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1982 PROCEEDINGS OF THE PHYTOCHEMICAL SOCIETY OF EUROPE 

A meetmg of the PSE held at The Umverslty of Strathclyde, Glasgow, 5-7 April 1982, when the followmg papers were 
presented under the general title 

CHEMISTRY AND CHEMICAL TAXONOMY OF THE RUTALES 

REVIEW LECTURES* 

The Concept of tbe Rutales: A D J MEEUSE Hugo de 
Vries Laboratory, Umverslty of Amsterdam, 
Amsterdam. Netherlands 

The concept of the Rutales as a group of famdles at the 
approximate level of an Order became precisely defined 
only after cu 1900 There 1s still some disagreement 
regarding the ‘size’ of the Order, some workers including 
the Rutales s s m a large assemblage with the Sapmdales 
s s and others dlstmgmshmg these as two separate 
Orders Some authontles now even doubt that these two 
are as closely allied as IS often assumed 

The Geramales are often said to be closely related to the 
Rutales, but so far there IS no cogent evidence either 
clearly supportmg or refutmg this point of view 

The Rutaceae are the most prlmltlve members of the 

Order and show certain characterlstlcs strongly suggest- 
mg a lmk with magnohalean-ranunculalean taxa, I e the 
Rutales shared a progenatorlal group with some rep- 
resentatives of the Magnohld-Ranuncuhld assembly In 
their turn the Rutaceae link up with the Arahales, and the 
latter with the AsteralesXampanulales aggregate (and 
conceivably with a few other sympetalous groups), which 
indicates the artdiclahty of the assembly of the ‘Astendae 
as recogmzed and dehmlted m most recent systems of 
classdicatlon of the Anglospermae The central posltlon 
of the Rutaceae IS of interest as a starting pomt, not only 
for studies of possible phylogenetlc connections with 
other Rutales and with the Sapmdales and Geramales, 
but also for the unravelhng of connectlons with the 
Asterales and Campanulales 

Aspects of the Biosynthesis of Coumarins and Quinoliae qumohne alkaloids and coumarms will include a dlscus- 
Alkaloids in the Rutaceae: M F GRUNDON School of slon of the furo- and pyrano-denvatlves, of compounds 
Physical Sciences, New Umverslty of Ulster, Colerame, apparently formed by slgmatroplc rearrangements, and 
Northern Ireland, U K of dimeric qumohnes and coumanns found m the 

Rutaceae 
An account of recent studies related to the biosynthesis of 

Structural Diversity and Distribution of Alkaloids III 
the Rutales: I MESTER Institute of Pharmaceutical 
Chemistry, University of Munster, Munster, West 
Germany 

The order Rutales contains, accordmg to Dahlgren’s 
system, the famlhes Rutaceae, Cneoraceae, Sunanaceae, 
Slmaroubaceae, Klrklaceae, Burseraceae and Mehaceae 
So far reports of alkaloids are restrlcted to species of the 
Rutaceae, Slmaroubaceae and Mehaceae, those from the 

*Review Lectures are to be pubhshed III the Phytochemlcal 
Society of Europe Symposia series Vol 22 

latter two famlhes bemg comparatively small m number 
The alkaloids obtamed to date from slmaroubaceous 

plants are predommantly derived from tryptophan 
(canthm-6-ones and p-carbohnes), those from the 
Mehaceae are pyrldme or pyrrole derlvatlves The dlstn- 
butlon of alkaloids wlthm both famlhes IS dlscussed The 
most widely exammed famdy of the Order, the Rutaceae, 
are characterized by the production of a very wide range 
of alkaloids belongmg to several biogenetic classes Their 
dlverslty and distribution are revlewed, with particular 
emphasis being placed on results obtamed m the last 5-10 
years Two problem areas that ~111 be hlghhghted are (a) 
the production of alkaloid artefacts durmg Isolation 
procedures, and (b) the potential value of alkaloids as 
taxonomlc markers at the famdy level 
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Structural Dwerslty and Dwtrlbutlon of Coumarins and 
Chromones in the Rut&s A I GRAY School of 
Pharmacy, Trrnlty College, Dublm, Elre 

To date, Just under 300 coumarms and ca 40 chromones 
have been Isolated from famlhes which constitute the 
natural Order Rutales (Rutaceae, Mehaceae, Slmarou- 
baceae, Burseraceae, Ptaeroxylaceae and Cneoraceae) 
The maJonty of reports of coumarms have been from the 
Rutaceae while the chromones have predommated m the 
Ptaeroxylaceae, Cneoraceae, and m Spatheha spp 
(Rutaceae) 

Slmaroubacede only a smgle coumarm has been Isolated, 
scopoletm from Ada&us altwrma Slmllarly, only one 
coumarm has so far been encountered m the Burseraceae, 
a family better known for Its utlhzatlon of cmnamate m 
the productlon of hgnans, resins and volatile 011s Two 
structures have been proposed for this compound, the 
coumarmohgnold propacm from Protrum opacum 

