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SLMMARY

This thesis consiats of <loven chapters and  deals with phytochamical
vestgations of screrul leerwaort species togethee with Peper cfeba wnad fioda
engii The Tost chapler gives g pencral introduction dealing with the nature o
secondiny metahohites and the skeletal 1ypes found in the Hepaticae, This o fallowed
by an esacinalion of the chemical constiluents found in the hverwot Seapania
tiotdalorea. Three known compiouneds woere ssolated from this Hverwout and these are: {-
y-enr langipmanol, (-Floogiborneol, and an amerphans/muurolancicadinung) type
sesquiterpenomid, which probably came rom the liverworl Maersupellu aqueatica mitxed
with 8. imndrlaie in thetr growing habitat.

The third chapler consists of an investigation of the extract of g flowenng
plant called Piper chad, sent 10 us by a Chinese colleague., Foor known compounds,
pipenne.  ppemonaline,  gomeensime ad  the  sobutylamde ot 15 (3 4-
mcthylencdiosypheoviiundeca-2.4, 1 2-tmenoie acid were jselaied. The followmy
cliapter examines the chemical constituents of the Scatsh hverwont Cosocy pibelion
conter which cave 24 dibydroxybibensyl and 5A-dimcthosystvene

The metobolies of Nardur scafurés Torm abe suhject matier of Chapter 5
Fhice  hnrewn enr-haurane  dilerpenonds,. (a0 on-haur-1o-cn- 13-4 1 hvdroeen
rlonale. CUAR j-erd-baar-16 en L3-0l and  ese-kaur- [a-cn- e 33-desl bave hiooo
tourcl o this hvcrwort. The chemical constituents of the Deerwor Trichieonien
arentella are revealed  in the next chapter. Four  known compasads,
decsytamentellin, trichocolein, tomentalling isotomentellin and bwvo aew compounds
Methyl 4 [T-hydroxy-3 0 -dimethyl-2 5-octadienylox v|-3-nmethoxybensoale,  amd
Methyl A 5-hvdroxy-3.7 dinethy] 2,0 octindienyloxy [-3-methoxybengzoue were
1solated,

Chiptes 7 deals wath the constiluents of the Taiwanese levereon Scepanio
rrazristg wlnch alforded eqf spathulenel, found in many bverworls |he following
shapter ewamnes the melaholiles of the exiract of the Dowering plann fuade oo,
Lo pew sesguiterpens lactones,  SP-ngeloviosy- 1-aeeii- 1000 T 3k
e i nen- B oeci-ohde, el SPrangeiovloss - B hvdrox - 1Hn 3 1)) 2
cormaerarien 12 vi-ohide as owell as the Known lactones metampobice apd ovanfolm

were raolaned.




Chapter ¥ deals with the constituents of Marsepella wguatica, which rave the
known sesquilerpencnds marsupelione,  acetaxymarsupellone, 9.0 1, k-
i etonymarsupellone, 9115 1 rracetosymarsupellone, and marsupeliol. Chapter
1O cxamines the metabohres o Scottish hverworts fforberten dicresnes and {1
seragnivess. Two sesquiterpendads, o and [0 herbertenols, were present (1 both
lverworts, however o new herbertone-type sesyuiterpenoid has been 1solated from
Heoborms alrapnacis. The nexr chapter conmders the chempcul comstiinents of
Seattish Porefic platvpbivlfa, which afforded ponguizanin and perrottetianal A and
twa French Poredia specics, one of winch afforded 4 new scaguiterpenotd, a denqvative
vl pinguisanin. The structures were dotcrpined  maanly using one and 1wo
dimensional AME e<periments.

The final chapler consists of an investigation of the citact of Miliawse velriing
from the Aononaceac family. Four acctogenin-related componnds, three of which we
new, have boen adeotified i the oxtract of thys plant by specinoscopie und GUMS

dflal w518,
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Chapter-1

General Introduction




NATURAL PRODUCT CHEMISTRY

Humans hyve alwavs beea fascoawd by Nature, This greatinterest in Natoie
Jiove them g examins nin every avpecl. Tnopaticular the natatal products extracted
Tream plants, smimals aod lesser aipwmans, alvacted the cremest ierest since [hey
were ascd as teatnents Tor dissases, as posons, as euphoronis ond as stimulants,
Naturl product chemmstry 1% one of the oldest branches of Chemistry, Tor nore than
bwa conlutics onomists have been caannming the exiact: ohtzined from natural
aortrces, This inlvrest hos mereased osor the veirs with the desveloproent of sepatianion
and purificatom mcthods, such s column dhironatograpbhy 2 o1 Lo L hple. paper
chromatography, fon exchense, cle. Following the separation ard punfication of
compodnds, dilfeiont spectroscopic techmques are wsed lor stencture clucidation, such
s NMR (including two dimensional NMR spectroscopy - COSY L HMBC | HSQC )
[R., UV and mass spectrgscopy. The structaral elucidation ol complex molecule.
offen avarbabb mosmalt amount. mowrcay facihtated by hese modern wpectrnscame
wchnegues. Xorav analysis and melecnls torce-tield calvolations are slso readi]y
available,  The mwst important factor which makes Natural Product Chemistry an
citstanding scienee 1% the biological activities that somne of these natural products
possesa. Many of the medicinal. pharnscolomcesl and other braloyvical agents used in
the wotld e coiber nataral products themsebves, are decoatevos ot W av ae
rodhificd wnplates of natural products Thie there is an cnermcws potental {or he
funuee development of natezsl products rom many sources { roine and lerrestri
cravironments} o produce key biological agents for the future benetit ol munking

Traditionally, tatural products e consadered in two calcgonics: primary and
~ecotidary mclabolies. Floweve the border Berween the tea vlasses 13 somew bl
vage m places The Tonuer aee the orzans compounds which are shoaracierste of @l
Living systoms, suoh as carbohyedrates, Bpuds. amino acids, pepdes, preing, oucleis
actds, mucleosiles ond nucleotides whereas the secondury. metaboliles inclnde
phenons, gquineme-  wrpenas, alkalonls, oamuatios. cre. Thoee i~ o considerabls inters
e plant sconndiy metaalites and ooy planis have beeo aod e beimg inves el
B clwermsis im0 semch for new strodunad vaes wath wschi] Boslomeal actinon
Anather inieres! tha captivated chemisis was wocearn the paths ays Tollowed within

an organian: 1o these diverse secondary metaboiiies, The remarkable advances which




have boen made in the undersionding of bosynhesis have depended on specialised
techneyues drown rram o wide range of disciplines, such av the wse of mutants,
telated wnsvne sastenms, ndicactive tracer echnrques. aod the appheaton of N AR
mzthods o metubelies cnocaed with precursors contaimog <labie satopes. Nuatuoal
srodits pln an amponant role o chemotacenorme, whoch s the deserpnion and
classificabion of plumis, enzyvme studies and cheoneal classhvanor ot planes The
Fposvnrhetiy pathwase 10 the metubohies thut slay uperant sales mooar hves dre

shown in e,
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HEPATICAL

O the evolutonary scale, bryvophvics arc placed in the lower plants and arce
taxonomically botween the algne und the ptendophytes ifoms).  Approximalely
20000 species of them are knonwn, They are devicded into three classes - Brvopsida or
mosses (bryales), Hepaticse or verworts and Anthocerotoe or horoworts. While the
hormwors comprise some 5000 species the liverworts  comprise 6000 specics
worldwide, 'Tho maosses form The farcest brvophyte class with 14000 species. The
lverworns are chemecally the most interesing plants because. unlike mosses and
hormworts, they huve otl hodies in their cells, which contan large quontities of
secondary metabolites - The Dverworts ad nwsses losm two distinet clisses withim
the Bryophyta, They differ from euch giher in rozoid structure, in Lhe munner of
development of sex orguns and in the prevathag mods of mrowth and cell srrocturs of
their Jeaves .

The Mepaticue consists of plunts wath leuves (feufy Gverwortsy or withoot
leaves ( “thalloid Hverworts” 1 with a unigue life r:}-'clc: o The family 1x deaded mito
Two suh-clusses and s75 orders by most authors™
1. Jangermanniidae

»  Calobryales

= Jungermanmiles

= Moetrpenules
2. Marchantidae

= Maonocleales

= Murchuntiales

s Sphocrocarales

Alhough the Anmbocensales or hormworts and the Takakiales are somenmes
Clussificd watlnn the Hepaticse, wrauments have boen pul Torward so place tham in
separate cligses. Some features ol the Anthoceretales seem to Justily Lhe plecing of
this prderm w different subelass. The unusual character of this gsroup had alicady boen
recognised by Leirpeh and Cavers” and, as carly us 1899, Lowe” put i1 in o dillerenl
ciss eader the name of Anthocorome,

The general dillzrence belween the dwo sub-classes of the Hepaticae is the

kil of aaliar i which they growe. Whilc the sub class Juneermumnedae tepieually




represent the lverworts adapted to moist climales, the Marchantidac, on the alher
hand, are those which grow in dry clirnutic regions,

As we meatgoned above. the characteristic feature of the Hepolicae s ther
ability w claborate farge quantines of terpenoids and other metabohtes which arc
stored in special cell organelles, culled the ol bodies. Under the Trghl microscope, the
oil budics appear a3 colouriess, rarely hrownish or bluish, erganelles in the cytoplasm,
varying [rom 2w 20 n in length. In doed specimens they disintegrae. Several ol
body Lypes can be rceognised, the most impertant ones are the homogenous otl body
antd the segmenied of] body. The difference between them is that while homeogenous
oil bodics are made up ol one lipid droplet surtounded by a membranz, 1he sepmented
oil bodies have several 1o numerous droplets bounded within the membrane. The
dizstribation o the ]l bodies varees. For crample, within  the subclass
Junsermennidac. oif bodics ocour moowreen, photosynihete cells whercus n the
subclass Marchantiidae, they are restitcted to special “oil cells” lacking chlorophyll.

Somw charactenstic features Tound in the secondary metabolites also fed 1o a
tarononne classification, For instance, plant species which produce sinular chemicul
constitluents gaght huve stmikar bigsynthetie pathways and thus similar genes which
cocade cnzymes, On the other hand, secondery metabalitcs may also depend on the
stuge of development of different plants and on environmental factors. Such factors
complicils e 13sue of chemotaxonomy.

Many liverworts proter wel, humuos-tich habataes, such as damp rocks, the
forgst Ploos, swarnps or marshes, or beside steams and pools and 10 15 often
troubieseme to colleet them 1n sulficient amouonts Tor chemica! rescarch. due to their
anill iz andd their lerdency 1o intermingle with other plums, Muller was the st
person o investigate Hverworts and 1o repact the presence of scsquaerpenaids in the
ol bodies in 1903% 0 No Turther work wus cunied oul until 1956 when Fujics ef al’
reportcd thut the cssential ofl of Buiiunia poripeaia was composed of sesquiterpene
hydmcarbons.  nalty an 1967, Huneck and Klein' 1solaled two sesquiterpenes (-
lemeiiolene (1) and (-)-longiborneol (2) from Scupeoda nodilata. This was the frst
isalation ol pure twpenmds o he ] iﬂ'.[_‘rulic:ucl. These cormpounds ane e

crautlicmers of those pormally found m higher plunts




MONOTERPENOIDS

Monoterpenoids are irnportant jin the perlumery and Havour indasoees and are
responsible for the characteristic smell of many lverworts. They are manky
hydrocarbons  and  generably  occur as complex  nuxiures with  sesquiterpenc
hvdrocarbons. Monoterpenoids found in liversants have been reported an the basis of
detection with GC or GOMS' and have the same general struclure as those Tound in
spermatophytes.  Howewver, their optical activity hag vet 1o be measured e the
rmagority o taxa and only this can beip o deternune thelr absolute Stm‘m‘;chcmist1'},-'?.

For the first time in 1974 Svensson”™ reperied the compuostion of the
monoterpene byvdrocarbons from the cssentul wls of Jengernaniv cordifolin and
Jungermania obovare. He found that camphene (3) was the main component in /.
cordifelin, while tempinelens {(4) and himonene (8} were domenant in . ehovarr. He
atso found that myreene (6}, c-pinene (7) were present only o0 obovary, which hus o
charactenstic corrol aroma. and & terpincne {8) was o mingr component in the same
liverwor™. [t was Suire and Asakawa " who isolated pure manolerpenolds from o
liverwarl. Both enantiomers of monoterpenoids occur in higher plants; they are ofien
produced us rxcemic mixoore but same specics synthesise only one of the two
cnantiomers. Suive ot el iovesti gared the Japanese thalloid leverwort Conceepholum
cepfenm and exwmined the chirabity of the compounds produced. Twi nomotempenes,

while (+1-

(-i-lmonens €51 and (3§ sabinene (%, were isalaed from O conicnn
dmenene {erd-3). (4)-ie-pinene {73 and {(Fcumphene (3} woere previously isolaled
fromm s lesty verwort S rnceie e f'l.\'{'.l'?'.'_'}ﬁr}.l'mm. Thes, the 1wo antical antipodes of
Limeomene oceur n lverworts as i higher plants but O eonferme and S exsertifolia
proeduce onlv one ol the two antipodes”.  The ahsoluie conlieuration of many
lverworl momolerpenes sull wwmwins o be determined. The lnghly sensitive tao
diracnsienal O technique. iowever. can be used (o deeemine the exicl cnantioms e
camposiion ol mesl ol the moneicrpene Byvdrocarbons moa crude mistne, even the
LTIy Presenl i very low quunli[iuh”. Vallerovil or of | used two-dimensionad GO
rechngue o study Lhe clurality of the monoterpene hydrocarbons present in the

lwerwort Conacepheluns conioum.
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Sume menoterpenes found among the Hepaticae' are ocimene (107, eeraniul
(11}, lLoulool (12), wu-phellandrene (13 [b-phellandrene (14), v-lerpinene (13), -
tarpincal (16), erpenen-4-ol (37), thymol (18). -pioene (19), myrtenal (200, camphor

(210, bomeal (22), thajanol (230
SESQOUITERPENOIDS

scaquiterpenolds are defincd as a group of Chs compounds and they are found
i omuny forms of Eving systems of which higher plants are the principal member',
Although the study of sesquiterpenoids was begun in the early vears ol the nincteenth
contury, 10 was only alter 1920 that serous progress was made, For many veurs 10 was
known that cenain essental oils developed o blue colour on distillation,  Many
sesquiterpencids eave similar blue substances when dehbydrosenaied and the blue
colour wis annbuled ta dhe presence of o small eroup of hydrocarbons, The name
“avulene”™ wus given 1o the oils by Picsse in 18047, Those azulencs which were first
obtauned from ratural sources were given mval names. Llowever as their dentily
with other hydrocarbons was established the superfluous names were discarded.

Samo Calyvpageia species conlain characteristic blue oil badics'. Two azlene
devivatives. ba-dimethyluzolene (24) and 1-methyl-1- methoxycurbonvhizulene (25),
have been walated [rom Calvpogeia deichomeads. Darther iovestigation af the
cszenial ol of the same verwant gave 3.7-domethyl 5 methox ycwhonylindene (26).
While serulenes are oflen oblained ws artefucts during solation mocedomes, the
deulenes v Calvpogela specles ocour natarally since the ol bodies 0 intact
sametephytes show o biue colour and the solvents immediately becume blue when the
cultured cells are irmmersed i suitable solvents ™, Guaiwaulene {27 was 1solated o
Pellta speaics. Twus suggested that guaiazuleoe might be an aneract since wrolenss
wre nol detected n the elher exivact uf the sume species, even hy GC-MS analvsis'

The firsl posinyve denufication of @ sesaqoitemenoid inoa hverworl was the
eolutiaon of Ok drimenol §28) 1001 Huozanice trifehata ™ and {-)-lonmilelene (1 and
[ - longiborneol (23 Uron: Scaponio medhdoin™. Most of thy szsyLlerpeneids salated
rom the Fepaticae we countiomeric (o those found io higher plants und this is te

mnost imporant cadogenous character of the Hepaticas
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Aromadendranes, Secoaromadendranes and Norsecoaromadendranes

While  emr-aromadendrane-tyvpe sesgaitcrpenonds wre widespread o
Jungermanniales, scooaromadendranc-type sesquitcrpenods are mainly distnbuted in
Plagiochila spccics“'-. Anasteeptene (299 and ent spathulenal (M) arc the most
frequently encountered  aromadendrane-1ype sesquiterpenoids' . The  previously
koo arcmnidendrene {31), alloaromadendrene {32), o (33) and - zurpmene {34),
{-)-fedene (A5), (4 -ovclocolorenone (36), myliol (37), and dibvdromylione (38) have
been detected tm Jun gcrmamni:ﬂcs”. Mulia fendlardt 33 2 nch source of aromadendrane-
and scooaromadendranc fype scsqujtcrpcnoids":"r. MNew aromadendrancs, (+r-myh-
A1 31-en-U-one {39}, (-)-3-epe-mnyliol (303, (41-4013 -dehvidroledol (31 und (4340133
debydroglobulol (42}, together with (+)-enr-clobulol (43) wers 1solalcd from Ml
.f.f{v!r)r{'r"T.

A3-Secouronmadandrone-ype  sesquiterpenoids,  plygnochehds (44),
plagiochiline A (43), B (46). C (7). 17 (48). £ @™, 11 (30}, hanceokedial
iplagiochilul AY (51}, ovalifolienal (52) ind Sg-acetoxyovalifolicne (53) have been
soluted  from several  South Amencan and  Asiatie Plagiochila  specics
Plagiochiline A {(45), when chewed. 13 tanslormed o [omnoplagsochilal (5343 and
plagiagchilal B (33) [eaving o persistent pungent tuste o the mouth.  This
trunsformuation 15 done by amylase und suliva enavines. The eatment of (45) with
KHCO: in aqueous MeOH alforded the same aldehydes, (54) and (35) as shown in
Fin 2.

A novel aor L0 sccoaromadendranc-lype sosguitetpenod (563 was iso)ated
Mrorn Vuropsan Muolie talonis logether with previoosty known ear-aromadendrancs,

oy lio! {37). dibydronylione (38) und wylodone (37)'.

Barbatancs (Gymnomitranes}

Barfatane-tvpe sesquterpenoids  wre comoon constituenls of the
hmeermaenniidae e Murchantiidae' . The  skeleton ol the BRI TN,
{harbatancs] wis [irst reporied by Connolly er ol from the liverwort Crupsicnn It rion
chiggenn, u rich source of gymnomiiancs, e symoomitrol (38 This type of

sheleton 1s ool found  mutwith the Hepaticae,  Although  the corresponding

o
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hydrocurbons - (39 and [-gymnomitrenc (60) are widesproad,  oxvgenited
dernvatives are much less commmon.

Among  the borbatunes  (pymnomitrancs) loond o Ha':paliuuu” are Y-
oropymnomitryl  acctate (613, 9 hydroxygymnomityl  oacetate (62}, 90-
hvdeoxyeymnomitry]l  cinnamate (63),  (F)-2yvimoomit-S(E2)-cn-%e-ol - (64), (+}
eymnomitr-8{12)-cn- 9o one (03), {(+)-8f-hvdrony-gymnamitran-9-one (66), (8R}-i+]-
cymnomitran-¥ one (67). (-)-gymmomitr-8( 1 2¥-cn-15-0l (68). {--gymnonntr-8(12)-
en-15-ab (69, and (-)-pyvimnomite-8( 12y cn 15 oic acid {70).

Comnolly e al™® sugepsted  that 3 plausible  bicgenens  precursar of
sy TINONEITAnC-type  sesquiterpenes was 3 bazzanene (71), whose acid cutwysed

. . 3
rearrangement huys been investgated by Wo snd Lia® .
Eudesmanes and Eremophilanes

Fudesmane sesquilerpencids are very widely disimbuted in the Hepaticae,
particularly m the ]ungcrmurmiulc:&l' o Enteoeselinene (72}, ant-p selinenc (73).
selina- 4.1 L-diene (7). enryeclinenc (73), 8 sclinsenc (76), cudesmol (77), f-
cudesmol {78, sehin-11-cn-3-0l {79} neoiotermediol (800, cedesm-3 en-Tos ol (81,
Apb-mcthox yeudesmanal (823, cudesrmanal (83), (+1-302. TR H -eudesmane 4,00 dial
(84}, und ajuncl (83), ars some of The eudssmanes found tn ¢he Hepaticae™. Connolly
and s collzagues isoialed sndesm-H153)-ene G 75-dial (88) from Chilaiceplie
j?e‘(."f{’.‘f{‘g’fi'.‘."?: and {1 feudesm-3-ene -6 Toediol (87) Trom Lepidoria }'n:'l.')!fi.f!.'s'::':'. The
ahsalute confizuranons of Beth diols are vel e be determined.

Frulfanfa species we nich sources of 12 f-cudesmanolides' -, i-Fruflunolide
(88 and dihydrofrullinodide (8% have been Tound in many Frdlanio Hj"n'.rq.‘m:;y':'c'. i-1-
[rallarolde (881 has also been isolued from Grangea maderasputanaCompositac)™,
Ther ubselote stersostracleres of two cudesmanuhides, (=)-[-Nullunalide (903 and {+)
rothenolde (91) kas been publised by Takeds or af~,

Conaliy and Thormton™ isolated  (-1-Irulianolzde (8B} v oyclocustunalice
(921 hoter knorent as arhbuscoulin B, p-cyciocostimolde (93), and costunlide (94
from the Scodush Tiverwort Fradlarie tamarsed. The salenon of costunolide with
e ol 1t cvclised momers, (920 and (93)0 15 ol special hiogenctic doterest as

. . . Al . - .
costunalide may oo ovelised ™ oo mivire of o=, Boand vcvelocostunolicles,
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Hawever, f-cyclocostunolide (95} could nof be detecled in the extract of I farecr.
This Jiverworl has been further exomined’ and methoxylrullanolide (96) and the
unique cudesitunc-type lactone dimer (97) were 1solated and their structures were
deduced by '"H and 'C KMR spt‘;u:[fmnr:lr:,-j .

Fremophilane-type scsquiterpenes ure quite rare in the Hepalicue.  Previously
only three eremoghilane-iype compounds, cremophilene (98), eremnofrullunolide (99)
and its dihydre dertvative (1003, hud been found in Tungermanniales' . In 1990,
Asukawa of o Tound cremaopbnlene (983 in the extracl of Fruflania serratra. Katoh
and Takeda™ ™ showed that the essential oils from cullured cells of Calvpogeia
spocics ulso comain eremophilence (98} Later in 19920 Hantson g af? isoluled o
novel  cremophilane-tvpe  sesquiterpone,  (+1-(35% SR 05% SR ¥leremophila-9,11-

dien-8iz-ol {101).
Pinguisanes and Norpinguisanas

The first representative of this group, the ketone pingisene (102), was
solated™ ltom Anenra pinewrs, 1 was soon {ollowed by deoxopinguisone (1030 from
Prifidine vitiure Two  possible  hiogenetic pathways  for  pingoisane-type
sesquiterpenionds tound i liverwares have heen proposed bry Tuzaki of ™ as shown in
the next page.

Pinguisane-type sesquiterpenoids have 3o fac aot been found 1o bigher plants
but  are  limitcd 1o liverwarls, VUrious  pinguisans Lype sesguiterpuenss and
norpineusang type sesguniepenoids have been molated rom the Flepaticae, Some of
these  sesguitcipenoids  we o-picgwiscne (M), pnedisenol (103), Y-keto-&-
carbumethoxsy-pinguisenel (1067, novicalel (107), pineeisone methy] ester (LS.
porcllapmoouisenone {10%),  dehydropinguisone (110, pinmoscnens (111},
furanopinueizanal {132}, debydropmenizene) (1131 and dehydropingusanol methyl
ciher (114).

Ct‘]I]Tllﬂ]}-’:: fag showed ket pineosanin (113 in OO sohajon iy slowly
transformed nto isopincuisunin {TL6). This appears 10 be due 1o acd catul vses us the
translormation occurs also on rreatment with acid while opinonsaein scems o be
stuble under these condimaons. The allvhe ceton (117) appeass o be an inlermcdiate

. .. . LR
i this franstormation” .




