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Abstract. Stilbencs and their dihydroderivatives, bibenzyls, which have been isolated from higher plants up
to the end of 1994 are reviewed.

Introduction

Phenolic compounds are widely distributed in plants and appear to petform a variety of
functions. Continuing our literature survey of these important natural compounds [1-3],
we now review stilbenes and their dihydroderivatives {bibenzyls).

Stilbenes

Stilbenes are of interest as chemotaxonomic agents and as extractives in wood used
for pulping. They are a group of organic compounds which are produced by woody
plants as metabolites and also as constitutive defence agents [4]. These compounds
occur in nature as aglycones and glucosides.

Aglycones. As can be scen from Table 1. Stilbene aglycones are distributed
among seventeen families of flowering plants, The Pinaceae, cupressaceae and
Gnetaceae are the only families in the Gymnospermac rcported to contain stilbenes.
However, stilbenes have also been identified in members of Malvaceae [5].

Most of the natural stilbenes were isolated as trans isomers. Although trans-
stilbene itself (1) has only been reported from alnus species (Table 1), its existence has
previously been suggested in Perubalsarm o1l [6] on the basis of its melting point. Studies
on the chemical constitients of the male flowers of two other Almus species
showed the presence of three simple stifbenes. Stilbene aglycones possessing a carboxyl
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group at position 2 are only represented by three compounds (28,29 and 35).

The stilbene, trans-resveratrol (4) was first isolated in 1940 from the roots of
Veratrum grandiflorum {7]. This compound has been obtained frequently from various
species of nine plant families (Table 1), being accompanicd by oxyresveratrol (22) in
gymnosperms, Lilaceac, Moraceae and Myrtaceae. Cis and trans-Resveratrol have been
reported from Arachis hypogea (Fabaceae) and from Eucalyptus species of Myrtaceae.
The dihydroxystilbene (2) and the tetrahydroxystilbene (21) frequently occur in nature.
Prenylated stilbenes have been reported only from Eeguminous plants, Similarly, only
two prenylated stilbenes have been obtained from Chiorophlora excelsa of the plant
family Moraceae.

The South African tree Combretum caffrum {Combretaceae) has been found to
conlain a large number of closely related phenolic compounds, namely phenanthrenes,
stillbenes and bibenzyls. These products were mainly isolated from the root bark of this
productive tree. Stitbenes of this natural source are represented by compounds 30-34
(Table 1) which are designated combretastatins, and all of them are in the cis
configuration except combretastatin A-6 (34). Stilbene 30 is hexaoxygenated while 31-
34 are pentaoxygenated. Such highly oxygenated stilbenes have only been reported from
Eucalyptus sideroxylon (Myrtaceae). The latter plant showed the presence of the
pentaoxygenated compound 7 along with the less substituted stilbenes 5 and 6.

Compounds 5,7 were originally isolated as glycosides but they are subsequently
identified as aglycones,

Stilbene oligomers. Literature survey has revealed that stilbene oligomers are
limitd to six plant families. The occurrence of this new class of oligomeric stilbenols in
these families seems to be of chemotaxonomic importance.

Oligomers of 3,54 -trihydroxystilbene (resveratrol, 4) were oblained from a
variety of species belonging to five plant families [8]. Resveratrol units arc coupled
together to produce compounds containing aryl dihydrobenzofuran units in most known
stilbene oligomers. Such polymetized derivatives occur as dimers, trimers or tetramers.
However, resveratrol dimers are predominant, as can be noted from Table 2 and Fig, 3.
The grapevine (Vitis venifera L.) has been shown to produce a range of compounds
termed viniferins; all of them are resveratrol oligomers, e-Viniverin also occurs in
Vatica affinis {9] and in the barks of two Shorea [Table] of Diptérocarpaceae and it is
the only dimer found in the latter family. The latter compound was also cbtained from
the rhizomes of some Carex species of Cyperaceae and from exudates of two plants of
gnetaceae and Fabaceae. Pallidol, which bears structural similarities (Fig. 3) to &-
viniverin, was cbiained from a member of Vitaceae (Table 2). Recently, the resveratrol
dimer tricuspidatol-A, has been reported in other species belonging to the latter family
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{10). Five novel oligomers named ampelopsins were obtained from the roots of
Ampelopsis species of Vitaceae (Table 2).

