
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0129\ 0199[ UV lmax nm 142\ 223^ lmin 117\ 179[ 0H
NMR] Table 1[ 02C NMR] Table 2[ FAB!MS]
ðM¦HŁ¦ m:z 438[

Compound 6[ ðaŁ19
D −79[0 "MeOH^ c 9[56#[ IR n

cm−0] 2299\ 0699\ 0509\ 0489\ 0419\ 0349\ 0259\ 0174\
0129\ 0199[ UV lmax nm 136\ 207^ lmin 125\ 163[ 0H
NMR] Table 3[ 02C NMR] Table 2[ FAB!MS] ðMÐ
HŁ− m:z 424[

Compound 6a[ 0H NMR] Table 3[ 02C NMR] Table
2[ FAB!MS] ðM¦HŁ¦ m:z 538[

Compound 7[ ðaŁ19
D −05[4 "MeOH^ c 9[13#[ IR n

cm−0] 2299\ 0699\ 0599\ 0409\ 0349\ 0259\ 0174\ 0199[
UV lmax nm 165^ lmin 133[ 0H NMR] Table 4[ 02C
NMR] Table 2[ DCIMS] ðMŁ¦ m:z 397[
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