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STRUCTURE OF GUGGULLIGNAN-1

Abstract

The structure of guggullignan-1 was revised basad

on the high-field "MR (500 MHz) spectrum.
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INTRODUCT I0N

Farmation and clessification of lignans

Lignans are a2 grous aof cmmmounés comnased of two nhenyl-
pronane (aﬁ-ss) units linking at side chains, They are farmed
by oxidative dimsrisation f monomaric cﬁaca mhanals.1
Tummarer suggested a radical thesory for the axidative cousling
of ahencla.z Si?éarantly‘subgtitutad 1-{p-hydroxy nhenyl)-1-
arongnaes in their various oxidation states may yield a radical
far wnich the mesameric Porms d-d may be considerad, Their

dimerization or combinatiaon, and subsequent res-aromatization

will then lead to the diffarent types of lignans,
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Broadly, lignans can be claési?ied,3 based on their

skeletal structure,into 5 groups viz;

1)

2)

3)

4)

1,4~Diaryl butane derivatives,
2.9., (@) Dihydroguaiaretic acid (1)
[1,4-Bis- (4-hydroxy-3-methoxyphenyl)-2,3-dimethyl butane],

(b) Guaiaretic acid (2)
f1,4—Bis—(4-hydroxy—S»methoxyphenyl)-2,3-dimethyl—1—buten@ .

2,3-Dibenzylbutyrolactone derivatives.

@:9., (a) Hinokimin (3)

{2,3-813-(3,4-methylanedioxybenzyl)—butyrolactoné],
(b) Matairesinol (4)

[2,3,~Bis-(4—hyd:oxy—3~methoxybenzyl)-butyrolacton@ .

- Tetrahydrofuran derijvatives,

e.q., (a) 0livil (5)
[2,S—Bis~(4-hyaroxy-3-methoxyphenyl)-3,4—bis-(hydroxy
methyl)tstrahydrofura@,
(b) Lariciresinol (&)
(4-(4—hydroxy—3-methoxybenzyl)-2~(4-hydroxy-3-methoxy—
phenyl)-3-hydroxy methyl tetrahydrof‘uran]°

Tetrahydrofurofuran derivatives

e.g., (a) Pinoresinol (7).

[2,6~Bis-(4-hydroxy*S-methoxyphenyl)-3,7-dioxabicyclo
(3.3.0)octane],
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(b) Sesamin (8)
E?,G-Bis-(3,4~methylenedioxyphenyl)—3,7-di0xabicyclo—

(3.3.0)-octane],

5) 4-Aryl tetrahydronaphthalene derivatives,
@.9., Podophyllotoxin (3)
[ﬁ-Hydraxy—z-hydroxymethgl—6,?—methylenedioxy—4—(3,4,5-
trimethaxynhenyl)—1,2,3,4—tetrahydrbnaahthalene-3-

carboxylic acid lactonéjj

(b) Galcatin (10).

[b,S-Dimethyl-B,7-methylenedioxy-4—(3,a~dimethoxyohenyl)—
1,243, 4-tetrahydronanhthalens],

Apart from the above type of lignans, there are neo-
lignans and cyclolignans uwhich are formed by the dimerization

of allyl pheanols and phenylpropanes,

Guggullignans belong to tetrahydrofurofuran derivatives

group and hence this group will be briefly described hers,

Tetrahydrofurofuran derivatives
(2,6-Diaryl-3,7~dioxabicyclo[§.3.d}ootanes)

The 2,6-diéryl-3,7—dioxabicyclo[3.3.6]octanes are one

of the largest group of lignans and are widely distributed in
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nature., They are present in the roots, heariuood, foliage, fruits, c
resinous exudates of plants.z These lignans caontain the basic
3,7-dioxabicyclo (3.3.0) octane skeleton (11) and have aryl

(or occationally aryloxy) group attached to carbon atoms 2

and 6, They may also have hydroxy' oT acetoxy groups attached to

one or more of the non-aromatic carbon atoms. The tuo hetero-
cyclic rings would be expected to be cis-fused since otherwise
the bicyclic system would be highiy strained., This stereo-
chemical assignment has been proved by degradation exmeriments.4
Nitric acid oxidation of these lignans established5 that the -
aryl groups are attached to carbon atoms 2 and 6. Substituents
attached to carbon atoms 2,4,6 and B can occuny an axial position
(anproximately parallel to the axis of the molecule) or an
equitorial position (approximately perpendicular to the axis

of the molecule) (12, fFig. 2)., For symmetrically substituted
compounds, three stersochemically distinct series are, thsrefore

possible in which the aryl groups are dieguitorial, equitorial-

axial and diaxial. The known naturally occurring 2, 6-diaryl-

3,7-dioxabicyclo\§.3.® actanes areg listed in Tsahle 1,

Spectroscopy in the structure slucidation of 2, 6-diaryl-3,7-

dioxabicyclo[Z.B.d]Dctanes.

