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bryophytes i s  presented. 

ded 

I n t r o d u c t i o n  

Bryophyta are s i t u a t e d  between Chlorophyta and Tracheophyta and d i v i  

i n t o  th ree  c lasses,  Anthocerotae, Hepaticae and Musci. It i s  known by 

b r y o l o g i s t  t h a t  some bryophytes conta in  sweet o r  b i t t e r  substances, and 

pungent components. Bryophytes of ten show some remarkable b i o l o g i c a l  a c t i v i t i e s  

l i k e  a l l e r g e n i c  contac t  de rma t i t i s ,  an t icancer ,  a n t i m i c r o b i a l  and p l a n t  g r w t h  

i n h i b i t o r y  o r  acce le la te  ef fects.  In 1905, ~ ; l l e r l  suggested t h a t  the 

component of the o i l  body i n  the l i v e r w o r t s  was composed o f  sesquiterpenes. 

I n  s p i t e  of t he  presence o f  t he  b i o l o g i c a l l y  a c t i v e  substances, t he  chemical 

cons t i t uen ts  o f  bryophytes have n o t  been w e l l  i nves t i ga ted  because the  

c o l l e c t i o n ,  separat ion,  and i d e n t i f i c a t i o n  of bryophytes are time-consuming. 

Recent development o f  a n a l y t i c a l  apparatus makes i t  easy t o  determine 

t he  s t r u c t u r e  o f  even a  micro-s ized sample, and many terpenoids and aromat ic  

compounds have been obta ined f rom bryophytes, p a r t i c u l a r l y  f rom t h e  l i v e r w o r t s .  

We have been i n t e r e s t e d  i n  the b i o l o g i c a l l y  a c t i v e  substances inc luded i n  

+ This paper i s  dedicated w i t h  t he  bes t  wishes t o  Emeritus Pro fessor  Shigehiko 

Sugasawa on the occasion of h i s  80th b i r t hday .  



bryophytes and have s t a d i e d  t he  chemical cons t i t uen t s  f rom the  p o i n t  o f  view 

o f  pharmacognosy and the  a p p l i c a t i o n  as t h e  source o f  t he  tmedicinal drugs. 

I n  t h i s  paper, we are  concerning w i t h  a  rev iew of the  r e c e n t  work on the  

chemical cons t i t uen t s ,  p a r t i c u l a r l y ,  sesqui terpene lac tones ,  and h e t e r o c y c l i c  

compounds, i n c l u d i n g  i n d o l e  a l k a l o i d s ,  furanoterpenoids and f lavono ids  found 

i n  Bryophyta. 

Sesqui terpene lac tones  of l i v e w o r t s  

I n  Europe, i t  i s  known t h a t  e p i p h y t i c  bryophytes,  namely FruZZania and 

R & Z ~  cause some occupat iona l  a l l e r g i e s  assoc ia ted  w i t h  hand l i ng  European 

woods. I n  a  t y p i c a l  case, FruZZania species s to red  f o r  a  h a l f  cen tury  caused 
2a-b . 

the  i n tense  a l l e r g y .  I n  1969, Our isson and h i s  coworkers i s o l a t e d  t he  

a c t i v e  substances f rom FruZ24nia tamarisci and F. d i ta ta ta ,  and determined 

t h e i r  s t r u c t u r e s  t o  be eudesmanolid? [ I ] ,  named f r u l l a n o l i d e ,  and i t s  

enantiomer [5], r espec t i ve l y .  Th i s  i s  t h e  f i r s t  i s o l a t i o n  o f  t he  b i o l o g i c a l  

a c t i v e  substances aga ins t  human body from bryophytes.  La te r ,  i t  was confirmed 

t h a t  some unknown sesqui terpene lactones were a l s o  con ta ined i n  EPuttmia 

diZotata and they  caused the  i n tense  a l l e r g y .  The e x t r a c t  o f  F. diZatata was 

f u r t h e r  c a r e f u l l y  i n v e s t i g a t e d  and t he  a d d i t i o n a l  sesqui terpene lac tones  were 

i s o l a t e d  and t h e i r  s t r u c t u r e s  [b ,  7, 8, 9, 10, 111 were determined (see F ig .  1). 
3 

