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3C NMR shielding data for about 300 compounds are tabulated, and critical spectral features are discussed
as a guide to the use of the technique in structure elucidation and stereochemical allocations of lignan,
neolignan and their derivatives. Unanalysed reported data have been analysed and, wherever necessary, >C
signal assignments have been revised on the basis of more recent evidence and to obtain consistency

throughout the series.

The term lignan was introduced by Haworth? around
1940 for a category of plant products having a com-
mon constitutional feature of two Cg—C; (n-
propylbenzene) residues linked by a bond connecting
the central () carbon atoms of each side-chain. In
1969, McCredie et al.® proposed that the definition of
lignans should be extended to cover all natural pro-
ducts of low molecular weight that arise primarily
from the oxidative coupling of p-hydroxyphenylpro-
pane units. The term neolignan was introduced to
designate compounds in which the two C¢—C; units are
not linked by a B—p’ bond.* According to the most
recent definition, lignans are formed by oxidative cou-
pling of cinnamyl alcohols and/or cinnamic acids,
whereas neolignans are formed by oxidative coupling
of 1-propenylphenols and/or allylphenols.” Lignans
and neolignans have attracted much interest over the
years, both on account of their widespread occurrence
in nature® and their broad range of biological ac-
tivities” (anti-tumour substances, hypertensive, seda-
tive and anti-bacterial activity, plant germination in-
hibitors, growth inhibitors and antifungal agents). Of
possibly even greater importance is the recent isola-
tion of lignans from animals, including humans.® As a
consequence, various reviews® have appeared, includ-
ing a book,® covering the literature up to 1976 and
dealing with various aspects of this class of natural
products. The most recent review deals with the synth-
esis of these compounds.*®

From a survey of the literature it is evident that,
after the appearance of the first report*® in 1974, *C
NMR spectroscopy has played a distinctive role in
structure elucidation and assignment of stereochemis-
try, and has also contributed to the revision of some
structures which were derived from limited informa-
tion gained from 'H NMR and MS data. *>C shielding
data, however, are still scattered in the literature and
so far there is no systematic compilation. This may be
one of the reasons why most publications dealing with

*13C NMR spectral Investigations, Part 9. For Part 8, see Ref. 1;
for Part 5, see Ref. 63.
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the isolation and chemical investigation of such com-
pounds ignore *C NMR spectral analysis, despite its
potential. A review of the available **C NMR litera-
ture for this important class of natural products was
therefore considered to be timely. The assignments in
some cases have been revised in the light of more
recent evidence. Similarly, based on various facts, the
stereochemistry of some of the compounds has been
assigned and/or revised.

Instrumental and theoretical aspects of the '3C
NMR technique are not discussed here because de-
tailed information is already available.*** In general,
C NMR spectra are recorded with proton-noise
(broad band) decoupling, which leads to loss of split-
ting owing to >C,*H interactions and, hence, the **C
signals appear as narrow singlets. Information regard-
ing the number of attached H atoms to each C atom
can be obtained by single frequency off-resonance
decoupling (SFORD), where all CH couplings are
reduced to such an extent that only the largest coupl-
ing constants [*J(CH)] give rise to small residual split-
tings. (J, r) with gated decoupling, each C exhibited
splitting due to one- and multiple-bond interactions.
In some cases, both techniques lead to signal overlap.
New techniques, such as the recording of J-coupled
spin echoes,'® attached proton polarization transfer
(INEPT) and distortionless enhancement by polariza-
tion transfer (DEPT), have therefore been developed,
where information on the number of attached hyd-
rogens to an individual C atom can be inferred from
the signal phases and intensities.””

Lanthanide shift reagents (LSR) have been increas-
ingly used to simplify NMR spectra and for the pur-
pose of *C signal assignments; however, their applica-
tion to lignans is limited owing to their multifunctional
behaviour. Recently, we have shown that Yb(fod); is a
very suitable **C NMR shift reagent with many advan-
tages over other LSRs, and is of wide applicability
owing to its definitive pattern of normalized shift
values (RS values). For podophyllotoxin® it com-
plexed preferentially to the trimethoxy grouping (C-
4/C-a) rather than to the lactone carbonyl and hyd-
roxyl groups (Fig. 1).
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Figure 1. Yb{fod),-induced '3C NMR shifts [C-a (C-4) in ppm, S;
other carbons in %, RS] in podophyllotoxin.

All the '*C shielding data for over 300 compounds,
reported up to 1982, have been classified into different
groups for convenience of discussion.® The term mis-
cellaneous lignan has been used for those dimeric
molecules formed from coupling of one C¢—C; unit
with some member of another category of natural
products such as flavonoids, xanthones and coumarins.
These could be classified further according to the
name of the adjoining non-lignan moiety.

The whole of the representation has been divided
into three major parts. The first part (Sections 1-6)
deals with a general discussion, divided into sub-
categories for lignan and neolignan derivatives. The
second part (Section 7) discusses the effect of derivati-
zation, such as acetylation, methylation and glycosyla-
tion, on the chemical shifts for spectral assignments
purposes, and the *>C chemical shift data of all the
compounds are tabulated in the last part (Section 8,
Table 1).

The classification of lignan and neolignan deriva-
tives in Sections 1-6 is as follows.

1. Lignan
1.1. Derivatives of butane
1.2. Derivatives of butanolide
1.3. Derivatives of tetrahydrofuran
1.4. Derivatives of 3,7-dioxabicyclo[3.3.0]octane
2. Cyclolignans
2.1. Derivatives of tetrahydronaphthalene
2.2. Derivatives of tetrahydronaphthalene lactone
2.3. Derivatives of naphthalene lactone
3. Isolignan and benzofuran types of neolignan
3.1. Derivatives of dihydrobenzofuran
3.2. Derivatives of benzofuran
4. Dibenzocyclooctadiene lignan

4.1. R-Biphenyl configuration

4.2. S-Biphenyl configuration
5. Neolignan

5.1. Hydrobenzofuranoid type
Benzodioxane type
Bicyclo[3.2.1]octane type
Carinatane type
. Heterotropanone type
Asatone type
. Other types
6. Miscellaneous lignans

6.1. Flavonolignan

6.2. Xanthonolignan

6.3. Coumarinolignan

G
Nobrbibd
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1. LIGNAN

This category is characterized by its typical -8’ or C-
8-C-8' coupling of two C4—Cs units, which may un-
dergo additional couplings to generate various skeletal
types. These have therefore been grouped into the
following sections.

1.1. Derivatives of butane

The C-8-C-8' coupling of the two C¢—C; units results
in the formation of disubstituted (methyl or hydroxy-
methyl) diarylbutane derivatives in which, commonly,
vicinal substituents possess a trans-stereochemical re-
lationship. In a few cases the hydroxymethyl grouping
is modified to a methoxymethyl grouping, as in phyl-
lanthin (8), which introduces into the spectrum a dis-
tinctive signal at ca 58 ppm, corresponding to the
aliphatic OCH; function.*?

.
7 I% Me
Vé Ar?

CH,OR

CH,OR

Ve Ar!

=Ar’=Gu, R=H

= Ar?=GuAc, R=Ac

=Gu, Ar’=Ve, R=H

=GuAc, Ar’=Ve, R=Ac

1=Ar’=Ve, R=H
Ar'=Ar’=Ve, R=Ac

8 Ar'=Ar?=Ve, R=Me

9 Ar'=Ar’=Pi, R=H

10 Ar'=Ar?>=Pi, R=Me

11 Ar'=Ar*=Pi, R=Ac

e

=

>EZEE

CH,
OMe

MeO

An additional a—a’ or C-7-C-7' coupling gives rise
to cyclobutane types of lignans in which the relative
stereochemistry could be deduced by comparison with
the *C shielding data reported for cyclobutane deriva-
tives.2>° Thus, the appearance of the 9,9’-CHj signal at
19.3 ppm in acoradin®* (12) suggests a trans orienta-
tion of the methyl groups; hence, the stereochemistry

* See footnote to Table 1 for abbreviations used in formulae.
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of acoradin could be depicted as shown in 12. By
analogy, the *C spectral data®>* for heterotropan (13)
could be analysed.

1.2. Derivatives of butanolide

Usually, benzyl substituents on a butyrolactone moiety
possess a trans relationship, and the '*C resonances
for C-7 and C-7' were observed at 38.3+0.7 and
34.5+0.3 ppm, respectively, while these were shielded
by about 4-5 ppm in cis compounds,?®® e.g. isoarctige-
nin monoacetate (34), owing to <y-steric interactions
between the methylenic hydrogen atoms. Hence, the
relative configuration of the diarylbutyrolactone lig-
nans could be determined. >C NMR spectral data
reported®®* for yatein (19b) indicate the chemical shift
of 3"-OMe at 65.1 ppm, which is unusually downfield
even in the presence of one free ortho-position;
moreover, it should be equivalent in its shielding
pattern to 5"-OMe (56.1 ppm) (this may be a printing
error and, hence, we have reported it as 56.1 instead
of 65.1 ppm).

14 Ar'=Ar?=Gu
15 Ar'= Ar?2=GuAc
17 Ar'=Pi, Ar=Gu 16

18 Ar'=Pi, Ar’=GuAc

19 Ar'=Ar*=Ppj H

20 Ar'=Tp, Ar2=Gu N :

21 Ar'=Tp, Ar®=Ve Ar O
22 Ar'=Tp, Ar’=GuAc
23 Arl=Ar’=Ve

24 Ar'=Ve, Ar2=Tp

25 Ar'=Ve, Ar2=Gu

H O
Ve
R ()
H
Ve Ar!
26 R=0H 28 Arl=Ar’=Gu, R=0H
27 R=0Ac 29 Ar'= Ar’=GuAc, R=0Ac
30 Arl=Ar’=Ve, R=0H
31 Arl=Ar’=Ve, R=0Ac
32 Ar'=Ar?=Pi, R=0H
33 Ar'=Ar?2=Pi, R=0Ac
g O
GuAc o
R
H
Ve
34 R=H 36 Ar’=Gu, R'=R?=H
35 R=0Ac 37 Ar’=GuAc, R'=H, R?*=Ac

38 Ar2=Gu, R'=0H, R>=H
39 Ar2=GuAc, R'=0Ac, R?=Ac

R2
OH®

Ve o Ve O O

OHpP 7P

Rl
Ve
40 R'=H, R?=0H
41 R'=0H, R’=H

The comparison of the shifts for methylarctigenin
(23) with 7-hydroxymatairesinol dimethyl ether (30)
provided the SIS (substituent-induced shifts), i.e. 37.0,
3.2 and 2.6 ppm downfield for C-7, C-1' and C-8, and
upfield shifts of 2.8 and 1.5 ppm for the C-9 and C-8§'
signals, respectively, due to the introduction of the
hydroxy group at C-7.2%

Introduction of a hydroxy group on the adjacent
position (C-8") to the butyrolactone carbonyl [arctige-
nin (25) to trachelogenin (36)] causes a 30 ppm down-
field shift of C-8, an unsymmetrical B-effect of
+7.4 ppm for the 7'-methylene and +2.8 ppm for the
8-methine, and a negligible effect on the carbonyl
shift. An interesting upfield shift (ca 4 ppm) for the
signal of C-1', even in the absence of a y-hydrogen
atom, provided a means of differentiating the C-1 and
C-1' signals, and hence definitive assignments for these
carbons could be achieved.