Possible Bingenetic Pathway fur the Pinguisane Skeleton
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Two liverworts, Frullanosios demsifolia and Trocholefeunea cmdoioensty,
ware cxamined by Tori et af and new pinguisane derivatives were isuluted. £
densifolio oduced two new rearcanged pingmsane sesquilerpenoids, spirodensifolin
A (118) and spirodensifolin B (119 1eeether with the pinguisane-type aleobol
vomgvielal (1240 The stereochemnsiny of the eposide nng 11 compotnd (118) was
cfabliched by Xeorav crystallographic apabvsis. 7 semdvicensic | however, pang

Mranupnensanc) (112
Farmesancs and Germacranes

Farnesancs are not widely distributed among hverworts bol sermacranes are
commaon.  The tivst Jamesane 10 be reported i3 re-famesene (B21) from Seapanic
ernithopodioides by Wu et al Trons-B-lamesene (122) hos been found in fourlesn
lverworts collected in South Amcrica’™. and it has been detected it 6o ofca
Lophoridog, Manocles. Radula, and Scupweede speoics as well, Pronc-tainesol (1233
fras Been Fowncl on the essontial ol af #laoinchifa avarifidie aond (41 neialiclol (24}
was aolared fron Lopfocolew fororophcllol Placiochila ovatifolie, and Wiesneraila
et 4. 5-Dehydronerolidat {135) was reported by Bohlmann or af™ ttom
firi hetlia californtiea (Compaosilac).

Germacrona-B (126) has hoen detected ' in the essential oil of Conccepholnm
fopvaricner anid Plagiociida ovarfiolin and sermactene D (127) was sodael' from
Cronevephiafem comicum, B peaeripia, and Meorolant it fofiacea™ Mevo=hima
st Ve reported 1w New 2eTinuctane 1Vpe sesgulerpene alcohol, et aernmacta
SCPS A I srien- T (1283 and eor sermin ra- WISV U0 M e n- el (120
oo Jogbdolia povanioonadelantlaceae] Fon-10UBESE sormacradico-1 L of {130
s hoen solated from o laree thallodd heerwort, Duortiora fueonns and s
chanbimrnet hus heen obtained cachicr from o higher plant, Fereda conenmmis
I;L!rnl'.ulelifcru-:_‘}”. Two new ketopermacrenes, (131) and (1320 hove beon solated
[rom Peovetice swvariziana and Conocephedum confenn . Four new earrmacrynaliles.
11323 (134, (135), {1306). have been lound i the essential ol of Porefla aonritolio by
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DUTT.RPLNOIDS

Only cerlwn zenera of liverworls prodoace deeeroenomds Mot ol the
ditcrpenends tound o Bverworts have representatives from both the “norgal” and ent
series s in higher plants and only the Kauranes belong exclusively o the en-series.

The Tust diterpenotd isolated from liverworts was enr-16f-hydrowvbaurane (137)

Itom Anthefia fulacea and A frurarzkana by luneck and Vebve in 1970
Labdanes

A lsbdonc-type  alcohot junge;-mmm:_ﬂ” (138) has bLoen alaied  from
Jwagermeanione ferioedva, tosether with eri-mnanool™ (139) By Mulsue aned s
cirllsagues  The structure of the former was detenmimed by speciroscope methmds,
Ihe esgseniinl oa] oF Fooelfa poreatieliona j.-"jffld:.i"" the novel Jshdane eos-labda-
E2F; O -clicne- e B-chial  (EMN). while  Prochumehus seettns vave™ ™ fuohty
vnvaenated labsdane-tepe diterpenes. plvchanuns A (DL B o142, © {143) and U
(4. Che selatee and absolute siereochemisicy of (142} was csahlished by o
conmtluatior of chemitcal reactions, X oray eryslallography, and NOE dilfzionoe
specteamates 0 The straenares and stercochemistzy of (1413 (14X el (149 were
cstablished by o combinition of NOE spectrometry and chemical cerce alions with
(§42). Anmher hizhly oxyeenated labdane trom a liversaon 15 scapamn {145). also
called scapamn A, which was isolaed from Scapomnia wndufala by Honeoh aod
Ovoerton” The  structure was  determined™ by Commolly  wnd Huneok wsing
spestecseopn aml chemmeal orethods.

Cova anuese Flesrroi aoimasa }"iI:T|LJE.‘~'.E:‘: a new labdone-type daerpenc, B epi-
soareol {136y The shucture was established by comparison ol s O NMR specirum
200 the spevoa ot scloreol (L47) and Dd-epi-sclareol (148 Aakava s RS
sl (Dl YO0 -den-1 30l (149 aod labda- 12004 dhien-S-od (1500 Ined
ssolated Trom NG ot fabacur . along wah 1he previowsty Lnown esy lnbdang-diol

; , y ; s
1 Tvasren Freefice pereettetien. Aoredinniio podvonn i produces nol anly e

al
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sesquiterpenoids but also an enf-diterpenoid, end-labda-7.13E-dien-15 ol {151). The
same compound accurs” In Tareiona hvpophylla while its enantiomer has been
isolated™ from Nicatiana setchells,

Three lobdane-type dierpencids. haplomitrenolides A (132}, B (1533) and ©
{154} have been Jsolalcd [rom the fresh cuitured pnmilive iverwant, flaplomitricm
rmurioicddes by Asakawa &f al®®. The stereochemistry of (152) was estiblished by NOE
difference. A wvery similar laclone (153), nidorclla lactone, has been isolated™ from
Niddoreflag hoveatotica {Compositae). Lhineck o7 af® wsolated the dibyydro derivative
scapunin B (156). the rearranged labdane (157), labda- 125,14 dien- 8o 1 1E-diol (158)
topether with previously keown scapanin A (E43) from the lverwort Scapie
et Five highly oxvgenated new labdane-type diterpenoids. harmatifobenes A
{1597 13 (160),  (161). D (862}, and E {163} have becen tsolated™ trom Frodfenio
freniadifoba and o new chettaphanin-typei= rearranged labdane) diol, pleurodiol (164)
was 1eported by Asakawa ef al®. Another diterpenoid of this type (165) hus been
isolated™ from Pallovicinie feviesi. Reaman sed labdane-type diterpenoids are rare in
nature™  and these are the first reports of the iselation of chettaphanin rype

diterpenonds.
Sacoulatanes

The first report of thrs skeletal 1vpe was pubh'shn:dm by Asakaws and
Takomiio, wha solated zaccuiatal (166) snd the non-pungent =osacculate] (167)
Ironn the liverwim $richocodeopais saccwlara. Pellio endiviifolia 15 ¢ nch source of
secoulatme-type dilerpenods, and six sacculutuncs {168, 169 170, 171, 172, 173}
have been isolatcd™ from this liverwan rogether with saceulutal (1663 and is (-9
cpimer (167} The rwo sacculatanes. porralictianal A (174) and porroiietanal 2 (175}
have heen solaced®” from Porelia perrottedane. Perottetiunal A (1749 & commaon
companent ol non-pungent Poreffa species, occurs both in Jungermanniales and 1n
Motzomiales, Smce then the sume dinldehyvde bas oalse heen wolaed  from
Frassenbronite ,-:.ri.';i!’.e'a."”_. Heretla {ft.‘!!’f!_-ﬁhrf('-f':?‘ il f_‘a_"ft’.‘.'f}.f-f{ﬂi".'?:, P cordacana’ . P

elepeatle ™7 und £ rwecionfeens T Surface and hguid cullures ol Possaonibeonio

T T

g1 (] L - & R By -
pusifla furnished o now  sacculatune-type diterpene, S-hyvdrose-S-

hydroperrotteliunal (176) wgether with perrottettanal & (174 and B (175 The
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steuctore of (176) was deduced by comparing the NMR spectral duta with those off
(174 and {175 and the relauve stereochemisiry of (176) 15 based on NOC
S CLSCOPY.

A new  highly  oxyrenaled  sacculalane-type diterpene hemacclal,
saccalaplazin LIT7) has been molated”™ tram £ setophitly (= F gcanthapiolia),
Peralla perrottetiana claborates™ peeraticliang] A (174} as well as anew sacculatane-
Ly diterpene henpacetal, wecowlaporellin 1178}

The e systemn of aconlstane-lype duerpenands 15 the same o thel of the
drimanes wih an additiona: isoprenc unit atlached 1o C-13. They may be formed
trom seranylecianyl pyrophosphode by oo cvelisation amadozous 1o thal of the

ghrimianes, us shown below,
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Kauranes

The haarine skeleton s commonly loend i Nuture and most kauraneds
]‘:-CJHJ'J_'__' biv Lie s soneal far-Lavrens (170 15 1he joosl codnionly encoaniccd
hanrane-lype Jiterpeneid and bas been Tound o several species. Hunech und Venle™
showed that the main component of the wasy coating of the lealy liversworls Anthefio
vk amd A indaces wars cu- 16P-hydros vhoaurane (137),

Congully and Fhoamton T ulated Towr conp-haurane Jderisatves, A IS ERY
Vvom e eiconics afFovivens | Sefenostoma dnxie). Matsuo o of  isolated cnr 18
Avdrosykaur-T6-on- 13 -one (8 and enr 18-hydroxy-{ 165} Eunran-15-0ne (183)
Iroiny Peereli desicidodioe to2cther watls ent-baur Heen-1 %00 a0id (186), Ihe sssennial
wil ol Crachumaonakian Moo s afaris vielded " enr- 15 c-hyd g vkanra 901 Ly [6-

ghign 6oane (187
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Connolly et al’' huve further investigated the cther exiract of N, scalars and
1salated the srr-kaorane malonate in the form of its methyl ester (188). C-14
eryrendled kaurane-Lvpe diterpenoids are rare in Nature™ ™, Two more complex ent
kaurne malonates (189) and {190} together with the parent end- 1400 kaurenol (191)

have been isolated™ [tom Japancse Neardiv snbelavata.

Lolabellanas

1o his review of aew terpenoids Irom the Hepaticse, Connolly has reported™
the poeurrence of the delabellane barbilycopodin {192) in the extracl of Barbilophazia
foerkei. Thisis the hirst report of a dolabellane from plants, this class having
previowsiy boen found™ only i manne oreanisms. The ropencsis of dolabellane-
1ype diterpenotds can be represented by cyclisation of all-trems-peranylgerany|

pyrophosphute, as shuwn below,

The ether extract of the dried and powdered B, witenaata, B, floerkes, and 8.
Cecopodiondvs. was chromatographed on sihica gel w give harbilyecopodin (192) whale
A flaecker produced three sddioonal dolabelbane-type diterpenonds (193-195)%
Burbiivcopodin (192) has zlse been molated from Berldiophosia hatcheri™ | and
Chreredonaniue seviformes (= Titralophozia setiformis)™ which befones to the

B e
five

ophosnoeae, Odentosefitona denndfonom of the Tophosaceae produces
dolabeilime fype diterpeaoids, {+)-acetox yodonwschismenal (196) and the reluated
campomds, (197200

Asukinwa o7 of ™ have olated 2 new dolabellane t¥pe diterpenoid, 18-

hwdroscy -4 8-dolabe Hediene (200 Irom the liverwort Plewromi givaniea. TMe tirst

LS




(192) R= 0 Ag (194)
(193) R=H

{196} R,— OAc, Ro= CH,
{197} R,- OH. R.,= CH,
(1483) R, = OAc. Ro= CHLOH
(199) R, = OAc, R,= CHL0AC

(201) 7\

(264)




dubetlanz-type diterpenoid (202) was isolated”’ from the sea hare Dolabella

califmica.
TRITERPENGLDS

Fepoits of tmerpenaicds ter the Hepabeas are compatitrvely carns Becendy
apout 700 species of Hepaticac have been inx-c.:'.ngawdl'_' by GO-MS. AlmoesL all
spocies contain squalene {203). Bones e al” reporled the presence of (+)-2 -
metherwserrat- 13 en-S-one (2047 10 Marefio woabees, Lrom Basoaweia jopeoeioe.
fiiedalm (205) has heen obtwned™ (0 the pure state. Mostigophora dicldron
produced™ cycloarienol (206). Mylia tavlorii also pl‘ﬂduuus:‘ﬁ cyeloartenol. Later,
Woet gl © isolated cveloart-23-mn 30, 25-diol (2071 from Plugechila peciliaris.
Eyiploplene (2081, hop-22.25-diol {2099 and ce-sconi (2103, which was prestously
el ated by Hamson e al’® from Plaginchasme rupestre, have been found o

o

Ctmsacephialim fupenicun .
AROMATICS

The mwnn 1vpes of areimahs compoundds fosnd i heerwerts are Bibenzyls and
bushizbenzyis.  The Imbenzyls are the most characteristic and many of them are
biglowically active.  Lunularic aoid (211), a growth mhibior, solaed from Lhe
lverwort Laonsfue crncrata in W69 15 the lirg eepresentunye of the imbinsyl tvpe.

Ioeemnrs widely amd fras beon roparted or T8 speties of the Hopareae el

Mury
vartations ol the basic bibenevl unit™"™ have been pubbahed c.o. lhe wleresting
crrlohzienone, 4 (p methosvphencihyl-cvelohex 2-en-l-one (2123 Trom Plogiochila
r'm.-,-;.-.x'.--.u'm'.r-'m andd o new Rabopevl cannadnnead  derivanve (213 Tronm Ruodide
I,-.u-rrr:!.fyf.r'i'”J'. Apcther varaton s the cecloprapanochrenoo Lype coe radulunin 1
{214} from the Iverwort Redulo _,fc:'-u.'.'fr*r'.rm;'

Bishibens vl arg two Inbenzyl units joned by ether and biphens | hinkages.
Tl womponnds aee aniguz o e Tvancorts amd are awenplitiod by ponoienn -
I

S1omethyl cther (213) from Feflia endiviifotic'™ ) aod soplamin A 12163 from

Ploeioehil frutivosa,
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Flavonoids are widely diatributed in the Heputicae, particularly in the
Marchantiales'  Moa of the flavonemds foumd n the Hepabcae are flavenosd
. o ; = R - :
slycosides, except for a tow flavononl aglveones lound In Corsnda Yoand £oadlania

s, 10 10

sprcics Apigenin (2171 and lutsolin (218} glveosides ane the most common

i anoidds.
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Chapter-2

Scapania undulata




INTRODUCTION

The Scapnama spedies belomging to the Scapaniaceae have alrcady been shawn
e ot sescpaierpenods. Ko monoterpenonds bave boen reponted which iy
SUPTISING SIMCE SCaparie tpecics are extremely rich o metaboltles. Anmwmg the D
ferpenands 1o be sulined from Scapania undulata and indeed froun 1he Hepancae were
(-¥rmi-lomfolene (1) and (-)-cunr-longiborneol {2) which were shown 1o be
cnantivmicnc with those compounds ssolated from higher plants’.

Many sesquiterpenoids™ and labdane tvpe diterpenoids? have been isolated
from Scaprrict undilara. The scsquiterpenes reported from this species are: (-)-
fongfolene (1), (- Hongiborneol (2). ) a-longipinene (3), (+)-a-himachalene (4}, y-
himachalens (3), (- }o-ylangene (6). {-)-p-lamesene (7). --longicovelene (8), sativene
(%), (- )-cr-Relimuscapens (M), o-hisabolene (113, B-gymnomitrene (L2} (+1-¢t-
charmgrene (P4, B-chamigrene (14}, v.cadinene {15), (-3 longipinanol {16}, (+)-enr-
cpicubernial (174 und the lubdane dilerpenoids are tfer afic 5¢6 8o 9a-inhydrony-
LiB-latelen-L2-one (183, Lo 5o Ser-tnibwdrosy- L2E-labden-12-0ne (19), See 8-

dihvdrogy- 13E-Tulsden- 1 2-ome (200, scapavnduha & (21 and B (22).

RESULTS AND DESCLSS1ION

Fhe pliam neateriat {247 o) colleoied near Aberfovle, was an-dned, groand
and extrated weab diethyl ether. Tt vielded 2 g0 crude extract, which showed several
spors on wudylcal TLE (U aned was subjected to tash chromatography on silica
gel, ehuring with light perolewn and mereasing amounts of ether in Jlight petroleum.
Preparacive TLE was used to selate and purity the compounds. Three compounds.
which we provtoesly known, were isolated from this specics - (=1-enr-lonziptnanot
{(16). ¢ 1 longibameal {2} and an amoephane/muurolanc{cadi nang) rype
sesduiterpenond 1230

forepr-iangpooanol (16 was proesent i the drachoo clited sim 40 5 cltherin
liwht petroleuer. [t was obiamed fallowing purntaatron by peepdrative O felaent 23
Yhocther i light parridewiny. The tnolecalar formla (O M=, 204 mds (M7-H-00))
was reifrly apparent tion the "CONMR spectim which evealad the prosenee of foar

methyd zroups, fve tethyleng groups, three methine carbons amd 1three wenrary




(%)

" (10} {11}

{12) (13) (14}




(15 (16) (E7)

(I8) R )= 0OH, R:=11
{193 R,=1l. R.— OH (21}




carbons, pne of which 18 oaygenated. The molecule 15 s bicarbocychic. Although

the 'T1 NMR spectrum showed the four methyl groups clearly, the ather methylena

and methine protons appcarcd ds mulnploe betwaeen |4 and 1.96 ppm. The stouctars

of the compund was finally deduced Iromn proton and carbon correlations in HMBC

and HMQC spectra. I1s "1 and 7 NMR shilts are given below.

(16)

"M and YO NMR Spectrom of Compound {161

[ I B MUL 1IPLICITIES (J, Hz)
1 B "1 64-1 50 m (overtapping with 2610, 2109) |
2 T30 1901 7 m {overlapping wih 2H-8, 2H-5)
. - .
n 43 1.38-1.30 m
5 279 1001 75 Tm B
6 400 i 1.97-1.90 m
7 W9
'8 Taza T190-175 m
9 217 1.61.1.50 m o
ﬁ 4260 ; l.fﬂ—i.ﬁTj.— [ B 1
11 322 - i
17 7.2 0.5% 5 ]
i3 186 0.89 s " ol
114 257 LY s
15 3 13z T
e e

12 and 13 oaybe imterchansed.




The second compaund, (--longiboraeod (23, was obtained [rom the fruction
eluted wil 30 % wiher 1o hahl petrodenm, 1t ix o knows coompound and s FC
chaimical shifts are identical with those ol the literature dara’. Its 'C NMR spectium
showed four methyl gronps. five methvlene groups. three mething carhuns and three
tertiary carbons and the suurture of 1he compound was supporicd by HMB(C and

HMOC spootra.

)

'H and PO NMR spectrum of Compound (2)

| TEE REs | MULTIPLICITIES (J, 1Tz}
. _ l o
I1 .7 375 ded ¢J= 5.0 Hz & 2.0 Lz)

A £>4.6) (1,93 brd 1J— S0 1z)

3 i%4

3 L41L.0 Lau-1.44 in

5 123 IR TRV b
6 251 LE0 LS | m

7 gERy

5 l 14 £ L&D bed (F= 3.0 Ha

9 30,3 1.G8 I'm
i'|= ‘ | E_1ts | mn




. 2;’1.3 “ 3l Ry | gl
L7 m
11 31.3
12 13.0 (L& 3
13 227 {152 5
! 14 29.2 0.92 §
15 - .2:‘:‘.9 :t].FJE _S___ ) i;

The third compaoand, em the other hand, was present in the fraction eiuted with
50 % cther with light petroleum. 1ts ~"C NMR spectrumn clearly showed that it was an
amorphane/muurolancicadinane) type sesquiterpenoid {23) and is molecular farmula
was CroHz05. The O NMR spectrum reveuled the presence of six methyl groups
(mcluding two acetates), one methylene sroup, six methine carbons (including two
sceondary oxyeen bearing carbons and a vinyl carbom), a trisubstituted and a
tetrasubstitated double hond. two acetate carbemyvly and a ketonic carbonyl. The
molecule is thus bicarbocyelic. The 'H NMR spectrum showed fater alia a sceondary
methyl group. three deshizlded methines, teo of which overlapped, srising front the
Lo secondary weetates and the vinyl privon, and four sharp methy] sipoals between
2.1 and 1.5 ppm. Two of these methyl signals must belony w the acetaies while the
other two must wise trom viny] methyls wath hitle or no coupling. The duta ure
consislent wiih a cadinane tvpe struclure with vicinal acetates attached to -2 and C-
3. 'The sharp deshiclded methyl signals can be scewmmodated by the presence of an
opropyhidens group at O-7 a0 conjugation with a ketone at C-6 as 1o sirocturs (230
Suppiar for the striecture was oblained Gom s COSY spectrum in swhich T2
comelaes with 113, H-5 correlates woih 1-15 and 116 ; H-6 corclates with H-3, H-
L3 and a biitle wath H-3 ET [ correlutes with 2H-9. This componnd was previously

isolated by us”




'H and " NMR Spectrum of Compound (23)

r [ 2 TMULEIPLICITIES (J, Ho) |
s 783 758 m
7 72.5 323 averlapping with H-3
3 68.0 547 brd (1= 3.0 He)
- o i
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Chapter-3

Piper chaba




INTRODUCTION

The Pipericeac is & fammily of flowenng plants. [tis a wropical family of five
genera and ca, 3000 specics. Peperomiv and Piper espectally are richly represented in
tropicat forests, particulacly in Sowh Asia and tropical America, The famuly,
Piperaceac. ranges fram sheubs, [amas, often spindly oees to vigorous climbers and
lerrestrial or cppphwic herbs " Their leaves vary i sz from 2 mm 1o up o 70 cmin
fength, and coan be round, ovate, oblong. elliptic, cordate or sagittate. The fruws are
drupacenus o berry-lihe, often fleshty af maturity.  These fleshily mature Truits of
SLIMIC Species are edten hy bals.

The secondary metubolism of the Piperaceac is highiy diversified, Ethercal ol
celle contain monolerpenes, seaquiterpeis and phenyipropancs in nore or less equal
proportions . The more characlerishe campounds nclude simple neolgpans, a
furfuran denvate of a common lignan. cinnamoyl amides, o-pyrones, and highly
oxveenated and hence e aporphing derivatives'.  Methylenediogy substitution of
aromatic rings 18 frequent. Chemically, the Piperaccac are typrcal members ol ibe
Ranalean complea’. Recently, the structures of tignans and nealignans have been
summarized by fensen e al

The penos Fiper i the Piperaceae family 15 composed of approximately 2000
species distributed primarily iu topical regions’. A number of Piper species are
noted Jor their ethnomedicat properties, of whteh the reputed stinulant, carmnnalive,
divretic and dispheoretic aclivitlas of Figer wrernm ofe probably the best known,
wfgreom 15 also known gs the mast cconemucally impartant species, and many variclies
are cultvated tar the producteon of peppeicoms. used lor I'Iaia'r_rl;r‘irl:;_". Pipor Lo,
the long pepper from Indis, 8 mainly psed [ecalty, bat the commercially grown
culinary pepper 15 taken omly from £ migrwm' . Piper darienense from Central
Arertca has broies with o close-tike Havour and somnelimes s used as an effective
paoanhiller for roothache’. Tn Thuland the plant Piper saesteniosnen Rosb., also known
as Cha-pla’, ancd s frun are vsed as an expect orant’. I the Mala v and Inedoncsian
Archpelaga the leaves aad e rocts af tus species haees been repocted 1o provide an
CHevlive remedy tor toothsche, fangoid dermatsns on the fecr, conghing asthma and
pleunsy, The species Pooseomentoswn bas exhibited iz vires activily in the reduction
ol blood sugar 1in alloxun disbetic rabhits. Othar species of Prper have boen waed

Jowdly for medicmael perpuscs, Tor brewgns stomuotatnge drinks or as bait for fishimeg .




The Piper spocics cxarmuoed by vs is called Piper chaba. N s 2 climbing
slalrous creeper, cultivated in vatous parts of India und Mulava Islands®. Tt roots
and fruits Tind nomerous applications in medicine, and are particularly usefol in
asthoa, branchitis. fever. and paut 1 dhdomen, as stunulant and n haemotrhoidal
effections®. It 15 used as an insechuode.  Because Piper specice are capable of
producing physiologically aclive compounds, they have atracted considerable
intercst’.  Piperine (11 is the characteristic compound of the specics and it was firs!
alated by Ogrsted o 1319 from the [ruies of £P.onia rem®.

