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Abstract-The naturally occurrmg free and glycosylated fiavans are reviewed The dlstnbutlon, methods of isolation 
and structure elucldatlon of flavans, by comprehensive spectral analyses, are presented Blologcal properties of flavans 
are appraised 

INTRODUCTIONt 

The term flavan IS applied, collectively, to a large group of 
naturally occurring compounds possessing a 3,4-drhydro- 
2-phenyl-2H-1-benzopyran (2-phenylchroman) nucleus 
Flavans substituted in the heterocychc rmg (3 and 4- 
posltlons, eg catechms) are frequently encountered m 
nature, but the unsubstltuted tlavans have rarely been 
found due, presumably, to their mstablhty m solution 
leadmg to polymenc products The saentlfic literature on 
this latter class of compounds is scattered There has been 
so far no comprehensive report on the phytochenustry 
and blologcal properties of this class of compounds The 
present review records the distribution, spectral and 
blologlcal propertles of this class of flavan 

DISTRIBUTION 

Flavans conslstmg of a C6-C3-C6 carbon skeleton 
having substltutlon m A and B rmgs but devoid of any 
substltutlon m the heterocychc rmg have been found to 
co-occur with chalcones [l-4], flavanones [l, 41, &van- 
3,4-dlols, flavonols [4], 1,3&phenylpropanes [3, 51 and 
xanthones [6] The flavans isolated and identified so far, 
from plant sources, are hsted m Table 1 

The first two flavans reported from natural sources 
were 5,7,4’-tnmethoxyflavan (1) [l] and 4 -methoxyflavan 
(2) [7] 5,7,4’-Tnmethoxyflavan (1) was isolated from fully 
methylated resm of Xanlhorrhoea prezssu [l] (it was 
present m the ongmal resin as a phenohc precursor of an 
unknown degree of methylatlon) To date, eighteen free 
flavans (aglycones) with varymg degrees of oxygenation 
(mono to penta)m the termmal rings (A, B), and ofvarymg 
patterns of oxygenation, are known in the literature 
(Table 1) There are only four reports of ilavan-O- 

*Author to whom correspondence should be addressed 
tThe mformatton covers the hterature up to January 1984 

glycosldes m nature and the sugar moieties (glucose and 
xylose) being distributed m ring A at position 7 or 5 [6,8, 
93 or m ring B [4] These sunple flavans and i&an-O- 
glycosldes are so far restricted to seven plant famihes, v1z 
Erlcaceae [9], Gentlanaceae [6], Legummosae [4, lo], 
Llhaceae [l, 7, 111, Mynstlcaceae [3, 5, 123, Santalaceae 
[8] and Amarylhdaceae [Ghosal, S , Snvastava, R S and 
Smgh, S K , unpublished work] Recently, Gomez et al 
[lo] reported for the first time flavans prenylated at 
posltlon 8, from Tephrosra mdrensu (Legummosae) 
Additionally, three bfivans (43,44,45) were encountered 
m the Llhaceae and Pahnae [1315] 

ISOLATION AND STRUCTURAL ELUCIDATION 

Extractzon and separation 

Extraction of naturally occurring flavans (free and 
glycosylated) 1s usually carried out on dried plant mate- 
rials The classical method of continuous extraction using 
mcreasmgly polar solvents (light petrol, chloroform, 
methanol) has proved to be effictent [4,6] Strongly polar 
solvents (acetone, ethanol, methanol) are also directly 
employed for extraction of dried and milled plant ma- 
ter& followed by solvent-g&lent fractlonatlon of the 
polar extractives Flavans of varying polarltles are often 
separated by column chromatography on slhca gel using 
solvents of graded polarity (hexane, benzene, ethyl acetate 
and different proportions of nuxtures thereof) as eluants 
Preparative TLC on s&a gel (using EtOAc-MeOH- 
H20, 18 1 1, MeOH-CHCIJ-HOAc, 8 1 1) IS employed 
m Instances of molecules d&cult to separate [16] In a 
number of cases the lsolahon IS accomplished after 
denvatuation, because of mstabdity of the parent com- 
pounds, into permethyl ethers or acetates followed by 
column chromatography [l, 23 Strongly polar com- 
pounds are occasionally obtamed after passing the meth- 
anol solutions over Sephadex LH20 using methanol as 
eluant [16] Strongly polar flavans are also separated by 
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Table 1 Distnbutlon of flavans m iugher plants 