The assignment of the signals of 109.04 and
121.87 ppm to an oxyaryl carbon (C-5") and to an
arylmethine (C-6'), respectively, of the 3'4',5'-tri-
methoxybenzylidene unit of nemerosin (43b), reported
by Turabelidze et al.,”®® seems to be untenable since
C-3, C-5" and C-2', C-6' should be magnetically equi-
valent as observed in other similar cases; therefore,
the assignments have been revised for the carbon
atoms of the piperonyl and trimethoxyphenyl moieties.

1.3. Derivatives of tetrahydrofuran

These compounds can be grouped into the following
three types.

1.3.1. 7,7-Monoepoxy lignan. In general, an axial
orientation of an aryl ring leads to a 5.5+0.6 ppm
shielding of the functional a-carbon in comparison to
its equatorially substituted equivalent carbon. The ben-
zyloxy carbons were observed at 82+ 0.8 ppm in the
case of an axially oriented aryl ring and at
87.2+0.7ppm for equatorial substitution. Thus, the
chemical shifts of these carbon atoms is sensitive to
the orientation of the aryl rings and could be of
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49 50 R=CH,OH
51 R=COOC,H;
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P® O" “pn ve 07 “ve
51a R=COOC,H, 52

diagnostic importance for the conformational analysis
of such systems.>* The C-9 and C-9' carbon atoms,
either as methyl or hydroxymethyl groups, substituted
on the tetrahydrofuran nucleus also show shielding
dependence on the mutual stereochemical relationship
and, hence, trans-oriented vicinal substituents exhibit
higher a-effects than the cis-epimer. The C-8,8' signals
were observed®®® at 50.9ppm in galbacin (44),
443 ppm in galgravin (45) and 41.2 in di-O-
methyltetrahydrofuroguaicin B (48). This shielding
variation could be correlated to the mutual cis or trans
vicinal interactions as well as to the disposition of the
hydrogen on these carbons with respect to the aryl
substituent. A higher shielding has been observed if the
hydrogen on C-8 has a trans relationship with respect
to the aromatic ring.

The proposed configurational assignments for synth-
etic lignans 50 and 51 which were reported to possess
symmetrical trans—meso structures,>® have been re-
vised based on these observations. The chemical shift
of the oxybenzylic carbon suggests a pseudo-axial
orientation of the aryl rings, thus the r-2, 3¢, 4c, 5t
forms T, and V, of the cycle of pseudo-rotation
(CYCLOPS)**® represents the most probable confor-
mations. Similarly, the unsymmetrical pattern of the
tetrahydrofuran ring signals led to the proposal of the
r-2, 3¢, 4t, 5t form for 5la.

1.3.2. 7,9-Monoepoxy lignan. In this category, the
13C resonance for C-7 was found at 82.6+0.3 ppm.
Probably, this reflects a preferred axial orientation of
the aromatic ring owing to the resemblance of the shift
to those of 7,7'-monoepoxy lignans (see above). The
hydroxy substitution at 7' andfor 8 shows the ex-
pected shift change.

392 MAGNETIC RESONANCE IN CHEMISTRY, VOL. 23, NO. 6, 1985

; OH
g 2L
ups: o,
ROH,CY ° 7V HOH,C’
Art Gu

53 Ar'=Ar2=Gu, R=H 55f
54 Ar'=Ar’=GuAc, R=Ac OR
55 Ar'=Ar’=Ve, R=H OR
55a Arl=Ar’=Ve, R=Ac :
55b Ar'=Gu, Ar’=Ve, R=H Pi

55¢ Ar'=GuAc, Ar*=Ve, R=Ac
55d Ar'=Ve, Ar’=Gu, R=H

55¢ Ar!=Ve, Ar?=GuAc, R=Ac ROH,C :

Pi
56 R=H
57 R=Ac

1.3.3. 9,9-Monoepoxy lignan. The *C shifts for C-
7,7, C-8,8 and C-9,9" vary significantly depending on
the stereochemical relationship between the benzyl
substituents, and are indicative of the stereochemical
assignments. In cis- (60) and trans-burseran (61) these
carbon signals were downfield in the trans compared

Art AP Art AP
58 Ar'=Ar’=Gu 60 Ar'=Tp, Ar’=Pj
59 Ar'=Ar’>=HdAc
61 Ar'=Tp, Ar>=Pi
62 Ar'=Ar’—Pi

O OR

RO

Art AR
63 Ar'=Ar?=GuAc, R=Ac

with the cis isomer owing to steric interactions in the
latter.>®* The epimeric shift difference (61—60) was
5.9+0.1,2.7+0.3 and 1.2+0.1 ppm for C-7,7', C-8,8’
and C-9,9', respectively. Hence, with the consistency
of the shielding of these signals,’® a trans
stereochemistry could be proposed for 58, 59 and 62,
which is in agreement with the similar behaviour re-
ported for cis- and trans-2,3-dimethyltetrahydro-
furan.?s®

1.4. Derivatives of 3,7-dioxabicyclo[3.3.0] octane

3C NMR spectrometry has proved to be very useful
for determining the structure and stereochemistry of
these lignans. The values of the chemical shifts for C-1
and C-1', in particular, are characteristic of the
stereochemistry of the attachment to the basic skele-
ton.*! Thus, the chemical shift of C-1 of equatorial
3,4-dimethoxyphenyl, 3,4-methylenedioxyphenyl and
3,4,5-trimethoxyphenyl groups are in the ranges
133.4-134.1, 134.9-135.6 and 136.6-137.6 ppm, re-
spectively, whereas for a similar axial substituent they
appear at 130.8-131.4, 132.6 and 134.1 ppm, respec-
tively. This indicates an average shielding increase of
2.3-3.0 ppm for C-1 in going from an equatorial to an
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64 Ar'=Ar*=Hy

65 Ar'=Ar>=Gu

66 Ar'=Ar’=GuAc
67 Arl=Ve, Ar*=Gu
68 Ar'=Ve, Ar'=GuAc 80 Ar!=Ar*=Gu, R“Rz OMe

76 Ar'=Ar?=Pi, R® =OH, R®>=H
77 Ar'=Ar?=Pi, R'=0Ac, R>=H
78 Ar'= Ar’=Gu, R}=R?=OH
79 Ar'=Ar?=GuAc, R'=R?=0Ac

69 Ar'=Ar?=Ve
70 Ar'=Ar?=Ve
71 Arl= Ar?=Pi
72 Ar'=Pi, Ar’=Ve
73 Ar'=Ar?=Tp
74 Ar'=Ar?=Hd
75 Ar'=Pi, Ar*=Tp

81 Ar'=Ar?=GuAc, R'=R*=0OMe
82 Ar'=Ar’=Pj, R'=R?=OH

83 Ar'= Ar’=Pj, R'=R*=OAc
84 Ar'=Ar’=Ve, R'=R?=0OH

85 Ar'=Ar’= Ve, R'=R*>=0Ac
86 Ar'=Ar’=Ve, R'=R*>=0OMe

87 R'=R*=H, R>=0OH
88 R'=R*=H, R?>=0Ac
89 R'=R*=OH, R*=H
93 R'=H, R?= R*=OH
94 R'=H, R>=R’=OH
95 R'=H, R?=R*=OAc

Pi.. _O._ ..OR
RO-- Gu.. O
0~ p;i HO -- --OH
91 R=H 0" Gu
92 R=Ac 9%

axial aryl substituent. The same is true for the epi
series, in which, when any of the aryl groups change
from an equatorial to an axial position, there is an
average upfield shift of 2.5-2.7 ppm for the C-1 signal.
These criteria, therefore, could be used to establish
the stereochemistry of both the aryl groups in the
molecule.

The chemical shifts for C-7,7', C-8,8 and C-9,9" are
also dependent on the stereochemistry of the
molecule. In compounds 64-75 with both aryl groups
equatorially oriented, these carbon atoms appeared in
the ranges 85.3-85.9, 53.7-54.4 and 71.3-72.0 ppm,
respectively. On the other hand, these signals were
observed at 83.9, 49.5 and 68.7 ppm, respectively, in
dieudesmin (126), which is the only example with both
aryl groups axially oriented.** These shifts remain
unaltered on the acetylation of the phenolic hydroxyl
groups.

The hydroxy group in 9- or 9'-monohydroxylated or
9,9'-dihydroxylated compounds,*>* such as in some
of the 76-86 series, causes downfield shifts of
29.0+0.5 and 7.3+0.6 ppm of the «- and B-carbons,
respectively, while C-1 shows a downficld shift of
1.5+0.7 ppm. In 8-hydroxy compounds, as in paulow-
nin** (87), the hydroxy group causes downfield shifts
of 37.5, 1.9 and 6.4 ppm for C-8, -7 and -8, respec-
tively, and an upfield shift of ca 5.5 ppm for C-1, with
no significant effect on the remaining carbons. Intro-
duction of a further hydroxy group at C-7, which

R3
RO

MeO

OMe

OR!
R2
97 R'=Gly, R®>=R*=R*=H
98 R!=Glu(OAc),, R>=R*=R*=H
99 R'=Glu, RZ=R3=H, R*=Me
100 R!=R*=Glu, R2=R*=0Me

OMe .
Pii o
R3O0 :
HO—+O<—0H
. O,
(O
H-p—-OR* 108
.- OMe
7 EI
OR!
101 R'=Glu, R>=Ac, R*=H
102 R!'=Glu, R?= Ac R3=Me
103 R'=Glu, R?=R*=H
104 R'=Glu, R?>= H, R3>=Me
105 R = Glu(OAc),, R?=H, R*=Me
106 R'=Glu(OAc),, R>=Ac, R®*=Me
107 R!'=Glu(OAc),, R2=R3*=Ac
Ve,
c--OH
O Ve
109 Arl=Ar?>=Ve, R=H 114

110 Ar'=Ar?=Ve, R=H
111 Ar!'=3-OH-4-OMe-Ph, Ar?=Pi, R=H Pl
112 Ar'=Ar?2=Pi, R=H

113 Ar'=Ar’=Ve, R=0H

118 Ar'=Pi, Ar*=Tp, R=H
119 Ar'=Ve, Ar’=Tp, R=H
120 Ar'=Gu, Ar’=Ve, R=H
121 Ar'=Gu, Ar’=Ve, R=H
122 Ar'=GuAc, Ar2=Ve, R=H
123 Ar'=GuAc, Ar’=Ve, R=H

115 R=H
116 R=CH,

124 R'=Glu, R>=H
125 R'=H, R*=Glu

Gu, O
H H
(@) 'Gu
128
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129 R=H
130 R=0OH

131 Ar'=Ar?=Pi

132 Ar'=Ar’=Gu

133 Ar'=Ar’=Ve

134 Ar'=Ar?=GuAc
acquires a pseudo-axial orientation as in isoarboreol®’
(89), leads to downfield shifts of 15.2, 3.3, 5.2 and
5.6 ppm for C-7, -8, -9 and -1, respectively.