Larlier investizations’ al Peyper species led e the izolation of seyerud alkaloids,
the structures of which contain a piperidine moicty. These include piperettine® (2)
tram P rigrim, pi'[:ufL'CI'qr’;’c'[inu::'IJ {3 lvom P oovatton.  The physwlogpical action of
pipsiovatne huy been westizated by Cash, and be found i 10 a0t as o wemporary
deprussant of holh mator and scosery nerve fibres. and also of sensory nerve
terminations, producing some anaesthesia”™. The recont work done on P, nigrum by
Siddiqui et af’” resalwed in the jsolation of a new armule, pipericine, the Aasobutyl
wrnde of oitadecs- 20 AZ-denione acid (43, along waily prpenne {1,

Two alkaleds, pipetlongomone {3} and pperlomguminine (6} have been
isolated by Chatterjee ez af from the rool of Piper Iongum L. Previous work on the
sarng plant gave an alkaloid amide, piplaning’ (7). Recently, examination ol the
frunts of das plant by Tabwnene of ol affuled 1o piperidhne  alkalmds,
piperaonaline (8) and pperundecalidine (%) The crude drug "Piperis Lonai Fruchus”
is widely used as an anodyoe and o treatment for stomach discase m China'®,

The amide A* -dihydropiperne (10} bas been isalated from the woud of Fiper
monae-holandine by Loder e ul™ The species is a qam-forest vine. found in New
Sowth Wales and Queensland. Tt is reputed to contmn o medicinally acnve principle,
which was used in the treatnent of golmri‘hﬂuu"'."_

From the sceds of Piper subeiowm, Baneri o ol isolaied an alkamide,
svlvatine (1), 0 addiion w47, T-dinrethoxy-5 hydiesyllavone (123 The roots of £
svfvaticnon Roxb. are widely used as an elfective mndote to snake poison in the
mdigenous systern of lodisn medicine™,  Some Mavones and chulcones like
favokawain™, Nepyrealidingl  eicosa-2F dF-dieramide’  and lisngas  such  as
cubenn™ (14) and sexomin®™ (13} wire previously iaolaed Ttom differcnt Piper
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The oceurrence of sylvatine {11 and popcclonyurmuning (63 i the species of
Piper chaba Hunter was first proved by Palra ef wf ¥ in 1974

The examination of fiper guidense by Qkogun “ yielded the 1sohurylamides
(f 13-3 4-mebylenediox yphenyi-2.4,1 2 ndecaltnenms (13}, 13-{3.4.
methylenedioxyphenyliundeca-24, [2-nienoic (160, sicosa-2.4-dienoc {17). actadeca-
2 A-dienoic (B8}, and hexadecu-24-dienoic (191 acids as well as the known amides
mperine (13 drichostaching 7200, pipedonguminme (6). P puineense, West African
Bluck Pepper or Ashanti Pepper, s widely disinbued tranghou West Afica. The
tfruits have been wsed as a flavoranl while preparations of leaves, roats and seeds have
heen weed mterpally as medicinal agents tar the teatment o byoncehitis,
wastronneestinal disease and apset. venereal disease and rheumatism, It is also used s

ST

a spice in toods Some otber waork caoried oo P grineense resulied inisolation of
ann isobuivlamide, N-isobutvioctadecs-frems-2-rrgas-4 dicnamide (2177 ltom the
seeds of 1his plant, :md two novel amide alkalods wisanine {22) and wisantdine”’
{23, froun 1ts rools

The roots of the shrab £ caffoyen have hoeen examined by ‘Pring"?, resulting in
the solation of pipaiovaine {3) [N-1sobal vl O-[p-methos vphenyl) sorbamide | and 1wo
amides,  the sobutylamdes o (2EAERD (3 d-methyicnedioxypheny )-nona-2 A4-
dienine waid and (BT o3 d-methyvilenecioxyphenyly hept-Zenowr  scid.  numcd
Jo p::ruu][asmcx {24y and pi ]}C]'L’L’L”L'J.‘Si{j]”i;?: {253) ruspectively,

Piger afficivaresm s lound an Indonesia and used 16 1he Ayuverdic system of
medicine. The first scaminaion of tr species was curned out by Gupra er ! and
methyl piperate (26) wus isolaled Tor the first time from the fruns of dug plane Tater,
Gupta and s colleazues reported Nosobimylandeca- 1303 4-methylenedioxypheny[)-
24 P adenamice™ (133, and filfiline™ (27) rom Lhe same source, In 1985, Banerr o7
al” eximmed the ot above-eround pons of Proer rerrofrociun ¥ant (syn. P chabu
tlunter and P affrcinanon PC) and found two unsatoraed amades : relrolractamides A
{38} and C (29 Cater work on the sume plaal resulled e dsalaon of fwa aew
mperdine alkaloids, piperactsilecaliding™ {30) and pipercicusalidine” (31).

Exnaction ot the slems and leuses of Pipes ridferi aiforded nleyamide™ (N-
wsautyl- 15 (3 4 methylencdiosypheny i -284E ) Epentadecalienamide) 32y, The
cramigation of unother species, P fhercnlatun: resulted noa pipendine afkajoid

]fr]:u_-rfhiidinl.'“' {33 lhe plam £ pdferemlfalmn 1a used mothe ihasdlian e of
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Paraiba as a scdative and as an antidote for snake-bite and 15 jocally known as *
prmenta darda""

Twa new alkaloids named pperlactam 5 {34). puperine Gk {35} and a4 new
natur2] product puhemilurninuj[" i 36) have heen isolated From the ~tem and leaves of
Fopubernlinm. Previous warkers om P pubreratian: reponed the presence of lignans™.
This plant 1z widely used in Chinese herbal medicine for the teatment of arthritic
condstions

Parmar er ol have cxamined 1welve Fiper species (. bhaxiana, P, manis, P
pedicltosem 8 thoneand, Pooacetislzgiim, E. gduncons, Pooattennattions, P, fetle, P
bractvstachiven, £ faloonerd, P logion andd 22 peepuleides)y and volated thiny cight
compounds, af which 2.6-dimethoxy-4-(2-propenyiy benzene (37), B-sitosteryl
palawtne () and foracndones (39} were reponed Tor the tirst Umie from the 2enus
Piper. aned Facetoxy- 1.3 dimethoxy-3-{2-propeny!li-benzene {4, 14-
benzo[ 1.3]dioxol-5-vi-teteadecun-2-al f41) andl 33 A-dimethoxvphenyl).
propanovipyrrole (42) were new compotnds.

Another investivation has been carmiod out by Maxwell of o on the acrial
parts uf Preer gegiale. and they lave solaled en bensofuranod neolignans. three

[(43), (44), (43)] of whieh are new natural products.
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RESULTS AND DISCUSSION

Several fractions of the crude extract of Fiper chaba were sent o os by a
Chinese colleague. One fraction (3.37 1) was examined by anabytical TLC. Under
VLW b it showerd o disumct spot, wineh weemeid 10 be gintest pure. The
cxarmnation of 1he sample by spectroscopic methods led as to 438120 the struclure as
that of piperine (1% The Tormula, Cp-HoNOs. was weadily apparent from s ©C NMR
spectyurm, which was identical with hteralure data™™ M, The "'C NMR spectrum
showed five methylenc groups which belong o the piperidine nng, twvo dooble bonds.
one aromatic g, «methylenediony vroup and w carbonyl group. In ws 'H NMR
spectium, Lthe hvdrogens |pip-Hi2) and pp-Hi6)] of the pipendime dng, which are
next ta the mitrogen, were clearly vizible af around 548 and 357 ppm. The other
mcthylene protons tn the mpending g appeared ot 154 as o broad singlel. The 1w
double bond hydrogens, overlapping multipiets, were at 638 and 7.36 ppm, while the
aromabic ring hvdrogens appeared hetween 6.3 ppro and 7.0 ppen The ather two vinyl
hydrovens (y- und 6-) were vverlapping with one of the aromanc ning protons, Ar-
{5y, at &, 6.73. Inthe '"H NMR spoctrumt, apart Tom these signals, there were sorme
olhers Lapplanny as muibplets), wt §FR ppm2od between 71 and 703 ppm. which

clearly helong to minor impuontes.

O
y i“-;/:i“ﬁ/#\h il ““xl
Vo t1)

Op L 0.9 ppon (ALY, d, D= L5 Hz| 5 6 34 ppm [Ar-H{G), dd. J= 6.0 andt 1.5 Hz| ;
O35 ppmoqeclio do 1= BT Hed L T30 pp {5-H, Jdd J= 170 8. 25 and 189 He
348 prm [pip-Hi2k s be] 2 0254 ppm [pap-BOE 040, GG he] 2 357 ppon [pip-HIG), s,

br] : 8.4 ppm [mgeh lenediosy .

O 3009 ppm [Ar CLY) 2 10506 ppom [AECU2Y] 5 14506 ppm [Ar-C(3] - 148.09 [Ar-
4 100 A ppm fA-C05Y) 1225 ppon fAr-Cihe) L 119 ppmtee-C] 0[928 ppm

BN




[[5-C1 2 1252 ppm [ 5 1384 pprn [6-C] - 165.6 ppmt [carbonyl] s 43.3 ppm [pip-
123 3 26.6 ppm |pip-C(3)] : 24 5 ppm |pip-Cid3] 2 73.5 ppm |pp-Ci5)] ; 46.9 ppm
[pip-Ci06)] ; 1312 pprn [methylencdioxy|

Most of the remaining fractions showed the same TLC profiles. They were
conbined and subjected to flash chromatography. The Mlash chronvitosraphy zave us
mutty [ractions and the further punitication of these fructions by prepuralive TLC
attorded these comprunds in prre Form.

The fruction cluted with A% cthyl scetate and petroleum ether (H0-60") was
suhjected to preparative TLOC with the eluent 35 % ethyl acatate and light pelroleun
b showed two bands under U8 b Evamnation of the spectrad data showed these
two compounds to be the piperidine alkalond pipemonaline (8) and the isobutylamide
af 1303 A-meihylenedioxypheny ) undeca- 2.4 12-1menos acid (16).

The molecular fonmula of compound (8), CaiHNOs, was readity apparent
from the VC N.MR. spectrum [ Tahle 13 The mass spestaum supported the molecalar
formula, with o parent 1on peak o1 321 mée (h) and the tragmeni w miz 84 ansing
Itom the piperidine rine. The “C N.M R, spectrum revealed 1he presence of a
Cwshanyl apoup vanide cuvhony iy 1655 s whach s shackded by the electron
releasme effeet of the mirogen on the pipendine ring, and a methylensdioxy group at
HOO S ppm1. The meths [one carboos on the puperidine nng adjucent to mirosen were
seen ot 43.0 and 468 ppm. The wignal of the C4"meathylene carbon was a sharp
sinlet ot 24 & ppm owhile the C-37 and C-537" methylenes appeared at 26.6 and ar 25.3
ppr. Fhe guateraary carbon (C-17) of the Jronaatic g was al 1323 ppm oand the
other two {C-3 and C-1" adjacent 0 the oxs aens of the methylenedioxy group were
sEet b 1405 and VAT 9 ppane Theae werg soven prethome carbons, thiee of wihich
belong 1o the aromatic ning and the other Toor muost be the olefinie privons. Therefore,
apart from ar aeomatic ren g, ao doulle honds mos be present o the compoutd. The
POONCMUR. shifts were wdentica] with those reported in the lileraure™,

The 'H N MR spectrum 1« Table T} clendy shewwed the twa broad siznals
Belonging e 1he two micthylene protuns on the pipendime rimy nesd o nittogen at 3.46
and 3.58 pprin A clear <harp singlar a0 291 pprmowas assigmed wthe protons of the
wacthiylenedson s nronp. which e deshiclded by b clecnon withdrasing eifescn of e

Pwir Oxyuen glorns. The aromatic proton 27 wis scen ol 687 ppm as 2 broad doabict




tlue 102 slight sphting {I= 1.1 Hzx) with the aromaric proton 6. Because the coupling
constant between H-2" and H-5" 15 loo small, we cannot see the splitting pattern of this
coupling. Instead a slight broadening of the signal was observed. The aromatic
pratons H-3" and H-6" on the other hand appeared at 6.72 ppm. The coupling between
H-5" and H-6" resulied in the aromatic H-3" appeating as o doublet (J=8.0 11z} at 6.71
ppm. H-6 an the other hand was « doublet of doublets at woond .74 ppm. The
couplings of H-6" with both aromatic protons H-3 and H-2" were clearly observed (1=
8.0 He and 1.5 He) Thus the aromatie ring was & 1.3.4 substituted benzene ring. In
the '11 IN.M.R. specttum two wllvbe methyleng protons (11-4 and H-7) appeared as 2
muliipiet at sround 218 ppm. “Fhas the two double bonds in our stiictone are well
sgparated, ong of which 15 in conjugation with the carbonyl group and the mher is in
conjugation with the aromatic ving. The carbonyl is a 7 acceptor group and hence 11
withdraws the clectrons of the double bond, causing a deshielding effect on both the o
and [i protons. However the effect at B posttion is larger. Therefore the [§ proton was
seen al 081 ppmoas adt (J= 150 and 7.0 Hx) and the o proton at 6.22 ppm, de [J=
13.0and 1.3 Hz (allvhie coapling with H-1)]. The coupling constant (150 He) shows
thad the oo and {3 protons are trans to ssch other, The other double bond protons oext
to the aromatic ning were scen al 6.27 ppm [H-9, dt {J= 154 Hz and a «light
broudening anising from the effect of allylic protons 1L 73 and at 6. 10 ppns {11-8, dt
{(J= 157 and 7.0 Haj]. The lerpe vicinal couplimg constants showed that these protons
are also trans to cuch other. Finally the 2D spectra, COSY (Table 21 and HMQC
(Table 3}, supported the stracture as that of pipernaoalioe (8). The same compound.

pipernonaline, was also present o the fracton cluted with 70% ethy] ueetate and lighy

petrolewm,
) -
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Table 1, °C and "H NMR Specita of Compound (8)

© Mauoybe wierchanged

*=Maybe nuerchanged

S T MUT.TIPLICITIES (J, Hz)

1 165.5 T '

3 11205 |62 d (J= 150 Hz, 1.5 Hzy
E 1455 &8 dr(J= 150 Hx 7.0 Hz)

e 4 26 218 m. overlapng, with -7

5 279 1148 m, r:r.‘n.e'.éx.'.]ﬁapin g with II-6)
TG 30 .45 m. overlappung, with H-3

T 1323 BN T "ro, overlapping with H-1

8 128 % 6.01 dt (T (5.7 Hz, 7.0 Hz)

9 1205 6.2 dt (J= 7.1 and a slight hreadening)

1 132.3 1 '

¥ 105.3 6.87 d (f= 1.1 11z}

E2N | 1365 )
1 4{ o ]1.19 -

5 1082 671 d (= 8.0 Hz)

& 120.2 674 dd (0= 8.0 {1z, 1.5 Hz)
-OCILO- | 1609 591 e '

¥ 430 3,58 brs
;I x .G (.53 m, averlupping weh 1123
E N Y R m

5 EE 1155 m. overlapping with H-37
lll 6 308 346 brs -




Table 2, COSY Correlations of Campound (8}

115 and H-6 H-4 H-7

H3” and 6-57 | 112 and 11-0"

H-4" M3 and [1-37

H-7 and 114 H-3, H6, H-8 HD and H-3
He” | H3 AT and H-2”
e

11-9 H-3, H-7

Fable 3, HMNC Correlations of Compound (8)

5 e No.
120.5 o 622 g
1455 3 |68l (H
32.6 4 |28 H
779 5 | 148 H
289 6 |14y 1
323 EERERT JH |
128 8 8§ 610 I
129.5 19 |6.27 1H
105.3 z |os7 7 |iH
U8z 5 |67 RiE
1202 6" |64 M|
43,0 3 | 358 ]
| 26.6 F | B 2H
i 736 & 163 IR
355 57 155 SH

468 67 | 346 2 |




The other compound obtamed from fraction 60 was the isobutylamide of 13-
(3 4-mmethylenedioxyphenylundeca-2 4,1 2-incaeic acid (16). lts cmpirical formula,
CazHgNOs, was apparent from the Y NMR spectrunt (Table 4. The mass spectrum
showed a parent jom peak at 355 miz {M") and another peak at 57 miz for the isobutyl
fragment. This titne oo piperidine ring moiety was present in the '"H NMR SPECITLL
{Tablc 4}, Instead, an isobuty] motety was ohserved, showing one methylens (2H-17)
at. 315 ppm, dd (1= 6.6 and 6.3 He) one methine (1H-27) at 178 ppm, m, and two
methyi protons (3H-3" and 3H-4") at 081 ppim, d {J= 6.7 1Mz). The 1l NMR
spectrum (Table 43 was quite stmilar to that of Guinesnsine {13)'". The olefimic
proton, ¢ to the carbonyl, was seen at 374 ppm as a doablet (1= 15.0 Ha), only
coupling o the proton in the b pasition. The [3 praton was shifted downticld w
around 7.18 ppm and observed as a doublet of dooblets (= 150 and 10.2 Hz). The
proton H-11 was observed at 6.27 ppro a8 a doublet {(T= 16.0 Hz). The other oleline
protons H- 10, H-4, and H-5 were overlapping and seen as multiplets around 6.0/
ppin. The olefime protons showed a coupling constant of around 15.0 Hz, thus they
must be trans 1o each other. The aromatic proton H-5" was al .72 ppm [d (1= 8.0
Hayl, H-6" at 675 ppin [dd (3= 8.0 and 1.5 Hz), and H-2" at 6.87 pprn [d (1= 1.1 He)].
The twe allylic methylens protons [1-9 and -6 were observed al 2,17 ppm, s a
multiplet. Another multiplet seen at |45 ppmn belonoed (o the methvlene protons in
the chain (H-7 and H-8). The C NMR spectrum revealed the presence of an amide
carbunyl st L0653 ppm, and six merhylens carbons, one of which is the
methylenedioxy ar 10009 ppm and another one is the methvlene carbon (1) at 46.9
ppm. The other four methylenes were in the region between 25 ppro and 35 ppr.
Nine methine carbans were observed, thies of which belong ta the aromatic nng, and
thus six olefinic privons were present in the structure,  Because they are both
chemically and magnetically cqual, the two sobulyl methyl carbons appeared a3 one
signal at 2001 ppm. Fhis s o charcteristic chemical shife tor the isobutel methyl

aroups. Finally the HMOC spectrurn (Table 3) supponed the structure,

G
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Table 4, VCand "H NMR Speerea of Compaund (16
‘3{: «E | MCLTIPLICITIES (J, Ntz) o
— e
B 1214 71 574 [0 0= 150 Hz) M]
I BRI e j’uumz, w i
4 1284 HA‘FU? ) Ji; (mjcrluppi.ng mM&W
(5 1290 \ 6.07 T 'm {averlapping with H-4 and H-10)
I_ﬁT; St | 2.17 .‘\?{nutrlm_ﬁ}_ﬁu
Ea 'jﬁi,u L mlw1ﬁ7—ﬁ
il 285 |1 14> Jm {oncrlappme with I
[y R || i r fus ertappiny, with H-L’;j
10 142 % _——I{ .07 ' \ m (v 11&.!;15‘11&1-1 i with H-3 amed HoAy
1 s T ey T Jdd=te0dEs
1 1373 ' _—l ' T ]
E M52 [od F|ﬁ: 11 10) S
| 3 147 T ! B T
Y ] 465 L —_—_llPF T T T
= _\Tma: 61 Tt s S0 H
_ﬁ‘ || 12607 Tgm T d«l{.[__T.Kl Hﬁ:,.i-_‘? Uy ;
COCIL0- 5 O T e
17 | 160 TaE T [ddid=66Tn 630
- — | o — e _ S
115:"_"” II 20, v9lr - [du=eTiey ]

41



Table 5, HMQC Caorrelattons of Compound (16)

5 C [ 8 No.
121.8 2 574 IH
141.2 3 718 IH
1284 4 65.07 IH
(1200 L 5.07 H
27 6 217 OH |
29.0 7 [45 211
3.3 8 145 201
528 Y 217 7H
1423 10 6.07 IH
129.3 1 6.27 |tH
105.4 2 687 ]
108.2 % 6.72 IH
120.2 & 6.75 11
1009 -OCH;0- | 591 20
16.9 G ENE >H
128_ e _2” T i5
ENE i 37 4 091 |6l

The apalytical Ll of fracton 30 (eluted with 30 % ethvl acerate/lisght
petrolcumt showed a dew spols, und 3 was subjecred to preparative TLC for
puritication with 20 % cihyl acetute and petrelewm ether (40-60™ as cluent, Under
UN hizght, u mann band waus obaerved. TUwas exiracted and 33 structure assigned on
the hasis 0f (18 sPectrescopic properties ai the 1sobotyvlamde of 13-(3,4-
melhylenedios vphenyl )24 8 2-indecairenoic acid {13},

Compound {13} was provious]y isolared™ and named as culneensine. The

molecular fonnula, CieHaNOL was supported by a parent 1on peak w1 383 miz (M5




i b mats speetrun:, 1ts spedivesLopic properiices wirc »ory similar 1o those ot (16).

The only difference, apart trom the shight change i the chemcal shifts, was the
presenye of two additional methylene groups i the cham, appearing a1 around 1 31
ppr. The 'Hand ¢ NME shirts are piven in Table 6. and the 2D spectra, COSY
anck HIMO are in Table 7 oand Takhle 5.

H w
= ;;:f-..]’l/‘\R/{CHZJhRHN'\!kﬁ %/\\ i
O"»., )' i

el (13

Talle o, Beand TH NMR Speatra of Compound (13}

o B | MULTIPLICITIES (1, Ho)
I 166.4 b -
PR B 173 d (J= 15.0 Hx)
E I b 5 e dd ()= 15.0 Hz, 10.0 iz}
3 282 £ " I o
5 | [29:3 o m rr:1.r';rl:L|'1pi|1g.':J;'ith H-4 and H-127
6 108 214 " toveapping with Ho 115
7 8.0 S Taz m (overiapping with H-10)
i8 287 i3l m {gverlupping with H-9)
i 233 it | m {overlapping with H- )
w 20,0 4 m fﬂ]m\;l'fil[?[]lﬂi:": with F1-7)
:_ll'n_-__'ii‘.!) 2113 fm 4_nr.:r]5p]>mg_ wilth 11 Ty
12 1431 nhe | ig! {u;'m'].:_l]:pin gwithTl-d and H-3 ) |
113 1293 6.27 d (1Z 160 Hlz) -
i 1323 N
|2 054 | o |da=tann
; 5 e ; ; JI _—
'f—ﬁ'l 146.6

i3




5 1087 6.73 d0=-80Hn
& 1202|673 dd (J=80H« 14Hzy
_OCILO- | 1009 592 5 T
T 1760 315 dd (1= 6.6 11z, 6.1 Hx)

2" 286 1.79 m

3 201 | 0.91 d (1= 6.7 Hz)

Table 7. COSY Correlations of Compound (1.3)

H-2 H-3

113 H-2 ]
H-12 H11

H-13 1112

HllandH6 | H-7 H-I0, H-12. 0115

_IITLmd H-14

H-11,11-6,11 9, 11-§

H-% and H-8 11-7, 10 10
H-1" ':..l.-l--E”_. and NH
HER

H 3 1047

Ha-}.-.r.

L2

H-6" and H-5'

H-37. H-47 H-1"




Table 8, 1IMOQC Correlations of Compound (13)

c S No.
2 5.73 tH
3 718 IH
4 606 TH
5 6.06 IH
6 24 2H
7 | 142 211
8 131 >H
9 1.3] 2H
10 142 A1
11 214 201
1z 6.06 161
13 6.27 1H
2 6.8% TH
5’ .73 1H
| ¢ 675 IH
[ “OCH,0- [ 592 21
el 315 [ 2
27 1Ty LH
3, 4" (91 6H .IJII
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Chapter-4

Conocephalum conicum




INTRODUCTION

The large thalloid liverworl Conncephahan conicun, belonging to the Marchantiales,
produces an jntense mushroom-like odour’. It has been vsed as » diuretic drug and against
ga]lstcmr:::’_ Amang the monatempencids [ound in this Bverwort (+)-bormy] acctate (1) and (-)-3-
sabinene {2) are the myjor constituents. Other monoterpenaids are’ ; myreene (3), linalyl acetate
{4, p-phellandrene {5), o-terpinenz (6}, y-lerpinene (7). terpinetene (8), a-terpincol (93,
terpinene-4-01 {10), p-cymene (11). c-pinene (123, B-mnenc (13}, and camphene (14).

The sesqunterpenodids found 1n € conicnn age’ bicyclogermacrene (15), b-cadinenc
{16), 10-epi-zonarene (17), colamenens (18), a-calacorene (19), f-carvophyllenc (209, -
chamigrenc (21}, o-clemens (22), B-elemene (23}, c-sclinene (24), B-eudesmol (25), wlipinolide
{263, zaluzanin C (27), zaluzamin D (28), Sc-acctoxyzaluzanin C (29), 56 acetoxyzaluzamn [
(30). The tnterpenord fnedelin (31) has alzo been reported.