5,7,4’-Trl-OMe (1) lo!%111 - Xanthorrhoea prelssu End1 [ 1] 
4’-OMe- (2) 83-84 - [Canadian beaver (Casterfiber)] [7] 
(-)-4’-OH-7-OMe- (3) 1485-1495 -156 Stypandra grandls C T White [ 111 

(-)-4’-OH-7-OMe-&Me- (4) 126-127 D~anella reuoluta R Br [ 1 l] 

(2J7)-5-OH-7-O-Glc-Koaburarm (5) 221-222 Enklanthus nudrpes Lour [9] 

(2S)-7-OH-5-OMe-6-Me- (9) 122-124 

(2S)-7-OH-5-OMe- (11) 85-87 

(EtOH) 
-224” 

(CHCls) 
-642 
(EtOH) 
-925” 

(CHCla) 
-635 

(CHCl,) 
(+)-3’,4’-Dl-OH-5,7-dl-OMe (13) 98-100 
( f )-2’-OH-7-OMe-4’,5’-(0 CH2 O)- (15) 164166 
7,4’-D1-OH-5-0+c-Xyl- (17) 243 -318” 

(EtOH) 
-770 
(MeOH) 

Dracaena draco L [2] 
(Dragon’s blood) 
Dracaena draco L [2] 
(Dragon’s blood) 
lryanthera cotwcea Ducke [12] 
1ryantheraJuruen.w Warb [12] 
Buckleya lanceolata Mlq [S] 

7,5’-D1-OH-4’-OMe-3’-O+D-Glc -Aunculoslde (21) 140 Acacia aurrcullfornus A Cunn [4] 

( ~)-~,~‘-DI-OH-~‘-OM~- (26) 
7-OH- (28) 
7,4’-Dl-OH- (29) 
(-)-7,4’-DI-OH-g-Me- (30) 

157-159 
- 

197-198 
132-135 

- 
- 

-364” 

(CHCl,) 
- 
- 

Iryanthera elhptrca Ducke [S] 
Narcissus pseudonarc~ssus’ L [ 161 
Narcwsus pseudonarclssus* L [16] 
Narcissus pseudonarcrssus* L [16] 

7,2’-DI-OH-6,8-&-Me-4’,5’-(0 CH2 O)- (31) 168-170 
7,2’-Di-OH-5,8&Me-4’,5’-(0 CH2 O)- (33) 174-176 
5,2’-DI-OH-7-OMe-6,8&-Me-4’,5’-(0 CHI O)- (35) 164-166 
2’-OH-7-OMe-4’,5’-(0 CHI O)- (15) 164-166 
7-OH-4’-OMe-Broussm (37) 120-122 

5,7-Dl-OMe-%pren- (38) 7&77 

Iryanthera laetxs Markgr [3] 
lryanthera laeuw Markgr [3] 
lryanthera laetw Markgr [3] 
lryanthera laeols Markgr [3] 
Broussonet8a papyrlfera Vent? [22] 

(paper mulberry) 
Tephrosla madrensls Seem [lo] 

7-OH-3’,4’-dl-OMe-S-0-B_DGlc -DdTutm (40) 144-145 

- 

-174 

(CHCl,) 
-795 

(CHCls) 
-463” 
(MeOH) 

Canscora d@L.sa R Br [6] 

2’-OH-7-OMe-4’,5’-(0 CH2 O)- (15) 
7,4’-Dl-OH-3’-OMe- (26) 
7-OH-3’,4’-(0 CH2 O)- (42) 
Xanthorrhone (43) 
14-Hydroxyxanthorrhone (44) 
Blflavan 12 (45) 

140 
145 
109 

193-196 
19&193 

- 

- 

- 
- 

ZephyranthesjIaua Roem et Schult$ 
Zephyranthesflaua Roem et Schult$ 
Zephyranthespaua Roem et SchultS 
Xanthorrhoea (prewsu 7) [14] 
Xanthorrhoea ( ptwssu 7) [14] 
Daemonorops draco Blume [ 153 