PMR:  PMR spectrum of thsse lignans is guite characteristic
and is very heloful in determining the differsnt substituents

and substitution pattern on the aromatic ring., The most important
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Table 1. Naturally occurring 2,6-diaryl-3,7-dioxabicyclo-
3.3.0 octanes. (symmetrically substituted)

Name Structure MeDo D* ’ Ref.
17 Pinoresin 13 120-1° 82.4° 6
2  Epipinoresin 14 137-8°  130.4° 6
3 Eudesmin 15 107° 64.4° 7
4  Epieudesmin 16 125-6°  119° B
5 Diaeudesmin 17 157-8°  +316° 9
6 Sesamin 18 123° 71° 8
7  Episesamin 19 121-5° 124° 8
8 Diassesamin 20 168-71°  +385° 8
9 Syringaresingl 21 172-7° 62,2 10
10 Episyringaresinol 22 210-11° 172° 10
11 Yangambin 23 12139 +46, 6° 10
12 Epiyangambin 24 118-20°  + 119° 10
13 Diayangambin 25 151-2°  + 289° 11
14  Excessin 26 122-3°  + 44 11
15 Epiexcessin 27 164,5-5,5° + 131° 12
16  Eigballinol 28 264-6°  -7,1° 12

*
The sign of the specific rotation is indicated in cases

where only one enantiomer has been isolated,



featurs of pmr is that it easily differentiates disquitorial,

diaxial and egquitorial-axial lignans.

pelter et al,B*??

proposed a criterion for establishing
the stereochemistry of these comoounds, based on the direct
field effsesct of an axial aryl group on the methylene protons

of the other heterocyclic ring, The axial aryl grous at C-2
for example, is held very close to thes axial hydrogen atom

at C-8, The axial hydrogen atom at C-8 lies uithin the
shielding cone of the benzens ring and is therefore moved
upfield, If on the other hand, there were an eguitorial aryl
group at C-2, then both the methylene protons at C-8 lie within
the deshielding cone of the benzene ring and will be moved
downfield. In the diequitorial compounds the methylene protons
always resonate between 3.75 and 4.70 ppm, whereas in the
diaxial compounds they resonate bstween 3.25 and 4.00 pom,

The eguitorial axial lignans show one signal in each af these

regions of the spectrum.

The episeries (equitorial-axial lignans) is anomalous
in showing one of the benzylic protons at high field and this
feature is shared by all the known epi-compounds., Peltsr gg_glla
suggsested that this is an important and diagnostic characteristic

feature of the episeries and like the C-8 axial nroton, it is

a resuylt of direct anisotropic field effect of an axial aryl

group, This analysis was supported by the fact that the



gpiseries is the only one in which a benzylic proton is

held close to an axial aryl group of ‘the mnpsite ring. In

the axial series, there are no such axial benzylic protons
to be influenced, while in the dieguitorial series both the
aryl groups arse equitorial. This indicates that, in the
eoiseries the highfield proton is the axial Droton.and this
gasily solves the praoblem of assigning the sterecchemistry

at C-2 and C-6, This method was tested an the complete

13,14

sudesmin series (15, 16, 17), sesamin seriss13 (18, 18, 20)

and the gmelinols¢13 These criteria have also been used to

assign the configuration of many other compounds including

excelsin (26), epiexelsin (22)911

(25).'°

yangambin (23) and diayangambin

Mass spectra: The mass spectra of 2,6-diaryl-3,7-dioxabicyclo-

@.3.d]octanes were first studied b Pelter15 and Dulfield 16
b4 ’

who defined the basic fragmentatisn pathways, which have bgen

shoun to bs general and used extensively to assign structures

in this f‘ield.1

For the lignans of typs 11 the molecular ion is always
intense and the most abundant fragments ions are 29-39 (Fig. 3).

