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Recent advances in the chemistry of lignans
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Abstract. The recent literature on the chemistry of simple lignans has been comprehensively
reviewed.
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1. Introduction
Lignans constitute an important class of natural products, which are biogenetically
derived from C6-C 3 units. The chemistry of lignans has been extensively reviewed up to
1976 (Rao 1978). Since then a large number of publications have appeared in the
literature, some of which report the discovery of lignans of novel structural patterns.
Hence, it seemed necessary to review the literature appearing subsequent to those
covered in Prof. Rao's book. The present review, which sums the literature up to 1983,
deals with the chemistry of the new lignans reported. The review deals only with the
simple lignans, and papers on sesqui-, bi- and neo-lignans have not been included.
Synthetic approaches to lignans have also been omitted as these have been reviewed
elsewhere (Ward 1982).

2.

Dibenzylbutane iignans

Acanthotoxin (1), C2oH]aO 6 (M § 356), m.p. 123 ~ [~t]D - 1 3 3 ~ and podotoxin (2),
C21H2206 (M § 370), m.p. 140-42 ~ [0t]O --5.3 ~ are the two germination inhibiting
lignans isolated from Zanthoxylum acananthopodium D.C. (Chakravorty et al 1977,
1979). In the 1H-sMS spectra of these compounds the ethylenic (1H) and aromatic
protons (7H) appeared in the region 66.65-6.80 (m), the exchangeable lactol proton at
64.75, the oxy-methylene protons (2H) at 64.02-4.38 (m) and the benzylic protons at
62.65-3.91 (m).
On oxidation by Collin's reagent both of these furnished y-lactones, acanthotoxin
(3) and podotoxin (4). The authors have reported that (1) and (2) on heating were
cyclised to dihydronaphthalenes (5) and (6) which were aromatised by 10 ~ Pd-C to
justicidin-E (7) and the compound (8) respectively. The mass peak at m/z 203 defined the
position of the methylenedioxy moiety in ring A of podotoxin.
(+)-Nortrachelogenin (9), C2oH2207, ['ct]o +15"4 ~ isolated from Wikstroemia
indica, (Kato and Hashimoto 1979) appears to be the enantiomer of (-)nortrachelogenin (10), [~]D - 16"8~ from the identity of their tJv, m, 1H- and ~3C-NMS spectra. The
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enantiomeric relationship was confirmed by CD measurements showing positive and
negative Cotton effects respectively for (9) and (10) with maxima at 236 nm. (9) was the
2R, 3R compound as the previously reported (10) was shown to possess 2S, 3S
configuration. (+)Nortrachelogenin seems to be identical with wikstromol (Tandon
and Rastogi 1976) isolated from the same plant by comparison of their given structures,
though the specific rotation value of the latter was reported as + 72 ~ ( +)-Arctigenin
(11) (Suzuki et al 1982), C21Hz400, [~t]D + 28"05~ (EtOH), was isolated from the same
plant. The identical physical and spectral properties of(1 I) with ( -)-arctigenin (12), but
opposite sign of both specific rotation and Cotton effects in CD spectra ([0] + 24180 for
(11) and [0] - 23250 for (12) at 230 nm) indicated (11) to be (+ }-arctigenin.
The structure of (-)trans-2-(3',4'-dimethoxybenzyl)-3-(Y', 4", 5"-trimethoxybenzyl)
butyrolactone (13), C2aH2807, reported from Cinnamomum camphora Sieb (Takaoka
et al 1977), was established from spectral analyses. The trans-substituted 7-1actone
system was indicated by the signals of the aliphatic protons (62.55 (4H, m), 2.90 (2H, m)
and 3.8-4-25 (2H, m)) in the IH-NMR spectrum; this was also supported by the presence
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of an absorption band at 1760 cm- ~ in the IR spectrum. The aromatic region of the ~HNMRspectrum suggested the presence of a symmetrically substituted trimethoxyphenyl
(t~6-18, 2H, s) and a disubstituted phenyl group having two ortho-protons (6 6"61, 1H, d,
J = 8 Hz; 66.75, 1H, d, J = 8 Hz and 66.68, 1H, broad s). This led to two possibilities
(13) and (14) for the new lignan. The occurrence of a mass fragment at m/z 208 (15) in
the MSfavoured structure (13). The absolute configuration was settled as 2R, 3R from
CD studies.
The first report of the natural occurrence of brassilignan (16) was claimed by Taylor
and co-workers (Nimgirawath et a11977) from Flindersia brasii although it, along with
several stereoisomers, was reported earlier as a synthetic compound. Brassilignan,
C22H2sOs, m.p. 120~ [0t]D - 56~ was shown to be symmetrical from the doubling of
peaks in IH-NMR spectrum. The ion peaks at m/e 152 (C9H120~) and m/e 151
(C9H1~O ~) suggested it to contain the 3,4-dimethoxyph~nyl group(s). 1H-NMRsignals
at ca 66.60 (m) were assigned to H-2', H-5' and H-6'; the pattern was matched by
iterative computation (LACON3) yielding the following parameters: 62' 6"59; 65' 6.75; 66,
6-63; J2'.5' 1.97; J2,. 6" 0.60; Js'. 6' 7.95 Hz. Each of the geminal protons, H A,HB, H Dand
H E appeared as d ofd and the proton H c as a broadened sextet. The ~3C-NMRspectrum
supported the structure (16). The absolute configuration (3R, 4R) was determined from
the work of Row et al (1966).
Two new lignans, viz. jatrophan (17) (Chatterjee et al 1981) and gadain (20)
(Chatterjee et al 1984) were isolated from Jatropha gossypifolia. These are the first
lignans obtained from the genus Jatropha. Jatrophan, C2 ~H2006, m.p. 129~ [Ct]D + 87 ~
(CHCI3) showed n~ absorptions at 1725 (ct,//-unsaturated v-lactone), 1630 (olefinic
double bond), 1595, 1480 (aromatic)and 910 cm- ~ (methylenedioxy group) (Chatterjee
et al 1981). A comparison of its uv absorption spectrum with that of (-)-hibalactone
(18) (Schrecker and Hartwell 1954), showed jatrophan to be a lignan of dibenzylbutyrolactone skeleton with a 2,6-double bond. The 1H-NMRdata (given on the structure) as
well as the MSfragments at m/z 368, 217, 152, 151 and 135 were in accordance with the
formulation ofjatrophan as 2-piperonylidene-3-veratryl-3R-v-butyrolactone (17). The
structure and stereochemistry were finally confirmed from x-ray diffraction studies
(Chatterjee et al 1981). Jatrophan (17) was converted into two naturally occurring
arylnaphthalide lignans, retrochinensin (8) and justicidin-B, (19) by treatment with
DIX~ and N-bromosuccinimide respectively. Jatrophan showed strong insecticidal
activity against the storage grain pest, Tribolium castaneum.
Gadain (20), C2oH1606, m.p. 145~ [aid + 86 ~ (CHCI3) exhibited uv absorption
(2max 337, 293, 235 nm; log e 4"20, 3"95, 4-18) characteristic of dibenzylbutyrolactone
lignans having a double bond in the 2,6-position (Chatterjee et al 1984). The IR
spectrum showed characteristic absorptions for an ,,,//-unsaturated y-lactone
(1725cm-~), olefinic double bond (1620cm -~) and a methylenedioxy group
(915 cm- ~). Structure (20) for gadain was proposed from its Ms fragmentation pattern
and from 300 MHz IH-NMR studies and 2D HOMCOR (COSY) experiments. It was
observed that gadain was isomerised to its isomer (21) even in the presence of traces of
HCI. The structure and stereochemistry of gadain was confirmed by its synthesis from
jatrophan (17). The latter was demethylated with BBr3 to (22), which on treatment with
bromochloromethane and potassium carbonate afforded (21). vv-irradiation of the
latter caused a double -bond isomerisation to give gadain (20). DDQtreatment of gadain
gave justicidin E (7), through the intermediate formation of (21).
The total synthesis of (+)-gadain has been carried out as outlined in chart I. Stobbe
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condensation of piperonal with dimethyl succinate furnished (23) which on catalytic
hydrogenation followed by hydrolysis and selective hydride reduction gave the lactone
(24). Condensation of (24) with piperonal furnished gadain (Chatterjee et al 1984).
Pregomisin (25), C22H3oO6,mp 130-31 ~ [UJD0~ isolated by Ikeya et al (1978a, 1979a)
from Schizandra chinensis Baill, showed uv maxima (~max208, 225 and 270; log e 4.81,
4.30 and 3"15 nm) similar to those of meso-dihydroguaiaretic acid and secoisolariciresinol. The :H-NMR data (on structure) accounted for just half the protons
indicating it to be a symmetrical molecule- a 1,4-bisphenyl-2,3-dimethylbutane
derivative. MS data also supported this structure. The CD curve, with no absorption
between 200-400 nm suggested it to have the meso-eonfiguration (2S, 3R). From the
appearance of a pair of meta-coupled aromatic protons in the l H-NMR spectrum and
biogenetic considerations the structure of the aryl groups were derived as shown.
Finally the structure (25) was confirmed by its synthesis from guairaretic acid (26).
Hydrogenation of (26) to the dihydroanalogue (27), follo~ved by nitration yielded a
dinitro derivative (28). Reduction by tin/HCl of its dimethyl derivative (29) gave the
corresponding diamino compound (30). Diazotisation and subsequent treatment with
5 % I-I2SO4 afforded pregomisin (25).
Bohlmann ez al (1978) have isolated three diester lignans, bisdihydro-coniferylalcohol-diisovalerate (from Flavaria chloriefolia), heliobuphthalmin and dehydroheliobuphthalmin (from Heliopsis buphthalmoides). From spectral data, IH-NMRin
particular, the structures were established as (31), (32) and (33) respectively. All the
compounds showed an ester absorption band at 1740 cm-1 (the last compound
showed another at 1710 cm- ~ for its conjugated ester function). They were reduced by
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lithium aluminium hydride to the corresponding diols (34), (35) and (36) respectively.
The stereochemistry of the chiral centres was not defined for any of these compounds.
Agrawal and Rastogi (1982) reported the first natural occurrence of mesosecoisolariciresinol (structure 43; 2S, 3R), C2oH2606,from Cedrus deodara as a liquid.
Its structure was confirmed by aH-NMR comparisons with related compounds and the
previously reported synthetic meso- seco- isolariciresinol.
3.