Twenty-three p a t i e n t s  s e n s i t i v e  t o  FmZZania were t e s t e d  t o  t he  new 

sesqui terpene lac tone^.^ As can be seen i n  Table 1, a l l  t he  p a t i e n t s  s e n s i t i v e  

t o  FruZZania were s e n s i t i v e  t o  a t  l e a s t  one o f  t h e  lac tones  i s o l a t e d  from the  

p l a n t .  However, most p a t i e n t s  were s e n s i t i v e  t o  o n l y  some o f  these lac tones ,  

and none o f  the  lac tones  were a c t i v e  on every one o f  the  p a t i e n t s .  Exocyc l i c  

a-methylene group on t he  ;'-lactone r i n g  appears t o  be respons ib l e  f o r  t he  

i n tense  a l l e r g e n i c  eczematous con tac t  d e r m a t i t i s .  
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Table 1. A l l e r g e n i c  t e s t  (Pa tch- tes t ,  EtOH s o l u t i o n  lo/,,) 

Product  1-5 6-14 15 16 17 18-19 20 21-22 23 

C51 + +  t t t  o 0 o o 

[ l o ]  t  X t X O  + + t  X 

[S l  + + o + +  + t  o o 

191 + +  0 0 0  + 0 0 + 

(t): p o s i t i v e  ( 0 ) :  no  e f f e c t  ( X ) :  n o t  t es ted  

Since Knoche e t  a l Z a  d iscovered f r u l l a n o l i d e s  [I, 51, var ious  sesqui-  

5 terpene lac tones  were found i n  ~ m e r i c a n ~ ,  European and Japanese 2"ruZZania 

6 species as l i s t e d  i n  Table 2. 

A t  p resent  more than 400 sesqui terpene lac tones  have been found i n  nature,  

and most of them have been i s o l a t e d  from h ighe r  p l a n t s ,  e s p e c i a l l y  those o f  t he  

Compositae. Biochemical systemat ics o f  Compositae a re  now developing by 

a p p l i c a t i o n  o f  t he  v a r i a t i o n  i n  these sesqui terpene lac tones .  It i s  a l s o  

c e r t a i n  t h a t  t he  sesqui terpene lactones,  eudesmanolides and eremophi lanol ides 

a re  the  impo r tan t  genet ic  markers i n  Fru l lan iaceae.  More r e c e n t l y ,  Andersen 

e t  a l '  i s o l a t e d  the  sesqui terpene lac tones  [16, 171 from the  l i v e r w o r t ,  

DipZophyZZwn a%crms and confirmed t h a t  D i p l o p h y l l i n  [16] d isp layed 

s i g n i f i c a n t  a c t i v i t y  aga ins t  human epidermoid carcinoma (Kt3 c e l l  c u l t u r e ,  

ED _N 8 u g / m l )  and c y t o t o x i c i t y  o f  enant iomer ic  D i p l o p h y l l i n  se r i es  aga ins t  

Carcinoma c e l l s  showed the  c h i r a l  s p e c i f i c i t y .  I n  con t ras t ,  we have conf i rmed 

t h a t  a l l e r g e n i c  i n t e n s i t y  o f  f r u l l a n o l i d e  and i t s  r e l a t e d  sesqui terpene 

9 lactones showed no c h i r a l  s p e ~ i f i c i t y . ~  6eneSovd e t  a1 have showed the  

i s o l a t i o n  of d i p l o p h y l l o l  i d e  [ l a ]  f rom European DipZophyZZwn a7bicans. 

