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Abstract-The major flavonolds of Marchuntrafohaceu are the 7-O-fl-o-glucuromdes of aplgenm, chrysoerlol 
and tncm, and aplgenm-6,8-dl-C-glucoslde (vlcenm-2) Minor constituents include the rhamnosylglucur- 
omdes of the above flavones Apparent lsomerlzatlon of the glucuromdes on hydrolysis (MeOH-HCI) 
proved to be due to methylatlon of the sugar carboxyl group 

INTRODUCTION 

IT IS now well estabhshed that flavonolds occur m hverworts 1-S These flavonolds have been 
identified as either C-glycosy11-3*s~6 or O-glycosyl 4*s flavones All species studled to date 
are clearly dlstmgmshed from one another by their flavonold constituents and It 1s of 
phytochermcal interest to assess whether chemotaxonomlc relatlonshlps can be estabhshed 
wlthm genera of the same order To this end we have Investigated the flavonold chemistry 
of two further species of the order Marchantlales, Murchantza folracea and M berteroana 
Previous work on Murchuntta appears to be confined to a brief commumcatlon,’ mdlcatmg 
that glycosldes of aplgenm and luteolm occur m the gametophyte tissue of M. polymorpha 

RESULTS 

Figure 1 shows the 2-D chromatographlc pattern of M folracea flavonolds All con- 
stituents were present m h4 fobaceu (collected from two different locations) and m M 
berteroana Both species are southern hemisphere plants and are clearly dlstmgulshed 
botamcally from the ublqultous it4 polymorpha 

Three of the major constituents, Al, C, and T,, were established as flavones from their 
UV spectra They proved difficult to hydrolyse with acid and produced, m addltlon to the 
aglycones, A, C and T, compounds AI, C, and T,, which were mltlally thought to be 
products of lsomerlzatlon (see Discussion) The aglycones were isolated by a combmatlon 
of paper and slhca gel chromatography and ldentlfied as aplgemn (A), chrysoerlol (C) and 
trlcm (T) by direct comparison with authentic samples 

The sugar moiety of the glycosldes was estabhshed as glucuromc acid both by enzymlc 
hydrolysis of AZ, C, and T2 with /?-glucuromdase, and by GLC ldentlfication of the tn- 
methylsllyl ether derivatives. This, combined with spectral data, establish A2, C, and T2 as 
7-O-/?-D-glucuronides of A, C and T. AZ, C, and Tz co-chromatographed on paper and 
polyamide with authentic samples wlthout separation. 
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Mild hydrolysis of the minor constituents, AJ, C, and T3, effected conversion to the major 
components AZ, C, and T2 Sugar analysis revealed that rhamnose was produced durmg this 
converslon and It IS therefore concluded that A3 C, and T3 are the 7-O-rhamnosylglucur- 
omdes of aplgemn, chrysoerlol and trlcm respectively 
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FIG 1 2-D PC OF THE FLAVONOID CONSTITUENTS OF Marchantla fohacea 

Hydrolysis of A,, C, and T2 produced compounds Al, C1 and Tl (see earlier discussIon) 
m addition to the aglycones These compounds were shown to be the methyl ester denva- 
tlves of AZ, C, and T2 by direct comparison with the esters produced by dlazomethane 
treatment Methylatlon of glucuromdes in the presence of methanohc HCl has also been 
noted by Asen et al ,* during column chromatography using methanohc HCl as eluent The 
occurrence of ester formatlon emphasizes the need for caution m the interpretation of 
product analysis when flavonold 7-O-glucurorudes are hydrolysed with this recommended9 
and widely used reagent 

The fourth major constituent of M foliucea proved to be completely reslstant to acrd 
hydrolysis and no lsomerlzatlon to other products was observed This mformatlon, together 
with spectral data suggested that A6 IS an aplgenm-6,8-dX-glycoslde m which the two 
sugars are Identical It proved to be chromatographxally mdlstmgulshable from aplgemn- 
6,8-dl-C-glucowde (vlcenm-2) lo 

The only other flavonolds observed in A4 fokacea are compounds A., and A5 which were 
barely visible on the paper chromatogram The trace quantities isolated were sufficient only 
for hydrolysis and analysis by UV spectroscopy This data defines A., and A5 as aplgenm 
O-glycosldes and suggests that they are probably the 7-O-glucoslde and a 7-O-rhamnosyl- 
glucoslde respectively 
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DISCUSSION 