Chiba et al.*® isolated phillyrin (125), a 4-O-
glucoside of phillygenin, from Forsythia suspensa and
assigned structure 120 to phillygenin. Banerji and
Pal*®* later isolated an identical compound from Piper
sylvaticum, and named it as sylvatesmin (121). A close
examination of the spectral data proved that these two
compounds are identical in all respects.

Pelter et al> assigned a signal at 108.8 or
108.5ppm to C-5 in pinoresinol (65), which is in
contrast to the assignments for pinoresinol at 114 ppm
reported by Fonseca et al.?* The latter signal at ca
114 ppm is characteristic of guaicyl-containing lignans.
The acetylation-induced shifts supported the assign-
ment at 114.4 ppm, as if the 108 ppm assignment were
correct then the ortho-downfield effect on C-5 due to
acetylation is 13.7 ppm, which is too high. Therefore,
the assignments reported in Ref. 21 are regarded as
standard for C-5.

A distinction between the two isomeric forms, A
and B, of 3,7-dioxabicyclo[3.3.0]octane lignans can be
deduced on the basis of the chemical shifts of C-7 and
C-7', as these are 1ppm to lower field in B in com-
parison with similar carbon atoms in the A series. In
general, C-7, 7' resonances appear at 85.8=+0.1 ppm
in the A series, and at 87.0+0.2ppm in the B
series. %52

O
g2 7
Ar O Ar
B

2. CYCLOLIGNANS

The usual C-8,8' coupling and, in addition, coupling of
an aromatic ring carbon atom of one C¢—C; unit with
C-7 of the other C¢—C; unit generates a tetrahyd-
ronaphthalene or naphthalene type of skeleton, which
constitute this category of lignans. These could be
classified into the following three types.

2.1. Derivatives of tetrahydronaphthalene

The C-9 atoms in this category may be methyl or
hydroxymethyl, which commonly possess a trans rela-
tionship with their vicinal substituent. A comparison
of the shifts for galbulin®* (135) with isolariciresinol
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4,4'-dimethyl ether®® (139) leads to the shifts induced
by hydroxy substitution at the 9,9'-methyl groups. This
indicated the usual «- and B-effects and significant
shielding, 6.2+ 0.3 ppm, of the y-carbon atoms C-7,7,
which could be valuable in evaluating a preferred
conformation.  Consideration of the phenyl
substituent-induced shifts resulting from the compari-
son of the *C data for 135 with trans-2,3-dimethyl-
tetralin,®® in conjunction with the shielding
(—2.4 ppm) of 3-CH,, leads to the prediction that 135
exists in a preferred conformer in which the aryl ring
and the methyl group acquire a pseudo-equatorial or
equatorial orientation, which is again in line with the
preferred equatorial orientation of the methyl groups
in trans-2,3-dimethyltetralin.??® The occurrence of se-
vere 1,3-diaxial interaction between the substituents
will certainly destabilize a conformer with axial sub-
stituents. An upfield shift (5.9-6.4 ppm) of C-7,7' due
to substitution of one of the methyl group hydrogens
by a hydroxy group (as in 139 compared with 135)

R’0

OR?

OR?

137 R*'=R?=R*=R*=H

138 R'=R?=R®=R*=Ac

139 R'=R?=H, R*=R*=Me

140 R*'=R?*=Ac, R®*=R*=Me

141 R'=R?2=R*=H, R®*=Me

142 R'=R?*=R*=Ac, R®*=Me

143 R1=R?=R3=H, R*=Me

144 R'=R?>=R3=Ac, R*=Me

145 R'=R?=R3*=R*=Me

152 R! = Xyl(OAc);, R?=R3>=R*= Ac

MeO ) CH,OR?
R?0 T CH,0OR?
OMe
MeO OMe
OR!

146 R'=R?>=H

147 R!'=R?=Ac

153 R'=Glu, R?=H

154 R'=Glu(OAc),, R?=H
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o CH,OMe
<o
CH,OMe

—

MeO R O R

o: ; ; "R OMé R
\’O Ve

Ve

OMe Ve
148 149 149a
R =CH,OMe
OH
MeO . ,CH,OH
MeO “CH,OH
Gu
151
MeOmcﬂon MeO )CHS
MeO " YCH,0OR  MeO “CH,
Hd Ve
155 R=Xyl 155a

gives information about the preferred rotamer popula-
tion of the CH,OH group. The most populated form is
one in which the hydroxy groups of the CH,OH
moieties acquire such a position in space that they
have a gauche relationship with C-7,7" and reduced
methylenic interactions between the vicinal CH,OH
groups.

The alcoholic methoxy group absorbed distinctively
at 58.0+0.4 ppm and, therefore, could be readily dis-
tinguished from the aryl methoxy groups (see below).

The structure of hypophyllanthin (149), based on
13C NMR spectral analysis,>** was revised to 149a;
however, x-ray analysis**® and synthetic studies®*® sup-
ported the alternative proposed structure 149.

2.2. Derivatives of tetrahydronaphthalene lactone

The cyclization of hydroxymethyl and carboxylic
group moieties at C-8,8' leads to the formation of a
lactone ring. The fusion of the lactone ring to the
tetrahydronaphthalene ring is normally trans, but in
some cases it may be cis. A distinction between the
two could be made on the basis of the 1>C shifts, as the
carbonyl signal exhibits a 3—4 ppm deshielding in the
case of the cis-epimer compared with that for the
trans-epimer.*® Introduction of a 7'-OH group causes
a chemical shift variation depending on the orientation
of the substituent. In epipodophyllotoxin (159) there
is a downfield shift of C-8.,9' compared with
podophyllotoxin (157), which shows that the 7'-OH
group acquires a pseudo-axial orientation in 159 com-
pared with a pseudo-equatorial orientation in 157.%®

In some cases the lactone carbonyl, C-9', becomes
modified to a hydroxy or alkoxy group whose orienta-
tion could be determined on the basis of the chemical
shift of the dioxygenated C-9' methine. This gives rise
to a signal at ca 103 ppm in the case of a pseudo-
equatorial orientation, but absorbs at ca 101 ppm for

OR

™ O ™ O
156 R=R'=H 161 R=H
157 R=H, R'=0H 162 R=Ac
158 R=H, R'=0Ac
159 R=0OH, R'=H
160 R=0Ac, R'=H H ©
163 R+R'=0 MeO
o)
RO CH
Ar
164 R=H, Ar=Gu
165 R=Ac, Ar=GuAc
O
MeO [k OMe
- MeO
O
-~/ O
AcO AO -/
GuAc ¢
166 GIIAC
167
OR
MeO
- L MeO OH oH
/O
AcO h -~/
HO
Gu
168 R=Me GU
169 R=C,H; 170

a pseudo-axial orientation.>?*°* The chemical shift of
the y-C-7' exhibits shielding in the case of a gauche
relationship with the substituent at C-9' and, hence, is
indicative of the stereochemistry at the C-9' sub-
stituent.
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OR
MeO.
S0
MeO
pi ©O
171 R-H

172 R=Xyl-3,4(0OCHs,),
173 R=Xyl-2(0Ac)-3, 4OCH.,),
174 R=Xyl(OCH,),

174a R =Xyl(OCHj);(furanose)

O OMe
e}
< o o
O RO
Pi OrRz2 Pi ©O
171a 171b R'=Me, R?2=H

171c R'=R*>=H
171d R*=H, R*=Me

2.3. Derivatives of naphthalene lactone

The signal at 169.4+1.0 ppm of the lactone carbonyl
is very characteristic of this type of lignan, while the
oxymethylene of the lactone ring gives rise to a signal
in the range 66.6—69.8 ppm.®* Based on the chemical
shifts of the aryl methoxy groups, the structure of a
new lignan, (171d), has been revised to 171b (see
below).

HOH2C\
Ar- O

R
179 Ar=Gu, R=H

HOH,C N
0
OMe Ar
R
188c Ar=Gu, R=0OMe
188b R=CH, 189 Ar=Ca, R=0H

188d R=CH,OH

O
HOH,C R{
O ()
Gu
@]
OMe OMe
OH OH
191 192
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180 Ar=Gu, R=0Me
188a Ar=(4-O-Glu)Gu, R=OMe

3. ISOLIGNAN AND BENZOFURAN TYPES
OF NEOLIGNAN

The coupling of C-8 of one of the C¢—C5 units with the
aryl carbon (C-5") of the other C¢-C; unit, in addition
to the coupling of C-7 of the first with C-4' of the
second unit through oxygen, produces a benzofuran
nucleus, which is a common structural feature for this
category. This could be subdivided into the following
two types.

3.1. Derivatives of dihydrobenzofuran

The »C NMR data reported so far are for those
dihydrobenzofuran derivatives which have been shown
to have a trans mutual relationship between the 9-
CH; or 9-CH,OH group and the C-7 aryl ring. The
compounds containing a 9-CHj; group exhibit charac-
teristic  shifts of 93.840.8, 459+0.7 and
17503 ppm for C-7, C-8 and C-9, respectively,
whereas these shifts are 87.7+0.7, 55.5+1.0 and
65.0+ 0.5 ppm, respectively, in compounds containing
a 9-CH,OH grouping. The benzofuran types of
neolignan also exhibit a similar chemical shift pattern
to that discussed above.

Taking a half-chair conformation for the dihyd-
robenzofuran moiety into consideration, the con-
former with both the aryl and CH; or CH,OH groups

CH,OH R’0OH,C - P

OMe

181 R!=R?>=R*=H

182 R!=R®*=H, R>=Me

183 R!=R?=R3*=COCH,

184 R!=R*=COCH,, R*=Me
185 R!'=Glu, R>=R3=H

CHO 186 R!=Glu(OAc),, R?2=R*=COCH,
187 R’ =Glu(OAc),, R?=Me, R®*=COCH,
HOH,C Gu
OH
Gu  TO
Me
190
HOH,C
P O OMe
OMe
HO
OMe 193
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OMe
HO
OMe
HOH,C
70
OMe
HO
OMe

in an equatorial orientation is preferred over the con-
former in which these are axially oriented.

A typical chemical shift for C-7 at ca 88 ppm in
lignans containing a 9-CH,OH group led to the pre-
diction of a trans stereochemistry for the sesquilignans
190-193 and the dilignan 194.65-¢

3.2. Derivatives of benzofuran

So far, the only examples known in this category
possess a CH; group linked to the benzofuran nucleus;
this absorbs at 9.5+ 0.2 ppm. As the introduction of
an OMe into the aryl ring (Ar*) will not have a
remarkable effect on the chemical shift of C-7, the C-7
signal assignment in carinatin (195b)%*® has been re-

vised in the light of the assignments reported®’ for
ratanhiaphenol II (189a).

