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Abstract-The monotypzc genus, Bucegza, was not investigated m an earlier comparative flavonold study of the 
Marchantiaceae In the present commumcatlon Bucegza romunzca IS shown to elaborate solely a range of 8- 
hydroxyapzgenm and 8-hydroxyluteohn glucuromdes with vanable levels of methylatron Such flavonozd bzochemlstry 
zs unique wzthm this farmly and the taxonomlc zmphcatlons of thzs are discussed One new flavonold was identified as 
5,7-dlhydroxy-8,4’-dlmethoxyflavone (bucegm) 7-0-/I-r+glucuronzde 

INTRODUCTION 

In a recent comprehenszve survey of flavonozd dzstn- 
butlon m the hverwort famdy Marchantlaceae, the only 
genus not mvestlgated was the monotypic genus Bucegzu 
[1] Although the ilavonold survey provided the basis 
upon which taxonormc and phylogenetlc relationships 
wzthm the famdy were defined, cognzzance was also taken 
of available morphological data In the absence of flavo- 
nold data, Bucegzu was tentatively aligned with the 
morphologically similar Neohodgsonza In the present 
commumcatzon the malor flavonold types found m 
Bucegzu are defined and the taxonomlc and phylogenetlc 
significance of the findings IS interpreted m terms of the 
crztena set out m the earher survey 

RESULTS AND DISCUSSION 

Although three specimens of Bucegza romunzcu from 
different locahtles were studied, only one was sufficzent for 
detailed flavonozd analysis This orlgmated from the Tatry 
mountams area of southern Poland A ZD-PC of the 
methanol-water extract from this sample revealed a 
flavonozd pattern conslstmg of one major, two mmor and 
two trace flavonozd glycoside spots (see Fig 1) 

The major component, 1, appeared as a deep purple 
spot which was unchanged by ammonia vapour when 
viewed zn UV light (366 nm) The absorption spectrum 
was aplgenm-hke but possessed a prominent shoulder at 
294 nm, a feature associated with some 8-hydroxyapzg- 
enms [2,3] The compound was unaffected by fl-glucuro- 
mdase but prolonged hydrolyses with trzfluoroacetlc acid 
(TFA) yielded an aglycone, la, together with a mzxture of 

t A claim that arsltakaogenm possesses this structure IS refuted 
m Markham, K R (1983) Phytochemntry 22,316 Further, la IS 
chromatographlcally very dlstmct from crrsltakaogenm (see 
Experimental) 

glucuromc aczd and glucuronolactone The aglycone had 
an absorption spectrum slmllar to that of the glycoszde 
and wzth M+ at 314 appeared to be a dzhydroxydlmethoxy- 
flavone Accompanymg the M + zn the mass spectrum 
were A- and B-rmg derzved fragments at m/z 167 [A 
-IS]+ and 132 [Bz]‘, 133 [B, +H]‘, 135 [BJ’ which 
require [4] that one of the methoxyls be szted on the B- 
rmg and two hydroxyls plus one methoxyl be szted on the 
A-ring The soduzm methoxzde, sodium acetate and 
alummmm chlorzde-hydrochlorzc aczd induced shifts m 
the spectrum (of the glycoszde) mdrcate that the 5- and 7- 
hydroxyl groups are free and that the 4’-hydroxyl 1s 
substituted Thzs evidence 1s suggestzve of a 6- or 8- 
methoxylated 5,7&hydroxy-4’-methoxyflavone formu- 
lation for la, and the 8-methoxyl isomer 1s favoured by the 
followmg (1) Compound la dzd not cochromatograph 
wzth pectohnangenm (5,7-dlhydroxy-6,4’-dzmethoxy- 
flavone) (2) In the mass spectrum the [M - Me]+ zon 1s 
the base peak (cf 6-methoxyilavones zn which M+ 1s the 
base peak [S]) and [M - 18]+ 1s smaller than 10% (cf 6- 
methoxyflavones m which [M - 18]+ IS greater than 10 “/ 
[5]) (3) Wessely-Moser rearrangement of la m hydro- 
chloric acid lsomerlzes zt m part to the thermodynamzcally 
more stable isomer, pectohnarzgenm, an zsomerzzatzon 
characterzstzc of 8- but not 6-oxygenated flavones [6] (4) 
The alummmm chlorzde-hydrochlorzc acid induced shift 
zn band I of glycoslde 1 at + 65 nm zs typical of 8- (but not 
6-)methoxylated flavones (see ref [7] and the 
Experzmental) The structure of la IS, therefore, defined as 
5,7-dzhydroxy-8,4’-dzmethoxyflavone This zs the first 
report of zts occurrence as a natural product? and we 
propose the name bucegm for this aglycone Since absorp- 
tion data indicate that the 7-hydroxyl 1s substituted zn 
glycoszde 1, and smce the chromatographzc mobzhty of the 
glycoszde (m TBA, water and 15 % acetzc aczd) can only be 
that of a mono-0-glucuromde [8], the structure 5,7- 
dlhydroxy-8,4’-dzmethoxyflavone 7-0-P-D-glucuronzde 
(bucegm 7-0-glucuronzde) IS assigned to glycoslde 1 The 