Recently, Suire” and his collcagues cramined a Japanese sample of € conicam and
found a new monoterpene ester, byl 2-methoxy-4 hydroxycinnamalte (32), (+)-bomyl {erulate
{(33). (-3-limonene (34), (-}-[3-sabinena (35 {+)-bomyl acetate (1), ent-sesquilerpenes {+)-
bicycioclemene (36), (+»-B-elemene (23), (-+bicyelogermacrens {15}, and lunularin {3.4°-
dihydroxybibenzyl) (37}, Bicyelogermacrene-13-al (38), a new sesquiterpene aldehyde, was
found in C. conicam by Tovota et al’. A scaquitcrpene alcohol, conocephalencl (39), was
isolated from Scottish €. conicn by Ton er af’. Valterova er el [ound some monolerpenc
hydrocarbons im the essential oif of this [verwort, These were: w-thujene (40}, a-pinene (12},
carnphene (14), -pinene (13}, mycrena (30, ce-lerpmena {6). f-phellandrens (5), p cymene (11),
y-terpinenc (7) and terpinolena (8). Amonyg these ce-thujene (400, has not been previously
reponed. A phenethyl glyveoside, 2-(3 4-dibvdrosyphenyliethyl-f-allopyranoside (41) was
isolated from a Japanese collection of O comicrn by Tayoa ef al”. Two new Tongierpen:
eslers; bornyl ey 4 hydrosvemmanzate (£2) and (4-bomyl civ-4-hydros y-3-methox yeinnamiite
{43) were also found in this lverworl by Tovola #1 al’. Another saruple of O canfonm, collected
in Southern Gernmany, was examined by Melching ef o’ . The GC-mass spectra of a
hedrodistiflate of the verwort revealed the pesence of (+)-cudima 3.5 dieoe (4} a5 a natural

coOnslifient.
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RESCLTS AND DISCUSSION

Conocephalnn comtouns was collecled 1o Avrshire, near Mauckline, 1L was
dricd und powdored. and extructad with clthy] soctate by percolizion over severald
howrs, The crade extract £252 1w sobyected o Jlash chromatozraphy followed by
proparvatve 110 and el chismatezraphs . The eluent for fush chroematograph e s
light petrolenm 2ther wath increazing poeaontages of eyl aoctae. Calorunately dic
analyiical plawes of the fractions did nag show many UV or oen-UY active spots, and
Beciuse chleophyll was the mean compound 16 these fractions it was hard o sec any
CICar st

Fracvtng ofb elured with AG% @h] seelae and pettcloum cother, was
chrvmaiotraplicd on LTI20, clunae wezh mclhann] and Cviorslonmoo 1 1 The
anaivical plates of the several flucuons eave a disunct spar under the 11 Light.
Further pureticsion wars carried by preparative TLO with eluenn 20% ethyl acetate and
petroleum ether. Specitoscopic analysis of the compound showed o be 3.4
diivdroxyimbenzyl {Lanularing (373 which was previously i<olited by Saire er . T
has aloo oeen found n the livers o Vo fiemtia pm’_wur;r';u'm? and ersrivafiila
steprin oo it 0 New Aealand Dverwont i

Inus e NMR spectrum  Tabksle- [, fuur quaiermary cachens [C-1{143.7 ppo.
CH-3E00 ppan), C- 11329 ppmd, C-E01237 ppmid]s two o which bear oxygen. lw
methylene carbons attached w the two argmanc 1iT155[[:—T:5:[13é$_[] ol 05 (308
ppkand s romate uethioe corkems [CR20 134 ppmd O 101208 ppmit. C-
SOOI s ppet Cane 1200 ppvg 2701285 ppan €= S0 ppn| wer obaerved,
Ome of the seaman, tings 15 Lob disebsnrared, [C-27&0C-07 1295 ppin and C 3780C-
FELLIAE ppm.

I the T NMR spectrum dFable-1, the amommstic protons appemad hets een
O.6 ponand 7.2 ppons Phe toles sees Turthes dovwnlield wie paesibed s BL37I13E
ppoLt =57 1 The ANBER syvuiem aseoctaled with T 767 and H-37,3 appem od
T el T2 S A T a6 T ppnn o d o B TR il HG ah appeed w6 T4
mpm,dl I= S T cverlapping anh H-30 10 o other aromale, protoms wene seee
atareeand Gt ppnt H-40.065 ppmod J= 79 T and BE 20600 ppm 1= 13 Tz

P methyiene protors (2187 and 2H-81 were seon os o smglen w252 ppmand the




hvdroxy] prodons mive a singler 480 ppm. The "H NMER data are ideatical with

. . . sy
those given an the literature ™

According 1o os HMBC spectrum, 1he twe methylens protons (2H-7 and 2H-

B ad correlatons with C-1, C-200-60, C-F L and O The alher correlutions in the

HMRBO spoctrum of {237 are given m {Tabice-Z50 The comrelations 1o the HSOC and

COSY specira ol compound (37) arve 2iven in (Tahle-3) and ¢ Tuble-d).

Finully the moiccalar formala C 11400 was supported by the mass speclrum

wilh i parent ion( M) peak ot 214 Approsimouwtely 1 0me lunularin (37) was obtained.

Hi

Table-1. 7 C and 'H NMR Spectra of Compound {37)

[ 5 T T [MULTAIPLICITIES (110
1 - 1 |
¥ 1154 6.67 ETTIS
i3 1343 3 R
1 1178 .63 dii=7915
3 1293 714 L =77
6 120 6. dil =85
7 380 1R e
3 68 TR s
T 133.0
T NECE 7 (2 di— 53
3.5 1150 6.7 di =585
¥ 153 )
oI ER I




Table-2 HMBO Coanelabwns OF Copnpound (A7)

Se: C Type H ]
Jaki 1 qualentary | 115, 2117, 2H-§

W 7 [wevvior H-tOTG 2007 S
o 3 (][1.‘1[&?[’112[!’} (12, H-5

t12.5 4 methene | H-2, H-5,H-6 T
i 3 methine S H-w '

170 G T TN T T
a0 b methylene Hab2 .
36.8 E methylene | H-3°, H-5°

1354 1’_ quatcrmary | H Y, H-5", ZH-§, '_’ldl T
_l.'”\J 5 1’,5’- | thwething -3 W8 T

EN 3.5 methine | - ]
153.7 ¥ -L[l]:'iiCI'ﬂE'lI'}" H-2" 1 &1"._. H-3"

Table-3, FTSQC Conclutiens ol Compound (37}

ar o ol Lae IS

S B T S {1 RN

1125 4 66s | U

(203 |3 RN

L e 6ok LIt

At .? TR

K E: 280 1 2H |
BECRR R 07

R \3.',.%7' \r., X J_:“ i

al




Table-4 COSY Unmelinms of Compound (37)

(5 il s

IR 2 et e _ H-4. -i{-i

fers | methine NS -t

Tl B mething | H-6. H-4. H-2

(.7 & mething H-3 H-2 2117114

282 J I'methylene | H-2. H-6 21-3

2,67 E cthylene | 201 7,12

T2 e | menine SR 5

(':':'?"1_ : SR mcthine B FiE= - S

The otler bacton W0 chded wath 2077 cab eetone amd pelecheum o, pave
L LA Donve spatan ane aivalyucal plate. Aftar punsication by segpacatee TLEO, s
soctrodcape v showecd that 10wy =11 a misneee ot o canypongls We were
Sl o recnzmag vne of them as 3 3-dimathoxystyrence (43 rom ity Coand H NMR
socctra The lecular formuely, © aH 20s was readily spparent an s O NMR
spectron Tabic- 131 which showed three aromatic quatemary sk, [C 101 HET
perag, C=5=4 14940 ppaeg, C-4#50 LI0 ppmid ] twee of which beer vy pen, tiree
gromatic fuerhing carhons [C-201050 ppod C-5300T 1O ppmd, 001 FRd npmi ], tw
metliony carhons [ 497(55.9 ppm C-107E5E ppntt and 4 vine) oep |C-T01 30,5
P UK § peend ] wttached w ke arematic ng. The 1 NMIE spwetrat CEadbsle-
Faaol (481 on the nher hand, showed swo methowy] srome. T e 3H- 100 ar 389
pravansd ST e ge sanolets FLT was seen al 6060 ppo s dde = J0o0 1T e He i and
Uz ctber o paesems o] he iyl g 200 Biwere o S 6L o sl 1= 1R A0

Phrraomd ol 5003 apmcee Gl 1= 01 6007 Hrs Sl e Pooions sooie oesors

Pt et O 77 avpunn ol 200 e, FT-2owoas bse: vod oG Mo ppom oo dobiden = 00
(RS AT B VT R TR AR N T T coanlize I o H-00 Bl s o Jonbslet ol denhiles £T=

B2 e s andd Ninedly the douh e d =22 T mn o33 ppan b lorpered -0 H-3.




The HMOQC experiment of compound (43) also suppored the structune showing the

tirect correlutioms between the carbons and 1he prators (i able-6).

CN=CI

f:-!éfj\r 2
i M"tx"‘\x)‘\m 5
1 i C.”:_i [~

OCIL

(43)

Table-5, "“C and “FNMR Srectra of Compound (45}

[ MULFIPLICITIES {J. 112)

1 | 130

2 8.5 R O6

del=2m

Jek T 1400

T 1499

5 114 fr85

6 | Ti94 .94

E T 663

til="72]

dd i 82 20

A (e RS, 1760

5 1113 =0

Cdd ()= 183, 0.7

ded (J= 11 A 007}

Y S50 | 35

b

B U B AHT

s 3

b irqerchunesl,

" awwyvhe nterchanged.




Table-f, FISOC Comrelations of Compound (45)

'\;u.“

| 5, C |8,
eS|z 506 | IH N
TR E 6.65 | I
NN i G9: | 1H
15 |70 et TIH
IEEERE 561 |
313

ARG g 189 | 3H ;
A5 | (| 287 | I

mavhe interdhanged
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Chapter-5

Nardia scalaris




INTRODUCTION

The lverwon Nerdia sealavic is typically low-growing snd nearly prostrate’.
The almest unbranched stems of this species arg short (1-3 cmy. They lorm rather
extensive patches. of o yellowish-green 1o red-brown colour. and grow on gravelly
banks, ledges. moors and o the mountains. [t s the commonest cotuc-icaied
liverwort found in Britam'. The disoibution of the species of the genus Nardie (six
specics koown warkl widei™, which is in the zeoup of the Jungermanoiidae, hus been
reporied m the Atlas of the B]'}'l}])h}'[li_‘!-éj.

Farly investigations” of Nesdia svalariy vevealod some sesquileTpenolds, o-
barbatene {1}, J-barbatene (23, [3-bisubolens (3), cupwene (4), and some aromalic
compounds, c.g. lunularis acid (3). 1n addition, Benes o a7 solated an ent-kaunne
diterpenoed t6) and {+3-2 Lo-methos vserre- 1 4-on-3-one (F) rom the same plant,

In o Lter stzdy Connolly or qf isolmed an acidic diterpenoid. I way
clarncterised 2y 1 methyl ester, metay] ese-laur-16-cn-14-v1 malonate 8y, They
have ulso found the relined ketone {91 The sume diterpenaid has been reporied by
Lungenhahn o al’ lewether with compound (100

The related spectes & sngvnfenta contans, in addeion to the simple kawrene
derivatives vn:—k:un'—tﬁ—cn—].‘iﬁ—u!ﬂ'._ eni-{16R ) -kauran L3 one and ene-haur-16-en-15-
onc’, o wide ranae of rerpenaid malonates and ball-alonaies.  Langenbahn e al’
isoliled compounds (11) and (123 Irem the scidic Fracten om N swcewfenta. They
also reporied compotnds (135 {13 (15 and {16) frorm neutral Traciions of the sane
liverwin.

Sirmlar terpenond eaters were Toung m A scaduein by the sune aathors and
wire recommised as derivatives of sm-Raurene alcobols with the Tunctional srop
predomirantly al O- 140 thoush derivaiives with leoctionalizetion o1 C-13 were alsa
ahserved Compaunds (17 {185 (HR, (200 aed (21 bave heen reponted e the
acidl fraction ol A veedaris while the newrd fractions afforded the camtpeunds

1220, and {23

L1




(1) (2} 3

{4)
(6]
OCOCH,CO,CT,
1]
(%)
o\

i1 LT3}




i1

i17)




{19}

€ o

(20)




RESUHL TS AND DISCLESSION

Tae plant mazeial V0 w) was air dried. eround and extiaceed with digihyl
athar. howiclded o crude extract $3.9% oh which showed several spots an unadvtical
TLC v and was subjeotcd w Nash chransatography on silica gelclutme wath light
peiralorm amd incroasnz porcontazes oot cthy o oenales Seseral flacnons wie
shiained.

Three maln compounds sere presenl o the fractions @ eni-hawr-[15R-16-cn-
I3 vl badrowen malonale (11 enr-keus-0 L3R 16 en 13201 (24) wnd <or-kaur-1fi-en-
[Ser -disd 125% Al of 1them nre koown Cf)ﬁ'l])ﬂl]ﬂd!-;?. Coerpotnds (13 and (24)
vote precotudy sopeeicd b Lapzcabadin g s o e r b sy Ve
srcvadforia, and compound (251 has been solaigd by Nasashing oroaof | from the
lvverw ol Snpernrcmnfo vitlcanfcefa. Howevar thes is the Orst ome thet o has been
isolated frpm the bvermanrt Neediee seelaria.

ear-Kaar-(15R) 1o-on-15-v] hwdrogen malonate (11w peesent 1o the
Mraction ghared seith FORFS cohad aoetate. The anabvtroad phite <hossocd 2 diaberet spoi,
which was purified by prepacative TLE. Tt showed o carhonyl bond i 1768 cm'™ in
the [R spoetrom ared @ parend ion at mdz 374 i the mass spectrum, The molecwlar
formwls (CaTl000 was dodeced from the e NMVIR spectrom (Table 1), which
sheverend an cxomethylene sronp ar S 1576 (C-TRY and O FOGT o0 170 und o
padoned remadie at S A0 00 22 A FAT.3 and S TTHLE Do additean, oy tartioney
metays corhans [ 335 00-1Ey & TET (-1 3 177 (0 2] ren masthvlenc
srens. e ol which were the examethyleoe aroupiC L7y and the inaony] residueit”
22l loer mctbnoe carkbane . one of which belonwed 1w C-13 1 8300 b were
abrwerod The malors | oovoup s attached o 0215 the seconedars myveen hearine
cirhien I the FIMBC soec e g conronliom wos isgreed hehwcer O- [ noand ong af
e frveeopens of C-140 un bepween C- 05 aed o of the Rvdromens on ¢ -7

The cxomathylene sroup (D D7) was cleatly observed D the 110 NMR
apecivun: Clable Tral dy .92 e, J=200 B s & 289 ihesh The calonyd residue

S22 25 a9y, SOME b The actlagae N LS Gppeancc o1 By 0 G e
revealinl cosrelations swer the coonethy lene ot 2117000 e COSY spectam.,
Thece ettt wroeps (H-Ta 3H-EY 30T 200 rescnated al S O3 10 801076 and a1 &,

LA o simglerss Ll soeeial dete wore wendival with these siver oo fiteeure ™




Unfentumatzly dize 1o 10w massive overlap of sigmals ol was no casy toanterpret the

SRELC Prodon speciTum.

‘Table-1; 0 and "H NMR Duta of Compound (11}

B By, Ll
1 404 Tiheti b hrd (129 H)

[ &)
]
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fad
e
ol

13 AT 63 O b

E At S R E I R R A RN S TS

1e2.5 11

17 06,7 442 T Tz

4.5 s

iy




‘ THREE 051 ;
TR T [{r_?'{, Z
a [173 l'l 5T IE
el | |

TThe siensis af the matory? readoe appeared ot o 3 342220 the H O NMIR

specttum. and at G- 4100 167 30 17hE in the YCONMR spectruat.

Table-2, HKOQOC Correlations of Compouned (11)

Fa. e o No
od 11 P (HiH,- ]
0.7 13 2 63 1T i
e 14 ENTH W H -1
830 15 Edl T |
1067 17 107 & 489 [2H
P A T U.ST 1M
|21 7 THRCES i —
"?7 Tz a0 St

Table-3. HWVBC Correlnions of Compoond {113

B X TYPE n
JETR | 1 mg[l‘;}-'lcnc 31120
i i B | e T LH—H_ SIRE
5.5 3 methine TH-200 319, 3618
| 07 13 | oethine 21317, 21 1
Ty 1= AR T H-14 e
5% (16~ | cwmethylene | H-15 H- 14 21057
FT 19 methe CUREE, L o

=)




el Kawr-(E3R - 1h-en 15-00 (24) was provord in Jracton 300 which was
sibpzoted W preparative TLE. Jollowing Sephades JLH200 tar Twther punfeation.
Ite speetral duto were anmedar 1o these of comacund (11 The only dilference was the
ks e of the malone aod resndie. lsecael, the compotd bad a0 hudeos | groap
aizhed 10 £-150 s O NMR apectrum revealed the emprical Torowla 10 he
CoaH=00 whedh s suppontsd be the prass sproitum how iy o porent don peak (M7 al
288 miz. Thies wiiary methyl proups |8 176 060 200 & 217 190, & 336 (0
] Jour mcthing cartons [Se 8200000 F50 80 33,5 o050 8 A6~ (-9 &, L4001 17
133 moe mgihylene vabons [& BET (O 1700 00 36,5 (C-14), & 333 0C-170 o
PS 1010y & ARE -7, O 10O (C-6). S 420 (C 30 G0 LET 020, & 04 {C- )|
and Lhree gualernary carbors [Oe 332 (C-35, 8¢ 359 (C 10y, & 458 3C-81] weig
oh-erved in fs 0 NMR spectrem (Table 41 Tts 111 NMR spectrum revealed the
cragegthyvlene vooup CAH-LTY o0 &0 308 sk and 9 900, P2 e The tnge
weetiary methel srowns (3 TS5 3H- 190 5T1-200 apreared ab o 0283, &) 050 and &: 1.0
v st and the fao mcioe protons 1S and B- 13 08 8 372 and a1 S 263 s
broad singlets. "Uhe reat of the protoms thal were obseevable are given m Vable 4,
the COSY spectrum, the correlanors between 2110 and 1015 end berseon 217-10
and H-13 are vhservable, s UC and 'H NMR SPECLL Wre o aprteciient wirl those in

Licratune™. The other spectral dats are siver in Tabies 5.6,

Tatyle-d U C and 1T NME Specira of Canpuiung (243
]

|| T s, ' MCOLTEPLICUTES of, ey
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Table-3, PINOC oo Laians ol Copeotaud {24)
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Falde-n TINVIBC Comvclmon, o Cosaponnd (243

(. [¢ Fiviee BT

FJ._‘_ 0 :ni.‘[l",.}-zl-;‘nc . AN-20 _—__——_—_
20 3 Fretiviens IH-1E, GH-19 B

Bk 4 (usternary T]‘_l":]'m L - . —
555 5 Crethine AR LS. 3R 10 3L
168 9 miling 310120 )

359 i g L:ul{imm“y'. 3H20 ]
13 2 12 miethelene Ao sAas T
365 14 rnulhy]tlm | 28507 ' T
A7 EE waibine Hoid 2H-17 T

1585 ] 16 | qualernary .- 14
330 Nt thyl IR - E

L 19 . I'I'Iul‘ll'l}'] A My

Vhe thud comaponnd, cne-Raar To-en=180, 3P-doos (23] was prosent o astion

HOehmed weink A0% cihyl acdate and hght poirolenm otber, B los al e« sprectral data

WIS Tl

Al vl ooy ot el 1o O3

with e o

124y Hoesovor, compound (23) cantained an add, Lonal

The mass speciruns shoveed s pareat o 087 eeak sl

B R ; G ; s . ; S i
AR Y mdes Dis O NME specicarn showed thad there wers Da oxveeaaled mcthims

carlers [& 700

correlations Tuelwees (-4

RI300 1m0

a4 1S aned 310008

arad e FINIBO spectrum shosed disringt

T COSY specirun: was dilngal s

rcapel g et o raeen the csomethylene sevons c 2H-17 od the icthine

prator (=130 was ohserved. The spoctul dota waich e dentical woth theese gven
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Taple-T: V' Cand '1ENMR Specisa ol Compound (23)
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Table-8. HMOO Correlations of Crmpound {250

5 C B, " TNo
[ 3ER 4 T1&7 - Tman,
a0 3 320 ' IH
o 193 2 63 iH
Sy A 14 |97 B R TEY
s2x  [1s im0 T B
T0eE (17 SOE&494 | 2A
A 15 | 097 3H
154 19 077 AH
76 Tz 1o 3H

Tahle-9, HMBC Corretations of Compound (25}

B ¢ v BT
A6 | 1 methylene A0
273 2 ‘ mcthylam: ) i1
D! 3 wzihing -k, SIT-FY
a N I 5 methine SEL- TR GH-19 5EL XM
363 9 ~ ynething 31 M}
R 12 mtrlh}.-]-'_"._iu:- 1, |4
ENUE 13 mwthine ML
A 15 _ methine - 14
148 3 14 - L‘:x:t-mullu.-?m"w H.-.IJ
TS TS tcth | ITRE
" T 14% methyl 3H I8, H-3
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Chapter-6

Trichocolea tomentella




INTRODUCTION

The liverwort Drchwcodea tomentella of the tumily of the Trnchocoleaceae
helomps to Juacermanniales’. [0is found in Jupan, North Americas and Eu rope.
Carvacrol (10, thymol (2), ¢e-pinenc (3) are the ﬂ‘jf)ﬂt‘al&t]?CT]t"}jdﬁ:!. and re-murjunene (4},
F-barhalenc {33, calamencre (6, domenol {7), cohimachalenc {(8) are the
sesquiterpenoids” found in this hverwort. Amene these, compounds {33 and (6} were
10 richocoleupsiy sagrdeta” . and compourd (7Y was tound in Neserichoooloo
hissetii belonging o the sume farnily, Trichovoleacea:, which s also Known 1o
prodoce flavanod gi }-’C[}:i.ld-:_‘.‘il. The aromatic componnds™ found in ¥ tomentetfa arc
34 dihvidroxvhenzoie ecid (99 lunelacis acid (200, and lemdarm (1), T romseatella
alzo produces some compouands with o rare combmation of both terpenoid and
aromalic pe\mi{msF + Amaony these compounds are richocolan (12), wmentellin (13
wsotomentelhn {14}, demethoxytomentelho (15} and deasytomentellin {16). which
were isolated by Asakiawa Y. ef of' . Although the structiures of the compounds were
reported wrongly al first, they lave been corcecled m their laler work” Amang these
compoands, (123 (13) and (14} were also discovered m Teichocolee ploma by
Asakawa Y. et al. A sample of Trichoeolea tomenteiia was colledted in Scollund by

e s Ryverois and formes the subject of this investgatiom,
RESULTS AND IHSCUSSION

Plant maderiat was aic-dried, ground and extracted with dicthyl cther o Jow
dmes. Phe crude cstract (LD 2) o was subjected o flash chromatezraphy with
ncrease percentuges of ety acetale and petoleum cther, Futher pantication was
dors by propertive TLO Four known compounds, deosytomentelhn (16),
trichocelein (12), wmentellin (131 wsotomentellin (14 and two new cammpounds,
mothyl o Fohvdiasy-3 7 -Cimethy]- 205 -0ciadienvloxy |- 3-methox vhonzoate (173, and
methyl - S-hydroxy-3.7-dimethvl2.6-octadicovlex vy |-3-nwehox vbensoae (18) have
lcen tsolated fron: ths Evaraon.