Dip lophy l  l o 1  i d e  has a l s o  been detected i n  Japanese D. s e r m ~ a t w n .  lo Marchantin 
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pozymorpha, some RaduZa and Metzgeria a l s o  cause a l l e rgen ic  contact  

dermat i t i s .  We have confirmed t h a t  the a l l e rgen ic  agent in M. pozymorpha 

was costunolide [4] and B-cyclocostunolide 1131. 10 

Table 2. Sesquiterpene lactones found i n  l i v e w o r t s .  -- 

Species Detected sesquiterpene lactones References 

FruZZania t m a r i s e i  [ I ,  2,  3, 41 Za, 2b, 5 

F. diZatata [5,  6 ,  7, 8 ,  9 ,  10, 111 Za, 2b, 3 

F. t m a r i s c i  subsp. [12, 131 6 
o b s n t ~  

F. nisquaZZensis [!I 4 

F. hamperma [4, 14, 151 10 
F. jackii [I31 10 

F. yunnonensis 31 10 

F. pediceZZata [ I31 10 

DipZophyZZm arbicons [16, 17, 181 7, 9 

D. serruzatwn El81 10 
Marchantia poZymorpha [4, 131 10 

The 1 i verworts , PoreZZa vernicosa complex (Pore1 1 aceae) : PoreZZa vernicosa, 

P. maarotoba, P. graciZZima and P. fauriei display  the  in tense  pungent t a s t e .  

We have i s o l a t e d  t h i s  unique pungent component from the  above four  species  

and determined i t s  s t r u c t u r e  t o  be sesquiterpene d ia l  [ 2 1 1 ~ ~ ,  which i s  the  

same pungent component of the  higher p l a n t ,  PoZygonum hydropiper.12a'b I n  

addit ion t o  the  sesqui terpene dia l  , two drimane sesqui terpene lac tones ,  

drimenin [19] and cinnamolide [20] have been found i n  the  four  PoreZZa species  

c i t e d  above.13 The compound [ZO] has a l s o  been i s o l a t e d  from the  higher 

p l an t ,  Cinnmosma fragrans.14 Cinnamolide possesses the  a c t i v i t y  aga ins t  

some dermatophyi t e s .  14 

The l iverworts  very of ten  e labora te  the  op t i ca l  isomers o f  components 

found i n  the  higher p lants .  7 3  15a-d The seven sesquiterpene lactones i so la t ed  
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from hZZun ia  diZatata and d i p l o p h y l l i n  se r i es  found i n  DipZophyZZwn arbicans 

have a l l  the  unusual 7 ~ i s o p r o p y l  con f igura t ion .  I t  i s  i n t e r e s t i n g  t o  no te  

t h a t  the  sesqui terpene lactones found i n  t he  o the r  FmZZania species except 

F. diZatata possess t he  usual  7 ~ - i s o p r o p y l  group and t he  drimane type  sesqui-  

terpenes found i n  PoreZZa vernicosa complex do t he  usual  90,100-conf igurat ion.  

I ndo le  a l k a l o i d s ,  furanosesqui- and furanonorsesqui terpenes o f  

l i v e r w o r t s .  

BeneIovd e t  a l l 6  r epo r ted  t he  f i r s t  i s o l a t i o n  o f  t he  i n d o l e  a l k a l o i d e s  

[22, 231 from Riccardia sinuata. La te r ,  ~uneck "  have found the  same compound 