Copalliferol A was first isolated from Vateria copallifera |11} of the family
Dipterocarpaceae. This trimer was also reported from two genera of the same plant
family (Table 2). The bark of Vateria copallifera was also found to contain another
trimer named copalliferol B [12]. Canaliculatol, a resveratrol trimer, was isolated from
the bark of another member of tis plant family [13]. Stemonoporol, which is isomeric
with copalliferol A, was also isolated from several Stemoroporus species [14]. This
phenolic oligomer was also reported by Sotheeswaran er al. [15] from other dipterocarp
species (Table 2).

Hopeaphenol was the first polyphenol isolated from the bark of Hopea odorara
[55]. This compound was regarded as a tetramer of resveratrol and its presence in other
dipterocarps was confirmed by Madhev et al. [16]. Vaticaffinol, a stilbene tetramer, was
islated from the bark of two genera of Dipterocarpaceae (Table 2).

The ethanolic extract of the woody parts of the Gretum leyboldi gave five novel
compounds, designated gnetins A-E. The gnetins A and B were bicyclocatanoid dimers,
while gnetins C-E were the typical dihdrobenzofuran oligomers (Fig. 3) which are
structurally similar to the constituents of Diplerocarpaceae and Vitaceae. Gnetins A-E
were also isolated from the fruit of other Gretum species (Table 2). Four other gnetins
were also obtained from Welwitschia mirabilis of the same plant family of the genus
Gnerum. Extracts of the lianas of G. parvifolium gave e-viniferin together with two
dimers called gnetifolins. Studies on the root extractives of some Care species
(Cyperaceae) revealed the presence of resveratrol oligomers in large amounts,
particularly tetramers [17-20].

Recent investigations of two Sophore species (Fabaceae) yielded nine oligomers
[21-25], four of which contain a flavone moiety, Occurrence of these stilbenols was
restricted to the rtoots of the investigated plants. A new dimer of the stilbene
oxyresveratrol (22) has been isolated from the extract of the woods of Chlorophora
excelsa  of Moraceae [26]. Furthermore, two derivatives of 22 with a fused
dihydrochalcone partial moiety were also reporied from the roots [27] and from the
shoots of the plant Morus fhou (Ser.) of the later family.

Stilbene glucosides. These phenolics were isolated from various plants belonging
to four plant families (Table 3), with the majority of their occurrence in specics of the
genus Picea of Pinaceae. Stilbene glucosides astringin and isorhapontin (Fig. 2) were
present in high levels in the bark of most of the seven investigated picea species [28].
Their levels in other parts of these plants such as sapwood and roots were relatively low.



164 Hassan M.G. Al-Hazimi and Hamad 7. Alkhathlan

The most notable feature of Table 3 is that astringin and isorhapontin are restricted only

to the genus Picea. Rhapontin (Fig. 2), the first known glucoside, was reported from
Rheum rhaponticum [29].

The resveratrol glucoside piceid occurs in members of three plant families, while
the glucoside of piceatannol (21) has been reported only from the genus Picea. A few
other stilbene glucosides are known from genera Gaylussacia and Polygonum (Table 3).