144 K R MARKHAM and R Muas 

Bucegia romantca 

Legend - Polish sample flavonolds 

---- Rumanian sample flavonolds 

0 8-Hydroxyaplgenln derived 

a 8- Hydroxyluteolln derived 

05 

HOAc 

T 
TEA 4- 

Fzg 1 2D-PC tivonotd patterns of Bucegra romunzca samples orzgmatmg from Poland and Rumanza 

failure of /?-glucuromdase to hydrolyse this glycoszde 
contrasts with its action on glycosldes 2 and 3 and zs 
considered to be due to sterzc interference by the S- 
methoxyl group 

Both the minor flavonozd glycoszdes of this plant were 
cleaved by fi-glucuromdase, had a high mobzlzty on 
cellulose TLC m water and gave absorption spectra m 
methanol similar to those of glycoszde 1 Glycoszde 2 was 
dzstmguzshed from 1 by the effect of sodium acetate on the 
absorption spectrum which szgmfied the presence of a free 
7-hydroxyl group Sodium acetate also had the same effect 
on the spectrum of 3, but wzth thzs glycoszde the sodium 
methoxzde shaft suggested that the 4’-hydroxyl was also 
free The probable constltutzons of these glycoszdes, 5,7,8- 
trzhydroxy-4’-methoxyflavone (takakm) ~-O-/&D- 
glucuromde for 2, and 5,7,8,4’-tetrahydroxyflavone (8- 
hydroxyapzgenm) 8-0-/?-D-glucuromde for 3, were con- 
firmed by cochromatography with authentic maternal 
from Takakza lepzdozzozdes [9] 

One of the trace components observed, (4), IS thought 
to be an 8-0-glycosylglucuromde of 8-hydroxyapzgenm 
since zt was converted to 3 plus 8-hydroxyapzgenm on 
TFA treatment, and possessed absorptzon spectra and R, 
values (relative to those of 3) consistent with this formu- 
lation The other trace flavonozd, 5, was avazlable zn 
znsufficzent quantity to be typed 

Two further small samples of Bucegza were also 
surveyed, one from Rumania and the other from 
Czechoslovakza, but the size of these samples precluded 
detailed chemical studies The ZD-PC dzsplay of flavo- 
nozds m the Czechoslovakian sample revealed only three 
flavonozd glycoszdes, l-3, the ‘dzglycoszdes’ of the Polish 
sample being absent The Ruznanzan sample produced a 
pattern which contamed only one mmor flavonozd, 3, m 
common with the other two samples (see Fzg 1) One 
other mznor glycoszde, a, produced 3 on partial hydrolysis 
wzth hydrochlorzc aczd and 1s considered to be an 8-O- 

glycosylglucuromde of 8-hydroxyapzgenm smce zt gave 
the same set of absorptzon spectra as dzd 3 On partial 
hydrolysis with hydrochloric acid, the other dominant 
‘diglycoszdes’, b, c and e all gave compound f Compound f 
was identified as 8-hydroxyluteohn 8-0-glucuromde from 
zts R, values and appearance on PC, zts absorptzon spectra 
and by direct comparzson with authentic material from 
Marchantza berteroana [2] Smce the absorptzon spectra 
of dzglycoszdes b and c are zdentzcal wrth those off, these 
compounds are considered to be 8-O-glycosyl- 
glucuromdes of 8-hydroxyluteolm Dzglycoslde e gave 
absorption spectra which mdzcate that the 7-hydroxyl zs 
substituted as well as the 8-hydroxyl and accordmgly, e 1s 
considered to be a 7-0-glycoszde of 8-hydroxyluteolzn 8- 
0-glucuromde The lzmlted data available for the minor 
glycoslde, d, suggest that zt too may be of the same type 