The Rutaceae contmues to be the source of new and 
mterestmg coumarm types In the past 5 years the 
maJonty of ca 80 ‘first reports’ of coumarms from the 
Rutaceae were of novel structures These coumarms vary 
m complexity from ‘simple’ to acyl-, alkyl- or alkoxy- 
substituted types, and further to variously prenylated 
furano- and pyranocoumarms, glycosldes and dlmers 
The dlverslty of structures encountered has stimulated the 
development of methods to aid structure elucldatlon and 
recent developments m the structural analysis of 
coumarms are dlscussed The overall dlstrlbutlon of 
coumarms m the Rutaceae has changed httle smce the 
review by Gray and Waterman [I] Thus simple 
coumarms account for ca 55% of the total with fura- 
nocoumarms (ca 28 7:) and pyranocoumdrms (ca 11 ‘x) 
makmg up the bulk of the remamder 

Wlthm the Mehaceae only a few cmnamate-derived 
coumarms and two atyplcal coumarms have been en- 
countered Thus Melra azedarach IS reported to contam 
aesculetm, scopoletm and 6-hydroxy-7-methoxy- 
coumarm, Ekebergla senegalensls to contam ekersenm, 
and Cedrela toona to contam slderm Both ekersenm and 
slderm are examples of 4-methoxy-5-methylcoumarms 
that are probably derived from acetate-pentaketlde 
mtermedlates 

The Ptaeroxylaceae and Cneoraceae show strlkmg 
slmllarlty m both producmg several 6,7-dloxygenated and 
6,7-dloxy-8-prenyl coumarms For example, obhqum IS 
reported from Ptaeroxylon obhquum and Cneorum frrcoc- 
cum and cedrelopsm from Cedretopsu grever (Ptaeroxy- 
laceae) and Neochameleapulverulen~a (Cneoraceae) Both 
of these famlhes also yield a range of related chromones, 
some of which have been found m species of Spatheha 
(Rutaceae) 

REFERENCE 

In comparison to the Rutaceae the other famlhes of the 
Rutales have ylelded very few coumarms In the 

1 Gray, A I and Waterman, P G (1978) Phyrochemrsrry 17, 
845 

The Flavonoids of the 
Sciences Laboratones, 
UK 

Rutales: J B HARBORNE Plant 
Umverslty of Readmg, Readmg, 

hespertdm and dlosmm The lsomerlc neohesperldose IS 
present attached to several flavanones m Citrus, such 
glycosldes being Intensely bitter Many more common 
flavonold structures have been recorded m most rutalean ^ . 

Dlverslty of flavonold structures m the Rutales IS ex- 
emphfied by the large number of extensively O- 
methylated flavones and flavonols reported m plants of 
the Order The octamethoxyflavonol exotlcm from 
Murraya exotrca typifies this blosynthetlc feature 
Specific 0-methyltransferases appear to be responsible 
for methylatmg different hydroxyl groups m these flavo- 
nolds Isopentenyl and methylenedloxy substItutlons are 
also present m some structures Characterlstlc glycosldes 
reported m these plants m&de the rutmose-based rutm, 

tamilies 
The dlstrlbutlon of different flavonold types wlthm the 

Rutales 1s still Imperfectly known so that flavonold data 
are at present mainly of taxonomlc Interest at the generic 
or species level (e g for dlstmgulshmg species hybrids m 
Czfrus) There are also some mmor varlatlons m flavo- 
nolds wlthm the Rutaceae Fmally, there are mdlcatlons 
that flavonold patterns may help to sort out relatlonshlps 
at the family level wlthm this taxonomlcally difficult 
Order 

The Biological Activity of Some Secondary Metabohtes 
of the Rutaceae. J R LEWIS Department of Chemistry, 
Umverslty of Aberdeen, Aberdeen, U K 

For Its size the Rutaceae produces an extremely large 
number of secondary metabohtes of different structural 

types Not surprlsmgly, mdlvldual members of these 
secondary metabohtes possess bIologIca actlvlty ranging 
from vltamm actlvlty to antltumor, antlslcklmg and 
photosensItIzatIon actlvlty Representative examples of 
compounds possessmg these and other physIologIca 
effects are presented 

Chemistry of the Llmonords of the Mehaceae and the 
Cneoraceae. 

In blogenetlc terms hmonolds (tetranortnterpenolds) can 
J D CONNOLLY Department of 

Chemistry Umverslty of Glnsgow Glnsgow, U K 
be derived from simple C,, tlrucallol precursors by apo- 
rearrangement and loss of four carbon atoms from the 
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side chain with formation of a furan rmg Subsequent rmg of several new compounds, which arise by a novel rang 
cleavage processes and rearrangements lead to the wide cleavage, from Carapa procera and C grandljora are 
range of known structural types An overall picture of tha detailed Finally the extensively rearranged pentanortrlt- 
group ~111 be given, mcludmg discussIon of representative erpenolds of the Cneoraceae are considered 
structures and their chemistry The structural elucldatlon 