Bibenzyls

Bibenzyls and phenanthrenoids occur sporadically [3] in botanical sources and they
are structurally similar to stilbenols. The structures of these natural compounds are
shown in Figs. 4 and 5, while their botanical sources are given in Table 4, Although
naturally occurring bibenzyls are very limiled in their numbers, they are distributed
among eleven plant families {Table 4). Most of them have been isolated from species of
the two families Dioscoraceae and Orchidaceae. It can be also seen from Figs. 4 and 5
that most of these natural compounds are tefraoxygenated. Batatasin I (a phenanthrene
derivative) and the bibenzyls, batatasins II-IV, were orginally found in Dioscorea
apposita (D. batata) [30-35), while one or more batatasins have been found [35] in
either tubers or bulbils of most Dioscorea examined. The occurrence of batatasin ITT (8)
is testricted to the plants of Dioscoreaceae and Orchidaceae. The structure of batatasin
11 has not yet been elucidated.

Bioactivity

Naturally occurring stilbenes arc known for their wide range of biological
activities, including toxicity to fungi, termites, insects, fish and mice {36, 371
Resveratrol (4), the most widely distributed stilbenol, has been found to have antifungal
activity and the formation of its dimers and frimers in vitis vinivera leaves has been
correlated with disease resistance [37]. In Arachis, Veratrum and Vitis genera, {4) is
considered to be a phytoalexin whose synthesis can be induced by antimicrobial
infection [38]. Simple stilbenes such as pinosylvin (2) and its methyl ether have been
considered to be phyloalexins in the heartwoad of Pinus trees [39]. Resveratro] may also
serve as a phytoalexin in some grasses (Poaceae) [40]. Stilbenes arc considered as the
possible inhibitors of some forest pathogens, the control of which plays an important
tole in the economic cultivations of spruce (picea) forests [41].

Stilbenols are also reported as inhibitors of photosynthesis [42]. These naiural
compounds fested in the absence of wood substrate exhibit singnificant bioactivity
against many fungal species [36, 43, 44].
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Silbene oligomers with high bicactivities have been isolted from many plants. Such
polymerized derivatives were reported to have more antifungal activity than the
coresponding monomers. A number of oligostilbencs show antimicrebial and various
physiological activities from Dipterocarpaceae [9, 12-15], Vitaceae [45-47] and
Cyperaceae [17, 18]. The oligomers of Cyperaceae species have shown moderate
antibacterial activity and their extremely high content suggested a physiological role as
defensive agents [18]. The major stilbene glucosides astringir: and isorhapentin (Fig. 3)
in the bark of Picea species have shown some antifungal properties.

Many naturally occurring stilbenes were tested against fungi and bacteria, Takasugi
et al. [32] have examined the antimicrobial activity of some phenanthrenes and the
hibenzyls 13,6 and 10 from Dioscorea batata against 24 species of fungi and 6 genera
of bacteria. It was found that fungi were affected more than bacteria, and the bibenzyls
appeared to be more active than the phenanthrenes. The bibenzyl (1) showed complete
inhibition of microbial growth of some fungi at a low concentration, although it did not
show any significant antibacterial activity even at higher concentration. Similarly, the
antimicrobial activity of the bibenzyls amorfruting 20 and 21 and related substances has
been rcported and is limited to Gram positive bacteria [48}. The chloroform fraction of
an EtOH extract of Cymbidium aloifolium roots exhibited antifungal activity against
Trichophyton melangrophytes at moderate concentration [49]. This extract contained the
two new bibenzyls 16 and 17,

Many stilbenols isolated from the South African tree, Combretum caffrum have
been found to be potent antimitotic agents, inhibiting tubulin polymerisation {50-54].
The agemts of this tree are of particular interest for their antineoplastic potential,
especially in the two most active compounds, combretastatins A-2 and A-4 [50, 55]. A
geries of combretastatins, including some natural compounds, have been prepared [56]
and evaluated as potential antimitotic agents on the basis of their abilities to inhibit in
vitro tubulin polymerisation. Cushman er gl. [57] have also prepared many stilbenes and
tested them for cytotoxicity in five human cancer cell lines. These researchers found that
the prepared cis-stilbenes proved to be cytotoxic in all five cancer cell lines, with
potencics compatible to that of combretastatin A-4. Thus, alf cis-stilbenes were potent
inhibitors of tubulin polymerisation. However, it has been found [57] that coresponding
trans isomers were inactive as tubulin polymerisation inhibitors and were less cytotoxic
in all five cancer cell lines,