[23] f rom Riccardia chamedrifolia. The uniquefuranosesquiterpene, p inguisone 

[241 was i s o l a t e d  from Aneura pinguis.18 The s t r u c t u r e  was deduced f rom NMR 

and NMDR s p e c t r a l  analyses, and t he  fo rmat ion  o f  the  adduct w i t h  ma le i c  anhydr ide 

and o f  d imethyl  e s t e r  [26] from the  ozono lys is  p roduc t  o f  p inguisone a l s o  

supported the  s t r u c t u r e  (see Fig.  2). The l o c a t i o n  o f  the  carbonyl  group as w e l l  

as the  stereochemistry ,  however, had been ambiguous before t he  (z)-p-bromobenzyl idene 

d e r i v a t i v e  o f  [24] was es tab l i shed  by the  X-ray analys is .19 One more 

furanosesquiterpene, deoxopinguisone [27] has been i s o l a t e d  from PtiZidiwn 

c i ~ i a r e . ~ ~  The s t r u c t u r e  was determined by the  i d e n t i t y  w i t h  the  p roduc t  

de r i ved  from pinguisone by the  Wolff-Kischner reduc t ion .  Except the  pungent 



sesqui terpene d i a l  and i t s  r e l a t e d  sesqui terpene lac tones ,  PoreZZa vemicosa, 

P. macroloba, and P. gracizlima con ta i n  E h r l i c h - t e s t  p o s i t i v e  components. 

Care fu l  chromatography o f  each e x t r a c t  o f these  t h ree  PoreLZa species on 

s i l i c a  g e l  a f f o rded  one furanosesqui terpene ['a], two furanonorsesqui terpene 

[30, 331 and p inguisane-type sesqui terpenes,  a-pinguisene [37] and p ingu iseno l  

[36], toge ther  w i t h  deoxopinguisone [27]. The s t r u c t u r e s  of these components 

have been deduced from UV, I R ,  NMR and mass spec t ra  and the  t ransformat ions 

descr ibed i n  F ig .  3."' 13 '  'la-' PoreZZa densifozia, which i s  mo rpho log i ca l l y  

d i f f e r e n t  f rom PoreZZa vemicosa complex, con ta ins  no pungent substance, however, 

i t  does the  same furanosesqui- and furanonorsesqui terpenes and p inguisane-type 

sesqui terpenes as those de tec ted  i n  P. vemicosa complex. 10,21a-c The p inguisanes 

show the  i n t e r e s t i n g  s t r u c t u r e s  from the  p o i n t  of t h e i r  b i osyn thes i s .  

The b iogenesis o f  p inguisanes i s  d i f f i c u l t  t o  r a t i o n a l i s e  i n  terms o f  the  isoprene 

r u l e ,  however, the  s t r u c t u r e s  o f  p inguisones [24, 271 have been regarded as 

sesqu i te rpeno id  s i nce  mevalonic a c i d  has s u f f i c i e n t l y  been i nco rpo ra ted  i n t o  

p inguisone,  a l though t he  f u r t h e r  mechanism o f  i t s  b i osyn thes i s  has n o t  been 

accurate.'? The hydrocarbon, a-p inguisene [371 may be an i n te rmed ia te  t o  

p ingu iseno l  [36], f rom which var ious  p inguisane d e r i v a t i v e s  would be formed. 
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Wada e t  showed t h a t  p ingu isone  [24] d i s p l a y e d  an a n t i f e e d a n t  

a c t i v i t y  a g a i n s t  t h e  lavae  o f  Prodenia Zdtura. The norsesqu i te rpene  [30] 

i n d i c a t e d  t h e  growth i n h i b i t o r y  a c t i v i t y  a g a i n s t  t h e  s e e d l i n g  and t h e  r o o t  o f  

r i c e  and wheat a t  ca. 50 ppm c o n c e n t r a t i o n .  10 

4' 

b )  MsCl/Py 

c )  H2/Pd-C 

d) Mn02/CHC1 

e )  DDQIbenzene 

36 - - 37 f )  Me2C(OMe)2/ 

Fig. Pingu isane- type  sesqui terpenes (27, 28, 30, 33, p-TsOH 

36, 37) i s o l a t e d  from PoreZZa species.  g )  p-TsOHIbenzene 



The l i v e t w o r t ,  TrichocoZeopsis sacculata (Trichocoleaceae) i s  morphological ly 