*Not native, produced only when bulbs were Inoculated with comdla of Botrytls clnerea 
TNot native, produced when wounded 
SGhosal et al, unpublished work 
Glc, glucose, Xyl, xylose, pren, prenyl 

HPLC on ODS Hypersll (5 PM) column using isocratic 
elutlon with 35 % methanol m 5 % formic acid [ 16) as well 
as on reversed phase (C, or C1 s bondapak) columns using 
methanol-water (4 1, 7 3) as solvent [6] 

The thin layer chromatoplates are viewed in UV hght 
(1254 nm), and after keeping the chromatoplates in I2 
vapour when reddish-purple colours are developed 
[6, 1 l] This forms a basis for then detection even when 
admixed with a number of unrelated phenohc con- 
stituents Spraying plates with dilute methanohc sulphunc 
acid (2 %) produces reddish-brown colorations [6] 
Flavan glycosldes havmg free phenohc groups respond 
to fernc reagent and Felgels test [4] A yellow coloration 1~ 
developed when chromatograms are sprayed with dta- 
zotlzed p-mtroanine [16] The punty of the isolated 
flavans can also be tested by analytlcal HPLC [6] 

The hydrolysis of glycosldes 1s carned out by warming 
methanol solutions with dll hydrochlortc acid according 
to procedures followed for flavonolds [4,6,17] Enzy- 
matlc hydrolysis (with emulsm) 1s also of interest m case of 
glucosldes [4, 6, 91 Aglucones are separated by column 
chromatography or preparative TLC on slhca gel 
(C&H,-EtOAc, 3 1, or C6H6-CHC13, 1 1) [4, 61 The 
glycone moletles are identified as their aldltol acetates by 
GC (5 %, Solar 1OC on Gas-chrom Q, temp 210”, flow rate 
40 ml/mm, NJ [6] 

Spectral properties offaoans 

Comprehensive spectral analyses (UV [l-16, 221, IR 

E 
3, 5, 6, 8-12, 223, ‘H NMR (1-16, 223, and 13C NMR 
4,6,18]) of flavans are reported These data together 
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with chemical mterconverslons [2, 61, and synthesis 
[ll, 163 have led to establishment of their structures 
(Scheme 1) 

U V spectra offlaoans 

Flavans exhlblt UV maxima of a simple benzenold 
chromophore having an uncoqugated aromatlc system 

There are two major adsorption maxima m the regions 
220-225 and 275-29Onm, with addltlonal maxima (or 
shoulders) m the higher wavelength re@on m cases where 
a number of functional groups hke hydroxyl/methoxyl, 
methylenedloxy and methyl, are attached to the terminal 
ring(s) The lower wavelength maximum IS of higher 
intensity m most &vans Glycosylatton of the ‘I-hydroxyl 
group results m an additional maximum at 251 nm [9], 
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Me0 

iIH 0 

43 Xanthorrhone , R=H 

44 14 - Hydroxyxanthorhone , R= OH 

HO 

45 Blflavan 12 

Scheme 1 Naturally occurrmg blflavans and their denvatlves 

while prenylatlon at C-8 produces an addltlonal maxl- 
mum at 263 nm [lo] Flavans with 3’,4’-methylenedloxy 
and additional Cz hydroxyl substltuents, m ring B, exhibit 
maxima m the region 300 nm or above m addition to the 
maximum at 280-290 nm [3,12-J Thus, flavans highly 
substituted m A and B rings tend to absorb at wavelengths 
greater than usual [3,12] Acetylatlon of the hydroxy- 
flavans produces hypsochromlc shifts and hypochromlc 
effects m both maxima 

The addition of the usual shift reagents [17] to an 
alcoholic solution of flavans induces considerable shifts m 
the UV maxima offlavans 7-Hydroxylated flavans exhibit 
bathochromlc shifts of both the maxima with sodium 
methoxlde [6] or sodium hydroxide [3,5] The presence 
of ortho-dlhydroxyl groups m ring B produces the 
expected bathochromlc shifts on addition of a mixture of 
sodium acetate and boric acid [12], this property being 
smular to that exhibited by other flavonolds [17] 