Synthesis of Stilbenes and Bibenzyls
Although many methods have been employed for the synthesis of stilbencs and

bibenzyls, the following two methods are the most effective and widely appticabte for
the preparation of unsymmetrical stilbenes. The first is the Wittig reaction of an
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arylaldehyde with an arylmethylenephosphorane (Scheme I). This method usually leads
toa mixmrc.of (E)- and (Z)- isomers, with predominance of the latter,

The second method is 2 modification of a Perkin condensation in which a sodium
(hydroxy) phenylacetate and a benzaldehyde derivative are heated (6-10 hr) with Ac,0
to give cis and trans isomers of the stilbene -u-caboxylic acid. The next step is the
decarboxylation, which produces the stilbene. Reduction of the latter with H, in the
presence of PA/C yields the benzyl derivatives (Scheme II).

A number of stilbencid derivatives, both naturally occurring and synthetic, have
been synthesised by adopting the above methods [50, 56, 58, 59]. Symmetrical (£)-
stilbenes are readily prepared in high yield by reductive coupling of arylaldehydes [60].
A new method for isomerisation of (Z)-stilbenes into the (£)-isomers catalysed by diaryl
disulphides has been developed recently by Mohammad Ali and Yoshisuke Tsuda {61].

Scheme I
CH P Ph3 HO o
B
NaH X
THF
R
R
L |
| H_/P&C
C 2
L4
Corresponding bibeazyls
Scheme ]I
CHO cH_coo’ N
, Ac O
+ R —2p
NE1
R 3

Decarboxylation

Stilbene derivacive

step
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Table 1. Stilbene aglycones in higher plants
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Plant Species Compound Isolated  Plant Pzrts Reference(s)
Bascllacene
Clarisia racemosa 4b wood [62]
Betuilsceae
Alns flrmau 1 Young shoots f6]
A.pendule 1,3 male lowers [63]
A.sieboldiana 1,:,3 ’ [64,65]
Aviridis (Chaix) DC bud excretion [66]
Combretacene
Combretum caffrum 30 root bark -
3 root bark -
32 root bark (50]
33+ root bark [50]
34 root bark [50]
Cupreaweese
Juriperus macropoda 4 jeaves [67)
Biox
Cyperaceae
Srirpus fluviatilic 421 rhizoma 17
Ewvpho bincese
Euophorbia laga scae 1 seeds -
Fagaceae
Nothufugus fusca 4 bark [68]
Gnetaceae
Grertum wla 10 stemwood [69]
b [70]
= ‘ (691
24 whole plant i}
G parvifolivm (Warb.) C.W. 4,26,36 lianas )
2.20 lianas [72]
Leguminosae
Arachis kypogeea L. 4,4 seeds i73]
a 74,751
12,13 seeds [76]
14,158,186 seads [77]
1 kernels (751
Cajanus cajan 28,29 leaves 78]
Cassia garreiiana 21,27 heart wood
Craib. [79,80]
21 heart wood