Hy A\
OMe

195a 195b

4. BENZOCYCLOOCTADIENE

The coupling of the aryl carbon atoms (C-6,6"), adja-
cent to the side-chain of both Cc—C; units, together
with the usual C-8,8 coupling, leads to a benzocyc-
looctadiene skeleton. This series could be classified
into two groups:

4.1. With an R-biphenyl configuration.

4.2. With an S-biphenyl configuration.

4.1. R-Biphenyl configuration

These can be divided into the following subgroups,
depending on the substitution on the cyclo-octane

OMe

OH

OMe

195

ring:
4.1.1. (+)-Deoxyschizandrin group.
4.1.2. Schizandrin group with a hydroxy group at
C-8.
4.1.3. Schizandrin group with a keto function at
C-7.

4.11. (+)-Deoxyschizandrin group. The methyl sig-
nals observed at 12.7+0.2 and 21.8+0.2 ppm can be
assigned to an axial and equatorial methyl, respec-
tively.”>’* The benzylic methylene at §35.7+0.2 ppm
was assigned to the C-7 methylene carbon of the

196 R=H, R'=R*?=R3=Me

197 R=R!'=H, R?=R3=Me

198 R=H, R'=Ac, R?=R3>=Me
199 R=R3*=H, R'=R*=Me

200 R=H, R'+R*=CH,, R®= Ac
202 R=H, R®*=Ac, R*=R?>=Me
203 R=0H, R'+R?=CH,, R®*=Me
204 R=0H, R'=R?*=Me, R*=H

equatorial 9-methyl side, whereas the remaining
methylene (C-7') resonates at 33.6+0.2 ppm, (the 9'-
axial methyl side). The methine carbon (C-8') carrying
an axial methyl group appeared at 838.91+0.3 ppm
while the methine carbon (C-8) carrying an equatorial
methyl absorbed at §40.8+0.3 ppm.

MAGNETIC RESONANCE IN CHEMISTRY, VOL. 23, NO. 6, 1985 397



P. K. AGRAWAL AND R. S. THAKUR

4.1.2. Schizandrin group with a hydroxy group at C-
8. The introduction of a hydroxy group (axial) at C-8
as in 201-203 causes a downfield shift of 30 ppm for
C-8, shifts the axial 9'-methyl 3 ppm downfield in spite
of the vy-trans position, thus appearing at
315.8+0.1 ppm, while the equatorial tertiary methyl
(C-9) shifts to 29.8+0.1 ppm due to the B-effect of
the hydroxy group.

4.1.3. Schizandrin group with a keto function at C-
7. This is described in Section 4.2.5 (see below).

4.2. S-Biphenyl configuration

These compounds can be divided into the following
sub-groups:
4.2.1. Gomisin J group.

4.2.2. Gomisin O group with a hydroxy group at
C-7.

4.2.3. Gomisin B group with two hydroxy groups
at C-7 and C-8.

4.2.4, Derivatives of benzocyclooctadiene lactone.

4.2.5. Gomisin group with a keto function at C-7.

OR?

205 R=R'=Me, R*+R3= CH,
2052 R+R'=R?>+R*=CH,

208 R=R!=R%=R3=Me
209 R'=R2=H, R=R*>= Me

4.2.1. Gomisin J group. The chemical shift pattern for
the methy! groups and benzylic methylenes was found
to be similar to that discussed in Section 4.1.1.

4.2.2. Gomisin O group with a hydroxy group at C-
7. The chemical shifts of both methyls differed sig-
nificantly from those of the other lignans possessing
the twist—boat—chair (TBC) conformation, and the *C
data support a boat conformation. In epigomisin O,

210 R=Ang, R'=R?>=Me
210a R=H, R'=R%2=Me
210b R=H, R'+R>=CH,
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/—O OMe
O, MeO
MeO ““Me MeO O Me
MeO / . i
"Me

I oH Me O
s
o OR

MeO
OMe 0O
211 211a R=H
211b R=Benz

the equatorial 9'-methyl was observed at §22.0 while
the axial methyl (C-9) absorbed at 7.8 ppm.

4.2.3. Gomisin B group with two hydroxy groups at C-7
and C-8. The methyl carbon at §18.8 and 16.0 ppm
of Gomisin P (214) were assigned to the 9'-methyl
{equatorial) and 9-methyl (axial), respectively. The
methyl signals at around & 18.8 and 28.6 ppm in

OR’

212 R'=R?=R¥=Me, R*=R°=0OH, R*=H, R’+R8=CH,

212a R'"+R?=R7+R®=CH,, R*=0H, R*=H, R°=0H, R°=Me
213 R1+R?=R7+R®=CH,, R®=R®=0H, R*=H, R°=Me

214 R!=R2=R%=Me, R*=H, R*=R°=0H, R"+R*=CH,

215 R'=R?2=R*=R7=R®=Me, R®*=R%=0OH, R*=H

deangeloylgomisin B (212) and deangeloylgomisin F
(213) were assigned to C-9' and C-9, respectively, in
comparison with the data for 214 and with the lignans
in Section 4.1.2.

4.2.4. Derivatives of benzocyclooctadiene lactone. The
13C NMR spectral analysis has been reported for only
one compound (216) of this category; the lactone
carbonyl (C-9) resonates at 176.5 ppm, and the oxy-
methylene (C-9') at 70.5 ppm.”?

OMe

OMe

216a R’ +R2=0
216b R'=0H, R?=H
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216¢c R'+R*=R3*+R*=0

216d R'=0H, R>=H, R®*+R*=0
216e R!+R?=0, R*=0H, R*=H
216f R!=0Ac, R?=R?*=R*=H

4.2.5. (and 4.1.3.) With a keto function at C-7 and/or
C-7. The carbonyl absorption at 209.6 and
201.1+0.8 ppm can be attributed to the conjugated
and non-conjugated carbonyl groups, respectively. A
conjugated carbonyl implies a TB conformation and a
non-conjugated carbonyl a TBC conformation. The
chemicat shifts of C-2,2' are strongly dependent on the
substitution of the adjacent benzyl carbon, and appear
at ca 7ppm upfield when the function is a non-
conjugated carbonyl compared with the conjugated
compound. It appears, therefore, that a non-
conjugated ketone imparts a stronger y-effect on pro-
tonated aromatic carbon atoms, whereas with a nearly
coplanar carbonyl group this effect is almost com-
pletely balanced by the deshielding caused by electron
withdrawal from the ring.

Four predictions were made for the chemical shifts
of the protonated aromatic carbons of lignans possess-
ing the partial structure A and the twist-boat—chair
conformation of the cyclooctadiene ring. (a) When the
methyl group is in an axial orientation, the protonated
aromatic carbon appears at § 110+ 0.3 ppm, and when
the methyl group is equatorial, it appears at
3 107.3+0.3 ppm. (b) The replacement of OMe (x) by
a hydroxy or acetoxy group produces a downfield shift
of ca 3 ppm or ca 10 ppm, respectively, for the proto-
nated C-2' aromatic carbon. (¢) The replacement of
OMe (z) by a hydroxy or acetoxy group produces an
upfield shift of ca 3 ppm for the protonated aromatic
carbon or a downfield shift for C-2'. (d) the replace-
ment of OMe (x and y) by the methylenedioxy moiety
produces an upfield of ca 4 ppm for the protonated
C-2' aromatic carbon.

OMe(x)
(y)MeO

z)MeO

Among the above lignans, gomisin O possesses a TB
conformation of the cyclooctadiene ring whereas the
others possess a TBC conformation.”®

5. NEOLIGNAN

The oxidative coupling of the propenyl and/or allyl
phenols occurs in several ways to produce a variety of
skeletal types, which are discussed in the following
sections.

5.1. Hydrobenzofuranoid type

In these cases, the aromatic ring of one of the C¢—C;
units becomes modified to a cyclohexadienone or cyc-
lohexenone ring and is coupled with another C4—C;
unit to form a furan ring. These may be of three types,
as follows.

5.1.1. Angularly methoxylated hydrobenzofuranoid type.
These usually possess a trans relationship between the
aryl ring and the 9-CH,, while the angular OCH,;
group may be cis or trans with respect to the 9-CH,;.
The chemical shift of the 9-CH; can be utilized for the
determination of the stereochemical relationship be-
tween the OCH; and 9-CH;. Thus, in mirandin B
(218), the 9-CH; absorbed at 6.9 ppm owing to the cis

217 218

relationship between these two substituents, whereas
this absorption was at 16.1 ppm in mirandin A (217),
which possesses a trans relationship.?® The chemical
shift of the OCH; remains unaffected by the
stereochemistry, and its signal was observed at 50.3—
51.1 ppm.

5.1.2. Angularly allylated hydrobenzofuranoid type. The
chemical shifts of C-9 (9-CH;) and the methylene
(C-7") of the allyl side-chain exhibit a strong depen-
dence on their mutual relationship and, thus, are
conclusive for the configurational analysis.”® The al-
lylic methylene C-7' and C-9 were found to be shifted
approximately 7.00 and 3.00 ppm, respectively, up-
field in the cis compounds 220-222 compared with the

O
R
219 220 Ar=Pi, R=H
221 Ar=Ve, R=H
4 222 Ar=Ve, R=0OMe
X8
¢ OMe
Ar” O O
223 Ar=Pi
224 Ar=Mp
225 Ar=Tp
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229

trans compounds 223-228. Similarly, the mutual rela-
tionship between the 9-CH,; and the C-7 aryl ring
determines the chemical shift of C-7 and, therefore, it
absorbs at 91.2+0.3ppm in cis compounds and at
87.1+0.1 ppm in the trans isomers. The introduction
of an additional conjugated double hond to the cyc-
lohexanone type (where the carbonyl absorbs around
192 ppm) results in an upfield shift by about 10 ppm,
which thus appears at around 181 ppm in the cyc-

lohexadienone type.®*%!

5.1.3. Linearly allylated and methoxylated hydroben-
zofuranoid type. The allyl and methoxy groups are
substituted on the same position, C-1', which usually
absorbs at 80.7+0.1 ppm. The carbonyl exhibits ex-
tended conjugation with two double bonds and, there-
fore, absorbs at 199.2 ppm.?® The stereochemical rela-
tionship between the 7-aryl and the 9-CHj; could be

OMe

229¢ Ar=Pi
229d Ar=Tp

established by analogy with the compounds in Section
5.1.1 and as described for derivatives of benzofuran in
Section 3.1.

5.2. Benzodioxane type

When C-7 and C-8 of one C¢—C; unit are linked with
the aryl ring carbon atoms of the other C4—C,; unit
through two oxygen atoms, a benzodioxane type of
skeleton is generated. This may be substituted with
either a methyl or a hydroxymethyl substituent. In the
former case, where C-9 is a methyl carbon, it can be
cis or trans to the C-7 aryl substituent. The chemical
shifts of C-7, C-8 and C-9 are of diagnostic impor-
tance for depicting the stereochemistry, as they are
shielded by 3-5 ppm in the cis compounds’>*’® as in
232 and 233 compared with the trans isomers 230 and

400 MAGNETIC RESONANCE IN CHEMISTRY, VOL. 23, NO. 6, 1985

OMe
= 232 Ar=T
31 Are 233 Ar=ve
ROH,C O N CHO
Ar O
234 Ar=Ca, R=H
235 Ar=CaAc, R=Ac
HOH,C OD/\/CHO
O
O 236
O
HOH,C
OH
OH

231. Where C-9 is part of a CH,OH group, both C-7
and C-8 absorb in the range of 75-78 ppm; the down-
field signal is due to C-8 and the other to C-7.