The bdlavans, e g xanthorrhone (43) and 14-hydroxy- 
xanthorrhone (44), exhibit two maxima (295 and 336 nm) 
m then UV spectrum The lower wavelength maximum 1s 
shifted hypsochromlcally to 245 on addition of potassium 
hydroxide Alummmm chloride, on the other hand, shifts 
the lower wavelength maximum hypsochrormcally and 
the upper wavelength maximum bathochromlcally with 
the appearance of a new maximum around 315 nm [ 143 

1R spectra ofjiavans 

The IR spectra of tlavans are not used for diagnostic 
purposes However, the IR data are largely used to detect 
the presence of oxygen functions (hydroxyljmethoxylj 
methylenedloxy/acetoxyl/glucosyloxy) m rings A and B 
[3,6,8,9] The IR data also form useful adJuncts to 

structural elucidation and are often quoted m support of 
identities of newly isolated flavans with known standards 
[3,5,6,8-12,223 

‘H NMR spectra offlavans 

The proton magnetic resonance spectral analyses of 
flavans are carned out m deutercchloroform, carbon 
tetrachlonde, deuterodlmethylsulphoxlde, acetone-d,, 
pyndme-d,, methanol-d, and mixtures thereof but the 
bulk of the published data refers to deuterochloroform, 
deuterodlmethylsulphoxide and acetone-de as solvents 

The chemical shifts of the protons of free flavans 
indicate the aromatic (rings A and B) protons (in the range 
65 9&6 98 and 6 31-7 53, respectively) and ahphatlc (ring 
C) protons (in the range S 18-5 1) suggesting the presence 
of two aromatic rings as shown m the partial structure 

Ar CH(-&CHICH2 Ar’ The effects of various sol- 
vents on chemical shifts of rings A, B and C protons 
provide important mformatlon [2, 4, 6, 9, 161 The 
influence of nelghbourmg hydroxyl, alkoxyl, alkyl and 
acetoxyl substltuents on the chemical shift of nng protons 
1s also significant (vlde mfra) It appears that a slight but 
consistent paramagnetlc (downfield) shift of the proton 
signal occurs upon methylatlon of ortho (0 05-O 20 ppm 
m deuterochloroform, 0 04-O 09 ppm m deuterodlmethyl 
sulphoxlde) and para (0 02-O 04 ppm) hydroxyl groups m 
flavans Acetylatlon of hydroxyl groups produces de- 
shleldmg effects on signals of the ortho/meta/para protons 
of the correspondmg flavan rmg which 1s similar m nature 
and magnitude to those noted for other flavonolds [17] 

The five ahphatlc protons (ring C) are also completely 
analysable The one proton quartet signal (in the range 
64 8-5 1) corresponds to X of an ABX and represents the 
benzyhc axial oxymethme H which 1s vlcmal to two other 
hydrogens (OCEJCH,) The latter two protons and an 
additional pair of hydrogens (associated with C-4) exhibit 
two two-proton multlplets (m the range 6 1 8-2 3 and 
2 63 0) ascribable to 2H-C-3 and 2H-C-4, respectively 

An important application of ‘H NMR spectra of 
flavans constitutes the stereochemlcal assignment at C-2 
Thus, the coupling patterns and constants of H-C-2 and 
2H-C-3 [4, 6, 91 of free flavans and flavan aglucones 
suggest that the aryl rmg m naturally occurring flavans 1s a 
and equatorial 

The above method of analysis 1s also applicable to 
glycosyloxy flavans In glycosyloxy flavans, the signal of 
the anomerlc proton of the sugar moiety and the methme 
proton of the benzyl ether system overlap [4,6,8] 
Acetylatlon of hydroxyl groups (m the ring and glycosyl 
moiety) produces considerable downfield shift of the 
nelghbourmg rmg protons [2,4,6,9, 123 Appreciable 
influence of different solvents on chemical shifts of 
glycosyloxy flavans 1s observed [6] 