813
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Table 1. com.
Derris floribunda i1, 13 oS 8]
{Benth.) Duke
D. rariflora 11 [83]
{Marnt.} Machr.
Likiacene
Veratrum grandiflorum 4 roots 7]
Morscese
Chiorophlora excelsa (B.H.) 18,19 wood [84]
18,19,21 wood [26]
Maclara pomifers 4,22 heartwood (851
Morus rubra 4. hearrwood [86]
TFoxylen pomiferum 4,12 heartwood (85.,57]
Mristicacear
Knema austrosiamensis 4bdc wood [88]
Virola cuspidata 9 bark [89]
Myrtacese
Euralyprus sideroxylon 567 leaves [903
Eucalypius species 4, 4 heartwood 91,923
and leaves
Melaieuca lewcadendron 21,12 fruits 93]
Folygonacenr
Polygonum cuspidatum 4]
Sich. ot Zuce 4 roots
Rheton webbic 1us db [95}
Pinscear
Picea mariana 26 {28]
(Mill) B.S.P,
Picea sptries 4, 21,26 bark [56]
2 comex 97
2 bark (28]
Pimus bawksiana 3a bark -
Pinus excelsa 3 heartwood [98]
P. monticola 3 heartwood [99}
P. radiata 2,3 sapwood [100]
P. resinaso 1,2 sapwood [39,101]
P. rapda 13 sanwood 39]
Poacese
Festuca arundionacea 4 seeds, frage [40)
Festwea versuta 4 seads {40,102}
F. argentina 4 (193]
Hordeum bogdani 4 seeds, forage [40]
. brevisubviarum 4 seeds, forage {40]
Lotium species (5) 4 seds [401
Foa alsodes 4 sveds, forage [40]
Saccharum sp. 21 [104]
Stipa rabutta 4 L 401
Sazifragacess
Hhdrangea macrophyiia kLS [105]
¥itacese
Vins vinifera da leaves [106}

* ¢ia isomers
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Tahle 2. Naturally occurring resveratrol oligomers

Plant Species Resveratro] Oligomer Plant Relerence(s)
Dancr Trimer Tetramer  Pans
Cyprraceae
Carex fedy
var. mivabei Miyabenol A Toots (19]
£-Viniferin Miyabenol ¢ Miyabenol B rools
Carex kobonmgi £+Viniferin Miyabenol C Kohophenol A roots [19,20]
Carex pumile
Thunb ¢ -Viniferin Mivabenol C Kobophenol A 1oms [13]
£ -Viniferin Kobophenol B roots -
Miyabenol C Mivabenol A B
Hopeaphenal [44]
Scirpus fhaviaritis Scuposm A un
Scirpusin B (7
Dipierocarpaceas
Bulcngearpus
zevionicus Balanocarpol [107])
Copalhiferul & 153]
Hopeaphenal [123}
Hopeu breviperio-
faris (Thw.) Copaitiferol A bark [15]
H. cordifolia
{Thw.) Trumen Copalliferol A hurk {15]
i jucunde Balanocarpol [107]
H odorate Hopeaphenol  bark [108]
Shorea distichy  e-Viniferin ~ Dischol -
3. robusia Hopeaphenol  bark [ig]
. stibularis
{Thw) c-Viniferin  Copalliferol A bark [15]
Stemonoporul Bark [15]
5. talura Hopeaphenol  bark [16]

Stemonoporus sp,

(S. affinis,5. elegars,
8. kannefiensis,

S, fancifolivs. S

chlongifolius) Siemonoporo] 14
and Copalliferal A bark (14
5. canalicviatus Canaliculato! bark [13]
5. cordifolivs Vatica¥ing)  batk [14]
8 lancifolius Vaucaffinol  bark [14
Vaterta copallifera
(Retz.} Asion Copalliferol A bark {15,11]
Copalliferol B batk [12]
Stemonoporo} bark [15]
Vatica affinis € <Viniferin Vaticaffinol  bark %]
Vaticaffinol  bak [125]
Vaviea affinis Thw. Vaticaffinol ~ bark (109}
Parica affinis Thw.