Aryltetralin and arylnaphthalide lignans

Attenuol,C19H2003, m.p. 160-61 ~ [~]o - 20"5~ was obtained from Knema attenuata
(Joshi et al 1978). The structure was suggested to be (37) from a detailed study of its
1H.NMR spectrum, oRB studies led to the assignment of absolute stereochemistry at the
chiral centres as IS, 2S, 3R.
The structure and the relative stereochemistry were confirmed by the synthesis of
(+)-attenuol (37) and its all -cis isomer, (-I-)-2-epiattenuol (38) (Joshi et al 1979). A
Diels-Alder reaction between methyl-p-benzyloxyphenyl acetylene carboxylate and
6,7-methylenedioxy cinnamyl alcohol with simultaneous lactonisation produced a 1,2dialin (39). Its catalytic hydrogenation furnished the tetralin (40) which was used as the
precessor by Joshi et al (1979). Benzylation of (40) in presence of K2CO3 in acetone
gave (41), but in the presence of sodium acetate in ethanol (42) was obtained. Reduction
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of the lactone ring and debenzylation of these afforded (+)-attenuol (37) and its 2epimer (38) respectively.
Brown et al (1979) have also reported the synthesis of (+)-attenuol. Condensation of
racemic (24) with p-benzyloxybenzaldehydein presence of (Me3Si)2N- Li + followed by
hydrolysis gave a diastereoisomeric mixture of alcohols. The latter were cyclised to (41)
by TFA. Reduction of the lactone ring by successive treatment with LiAIH4,
MeSO2Cl/pyridine, LiAIH4 and finally hydrogenolysis of the benzyloxy group over
Pd/C gave (+)-attenuol (37).
The structure and stereochemistry ofmorelensin (44), C21 H2oO6 (M + 368), mp 181 ~
[~t]O -- 125~ isolated from Bursera morelensis (Jolad et al 1977) was established by a
comparative study of its spectral properties, particulady the 1H-NMa and mass spectra,
with those of deoxypodophyllotoxin (45) and 5-methoxy-deoxypodophyllotoxin (46).
The 1H-NMR signals of its ),-lactone moiety (Vrn~ 1775 cm- 1) and rings A, B were
identical with those of (45), whereas the signals for the protons in ring C were similar to
those of the corresponding signals of (46).
Podophyllotoxone (47), C22H2oOs, m.p. 189-92 ~ [~t]o - 128 ~ (CHCI3) was isolated
as a natural product from Podophyllum hexandrum and Podophyllum pehatum by
Dewick and Jackson (1981), although it was known previously as a synthetic compound
(Gensler et al 1960) of established 1R, 2R, 3R stereochemistry.
Hernandin (48), C23H2408, m.p. 210--13~ [at]o - 70~ (CHCI3) was isolated from the
seeds of Hernandia ovioera L. (Yamaguchi et al 1982). Its IR and tH-NMR spectra
indicated the presence ofa lactone methylene, a methylenedioxy group, three aromatic
protons and four methoxyl groups. A comparison of the IH.NMa data of (48) with those
of the isomeric p-peltatin A methyl ether (49) (Hartwell and Detty 1950) showed
differences in the chemical shifts of an aromatic proton of the tetralin ring (6 6-24 in 49,
66-40 in 48) and those belonging to a methoxyl group (63.60 in 48, 64.04 in 49). The ~ts
fragmentation patterns of the two compounds were similar. On OOQoxidation, (48)and
(49) aromatised to give two different compounds (50) and (51) respectively thereby
indicating that the original compounds were not stereoisomers. A comparison of the
1H-NMRspectra of (50) and (51) indicated the location of the methoxyl group at C-5 in
the former as it appeared at a higher field (6 3"47) due to the anisotropic effect of the 4phenyl group, than the C-8 methoxyl in (51) (6 4.20). It was further reported that in typeA lignans (52), the lactone methylene and the C-1 proton should appear at 65"32-5.52
and 6 7.6--7.7 respectively whereas for type-B lignan (53) the corresponding values are
65"08-5.23 and 68-25. In the tH-NMR spectrum of hernandin the appearance of those
signals at 65.30 and 67.64 respectively indicated the relative position of the lactone
carbonyl group as that in type-A (52). The co spectrum of hernandin showed a positive
first Cotton effect at 286 nm [(0) + 2083] thereby showing it to be a 4~-aryl-tetralin
lignan (Klyne et al 1966; Swan et al 1967). The trans-configur~tion of the lactone ring
was indicated by its base-catalysed epimerisation to picrohernandin (54), mp 90--92~
[ct]D + 100~ Thus hernandin was 5-methoxypodophyllotoxin (48). This was further
confirmed by x-ray crystallographic analysis.
The isolation of a arylnaphthalene lignan, 1,2,3,4-dehydrodesoxypodophyllotoxin
(55), C22H1807, mp 276--78~ was reported in the same paper as hernandin (Yamaguchi
et al 1982). (55) could be obtained by the OOQ oxidation of desoxypodophyllotoxin.
Five new lignans, one of the furofuranoid and four of arylnaphthalene skeleton
(56-59) were obtained from Cleistanthus collinus (Anjaneyulu et al 1981). This was the
first Euphorbiaceae plant from which both these classes of lignans have been obtained.
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One of the new compounds was 3,4-dihydrotaiwanin C (56), C2oH1406,mp 199-200 ~
whose structure was established by comparing its I-NMRspectral dat~/with those of the
known collinusin (60). The IH-NMR showed that the two methoxyls in (60) had been
replaced by a methylenedioxy group in (56).
All the other three new compounds were glycosides. Cleistanthin D (57), C29HaoO 11,
mp 199-200 ~ [0t]O +25 ~ showed an IR absorption at 1755cm -1 for a lactonic
carbonyl. On acid hydrolysis it yielded diphyllin (61) and 2,3,5-tri-O-methyl-D-xylose.
Thus cleistanthin D had the structure (57). Cleistanthin .E (58), C42Hs202o, mp
177-89 ~ [,tip - 40 ~ on hydrolysis with methanolic HCI gave diphyllin, D-glucose, 2,3di-O-methyl-D-xylose and 2,3,5-tri-O-methyl-D-xylose. Permethylated cleistanthin E
on hydrolysis gave 2,3,6-tri-O-methyl-D-glycose, 2,3-di-O-methyl-D-xylose and 2,3,5tri-O-methyl methyl-D-xylose, showing that 2,3,5-tri-O-methyl-D-xylose was the
terminal sugar. On mild hydrolysis with 0-05 N H2SO 4 in methanol at 60 ~ (12 hr), only
2,3-di-O-methyl-D-xylose and 2,3,5-tri-O-methyl-D-xylose were obtained, thereby
proving that D-glycose was the monosaccharide unit directly attached to the diphyllin
nucleus. All these observations established structure (58) for this new glycoside. The