1

A study of the metastable pneaks showed clearly that many of

the most abundent ions arise by more than one fragmentation
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pafhuays. Pelter15 attempted to correlate the mass spectra
of these compounds with those of simple tetrahydrofurano-
lignans and put forward the hypothesis that the molecular ion
can exist in various forms (égfﬁi, KEELH;)' For a diagnostic
view ooint, the abundant ion 33 is prabably'of the most
significant. It corresponds to a "vertical cleavage of the
molecule and shows- the presence of the moisty Ar-CH—EH-CHz—.
Anogther meak which is seen weakly in this series, but strong
in others is due to the ion 45 which is also a precursor of
.37 and corresponds to a "horizontal® cleavage. If the two

fragmentations are taken together, much structural information

may be obtained, Although mass spectrometry is much useful
for assigning the gross structures of these compounds, in no
case has it besn shown to distinguish reliably between stereo-
isomers.17 Ofcourse, for unsymmetrically substituted lignans
(gﬁﬁ; the mass spectra help to define the aryl groups that

are present as well as the nature of the nucleus to which thay

are attached.1

GUGGULLIGNAN-1

18,19

Sukh Dev and co~workers have isolated four lignans

from C, mukul, viz. (+)-sesamin (19), oluviatilol (47),

guggullignan-1 (50) and guggullignan-2 (49) (Fig. 4).

19

Guggullignan-1 was tentatively assigned the structure 48
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based on thse spesctral data., Nouw the structure of guggullignan-1

has been revised as 50 based on high resolution PMR,

Previsus structural assignment

19

Jreviously structure 48 was assigned to guggullignan-1

based on the following sosctral characteristics,

Guggullignan-1 analysed for C,,45,04 (M", m/e 414)., The
PMR (90 MHz) spectrum (Fig. 8) indicated this comnoound to be
a lignan of the -fusad bis-tetrahydrofuran series, and alinhatic
nrotoas region was suggestive of an espi-eudesmin (16) typs
structure (%able 2), Irradiation of the methine signal at 2,91
ppm caused. the doublet at 4.417 opm to collapse to a singlet,
while irradiation at 3.33 opm caused the doublet at 4,82 pom to
collanse to a singlet. This indicated that methines hydrogen
at C-1 and C-5 in ‘guggullignan-1 are non-equivalent, 0f the
four methylene érotons, one proton apneared as a multiplet
between 4.05—4.21; ane betwesn 3.,22-3.45 opm and two nrotons
resonated as a multiplet between 3,76-3.87 ppik. These chemical
shifts are in consistent with those of eni-eudesmin and other
gpi-compounds, QOut oP-tuu benzylic protons, one appsared in
the down-field (4.82 ppm, 3 = 5 4z) and the other in the
up-field (4.41 opm, 3 = 74z), This is a characteristic featurs
of the eniseries, Furthermore, the pmr spectrum indicated that
guggullignan-1 has two methoxy groups (6H, s, 3.92 pnom), four

methylene dioxy protons (44, s, 5.97 ppm). Four aromatic protons
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Table II - PMR SPECTRA OF EPIEUDESMIN AND GUGGULLIGNAN-I(5D)

Protons Epiéudesmin (16) A Guggullignan (50)
1H 3.35, m 3.3, m
2H 4,85, d, 3= 5,5Hz 4,82, d, J = 54z
4 H 4,1- 4.4, m 4,05-4.,21, m
4 H 3,7-3.9, m 3.76-3.87 m
S5H 2.9, m 2,91, m
64 4,45, d, 1 = 7Hz 4,41, dy, J = 7Hz
8 H 3,70-3.9, m 3.,76-3.87, m
8 H 3,25-3,45, m 3,22-3,45, m
0CH, 3.86, 3.90, s 3.92, s (6H)
Aromatic 6.9-7.1, m, 6.53, 6.58,

6.56, a, (4H)

UZCHZ - 5.97,8(4H) .
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appeared as two mne-gfoton singlet at 6.53 ppm and 6,58 nom
and one tuwo-proton singlet at 6.56 opm., Mass spectrum revealed
both vertical and horizontal cleavage, a characteristic feature
of lignans. Further, it indicated that each aromatic ring has

one methylene dioxy group and one methoxy group.

Substitution nattern on the aromatic ring was determined
by comoarative study of the aromatic region in the omr snectra
of emi—exelsiﬁ (gZ),11 sesangolin {§l)20, 3,4-methylenedioxy-5-
methoxy benzylalcohol (52), 3,4-dimethoxybenzyl-alcohol (53),
4-hydroxy-3-methoxybenzyl-alcohol (54), and Z;ﬁathoxy-3,4-
methylenedioxy benzylaleohal (55, Fig. 5). The four aromatic
protons of epi-excelsin (21) apnear as a singlet at 6.5 npm,
as do the aromatic protons of 52 which resonate as a singlet
at 6.5 ppm, The tuo para-protons of sesangolin2D appear as
singlets at 6.43 pgpm and 6.84 ppm., The protons of ths
unsubstituted methylenedioxyphenyl ring in these lignans resonate
as a multiplet betueen 6.,7-6.76 ppm, as do the aromatic protons
of 53 and 54 which résonate as a multiplet bestween 6.é1~6.9
and 6.8-6.98 ppm respectively. In case of 55 the aroﬁatic

protons resonate as an AE guartet centered at 6.6 opm.