Comprsunds (16) ard (12) were prosent in frachor 300 cloted witle etbhyl acetate

atd petrelem ether 237 The THONMR spectiurs Clable 17 ol compound (16)

(6




Uy R= OH, 1= 1
(2) R,= 1T, Ro= OH
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(12) R,= ,\)\J R.-Ra= CH;

(13) R,=

(1 R,=

(15 R,=

(16) R,=

{17V R

{185 [2.=
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0 y
\/L)J\)\ K.-R.=Cll,

H]

2 : o

R=Ry= ClH,

. DH R.=l= (11,
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O
L R.zB; UH.




revealed that o trisubstituted benzene tiog § 7,03 [dd 1= 5.4, 2.0 1z, H-6T 507 33 [d,
J= T0H: LY S 6Es [d J= S0 Heo M5 v presant in the struciore aleng with
tecr methylene aroups 207 . (214 and 2H-30. a0 oy genaled methyvlene a4.67
A, J= 6.5 10 2H-1] and Dhee methy] mroups, two of which were methoxyls § 258 |=.
PN S TGy 3OMe) The otler e et vroups appearcd hetwern &1 70
and & L57 wnd were bence vinylic. The mitecular formula. Cubl 0y, was comdily
apparent fran the "¢ NMER spectrum Clable 1) which showed an ester carbonyl (C-
Svas @ 1aT0 Nive cuatcenaiy cachans, three of witsn belongod to the romiate oige {9
1325 (Ca10 L& ED 03 o 8 L1323 1C-10) wng the other two o Hhe two
misupstitsted double bonds present in he struchire [& L1303 0§ 1318 o0 7).
Uy pza] vhermical shifls wern abservod for o conrhamethosy soaup (720Mep a0 & <19
and o a mathosy (3-0Me) at 0 3600 The oxyoenatcd methylene carbon (O-1)
resonated @ S 659, The other two methviene catbons were seen al & 39,5 (-0 and
at & 262 00 % The lanter 13 shielded by the necehbiouring meth sl sroup (2H 89
attuched o the adjacent carbon (C-7h The three methyl groups {(2H-8, 3H 4. 4H-10)
worre it B 2578 17 T und 3 167 The mass spectrum sppported os malecular lomula
b showing o parenten peak at 2SO0 The UY specerum wethenol ) had bands, at
Zos VET 208 migm (89231, 210 nmy (O7E2), 262 nm (33700, 292 nm (1832 328 nm
(730, A3 i 6B NME deata can be seen in Tables 10

Tare wehgr compaund pivsent o b [raction s chocolem (120 which was
previously reparted by Perry o {.'."'!. The spoctroscarhs properties of compaounds (16)
angd (12 were quete sinular The meea dilTercin e wvos 1he precence of o simple
eeprenylosy gls cham o place of the mare cemples sade choot of (165 Tis mass
spectrum sheewed o parent wom peak al 231 (M4EHY . supporting the moiecular Toemula.
U ey The U spestome (athane! s showed bands gt 2 (27008 nme (5995 210
ton (62 207 rm (ATO0 DSE e 85T 325 nen 0T, A8 e 008y and e TR
spocties gave carlwonyt assmpuon at 706 cot” The spectrl daty of compocnd (12}

Canl b seen m Tabies 2-8

7




Table-1. ' and *H NME Datof Compoud (16

VUL TIPLICITIES (). He)

d06.5 i1

1 hit (6.5 Hz)

Ly

m {everlapping with 211 5}

- m {averlapmng with 2113y

Tart '[ﬁ.h'. [1r3

i 1S

> 12 7 d (20 -
3 1459 '
1 (523
s I 686 CESIE

ilel (5.0 s 2410 Hed

T-OMe

0Me |




Table-2, HMOC Correlalions of Conipound (146}

g

H

|
—!
oo
LJ

14

*H

*H

lH

AH

FEC I N p——

I e

SH

LH

IH

%H

Table-X, HNEBC Cor el

nons of Compoomd 116}

Y PE

[ ]

i 1191

methine

L4123

CUulemury

T AT, 3RO

I

P IH-1, 3H-10

A

|t

| rmethyleme

S IR

D

h

cmnethylene

()3

methine

318, 319

i]ild [ ) B3| e

ety

SIS 319

M4

e



metliy]

methyl

CQiLalErnary

methine

quatermary

3, 3 OMe

H-6' H-2711-57. 2[1.]

Tahle-d4, COSY Corrglalions of Compound {16)

' H

TI'YPE

H

1117 5 ‘methine H-6' N
TG i micthine bl
167.0 T carhanyl [1-6', H-2" 7-OMc

T63

T3

mmicthie

TR

methine

H-&

f1.86

)

549

L

5.00

J.67

mcthing

6

meihine

methine

H-&

I 8.3 9. 2H S

methylene

AH 10, H 2

Table-3. *Cund '1TNMR Tt of Compoand (12}
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di6.7 1z}

fd

549

het (6.7 Hzl

TN T IR S (1 Hz)

it —_—




Lh

RN ]
~d
=

bl ow

£ TILG
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d (5.4 Hi
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70Me |3

187

3-0Me
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Table-6, FIMOC Corelations of Compouand (123
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Table-7. HMBC Correlartions of Compound (12}

B C TTVPE H

1162 ki methims ENIEETE
:_|"-:.__‘=" ! 3 []H.’IFI:-."I_.'I_F}-'” ) x";.lu[.-.-f, 3114, ZH-A
555 3 ity H-2 3H-5
18.2 5 el 11-2. 3H-4
224 T Tquateniary [0S

[12.0 B 2 ERRT 16 )
TRe 3 quatemare | 3 OMe, 135
TG 1 qualctnyy | 2L 6L B2 H S
1234 & | methine H-2" -
1669 7 carbotyl T-OMe, (16 11 2

Table-8, COSY Crreelabiong of Compoend $12)

e H TYPE H
(160 [ methylene FI-2 i
-F._-I‘J a methens L oME-1 o
7.al I2' -:. mmethime [1 6
6.80 5  pcthine -6
. 7.0% 0 methine H-m 1Y
I

Coampaomc s A 13 and (14 woy [resent on Iraction 200 chied el einyd et
amd perrlewn oler S0 DL Coenpoand {13) 08 Roown as ereeniellin, and owos
arev ity csoluted by Perey er o0 B3 o ihe similanicy of it speotral data s Lhe

connpounel (1AL L wis Cusy o recogei e wypical chamnncul shu s bk s peotor




and carbon NMR apectra The only didicience was e ovveemmion of the ecrany !
charn i €25, which 15 vec af the methylcoe, o compound (16} deoxyiomentelhn
Soine difforenees in the cheancal shills were abinerved due 1o the newly introdouesd
carbemyl sroup. The throe methyls, o 8 8B4 (a0 3FLE]L & 212 |50 FH-9), & 1775 [5, JH-
(0] srad oo of the teo double bond peatens & .07 [m, H-6] sppearcd slizhtly more
dwniicld than those n the 'H NMR spectrum of deosyiementellin (16). The other
lwir mucthiylene protons af the geranyd chiein were il § .71 [d J= 6 He, 2ZH-1] and at &
312 |s, ZH-4]. The spectrat data zre fven an Tables 92120 The mass spectum
suppeted the molecular Tormula, 1300 with a parent don peak (M3 a0 332 mys
anl g Tragment, arising o e eoanyl sooups o1 150 mdze The UV spesimim
Fethomnl e showved Bamds o 0 o0 200 o 120060, 240 nm (132680 o e LR

soectnnm showed o carbons D absopaan ar 1710 cm *

OMe _
-__. 11 ) .
; :
; 0 o J\y}\ )
E 2 + [+ %
(13

Talle-9, U Cand 'H NMER D, o Capound (13

= & S, MULTIPLICITIES (L
i I D
) (238 561} G0 117 10 17z)
3 357 | 5 U
2 S0 EXE E J
2 F98.0 | :
6 ke 007 l m
7 Lo
B EEE L . '

I 2LE Bl P4




145}

Jin i

e

LIl &

&

| 234

' ¢

[ 0H

| 6.86

17.03

-

7T-0Me |

IEE

a9

387

[ 3-0M¢

361}

290

Table-10, HMO Correlutions of Compmound {13)
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2L G 2413 B
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Tahle-L1, HYRC Corelations: of Compound (13)

3 g { TVPE | |
5% |2 mehme | 211 2H4 SH-I0 i
| A5 3 | CpualEnLEry IH-1, 2H-4, 3H-(}
50 |4 methylene | 3H-10, B-2 1
: 1950 |3 carbonyl Jd
1727 1w methine SLR.3119
156 [ quatcrnary | 3H-8. 311-0 o
i 8 methyl P 3H-9, H-6
20.8 I Yy methyl } JH-5, H-6
17.0 ' 1 methyl 2H-4, H-Z2 |
1 -i_f.'ﬂ"_:‘ T Tauaernary | H-3 |
LEED 7 metliene Ho o _
TN quatermary | 3-0OMe, H-5 11 T S
IR E Tquatenia, | B HOS HOA 2H) I
s | LUATCIN ATy H-& B
j1713 | w sone 112 -
oL |7 carbonyl ; T OMe, H-2' H-6
Table-12. TO5Y Comelahions of Compound (13)
i 80 H CTYPL H
TR Tmethvlene | 3H-10. H-2. 2H-4
T 2 nethine 2001, 3T 1)
3 {5 4 mistbrelen. AH-100EL-L 200 ]
.07 . et 3H-5. 310
I [.od IR Ml | i AH-Y, H-f
e . .rm:lh}'l ol |

TR RO




I35 10 | methyl 2H-4. 2H-1. H-2

7.A3 2' maethine Hf' S
(1860 B R RihG e —— . ]
763 |6 methine H-2. HS

Compound  (14r has been previously  discovered an the verworts ¥
fementeling and P el e speetral data were very similw to those of
compound {13). The cmpincal tormda of the two compounds. CaHz:05 were
deduced from their ' NMR specira. The mass spectrum ol (34), which mave u
sarent ion (M7 poak at 332 nuz, proved that the two compounds were somenc. The
omly difforence bhetwesn the two compounds wis the different sosition ol one of the
o dooble bonds, The 2.3 deable pord o tomientelhin (137 was now o 3.4 double
bond m setementellin (143 1n the '11 NMR speeinem of (14}, the two methylens
prodons [& 429 (ZHE0), 1 (6.6 Hzy 0 a 309 (2H-2) 1 {6.6 Hz). and the two mething
protons [& 6.14 (H-1), s 0 & 606 (H-6} brs] o the geranyl chain were cleacly

ohserved. The rest ol the spectral data are given i Tahles 12 14

{1
e

(14

Table-13, C and 'HNMR Data of Compound (14)

Be Bar MULTIPLICITIES (J. Hz)
1 67.9 420 L 1ibn6fa
2 [ase 00 (6.0 Hy) o

e




4 515

4 -]_1'6 6.£4 ’ ! ]\T"\

6 [25 4 A.03 brs

R I TL8s

5 T TG e

10 i 02 5

= e 703 JiE3 11

T [T | 7.64 84 g

TOMe |19 | 387

N OMe | 360 RS .

Tahle-14 FEROC Corcelltions of Compagnd (14)

{{j:.' . LN EI” I Ny

TTRT | B It Al
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0.6 Y 216 3H

Sy 1) T a0

]
P2
¥

1
iy
=ty




F’[ (B3

L

“ 123.6

&

1510 T-OMe | 387 3H T
” 50,0 'i":s'-omu 386 BT

Table-15, 11MBE Correlations of Compound (14)
8¢ ‘ ¢ [TYPE il

methylens

methylens

211 2

IH-1. 3H-10, H-4

quatcrnary

YH-1. 2H-2. 3110

I mcthine

2H12, 300-10

s carbonyl

Hedt, 11-6

migthine

-8 3109

CUEETTAT Y

A6, 311D

methy)

1A, B

methyl

methiyl

(224 ualCrTLary
£lae 2 rcthine

ETERIT
a2 1o
L

: “]-I.(']".

(uiteImanry

T1-57. 3 OMe

UAITATY

12106 15

Eoethine

-2

curbnyl

PO, H-67, H2




Table-16. C0OSY Corelanions of Compound (14)

—_——- - = -

TE M TVPE H
: b2 1 mtheslens 1212
w3 {1 3 | metbislene 7H-1

6.1+ |4 Tiline 3H-10

05 |6 methine AHR 319

751 x methine H6' T |
Tor | § methine H6 T
Fid 6 | methine [1 .1'.._IJ-5'

Compeunds (17 and TIRY wers presanl in egumeler anwums i fraction B0
wirose araly Bead plag showed o UV acizee spald contanmng 1w o comgound:..
Fucthicatioa of the teo compaends by prepacitsve THE Taled Jdue ta thane ¢ lose
ralanty Twa-ditnensonal NMR experiments carried out on e enswee crabled u
to intiprel the oeclabions of the two compounds. The proton NME spectram of the
rnxiane showed aemg signais, which are present in hoch struciues . Thees were the
Three aronialn prelons sebwcen dp 070 and dp: 7 T, the methoxy ard corhygmazthosy
sronps sl ay 300 und Sy 380 and the axveenated metliylene sanal. wlich was o Sy
.07 as atipiet. The other signais observed i the "NENMR SPLCILT wers six merhyl
srosps hetw e @ 1 2 and & 1900 lwe methylene groups st dy 220 0nmd &, 2080
and sin o netlyne protens, one ol which s oxveenated and seen at o 4 50 s o
rcnplet. The orher Dve helonged (o the dousle boods present w the spucties One
e was gl Sy S0 as adachlet (T= 54 V) umed thee ot Tosan e cre sy
vl peosed Petween Sop = A0 oy BT

| W Jt(' MAIR speccbiin: ol the mxigre sheov o) crent methel by pwe ol
whicl belenging coomehe o A a6l and carbomcthoss & 220 ahag bl

et fssnle, oo oess et S0 G S, and the othees corssliry ar arenmn, il




double bond corbons between region 3¢ 110 and & 153 were observed. Four
rettviese corhoees were apparent, lve of which sivoenaed 21 &- 63 b and & 658
and the others ar & 42.2 anmd & 478,

Althongh the purification by preparative TLE Tailed to mve clean products, the
"B ONMR spectra of e i baeds st wieve some information xhout the comprunds.
Wi were able v agsien the different meth vl yignals anel the methylense signafs of ¢uch
cempound, winch enabled us 1o turld the structures of the Lwa compounds with the
frobpr of thee Do demernsional spacira The HABC spectmim showedd 1 the
veyrenaled methylenes correlate with a misubstituied double bond next o them. The
rocthylenc signab at ay 274 [d, 1= 5.8 He) showed comrelanons with thres mething
carber, oarsnheinuded anddesehstietod double bondds The snctby] siopals Ol 6,
171 [s, 301-107 and ac & 1.20 [5. 31 8. and, 5 211-9] and the methylene signal ac 2,74
[cl J= 3.8 Hz. Z10-d] belong to one of the two unknowns, The methyl signals al by
PG correiated woith cach other, woidh o tertrary aayoenoted carbon amd soth o metling
carbon. belongine to i trany double bond (T= 156 [Tz) These resulr helped os
clucidate the siructure {170, a5 ome of the unknowns, A literuteee search showed 3
stovelar corerperomed v hose NAE dhnlz wore qunte sl oo tveie of conpuunmd (17
Uhe uther compound, (I8}, was casily deduced hecaese ol 1ls similar chemic shifs
for those of compoung (16}, The COSY spectyum of the mixture wis not very cleae
deg 1o the enverlag of the sops. Howesor Yse mecthylene potons (20035, 5, 2 T n
cormpound (17 mve s homsaallylic coupling 1o one of the oxyecowd methyvlenes al
Si-107 and inather coupline: 1o the methine sienals overlapped between 8, 5.49 und
O ® TR T ten mrctaene Sroeeiy ey Do i FE 3 aoed S SR bed = S50 H O
that helong tr compoand (18] also coupled in the COSY specirum ol the misture
The: eonpirical formuala, Cpebl0s, was the same Tor both compound (173 and (18, and
P s specteesn shomn d aopeak MDD a0 0 e

Fho speatral dows of compeands (37 and (18) can be seenin Tables (7222

s
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Tahle-17. “C ancd '1LNMR Data of Compound {17)

B T &, [ MULTIPLICTTIES of, Ha)
1’ 036 1.66 =67 Hae
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3 1400 ] '
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1 7-OMe
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A-OMe

3.9

Table-15. C ond "HNMR Data of Compound (183
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R et

P

1380
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weerlupped

dd 1= P34 10 8 3 Hy
dd (J= 134 Hz, 5.1 He)

m

brd (1= 8.5 Hy)

T

d (1= 3.0 Ha
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TOMe

NN

d{l=5.111)

3-0Ale

[47]

AES [ N AR RN P

514)

IERY

3.8%

¢ The carboms el sre manked with the sane choaactier 1o Tasle =17

cun b eachanvcable within the & column,
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Table- 19 BMOC Coprelanon: of Compounid 117
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1H
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TTIH
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LET
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. 1H

Table:20, HMOC Corrclngomns of Compoead (18)
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170 14

i
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CLLALCTRED
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rethylens

kLA

pmsr ple e N
US| gs6 T [ -
1234 6 7.6 1H

a2} T TR AH

56,0 ¥OMe | 390 3H

Table-21, HYVBC Camelatons of Compound (17}

5 g TYPE H

| [199 1 methine 31E R0 201 4 TH-

3L 10

1240 |5

methine
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S methinge

PAH-E 2R 2R 4

S i
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YuilCTTT Yy

3H-S 2H 0

micihiyl
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[ P
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T e

el TEEL

1120 2"

148 () e

mething

L LEATE AT

(RO i

1234 6
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Teeking

CTans:

warheny!

T I I  L

1.5 ¥-OMe

-2

200Me L 1
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Table-22. HMBC Comclations of Compound {15)

5 R Trvee T Th

122.5 2 methine | 3H-10, 2H-1

13%.0) 3 quatermacy | 311 10, 2H-4. ZH- 1

478 4 methylene aH-10

66.4 3 mmethine L4 ~
1273 'e " melhine 3H- 8, 3119 —
1354 7 UATCITIATY 3H-8, 3H- B

5.7 8 methyl 319

8.2 9 micitiv] 3H-§

1226 |17 quatermary | H-S
[12.2 2 | methine H-6'

112.0 S quatetnary | H-5%, 3-OMe
(1577 4+ fuatermary % I, 167, 52

123 4 6 mething H- o

167.0 T carbonyl T-UMe, H-2', H-6'
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Chapter-7

Scapania robusta




INTRODLUCTION

Scaprosicr robisia of the Tamily Scapaniaceac belongs to Jungermannoles. No
munaterpenes have been reporied in this hverwort. However sonic
trisnotsesyuiterpenoids and sesquitcrpenaids discovered m this iverwart! are:
ateimadendrene 133, f-cunonens {20 anastreplene (3), B Pozranene (), o amorphone
{5), 15 45-culomeneng (6), cupareoe [7), 2 hydroxyouparene (8). {- )-a-cuparene (9),
eni-ce-setineng (1), car-fi-selinenz (10, schina-111-dicng (12). e-humulene (13),
longitolene {14), and c-spirgvetivene (151

Svapone oaddoto s another leorwort belongine to the sanie Gmily, Tt has
Abready been shown t caneain sesquiterpenatds s labdane type {.lltL'.I'pl._‘Il.Gi.d“'.lz anl
1 highly evolved ymerms of chercal cmena wince its sesquitvrpenond feutures are
very complex®. Furopearn Seapatifa wndiddala comprises three choimenl races & an (+)-
ent-cpicubenol (168) Lype, a longitalene (14} 1vpe and a longiborneal {17) type™. Enr-
longtfulene (14), oue-longihorncol {17). ent-ce-Tongipinene (18). ~ni-[- longipinene
(1, and Jonzproanol (240) were carlice ropotted (rom Seapramia it together
wth epi-lonmovelene 121y Among these, lonmlolens (143 has alse besn detected m

SR Folhs e :
RESEILTS AND DISCUSSION

Ve plant matzriad $160 5 was collecied i Tuvwan, ziound and axnacted b
dicthyl sther oy sesoral days, The cninde exteact (18 y) was subjegied no flagh
chromatography wirth inreasing percenlage, of ethyl acctate and peroleurn cher.
The amalyrical plates of the Tractions shywed wmain spotl, which wis non uy active
and prosent ir oot f the fractions. Fusther purilication was carned out by
proparative TLC and the NME spectracal ihes gnarn componngd <howed that 11 wis coe
srsathuzlencl (11w hecly v o constiue of many b worts

The moleoui trmula, © sHal, wae readily apparent o the UC NMR
specirem whach shusved an cxemathvlene group fa F33.4 (C-70 6 1062 1C-15)]. a
ergiary aloohel [S SO TC- 1110 Giree metha s [ 200040- 1238 266 00-13) .6 164

(-1 oy masthnlenes 26 248 (C-37  a 38 8 (C-6) : 26.7 (C Y - a 41 7(C 10| und




(4} (3 (0}




HO

(19}




foue melhes (0054 24001 8334020 A 799 (C-21: 0 27 10T Flemee iy
4 g volic compoend Sonttining an exemethylene groam, a ety aleohol and o
cvelapropane. The poesence of the eyclopropane group 6 0.4G (1. 1=9.7 He, H-2], 6
(0710 o §H-4] and 1he esemethylene gioup, § 465 {brs, 1115108 408 fbre Hy-15)
was teadily oherved 1 the TENMR spectram. which atso reseated theee tertiary
niwthyl eroups 8 127 [s AH-E2], 8 .05 [~ 310 131 6 LAKS [». SH-t4], twa of which
are the ceminal methyl groups, Apart from these a mething group was observed at &
220 . 18] and cne ot the protons of O owas at § 2.4] [uhd, 1= 133 6.2 He U H-6].

the NMR dati are coven e Tuldes 101

Tahle-1. "C and "TINME Dot ol Compound (1}

[ o= 'J'S‘, e TIMULTIPLICITIES . U2) N
N ) | B .25 ;-U-.-c-:rlzlppuru__a with 3H-12 S
3 Tann 046 {97 112} -
3 03
1 275 070 ™ a
5 148 N9 (H,- 1 | Ouorlapping with 2H-13 ame 3EH- 14
£ 385 T2l (HA6) o dd (123 He 6.3 6
7 1334 '
N A 230 al B
} . 1 ._ T
Ml 41,7 | 36 If.H.;, 14]] m o
11 &0 R




i 1.27

L032

14 (6.3 i.03 E ) o

15 1062 165 (1-15) | brs B |
168 (He-1 5} birs

Table-2. HMOO Correlations of Compound (1)

ﬁ;- . {_- 1‘3“ Nﬂ -
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(.46

[
i
o
i

b
e
co
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G770

B

09911, 9

U241 (H,6)

2H

.20

o | &

176 (H,- 00

B

103

A65(H,-15)
4.68 (He- 133

Table-3. HMBC Correlatons of Compound (1)

TYPE

et

33-12

264 2 | mermine SH-13 LR T
2LE 3 i LELL';C}'.rii].I'}" $H-12, AH-14

melinine

30T 14, 30 13 2106

K




218 5 methylene 211 G

36.8 ) methylens IH-1%

1534 7 qualESTTY 2116, H-1 N
534 8 [ methine 2116, 2H-13

117 10 nethylene 3H-12

5.6 13 mcih}'l_ -2 H.4 B
! 106.2 15 cromethylene 24 f _ﬂ

Table-4, NOLEDRIFF Correlations of Compound {1}

[ IRRADIATION

TENHANCEMENT

11 15 H. 15 H.-9
H,-6 19.-6. 5o 15
B 13 '
i 2H-12 CH-2U 30113
ETE -2, 114
3H-13 Fl-1 i
H-2 T
H-4 F-2
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INTRODUCTION

The leaves ot the Composiae (Asreraceae Dumocy lamily are asually
altermate or oppesite toathed, lohed or various]y disseofed. extipulate’ The (lowers
are geacrhy saall aned cabled Dorets and the rons are small drs seed hke nats
catled achenes'. The Compositac 15 onc of the largest Limuhes of fowenny planty
compnsins aboul 250 penera with probably sotne 200000 species The wade
medic gl pse oF many compoesites inspiied the carly orsanic chomists o cxplore their
chemisiry moorder tasdentily the active constituents™. Many siubstances cluborated by
the farruly are 1nxic or show other sigmificant physiologieal uulix-'iL}-:.

Sesepnterpene lactones are the most charsctensie single group of chemicals
known in the Composilae® Thev age colourless, often bitrer-tusting, lipophtlic
cunsituents mainly found 1o leaf fissiLes . Sesquiterpene lactones ars hoown o have
feeding duierrent cltects on rabbits, deer and other brenvsing amemaly - Soene show
el ,u:[m!j-.-: The lactones are not only the feedims tosips e the case ol
vl Bl ey also caosg allergic contact dermatitis, Taor a lagione Tu pussess
dormunise acti ity coshoald contain a v-lactons groupiog wrh an osoyolic -
cncthivlens tupction This was deduced {rom several eaperments Ciurned aul an etar,
A cver ginhty sesopmerpene acones have boeen used® Thik PTULRTNG 16 ACAENT 1T
rraTacally all the vornron laslones.