third new glycoside, C27H24011, mp 210-12 ~ [at]D + 11 ~ gave on hydrolysis taiwanin
E (62) and 3,4-di-O-methyl-D-xylose. Hence it was taiwanin E 3,4-di-O-methyl-Dxylopyranoside (59).
The isolation of a new aryl naphthalide lignan, designated daurinol (63), from
Haphlophyllura dauricum has been reported (Batsuren et al 1981).
Justicinol (64), C2oH1207, mp 250-52 ~ was isolated from Justiciaflava (Olaniyi and
Powell 1980). Its uv spectrum was very similar to that of helioxanthin (65), while its m
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spectrum showed the presence of a ~,-lactone moiety, a methylenedioxy and a hydroxyl
group. The existence of a phenolic group in justicinol was confirmed by its conversion
to a monoacetate (66) and a mono-methyl derivative (67). The position of the oxygen
substituents, particularly the presence of the additional phenolic hydroxyl, were settled
from IH-NMa comparisons of justicinol with its mono-acetate and helioxanthin.
The first natural occurrence of a cyclolignan hemiacetal, africanal (68), C2oH2207,
was reported from Olea africana by Viviers et al (1979). Subsequently the diacetylated
derivatives of three cyclolignan acetals, namely 3a-methoxy-3a-deoxy-a-conidendrin
(75), 3a-methoxy-3a-deoxy-/~-conidendrin(76) and 3a-ethoxy-3a-deoxy-fl-conidendrin
(77) were obtained from the acetylated extract of the plant Dacrydium intermedium
(Cambie et al 1979a, b).
The structure of africanal was elucidated from spectral studies of the compound and
its various derivatives (69)-(72) and by its chemical conversion to cyclo-olivil or isoolivil
(73) and the corresponding pentaacetate (74). A comparison of l 3C_NMt spectra of (68)
and (73) revealed their close resemblance. The xaC-chemical shifts of Cx, C2, C2a, Ca,
C3a and C4 for (+)-africanal were 648-5, 45.1, 70.3, 79, 103.3 and 37.3 respectively,
whereas for (73) the corresponding values were 644.8, 47.6, 60.5, 73.4, 69.4 and 40.1.
This similarity taken in conjunction with superimposable CD curves of (68) and (73)
defined the stereochemistry at all the chiral centres (1R, 2R, 3R) except at C3a. The large
deshielding (1"14 ppm) of the C3a-proton of the tetraacetyl derivative (72) compared
with that of the triacetyl derivative (71) strongly indicated a fl-axial orientation of the
C3a-OH and therefore S-configuration at C3a.
The structure and stereochemistry of (75), (76) and (77) were deduced from their
correlation with the diacetates of at- and fl-conidendrin, (78) and (79). Similarities in i HNUR spectral data of (75) and (78) allowed their assignment to the same stereochemical
series (all trans), while the results of (76), (77)and (79)indicated the B/C ring juncture to
be cis. The appearance of Haa as singlet in the 1H-NMR spectra of (76) and (77) was
consistent with a dihedral angle H-Ca-Caa-H of ,,- 90 ~as observed in models. In the Ms
of these compounds strong peaks corresponding to the loss of ROH and RO from M +
ions were evident. In addition, the structures were consistent with decomposition of
phenyltetralin skeleton giving peaks at m/e 341,340, 2!6 , 175 and 137. Structure and
stereochemistry of (75) and (76) were confirmed by conversion into optically active
compounds (78) and (79) respectively by treatment with BFa-etherate and mchloroperbenzoic acid.
Ghosal et a/ (1979a) reported four aryl naphthalide lignans prostalidin-A (80),
prostalidin-B (81), prostalidin-C (82)and retrochinensin (8)from J usticia prostata. The
mass [m/e 394 (M +), 379, 365, 364, 351 and 197 (M + +)] and uv lamax 230, 255, 300-305,
310, 315 and 345 nm] spectra of prostalidine A, mp 303-305 ~ were characteristic of
4-aryl-2,3-naphthalide skeleton. It was methylated with diaz,omethane to the monomethyl derivative (81), mp 245-47 ~ (M + 408), which on oxidation by KMnO4 afforded
6-methoxypiperoxylic acid, thus setting the C-ring oxygenation pattern as shown.
Prostalidin-B (81) was identical to the monomethyl derivative of prostalidin-A.
Prostalidin-C, mp 263-265 ~ resembled prostalidin-A in spectral properties with the
exception of having an additional aromatic proton (,,~ 66.80) in place of the -OMe
signal (64.25) in the latter. Retrochinensin (8) was identical with the DDQ-oxidation
product of suchilactone (4).
Ward et al (1979) predicted the chemical shifts of compounds with oxygenation
patterns (83-86) on the basis of i aC.NMa spectral data of some aryl-tetralin lignans and
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known substituent parameters. Comparison of these values with those reported for
hypophyllanthin led to the revision of its structure as (87) instead of (88) as suggested
earlier by Row el al (1970). However, Ganeshpure et al (1981) carried out a total synthesis
of hypophyllanthin and showed (89) to be the correct formulation. Stobbe condensation
of aldehyde (90) with dimethyl succinate followed by catalytic hydrogenation and
calcium borohydride treatment furnished the lactone (91). This was brominated to (92)
to protect this position from cyclisation in a subsequent step. The corresponding
lithium enolate was condensed with veratraldehyde and the resulting product cyclised
with a'~^ to (93). Removal of bromine and reduction of the lactone ring to (94) was
achieved by the use of lithium aluminium hydride. Methylation of (94) furnished
+ (89), which was identical with the naturally occurring hypophyllanthin (Ganeshpure
et al 1981)9
4. Tetrahydrofuranoid lignans
Machilusjaponica afforded machilusin (Takaoka et al 1979), C21H24Os, mp 121-22 ~
[=]D -- 1306~ the XH-NMRspectrum of which suggested its 2,5-diaryl-3,4-dimethyl
OR

56:
60:

R,pR = CH 2
R=Me

64 : R = OH
65: R=H
66 : R= OAc

Rl=Me
88 : R=2~3tS-tri-O-methyI-D-xylefuranosy1-2,3-di-O-methy! - 0 67 : R = OMe
xytopyrano~yl-(1--4)-D-glucopyranose,,, R =OMe
OR
59 : R=3~4-di-O-rnethytMeO ~ / ~ , ~ .
D-Xy I~ ; Rf,Rt=CH2

R1Rz R 3
! ~=

Me

R=213~S-tri-O-methyl-O-xylosei

57 !

R

RO

~R

R

"OMe

TR

"OM"

68:R=RZ=H;Rl= Rz=OH
69:R=Me;I~=H; RI=RL-OH
73 : R = H
70:R=Me;R3=HIRl=OH~RZ"-OMe
7& : R = Ac
71"
c 3
1
=..
9R=A iR =H~R.=OHjR-OAc l . e ~ . . . . . . . .
72"R-'Ac; R~H;R~RZ=
' OAr "0 ~ , , w ~
==-,
75:R=AC;R'=Rl=H~RZ=0Me
"F/"~'~ Y

,6:.:.~

3o].

"

84

102.s

j.