€ -Viniferin Vaticzffinal ~ bark 91
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Tabie 2 : ¢on.
Goetateat
Gnetum leyboldii
Tull Guetin A wood (110]
Gnetins A-D Gretin E wood (1
G.schwuckeanum
Taub. Gnetins € Gnetin E fruns E: :;}
G Parvifolium  Gnetifolins C,D tianas (72]
(Warh) £-viniferin Hanas (72
Webwitschia
mirabilis Gnetin F Gnoetin H *
Gnetin G Goedn | -
Fabaceae(Leguminosze)
Cassia garreftiana Cassigeral A [24]
Sophera leachiung Leachianals A,B TOMS {22]
Pallidol ools {22]
Leachianone 1* To0is [25]
¢ -Viniferin Hopeaphenol  Toots [29]
Sphoraflavanonc* To0ls [23]
Lezchianone €* To0Ls [23]
S mooreroftiana Sophoraflavanonc* T00ts (21}
[24]
Vitaceae
Ampelopsis
brevipedunculata
wvar. hancei Ampélopsins A.B Ampelopsin € roots -
Ampelopsin D Ampelopsin E TooLs (13}
Pallidol Miyabenol C T00s [113)
Cissus palioa Pallido} wood [114]
Parthenacisss
Iricuspidaia Tncuspidatol-A stemwood [10]
Virts vinifera € -Viniferin a-Viniferin  f-Viniferin =~ leaves [46]
e-Viniferin o -Viniferin leaves [45,47,115]
* comtains flavonoid moiety.
Table 3. Natural stilbene glucosides in higher plants
Plant species Compound Piant Parts  Reference(s)
Cupressacese
Janiperus macropoda Bioss  Piceid leaves (67
Ericaceae
Gaylussacia baccata Gaylussacin Jeaves [116
G. Frondasa Gaylussacin leaves [11]

Gactacene



Stilbenes and Bibenzyls in Higher Plants 171
Table 3. con.
Gneium parvifolium Guetifolin E lianas [72)
(Warh.} C.W. Lsorhapontin
‘Myrtaceae
Eucalyptus species Piceid, cis-Piceid heartwood [104]
Pinaceas
Picea sp. Piceatannol glucoside  bark fuio]
Resveratral glucaside  bark [110]
Esarhaponigenin bark {1101
glucoside
P. engelmannii (Parry) Isorhapontigin glucoside inner bark [144]
Astringin ,
Isorhapontin bark 28]
Isorhapontigin ghucoside bark [28]
P glauca Astringin ,
Iserhapontin bark [28]
Isorhapentigin glucoside
P. mariono (Mill}B.5.P. Iscrhapontigin glucoside  bark [144]
Astringin bark
lsorhapomin bark [281
p. obovaia Isorhapentigin glucoside bark [r45]
P. rubens Isorhapontigin glucoside bark (144]
Astringin bark (28]
Isorhapontin bark [28]
Isorhapontigenin bark 28]
glucoside
P. stichensis (Bong.) Carr, Piceid, Astringin bark [41]
Isorhapontin bark [41]
Astringin, [sorhapontin -~ bark [146,147]
Astringin, [sorhapontin  stems [149]
FPolygonaceae
Polygonum cuspidarum Piceid roots £94]
Sieb. ¢ Zucc.
P. mudtiflorem 2,3,5 4-tetrahydroxy-2-
O-f--D-glucopyranoside roots -
2-0-monogalioyl ester of
2,3,5.4-tetrahydroxystilb-
ene 2-0-B -glucopyranosideroots [148)
3.0-monogafloyl ester of
2,3,5,d-tetrahydroxystilb-
ene 2-O-3-glucopyranoside roots [148]
Rhevm rhaponticum L. Rhapontin fresh roots [2%]
3,5-Dihydroxy-4 -methaxy
stilbene-3- B-D-glucoside  fresh roots  [29.58)
Vitacese
Ampelopsis
brevipendunculaia Piceid roots {113]
cis-Piceid fools (13