This work extends further the known examples of methoxylated flavonolds occurrmg m 
liverworts To date these have been isolated only from Rebouba hemrspherzca5 (also Mar- 
chantlales) and Monoclea forsterz’ (Monocleales) The species of these two orders also share 
m common the ability to produce both 0- and C-glycosylated flavones of related structure, 
and m particular uromde derlvatlves This apparent blochemlcal relatlonshlp mirrors that 
previously suggested on botamcal grounds Smith” and Campbell12 for example have 
accepted the placement of Monoclea m a monogenerlc family, Monocleaceae, wlthm the 
Marchantlales, although Schuster,l 3 while acknowledging a number of marchantlold fea- 
tures m Monoclea, prefers its classlficatlon m a separate order 

The occurrence m Marchantza of advanced phytochemlcal characters such as O-glyco- 
sylatlon and methoxylatlon14 ( es p eclally 8-methoxylatlon as m Monoclea forsterz4) seems 
emgmatlc m a group of plants accepted as bemg exceedmgly ancient and apparently un- 
changed since the mid-Paleozoic l* However, d the criteria for advanced and prlmltlve 
characters established for the higher plantsI are applicable also to the Hepatlcae, then the 
flavonold chemistry of the group suggests that blochemlcal evolution parallel to that of the 
higher plants has occurred m the hverworts Thus the genus Marchantza could well comprise 
the more blochemlcally advanced hverworts Such a conclusion would be consistent with the 
observation of Bell and Woodcock16 that ‘Marchantra seems to represent the highest level 
of orgamzatlon achieved by a wholly thallold gametophyte’ Relevant to this IS the fact that 
the flavonold chemistry of Marchantza 1s not greatly different from that of higher plants 
such as Medzcago satzua (which contams compounds AZ, C,, T2 and A4)17*1* and many 
grasses (m which C-glycosylflavones and 0-glycosylated methoxylated flavonolds fre- 
quently co-occur) 1 g 

EXPERIMENTAL 
Voucher specimens of Marchantrafihacea, Mitt and M berteroana, L and L have been deposlted with 

Massey Umverslty, Palmerston North (MPN 8504) and the Dommlon Museum, Welhngton (H 396) 
respectively PCs were run on Whatman 3MM paper using r-BuOH-HOAc-H,O, 3 1 1 (TBA) and 15% 
acetic acid (HOAc) GLC of sugars as trrmethylsdyl ethers was performed on a 90 cm column of 3 % SE52 
on acid-washed sdamzed Chromasorb W MS were run on an AEI MS 902 spectrometer using the AEI 
M S data system DS30 

Extractlonprocedure Air-dried M fohacea gametophyte tissue (18 g) was macerated m a Warmg-blendor 
with 20% aqueous MeOH (500 ml) The filtered solution was extracted with hght petrol (3 x 100 ml) and 
then evaporated to yield 1 2 g sohds This material was chromatographed on 2-D PC (see Fig 1) and spots 
were cut out and eluted A slmdar, but small-scale extractlon of M berreroana was also carried out for 
comparison purposes 

Trrcrn ‘I-0-glucuronrde (Tz) The component Tz appeared on the PC as a dark UV absorbmg spot, R, 
0 26 (TBA), 0 13 (HOAc), which turned brdhant yellow m NH3 It had h,,, (MeOH) 249, 269, 348 run; 
(NaOMe) 247 sh, 264,300 sh, 408 nm, (NaOAc) 248 sh, 262 sh, 422 nm, (AIt& and AICIa-HCI) 274,300 
sh, 365, 395 sh, nm Hydrolysis with 5% methanohc HCl for 2 hr produced the aglycone, 7’, together with 
another product T1 Hydrolysis of T2 with @glucuromdase led solely to the aglycone T, R, 0 66 (TBA) and 
the sugar (identified by GLC as glucuromc acid) The aglycone was isolated by PC (TBA) and purified on a 
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micro-column (cone HCI washed TLC slhca-gel, eluted with Hz0 and then MeOH) T had M + 330 0732 
(lOO%, C17H140, requires- 330 0740), fragment (A + H) +23 153 0190(15 2%, C,H,O, requires 153 0187), 
fragment B+ 23 178 0665 (4 5%. C,,H,,Oa requires 178 0629) It was chromatographtcally (PC, TLC- 
SlO,/MeOH-CHC13, 2 48) and spectrally ldentlcal wrth trlcm (see Ref 20 for data) 