. 0 " ~ / ~ " ~ ~"
148"0 I'0~,.2\~38.6
9

MeO

O
"

83
In14B. 6
146.3
~',," ..113.7 - - \

lOl

I

~
0\'~131.9

I
148-0 i 134.6
85

R1 R
~,"

~ . . , ~
J~

.o4 cJ J

I
132-9 0142.1 . ~ . ,
"o ~" I / / ' ....

62 : R=H; Rt,R 1= CH2

.coA.A
/ 133-4

T*/ ,-122"4

IOl

r

~ t ~
/ 0~\L,~.123.2

1022 t 150"0
86

I

] j U

L.~J.J,~
y
"OMe

~c

,8 : ,:,; ,':0,.

77 :

R=HIRt=OEt

79"

R,R'=O

"

1040

A Chatterjee et al
6-82,d(0.7) ~.25,s
H
Me O
O-~(
~

1424 R) 115-3
R'~'-..~'~. ~
h.

8"82 HO~]~

6".'" ojO

7--0..

9

5.99)s

OMe

OMe

87 : R1 )RZ--=OCHzO;R3=OMe;R4=H
88 : R=~R4=OCH20;Ra=OMe~RI=H

80

89 : R = Me
94 : R =H

Br

Me~CHO

9O

91 :

92 :

R =H

~"~L~o

M
9

R=Br

93

~.-.l-~'0.62 ~d (7)
Me MeL1.01~d (7)

OMe
OMe

RH~

R
"CH2OH

CO-

Og|u
"OMe

95 : R = A t '
96 : R = Ar

(/.)

MeO

97 : R=Ar' ~RI=Ar [-Ar=3)/.-rnethylenedioxyphenyl~
98 R=Arl # =Ar ' LAr'-- 3, 4- dimethoxyphenyI
]

OMe

OH
99

furanoid skeleton. The MSfragmentation pattern, similar to those for galbelgin (95) and
galbacin (96) supported this, and in addition gave information regarding the
substituents in the two aryl groups. The stereochemistry of the methyl groups at C3 and
C4 was assigned to be cis as the signals for its H-3 and H-4 were different from those
having trans relationship (~ 62.25, 1H, m and 61.80, 1H, m e.g. in verangensin).
However, the stereochemistry at C2 and C5 remained undecided and accordingly the
structure was given as either (97) or (98).
Mangnolenin-C (99), a glucoside with a novel ketolignan skeleton was isolated from
Magnolia grandiflora (Rao and Wu 1978). A syringoyl unit in it was indicated by its uv
spectrum ()'max 310 nm, shifted to 360 nm on addition of alkali), its oxidation by
Fremy's salt to a 2,6-dimethoxybenzoquinone and a 2H singlet at 67.20 in its IH-NMR
spectrum. Another 2H singlet at 66"72 suggested a syringeresinol unit. A comparison of
the 1H-NMa spectra ofacetylated derivatives of the glucoside and its aglycone led to the
speculation of the glycosidic linkage through one of the phenolic hydroxyl groups.
Another novel lignan, designated sylvone, has been isolated from Piper sylvaticum
(Banerji et al, communicated). This compound has been shown to be (100) (relative
configuration) on the basis of chemical and spectroscopical studies. The relative
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configuration has been established on the basis of extensive NMRstudies including NOE
measurements.
Nectandrin A (101), C2~H2605, [~t]D + 10~ and nectandrin B (102), C20H2405, [ct]D
0 ~ were isolated as oily products from Nectandra rigida (LeQuesne et al 1980). Their
~H-NMR and MS fragmentation data were in accordance with their formulation as
tetrahydrofuranoid derivatives. On methylation, both compounds yield galgravin
(103). Structure (101) was assigned to nectandrin A on the basis of the above facts and
its likely biogenesis from isoeugenol. The MS of the bis-trimethylsilyl derivative of
nectandrin B (102) indicated a symmetrical structure for it.
Neo-olivil, C2oH2407, a component of Thymus longiflorus, was not obtained in the
pure state (Hernandez et a11981), though its MSindicated it to be a tetrahydrofuranoid
lignan. Its structure was settled as (104) from spectroscopy studies carried out with its
tetra-acetate (105). The IR spectrum of (105) showed bands for both aromatic and
aliphatic acetate carbonyls (1735 and 1765cm-~). The tH- and ~3C-NMR spectra
indicated a symmetrical structure. Hence the four substituents were either all trans- or
in the cis-trans-cis configuration. Previous work on the ~H-NMR spectra of similar
compounds showed that when the adjacent methyl (corresponding to the -CH2OH in
neo-olivil) and aryl groups were trans, the benzylic proton appeared at 64.48-4-6.
Whereas, if these substituents were cis this signal appeared at around 6 5-I. The benzylic
methine appeared at 6 5 in neo-olivil tetra-acetate. This was consistent only with the
stereochemical formulation (relative configuration) shown in (104).
Chicanine (106), C2oH2205, mp 122-24 ~ [ct]~~ + 118.8~ (CHCla), occurs in the
fruits of Schisandra sphenanthera Rehd et Wils and S. henryi Clarke (Liu et a11981). Its
spectral properties as well as those of its acetate and monomethyl ether indicated it to
be a diastereoisomer of austrobailignan-7 (107). The relative stereochemistry of
chicanine was elucidated by ~H-NraR studies (including decoupling and NOE) of
dinitrochicanine ethyl ether (108). The absolute configuration of chicanine (106) was
established as 2S, 3R, 4S, 5S from the transformations outlined in Chart 2 to the known
compounds (109) and (110).
Isolivil (111), C2oH2407 (M + 376), mp 170-172 ~ [~t]r) - 4 7 . 9 ~ is a constituent of
Taxus wallichiana Zucc (Miller et al 1982). Its structure was settled as (111) from
detailed ~H and ~3C-NMRstudies of its tetra-acetate (112).