resveratrolgside roots [113]
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2 3 4 5 2 ¥ 4 5
1. - - - - - - - .
2 - OH - OH - . - Pinosylvin
A - OMe - OH - . . -
4. - OH - OH - - CH « trans-Resveratrol
4, - OMe - OMe - - OH - Paerostilbene
4 - OH - OH - . OMe -
4c - OMe - OH - - OMe -
5 - OH OH OH - - -
6. - OH - GH OH OMe -
7. - 0OH - OH - OH OH OH
8. - OMe OH OH - . - -
9. . OMe - OMe - - OMe - Gnetin
10, - O-CH,-0 - - - OMe -
11. - OMe A OMe - - - -
12, - OH A OH - - OH -
13. - OMe A OMe - OMe -
14, - OH A OH - - OMe -
15, - OH B OH - - OH -
I6. - OH B OH - OH OH -
17. - C OH - - OH - OH
18. - OH o) OH - - OH -
19, - CH D OH OH - OH - Chiorophorin
20 OH - - - - OH - OH  (6-0H) Gnetel
n - CH ©OH - - oH - OH Piceatannol( Astringinin)
12 - OH . OH OH - COH - oxy-Resveratrol
FE R - OH OH - - OMe - OH
4 - OH - - OMe OH OH -
25, - CH - OH - CH OMe - Rhapontiginin
26. - CH OH - OMe OH - Isorhapontiginin
27, - O-C(Me}, - - CH - OH
25, COOH OH OMe - - - (6-A)
2 COOH OH A OMe - - - -
0.+ . OMe OMe OMe OH OH OMe - Combretastatin A-1
M.y . OMe O-CHy-O - OH OMe - Combretastatin A-2
n»r - OMe OMe OMe - OH OMe - Combretastatin A-4
N OMe OMe OH - OMe OMe - Combretastatin A-5
3. OMe OMe OH - OMe OMe - Combretastatin A-6
3s COOH CH - - - - OH - Hydrangeol
3. seeFig. 1a

Fig. 1 , Natora) Stilbene Aglycones { * cis isomers )

K\)‘(\)—WV\#K/\A—

A ,isopenteny!

C, isopentadienyl

D, geranyl
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OH
HO
‘ OMe
HO -~ OH
)

36. Gnetifolin A
{Fig. 1a)
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2 3 5 Ky 4!
- OGlu. OH - OH  Piceid ]
- OGln. OH - OMe 3,5-Dihydroxy-4 -methoxy

stitbene-3-B -glucopyranoside
- OGlu. OH OH OH  Astrinigin
- OGlu. OH OH OMe Rhapontin
- OGlu, OH OMe OH  Isorhapontin
- OH OH OMe OGlu. Gnetifolin E

OGu. OH OH - OH  2,3,54-Tetrahydroxystilbene
2-0-p -D-glucopyranoside
COOH OH OGlu. - - Gaylussacin

Fig. 2 . Some Stilbene Glucosides
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g- Viniferin (R=R'~H) Tricuspidatol A
Scirpusin A (R=0H, R'=-H)
Scirpusin B (R=R'=0H)

oH

Gretin B Gnuetin C (R=H)
Gnetin D (R=0H)

Fig. 3a . Some resveratrol dimers
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OH

Goetin F

Balanocarpol
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Fig. 3b . Some resverstrol dimers .
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Table 4. Distributico of Natural Bibenzyls in Higher Plants

Plant species Compound Reference(s)
Alliaceae
Aliium chinense G.Don. 45 [nn
Berberidscese
Epimedium gremdifloram 3 f118)
Canpabidaceae
Canmabis sativa 2528 {19
Combretacese
Combretum caffrum (Eckl. Zevh.) 33 [52]
Kuntze 15,36-39 [51]
Combrerum mole 15 [120,121]
C. psidioides 12,13,1% [120,121]]
Compuositac {Astracear)
Helichrysum umbracwligerum 21,23 [t22]
Dioscoreacene
Dioseorea batzias 1. 19,11 [32]
3 [32,33]
D. bulbifera 5 [123]
D. domentorum 8 [35]
9a [123]
D. floribunda Mart. 14 [35)
D. opposita Thumb, 8,10,12 [30,35)
D. preusii Pax. 14 [35]
D. retundata 18 [34)
1,7,10,% [124]
Fabacese (Leguminosae)
Amorpha fruticosa 20,21 [48]
Cassia garrentiaria Craib. 2511 [125])
Glyarrrhiza lepidota 22 {126)
Lilisceae
Chlorophytum arindinaceum Fi [1271
Orchidscene
Anthogonium gracile 8 [128]
Arundina bambusifolia L] [129-132]
4041 [129]
42 [129,133]
B4 {134]
Bletilla striata 4,8,9,24,34,35 [31,135,136]
Bulbaphylium fuscopurpureum 8 [128]
B. guriularum 8 [128]
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Table 4 : contin.