It follows from the results above that the monotypzc 
genus Bucegza, as presently czrcumscnbed, cannot be 
defined precisely by zts flavonozds beyond the observation 
that zt elaborates solely a range of 8-hydroxyapzgemn and 
8-hydroxyluteolm glucuromdes wzth variable levels of 
methylatzon and addztlonal glycosylatzon This rather 
broad phytochemlcal categorlzatzon 1s none-the-less 
unique for a species of the Marchantzaceae The only 
other species zn thzs famzly known to produce 8-hydroxy- 
flavones at all IS Mnrchantza berteroana [Z] which pro- 
duces them, together with other flavonozds, only m the 
sexual branches and never m the vegetative thallus [ 10) 

Current botanical opmzon [l, 111 favours the taxo- 
nomzc placement of Bucegza close to Neohodgsonza and 
indeed Schuster [ 11 J places the two genera m their own 
subfamzly wzthm the Marchantzaceae Comparative flavo- 
nozd bzochemzstry, however, does not support thzs vzew 
since the flavonozds of Neohodgsonza (apzgemn-7-0- 
glucuronzde and luteohn-7,-3 and 7,3’-glucuromdes) are 
of a type commonly encountered m thzs famzly [l] and 
thus contrast markedly with those of Bucegza Further, the 
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flavoncnd ‘score’ [l] for the Polish Bucegrn computes at 
+ 2 0, and as such mdlcates a high level of blochemlcal 
advancement relative to Neohodgsonla which scored only 
- 0 2 [l] On these grounds Bucegza alone appears to 
qualify for subfarmhal separation from the remainder of 
the Marchantlaceae 

It 1s thus concluded that our earlier positioning of 
Bucegza and Neohodgsonza together as a chstmct group on 
the taxonormc tree, based bon morphological grounds, 
must be modified such that Bucegla 1s separated from all 
other Marchantlaceae genera In this context it 1s of 
interest to note that our proposal (made m the same 
publication) for the separation of Viesnerella and 
Monoselentum from the Marchantlaceae, which was based 
primarily on their dlstmctlve flavonoid biochemistry, has 
subsequently been fully supported by Schuster [ll] 

EXPERIMENTAL 

Plans mater& Bucegla romumca Radian Samples were col- 
lected from three sites (1) Tatry mountains, Mala Laka valley, 
e 1570m, south Poland (Jerzy Szweykowskl, 8 Sept 1981), 
herbanum sample MPN 18566, (2) Behanske Tatry, Berg 
Zaolnel Jatky, el 2OOOm, Czechoslovakia (J Vana, 5 Sept 1967), 
(3) Karpaten Oberhalb der Malaestl-Hutte lm Bucegl-Gebirge m 
Richtung Omul auf Erde, Rumania (M Begel, 22 Aug 1978) 

Isolatron procedure Each sample was hand-pIcked clean, 
washed and dned to give 1 5 g (sample 1). 0 2 g (sample 2) and 
0 4 g (sample 3), dry wt Each sample was ground and extracted 
overnight (twice) with Me&&H,0 (1 1) Flavonolds were ISO- 
lated by ZD-PC on Whatman 3MM paper m t-BuOH- 
HOAc-H,O (3 1 1) (TBA) and 15% HOAc (HOAc), the spots 
being eluted with H,O Compound 1 was further punlied by 
elution through a column of Sephadex LH-20 with MeOH 

Hydrolysrs condmons (1) /J-Glucuromduse (Sigma) the sample 
m H,O was left at 20” with the enzyme for 45 nun Under these 
condltlons luteohn 7-O-glucuromde was completely hydrolysed 
Compounds unaffected by this treatment were treated overnight 
with the enzyme to confirm the uutlal observation (2) TFA the 
sample was heated with 1N TFA m a steam-bath for 3 hr (for 
complete hydrolysis without We&y-Moser rearrangement) or 
for 30 mm (for partial hydrolysis) (3) HCI for productlon of 6- 
oxygenated aglycones, the glycoslde was heated with 1 5 N HCl at 
100” for 3 hr, but for partial hydrolysis 1 hr was sufficient 