5. Furofuranoid iignans
Ghosal et al (1979b, 1980) have isolated three new lignans belonging to this class from
Justicia simplex. The first compound was a 2,6-aryloxy furofuranoid lignan, simplexolin (113) (Ghosal et al 1979b), C2oHIaOs, mp 160-62 ~ whose ~H-NMRspectrum
indicated it to be a symmetrical molecule. The uv spectrum (2ms~ 235, 292 nm) was
characteristic of a 1,3,4-trialkoxybenzene. Its structure elucidation rested mainly on
correlation of Ms data [role 249~(M-OAr), 219 (2-(Y,4'-methylenedioxyphenyloxy)-2pyran), 138 (ArOH)" +, 137 (ArO) and 81 (pyrylium cation)] with those of sesamolin
(114). The ions resulting from aryloxy cleavage (role 249, 81) (with or without proton
transfer) are of diagnostic importance.
Justisolin (115) (Ghosal et al 1980), C2oHt607, mp 146-48 ~ [arid +42.7 ~
(chloroform) exhibited a bathochromic shift of its uv maxima from 228 and 282 nm to
245 (sh) and 295-300 nm in presence of base. Its MSshowed fragments characteristic of
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a furofuranoid lignan bearing a piperonyl and a hydroxymethylenedioxyphenyl
moieties. Methylation with diazomethane and permanganate oxidation furnished
piperonylic acid and 6-methoxypiperonylic acid. Structure (115) was proposed on the
basis of the above facts and a detailed 1H-NMRanalysis. Simplexoside (116) (Ghosal et
al 1980), C26H3oO11 " H 2 0 , mp 205-10 ~ [~]D -12"5~ (methanol), was a glycoside
which on emulsion hydrolysis afforded the aglycone (117) and glucose. The physical
properties of the methyl ether of the aglucone were very similar to those of
methylpiperitol (118). The position of the glucosyloxy moiety and the diequatorial
configuration of the aryl rings followed from IH-NMR investigations.
From a comparative study of the 13C-NMR values of several related 2,6-biaryl
furofuranoid lignans, Pelter and Ward (1977) revised the structures ofepiaschantin and
epimagnelin as (119) and (120) in place of (121) and (122) as suggested by Nishino and
Mitshui (1973). The C-1" (belonging to piperonyl and veratryl groups) of these
compounds appeared at 6135.2 and 3135-5 respectively indicating their equatorial
rather than axial (expected chemical shift in the region 6130-132) orientation. Also the
C-1' (belonging to the 3,4,5-trimethoxyphenyl group) resonated at 6134.1 and 6134.2
respectively to show that these were axial as otherwise these should appear at
,,, 136.6 ppm as in aschantin and yangambin.
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CHART 2
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Sylvatesmin (123), C21H240 6 (M § 372), mp 122-23 ~ [~t]D + 158~ is a furofuranoidI
lignan isolated from Piper sylvaticum (Banerji and Pal 1982). Its unsymmetrical
IH- and 13C-NMRspectra and specific rotation value indicated that it belonged to the
unsymmetrical epieudesmin series. It was converted by methyl iodide-sodium hydride
in THE to a monomethyl derivative, which was identical with (+)-epieudesmin (125).
Thus sylvatesmin was a desmethyl-(+)-epieudesmin. The comparatively low-field
signal of the two unoxygenated quaternary carbons 6130"7 and 6132.6, assignable to
C-1' and C-1", suffered a downfield shift by 6"3 ppm in the monoacetyl derivative (126)
confirming the position of the phenolic hydroxyl group at C-4' of the equatorially
substituted aryl ring. Sylvatesmin is thus a monomethyl ether of (+)-epipinoresinol
(127). ( +)-Phyllygenol (forsythigenol), also a monomethyl ether of ( + )-epipinoresinol,
has been reported earlier to occur as the fl-D-glucoside, phyllyrin (forsythin) in various
Phyllyrea and Forsythea (Gripenburg 1949) species. The earlier papers on this
compound had not confirmed the substitution patterns of the two aryl groups at C-2
and C-6, and therefore two alternative structures (123) and (124) were proposed. Chiba
et al (1980) confirmed the structure (123) for phyUigenol. Thus sylvatasmin and
phylligenol are identical to each other. Direct comparison with a sample of phylligenol,
obtained in 1983 from Prof. Gripenburg of Helsinki University after the publication of
our paper (Banerji and Pal 1982), confirmed their identity.
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Ulubelen et al (1978) have reported an epoxylignanolide (128), styroxin, C20HlsO7
(M + 370-1027), mp 146-147 ~ from Styrox o2ffcinalis. The furofuranoid skeleton and
the structure of the aryl groups were deduced mainly from IH-NuR and mass spectral
data. The stereochemistry at C-2 and C-6 and the position offthe lactone carbonyl at
C-8 were ascertained by x-ray analyses. The structure of another epoxylignanolide
(129), C21H22Os, isolated from Aegilops ovata (Cooper et al 1977), was established
by IH-NMR and MS studies. The third methoxyl group was placed in the aryl ring
attached to C-6 because irradiation at 66.96 caused narrowing of the signal for H-2,
whereas irradiation at 66"48 showed a similar effect on the 6-H signal.
The 2,4-diaryl furofuranoid structure (130) given earlier to a germination inhibiting
epoxylignanolide from Aegilops ovata was questioned by Anjaneyulu et al (1977) on the
basis of its similarity in spectral properties with an epoxylactone having 2,6-diaryl
structure (131) obtained by oxidation of 4-hydroxysesamin with CrO3/pyridine. The
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structure was finally revised to (132) as a consequence of its synthesis involving
oxidative phenolic coupling of ferulic acid and coniferyl alcohol.
Wodeshiol (133), C2oH 1808, mp 153-54 ~ [Ct]D -- 12~ was isolated from Cleistanthus
collinus by Anjaneyulu et al (1981). Inoue et al (1981) isolated the same compound from
Ki~elia pinnata and designated it kigeliol, mp 150--51~ [0t]~4 -34.6 ~ (CHCI3). Its MS
fragmentation was characteristic ofa furofuranoid lignan. Its IH_ and 1aC_r~MRspectra
indicated a symmetrical structure. These spectra further indicated the equatorial
disposition of the two aryl groups, and showed that positions C-1 and C-5 had hydroxyl
substituents. Periodic acid oxidation of wodeshiol afforded the cyclic hemiketal (134).
Hydrogenolysis over 10Y/o Pd-C in methanol afforded dihydrokigeliol (135) and
tetrahydrokigeliol (135a). The relative stereochemistry was further confirmed by the
comparison of the IH-NMR of (135) with those of similar compounds of established
configuration.
Princepiol, C20H220 8 (M + 390), mp 190--92~ [~t]D -- 18"4~ (EtOAc) is a constituent
of the oil of Prinsepia utilis (Kilidhar et al 1982). The symmetrical structure (136) was
established from spectroscopical studies of princepiol and its tetraacetate (137). The
1H-NMRspectrum of the latter showed signals for two alcoholic acetoxyls (31.80), two
phenolic acetoxyls (62-32) and two methoxyls (63.88). The characteristic high-field
signals for the C-1 and C-5 protons were, however, lacking which indicated that these
positions were substituted by hydroxyl groups in princepiol. The slight upfield shift
( ~ 30-2) of the aliphatic acetoxyl signals from the normal value suggested shielding by
the aryl rings, which is only possible if these groups bear a cis-relationship to the
acetoxyls. Princepiol and wodeshiol are the only two furofuranoid lignans known so
far having a ditertiary glycol system.
A group of four stereoisomeric lignans were isolated by Greger and Hofer (1980)
from Artemisia absinthium. These were sesartemin (138), mp 112-13 ~ [Ct]D + 52~
episesartemin A (139), mp 112-14 ~ [~]D + 115~ episesartemin B (140), mp 115-16 ~
[~t]o + 127~ and diasesartemin (141), mp 102-4 ~ [arid +315 ~ These had almost
identical ov absorption characteristics, m and NMR data indicated the presence of a
3,4,5-trimethoxyphenyl and a 3,4-methylenedioxy-5-methoxyphenyl substituents in
all the compounds. While the stereochemistry of (138) and (141) could be established
fairly easily from their characteristic spectroscopical properties, the distinction between
(139) and (140) was more difficult due to the close similarity of their spectral
characteristics. However, this was achieved by the use of lanthanide-shift reagents.
Comparison of the Lis-shifts between the four compounds allowed unequivocal
assignment of the stereochemistry of (139) and (140).
Liriodendrin (142), a di-fl-D-glucoside furofuranoid lignan was previously isolated
and characterised by Dicky (1958) from Liriodendrin tulipifera, who, however, failed to
elucidate the stereochemistry of the lignan portion. Jolad et al (1980) reported the
isolation of liriodendrin from Penstemon denstus Dougl ex Lindl and established the
diequatorial orientation of the aryl substituents from spectroscopic investigations
particularly tH-NMR studies.

6. Dibenzocyclooctadiene iignans
The first representative member of this type viz schizandrin, and a few other
compounds were first reported by Kochetkov et al (1961, 1962). However, it is the
!3

1046

A Chatterjee et al

RO~ e
HO---~.~-~--OH

t-o.P'-.~,~M"
" "OR

MeO

Me

R2 0 / ~
OMe
138 : RpRI = CH2;R2= Me
11,2 R----Ide~R
I = R2=GIu

136 : R = H
137 : R = A c

H --

O~.~..

H....... H
...

O "W~OMe
~
H .....