Cnc o e tesl distinctive Teatures inthe biochenustry of the Compositas 15
the produytien o storaae polysaccharides based om fmactose msicad of pluease. These
unuswid ol sae handes are Knowen as fructans”™. The ibe fndede v Kncyw o have
PRO-200 wemers with sorme 2100 speaies seen gencrally in South Africa, Australi and
10 seume catent in Sauth Americs und the Medizernmeun™ The Drdeae inelude o
sclechon ol plants which have welul propertes, oo Slecampane, forda iwlenim, was
used Ton ncating chest diseases and 1s roots have been used as sw eotimeals

lennonly eeourting mane- and sesgiutarpenes have boar dentfied in
sizveral plants of the besdfeae, Pinena, limonene, carvophivlens hosve boen tounsd ny
Vedlvaen Sees aefeceoecdos Daoenenl aned carmphios in Elvne e Becteraefe e, aad G anone
sl cadinens wand foled i Sy desaathus fndic e S olher compoutids tha ae
torm] e b Betiae spocaes e sonnataed helos

Crne of the apesie s ot the Saleoe. Inida viseose. was cvamined s Bohlmonn

cod senore) v gz ey Toune beeo sesguiterpene lactomes 010 120 i aonew

e
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OO

(13} {EY

(171 1= k"= H. F= O

i16G)
0 fI8Y K=k _II, R"~{0H
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{22) R= OH

{23) R= OCOTs

{24) B_ OCOCHIMe)Et
{23) R— COCTLCHMe,
{26 R= COCHMu,

{291

"
0) 0
(3 (31) {32)
/.h__q_ e
[ | >'—-
| Q
o
| [
{33} {34} (32

(30




“{a
0

4y R=MeBu
(34 {41y R= Ang

42)

{hvai

{d3)




Muvangne (3). Another exammnation ol the above-mrounid pornons o feda viseose by
Azoulay ef al” cove 2111 R cudesimindien- 12 ope acid (43, helenin (5 and <antonin
{61, Twonew sesguicepene acids, visaig gl £7) and viseosic acid 180 hasg been
Lsoluted from the acrial pads of Fada vecesa by Ulubefen e al’. Rocently, Maoz e
i have fsolated g new sesyuiterpenc. tavunin (93 from the leaves of 11 ease while
Vafe s ot gl nave Tound e Tlavanmds, rhomaocitom {10V 7-0-
methyiumnadendr 111 sod 3-0 acervipudmatin (120, a sasquilepene Lacone,
muviscalide (13}, 4 sesqoiterpenc aod, ticie acd (14), and a digaluctosyl-
dineylylveerol, inugalocralipnd A {151, m the extragts of fanda viacose.

Frammutum ol oo Sl wpoeowes I fedevnea, 1 orovfeann, owddicioi and T
Ditror iy Bohlmann o el gave sotie aow sesquilerpens laglones; lhe
cudesmunolides, (16)-{21), the sermacranalides. (22)-(26) and 273-(29. the
oaizmelides (30 and (310 the pseudoeciianalicde, (323 the santhanolides, (333 and
{34} ard the Syclopropans andogre 4330 10 3 reeenl imeslizdion, some
anuirneycobactenal codesimanciides, (30, (A7) (38), have been Tound in one of these
spoecies, L fefesminan, by Cantreli et al .

Threr new germseranalides. ineupatolide (3% ancupatorohde A (HB and B
1410 buove oo selated srom the chlosafompcatiact of & cupramreidos by Banrah o
i wnd 1he acotylenic Taydroxy-letrali dropyran, meaputosiol (42) was Tound in the
nom polar part ol the crreact’

The werial pants o fide critincides. cxamined by Mahmoud o of'". afforded
donew carolene desivalive (3 and o cadeananolide . mosndbrmehds G440 A Laler
study on the samte plant by Merwally e o' pove i new wposyiymol isovalerate (45).

Ancthor specice Jawfa Dritamiog, was vestivated by Toer of 7 Lnid three
ness Lo tones, 0 aiddies e fosn kneeen sesguaterpene: nctonzs, hive been soluted.
These pee compounds sre inuchinenobide NV ide), B3 and C a8 Later. Shao oy
il solated twe now ditemene slycosides (49 and S fanda fitorrses e has hoen
twetd s o tradional medicine m Lasters Asia Tor the weeiment of digestive dismder
by s kins aed inflomimaanen '™, Ty ses U TRene ladtomes (313, (82 (530 (54, tha
shuswoel o lotus ety emond Tioan s el ines, waorg coladad by 1ok e ef ® frorm
LoGritrdoa. s recnt siacdy on the same plant by Pk e el revealed three new

acvhied tlhavonol 2ly: owdes. (33). (536 and {37}
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Avrard from the specoi s menioned above, many dthers have ala been
: : 14 : I L R —
snvostigatod: cog. o cappa T Laepddatas L eterolepinT L L dicd” L vendis

it L n.ruff.'.'.'r'r'-.u"'.
BRESTULLS AND DMSCLSSTOM

Thee poart cxtraet ol fuade Hengi was sonl toous Dy o collcaguc in Cameraon.
Mhe extrie L consisted Liegely ot wax and Tal swincl pgade o difticult tor oy 1o i o
deecent unalvicwd plale, Around 535.7 ¢ of the extract was taken and evaporated uniil
2t rhg vtz sodvend (recttomed wod dhchlivormcthane £ 11 hod Teen remnoved
Then some p-hexane was sdded 1o erder g get o clean exiracr. By shaking the Mask
vizerousle and decame the hesane exiract froms the rest we soccgsslully managed 1o
memoeve the was, Thos procedure was done several imes. The crude hesane exliac
obimned veor 13 gand T ool was subjected to Mash chromatograpny with inereasing
percenlages of clhyl acetute wirly petroleum ether. Lhe fiest bacoons ot the flash
chronstosrapiiy consisted of fats as expeoted, The crude “HNMR slasctry of the
uthier Tractivns showel that the compoungds prescnt m these triclons werg
sesquoterpene loctenes, Most of the fraclions were subjzcted o sepliadex column
tor puriticatron fultowed by preparative 1147

Four sesquitempene laciones, SB-unecloviosy-14-acervl- 1010k, 11 13-
segmacranen 12 60 onde (383 mclampohde (593 s-angciovioxs - F-Lydros v
Lol Tl 3-aermacratrien- 1 2,00 olide (603, and avattolm i61), were isoluted
Iy these tractions However 1hisis tha Yirst ine shat thow Tour <eaquitempaens
lactomes lase been isolated lrom the speaes, foofa Henoff and the Laoo compaunds
(A8 and (608 e ney

Cuntpound 138 was prosent m action S sinch woe cluled with 4080 cihiyl
a ctte andd petredewmm ether. The melocoiar formuta, CsaH-00, was rvdsly apparcnt
o the O NME specteun, v lich showeed Uees vyl stk s canpage |6 170040
PRb A 1a8 o 370 820 5 (-5 and omeg acsiv] methy] e & 2000 Thae are v
ekl w o, v af il s the @oameic fene carbos al & P20 00T T iangd
he: wlher at § a8 (C-1h bears the acelexy proup, and sis methine carbons, three of
weon B e Tong tocehe thoece o tee ebonriabe tomeda ab b FFE RO S FRT gl oL

G LA (0T twn are onvgeNatad at & TG I Grand & 6R 408 ang the other one

04




appenrs at 849 5 (C-7) Three ester cachonyls appear al d L7053 {OAc), § 166.6 (C-
'y and at S 169.6 {C-123 Inthe 'H NME spectrum there are well separated
exomethylene protons, o to 1he y-lactone group. at & 6,23 [d. J= 3.5 Fz, (H,-13)] and
al & 548 |d, 1= 3.2 Hz, (He-131). One of the trisubstsured double bond protons 15 at o
0.08 [y F= 8.7, 1.4 Heo | H-31. and belongs o the amgelale momety. The olther wo
durthle hond protons are at & 3.58 [, J= 701z, (0 T and at & 5,00 |brd, J= 10,0
T, €13 500 the latter was overlappme wiln 4 methine proton, H-6. that 1s aL o 5.06
[hri, J= HED, 9.0 He]. One of the oxveenated methine profons s gquite deshielded., a1 8
385 [dad, )= 1140 700 2.0 Uz, (-8}, Another methine proton i3 a1 6 2.96 [dy, J=
Ot 2.0 Hy, (H-7Y. The tey methylene pratons tnal are nexl 1o the acety] group
appeir gs doublets ar 3464 [d )= 12,5 e, 0], T4 and at 6 2.406 [d, = 125 Mz, [.-
14)]. Other methylene prowons are ohscrved ot 0 2230 |hedd, )= 14400 7.0 Hz, (H,- 9]
and at & 2,80 [ brded, J= 140, 25 e, (R0 The two vinyl methy] groups of the
angelate oncty arcacd 195 [ do, J= 720 1.5 MW, (1R and al & 1LE2 [gquintet, )=
1.3 Hy. (3H-3"). The ciber vinvt methyl 3H-15, 12 ohaerved at & 1885 as singlet. The
[R speciruny showed ofb-unsatarated +lactone absorption at 1700,

The stercochemistry of these lactones was reveaded by NOE DIFFLERENCL
experiments, carriscd aut en compouand (613 (see Table T3). The oy junction hetween
{7-6oand -7 is trans since thal the coupling conslanl betw een H-6 and H-7 is aronng
G0 Myl Ireediation ol H-6 eave MOE onév 1o 3H-15 which micons H-0 aod H-7 are nal
cras Floswever H-Yowmd H=-8 are cis o cach other (see Tible Tan Compouand (38) 15 0

now sesguiiopens luctone. The WRMER data cun b seenan Tubles 1-4

L]




Table 1.7 and "R NMR Duata of Campound (58)

AVULTIPLICITIES (), Hz)

0 l it ]
1 1310 .48 mizuHs ]
2 "‘I:_D 2_15-]9{] I, {U\"DJ'UP]}iﬂg "-’r"jllh 2[] -__1)}

e,
)

r-J
fart)

KR

. govetlapping with 22

tyrd ¢ LR T2

Lt 4 1000 Hee, 9.0 Ha

daotr e

g lra il
Jr12S He)

T IURY ' ey 19 O Ha. 2.0 Hoy
5 . 1 585 A0 (1 1.0 P2, 7.0 Hy, 20 He)
9 36 73] brdd (14.0 Hz, 7.0 Hzl
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Table 20700 Corelatons of commound 158)

B !_ C &n ) : No "
1300 |1 558 11
EEEE 2080700 21 I
ST 215190 21
1256 |5 A 1l
6.0 6 2010 1H
qu 5 4 U 1H
B, 8 R LI
36 9 251211 |2H
1202 (13 623 5.4% H
£.3 4 464, 40 *H )
J7.00 L5 s 3
N 6.0 1H
5.9 v 1.5 511
0w R Kl ’




Table 3-UMBC Cocrclanons of Compound (38)

L C TYPI [H

1310 |1 mothine. 2H-14. 2H-9

ey 2 meths lene | H-1, 2H-3

80 |3 | rvethviene H-3. 311-13
R 4 U ienars -6, 3H-13
256 |3 methine | 3H-15, 2113
LT 6 methioe H-8. H.7

s 7 methine : IH-13, 211 9103

o] 8 netlhne H-6.2319

s 9 mitrvlene J1& 151, 7H-14

1330 | 1B ' quaternary 21-9 2H-14

L4 G 11 [ quatermar 2H-13, H-7
1696 |12 curbor, | TH-i3
5.3 14 methylene - 101, 2HS
7.0 13 TN TR

1646 E 1K carbuny] 15, 3H-%

R | quuicrnany | AH-S. 3H-47

[z 3 rctline: 3H 57, 3H-

25 5 tneth vl t1-3°

170.3 | OAc 2H-14

carhony|

[ 3¢ H  [rvee  |[H B
311 5 ; ricthine TR

LS 0 methine it ]
"0 7 tcthine | 106213
Ve "3 i | 219




T332 P 9 mmh}flunﬁ HE

6.22% 545 13 methylene | H-7
G0N T methine AH-

1.9 4 ncthyl I]__’i’

Compound (39 was isolated f1om fraction 600 1 has the malesalar Jommuly
£ L0, dedured fromoahe C NMR specteum, Bre 'H NME pectnim revealed the
prosence ol cFoueeatmatod - lactone aroap, which s prevowsly observed i
compound 1583 Amons Jhe dising feutures of s ) NMR spectrom s uldehiyde
statipl <cen a9 TR T= |2 T, (0 140], whivk s contsed deshiacltone el
Cspeciilly o the nearbs atums fsce Tabie 33 The pamary aoctate Tuocuon of
compoand (58, wus not seen inthe ‘11 NMR spectren of conpwound (3 We sauld
il see the wnoelate modery at & 609 [ga. = 7.3, 0.5 He (H-39 and the three vims
methy s ald 191 {5, (3H-15)], 8 LY7 [da, J= 7.2, 1.5 Mz (3H-, & 182 [quuniet. )=
U3 0le C2E1 37 The NMR data ol (39 are listed in Tables 5-70 This compuaund was
previoasly iscliated by Behlmenn e al™ fram the acrial parts of Gracietiv iniernedia
but this is the Test nme that this compound his been isolaled [tom, fesda Kengii The
NMR daty are in aprcement with those given in literatizre ==

TO1I0

T ; .
UH‘“{;‘ 1
Il:'_:l
(5
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The cehar two compounds () and (61) were present in Iracuon 0. The
NME dala ol compound (60} are almost identical with those of compeound (38), The
onlv difference is the replacement of the seetony group, which 1 attached to C-14in
{58}, by o hvdroxy] group. The methylene protons ZH-14 are observed al bigher Neld,
S A |d J= 125 He (H-14D] and & 4010 (d, J= 12,3 He, (Hp- 14}, overlapping with
cich other (soo Tahles B-10% A sesquiterpene laclone with a tiglate moicty on C-8
has been isolated Trom Stevia medmarensiy by Homandes et of . Hawever thas 15 The
iest time that a lactone with an angelate moicty on C-8 has beeo found. The other
cormpoend, (61 s known as ovaulohn and has been solated previously by Gmeceo o1
al’’ fram Podantine eceatifoldioy and, 1n o later study, by Hoenelsen &1 af™ in
Podentis mitigei. 'The NMR datn are consistent with those ziven in literature ™
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Chapter-9

Marsupella aquatica




[INTROBUCTION

Ity Britan. the hiverson Marsupella aginenioa s very commaon on rocks 1w il
streams. T0difTers Do the species M. enerpineta 10 a nunmber of soall points. 1
sronys taller (3-8 ¢y, as il biackish geeen ratber than red brown in colour. and has
the lewves more channelled in form and [ess deeply hifid'. Marsupeifa species are
rich sourees of lorgipimans type sesquiterpenoids which e significant chemical
mirkers of the Muarsupal rene”,

The compourds solial previously trom the spovies ML ggnairca aglude.
eormomite-80 1 2 en-2F-0l Ty 9.1 1o d-piaccion vimatsunellone (2, 9 [T
tracetoxymarsupellene 13 and 9 B-diacoioy v o thone A, (e 10w
aceloxvlongipin-2( 10}-un-3-one (55, lemnalol” 6 rnaraupullmm“' (7}, and
accioxymarsupellone (8). The related species M omarginara containg the e
lonaipinane, S-accios vounsape kol {uy'. cremoptinla-9 . Ll -dien-Sor ol (11 and the

. 1
three pyennominangs {L1-0 14

RESULTS AND THSCLSS TN

Plaat materiad 12540 g1 collecied on the Cobbler w as ground and extracted with
dicthy] sther. Total crwde extrac?, 232 ¢owes subjected W lash chromuatography with
mareasing pereentages oF othyl acclate and petrolees cther Further puritication was
done by gel chromatazzaphy and prepurative TLC

Compounds (73 and (87 were mesent o e ragtion cloted with 3007% dizrbl
cther me light pereodenmn, They were ohtaresd sl Tollosang poaridication s
reparative TLCL cluent 107 athyl acetate in petrolewm ciher.

The molerelar fenmula of compouad (7), CsH -0, was readily apparent from
s O NMR spectrum (Table: T which showed o carbonyl signal o ¢ 2010, four
methylenos (S 346 0 & F100 0 8 394 0 & 2130 ar cxomathylene carbon at 8
FES.S, three methings 78, 18 25 80 3609 0 & 3720 theee mcthvls (8- 277 0 8- 275
G025 0 and oo guaternars carlens @t e 25000 32 v amlar a 1T30E, whish g the

guaternaey carhoi of 1he csorncthylene eroopr s FDONMER spectrem (Taile- 1

111
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() (21 R = oA
(AR =[-0hAc
(4 k- f

AcO™ ™

{3) {6}

{7} R=CH,
(8) R CH.0OAc

OH

(91 R= CHLOAe
(10} R=CH,

(12} R =CH.OH
(11} (13) R =01
(I R = CHO




clearly showed the exumethylene protons at oy 5.87{d. J= 2.0 1z} and a0 b, A.91{d, J=
20 He) and the thres methy groups ar 3 075, dg (.89 and ot ay; 0.90 ag ~inglels, the
lalter two wers vy ¢lose o cach other i the 11 NME speclrum ginang alminst one
e singlet, Apan fiom the averlapping sienals, the red of the 'H NMR spuaimum wis
guity clear and the sionals were casily assigned. The thiee methime pratons appeared
at 8 280, T= 6.8 B 8 2.270m) and at &y 133650, The methyleng protons nest to
the carbony] wers »een at 8y 268 fdd, J= 190 He aod 30 Hadand at &, 247 (dd, k=
190y He and 34 =)0 white the othgr methylene rroup appeared o by 143 as
multiplet.

The mulecolur Tormula, OsH: O indicates Dve deuble bond eguivalents and
henee the moleeule 1z tocyclie, However the elucidabion of the striecture was difficult
due 1o wverlappine of abe sgoals w o the 3 NME spearun in dewtenochlorelmm.
Ifowover in deateriobenzenc solution {Table-2), three well resolved tertiury methyl
aTen W seen at dy 000 (3H-9} 1 & 0.77 (3H-14) : o, 071 (3H-13). Changes in
cheteal shins were also ohserved  tor some of the ather aesonances:  the
exomethylene protuns [&; 6100, T= 20 HBzy 0 &y 370000 0= 2.0 1T)], the methylene
adjacent to the carbonyl group [&; 253 H. -4, dd, oveclapped with H 1) ; Su 2 AHH.-
4. a4, 1= 18.8 Hz, 3.2 Hz)] and the methine protons [w 235 (H-1, d, J= 0.3 Hz) - &y
(500 S, my e 3 I8 A7 831 All the protons ave shielled in deucriubenzizng
1clanae 1o deuteriochiomlorm excem one of the exomethylene pralons thal 1w seen at
argand dy 610 as douablet. From ns QOSY contelaions din CaD) (Table-20, we wers
able toozet sotne frageents wlated w the stiucture. The most stithing Teatae in the
COSY spectrum was the *) i T= 6.5 Vg conelation ebaoried bebween H-1oand LS
vy the HMBD cpectrom (labhle 4 o the compoand in deutenebensene
provided more infornation anowt the swocture. The correlations of the three leriary
methyvls, espocially. made she elucidation of the stuctioe casier. In the HMBC
speectionn, the heohost eeld rocthyl conrelates with © L gy 700,05 (8 27 3 and O
aoiog 41100 Thus these three carbons must be three donds way Trom the methyl
praten. The other twe tertiary methyls (90 OF7 130010 2 8 071 (311131 comelale
witl O 1200 3960 and C 7 (6 3420 which wre also theee bonds away Treom the 1wo
wethie s The mcthone anedet TET tony L ESD comscines stk thn cxomieiivelom
cudieraary vachon, Thas must he 3 oance He s aheady oceupyine the allylic

prsitear. The NOLE caperoments (Table-31 provided tanher ¢videnoe about the




strugcire of compound {7y [rradiation of the methyl ar highest Bield cuve NOLs al
ane ol the methelene prolors [dy 2.530H-43 adjovent to the covbonyl ond at two ol
the methylene protons [&; 135 (ZH-8)|. [rradianon of the methyl at &, G 7 resubied
e NOFs w H-7 48 150 Hes (A 1RO and b dva metholene protoss 2R L2 (g
1.231, while the lird methy | ac g .77 vesulied in SOEs af rwr methine prolons, H-7
sl H-10 and al vwo methvlene protons (& 1,230 The mass spectram <howed o
rarenl wm peok ol 218 mig which supported the structure (7). I is o0 compounl.
cnown as marsupellone that was isolited by Mitsuo er of - from the liverwort

Merrtupella gt in 19740

(7)

Table-1, oo TH NMR Specint ot Compound (73 0 CEnCl-

B e - TMULTIPLICITIES 0. 6 |
1 469 Ty MHu=68m0 Bl
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R dd th= 190 Ele. 3.0 He
5 3w fol o N
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7w T 5 “ N
K e e v‘cc.['lu]}ping.w’tlh RN =i
g 23] (175 : |
|10 | nas 1357 T Jiczoln 1
B 1.91 dil= E.HIE_Ix'] |

1S =




Tian

|

Tahle-2.

ﬂvfrh.w.\p!ng“;;ﬁh IH-B
12594 143 mo o
FEEES T )
14 |73 0.90) <
15 | a7 3 .59 \ T

YUand HNME Spectra ol Compoond {7y CLD,

"MULTIPLICITIES (). [1z) |

470

ol iJ: 0.8 Hy)

T

1310

(EhR

A4

2 A3 (H)

230 H,

dd toverlapping with H- 1 ;

dd{I= 158 N 3.2 H

.50

[H

7 54 | {5 i _
8 Fii7 1.33 s 7

CO60

G0

d{J=201l

Ci)2 0T

40

1n1

14,38

it

TO7]

ild




Table-3. COSY Corclations of Compound (7} in T,

& K IYPE KL i
ll:’vﬁ Tl methine H-3 ]
~33, 020 ( -4 | metleyleac H-s
180 I\ Hs | methine JZH--d.li-l -
6.10 "H.-10 | methylene | H-10
P \.‘_HJ,-]H methylene _; H,-10 —"

Tabbe-d $IMBO Corelation. of Compound (1) i aly

5. 1C | TYPE H ﬂ
17 ﬁ 1 met'ne TH-HE H-5, 5018
131 4 LZ gralernacy TTH -0 B HT N

[ 1988 3 [ caghonyl AH-10. 11, 2HA £ S

YT l 4 | mt‘.1.‘-'|_‘_.-'I|.:n'.' H7 ]
72 \ 5 loetheme 3O 084 2B YT
e |. B l []u;ﬂzfn‘:r'n;::'}- J.l:?._ NI

'TL;'_f | 7 " rnethine NN TR R T

R Ji moylene  + 3H-Y, JH-1TD 2H-1

T3 ”J:l];_‘-‘_h‘_-.']ﬂﬂi, T .

!?[.fr%l.l ' 1.11;.;‘1213,-'I:m:: [ ZH-8. AL ]
A6 |12 | meiylens . 3H-13, 3H-(3 H-;

(300 13 [ quaernary AH-14. YH-15. 200 12 H 7. H-5

! 1;?.8_74)\71101!1}:[ | AH-13 H-7. 204-17 ]
a E Il cthyl TN T

L=




Table-5. NOLDIFF Correlationg of Compound (73 i Calg

IRRADIATIONS | ENHANCEMENTS

Hl 1110, H-3 Hy-4

= T

Hy L .

iz 'L 4 3H4 3H 1S

Y 11-42H-§

110 TATT

Hy-10 I, 10,111

AH-11 TETRENTN

3H-15 B RV TR &

The other compound (8) obtained Trom the swme Taction, 30% cther in light
petraleunt, 15 Known as :I.Ct'.flfl‘i‘_'r'[]'lﬁi}';uptf|U:I'If:3|r:. ln NMR data i quote similar 1o
those of compound (7). The dilferences o has inoe TFENMR speciium s lable-G0 s
the woctate methyl which wus chserved at &y 200 1he methyicre protens al Sy 375
(2H-9. d. J= 118 Hz) atached to the acctoxy group and some more vverlup amony
the methvlene protons.  Its “C NMR spectrum also showed the aceloxy oroup
OCOCHD of 8 1700 and o &0 2008 The wmethvlens carbon thal s nexi o the
HCCTONY 21U wvas soen a1 d 07 8 Ty mgss speciram also supenerted Uhe maoleoular
siructure. U Il Os by showing o parent ion peak M7 a4l 276 miv. The NMR daia

e : : ; ] ol q
{Fahle O ureidentica? with 1hose given in literature'™.