very d i f f e r e n t  from PoreZZa, however, contains E h r l i c h - t e s t  p o s i t i v e  substances 

and the in tense pungent component. The two furanosesquiterpenes showing no 

pungency were i s o l a t e d  and these were consistent w i t h  pinguisone [24] and 

deoxopinguisone [27]. The pungent component was e a s i l y  i s o l a t e d  and i t s  

s t ruc tu re  was determined t o  be the exceptional diterpene d i a l  [38], named 

s a ~ c u l a t a l . ~ ~  The C-9 epimer [39] of saccu la ta l  was a l so  found i n  the same 

l iverwor t .24 Another 1 ive twor t ,  PeZZia endiviaefoZia (Dilaenaceae) contains the 

same d i  terpene d ia ls  as those found i n  Trichocoleopsis saccuZata. 25 

It i s  known t h a t  the fami ly Lophoziaceae includes an intense b i t t e r  

p r i n c i p l e .  ~ u n e c k ' ~  has described the i s o l a t i o n  of many furanoditerpenes 

d i sp lay ing  the b i t t e r  tas te  from Lophoziaceae and Scapaniaceae. Anastrept in 

(C20H2405) from Anastorepta orcadensis, barbi lophozine (C22H3205) from 

BarbiZophozia barbata, f loerke in  A and B (both C20H3403) from BarbiZophozia 

fZoerkei and scapanin (C20H3004) from Scapmzia mdalata (Scapaniaceae) have 

been iso la ted,  however, t h e i r  s t ruc tures have n o t  been elucidated. 

Flavonoids 

Although mono-, sesqui- and diterpenes, i n  general, have n o t  been found 

i n  Musci, Musci and Hepaticae elaborate f lavonoids.  In most case, 
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f lavonoids a re  p resen t  as g lycos ides  i n  c e l l  w a l l  of t he  bryophyte.  It i s  

known t h a t  Sphagnales and Brya les  (Musci) con ta i n  r e d  pigment. Bendz e t  a1 U a ,  b 

showed t h a t  the  pigments of Brywn cryophyzwn, B. rutiZans and B. weigeZii  were 

respons ib le  f o r  luteolinidin-5-monoglucoside [401 and luteolinidin-5-diglucoside 

[41]. The pigment o f  c e l l  w a l l  o f  Sphagnum nemoreum was a l s o  due t o  l u t e o l i d i n  

type  anthocyanid in.28 Me lcher t  e t  a lZ9  repo r ted  the  presence o f  f l avmeC-g l ycos ide  

and querce t in -3 -d ig lucos ide  [62] i n  Mniwn a f f ine  and M .  arizonimxn. Corcinia 

eoriandrina conta ins  que rce t i n  [63] and kaempferol [611.~O McCure e t  a131 have 

i n v e s t i g a t e d  t he  d i s t r i b u t i o n  of f lavonoids o f  seventy Musci by paper chromato- 

graphy and spec t rome t r i c  ana l ys i s  and de tec ted  f lavono ids  and f l a v o n o i d  l ikecompounds 

i n  t h i r t y - f o u r  species. Since f l avone  C -  and 0-g lycosides were found i n  Mnium 

species, var ious  f lavono id  g lycos ides  have been i s o l a t e d  from the  var ious  

mosses and l i v e r w o r t s .  The t y p i c a l  f l a vono ids  and t he  p l a n t  sources a re  shown 

i n  Table 3. 