5.3. Bicyclo[3.2.1]Joctane type

In these cases the aromatic ring of one of the C~C;
units is involved in cyclization with C-7 and C-8 of the
other C¢—~C; unit in such a way that it leads to the
formation of a cyclopentane ring system. This could
be one of the following two types, depending on the
location of the side-chain on the modified cyclohexane
ring system:

5.3.1. Guianin type. Here the side-chain is located at
the ring junction, and the chemical shift of the C-1'
quaternary carbon is diagnostic for this category (see
below). The shift of the methoxy-substituted C-3' was
reported to be dependent on the relative dispositions
of the rings, absorbing at 90.5+ 0.3 ppm in the series
in which C-2' is a-oriented and at 64.9 ppm, an un-
usually higher field, when C-2' is B-oriented.®*®

237 R=0OH
238 R=0Ac
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5.3.2. Macrophyllin type. The side-chain in this class
is not located at the ring junction but is substituted on
the olefinic bond, thus giving rise to the signal due to
C-1" at 140.3+0.3 ppm as a singlet.’* The C-6’ signal

OMe OMe

appears around 126 ppm in the absence of a 2'-
carbonyl, as in 242, while the presence of the 2'-
carbonyl shifts this signal 15-20 ppm downfield owing
to the conjugation effect.

5.4. Carinatane type

These are formed by the coupling of C-8 of one Cc—C;
unit with the aryl carbon of the other Cc~C; unit,
resulting in the formation of an open-chain system.
This may also be regarded as the product formed as a

=

Ve RR

OMe OMe

244 R=OH, R*=CH, 246 R=OH
245 R=OH, R'=CH,OH

result of benzofuran ring opening of the benzofuran
type of lignans, hence C-7 may bear a hydroxy or an
oxo function. Its chemical shift differentiates between
the 7-hydroxy (78.9 ppm) and 7-oxo (199.4+0.3 ppm)
types.53d

5.5. Heterotropanone type

C-8 and C-9 of one of the C¢—C; units ¢ouples with
the modified aromatic ring of the other C¢—C; unit to
produce a [2.2.2]octane skeleton. The signals at

247

94.5+0.3 and 201.4+ 0.4 ppm, assignable to the di-
methoxylated C-3’ and 4'-carbonyl functionalities, re-
spectively, distinguish this category from other
categories of lignans and neolignans.?>*°

5.6. Asatone type

This type belongs to a unique skeleton in which the
aromatic rings of both of the CgC; units become
modified and couple together to generate a tricyclic
skeleton of the 249 type containing two keto func-
tions. The «,B-unsaturated carbonyl absorbs at ap-
proximately 188.0+0.7 ppm, while the signal of the

249a R=CH,—CH=CH,
249 R=CH=CH—CH,

251
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other carbonyl group is at 201.4+0.2 ppm. The re-
ported data for these compounds®® have been anal-
ysed and tabulated.>*®

5.7. Other types

Various other types of skeletons, not widely distri-
buted, are included in this group and can be
categorized into the following sub-groups:

5.7.1. Aurein type. This is an unusual type of lignan
in which C-8 of one of the C4—C; unit forms a bond
with the aryl ring of the other C4—O-C; unit. The
chemical shifts of C-7, C-8 and C-9 are of diagnostic
importance for the characterization of this category as
they absorb at 45.2, 41.9 and 20.8 ppm, respectively.”®

OMe

252

5.7.2. Surinamensin type. The C-8 of one of the Cgq—
C; units is linked with an aryl carbon of the other
Ce&—C; unit through an ether linkage, forming an open-
chain system.”® The oxygenated C-8 absorbs at
78.0 ppm and the hydroxylated C-7 at 83.6ppm in
253.

OMe

Tp
253

5.7.3. Biphenyl type. Carbon-carbon coupling be-
tween the aromatic rings of the two Cg—C; units
produces such a type of neolignan. The substitution
pattern of the aromatic rings determines the chemical
shift of the aryl carbons involved in the biphenyl
linkage formation.®?*® Representatives of this series
are magnolol (254) and honokiol (255).

OH R?

254 R'=0OH, R*=H
255 R'=H, R*=0H
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9
255a

5.7.4. Biphenyl ether type. The aromatic rings of the
two C¢—C; units are linked via an ethereal bond to
generate such neolignans. Only one example, obovatol
(255a), has been recently reported.®*®

255b R'+R!'=CH,, R?=H
256 R'=Me, R*=0OMe

5.7.5. Spiro[5.5lundecancid type. The modification of
one of the aryl rings to cyclohexadienone and its
involvement in cyclization with the side-chain of the
other C¢4—C; unit generate such a skeleton, present in
futoenone (255b) and denudatone (256). The signals
of C-8 at 81.9ppm and of the carbonyl (C-4) at
183.1 ppm facilitate their characterization.®'®

6. MISCELLANEOUS LIGNANS

The flavonolignans, xanthonolignan and coumarinolig-
nans constitute this category. The >C signals due to
the non-lignan moiety could be assigned by compari-
son with the standard values for flavonoids,®* couma-
rins®® and xanthones (e.g. Ref. 96). These may possess
three types of linkages; (a) through an oxygen and an
aromatic ring carbon to form a furan ring; (b) through
two oxygens to form a dioxane ring system; and (c)
other types.

6.1. Flavonolignan

These may exhibit all three types of linkages, and are
therefore categorized as above.
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257 R=H

259 R=H
260 R=COCH;,4

HO

261

6.1.1. Furan type. The stereochemical assignments
for silychristin (257) could be achieved on the basis of
the 'C shielding data which could be compared with
the lignans described in Section 3, and are supported
by mild dehydrogenation results.®*® Analogously, the
resemblance of the chemical shift for C-7", C-8" and
C-9” in isohydnocarpin (261) and 257 leads to the
prediction of similar stereochemical assignments.®’

6.1.2. Dioxane type. In these cases, C-7", C-8" and
C-9” resonate at 75.7+0.4, 780+04 and
59.5+ 0.3 ppm, respectively, and indicate an equator-
ial orientation of both of the substituents possessing a
trans relationship.

6.1.3. Other types. There is only one compound of its
specific type, neohydnocarpin (267), belonging to this
category which has been analysed by >C NMR spec-
troscopy. The signals of C-7", C-8" and C-9" were
observed at 40.9, 35.2 and 69.2 ppm, respectively.

o._ R
HO 0 C[OI
Rl

R
OH O

262 R=0H, R'=Gu, R*=CH,0H
263 R=H, R'=Gu, R?=CH,0OH
270 R=0H, R'=CH,0H, R?=Gu

OH O F CH,OH
OMe
OH

OH O

268 R=H
269 R=0OH
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The aromatic ring B of the flavonoid nucleus be-
comes modified and couples with a C¢—C; unit to
produce a new structural type such as in silymonin
(268) and silandrin (269). In these cases, the **C signal
resonances due to C-7", C-8" and C-9" are observed at
53.2+0.1, 46.0+0.1 and 72.7 ppm, respectively.

Thus, from the above discussion, it is evident that
the chemical shifts for C-7", C-8" and C-9” are infor-
mative enough for the characterization of various
structural variants.

6.2. Xanthonolignan

When isolated, these were found to be of the (b) type,
i.e. a xanthone and a Cs—C; unit are linked through a
dioxane ring system. These exhibited similar spectral
behaviour for C-7', C-8 and C-9' as described for
C-7", C-8" and C-9" in flavonolignans of this type (see
Section 6.1.2). So far, *C shielding data have been
reported® for kielcorin, (271).

6.3. Coumarinolignan

Several compounds belonging to this class have been
reported, and *C NMR spectral analysis has proved

272 R*=R2=H
273 R1=C,H,, R>=H
274 R'=R2=COCH,

MeO
A
O o~ o
O
RO CH,OR
OMe
275 R=H

276 R=COCH,
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to be very useful in determining their structures. All of
these so far reported are of the (b) type, i.e. the
dioxane type, and exhibit analogous shielding be-
haviour to flavonolignans and xanthonolignans.

In miscellaneous dioxane-type lignans, the C-7' and
C-8' of the lignan moiety give rise to the signals in the
75-78 ppm region. C-8', bearing a CH,OH group,
resonates approximately 1.5 ppm downfield of C-7,
bearing an aryl substituent.

7. DERIVATIZATION-INDUCED SHIFTS

This section deals with the shifts associated with de-
rivatization of the hydroxy group. For convenience,
the subject is discussed under the following subhead-
ings:

7.1. Glycosidation-induced shifts.

7.2. Acetylation-induced shifts.

7.3. Methylation-induced shifts.

7.1. Glycosylation-induced shifts

In O-glycosides, C-1 of the monosaccharide is linked
via a hemiacetal bond to the aglycone moiety, which
produces a shift in the C-1 resonance to lower field.
Apart from a much smaller shift for the C-2 reso-
nance, the remainder of the sugar spectrum is largely
unaffected. The signal assignments of the sugar car-
bons can be made by comparison and best fit matching
with the reported data for monosaccharides®” and
methyl glycosides.”®

The effect on the signals of the lignan nucleus itself
is more diagnostic than the glycosylation effect on the
sugar carbon signals. In general terms, the carbon at
the site of glycosylation is shifted to higher field,
whereas ortho- and para-carbons shift downfield.®*>
Usually, shifts of ipso- and ortho-carbon atoms are in
the range of only 0.7-2 ppm. Significantly, the most
reliable indication of glycosylation appears to be the
downfield shift of the para-carbon signal, which is
invariably larger than the other shifts and generally in
the range 1.7-4 ppm.

Furanose sugars are readily distinguished from their
pyranose isomers owing to the difference in their
chemical shifts. The signals for C-1, C-2 and C-4 are
shifted downfield (4-14 ppm) and C-5 is upfield (4-
7ppm) in the furanose form compared with their
respective pyranose isomer.%” %

The chemical shift of the anomeric carbon atom is
strongly dependent on the anomeric configuration and
can be of use in elucidating this configuration. The
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best method for determining the anomeric configura-
tion of pyranose is from the one-bond coupling for the
anomeric carbon [*J(CH)].'°® The 'J value for the
other carbons (C-2 to C-6) of the sugar varies in range
143-148 Hz, whereas the anomeric carbon exhibits a
larger value of 160-175 Hz. The difference in coupl-
ings for the two anomeric configurations is generally
about 10 Hz, with the value for the equatorial *C-H
coupling being larger. For example, in methyl-B-D-
glucopyranoside, 'J(CH) for C-1 is 160 Hz, whereas
for methyl-a-p-glucopyranoside it is 170 Hz. The one-
bond coupling is solvent dependent,'®® so comparison
has to be made in the same solvent.