R AL

EX




Table-6, ¥ U and 'H NMR Spectra of Compound (8} in CDCH,

5o 5w | MULTIPLICITIES (1.0z) |
( B 204 [dieEHy, o l
7 Fr =
T g
4 BRI S JAULG N He . 30117
| 2,55 | ddi19.0 Hr . 3.4 Ha
5 355 244 m o T
G 410 T ) —
7 ) 14D i -
e — - N
1.61 aeClapphie wrth 1t 1]

v 618 375 d L8 Hey |
0 e 00 YT T
a3 di L4 He)

1 20y 20 <1‘-'E.I:Ia[1[r|n_!:', with the acetaty |

L&Y m
12 29 | 1.46 M ]
73 330 l
14 27 3 10,92 13 ]
JPT S E 0.93 - =
ECCYTE ) T

ot e =0 e

The other e compounds that we hove tound am s Tverwort Rive been

Arvioualy oeldted by Naeashoma e G5

Thesr twe omeric lonmmanme ype
sratiicrpeeds e called v B T3 ctoney m;!rh‘upl'||u.}1'll:: (21 amd LR

tracctoxy mrsunellone (33 Thor NME data weere simailae Lo thase of marsapellone




(73 and acetoxymarupellone (B} with respect o the signals of exomethvlens protan-,
thres wmelane profons an the Towy membe:ed nne and the msthylone protens ool 1o
the carbonyl. The difference hes in the prosence of three aeetate sigmols, one feniary
methy, and twe oxvecnated methvlene signags thal bath camers fave. The TH MME
spect:wm of (27 showed acelate 9oals at & 200, 204 202 une @iy incthyl a1 Oy
100 two oxveenared methylenes al 8 3.77 280 as singlers, and un oxveenated
mething an 5,27 0 aomuitipler I is carbon MR speaten the carlony carbon {4, -
FX20% the throe uoctone carbory 1. (G 17091708 [70.20 the crometheleng carbons
(B 147 5 1184) two oxyeemwed methylenes {8 67.2. 7190 and an oxveenuicd
mething cathon (o GF o were olearly ohuerved. The reat ol the NATR duta fov btk
isomers wan be scen between (Table-7) and (Table-10). To understund  the
sterepchomistry of lhe two jsnmers. NOBEDIEF expenments woerg curricd ot
Trrachapor: ol the ey metbel e conpognd (2 2ine NOEE @ the ouyrenaied
methioe TH-L13 and the metiine pext 1o the cxomethylens group (H-1n Thus, these
protns must be on the same side af the molecele, which 15 . However tmadiation of
i sems micthyl inihe other compound £ zave NOE ooy o1 10 whiel shows 1hat
the: axyoenated methime muest be o Ther mass specir of both compounds showed a
parent ign peak (M| a1 392 mdw and io the IR spectrd the acotoxy] groups (1725 aod

, L 5 ; - L .
L2300 m 75 aned w herons crour (1700 in e abserved.

u A
o i 3
R, - =~’_/ ;
| 11 }\e-ﬁ
A / ;.
A —I-'l." X

{2V & = ¢ -MAL
(BHIR=F OAc
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Tabie-7 G and "1 VMR Siectra of Corpoud (2

(5 S¢ I MULFIPLICITIES (J, Hy |
B EER: T ()= 7.0 11 | “

[ 1%
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L1478

oY D

277 (H,-1}

an H-)

dd (1= 19.7 Hz, 3.0 H7}
el 1= 102 He 30 He

UI!

e

n

L

L

40,7

180 {Hw

320(H,)

B

did {J=11 0 Has, 20 H7)

F

377

[ ddd (9= 13611, 1.8 He, 2.0 Hz)}

115.4

500 (H,)
210 (Hy)

d =10

d{I=1.0H

R

H1

—_

i

I

85 (H,]

ot il

d (1= [3.0 Hz]

d (= 13.011:)

o

LA

14 719 130 s
15 I 4 | 7

20
T
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Table8, NOERH | Corelations of Compaand £2)

IRRADI

ATIONS

-1

H, -
H-7

ENHANCEMENTS |

H-11 300 65 k.-

-1 1L E-l H-3

1k




H. 3 TRTI T
2114 H-1, 44 H,-8
Hep | H-1.3H-15
H,-17 Ha-12. 11 5

TH-Y Y N L s Ea T I R
PG H-TE H-1, 2H-14

Table-9, " and 11 NME Spectiz of Compound (31

!! 5¢ S TMUTTIPLICITTES (], Ha)
I ST 240 A (1= 6.5 H7)
Ez 1478 !
3 T =
1 436 2 70 (H,) dd (J= 9.2 Hz, 3.0 Az}
2521y ded = v 2 He 31 H
3 _ 6 260 B N
? I-l" i B
7 217 161 .
& 302 RCER(T ddd (1= 146 He, 15 Hr, 20 HA
.76 Lo5 1H,y,) overlappins with 11,-12
[9 66 7 380 (H,; (0= 1240 H)
STAIH O UJ= T2 0]
1 117.6 SOT L) di=1o0tly
. >k iHG Jil= 10 He)
1 OBA e I T
12 du s [T d T
7= 164 veverlapping with H,-8
13T [ N T T
14 L 6 fr 106 (H, dil= 102 )
395 (10 d =112 He)
_5 | RERT | 1 46 il
N I

| 24



| OAc 213 S 87 K i
2% B 3
YT 2 A
1508 _
1700 i ;

Table- L. NOLDLEFE Comelations ol Compouml £5)

TRRADIATIONS | ENHANCEMENTS

1) H.- 10, H-7 ]
H-s THATL, 7

e H.-4 H,-§

B-11 “Tus T :'
H, 14 T Heo 3 HALL BT

Tapas™ 0 7 7TH LR 1

Another known compound that we luve solated from this Dverwaort 1s called
naarsupelion {10), which was isolated by Maisuo o of' Nrom Marsupetfe enarginaia.
The carbony] group thit wos presentin marsapellons o aew eplaced with o
sevondary by drosy] croup o mansapellol (103 which was 2oon at dy 3000 as doediber
of duoublers m s THNMER specuung. Beeause of 1he vowly mivodoced hydeoas
srowp, some cheineal sl changes were vhserved Lo the protons compared
rrrsipellome. Fhe sizoals of the cxomethylons protons, s hich were quite separated
e arsupellone, were now closer, appearing g 8y 4.96 and 180 as broad sinelers.
The three tertiaey meeths s wore observed at &y; (08U, D0 0000 as singlets. The
methylene protons teil b the seoondary hvdros vl s ol dy 20330ddd, J= 144 13,
SO 23 Hepand 8 L3I, T= 045 Nz, 5.9 Eey. The ~izaals ol three meching
prens i che T membercd nee wers also cies v seen Inns U0 NMR s

this sicomdacy bycdes v was present ac & 67,5 and 1he oxemoethvlene carbons were




scen ut O 1386 and 109.8. The rest of the 'H and "C NMR shifts and multiplicities

can e geen m Table-L10 Finally, g parentwon peak [M7] 1 220 mi2 wus observed m

1t ™MIEs spectrunm.

i 14t

Table-11. "'C and "H NMR Spectra of Cornpouna (10)

T

|| | e by TMULTIPTLICITIES 1
17 3004} 258 di1=57 1) A
2 586
3 7.5 146 Dad (0= 8.1 He, 1.0 1)2) all
4 i3 ERTER) bl o= 1A Hr B2 Ry, 705 ey
| 182 (11 Cdd (= 153 3.9 1)
E u T - i
(S N W I
7 595 | 1.76 5
T o T NERGEEE m ) - T
: i . ; S O e S S R
v 210 T 5
[ 10 G 406 b ]
| 8 g
e © okl e mo T T
1z TR EENET m e
s ' s ]
14 i:sz T T lase T Ny T T T T
”_.15 .!' L ().9) ; _il




Table-12, HMBC Crorrelations of Compound {144

TH

e ¢ TVPE
(50,0 1 mething | 2510, 2009, FI7
155 6 1 QAT | -7
675 3 —T | 3H-t0 T
9.0 A | methine H-1 M7 310 T
sl 6 r.|L.:;-|[.|;‘|':‘.J1'}- H-7.3H 4 n
= 7 mithing 3H-14. 3H-15. H -1
AT T merhylenc [311-, 2512
K 12 mcl:hy!-:nﬁ [ AL L GRS
ER { 13 Gualetmiry

3H-14, 3H-15. 117
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Chapter-10

Herbertus dicramus
&

Herbertus stramineus




INTRODUCTION

Among liverwents, the Herbertaceae is considered o form an ancient family in
the Jungermanniales, bised on their morpholomy and distiibution’, Liverworts from
the genus fHerberins contain herbamane type sesquilerpenands thal can e considered
as chemical markers of the aenus™ .

Amony e relaed spevios known in ihe venuy Horbertes. Matzun o al” have
cramined the lrverw ot Herberns adwens ind isofned o sosquiterpene which they
cabled (--herbertene (B Lhon, Asakawa e al’ cyammed M, aduscus, . sakara and
1 snbdeniares collevied n Canada, Cotoming and Lapan. These three species were
chermically quite similar o cach other. They all svathesised (-j-ce-herbertenol (2).
{-)-53 herberenol (3 and berbenene {1‘1. I addnrew. and £ subdesnitors also
svithesized ()-harbotencdiol (.4} which was named ai 2 3-dihvdroxyeaparene at the
e by Asakawa ef @, and they have enncluded that herbertane - and Luparane-(ype
sesquilerpeneids are churudleniaie comstituents of Jerbernes cpecies”, However there
i% no substantiated . pabdi-hsd evidence for the occumence of dny cuparenes in
Herbernes specios’,

Later Matsuo of wf exumined Herbertus adunes ol they huve 1solated (--ci-
herbertenal €23, (-)-[3-herbertenaol (3). and a new sesuierpene phenol [ )-a-
{ormylherbertenal 13, Avein, from the same Bverwon, Herperms adiencus, (-
rorhorienediod (40 anad o now arematic sesquicrpenaid, (--herbertenolide (61, have
Feen psoluted by Marsue ar wl’

Investigating of Scuttish £, wduncis by Buchoron er @l fed o the isoluton of
Twin aew herbertane sosauiterpenoids, { ) 1.2-dibvdrooanerberten 1220l (7) and methy)
L. 2-dikydroxylerberten-12 vate (8) along with previously knowo {-)-herbertene (13, (-
ee-herbertenal (23, (-1-f-herbertenal (3) and (-)-kerbomenediol (3

Asakawa o of remorted seven new korhanlanz-tvpe sesauiterpenonls Trom the
averworl Hoafgenies sa i These were 113 dilisdioos e mene 199 18 1-
dibvidzosyherboriene (10 1 1 - bydros vherbe e (110 1 2-methos vherboriene- 103
dicsl (123 herbercociactal 113 herberenone A (I horkerenone B OISy Flerbermin
sakvran was nrther iacestizated by Hashimolo o " and thres nesw bisibibonzyls),
212 dicoloisoplagrochin D16, [277-dichloroisoplagiochim B (173 and 12,107

dichioroizoplagiocihin O (18 were remontoed.
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KESULTS AND DISCUSSION

The plants Herhern decraries and eebertns soramineins . collectad o
Scotland, have heen gxamined for die first ome hy us. The plant materals were dned.
wrpund and extracted with digthyl ether, The woeal crude extract of 26 srramitsts was
24w (from B35 g plont matenald and 2.2 g crude exiract (from 117 g plint matenal)
vy ohtned from 24 e rearres. Both oxdeacts wene sebqecicd 10 Dash
chromatoeraphy and preparative TLC for purification. Two main consotuents, (-)-0-
borbencrol 23 and - hevbertensd (31 woere prosentan beth cstaws. A new
herhertane-tvpe seaguiterpens (19 wus solated from I arraniens (zee below).

D he structures of beth r- and [3- herbenenewls wore deterrmned oy comparison
of their NMR duta with those in the lierature™ . The NMR data of ¢ and ¥
heerberienooks fowed in both plimts are given Delovwe . Becanse of i buck of motenal, 3
NMR spectra coutd not be oblained for some compounds. However the nas- spectra
of abl the samples suppored the malecubar foamula of G- und [3- horhertenends.

C3Hz0, by shosing pareny jon peaks af 218 vz,

w Y
0 o “\I/

Cp-te-herhertenol isolied tram B e rgies -

i TAMAH- G ol Tl T ey B A A IR0 He O H2Y G SG (-0 g J=3 00
P J03 00T a8 2 25 3120 w0 1A GEH-13 5 LS (311-14, 530 0,73 4 3H-

PR e ZA% et P70 g CFRCCN S e ek amed BRI 200 # ),




Seo 15U {013 1167 (C-20: 127.2 (0-31, 128.9 (04 130.0 (C-5): 133.0 (C-6;
SO (0 70 203 (C-83; 394 {091 41,2 (C-100; 44.7 (C-1132 2009 (C- 12): 22.9
(C-13): 255 (C- 14 270 (0155,

i-1-fi-herherienal isolated from ff, dicranis

dir: FOT{UH-5 50 704 (-1 dd J=8.4 e 23 Bl 607 (11 2,0, J=8.3 1z, 4.53
PO, b 223 3082, 8% 055 [5EI-1 30 s 4 .22 (3T 14, 500 1.03 (AH-15, ).

(-d-tr-horberenod salatod from B siramineny

e T RS, s 080 0 T1-30 dd, J=8.0 Fle, 20002 6,56 (10 2. d, J=8.0 Hid: 464
{OH, 5): 220 (3H-12, 53 1.40 (3H-13.5); LS (3H-T4, 53 0.75 (3H-13, ).

{-)-B-herbertenal wsolated from M. sermminens

Oy FOT(H-5 5% 704 (H-1,dd. J=8.3 Hz, 2.4 Hz): 6.67 (H-2. d JI=8 3 Hz) 452
(OH, 21 224 (3H-12,s): 0.35 (3H 13, 8): 1.22 (3H-14, ), 1.03 {3fi-15, )

1 o
R

= |
1? : -l :
R“jfx\"r-‘f T""-\-\.\_H_\_:
: ¢
R \\\\M\_\_\/‘ | 141 2

|
OH
(14}

Thi now sesquiterpene (19 bad wsinnlar H NMER spectrum 1o those of ¢- and
i herbertenods, The main ditference comearnad the progon =fenals of 1he henzone
e The signels of the e hanzene mroms wore ow scen s broed sinelets, at Sy
GFA 007 and al 647w lich showed that the hyvdmoxy! must bettached 1o C=2 on the
g, i o 135 anisubsotuted beoeene v, The rest of the specitum showed the

Lour mmethyvls, une ol s hich s attached oorhe bonzgane ming ol ay 22680 127, 106 and




A 038, The hvdioxyvl prodon appeared al 455 o broad singlel Due 1 the Lick, ol
guantity of the sample, 10 was not possihle to obtain o C NMR spectrum of the
compoind {19). However, 108 muass spectrum ~howed g parenton peak, [M7], ar 218
rfy

rosdppuitng the moelecwiar toemula, O 0000 Tog Lus new comipounl numed e -

ldroxvherberene (193
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Chapter-11

Porella platyphylla




ENTRODUCTION

Forella platvpdocila s a robust plant which grows o fairly compact. tat, dark,
or fmaore rarely) yellowish geeen |:u1tchl:ul. [t i mainly a plat of chalk and limestone
dhistnets, where it will grow on rock, tree roots and soil. 1L demands some shade and i
sametines the chiel hepatic on the ground in hecch woods on chalk'. One of the
carliest investigalions on Porefla plarvphviia was done by Nilsson™, who found
sovitexin. saponarin and another flovone in this hverwaort.

The Porella species of hiverworts produce vanous ac.‘;quilcr[_‘rcncr;‘:. Asukawa
and his collezgues have reported the isolation and structares of severai drimane-,
pinguisans-. and aromadendranc-type sesquiternenes from £, vernicose complex, The
pungeney of these spacics is due 1o @ sesquiterpene dialdehvde, polygodiat (197
Luter in [979, the chernical eonstiuents of M planphello were examined by Asubawa
er al” and they found three new OSULSAnC-Lype SCSQUIterpenes, pingulsanin,
pineuisanalide (2} and [-pinguiserediol (3}, They repocted the cther linkage in
pergruisanem [ be between C-3 and C-7 position. However o 1987 Asakaws and his
co-workers” solated pinguisanin from Botish and French samples of 2. plazephulia
artdd re examined 165 strocture by NMR including NQLE difference experitnents. which
privved the stricture of pinguisanio to be (1) with the ether linkage ai C-2 and C.7.
Pingutsaneiide was turther invest gated by Connolly'™, who proved its structure 1o he
(2}

Arothor Poreli spocics, P perroniotiang, was investigated by Asukaws o al’.
Thew found twa duerpens dialdehvdes, perrottztianal A ), perrottetianul B (5) and &
Libdane-tyvpe diot (6). Perrottetional A and 18 inhibit the germination of rice in the
lusk al ea 300 ppm°. I later work. Asakawa and Camphell’ " jsolated perralletiznd
A Trom s relaed Porclia species. P eleownndo, collected in New Zeasand. The
structure of potottetianal B (5 was estabiished by Nagashima ez af'™ by the detailed
znatysis of its 20 NMR spectra.

Frrelfa specivs we considercd 1o be e different tvpes, one containing a
sharn punoent substance, pelygodial, wid voe containing no putgent sibstinee
Asikivg s and nis colleugues vianined non-pungent Poreffo specics and found 2
cycloproparond. coespitenoms {9, whose relanve stercochemsiry was established by

L o I||:| o 2 e . -
Vot e wd . and the previously ko n sesoguiterpenoics, (1-arstolong {73, 0-)-e-

| 3}
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CHO
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cudesmol (8), with retared sesquiterpens hydrocarbuns and aleohols enunuomerc 1o
: R G
thase found in higher plants”
Anather el species called Porella faponica has been investicated by
i e ; wi 5 e S :
AsaRawites al and taa vuaianc-type sesquierpenaid Jilactones, poreHadwobide (10),
Jabri-epoyporelladiihde (11) and o germacranolicde, 3-hydros yeustunalide (12)
and et related sesquiterpenc lactongs. Previous exammation of this liverwot by
a : R N : ; : i
Aosabown er of 7 save taoo pineisanes (130 and (1) and o sacculatunc-vpe
Jditeipenand dial (1871 weather with vaoons niomeo- amd scsuiterpene hvdrocarbons,
A recent study of the hverwort £ pfarepdneila was cartied out by Buchanan of
I ' L : ;
al’ who found 4 cow pinguisane (160 aned a new saceulatune (17) along with the
ke s comnpoamds pinzwssnin (T [-poneasenediol (3 porellapingocanohide {18)
and penrdlelianal B S P olatvebo o produges aowade ranve ol lerpenond

. - . - A [
metubelites meluding mone-. sesgui-, di-.and titerpenasl;

RESLUITS AND DISCUSSION

The plant materisd (33 ) was collected i Rowardennan, Loch Lormond. 0
wis roend and cxtracied with dicthyl sther. The crude rxract (400 ma) was
aithjerlod 1o flash chremategraphy folla ed by preparanve TLC, The miajor
consttucnl. pinguesann (L), present o Fractions eluted sarh 30 % ethyl acetate tn fight
petroteun was obtinad as un oil. followiny purilication hy prepurative TLEC (eluent
237 ethy! aoctate in potolcens ctherdy The maleculor fermmula, C) a0 00 sy reaclily
aprrancm Ioe the DNME apectrom CTable- L which showed two e methyd
avitals 0 353 080 1290, pwo seeendary meethiyls (60 200 O TS ane mcthylens
(B 4590 21x mothines, e of which ovyveenated (8- 7Y 12 8¢ 7600, two gualernary
carbiony (8- 310 S 4033 and two double honds, one ol wihich is e subaotuied.
Fromy ils TENBAR spectron the donbie bond pratorns s earty obomed st d 6,75
PRI ool 2t &y 7.3 0 CH-T L3 wehese ol revealed e masaence of o] -distibstitated
furan i o the strcture. Two oxyeenated methines [ & 037 (H-Tos) 08 395 (117,
b oo secondars raetaines Sy 205 03 | brg =70 11000 8 D55 (111, g 1=7.3
Pl ehe mrtbrsfone siertomns ooy D6ddoi -5 el S b3 Ry 200 DTy oy 1 W EH
de P= T ELe, 3.0 He s and the for mothyls, two of wlieh e scoondars were

clearby observad i e ' NME spectrum, il TR spectrum, strona deable bond




ring strctehes w1470 and 1384 em™ were abserved lar the furan ring, However no
hvdroxyl bands were observed, indicating the two oxygenaled methines are connected
by un cther inkage. Further proof of the structure wias also abtmned from 212 NME
caperiments, s IMBC spoectiom (Tuble-7 shovwed correlations between H-7 and the
substiited double hond carbons of the furan ring. C-3 and C-6. However no
correlator was observed between these two carbons and H-2. the other oxvienated
mething, [1-4 correlates with C 3 und C 6, a5 well s with €-15. A T comelation was
ohserved botwesn C-5 sod 3H- 150 While ane of the temiary methyl carbons, C-12,
corrglated with F-7. the other, C- 14, had caorrelations to 2H-30 Finally the masg
spairunt gave o parent jon peak (MU ar 2320 Pingoatsanio (1) s @ Kooen compound

previously isoluted by Asalawu et ol 7.

(1)

Table-1, 7 Coaml 'TUNMR Data of Compuund (1)

8 5, MULTIPLICITIES ([, Hz)

i ] 530 208 g (74 H2)
i 794 195 hes

3 S 190 (1), 31 dd (140 137, 3.0 Ho

100 (-7 dd (4.0 He, 2.0 Ha

4 2941 .58 eI

3 1224

6 | 14w

7 ) gy .