Authentic trlcm 70glucuromde was obtained from powdered Me&ago SA~IL~A~’ leaf material by MeOH- 
Hz0 extraction and preparative PC The material isolated cochromatographed with T2 on PC (TBA, 
HOAc) and polyamide (TLC, MeOH-HOAc-H,O, 18 1 1) The ldentrtles of the other major components 
A2 and C,, were established m a manner identical to the above The essential data only, IS outlined belou, 

Chrysoerlol ‘I-0-glacuromde (C,) R, 0 35 (TBA), 0 19 (HOAc), dark UV absorbing spot, yellow-green in 
NH3 h,,, (MeOH) 252, 266, 346 nm, (NaOMe) 250 sh, 262, 302 sh, 395 nm, (NaOAc) 256 sh, 267 sh, 408 
nm, (NaOAc-H,BO,) 250 sh, 268,347 nm The aglycone, C, had M+ 300 0632 (100”;. C,,H120, requires 
300 0634), fragment (A + H) +23 153 0195 (19 404, C7H504 requires 153 0187), fragment B+ 23 150 0276 
(3 3%, C,H,O, requires 150 0316) Aglycone C was chromatographrcally and spectrally Identical with 
chrysoerlol, and the enzymatlcally released sugar was glucuromc acid Authentic chrysoerlol 7-O-glu- 
curomde, Isolated from Antlrrhmum ma~ur petals,” proved to be chromatographlcally (PC and polyamrde) 
and spectrally ldentlcal with C, 

Aplgenln 7-0-glucuronrde (A,) RI 0 45 (TBA), 0 27 (HOAc), dark UV absorbing spot, turning yellow- 
green m NH3, A,,. (MeOH) 268 333 nm, (NaOMe) 270, 300 sh, 384 nm, (NaOAc) 268,290 sh, 356 sh, 388 
nm, (NaOAc-H3B0,) 268, 337 nm The aglycone, A, had M + 2700521 (IOO’A, C,,H,,O, requires 
270 0527) Aglycone A was chromatographically and spectrally tdentlcal with aplgenm and the enzymatically 
released sugar was glucuromc acid Authentic apigenm 7-0-glucuromde, isolated from Antlrrhtnum TVAJUS 
petals,” proved chromatographlcally and spectrally ldentlcal with A2 

Componenfs At, C3 and Ts The three components, isolated by PC, uere reslstant to /%glucosldase Brief 
hydrolysis (reflux wjth 1 N HCI for 15 mm) followed by analysis of the sugars by PC (using ethyl acetate- 
pyrldme-H,O, 12 5 4) revealed the presence of rhamnose The hydrolysis products co-chromatographed on 
PC (TBA, HOAc) with Al, C’, and T2 

Hydrolysrsproducts A,, C, and T1 Each of the glucuromdes At, C, and Tz was treated for about 1 mm rn 
MeOH with dlazomethane The resultmg products co-chromatographed on PC (TBA, HOAc) with A,, C, 
and r, 

Aprgemn 6,8-dK-glucoade (A6, Vxemn-2) R, 0 28 (TBA), 0 50 (HOAc), dark UV absorbing spot turning 
areen in NH? A,,. (MeOH) 271 333 nm. (NaOMe) 282, 329. 398 nm. (NaOAc) 280. 301 sh. 387 nm. 
(NaOAc-H&OS) 273, 280 sh, 320 sh, 340 sh; nm As ‘was &olated by preparative 2-D PC Hydrolysis, 5 % 
HCI, IOO”, 6 hr left It paper chromatographlcally unchanged A6 co-chromatographed on paper (TBA and 
HOAc) and polyamide (TLC, MeOH-HOAc-H#, 18 1 l), R, 0 60, with vlcenm-2 (ex We.~ lurens)1° but 
not with vlolanthm 

Mator components A4 and A5 Compounds A.+, R, 0 54 (TBA), 0 25 (HOAc) and As, R, 0 57 (TBA), 0 52 
(HOAc), both had UV spectra as described above for aplgemn 7-0glucuromde (AJ A4 was hydrolysed with 
,9-glucosldase to yield aplgenm (A) and It co-chromatographed on PC (TBA, HOAc) with authentic aplgenm 
7-0-glucoslde As did not co-chromatograph with the aplgenm 7-0-rhamnosylglucoslde from Sophorn 
tetrapteva,24 but possessed RJs close to those reported for aptgenm 7-0-neohesperldoslde (see Ref 20) 
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