B miste 48 (1371
5a, 5b
Calanthe masuca 8 [128])
Cymbridum alotfolium 8,16,17,19 [49)
C. giganieum 1% [138]
Coelogyme ovalis 8,16 [130]
Coelogyne (7 species) 8 [128])
Dendrabium (10 species) ] [128]
Dendrabivm crepidatum an 139
D. cumulaium 49 (137
Eria carinata .y {140]
Pholidota imbricata L] 1128
Pinaceae
Pinus albicalis 3 [38,168.169]
F. garamandii 14 [141]
P. morrisonicola 4 [141]
Sazifragacese
Hydrangea macrophylia Seringe 46 58]

46,47 [142,143]
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CH,>—
A=
OH

2 3 4 5 2 3 4
1 - OH . OH - - - Drihydropinosylvin
2 - OH . - - OH -
3 - OH . OMe - - -
4 . OMe - OMe - - -
5 - OH OH - - OH -
% - OH - OH - - OH Dihydroresveratrol
5b - OH - OMe - - OH
5 - OMe - OMe OH - -
7. . OH - OMe OMe - .
8 - OH OMe - GH »  Batatasin 111
9 - OH - OMe - OMe .
%a - OH - OH OH - - Demethylbatatasin IV
.- ° OH - OMe OH - Batatasin FV
1. - OH - OH - OH OH
12, - OMe  OH OMe - - OH
13. - OH OMe OMe -« - OH
4. - OMe OMe OMe OH - -
15 - OMe OMe OMe - - OH
1. OMe OH OMe - OH - Aloifol 1
17. - OMs OH OMe - OMe OH Aloifol I
18. - OMe OH OMe - OMe - {5-0H}
19. - OH - OMe - OMe OH Gigantol
25 - OMe - GH - - OH
26 - OMe - OH - oH OMe
29, O-Xyl. OH - OH - OH
30. - OMe OMe OMe - OMe OH Crepudatin
31, - OGlu. OMe  OMe - OH OMe lcariside A6
32, - OMe OMe OMe . OH OMe Erianin
34 A OMe - oH - OH - (6-A)
35. A OMe - OH - OMe - (6-A)
36. - OMe OMe OMe - OH OH  Combroastastin B-3
37. - OMe - OMe - OH OH  Combreastastin Al
38 - OMe - OMe - OH OMe
£ OMe - OMe - - [s]31
40 - [4;51 A OMe OH - Arundinin
4. A OH - OMz - - . (6-A}, Arundin
92 A OH - OMe - OH - (6-A)
43 A OMe - OH - OH - Iscarundinin-1
44, A OH OMe - CH - Iscarundinin-11
48, - OH - OH - CMe OH Tristin
49, - OH OMe OMe - OH OMe  (5-0Me} Cumulatin

Fig. 4 . Natura] Bibenzyl Derivatives.
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20. H, Amorfrutin A 2. H
21. CHoCH = C(CH3)2 23. CHyCH = C(CH3)3

A OH
A 2 OMe
MeO MeD
Ly
A
OH OH OH
4. A= 27,

OMe

orR O

45, Lasslaric acid 46. R=H, Hydrangenol
47, R« glucoside

Fig. 5 . Natural bibenzyls .
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