8 5100

1 a0+ Bl




10 110.1 23 J (2.0 Hz)
11 142.7 1754 d20Ha
12 TS
13 [ |13 di23HA
14 fasa 1 : i
15 300 BE 4172 Ho
Tuhle-2, HMBEC Corretarions of Compound (1)
5 ¢ [TYveE "
A0 i mwlhine H.,-3. 3H-12 i
CT94 [z | methe H,-* H-I
479 3 methylenc | H-4, H-1, 31004
300 1 methine (B e
1223 13 uatCTIarY 311 15, H-7.H-10 Ho11, 003
Fav e T quatears 1110, H-11. H-7. (-3
X E " methine “LI%]I”]?._. H-2
EFRY 8 L LLEe My H-7 44 7. 3H-[4. 3H-17
_'4{.} I b B ;'g_'\t.'.l.a:m;::"}' H-2 70004 ]LI; I.“I[L-_?.. sl l;:
iTerl 10 double hond TR
1475 11 douhls bond H-10
124 12 mithivl H-7
e 13 e ths] ML
;._ﬁi.?.ﬁ 14 el 1 ZH-A R
2000 15 melhyl 114 T

Fow ceber compomad privseat i the Dractons was peoodlenamnal v i) which

wiis revionsly solited by A-okawn er gl Lnoennaiely we had very e ol this

conpuund andd il was very sensitive. s spectizal duta were guite siotthu o those m




e Hrerature' . and a parent ion §M* | 302 miz. was observed in 1S mass specrrum,
(sl the tmpuritics 15 "H NMR speciram showed a tertiary methy] at &y 0 70 ¢34
| 73 ome vl methyt an 8, 2 16 3H- 185 and a dimethyl alkyl group ot 6y 1,68, 0y
PG00 T and 3H-160 ks onel at e 306000 VT bt J=6.4 Bz The two aldehvides

W SCET s sinplers al By 1008 (30 200 and wt oy 985 (3H-19)

(4]

Porella-1 and Porefla-1

Twe more Mocelia species hase soen collected o Prance. i the Vospes, by
Prof 1B Conmally, The identifteation of these two Porefla species 1= still panted
Two compounds have been idermiled i these species polvgodial (19), 2 knaoen
scaqutomene aldehyde, wnd aonewe sesgquierperend $200, a dervitine of pinsusanim

Polsandiat 15 Znvvan w0 he the punsent subsranee tound in the £ S
CerH g -:ﬂmplc:-;“_ B 'H NMB spectiun < lgarly reveaied the twe aldehvaes at -
Q43T 12, and al &y 952 (H-11 . T=3.0 1), The three terliary nwtbyls wore
pbserved as singlets at 5y 091, 8 004, 6 093 The proton on the trisubsisiuned
double bond, H-7, appeared at & 7.9 1 as multsplel. The browd mualipict at &, 2.82
Fe:lomeed 1o H-9 attuched o the scocondury abdehyvide. The rest of the methylene
siendls aod oo remainimg methine proron, -5, were seen mostly as everlapmong
sirnals helween S 10 and & 2w The SRR =] speclram of polvaodial Cloarly
revcaled s malecilar Tommule O =00 &y 38 U7 Ty O LSO -200 e 111 00
oA SR C - and Co13 03 A0 g 35200t e LA 200708 1R

M, e G130 B 309 10-N00 30 20PN L LS JY3 2 0C-12) B 2L -4 &




1533 (C 151 The mass spectrum supported the molecular tormule wah o parent ion
peak [M] at 234 mfz. The cerbony] strelchmg vibrabions of the two aldebydes inthis
compound are observed 2L [655 e and 1720 e’ and their C- 11 vibrations at 2900
e und 2980 cm | Thie compound pulvaedial (19 was identilied by comparison of
1 spectral data with thwse 1o the literatuze ™',
CLIO

CHO

{19)

The new pinsuiusane type sesquiterpenod (20) was isolaled Irom Porella-|
species. The spectral data of compound (200 wers aimitlar 1o those of pinguisanin {1)
with regard 10 1he signuls of the furan ring, H-10 and H-11, in its '"H NMR SpOCLTUnT.
Howeever the rest of (he spectrum differed considerably from that of pinguisanin (1)
O of the two secondary methyls present in pinzuisanin bad now becarne a teriary
methylin this new compound (200, which showsd three tertiary methyvls, one of wich
is morg deshiclded than the others |8y E.28 (3H-150 500 & LO33H-12, 535 8, 0,02
(3H- 14, 8], and one seccondary metbvl, 311-130 a0 & 083 as o doublet (T= 7.5 Hel
The two signils of the oxyeerated methines 1 pnguisanio were now rediced 1o only
omen the new compound (200, appearing ac & 3.69 as brd (J= [ .3 Hzp Inthe IR
spesirum, the prosence ol the Turan ring was shown by Uie double bond ring strelehes
ar 1332
ey and 106G em . Agarn, wi e pingursann, ne hyvdrosyl o was absereed which
provece thae nosence of un ether inkage inthe straciire, Fhe medecular Tormualz ol the
new campoaind (204, O F pOs, wis clearly rovealed by s HeWMER spactzum
(Tuble-3), which showed the four tethyl signels |8c 202 ¢C-120 086 13.2 (02130 5 &
L= Ldh s a0 20 LIC T3, two methylencs [ 322 (C-70 0 8- 380 0C-33). tour
et steoals, wo ot which belonzed to the Tucan cing [Se COE (07 103 & 1413
(C-111], eme was the exyvgenated methine appearing o o 88 1C 23 and the Tourt

appearzd ar G- 0000 There ws sise on oxyeenaled gustermary carhon, e 779 (015




2D NMR experimenis were carmed aut on the compound (200 1o cmlirm 18s

stectwr, bl ada broen ds BVIBO specttum e veven in Toble-d The oms genaicd
quaternacy carbon, C-4, had coreglutions 1o 21 15w lach 1s the moet deshielded
methyl in the "H NMR spectrum, 313- 14, 2H-3 und H-2. thus clewty revealmg the
cther hinkave detweea O 2 aod -1 unbhe momweamn which has tie cther Tinkage
Petween U2 and C-F. Some of the other comelutigns ahserved belonoed wo the
yuitternary carbons -8 and C-9. (-5 had ] correlaions to -2, ZH-14 3H-12 .ndg
Jid nor Bave oy cormelatron o 3H 15 Howeever O 9 haad o 3 eorrelition 1041213 bur
ner correlalior was ohsorved betweer U-% and 3H-130 Thas, hese tesules accond wath
the structure (200, isopinguisaning. The mass spectrumt suppented the molecular
lorsmulu by <lowing a parsot iom peak (K] a1 237 mis Unfomtnngtely the compound
decomposed worh timge

Ina previows investigation of 2 platgrodla, the anstable gleohal (213 was
salaed ™. On siting in COCT 15 was translormed (ot sopicgusanm (200 T
ntercsline (o note Lt the fcatment of pingaisamn (1) wath acid transtorms 1 int

oI Eurzanin {200

5 Bu, CMLLTIPLICITLES (], Hz)
I BT 1,74 o - overhpmne wifh-l}.I—.*
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2 R 1w bagh o i= b 5 They
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Table-4. HMBC Corelations of Compound {200
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Table-5, HMOC Correlations of Compound (20}
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Chapter-12

Miliusa velutina




INTRODLUCTION

The Anpenaceas form a laree fumily of aromatie trees, shrubs or climbers,
whtich are wadels distoboted in trapizal and subtropacal regions ol hoth hamispheres
Te consisis of ghout aue hundred and thues senera and two thausend three hundeed
spaui{tal. They aig widely distbuted o the tropics, mainls (g low clevations in maiss
losest arcas. Asia and Ausiralasia are the centre of the distnbution of the
Annonaccss” © with about fi v ane genera (approximately 230 specics). In Afrea and
Madagasiar there we forty genera soib approximate]y 450 speoies, whereus on the
American contimen there are about 1hifty eiohl genera 4 140 spegies .

Annonarcous plants are well reeowmsed by the alteimuce, extipulale leayes,
mostly tnmerous Mowers, nunrecous aovd often truncale free stamens, free capels and
seeds with ruminare L’J'I{j{}.*;pl;‘.l'm}"rl'.:';'. They are characterized by  great muny archate
and extremely promative teatures'® " These include the occurrence of seoretory cells
in the leal parenghvima, the almos urversal pccurrence of sobitars or clustered
cryslals ot the epedoerrms af the leal, sirople perfarations b the <owsels and the abscnce
of extemal vlunds. There are also soing signilicant anatomecal characters of the wouel
and flowers”

The Apnanaccae Tamily 18 of appreciable econumic imponanee as 2 source ol
cdible frimte, o o, West Indiae custard apple. the North Arnentivan pawpaw (Asinba,

swoctsop, Chaeimona wired i © teronet”™. The pemus teedre 15 e tast ioyraetznt

riedicinal puposes'. The barks ol unnonaceous plants are taually womatic,
astringent and stimulzot and the mney Tayer of the bark is @ snwee of usetul fibre' .
The woods ol seme Annoraceous plants have been cmploved Jor alcohul
prodiciion’ . Same of the indiadual alkalowdal and non-alkalodal censtitien of e
Annonucrae e alag pharnussolozicsly imtoresting (oo dierpenoids with
antinacterial* and antisumour * activiny, obhveroline wilh ant-Parkiosaonian
]".um]-_.c:'tic.‘;h: hricnlenine with antitwmoeor, antibacieried and anofunga]

propeties'” 'l
Fanc toihys occurrene:s nomaceesalde Tow ebies atom s Jorest arcas,

cialivaly smali ameont of placoclenucal sk has een caniad out om the

Annorccse m cormpursnn with mony utker plan Fantlics of s:milar size, Some

141




phyvtochemecal information s available on onby about 33% ol scnero and 7% of
recopnised species”

Grogenetrc ally. the Tamilyv s capalile of praducing o wide ranec ol anlciesling
secvngdary plant metahnlites (eg, lerpeoods, flavonodsndolesesquiterpenss,
cvelohexane derjvalives. aromatic compounds, aceloeenins cie.) and 18 now the focus
of much interest by pntochemists.

The Annonac o produces carims structural 1vpes of moneterpenmds,

1.5 Chpeole (1 and cununy] aldehyde (2 have been isalated from Lhe oils of

Avfopde aeil r'f;;)."c‘ﬂ“} M while Anaonu wsepreeanosa attorded the monoerpencs borneol
{3). limouene (4) and 1rans-ocimene (3) 7. An interesting benzylated monoiempene
(6 s boen solated tvom Floaria. Cuargn e odasate 16w nich soarce af Tmaleo] (7

Several sesquiterpences have been volated from the sonera Cancrrga, X olopia,
Coutihopetalun, Avmong and Artabatrys. Farnesol (8), ocours in the volatile vils of
Carange odvrata mmd yingzhaosy A (93 and vingzhaosu R (10), two unusual
morogvelic sesquiterenes, In Artalolfevs wralnafiy Mo A totrac wrhie
sesrpuilerpane, sl arme 11} was solated Tiom Cosbopgtadum j.';lﬁr.u.:."m'.',lf.I:'.ufm-:j:.
Apvona species have alsa been found to contain other sesuilerpenes, oo, fi
carviphyllene {12) from Asmona sqramasa .

The diterpanoids present 1o the Annenaceae appew 1o be a major leature of the
cheansney of the wenery Xofapie and  Yena, ¢z, (13-171 and only ane diterpenard,
polyalthic acid (16), fromn Polvalthie pravraes, has beeo wported from other gr:neru:”.
About thinty kuurane. (oschylobane, kolavane and labdune diterpenoids have been
eported

The pecurrenee of ilerpencnds m the Annonaccae bas nol been aadely
venngated, Sitosterl bas Tregquently ez isolaed o ciiows species in b
famnily'™, Several pentacyelic triterpencs have beer repotaed. mostly from the genus
Usorio and (medelin (38) hos heen solated from the leaves of Arnoro st e
Thectraeyehe merpenend pobveamol (19 wes discovered by Cav e i
simchancously o the ks of Greenuveeadendron { Pobvedineaj ofiverts and
Meoovarpidinm fopitotsee Laler 10 was tonnd 1o be prosenn inoseveral viher specios.

Flavenmads we ome of the most widespread and numerows groups of naarally
plotnming compounds . Among the sonera of the Annonaeease. Lo iy

pactioulw by renpeiann seeoce ol s anongs and ditvdrochul ones. The Afigan




o
0 |
" i H

i1} (2 (3

HO QM

{4 {5) (6)

wlﬁl""%f
) a1

CHLOH

{7} §:3) (%

Ol Ay S @ ﬁv

AN

011

(16} (11] 12




(13)

TOH

(17}

1Y)

OO

(18)

Umu fi

20 R=E]

{2h) R=Mo




(O I ':f_}

(23) R =R-_1T
{24} R, -Me, Ro=H
{27) R.=H. R~ OMe

(25}
Z ]"l-"I-'.‘:
|
o |
ore”
OH

Me

__-'
|

Ol O

(32 K=Me
{33 R=H

(28 R_I1
(29) R=Me

I"'i-"l'\‘.
162
(FHC
(H
(31)
LHh

ELW) {JEI '/:
/W/L e

{)][

i34 R=H
I:,_;SJ K="




speeics, Mangrthetaxts « Popowie) eaaliifora. has heen found 1o be y sood soucee of
senpte avoaends. Frone the stem bk of thae specie o 3.7 S-inincthon vilavanone
(207, 5.0,7 inmethosyllavone (21, 5-hvdroxy-6, T-dimethoxytlasone (22) and three
Shalcomes 1233 (24 and (25) bl been solaed. Kanakuzio (260 and kanakugsiol (27)
bawe been revardad foom the ripe Leanc of tis . |JC(:'1L-‘_L:'U‘

C-methyl and Coomvl Havomolds bave been reponted fronm the Asan species
et Cdesines i frvcies Thev incide ttires thasones | wiomat (28% unonad 7-rretind
ether (2% and isounona!l (3[1}35', three flavonanes @ lawinal (31}, deamethoxy
nalicneinol (320 and desmethuvmaticucine]-Zomethy | ciher {331:'“, umid Twees
dibemzomelianes 1 (34 and (35)7 7 Flavonows bave alao been reported Lram
Corran gau'm, Amnena and Pect '.'I,rmrff:fm'if.r.lm"I .

Scveral propens | benzene ard viny T henzene ders attves s s Aoen regorded
fromm annenaceoos plants. Asarone (36), frans-isoclemmam (37} and frens-
om st in (38 have been isolated from the hark of Gurferio sanmert™ and 2.4.5-
lirnethoxyseerene (39) leom Pechpodantfm confine P staais™ and Dneuetiv
evomig'". An aromalic compound pachysontod (400, has been found by Bevalol of af ™
W E, stemedti and asaraldehyde (411 has beon reported o Greesiorig pageers and
Fosreimdtn.

Apart from those compounds mennonad abes e he Anmomig cue Tty s the
subject of cunsiderable interest becanse ol the presence of the acetvzening, o aroup ol
compounds with o ranee of usetul Bolomoal propertics such as Cootosie, antnumeoral,
antparasing, pestcdal, antimmorabegl anst sownunesupprsave solisibes, The Deld or
IvoslEanion of acctofenine: eXponded areatly with the number af isolated and
sepeorled accloeenine moreasing yamdly! . In Joiy'® 1hirly onc amdon 19937 Gy one
daleerening wore descmhed as s ol we reviews und o Lthey awmber oo than
bhirt,

ALNGNICCOUS W T0EETS constiute o oseries of C-35 037 nelural prodnets o
palyketde coign dertved from Tatey actds. Their stracture 1 charoctensed by g long
Afecet Chraren By o teememl unsiondod ity - laclo e (soiiciiies e anecd
Uracp-loctome corlaming sr accionyl preap wie e faehone carbrons . one, two or
Lirce wetrahvdrolurar nnes and oo oscesenated subebtuenes abag the chion,

prntivcilerls oo atehabyrofuran . and T some cases duuble bomnds andfor opoaides”
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The first anmonaceouos acctopenia, uvaricin (423 a new antitumor apent wis
isolared v Toiad e al ™ from the roms of Lveria acnminata UAnnonaceac) in 1982,
Thvarcin s a fatry acid laetone which contumed o pumber o [original structurad
charucterisiies, particulacly a bis-tetrabvdrofuran patern flanked by hydroxyls and o
rerminal unsatarated lactone. Dabrab and Soeden  and Cortes ef af :-'3, Twiy VOIS
later, desvribed lour ew products presenting the same strsctural charactensics,
These prodeets foand in species belonging o the Tamtly of the Annonasccae formed a
new cless of natural compounds called acetogenims. In 1991, two more acetogenins,
milvizarin (43) and oot lin (A4). were reported by Cores of al™.
Classificaton of the acctozening of the Annonaceae is done according o the number
and arrinacment of the tetrhvdeofuran rngs along the alkyl chain as poposed by
Cave ef ol

The first isoled acetomerin, wvancin (2 was stated 1o be s acw antiumoenr
ugﬂnlhn. Smee then many studies have appeared deseribing cyloloxic, antitumaour,
antimsirasi e, pesticidalantimicrobial annfangal and fmmunosupmessive properlics
of wirious acctosening, Formstance, molvizarin (43 and motriEn (445 exhibited
celulomie activity, There arg some other eytoroxic acetagenms from Lhe sceds of
Arrreerza smnericatea such as annonucin (A8 snnenacinongs {4[’-}55"{'“ and mursalin
{4T}E?'EH_ The acetozening senczalene (48), squamocin (49 and mols izacin (43} from
Ausitense seriegedensiy™ 0 and ulacing [rom Boifina alei' exhibit antiparasitic activity.

BT

Posticidul wctivity of acetozening can be seen in annomn (3037, bulltzin (3137,

asinsiein (32075 SOILETCIT (497, coninthalamicin (537" and selviatlicin (50™.
Oils of some Ao seeds are zadiionally used w st rid of lce in the sealp™. as for
cunple, the ground seeds of Ansieme refierlata in Vietnam™, [0 some countries of
Socnb Averica. grouad bak or sceds of some species of Annonacens we spread on

<inls as pestioides” . Enleresting Srmunosipiressive aclivity has been ohserved inthe

: 2 - - Bl
covlegenins snlmed from Advoaes s Ficote
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RESULTS AND IHSCUSSTON

[n the present work, sz have examined rhe ether exovacl of Mifre velutf
and affzr using exiensive prepariive TLC, we were able to idenlity some of the
covpoeands prosenl 1o thus caliact. One of the Geo compounds wos idenntied as
caomnonrd {381 which was previously isolaed by us as 1ls acctate " lis 1R spectrum
show el characteristic ubsempiions for p-lactiene {1704 cm"}, froe and intrasnolecular] s
banded trvdrowyl brands at 3606 con " aned 2146 con”’ - respectivels a disubstiated
acelvlenic sirelch at 2232 cin”' and oletinie CH stroiches ac 3026 e’ and 3010 e
Itz 'H NMR wpeLlron shraved a termanal vinyl eroup al 8y 5.70ddt J= 1700 103
andd €8 Mz o 2.9580hnd, J= 8.7 Had and ae dyg 50200hed, I=17 2 1), and 4 0s
drsubeputed douhle bond o 8, 60U 1= 108, 74 He), and a &y 5. 48(brd, I= 108
El:1 Uhe oxyoenalod methine on the p-Tactons woas abserved al Gy <635 a3 mulupler
and the methylene prodons next i the hydroxyl wore seen al &y 3.840brd, J= 12.3 Hy)
and 01 9y S.64d. T= 123 1170 Exatrunaiion ol 1his compound by GOME save a
Dase peak at mde 28, which belongs w the part stiuciore (A ol compound (38) as
shown below, Finally the C1F eave a peal at 374 mie (M+NHDT, which gives the
muss atl (he corpaund (58), 350 mds, consritent wilre the modecwlar foemla T 0
Analysls of CONY and HMBC comrelations led 1o the siructurs (38). Recent NOE
differenee expenments pormitted the ascanment of the reladr o stereochemistry as in
(S8 Drradiaton of the oxyaenated nwthine proton on the y-lactone ring 11,0 aflonded
MOEs ot Ha, [ and He as shown i part steuctere (8 below. Trradisnoen of H oave
NOUs a0 Hy angd [ winlz T save ROLs i Hy and s, The vlher pronon of the
mcthwlene groign the lwtone ting. e, gave NOES al Hp and [ Finally,

wracliation of Thy afTorded o NOE a H,

CH=,

(A} {15}




Componndd (381 dilTers from the campounds normal by classaBed as
Cacclosemns o several respects. T has g smaller alkyl chain, which lucks
oxvucnation. ol there i3 no unsatursiiom in the lactone nne. [0 represents a tunher
addivton rothe wde range of unsansaed Loy acid denvatves. w hoch contain 1zolated
or comusated aoetylome sits. The cne-dive chyomophiwe occms widely, ollen wath
both the & and the B Torms prescnt For saaenple, the acids {330 und (36) have been
tsopatee from the: root ek andfor the seed of] of Paramacrolabine coerileum,
Iovecarmes ciipressiformds and other species . The campaund which bears the
closest relationshap to (381 15 sapranthin [FT}-"'-‘ from the bark ol Sepranthng palange
CAnnomaceac ) 11as a0 Oy meleculic, Tacks the primary hydros vl grouop but is
G Ve Raicd on L Licione rmg,

The spectral data of the new companmd (591 were quite sl o thase of
compound (38). The only difference was the disappearance of (the signals of the
terming! vinyl eroun, which has now been sarurated, in the 'E0 N MR specirum of (59).
Crbor than v, we were ahbc 1o sce e O Jisobstitsted doable ond a0 &, 6.02(dt J=
(L8, 7 5 s and ol G 3.450bed, J= 1008 170 rhe axyeenared mcilnne on the y
jactone ot 19 we wornodtiplet and the methylone prowons artachesd ro the hydros vl ae
A 385btd T 124 Hzpand S 30 lbrd, T2 12.2 Hed I the GOMS of (5%, the
sl abundant ion, whose mass was 130 mde, bedongs othe pant structure (0 as
showwen Delow. Finally the CL' analvsis of this compound cave the parent jon peak al

I8 mfe convespenéna o the malecnlay fovmiola, Ca:1100-.
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Anothir hand comtaimng s misicze of two ran LY aclive compounds wis

ahtamed tronn the smepacative TLE of R erade extract of M. velane angd Lheir
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structres huve heen established by oeans of speciroscopy. GEMS und €1 anadvssrs.
Hoh compounds had the y-lastone ring but they did not contan any acetylens or
disuhstituted double Bond o their fisty Cham attasied w the y-lacroae ring. One ol the
o commpoands has heen derilied as compound (60) contuining it lenminal vinyl
roup, and the other fad $ully asturated fufy chan and iduntified 1. o) The s
analvsis of the mixtore showed two parent wo peaks at 380 und a1 382, consistent
warh the miefzondar toroeefo C- g0 amd T 11000 The Close s adue ol e lwao
musses sgeeabod that the ving? group i compound (60) was saturated in (6L). These

coprpounds cenlam an ewoa methylene mroup rolative e (381 and {39

EXPERIMENTAL

Tl plant malenal was ohtamed om Bangludesh A reterence suenple ol the
[ant 15 deoasited 1o the hetbarium of the Thuversity of Dhasa, e doed possderad
Bark £E.1 hed was exrracted wath dicthyl ethers 1o pive o oude estract (22 ) as o
rabile ol Prehenoary analyvicat TLE showed the prescoce of several compounds
wohich abserbed strongly i the UY. sceompanied by less polar compounds which
Liched UN ahsorpoon. The crude ether exoucl (30 my] s then sobyccied o
preparative TEC [or turther puritication using 30% othy] acetale and pewroleum ether
dxcctent Adarge UV dtrve bard wie cthorred whin e trged e do e oo isdne of
cxamination ul the 1§ NMR specirusn, 1ue e the simbacity of the polanies ol the
Two compourds paesent i this mmstares i s diffieult rooocr o tatl swepirution
Flonwevion, oy ruesing the mosiure wath 23% cthyl aectaly ond peirolewm ather on g
proeparabye plate by few Gdove e were able to o2l o separalion, Thess fwe
cormpounes: wore ten subjocicd 1o spectroscome and GOUMS analysis Lhe GOIMS
amalvsis aore cand owtoaitl o Dewlett-Fockard 3971 mass seleotive doelesior
tnlerlacsd oo 2890 Sones JT giosengquid chionaogaph amd compuicr (Ve

(81681,
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GENERAL EXPERIMENTAL

Nuglgar Magnetic Kesonunge Specira {NME] were recorded on Bruker WE
AVEA00 4 H an 400 MH, and BC w100 M3 and AN 360 0 H w360 VIHz and C
A 80 MHz H30C and 1IMBO cxpeniments are inverse detected versions off 21
direar aad 20 lome-rangs: carbon-proton ronclation csperments respoiively. Speciri
were recorded for CHCly relative o & 725 and CDCLL relative o & 770 and
chensical shifla are reponad i ppes Coupling copstans (T i T oane 2men in
parenthasis m the tabulated 11 MR data. Signals indicated mT oare anresalved or
werlapped muinplers, "Hoand 0 sional assianments are based o seneral chemical
atnfl rules and comparizson with published duts for similar compounds. Maore
defimtive ' H NMR asstenmonts were made by NOF diflercnce exponment bnsra-red
(IR} spectra were recorded in CHU L solution on either @ Perkin Ebmer 580 o Philips
BROD FTIR spectromeict  Llirasaalel (VY apecira wors mezaared in cthano]
aolutions using a Perkin-Clmer Lambda 9 UVIVISINIR spectometer. High resolunon
muasy spoelr were deterivimed on oo modified Kratos MS9 in<rumer

Dned and powdercd mafenals wene extrucled with dicthyl ether or methanol.
The crode extrae b were fractionnizid by colimon cheomatoerphy over silicn ool Ges,
Giucnts wscd Tor gilica gl eolumn chrivnalegraphy weore inereasing porcehiases of
dietieed ciher nr cthwl aectate in heht peiveleum. Some of the erce fragtons wer?
chromuingrphed on LEL2O, ehaing wih mzthanaol and chloretomm b, in vrder io
sel rid o the wasave amount of chloropkall and S L they contained 1rther
purifeanon was dune o TLC by ssing 0005 mm ek preparstive plales over silico
el Gy Bluems for TLO wore incrcating pereontages of dieth cther or cthyl
acetale i hght potroteuns Compounds on TLC and analytics] plaiey were viewalised
peine LV light v iodime aponr Salvenis were evpporaisd nsicz o Bechi Foioviapor
anid water aspiialor. . The Solveats used were onher of amalytived grade or bulk

worlvenih Jistlicd e fore uee.