Some specific examples of application of ‘H NMR 
spectra to structure elucidation of flavans are given below 

Rug-A protons 

7-Oxygenatedflavans (3,15,16,21-29) [4,5,11-13,163 
The H-5 and H-6 protons appear as two ortho coupled 
doublets (J = ca 8 5 Hz) m the range 66 7-6 98 and 
6 20-6 52, respectively The H-6 further meta couples 
(J = ca 2 5 Hz) with H-8 proton, the latter appears m the 
range 66 13-6 47, as a singlet or a doublet (.i = 2 5 Hz) [4] 
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depending on the substltuent/solvent Acetylatlon of the 
hydroxyl group at C-7 causes shift of the H-6 and H-8 
signals downfield (by 007-028 ppm), the shift IS maxi- 
mum (ca 0 28 ppm) m case of the H-8 signal, which even 
reverses their positions relative to each other 

5,7-Dloxygenatedpauuns (1,5,11,13,17,40) [2,6,8,9, 
123 The meta related protons of the phloroglucmol type 
A-rmg, exhibit signals as doublets (J = ca 2 5 Hz) m the 
range 65 96-6 51 (H-6) and 600-6 61 (H-8) The H-8 
proton signal appears downfield as compared to H-6 m a 
few flavans Both these signals are shifted downfield on 
acetylatlon (by 0 1-O 2) The acetate shift has been used to 
locate the glucosyloxy signal m some flavans Thus, the 
comparative downfield chemical shift expenenced by the 
H-6 (0 36 ppm) over the H-8 (0 27 ppm) signal, on acety- 
latlon, located the 0-glucosyl substltuent at C-5 m dlffutm 
(40) C61 

Rmg-B protons 

In case of flavans having no oxygen substltuent m the B- 
rmg, all the protons appear as a symmetrical multiplet in 
the range 67 25-7 43 (1 e somewhat downfield from the A- 
rmg protons) (5, 9, 11, 28, 38) [2, 9, IO, 163 

4’-OxygenutedJlauans (l-4,17,29,30) [I, 7,8,11,16] 
In the ‘H NMR spectra of the 4’-oxygenated flavans, the 
protons (H-2’, H-3’, H-S, Hd’)exhlblt an AzB2 quartet (J 
= 8 Hz) m the range 66 80-7 53 The H-3’ and H-5 
doublet occurs upfield (66 80-7 5) compared to the H-2’, 
H-6’ doublet (S 7 1 l-7 53) due to the shielding effect of the 
4’-hydroxyl The downfield branch of the A2B, quartet 
shows fine sphttmg (J = 0 5 Hz) which can be removed by 
uradlatlon at the frequency correspondmg to the one 
proton resonance at 64 95 [l l] This indicates allyhc 
coupling between the benzenold protons and the methme 
proton of a be.nzyl ether system In the spectrum of the 
flavan acetates the A2Bz pattern lsdlsplaced downfield (by 
about 006-021 ppm) which shows that the hydroxyl 
group 1s located m the para dlsubstltuted benzene rmg 

3’,4’-Dloxygenatedfuu~ (13,14,26,27,40) [5,6,12] 
The H-2’, H-S and H-6’ protons in a C-3’, C-4’ dlhydroxy 
system appear as a broad singlet (8693) [S] or as a 
complex multlplet (66 75-7 1) [6, 123 Acetylatlon of the 
hydroxyls produces a deshleldmg effect (by about 
0 43 ppm) on these protons (3H muluplet) 

3’,4’,5’-Trroxygenatedflauans (21-25) [4] In auriculo- 
side (21), the two meta coupled (J = 1 5 Hz) non- 
equivalent protons, H-2’ and H-6’, appear as doublets at 
66 57 and 6 5, respectively The posltlons of the two 
signals are reversed [66 67 (H-2’) and 67 01 (H-6’) m the 
correspondmg acetate derivative (22)] In aurlcuhn (the 
aglucone, 24), both H-2’ and H-6’ are equivalent and thus 
appear as a two-proton singlet at 66 31 