The above discussion deals with the lignan
glycosides having a sugar linked with a phenolic hyd-
roxy group. However, there are several lignan
glycosides in which the sugar is linked to an alcoholic
hydroxy group. The effect on the sugar moiety due to
the aglycone is similar to that described above; how-
ever, the shift changes of the aglycone nucleus due to
glycosylation, i.e. a downfield shift of the «-carbon
and an upfield shift of the B-carbon atoms, are of
diagnostic importance in recognizing the site of
glycosylation. Thus, a comparison of the chemical
shifts of the lignan glycoside with the appropriate
sugar and lignan, together with the consideration of
the glycosylation-induced shifts, provides a reliable
method for structure elucidation.

7.2. Acetylation-induced shifts

Acetylation of free phenolic hydroxy groups'®? pro-
duces marked changes in *C NMR spectrum of the
compounds, and can be used to detect the location of
hydroxy groups on the aromatic rings. On acetylation
the signal of the hydroxylated carbon moves upfield by
5.3-6.5 ppm, the ortho- and para-carbon signals are
moved downfield by 4.1-8.2 ppm and the meta-carbon
signals are only slightly affected. If the ortho position
is substituted by a methoxy group as in the guaicyl
unit, the methoxy-substituted aryl carbon exhibits a
higher downfield shift (6.3-8.2 ppm) than that for the
unsubstituted aryl carbon, which shifts by only 4.0-
5.0 ppm. Where a 4-hydroxy group has two ortho-
substituents as in the 3,5-dimethoxy-4-hydroxyphenyl
ring, the ortho effect (4-5 ppm) is identical for both
ortho positions.

Acetylation of an alcoholic hydroxy group'®® causes
deshielding of the a-carbon (0.7-4.0 ppm) with subse-
quent shielding of the B-carbon atoms (3-5 ppm). In
cases where the a-effect is small, the B-upfield shift
helps in unambiguously determining the site of acety-
lation.

Acetylation introduces two more signals, due to the
acetyl carbonyl and the methyl group, into the spec-
trum of the original compound, but these do not
interfere with the assignments owing to their narrow
ranges, 168-172 and 18-21 ppm, respectively.

7.3. Methylation-induced shifts

Methylation of a free phenolic hydroxy group shifts
the hydroxylated carbon downfield by 1.0-4.7 ppm, and

the signal of the ortho-carbon upfield by 0.8-3.6 ppm.
The methylation of an alcoholic hydroxy group pro-
duces a downfield shift of the hydroxylated carbon by
8.8-12.9 ppm and an upfield shift of 3.0-3.5 ppm for
the B-carbon atoms.

The methoxy signals are in the range 55-63 ppm
and the chemical shift provides information about
their behaviour. Aromatic methoxy signals having at
least one unsubstituted ortho position appear at 55—
56.8 ppm, whereas this absorption is at 59.5-63 ppm
for these methoxyl groups with both ortho positions
substituted.’®* The alcoholic methoxy group usually
appears in a narrow range (58.6-58.8 ppm) between
the two types of aromatic methoxy group.

Thus the chemical shifts of the methoxy carbons
give sufficient information for the assignment of the
methoxy groups in the molecule. Based on the fact
that a signal at 55.9 ppm possess at least one free ortho
position, the structure of a new arylnaphthalide lig-
nan,®® identified as orosunol (171d), has been revised
to 171b, as the **C NMR spectrum has signals at 59.5
and 55.9 ppm, instead of two signals around 60 ppm
which would be expected in the case of structure 171d.

8. LIST OF *C CHEMICAL SHIFTS

The *C chemical shifts of all lignan and neolignan
derivatives available from the literature (until 1982)
are listed in Table 1. In order to avoid excessive data,
the shifts for the sugar carbon atoms are not included,
and Table 1 is restricted to the carbon atoms of the
lignan and neolignan nuclei only, except for miscel-
laneous lignans where the shifts for the nonlignan
moiety are also incorporated. The chemical shifts of all
other atoms can be taken from the original papers or
requested from the present authors. The numbering is
uniform (C-1 to C-9 for the first C¢—C; unit and C-1'
to C-9' for the second Cc—C; unit), and is given on
every key molecule where it is different from the
systematic numbering.

The tabulated *3C chemical shift data (Table 1) are
divided into several sub-headings according to the
classification shown above. Trivial names are given in
the second column and the solvent (A=CDCl,,
B=DMSO-d,, C=CD,;0OD, D=CD,;COCD,;, E=
D,O+CD3;COCD;F=D,0, G=CsD;sN) is shown in
the third column.

Structures are given for all the compounds, and also
the various symbols (see footnotes to Table 1) used for
the representation of the substitution pattern on the
aromatic ring. For a given entry, references containing
data for the particular compound are quoted in the
last column.

Acknowledgements

We are grateful to Dr Akhtar Husain for his constant encourag-
ment. P.K.A. thanks Professor Dr H. J. Schneider, Universitidt des
Saarlandes, Saarbriicken, FRG, for helpful discussions and to
Alexander-von-Humboldt Stiftung for a stipend. We are also grate-
ful to Mr Bikram Singh for his consistent help.

MAGNETIC RESONANCE IN CHEMISTRY, VOL. 23, NO. 6, 1985 405



P. K. AGRAWAL AND R. S. THAKUR

ege
ege
qce
ege
62
62
6C
6¢
6¢
74
eeT
9

9

L

6¢
0z

q'egg

ve
ege

ege
ege

ege

%4

1z

¥4

\c

0C

0C

ege

o

6'02 '8'691 6'G9

- 8'GS
- 6'GS
- 6'9S ‘8'S

- £'09 ‘096 '8'SS

- 2’98
9°0Z ‘6'89L 1'9S ‘6°35 '6°09
_ 1’96 '6°9G '6'09

- 6'95°L°09
0'L0L '8'09'L'9s

6001

- 9'00L
6001 ‘LSS
- 8'00L ‘L'9S

§'0C ‘8891 LGS

— §'sg

— LGS
L'9S

— ‘€99 °L'99
6'98

- '9'9S '£'99

6°0Z'8°0L1 L°00L

- 6°00L ‘8'85

- 9001
L'8S

- A

60 '9°0LL LSS
- L'9S

L0Z'8'89L
‘oLz LoLL 8'sq ‘2's§
- LGS
902 ‘8’891
‘'8'0¢ ‘LOLL LGS
- LG9S
- 6°95 ‘8'99

£H2000 siey30 Jo
O°HOO ““HO0

0'8LL

L'6LL
0'6LL
L'8LL

L'8LL
S'8LL
q'8LlL
L'8LL
L'8LL
S'8LL
z'8LL
6'LLL
0841
c'8LL

8Ll
L'8LL
9'8LL

=13

£6l
4]

LreL
8'65

LeL
(A7)
€09
v9
09
L9
S09
€9l

£

ovy

9'6€

8ty

L'6E

8ty

S'6€

Ley

(A

80

ove

'Sy
8've

6vE
L'Se

0'GE
8've
L'SE
v'ae
8'sg
2'se
8'Ge
6'8¢

LD

L

'Lt
L'eel
[r443

¢90L
ey
ezl
| 4%4°
6LeL
g'lel
et
LieL
Leel
o'iel

L'iel
9'¢elL
LieL
[ 3 ¥A}

A3

6161
Lzl

[A£4"
L'iel

el

[A AN

8'0¢L

6'0CL

8'0¢cL

veet

g'iel

o’ict

80

0cLL
L'pil
67¢sl
€cCiL
vicl
'Ll
%471
Z2'80L
8'L0L
y'ocL
gLl

0'0EL
£Lel
L'vit
eviL

L'L6

86
0'80L

9'60L
2’60t

87ciL

gLLL

(433

yect

ozLL

870zt

1 434

ciii

&80

(37447
Sprl

8'9EL
S'8pl
8'8el
%141
oL
| 4243
o443
8'avl
peeL
(244"

opLL
g'8el
[224°
1587443
il

8Lipvl
L'spL

6'avL
S'gpL

[Ara4s

fari4"

oLpL

0'8EL

oLyl

V'8EL

LevL

[Ara4s

0

o'6vL

(4143
e6pl
9L
6¢Sl
6Pl
€151
(44
LovL
64yl
Ll
vl
0°LGL
Lovi

LSt
S'ovi
S'ovt
£zrl

eerl
Syl

gl
el

g'8vi

[A: 4%

L8yl

8051

o8l

809t

ogri

8'8ri

£90

veLL

Lt
£2LL
Vil

2’901
£eLL
reLl
gzZiL
oLLL
8’801
2'80L
¥'80L
STiL
6°0LL

LSLL
EeLL
oLLL
el

[ g41%

(A"
0'80L

2801
6°L0L

(A1)

OLLL

ooLL

8ZLL

oLt

LTt

Ll

vl

<0

00EL

00glL
9'6¢L
voeL
L'EEL
LOEL
L9el
€0tL
vecl
9'LEL
vLeL
z’LEL
L9EL
S62L

G9EL
£6clL
g'ecl
Lzzl

el
cEEL

[4:1 48
evelL

L'EEL

6LEL

6'CEL

G'8EL

O'eel

6°LEL

el

sSPeEL

A=

6'L9
89
viL
€L
Vi
[AYA
L
[ATA
L
S'8LL
(A
L0L
0LL
oLL

oL
(474
gL
31"
€61
LeL
8'69
LeL
9
€09
9
v'09
L'vg
9°09
€9l

60

(44
SEp
L'y
6°0v
o'y
ey
viy
Ly
60y
1 4°4
[l 4
oLy
oLy
(4114

8oy
Loy
8'0v
Szy

S'Ey
6'6E

iy

8'0v
968
8ty
L'6E
2314
968
LEY
4

80

L'8€

€8t

oveE

S'sy

6'veE

L'Se

0'se

8'vE

(A=

y'se

8'sg

4%

8'se

6'8¢

Lo

SSOANEALISP uendnoou pue ueusy jo (wmdd) sypgs EOWRY D, T QL

[4:1%

€8t
8'0¢ctL
§'0cL

[AvA}
6°0¢CL
L9501
L'50L
S'S0L
¢'90L
LeClL
'Lzl
L'ZeL
0celL

L'el
8¢eL
60¢CL
el
9'LSL

6°'LSL
L1z

ceel
el

el

L0ZL

8'0cL

6'0¢L

vict

et

g'Lel

oicL

90

Tl

| &4
gLl
Ll

¢l
X428
SESL
SEql
A2 :1)
¢esl
L'80L
8'L0L
1'80L
6°L0L

0'0EL
9'0¢L
EPLL
6€LL

L6

86
0'60L

9'60L
60l

veLl

8'LLL

oziL

8zl

oviL

8ozt

EviL

A

S0

o8yl

6Lyl
L'ipl
Lol

Lyl
S8yl
0°LEL
6'9€L
L'9EL
8'9el
(4143
ogviL
el
vovi

6€LL
S'8EL
(4442
444"
Lyl

8'ivi
[24°1 41

6'avl
g'avi

[AYA 4"