MeO~

H

NO

H

OMe

OMe
141

OMe
130

OR
I --I"+

OR
I

--7 "f
Me

R30

~0 ~ . M e
~
01-t

RSo/

"T/
ORo
143

R$O
OR~
144

recent work of Ikeya, Taguchi and their co-workers which clarified the chemistry of
these compounds. Most of these have been isolated from Schizandra chinensis Baill, the
fruits of which are used as an antitussive and a tonic under the names 'Hoku (or kita)
gomishi' in Japan and 'Wu-Wei-Zi' in China. All these lignans have been given the
general name of gomisin. Three more lignans of the same skeleton were obtained by the
same group from Kadsura japonica Dunal (Ookawa et al 1981), the dry fruits of which
were used as a substitute for those of the former plant under the name 'Nan-gomishi'.
These compounds were designated binankadsurins. All the batural compounds are
unsubstituted in two, viz C-4 and 11 of their aromatic positions, while the other six
positions (C-l, 2, 3,'12, 13 and 14) are attached to an oxygen substituent each. The latter
are usually --OMe, -OH, - O C H 2 0 - or occasionally an acyloxy group as at C-14 in
derivatives of gomisin H. One of the two benzylic positions is free in all the lignans
while the other may or may not carry a substituent--a free hydroxyl or an acyloxy
group. Both non-benzylic positions of the cyclooctadiene ring carry a methyl
substituent each. While C-8 is always a secondary carbon, C-7 may be either secondary
or tertiary. The acyloxy group at C-6 and/or C-14 is usually angeloyloxy, tigloyloxy,
acetoxy, caproyloxy or benzoyloxy. However, in gomisin D and E the acyloxy group at
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C-6 is part of the cyclic system that is linked to C-14. The structure-elucidation of the
compounds were achieved both from spectroscopical and chemical investigations. The
uv spectra of these lignans are very characteristic of the basic skeleton and exhibited
maxima in the regions 214-225 (log e > 4), 248-257 (log e > 4) and 275-294 nm
(log e > 3-4); for certain compounds two maxima rather than one were observed in the
latter region. The specific rotations of the lignans could be correlated with their
absolute configurations. Those having the R-biphenyl configuration showed dextrorotation while those possessing the S-biphenyl configuration showed laevo-rotation.
The only exception was gomisin E. Mass spectral studies have also proved useful in the
structure-elucidation of the gomisins. In those compounds where acyl groups were
present, fragments arising from the acyl groups were most abundant. Besides the
molecular-ion peak, fragments (143) and (144) were important for those lignans which
have oxygen functions both at C-6 and C-7.
The structure of schizandrin (145) was established from spectral analyses, particularly IH-NMR and by its conversion into dimethyl-4,4',5,5',6,6'-hexamethoxydiphenate
on permanganate oxidation followed by methylation (Ikeya et al 1978a, 1979a).
Gomisin A (146), mp 88-89 ~ [~t]o + 67-9 ~ was characterised by its close resemblance
to schizandrin in spectral properties (Taguchi and Ikeya 1977). Treatment of gomisin A
with Br2/CCI4 saturated with water afforded a dibromo derivative, the tH-NMR
spectrum of which lacked the two aromatic protons and showed a downfield shift of the
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bonzylic methylene signals as observed for 4,11-dibromoschizandrin. This suggested
proximity of the two aromatic protons (C-4, 11) and the benzylic methylenes. The
appearance of H-4 at a higher field in comparison to H-4 of schizandrin (vide NOE in
figure 2, table 2) established the position of the methylenedioxy moiety at C-12,13.
Gomisin H ( 1 4 7 ) , mp 144-45 ~ [~]D + 41"2~ gave a monomethyl derivative identical
with schizandrin (Ikeya et al 1979a). When treated with 2,4-dinitrofluorobenzene
ether/Nail gomisin-H yielded the 2,4-dinitrophenyl ether (151). The latter on catalytic
hydrogenation over PtO2 followed by Na/liquid NH3 treatment afforded (152), whose
IH-NMR showed three singlets for the three aromatic protons. This indicated that the
phenolic hydroxyl in gomisin H was para to either H-4 or H-11. The oxidation of
gomisin H with Fremy's salt produced a p-quinonoid compound (153), NOE measurements on which confirmed the location of the phenolic hydroxyl at C-14 (figure 1). The
following acylated derivatives of gomisin H were also isolated as amorphous solids
(Ikeya et al 1978a, 1979a)--angeloylgomisin H (148), [nip + 19.4~ tigloylgomisin H
(149), [~t]D + 67-7~ and benzoylgomisin H (150), [~t]D + 96-8~ These on hydrolysis with
methanolic KOH provided gomisin H. All the deacylated derivatives of gomisin B (155)
(Ikeya et al 1979a; Taguchi and Ikeya 1977), mp 95-97 ~ [arid --26-6~ gomisin C (156)
(Ikeya et al 1979a; Taguchi and Ikeya 1977), mp 119-5-120-5~ [ct]o -186~ gomisin F
(159) (Ikeya et ai 1979a; Taguchi and Ikeya 1977), mp 119-5-120-5 ~ [Ct]D0~ gomisin G
(160) (Ikeya et al 1979a; Taguchi and Ikeya 1977), mp 97-98 ~ [0t]D -- 126~ and angeloyl
gomisin Q (163) (Ikeya et al 1979b), mp 82.5-83.5 ~ [~]D -- 26"4~ showed a deshielded
methine proton (t$4.55 __+ff50) and a non-phenolic hydroxylic proton each. The 1H-NMR
spectra of these lignans were otherwise similar and all showed a benzylic methylene
signal associated with an ABX octet indicating the presence of Ar-CH2--~H-CH 3
moiety in them.
The deacylgomisin B (154), mp 209-10 ~ [~t]o -91-8 ~ which was identical with
deacylgomisin C, was oxidised by CrO3/AcOH to the ketoaldehyde (165) and by
CrO3/pyridine to the ketone (157). The spectral characteristics of the compound itself
and the oxidised products established its structure as (154). The positions of the
functional groups on aromatic rings were ascertained by NOE studies (figure 3) in C6D6
(Ikeya et al 1979a; Taguchi and Ikeya 1977).
Both gomisin F and G were hydrolysed to a common diol (158), mp 224 ~ [arid
-- 73"1~ that yielded a ketone (161 ) on oxidation with CrO 3/pyridine. The spectral data
of gomisin F, G, the diol (158) and the ketone (161) closely resembled those of the
corresponding series of gomisin B, C, the diol (154)and the ketone (157) respectively
suggesting that the former had the same overall structure as the latter, the only
difference being in the arrangement of the substituents on aromatic rings. The actual
structures were confirmed by r~oEexperiments (figure 3) (Ikeya et al 1979a; Taguchi and
Ikeya 1977).
The structure of gomisin Q (162), mp 191-193 ~ [~t]D -- 106~ the hydrolysed product
of naturally occurring angeloylgomisin Q (163) (Ikeya et al 1979b) was firmly
established by its correlation with deangeloyl gomisin B (154). The acetate of the latter
was treated with Pb(OAc)4 in dry benzene to cleave the methylenedioxy moiety to an
ortho-diphenol. Methylation of the latter with Me2SO4-K2CO3 in dry acetone
afforded acetylgomisin Q (164).
Gomisin P (166), I'~t]D --94"3 ~ the hydrolysis product of the naturally occurring
lignans tigloylgomisin P (167) (Ikeya et al 1978b, 1980b), [-~t]D --64"2 ~ and
angeloylgomisin P (168) (Ikeya et al 1980b), [~]D --98"5~ was indicated to be a
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diastereoisomer of deacylgomisin B (154) at C-6 and C-7 by IH-NMR spectroscopy. This
was confirmed by the observations that oxidation of gomisin P with CrO3/pyridine or
MnO2/acetone yielded the same ketoaldehyde (165)derived from (154). Treatment
with CuSO4 and 0"25 % H2SO,~ in dry acetone afforded an acetonide which showed the
cis-disposition of the C-6 and C-7 hydroxyls.
The oimethylether of gomisin J was identified as-( -)-deoxyschizandrin (169), viz the
enantiomer of naturally occurring (+)-deoxyschizandrin (170) (Ikeya et a11978a, 1979a).
The positions of the two phenolic hydroxyls were established by No~ measurements
(figure 5) in the compound itself (171), mp 149-50 ~ [~']D -- 43"9~ and its dibenzylether

(172).
Seven new deoxyschizandrin-type lignans have been reported recently (Ikeya et al
t980a, 1982a). These are gomisin L~ (173) (Ikeya et al 1982a), mp 194-96 ~ [~t]o -53.5 ~
(CHCI3); gomisin L2 (174), [~]D - 9 1 ~ (CHCla); gomisin M~ (175) (Ikeya et al 1982a),
mp 116-119 ~ [~t]o 0 ~ (CHCI3); gomisin M2 (176) (Ikeya et al 1982a), mp 159-60 ~ [~t]o
+54"2 ~ (CHCI3); gomisin Kt (177) (Ikeya et al 1980a), mp 99-101 ~ [trio -96.7 ~
(CHC13); gomisin K2 (178) (Ikeya et al 1980a), [crib +81-7 ~ (CHCIa) and gomisin K3
(179) (Ikeya et a11980a), mp 100-101 ~ [trio + 6(}8 ~ (CHCI3). Methylation of gomisin L~
and L 2 gave the same mono-methylated derivative (180) (Ikeya et al 1982a). The
appearance of an upfield methoxyl signal at &55.7 and two downfield methoxy signals
ORI