2’,4’,5’-Tr~oxygenatedPaoans (15,16,31-36) [3,12] All 
the &vans reported m this group are 2’-hydroxy-4’,5’- 
methylenedloxy compounds The H-3’ and H-6’ protons 
appear as singlets m the range 66 40-6 78 Free rotation of 
the C-2 aryl group, containing a C-2’ hydroxyl function 1s 
not feasible because of its hydrogen bonding with the 
heterocychc nng oxygen and thus, the H-6’ and H-3 (rmg- 
C) protons interfere with each other m their ‘H NMR 
resonance [ 121 

There are only a few examples of the use of ‘H NMR 
analysis m the elucldatlon of the structure of bdlavans 
The ‘H NMR spectra of xanthorrhone (43) and hydroxy- 
xanthorrhone (44) differ from each other by the presence 

of two AzBz doublets (6681, 7 21, J = 9 Hz) m the 
latter compound due to an extra hydroxyl group present 
m rmg B at the pm position (C-14) [14] The presence 
of only three aromatic protons m the upfield region 
suggests the linkage of the two units through the phloro- 
glucrnol ring of the llavanone moiety Double 
irradiation experiments and presence of seven ali- 
phatlc protons (in the range 62 12-5 35) support a 

--&H-CH&H- system m the blflavan 

13C NMR specfra ofpauans 

13C NMR (proton-noise decoupled and smgle fre- 
quency off-resonance decoupled) spectra of only a few 
flavans have been recorded so far [4,6,18, Frahm, A W, 
pers comm] However, the assignments of the respective 
carbon signals enable the techmque to be used m the 
determination of structure of a new flavan The solvents 
commonly used are, as m ‘H NMR, deuterochloroform 
(CDCIS), deuteromethanol (CD30D) and hexadeutero- 
dlmethyl sulphoxlde (DMSO-&) 13C resonance for 
flavans occurs over a range of 60-170 downfield from 
TMS The absence of carbonyl groups m a simple flavan 1s 
indicated by the absence of any 13C signal beyond 6 170 
The ranges of chemical shifts for carbon types en- 
countered m flavans are given m Table 2 The mtroduc- 
tlon of an alkoxy (hydroxyl/methoxyl/glucosyloxy) group 
causes upfield shift of the j?carbons as m the case of other 
flavonolds [19] Another interesting feature of the spectra 
of heavdy substituted flavans (e g 5-glucosylated flavans 
[6]) IS the pronounced upfield shift of the C-3 (ca 6 ppm) 
and C-4 (ca 2 ppm) signals, presumably due to a steric 
compression of these carbons by the glucosyloxy function 
[20] Concomitant upfield shifts take place in the signals 
of the glucosyl carbons 

EIMS of$auans 

Flavans, unless highly substituted, are not fragmented 
before providing the molecular ion peak as one of the 
most abundant peaks [12,16] Dlstrlbutlon of the sub- 
stltuents (alkoxy/alkyl) m rings A and B IS shown m the 
fragment Ions formed by the retro-I)lels-Alder reaction 
mvolvmg the heterocychc ring [l, 4, 6, 7, 213 The uutlal 
products of the retro-Dds-Alder fragmentation are the 
ions a and b The ion c arises by a concomitant H capture 
thereby resulting in the formation of ion d from rings A 

Table 2 “C chemical shift ranges for vanous carbon types 
encountered m flavans 

Chemical shift range 
Carbon type [S-values (ppm) from TMS] 

AromatIc 
(a) Oxygenated 155-159 (no o/p-oxygenation), 

148-152 (Hnth o/p-oxygenation), 
(b) Non-oxygenated 127-131 (no o/p-oxygenation), 

101-l 15 (with o/p-oxygenation) 

Allphatlc 
(a) Oxygenated (sugars) 60-102 
(b) Non-oxygenated 19-31 
(c) Methylenedloxy 98-100 
(d) Aromatlc OMe 55-60 
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R=OH/OMe , R'=H/OH/OM~,R~=H/M~ 

Scheme 2 Prmcipal mitral Ions produced m the mass spectral 
fragmentation of &vans 