[AV4 43

oLyl

o'gel

eV

v'8EL

L'EPL

[Ara4h

-0

L'6vL

68yl
[%:14%
8Ll
8'8vi
o'6rl
G€SL
S'ESL
CEsL
C'EsL
Lyl
vivlL
LLivL
Gl

L6l
o'ovL
v
eeri

gerlL
gl

8'Lyl
ewl

88l

L'8rL

L8yl

8'0sL

el

8'051L

9oL

88yl

€0

L'60L G621

060l vyEL
SviL 8'0gl
CLLL g9'6CL

UL LoEL
8ZLL 6°0EL
L6501 9€el
L'S0L LegL
S'G0L 9¢eel
¢'90L Ceel
£60L CLEL
0'60L 0°LEL
£'60L LLEL
260l L'LEL

golk  —

LZLL 89€EL
0LtLL 9'62L
80LL v'6Ci
vZLL LeeL

LT TyeL
0'80L Z'eel

¢80l ¢gEl
6°L0L EPEL

CLLL LEEL

00LL 6'LEL

ooLL 672EL

8TLL g'8EL

it 2eel

el 6¢el

LUl pEeL

pZil GYEL

20 -0

A4
v
v
v

v

CCEICCCICCC K

LICCLK

< € 4 4 «<C «

<

<<

L3410 JAylawp
|ouISaIeIeAXOISORO| NV -L L2
§4oyia (Aylewnp
Jousa1e1BWAXOIPAYO||Y-L 92
uluabioly-(+) ese
uluabnoly-(—) 62
Jayle |Ayow
unesfdelnyAyiaw-O-1Q v2
ujuabnoselAgioN €2
(sweydg s9g) ZZ
(3weyds 99g) 12
(ewiayog sag) 02
uidleA 961
UjupjouIH-(—) e6lL
uluiyoulH 6L
alele0e eplioleiAn|d 8L
apljoleianid L1
{suoueiny-(HE)Z-CIPAYIP
“[IAeW(jAUBYUAXOIPAY-E)]
SIg-p’e( ¥ )-sueds} JNdH 94
ajeRoep (ouIsSaRIeIN G
|ouisalleieiy pL
jouisadieleiN pl
;apljoueINg Jo SaANeAlsd 2L

uedoslolaeH €L

ulpelooy ZL

ae1ave|p UIqaqnooIpAyIq LL
Bye

AqIeWp uIgaqnoIPAYIG 0L

uIGaqnooIPAYI] 6

ulyiueliAyg 8
ajelaoeIp Jayie |Aylewp

- 7' P-I0UOISaIDLIR[0SI0N8S £
Pye |Ayewip

-’y 10UiS341011B[0SI002G 9
a1e180R JaYyla {AYIaw

- |0UISBIID1IE|0SI009G §
1y3e |Aylsw

- |OUISBADLIZIOSI009G &

81e1008R430)
|OLSBID14B|0SI008G £
|OUISa4IDLIB[0SI008G 2
Jayie |Aylawip proe
ondaeIenBOolpAYI(J-OsawW |
roueIng Jo saAleAeq L't

soueISgNg

406 MAGNETIC RESONANCE IN CHEMISTRY, VOL. 23, NO. 6, 1985



BCNMR SPECTROSCOPY OF LIGNAN AND NEOLIGNAN DERIVATIVES

{p,3u02)
aie19oROUOW JaYle
14 8'0Z '9'0LL 865 9¢L €I LEE T0ZL 8Ll €LpL E€8YL TULL €2TEL 979 88y 678 6LLL 60LL £8YL 88yl 880L LVEL v JArewp jouisauioLe] egg
Jayle
0z - 6695 6¢CL vIv TEE pOCL 6LLL E4pL ZT8rL OLLL PSEL L09 S¢S LT8 6'LLL €Ll 88¥L 68k 680L 6¢CEL J+V 1AyiawWIp joulselole] g
90T
0z ‘LoLl’‘e'89l 8499 LZL LTy VveEE 0Tl 9L L8EL 6'0GL 9CLL 08EL 929 06y LT8 9LLL STCL Vvl 60§51 S60L L'8EL v ajejede|l} joulsallduey ¢g
174 - 1’68 L'2L LTy g€ 90ZL 9PLL 69rL LSkl 9LLL 9LEL L'6S ZTG €28 L8LL vhil g9bL L'Gpl L80L LEEL D+V lousaale g5
:ueubly AXOdaouoOW-6°L TE'L
eze - §'98 96 Vil porl 6'LLL 60LL SivL b8kl L'80L LVCL 96 vilL vorl 6°LLL 60LL SibL v8PkL L80L LYEL Vv upelenbelsjlAfiaw-0-1Q 2§
L'pL GEL
BGE - €19°8°09 L'ZLL TG99 8€E8 0'/LZL 98CL L'8ZL 9'8ZL 89ZL VLEL ZULL 9vS 8T8 0LZL 1'8ZL L'8ZL v'8ZL 89ZL vLEL v auwByog 89g eLg
ege — 9EL'E09 G69L GCS G'l8 vIZL 8LTL 8LZL 8LZL PLeL 9LEL G699l §TS S8 v/lCL 8L2L 8L/ZL 8LZL viZL 9LEL v |swByog 99g LG
ege - —~ 809 8y 18 L'9CL v8ZL SLCL v'8ZL L'9ZL 6'8EL 809 L8y I8 L'9ZL v'82L SLZL v'8ZL L'9ZL 6°8EL v swiBYyog 83g 0§
9'0¢
vE V0Ll 9891 ¥9S v'e9 P0S 978 08LL L/ZL OOkl ZLSL O0LL P6EL PEI 0S5 978 O08LL L/ZL 00OvL T'lGL 00LL P6EL v ale1a0ee)a) |IAl|0-05N 6
Jayie |Aylewip
eze - 969 9'LL 2Ly ¥Z8 <T8LL 90LL Vil T8yl G60L 8CEL 9LL Ty veB 8Ll 90LL vipL T8rL S60L 8CEL Vv g upienBoinjoipAyena) gp
ezce - LS9 6'pL 8Lp 828 p8LL G0LL 8LpL €8Pl L'60L CEEL 6¥YL 6SY L'/8 L'8LL 80LL €8yl L8yl GOLL 9EEL v uisuanbessp Ly
€€ - 699 6¢CL E€vr ¢/L8 €611 LOoLL LSkl LSkl pe0L 6VEL 6¢L €vr 28 98LL LOLL L'SPL LGPl €601 6VEL v ulpuelsN gy
eze - 895 6¢L E€vy 148 p'8LL 80LL 28yl L8rL 960L 9VEL 62L €ppy L'/8 P'8LL 80LL Z8PL L8 960L 9VEL v uinesbien gy
eze - L00L L€l 608 188 9S6LL L0l L9l SipL P90l L'9EL L€L 609 L'88 G6LL L/0L L9l Syl $'O0L L9EL v upeqien py
rueubly AxodaoUoW-L°L 'L'E'L
‘URINJOIPAYRIIBY JO SBANRANBG 'E'L
¢1:74 - L'LOL'6'09°C'9G €7TLL ELEL 9LEL VLOL PESL PISL PESL #'/0L ¥6ZL L69 PeE 8LE 6'lZl 060L 99yl 08yl b80OL L2l v uisoiswaN qgp
qase - O'v0L‘8'LOL G2LL SLEL TULEL 6'GZL TeoL 08yl Z6blL L'90L T8ZL G69 66 9'LE L'2ZL 880L 99vL b8Pl SG'8OL L9ZL v suopeleqiH-(—) egy
LE - L'LOL'0'9S G'2LL SLEL v/EL 0'€ZL O'ELL 08yl 80GL L'60L 692l G669 9OBE G/LE 6'LZL tllL 99vl ZeylL v8oL LTl v uijAydossey gy
ege - 6'GG'8'GG €18l 06L L/E €€ZL LPLL 90SL €6YL LLLL PSEL CvL 0LL 9L €221 9€ll 20SL L8yl €Lil 62ZEL Vv  ulpueiselnyliAyiaw-O-iq 2v
ege - 695 — 98L @LE GTCL vELL 68PL LBYL CLLL 9921 LpL L'8L L6E <TTCL FLLL ekl &8Pl TLLL §SCL \4 uuabiole |Ayjewosy Ly
utusBoiayoel;
ege - 699 8Ll ¥'SL 69L 6'LLL LLLL 96kl L8Pl LOLL 60EL L'OL G 81lE 902l vLLL TEYL 6LpL LO0LL L'OEL v ~IALROWOSIAXOIPAH- . OV
6'0Z
‘L'0Z ‘€0LL q91eI308Ip
egz  ‘c'69l ‘6’891 6'6S OpvLL v08 Gy 8¢l L6LL G6ElL Z'iGL 2'LLL B'lEL 849 GGy L'€L 8L SvLL CTLlSL C¢6vl 6601 POEL v uluafo|ayoeNAX0IBIY -/ 6€
2274 e 1’98 L'8LL C6L 62y TEZL vPLL ToebL 89PL PLLL 292l ¢Z6L L8 004 9LLL 62LL 98Pl ZGPL 060L 6EEL vV  qUiusbojayoenAxoipAH-£ 8¢
§'0¢
e8C ‘0Ll ‘6'891 695 6PLL 208 ZEy 672L 6'pPLL G6EL TUSL 9LLL LTEL gL L2y SE€E S0ZL 8LLL TErL 08yl 9LLL EOEL A sjejeoe Uluabojeyoel) Lg
ege - 665 98LL G9L 0% TEeCl vrll 6Lvl LGPl €CLL 29CL TOL 8Ey 9LE 6'0CL 8CLL TEPL 99l 9Lil L'LEL \4 uluabojeyoes] ge
012 ‘8691 491EIg2e0UOW
egZ ‘9’02 ‘6’89l €99 LLLL SEy L0€ zZeZl L8LL G/EL LLSL 2Tl LVeEL L99 ggp  L'eL S0ZL 9ElLlL g6vlL 86yl S60L L'OEL v UiuaBROIBOSIAXOI9OY-L GE
ege L0Z 1’691 698 8LLL v'Sp 80E 67¢CCL vOCL L/EL €18l QCLL GBEL 969 00y L2 602l 8¢CLL Z6yl 6IpL GLLL BOEL V 9jejaoeouow uuabnoieos| pg
egz 6°0Z '8'69L ¥'LOL‘0'LOL 0'8/L €y L'GE 0CZL 860L L8yL 8LpL Z80L OLEL 089 Ger €9L L0ZL 280l 9’8l 990l LOEL Vv  9lejade auolejzuaqeied g€
ege — 9'LoL ‘8’001 L'8/L LSy L'SE L'ZCL B860L 08Pkl GibL L'80L LWEL ¥8B9 [LEF P'GL E6LL T8OL 9LpbL TOPL L'90L E£'GEL v auojoejzuaqeled zg
«1oUle |Aylewip
ege L'LZ'8'691 665 ¢8LL Ovyr 8YE LlZL LTIL Z6vL L60L 9621 649 ¢veEr L9L e68LL Cill t8rl L6yl L60L 9621 A4 |OUISBIIRIBLUAXOIBOY-/ LE
H94le |[Auswip
ege e 6'9S ¢6LL TSy 0'GE 8'lcl 672LL vevl 06kl L'60L CO0EL ¥'89 &€y PGL €8LL Tl L6kl 06yl L'60L LYEL v JouSBlIRIBWIAXOIPAH-£ OF
6°0C '5'02
‘G'0C°L'69L sieja0RIp
0 '6'89L°L'89L 8'GS 08/l S€y 6vE <Zeel Llgl 88EL L'LSL Lell LogL L[99 vEr v'GL S8LL 8¢ZL 66EL YLGL LOLL L9EL v |oulSalIBIBLWIAXOIBOY -/ 62
e8¢ - 895 veLL 9ty O0GE 9TCL OvLL ¥¥vL 89l 6°LLL S6ZL 989 G ¢'GL 88LL OviL GGyl 69yl £80L GEEL v qlOUISaUIRIBWAXOIPAH-L 82
o€ - 6'GS 6'8/L 8ty TG 92l Sl g9l 9vbL QCZiL g6¢L §89 TG vGL 08lLL OpLL 8GPL 69Vl €80L 9EEL v oI0UISB41RIRWAXOIPAH-/ 82