The f l avono ids  have prov ided t he  impo r tan t  taxonomic charac te rs .  Thus, t he  

f l avono id  g lycos ides  have been used i n  t he  b iochemical  sys temat ics  o f  h i g h e r  

p l an t s .  I n  chernosystematics i n  bryophyte f i e l d ,  the  f lavonoids a re  a l s o  va luab le  

markers. The l i v e r w o r t ,  ConocephaZwn conicwn conta ins  var ious  monoterpenes; 

ma jor  component i s  (+ I -borny l  acetate.32 On the  o the r  hand, i t s  water  so lub le  

f r a c t i o n  i nvo l ves  f lavono id  g lycosides.   arkh ham^^ repo r ted  t he  f l avono id  

v a r i a t i o n  o f  American and Germany C. conimrm and found t h a t  bo th  popu la t i on  

conta ined a common s e t  o f  f l a vone  g lycos ides .  I n  European samples, a s e t  of 

7-4 ' -g lucuronides o f  ap igen in  and l u t e o l i n  a re  p resent  and absent i n  American 

one, whereas a complex s e t  o f  g lycos ides  o f  l u t e o l i n  which a re  n o t  i n  European 

specimens a re  p resent  i n  American one. From these d i f ferences,  Markham e t  a1 

concluded t h a t  C. conicwn existed.  as two chemica l l y  d i s t i n g u i s h a b l e  geographic 

races. Sphaerocarpaceae and R ie l laceae have together ,  v a r i o u s l y  been p laced 



i n  the  orders Sphaerocarpales, Jungermanniales, and Marchant ia les.  Markham 

e t  a134 have i n v e s t i g a t e d  the  d i s t r i b u t i o n  o f  f l a v o n o i d  g lycos ides  o f  

Sphaerocarpos,RieZZo arnericana and R. affinis and pos tu l a ted  t h a t  

Sphaerocarpaceae and R ie l l aceae  a re  i nc l uded  i n  t he  o rder  Marchant ia les r a t h e r  

than t h e i r  sepa ra t i on  i n t o  another  o rder ,  s i nce  the  f lavone g lycos ides  

i s o l a t e d  f rom bo th  RieZZa and Sphaerocarpos are  a l l  compounds which occur  i n  

the  species o f  the  o rder  Marchant ia les.  The above popu la t i on  a re  c o n s i s t e n t  

w i t h  the  G r o l l ' s  c l a s s i f i c a t i o n  o f  the  ~ e ~ a t i c a e . ~ ~  m ark ham^^ has a l s o  

descr ibed t h a t  the genus Hyrnenophyton i n c l udes  two species,  H. Zeptopodwn 

and H. fZabeZZatum on t he  bas i s  o f  t he  d i s t r i b u t i o n  o f  f l a v o n o i d  cons t i t uen t s .  

A number o f  ap igen in  6,8-di-C-pentosides and pentoside-hexosides a re  common t o  

bo th  species.  However, X. Zeptopodwn i s  d i s t i n g u i s h e d  f rom H. fZabeZZatwn i n  

which kaempferol d i -  and t r i g l y c o s i d e s  a re  present .  Many b r y o l o g i s t  b e l i e v e  

t h a t  Hymenophytaceae i s  one o f  the  most h i g h l y  evo lved  f a m i l y  i n  Metzger ia les .  

Markham e t  i n d i c a t e d  t h a t  t he  f i n d i n g  of f l a vono l  g lycos ides  cou ld  be 

exp la i ned  as p r o v i d i n g  suppor t  f o r  the above sugges t ion  b y  t he  cons ide ra t i on  

o f  b i o s y n t h e t i c  pathways o f  f l a vono l -3 -g l ycos ides  and f l avone  g lycos ides  and 

t h i s  s i g n i f i c a n t  b i o s y n t h e t i c  d i f f e rence  i s  c e r t a i n l y  c o n s i s t e n t  w i t h  the  

ex is tence  o f  two d i f f e r e n t  species o f  l i v e r w o r t s .  