Cochronuztogruphy Chromatographlc compansons of glyco- 
sides with authentic samples were carned out on Schlelcher and 
Schull F1440 TLC cellulose plates m 15 % HOAc, 40 % HOAc, 
TBA and H,O, and for flavonolds 2 and 3 addItIonally m BAW 
and MeOH-HOAc-H,O (9 1 1) (on Schlelcher and Schull Al700 
polyamide) For comparison of aglycones, especially pectohnan- 
genm, cochromatography was carned out on cellulose TLC m 
TBA and C,H,-HOAc-H,O (125 73 3) and better on Schlelcher 
and Schull s~hca F-l 500 TLC plates m CHCl,-MeOH (46 3) and 
toluene-Me,CO (9 1) Sugars were cochromatographed on ccl- 
lulose m EtOAc-pyndme-HOAc-H,O (36 36 7 21) Spray re- 
agents AlCl, (5 % in MeOH) and Naturstoffreagenz A (0 5 % m 
MeOH), (‘NA’ ex C Roth) for flavonmds, and pamsrdme HCl for 
sugars (cf ref [4]) 

Absorptton spectra Spectra were measured and analysed 
accordmg to procedures outhned m ref [4] 

5,7-Dlhydroxy-8,4’-dunethoxyflavone 7-0-fl-D-glucurontde, 1 
Physlcal data R, 0 64 (TBA), 0 21 (HOAc), 0 67 (H,O), UVL,, 
nm (MeOH) 273,294 sh, 320, 350 sh, (NaOMe) 283 mc *, 378 

*Abbrevlatlons dec , decrease m Intensity, mc, Increase m 
mtenslty 

dec l (NaOAc and NaOAc-H,BOs) 272, 294 sh, 320, 350 sh, 
(AlCl,) 276, 308, 348, 385, (AlCI,-HCl) 270, 305, 337, 385 
Aglycone (ex TFA treatment) R, (la, pectohnangenm) 0 69,0 84 
(BO,, CHCl,-MeOH, 46 3), 0 27, 0 33 (BO,, toluene-Me,CO, 
9 1) In tlus last solvent, clrsltakaogemn had a R, of 0 18 on the 
same TLC plate UVI,, nm (MeOH) 274,295 sh, 321, 350 sh 
(NaOMe) 283 mc , 295 sh, 360 dec, (NaOAc) 280 mc , 300 sh, 
346 sh, dec [Pectohnarlgenm UVI,, nm (MeOH) 274, 328, 
(NaOAc) 274 mc, 296 sh, 363 dec, (AlCl,-HCI) 295,350] MS 
314 [M]’ (59 6), 300 (18 9), 299 [M -Me]+ (lOO), 296 (5 l), 286 
[M-CO]+ (48),282(153),167(A,frombasepeak,l46%),139 
[AI-Me-CO]’ (31 1), 135 [B,]+ (19x), 133 [B,+H]+ 
(28 l), 132 [&I+ (8 6) 

Otherflauonoufs (Pohsh sample) 2 R, 0 53 (TBA) 0 16 (HOAc), 
048 (H,O), UVI, nm (MeOH) 273, 292 sh, 320, 350 sh, 
(NaOMe) 282 mc, 310sh, 36Odec 3 R, 040 (TBA), 0 13 
(HOAc), 043 (H,O), UVZ,, nm (MeOH) 272, 290sh, 325, 
350 sh, (NaOMe) 280, 325 sh, 392 mc 4 R, 0 37 (TBA), 0 30 
(HOAc), 064 (H,O), UVI,, nm (MeOH) 272, 295sh, 324, 
350 sh, (NaOMe) 280, 325, 394 mc S R, 025 (TBA), 0 27 
(HOAc),O 54 (H,O); UV&,, nm (MeOH) 275 br, 325, (NaOMe) 
276,392 nm 

Flaoonords ex Rumanran sample Chromatographlc data (Rfs 
m TBA, HOAc and H,O) a, 0 45,0 5,0 45, b, 0 35,O 35,O 57, c, 
0 26,O 41,O 53, d, 0 14,O 3,0 45, e, 0 14,O 2,0 42, f, 0 30,O 09,O 42 
All spots appeared dark purple m UV hght (366 nm) and all 
turned ohve m NH3 With NA, a gave a yellow-green fluorescence 
m UV and all others gave an orange fluorescence Absorption 
data a UVI, nm (MeOH) 272,294sh, 327,350 sh, (NaOMe) 
279,325,397 mc b, c and f UV I,, nm (MeOH) 259,272,295 sh, 
356, (NaOMe) 274, 295 sh, 320, 418 mc, (AICI,) 267, 274 sh, 
303 sh, 360 sh, 414, (AlCl,-HCI) 265,300 sh, 360,391 e UV 2, 
nm (MeOH) 259, 272 sh, 290 sh, 355, (NaOMe) 270, 302 sh, 
405 mc , (NaOAc) 260,272 sh, 370, (NaOAc-H,BO,) 261,272 sh, 
375 
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