MAGNETIC RESONANCE IN CHEMISTRY, VOL. 23, NO. 6, 1985 407



P. K. AGRAWAL AND R. S. THAKUR

‘1S°Ly
LE

¥4
%4
g
ege
Le
LS
(¥4
6l

oe
ege

6L
6L

[474

[44

14

%4

%4

¥4

JoH

£'0Z ‘P89l
6'0Z '€'02

‘1'0LL ‘L'69L

€L 0Ll

§'0C '8'89L
9'0Z ‘0691
£02°2691L
G'0Z ‘8'89l

IAvAAG]

zee'oie
‘102 ‘2’69l
‘7’691 ‘G0LL

8'0Z'9'02
‘9'0LL ‘8’891

£0Z°9°02
‘GOLL ‘L'89L

fHO000

0'LoL

6'6S 'S’V
¥'sS ‘v

8'SS

'S5

Lot

L'1OL

0'L0L '8'09°L'99
809299

6°00L '89S
6°00L

6°00L

6'SS ‘9'sS
6°95G ‘995

855
8'sg
6'99
0'9S
8'SS
099
9'9G

099
L£001

Z'LoL '6'00L
8'00L
8'LS
8'9g
8'9g
L'9G
LSS

sJaylo Jo
OFHOO ®HO0

Lol

§L0L
L'Z0L

Lot
0oL
SeL
£2L
6'LL
8L

6'LL
9'LL
9'LL
gL

L
UL

(A4
S'LL
0eL
0cL
8'LL
[AYA
eLlL
S'v9

6'C0L
(A4
CEL
6'LL
8'€L
S'EL

6°€L
LSL
0LL
9L
LeL
9¢L
9cL

&0

o9

L'6S
C'65

S§'8G
609
979
'es
£'vs
069
v'vs
L'vS
AL
AL

o 1
£'vs

006
A
g'L8
A4
ey

[A44

80

v's8

9'S8
9'98
€68
6's8
L'98
L98

(414
CEL
6'6E
v'eEe

[4>

o'6LlL

g8LL
£6LL

£8LL
6'8LL
86Ll
0ozl
8zoL
L20L
S'volL
8'coL
L'8Ll
L'6LL
L'6LL

| 4:1%%
vaLL

LLLL
L8LL
6'LLL
o8LL
LLLL
o'6LL
G8LL
(4148

LELL
£l

0'90L
6Lzl

veel

6'0¢CL

vocL

6°0¢L

LocL

€'0¢L

6°L0L

8'cel
(4191

8zeL
6'viL
€801
80l
€esL
[a4h
8'8vL
€€St
6°0LL
0'80L
0'80L

413
vl

geelL
(943%
Leel
6CclL
S'eel
8'80L
vyl
L9LL

o4 5°11
8'80L

6251
9'GiL

£80L
p80L

9zl

2411

6Lt

SivlL
8Ll

vt
Sl
[%::4%
%241
v'iEL
eveEl
L'9glL
S'LEL
o6¥L
Ll
Ll

gevl
g8yl

6'8ElL
osrL
covL
covL
6'8EL
8oyl
(4148
LISt

8'6¢ElL
Sl

Lrel
LSyl

8'LrlL
9Lyl
vl -
o'sel
8'EpL
gLl

LipL

6'Lrl

L'LgL
£'grL

v'LSi
8'svlL
gLl
€Ll
£eal
[A4%
8'8rlL
£€Gl
v'avi
69l
8'9vL

8'8ylL
S6vL

0'LSL
SovL
€151
v'isi
6°0GL
14142
8'9rL
LaLL

[x4%
LSyl

6ZSL
€8yl

o'l
[ 4)
4741
L0081
vovt
L8l

98yl

£L0L

Uil
SoLL

6°0LL
80LL
9'90L
L'L0L
8'c0oL
L'20L
SpoL
8z0L
1’601
€901
€901

1'60L
L6860l

L'601
7’801
ooLL
ooLL
9'60L
G'80L
8'80L
28741

veli
6°L0L

0901
ZELL

8'L0L
v'L0L
(V274 S
9CLL
60LL
LiLtL

OLLL

S'9EL

L'6EL
vEEL

€68l
el
9'6EL
L'9gL
L'9EL
L'eeL
L'EEL
9'9EL
veeL
6VEL
6VEL

oveEL
oveEL

ooviL
9¢EL
c6EL
¢'6EL
8'6EL
0EEL
0'ZeL
8'eElL

8'LEL
6'eeL

8'6EL
6ZEL

14141
(41
oLl
8'8EL
ocel
ceel

LTEL

[A1)"

S°L0L
L'Z0L

Lot
(A3
Lot
o'Lot
9LL
8'LL

6'LL
L
9L
gL

LLL
LA\

Ll
S'LL
ozL
ocL
gLL
(A YA
L

6'69
CEL
CEL
0zL
SEL
g'eL

0’9
Voo
009
§C9
8'09
29

G'09

v09

L'65
(A3

[4:14
g9y
o'ty
ey
L'y
(A4

v'es
v'io
fAR:]
6'8y
vzs
8'8y

v'es

€98
[
88

0's8

198

9'G8
9's8
9'98

868
8's8

9'G8
998
9'G8
998
€68
698
'S8
L'98

88
9¢8
Le8

9¢8

o6LL

S8LlL
€6LL

€8lLL
6'8LL
(4191
6Ll
(4153
L201
g0l
8'20L
L'6LL
L'gLL
L'eLlL

V8Ll
412"

L'8LL
o8LlL
6Ll
08LL
LLLL
o6LL
S8l
€8¢l

6°0CL
[ TAY

0'90L
6'lcl

00l
oozt

WA %

6°LLL

8'LLL

SLLL

veLl

90

6°L0L

8'zeL
14111

8'cel
e'rLL
L'8oL
L'80L
L"'80L
L'ipL
g8yl
€'eGl
6°L0L
0’80l
6'L0L

vLil
vl

6°0LL
80LL
Leel
[x4A48
geel
8'80L
4411
L'9tL

0'ETL
8'80L

6°¢Sl
9'GLL

6°L0L
9'L0L
vecL
80LL
oLl
X443
oLl

xel

6Lyl

S'ivl
8Lyl

vl
S'ivi
[%:148
[%:141
8'LrL
EvEL
L'9EL
g'LEL
Ly
Ll
Ll
ey
8'8rl
14:143
14142
covL
covL
6°8EL
g'arL
[4°1 2"
L'(SL

8'6¢El
[A1 4%

Ll
L'svL

8Lyl
A4
€8yl
[4::43
L'8ElL
LyvL

o

[AA4s

1161
E'9L

v'Lsi
8'avl
[ArA 4"
Tl
y'ori
L'vl
88yl
€€gl
6'9vL
6'9vL
8gvi
3141
S6rL
o6vL
6'8ri
€161
vLSL
6°0SL
vavL
89l
L'9LL

[A%=13
gl

6'CSl
[24:14

gL

6'9vL

8'8rL

414"

L7081

yovi

€0

€L0L G9EL VvV UILBSISAXOIPAYIQ-6'6 28
aelsoeIp
L'LLL L'6EL g |oulsaiouidAxoyiowi-6'6 L8
goLlL VEEL g loutsaiouidAxoylawia-g'6 08
a1e1908RI}9)
60LL £6EL g jouisaiouldAxoipAYIg-6'6 6L
80LL ZtEL g lowsalouldAxoipAyia-6'6 8L
L'901 L'gEl WV 9181998 UIWEBSESAXOIPAH-6 LL
€90L vgeEL Vv UILLIBSOSAXOIPAK-6 9L
oL 6vEL v uuRYISY G
L2701 Leel 2| JouisaleBulIAS-(+) vL
g'voL LEel 3 aweydg 99g pL
8Z0L 99l Vv uiquiebBue) gL
£'90L 67EL v joysadid A8 ZL
€90l BYEL ¥V ulwesss-(F) LL
€90L B6¥EL V uwessg-(¥) LL
L'60L OvEL VWV ujwsspn3a-(¥) 0L
L'60L OVEL v 48419 jAylewiip |ouiselould 69
NI ETN
L'60L CEEL v JAyIBW-p joutsalould 89
060l E£E€EL  V 49410 |Aylew-p |[ouIseiould L9
00LL Z6EL Vv eeeoelp [oulsalould-(F) 99
00LL T6EL v a1eja0eIp [OUlsalould 99
9'60L 86EL A4 2)ejaoRIp |oulsalould 99
G'80L OeelL v |outsaiould-{ F) §9
880l 0¢CEL V |ouisaiould 9
£'8ZL 8EEL 3 aWaYog 993 9
BURI0(0EE)0IPAIIGRXOIP-L'E 4O SaAIRALIB] “L'b L
Ll L’ v 91B)ade |IAOI|0S| £9
6¢0L 6EEL V awaYyosg 393 29
v ueJsosing-sued} L9
v uesasing-sio 09
090L 86EL 3 swWaYIs 995 65
¢ELL 6CEL 3 awBYyog 89S 89
:urubil] AXOdBOUOW-66 'EE€°L
9'90L [LEEL V¥V 94 JO 9110y (G
oL gvEL v 8WaYoS 39S 99
ogci—-voLL 4 1AIO-(—) 368
£80L 9VEL WV PSS 4O alejeoeiq AGG
Jayie 1Ayl
8'80L C%€EL V -ouoW-{ |oulsalIoleT PgG
[STIELT B R ETN )
p60L €LrL Y IAlow-p [oulsalolie 266
d8y1e |Aylsw
2'80L SPEL v -OUOLW- {7 |oUISaIIDLIET GG
<0 -3 aeNsqng

(panupuod) ‘g AqeL

408 MAGNETIC RESONANCE IN CHEMISTRY, VOL. 23, NO. 6, 1985



BCNMR SPECTROSCOPY OF LIGNAN AND NEOLIGNAN DERIVATIVES
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3CNMR SPECTROSCOPY OF LIGNAN AND NEOLIGNAN DERIVATIVES
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