OR=

Me 0 - ~ J - ~ M M e e

MeO~/Me

R 2 0 " ~ OR:

M e O ~ ' ~ '4
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at 659.7 and t$61 in the IaC-NMRof (173) indicated the presence o f a methoxyl at C-3
adjacent to an aromatic proton, and an hydroxyl either at C-l, C-2 or C-14.
Comparison of chemical shifts with (180) and the acetate (181) showed that C-4
underwent a shift of + 3"6 ppm on methylation and + 6.2 ppm on acetylation of (173).
Thus the hydroxyl must be at C-1 in gomisin L1. For gomisin L2 (174), the occurrence
of three downfield methoxyl signals at 659.6, 660.1 and 6 61 indicated the location of
the hydroxyl at C-3. This was confirmed by comparing 13C-chemical shifts with (180)
and its acetate (182). Similar comparisons of the 13C-NMRdata of gomisins MI (175)
and M2 (176) with their corresponding derivatives indicated the positions of the
hydroxyls to be C-1 and C-14 respectively. The lack of extrema in the cD curve of
gomisin MI indicated that it was racemic. The three isomeric compounds, gomisins K~,
K2 and K3, all had five methoxyl and one hydroxyl aromatic substituents. Gomisin K~
underwent mono-methylation to give (169). Its structure was settled as (177) from NOE
measurements (figure 5) which located the hydroxyl at C-12. Methylation of gomisin
K2 (178) and K3 (179) gave ( +)-deoxyschizandrin (170). t 3C.NMRcomparisons of (178),
(170) and the corresponding acetate (183) fixed the position of the hydroxyl at C-3 in
gomisin K2. Here the ortho-C-4 carbon experienced downfield shifts of 2.5 ppm and
9-8 ppm on methylation and acetylation respectively. Treatment of gomisin K3 with
2,4-dinitrofluorobenzene/NaH gave the 2,4-dinitrophenyl ether (184) which on
reduction afforded deoxygomisin K3 where the hydroxyl had been replaced by a
hydrogen. The tH-NMR spectrum of the latter showed three singlets for the three
aromatic protons thereby indicating that in the original lign~in (179), the hydroxyl
group was located at the para-position (C-I or C-14) to an aromatic proton. Finally, the
13C-NMR spectrum of (179) showed that the hydroxyl group was present at C-1.
The structure of gomisin N (185) (Ikeya et al 1978b, 1979a), mp 105-107 ~ [~t]D -84-7 ~
was firmly established by subjecting it to cleavage of its methylenedioxy moiety with
lead tetra-acetate in benzene and then converting the resulting biphenol into dimethyl
gomisin J (169) by reacting with Me2SO4/K2CO3.
Gomisin O (186), mp 145-146.5 ~ [~]D - 33"9~is 6fl-hydroxygomisin N and this was
confirmed by (i) identification of its hydrogenolysis (over PtO2 in AcOH) product as
gomisin N, (ii) characterisation of the hydrogenolysis (over PtO2 in AcOH-d4) product,
C23H27DO7 (M § 401) as 6fl-deuterogomisin N (187) ( 6 ~ - H at 32.56, d,
J = 8 Hz) and (iii) its preparation from gomisin N on oxidation with Pb(OAc)4 in
AcOH followed by hydrolysis with 0-5 M KOH in methanol (Ikeya et al 1979a). Its
structure was confirmed by NOEexperiments (figure 6). Angeloyl gomisin O (188), [~]o
47"1~ (CHC13), has been obtained recently (Ikeya et al 1982b).
The fact that epigomisin O (189) (Ikeya et a! 1979a), [Ct]D --66"7 ~ is epimeric with
gomisin O at C-6 was proved by transforming this chiral centre into a carbonyl group
on oxidation with CrO3/py yielding the same ketone (190):Also the reduction of the
latter with NaBH4 in MeOH furnished the two epimers in almost equal amounts in
support of the above view.
A notable observation is the oxidation of (+) deoxyschizandrin {(169) and (170)}
with KMnO4/2 ~ NaOH in pyridine to a ketoalcohol (191) (Ikeya et al 1979a). In the
process the C-6 benzylic methylene was converted to a keto group and C-7 methine into
a carbinol accompanied by the inversion of the configuration at this centre. Following
the same procedure gomisin N was transformed into a mixture ofketoalcohol (192) and
the ketone (190)---the latter being oxidisable further by alkaline KMnO4 in dioxane to
the former. The compound (192) is reduced by NaBH4 in methanol to deacyl gomisin B
(154) as the only product (cf. reduction of (191) into two epimers).
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Angeloyl isogomisin O (194), mp 122-23 ~ [~]D + 52"2~ (CHC13) and benzoyl
isogomisin O (195), [~t]O -- 14"7~ (CHCI3), on hydrolysis yielded isogomisin O (196)
(Ikeya et a11982b). Comparison of the 13C_NMRdata of (196) with those of the isomeric
gomisin O (186) showed close similarity between the chemical shifts except for C-4 and
C-11. This indicated that isogomisin O possessed a methylenedioxy group at the C-2, 3
positions instead of at C-12, 13, a cis-dimethyl configuration, a C6/3-hydroxyl group
and a similar conformation to (186). The structure was finally confirmed by correlating
it with (+)-y-schizandrin (197). The latter on KMnO,~-pyridine-NaOH oxidation
yielded (+) (198), whose optically active form was obtained by CrO3 oxidation of
isogomisin O (196).
The 13C-NMRchemical shifts of gomisin R (199) (Ikeya et al 1982a), [~]D --21"1~
(CHCI3), were similar to those of gomisin O regarding the alicylic portion, thereby
indicating the similarity in stereochemistry and conformation. The 13C-NMR data
exhibited two downfield methoxyls at 659.5 and 659.6, which must therefore occupy
positions C-1 and C-14. The structure of gomisin R(199) was finally confirmed by
establishing the identity of its CrO3 oxidation product (200), with the alkaline
permanganate oxidation product of wuweizisu C (201). The structure of the latter,
which occurs in the same plant, was established by its correlation with dimethylgomisin
J (169).
The structural pattern of gomisin D (202) (Ikeya et al 1976), mp 194 ~ [~t]o - 58"8~
and gomisin E (203) (Ikeya et al 1979a), [at]D + 28"1~ was elucidated by comparison of
their ~H-NMR spectra with that of gomisin B. The presence of the partial structure,
Ar-CH(COOR)-CH--CH3 was confirmed by double irradiation experiments in gomisin
E. The cyclic ester system in both the lignans was confirmed by their hydrolysis with 3
KOH in MeOH followed by methylation with CH2N2 leading to products (204) and
+

(205) respectively. The ion peaks at m/e 145.0820 [CH2CHMeCMe (OH) CO2Me],
127.08, 113-06, 103.04 and 85-07 in the MS of (204) and (205), taken in conjunction with
IH-NMR data confirmed the structure of the side-chain.
Three lignans with an oxygen substituent at C-9, viz acetylbinankadsurin A (214), mp
188-92 ~ [aid ~ 0 ~ angeloylbinankadsurin A (206), mp 121-22 ~ [0t]D +61"5 ~ and
caproylbinankadsurin-A (207), mp 83-87 ~ [~t]o + 14"7~ were isolated from Kadsura
japonica Dunal (Ookawa et al 1981).
Binankadsurin-A (208) was obtained by the ethanolic KOH hydrolysis of these
compounds. The CD spectrum of acetylbinankadsurin-A (214) indicated that the
compound possessed the S-biphenyl configuration. This compound on methylation
afforded kadsurin (209) and on oxidation with Fremy's salt gave the quinone (210).
3C-NMRcomparisons of (214) with (209) and (210) settled the substitution pattern in
the aromatic rings.
Certain general features of the dibenzocyclooctadiene lignans are discussed below.
These lignans can have either the R- or the S-biphenyl configurations. Further the
8-membered ring can take up either a boat (figure 6) or a twist chair-boat (figure 5)
conformation--this depefids on the substitution pattern in these rings.