Hydrogen transfer 

e h 

I 
a-d 

Scheme 3 Prmclpal fragment ions produced m the mass spectra 
of bdlavans 

and C The appearance of Ion d 1s strong evidence m 
favour of the flavan nucleus 

The bdlavans (e g 43 and 44) also exhibit identifiable 
molecular Ion peaks Accurate mass measurements (m/z 
524 18 and m/z 540 17, respectively) have established the 
molecular formulae of 43 and 44 [14] The molecular 
ion of the blflavan initially undergo fragmentation of the 
two units to provide ions e and b by a hydrogen transfer 
The ions e and b expenence further fragmentation to 
provide, respectively, ions f and a-d 

BIOLOGICAL PROPERTIES 

Naturally occurring flavans exhibit a number of lm- 
portant blolo@cal actlvitles which, If exploited properly, 
may lead to valuable new drugs or agro-chemlcals 

Antlmwobtal actwty 

Recent reports have shown antibacterial action of 
flavans and the defensive role played by these compounds 
against microorganisms [22] Broussm (37) was Isolated 
only from wounded xylem tissue of paper mulberry 
(Broussonetra papyrzfera Vent.) shoots It was not present 
m the healthy xylem tissue of B papyrrfera Subsequently, 
the ilavan was tested for its activity agamst Blpolarls 
leersrae and was found to slgmficantly mhlblt (m 
1O-4-1O-5 M concn) the growth of the mlcroorgamsm 
Hence it was ascribed as a phytoalexm [22] 

Flavans were also found to be active agamst Botrytts 
clnerea Pers ex Fr [16] Three &vans, 7-hydroxyflavan 
(28), 7,4’-dlhydroxyflavan (29) and 7,4’-dlhydroxy-8- 
methyl&an (30), were produced by Narcissus pseudonar- 
clssus L when the scales of Its bulbs were inoculated with 
suspensions of comdla of B cmerea The growth of the 
fungus was restrlcted within the lesions formed beneath 
the moculum droplets (m N pseudonarcusus) The three 
flavans were absent m fresh or frozen and thawed healthy 
tissues of N pseudonarctssus In addition to showing 
fun@toxlc actlvlty on TLC plate bloassays, samples of 
28-30 were also shown to be active against germinated 
spores of B ctnerea m liquid culture ED,,, values against 
the germ tube growth were 22,65 and 32 pg/ml, for 28,29 
and 30, respectively [16] 

Flavans were also shown to produce bactericidal ac- 
tivity against gram-positive bacteria [23] and anti-viral 
activity [24] 

Pharmacological actwrty 

Aurlculoslde (21) was the first fiavan glycoside to be 
investigated pharmacologically The initial results with 
aunculoslde, as reported by Sahal et al [4], revealed only 
a minor CNS depressant activity However, subsequent 
studies with related glucosyloxy flavans showed pro- 
nounced adaptogeruc (an+stress/anti-anxiety) activity 
[6,25] Thus, dlffutm (40) isolated from Canscora drjiisa, 
was uutlally found to produce a mild CNS depressant 
action (potentlatlon of barbtturate hypnosis and mor- 
phine analgesia m laboratory animals, m doses of 
20-50 mg/kg lp) [6,25] Whde elucrdatmg the mechamsm 
of this CNS depressant action of dlffutm, tt was found to 
be associated with anti-stress and anti-anxiety activities 
(collectively termed ‘adaptogemc activity’) m the battery 
of tests designed for such activities m laboratory animals 
[6,25] I)lffutm also extiblted a marked positive motroplc 
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effect m perfused frog heart m doses of lO-3Omcg (no 
arrhythmogemc property). It further potentlated the 
contractde responses of guinea-pig vas deferens to catec- 
ho1 ammes (by a process other than the uptake mhlbltlon 
of adrenaline) Dlffutm was found to be non-toxic up to 
500 mg/kg m dog In summary, these results provide a 
reasonable explanation for the therapeutic use of 
Canscora dtffisa m some mental disorders, e g melan- 
choha, m the Indian system of medlcme The plant extract 
IS used as a substitute of C decussata Schult, the latter 
contams xanthone glucosldes as its active prmclple 
[X 271 
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