More r e c e n t l y ,  the  presence o f  t he  a c e t y l a t e d  d e r i v a t i v e s  o f  ap igen in  

7-g lucoside,  apigenin-7,4'-diglucoside and isoscutellarein-7-glucoside have 

been found i n  t he  p r i m i t i v e  New Zealand hepa t i c ,  Haptornitriwn gibbsiae. 
37 

I t  i s  known t h a t  t he re  a re  more than 20,000 species i n  Bryophyta i n  t he  

wor ld,  however, l e s s  than 200 species have been chemica l l y  i nves t i ga ted .  We 

can n o t  deeply s tudy  the  e v o l u t i o n a l  process and t he  d i f f e r e n c i a t i o n  o f  t he  

bryophytes, because of t he  l a c k  o f  t h e i r  f o s s i l s .  When t he  chemical 

c o n s t i t u e n t s  of t he  bryophytes a re  f u r t h e r  i n v e s t i g a t e d  sys tema t i ca l l y ,  t he  
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e v o l u t i o n a l  r e l a t i o n s h i p  between a lgae and bryophytes and t h a t  between Musci 

and Hepat i cae  w i l l  be g r a d u a l l y  accura te .  A t  t h a t  t ime, t h e  b i o l o g i c a l  a c t i v e  

substances which prompt o u r  i n t e r e s t  w i l l  be  i s o l a t e d  from v a r i o u s  bryophytes.  
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pH Table 3. Flavonoids found in 

+ Bryophytes. 
H 

Species References 

1401 R=gl ucosyl Bqwn cryophilwn 27a 
B. rutiZans 1411 R=diglucosyl 27b 

1421 R1=rhamnosyl-glucosyl R2=H nicranwn scoparium 38 

[43] R1=R2=glucuronyl ConocephaZm c o n i m  33 

[44] R1=gl ucuronyl R2=Me I Marchantia foziacea 1 44 
M. beteroma 

[45] R1=rhamnosyl-glucuronyl 
R2=Me 

1461 R1=R2=Me FmZZania jackii  10 

1471 R1=2,4-dirhamnosyl-glucosyl R2=H Dieranwn sc0PmiMrn 38 

[48] R1=R2=gl ucuronyl ConocephaZwn conicwn 33 

[49] R1=R2=acetyl ated gl ucosyl HapZomitriwn gibbsiae 37 

[50] R1=gl ucuronyl R2=H 1 Marchantia foliacea 44 
M. beteroana 

[511 R1=rhamnosyl -gl ucuronyl R2=H 
[521 R1=rhamnosyl-glucuronyl R2=Me Rebou~ia hernispherica 46 
[53] R,=rhamnosyl-galacturonyl R2=Me 
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R Table 3. cont inued 

H 

PomZZa pZatyphyZZa 43 
Hyrnenophyton flabeZZatwn 40 

Marchantia foZiaeea 44 
M. berteroana 

1561 R1=R2=pentosyl R3=Me Hymenophy ton Zeptopodm 36 

[57] R1=R2=pentosyl-hexosyl R3=Me H. fZabeZZatm 36 
[58] R1=suger R2=H R =Me 3 RebouZia hernispheriea 46 

[ 59 ]  R1=rhamnosyl R2=glucosyl Hymenophyton Zeptopodm 36 

[60] R1=rhamnosyl R2=rhamnosyl - g l  ucosyl  

[61] R1=R2=H Corsinia oriandrina 30 



Table 3. continued 

[62] R=digl ucosyl 

[63] R=H 

Mniwn arizoniwn 29 

Corsinia coriandrina 30 

[64j R1=R2=glucuronyl R3=H ConocephaZm conicm 33 

[65] R,=glucuronyl R2=Rj=rhamnosyl + der iv .  C.  c o n i m  

[66] R=acetylated gl ucosyl XapZomitrim gibbsiae 37 
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Table 3 .  continued 

[67] R=gl ucuronyl 

[68] R=rhamnosyl -gl ucuronyl 

1691 R,=glucosyl R2=gl ucosyl 

[70] R1=H R2=glucosyl 

[71] R1=gl ucosyl ?OH 

Marchantia foZiacea 44 

M. beteroana 

MonocZea forsteri 45 
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