a.

t3C-NMRspectra

A detailed and systematic 13C.NMR of the gomisin-type compounds has been reported
earlier (Ikeya et al 1980c).
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b. 1H-NMRspectra
All the lignans exhibited two singlets in the region 36.4-7-0 for the two aromatic protons,
H-4 and H-11. In compounds having a planar structure with a mirror plane of
symmetry the two protons resonate at the same position, e.g. in deoxyschizandrin (169)
at 66.55 and in gomisin J (171) at 66.63.
The C-6 methylene in a lignan having R-biphenyl configuration is in an exactly
similar environment as the C-9 methylene of'its enantiomer. An analogous situation
arises for H-C7-Me and H-CS-Me between the two enantiomers provided the C-7 and
C-8 methyls are in the cis configuration. In the twist boat-chair conformation of the
cyclooctadiene ring the H-6ct and H-9fl are in the diamagnetic 6hielding cone of ring B
and A respectively and therefore resonate upfield of H-6fl and H-9~t in both the R- and
S-biphenyl compo.unds. The C-8 methyl (axial) in R-biphenyl compounds having a
twist boat-chair conformation experiences shielding by ring A and therefore appears
upfield in comparison to the C-7 methyl (equatorial). In some compounds of the
S-biphenyl series (figure 5) the opposite observation is noted for good reasons since
only the C-7 methyl (axial) experiences shielding by ring B. But in gomisin B, C, F, G, Q
the C-7 methyl is equatorial and hence does not suffer any upfield shift, and appear at
31.33, 1"36, 1"25, 1-33 and 1"40 respectively.
However, in gomisin O the two secondary methyls at C-7,8 appears together at 30.92,

Recent adrances in the chemistry of littnans

1053

while in gomisin E the C-8 methyl (30.70) appears upfield of the C-7 methyl (t50.92),
though these two lignans possess S-biphenyl configurations. This is due to the boat
conformation of their cyclooctadiene ring (figure 6).

c.

NOE measurements (figures 2-6, table 1)

Nuclear overhauser effect measurement technique is extensively utilised to find out the
proximity of various protons. This helps in elucidation of the structure, assignment of
the signals to the appropriate protons as well as in the determination of conformation
and relative stereochemistry.
The position of methylenedioxy moiety adjacent to H-4 or H-11 in various lignans
was unequivocally decided by irradiation at each methoxyl signal in which case the
protons H-4 or H-11 adjacent to the methylenedioxy remained unaffected. In gomisin J
(171 ) irradiation at each methoxyl caused no enhancement in the integrated intensity of
the aromatic protons while irradiation at the oxymethylene protons in its dibenzyl ether
(172) intensified both of these (figure 5) showing the positions of the two phenolic
hydroxyls at C-3 and C-12. In benzyl gomisin H (211)each of H-4 and H-11 suffered
~qOE by irradiation of methoxyls eliminating the possibility of the only phenolic
hydroxyl being at either the C-3 or C-12 positions in gomisin H (147, figuLe 2).
NOE was observed at H-4 and H-11 upon irradiation of H-60t and H-9fl respectively
since these are in close proximity with each other. This would help to determine the
0t- or/~-configuration of the substituent, if there be any, at these benzylic positions. Thus
NOE was felt at H-4 of angeloyl gomisin B (155), F (159), D (202) (figure 3) and E (203)
(figure 4) upon irradiation of H-6, but the effect was absent in epigomisin O (189) and
tigloylgomisin P (167, figure 5):
The axial group at C-8 is close to H-11; hence irradiation of the secondary methyl at
C-8 would determine its axial or equatorial orientation depending upon whether or not
rqOEis observed at H-11. As the experiments reveal in R-biphenyl lignans this methyl is
axial, whereas in S-biphenyl compounds it is equatorial. From similar analyses of NOE
between the C-7 methyl and H-4 it becomes apparent that in all of the reported
R-biphenyl lignans this is equatorial (figure 2) but in some (figure 4) of the S-biphenyls
it is equatorial while in others (figure 3) it is axial. This criterion is of use for the lignans
having the twist boat-chair conformation of the cyclooctadiene ring, whereas it fails for
those having the 8-membered ring in the boat conformation (186 and 212 in figure 6).
NOE measurement data also provided clear distinction between the geometrically
isomeric acyl groups-angeloyl and tigloyl. In the angeloyl group the olefinic proton
suffered NOE upon irradiation of both allylic methyls, whereas in the tigloyl group it
showed rqOE upon irradiation of one methyl only. This is important since the tigloyl
group is isomerised yielding angelic acid during hydrolysis of the acylated lignans, and
since the 1H-NMRdata on their own are inadequate to solve the problem satisfactorily.

d.

Absolute configuration

The absolute configuration of gomisin D (202 shown in figure 3) has been established
from the x-ray study of its 4,11-dibromoderivative (213) as 6S, 7S, 8S, 20R, 21R and
S-biphenyl. The absolute stereochemistry of gomisin E (203, figure 4) at C-8, -20, -21
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Table 2.

CD data of lignans.
Configuration
of biphenyl
part

Compound

Schizandrin
Gomisin B
Gomisin A
Gomisin J
Gomisin G
Gomisin D
Gomisin E
Epigomisin D
Tigloylgomisin P
Gomisin Ll

(2O4)
(145)
(155)
(146)
(170)
(160)
(202)
(203)
(189)
(167)
(173)

Gomisin L 2 pbromobenzoate

(193)

Gomisin M2

(176)

S
R
S
R
S
S
S
S
S
S
S

[01 (rim)
- 72400 (249); - 78500 (240); + 54000 (216)
+95000 (250); +75000 (235); - 100000 (214)
- 5 2 0 0 0 (252); +46000 (223)
+ 120000 (253); +88000 (242); - 110000 (222)
+9800 (278); - 8 3 0 0 0 (248); - 6 2 0 0 0 (236); +62000 (214)
- 12000 (285); - 4 4 0 0 0 (255); - 77000 (239); + 38000 (222)
- 3900 (248); + 116000 (230)
19000 (288); - 3 1 0 0 0 (243); +47000 (228)
- 10000 (290); - 5 4 0 0 0 (251); +40000 (227)
- 7 6 0 0 0 (253); - 6 6 0 0 0 (242); +62000 (221)
- 3 7 0 0 (298); - 1400 (287); - 9 6 0 0 0 (252); - 1 6 0 0 0 (230);
17000 (228)
-

- 6 1 0 0 0 (254); - 17000 (239); - 2 5 0 0 0 (231); 0 (224);
24500 (218)
+ 87000 (249); 0 (232); - 8 0 0 0 0 (217)
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and the biphenyl part has been confirmed by correlation with gomisin D. The
configuration in the biphenyl part of all other lignans has been decided by comparison
of their CD spectra with that of (204) derived from gomisin D. The configurations are S
or R according as their CD curves are similar or almost mirror images of the latter (204)
(table 2).
The conformations of the alicyclic ring including configurations at various chiral
centres have been determined by.NOE measurements (figures 2-6). The conformations
have been verified by Dreiding model construction and by comparison of the dihedral
angles between adjacent protons in models with the values calculated from the
observed J values. Thus in most of the lignans the values J8,9~ = 8-9 Hz and
J8,9# = 1-2 Hz are in conformity with the dihedral angles, H---Cs-C9-H a ~ 150 ~ or 30 ~
and H-C8~S~9-H a ~ 90 ~ respectively.
However, the NOE results of gomisin O are consistent with three forms which are
(186), its Ca-epimer (212) (figure 6) and (189: 6fl-OH) (figure 5). The latter has been
excluded by a study of Dreiding models showing H-C6-C7-H ~ 90 ~ which would
have the J zero contrary to observed value of 8 Hz. Thus gomisin O should correspond
to (186) or its C8-epimer (212) (H-C6427-H ,~ 150-180~ The boat conformation
(figure 6) has been accepted in preference to the twist boat-chair (figure 5) in which the
steric interaction between ring A and the C6-axial hydroxyl group and also that
between ring B and the CT-axiaI methyl would be extremely severe.
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