Guggullignan-1 revealed two one-oroton singlets at

6.53 ppm and 6,58 ppm, Which indicated that the two aromatic
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orotons are para with respect to each other, and a two oroton
singlet at 6.56 pom which was aésigned to two meta protons

of the other aromatic ring. From this, it wvas tentatively
concluded that, out of four aromatic protons, two were para
with respect to each other {resonating at 6.53 and 6.58 npm),
and the other two ware meta with respect to each other,
resonating betwsen the para-protons (6,56 ppom), thereby giving
an appearance of an ill-defined multiplet (Fig. 8). Therefors
guggullignan-1 was tentatively assigned the structure 48,

leaving the stereochemistry at C-2 and C-6 unclarified,

PRESENT WORK

The structure of guggullignan-1 was revised as 57

based 5n the high-field pmr (500 MHz).

In guggullignan-1, the aromatic protons apaoesar as an
illdefined multiplet centered at 6.56 npm, which has been
de?ined19 as a two ones-oroton singlets at 6.53 ppm and G.58 npm
(nara protons) and a two-oroton singlet at 6.56 ppm (metaprotons).
Based on this interpretation, structure 48 was assigned.

Since pmr spectrum of guggulignan-1 was recorded using a 90 MHz
omr spectrometer, the signals for aromatic protons were nst

resnlved because of their narrow range of chemical shifts,
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Yence the intarpretation of the illdefined multinlet'® in

guggullignan-1 was less secured and a reclary.ification was

needed.

The meta-nrotons resonate as two doublets with counling
constants 24z, if they are in a different chemical environ-
ment. However, para-protons resonate as a two-sinjlst and
ortho-protons resonate as AB quartet.21 This behaviour of
meta~ and para-protons (which seems to be pfesent in
guggullignan-1) wvas examined in the high-%ield omr of a
numbser of natural products, having similar aromatic ring
substituents, as that of guggqullignan-1 (Fig. 6 and 7). The
meta-protons of compound 56 (ﬁiélup) rgsonate as two doublets
at 6,52 ppm and 6.56 pom (3 = 2.9 Hz), meta-protons of the
similar compounds 57 and 58 resonate as two doubiets at
6.53 opm, 6.56 opm (3 = 2.9 4z) and 6.52 ppm, 6.56 npm (3 = 2.9 Hz)
respectively. These protons in compound 59 resonate at 7.14
opm and 6.65 ppm as doublets (J = 1.5 Hz). The meta-protons
of 60 apoear as tuo doublsts at 6.56 pom and 6.65 pom (3 = 1.5 Hz).
Compound 61 showed the similar spectral behaviourfl The meta-
nrotons of 62 and 63 resonate as doublets at 6.32 opm, 6.39 pom

(3 = 1.2 Hz) at 6.65 ppm, 7.17 pom (J = 2.5 Hz) respectively,

The para-protons of the unsymmetrically substituted ring

resonate as singlets. This feature was examined ow many



natural products in high resolution pmr (Fig. 7). In all the

cases para-pTrotons appeared as singlets which was quite

svident from Fig. 7.

From the above studies, it can be concluded that the
aromatic meta-protons resonate as doublets (J= 2.5 Y4z), if
they are in a different chemical environment, and the para-

pnrotons resonats as singlets,

In the 570 MHz pmr of guggullignan-1, the four éromatic
protons resonate as four sﬁarp singlets at 6.579 pom, 6.556
apm, 6.540 ppm and 6.506 ppm, This clearly indicates that
in gquggullignan-1, all the four prmt%ng are para-ones, but

19

not twi-para and two-meta, as assigned earlier, Hence, the

structure of guggullignan-1 is 50. If the earlier structure 48
was correct, then one would have expected two singlets and

two doublets. The chemical shift agsigﬁment19 for other
aliohatic protons (Table 2) were confirmed by decounling
experiments (Fig. 10). Since gujgullignan-1 is a symmetrical
molecule, the stereochemical problem at C-2 and C-6 does not

arisa,
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