Chemistry and BIological Activity of the Quassinoids: J antIamoebic, antlfeedant and msectlcldal properties 
POLONSKY Institut de Chemle des Substances Many of the structural features required for biologIca 
Naturelles, Glf-sur-Yvette, France activity have been established, thus leading to research on 

the chemical modlficatlons of inactive members of the 
An interest m the bitter prmclples of the Slmaroubaceae, class to afford the biologically active compounds Several 
the quassmolds, has gamed m popularity in the last research groups are involved In d study of the total 
decade This interest stems from the ldentlficatlon of new synthesis of the blologlcally active qudssinoids Recently 
types of quassmolds, due m part to the advent of ‘H success has been achieved m the total synthesis ofquassm, 
NMR at higher fields and 13C NMR, and in part to the which was, Interestingly, the first quassmold to have its 
dlscovery of then wide spectrum of blologlcal activity structure estabhshed 
The latter includes antmeoplasts, antivIral, antlmalanal. 

Chemwtry of the Burseraceae: S A KHALID Phyto- reviewed and related to the chemistry of the typically 
chemistry Research Laboratory, University of rutalean famlhes The natural products are discussed 
Strathclyde, Glasgow, U K under the followmg classifications (a) oleo-resms- 

monoterpenes, sesqulterpenes and dlterpenes, (b) trl- 
The Burseraceae are a relatively small plant family terpenes-ursane, oleane, euphane and lupane types- 
usually placed within the Rutales m taxonomlc treat- oxidation levels and opening of ring-A, (c) blflavonolds- 
ments of the plant kingdom The hmlted amounts of a link with the Anacardlaceae? and, (d) hgnans-a hnk 
phytochemlcal mformation avadable on the family IS with Amyrls (Rutaceae)7 

Chemistry and Systematics of the Bitter Principles of the confined to the A-ring In addition to the chemical 
Rutaceae: D L DREYER U S DA, Berkeley, uniformity found m rutaceous hmonolds, the botanical 
Cahfomla, U S A distribution largely follows the patterns previously de- 

tailed This includes a high frequency of occurrence m the 
New results on hmonold chemistry and biology of the subfamily Aurantloldeae and the fact that all species of a 
Rutaceae obtained during the past decade are reviewed hmonold-producmg genus yield hmonolds Evidence 
With minor exceptions the pattern of structures of continues to accumulate suggesting that the enzymes 
hmonolds isolated during this period follows that pre- involved In hmonold brosynthesls are relatively non- 
v~ously recognized Thus, most structural differences m specific m terms of substrate structure 
rutaceous hmonolds, unlike those from the Mehaceae, are 

Advances in the Tissue and Cell Culture of Species of 
Rutales: J-C CHI~NIEUX Laboratolre de Blologle 
VCgCtale et Cellulalre, UmversltC de Tours, Tours, 
France 

Tissue culture of members of the Rutales IS well- 
established and has expanded rapidly since the first 
attempts to culture Cm-us m 1954 At present, cultures are 
known to have been produced from more than 30 species, 
almost all belonging to the Rutaceae, and particularly to 
the subfamily Aurantioldeae 

The reasons for culturing plant cells m txtro are 
reviewed and the variable results obtamed by different 
research groups analysed The agronomic applications 
(vegetatrve multiplication, production of specific 

pathogen-free plants) are, of course, of fundamental 
Importance, but work aimed at resolving basic phyaolog- 
lcal problems has also been considerable The paper 
emphasizes work on secondary metabohtes hkely to be of 
economic Interest (alkaloids, coumarms, flavonoids, ter- 
penolds) An example of such a line of research, the 
bioproductlon of quaternary alkaloids In Chonya, IS used 
to describe the various steps involved The condltlons 
under which secondary metabolttes accumulate are re- 
viewed and some examples will be given to show the 
influence of genetic, chemical and physical factors, the 
relationships between growth and metabolism and be- 
tween metabolism and organogenesls There IS room for 
optimism with regard to future posslblhtles for tissue and 
cell culture m the Rutales for the production of high-value 



12 1982 Proceedmgs of the Phytochemlcal Society of Europe 

me~bolites and for the blotransformations of complex tmmoblhzed cells and protoplasts, allowing the mampu- 
molecules Future advances will involve the use. of latlon of the genome m a profitable dlrectlon 

Chemistry and Biological Significance of Selected Cirrus 
Limonoids and Flavonoids: V P MAIER U S D A , Fruit 
and Vegetable Chemistry Laboratory, Pasadena, 
Cahforma, U S A 

World productlon of Cztrus frmts m 1979-1980 was ca 47 
mllhon tonnes, of which 45 “/;, was converted mto processed 
products Jmce, m various forms, 1s the main product In 
addltlon, a variety of other processed and manufactured 
products are made from the fruit endocarp and from the 
rmd, pulp and seeds remammg after Juice extraction 

The size, dlverslty and technological sophlstlcatlon of 
the citrus industry have been the strmulus for a great deal of 
research on the chemistry and properties of citrus frmt 
constituents This work has shown that a broad array of 
secondary metabohtes contribute to the dlstmctlve 
characterlstlcs that set citrus fruits apart from other fnnts 
and from each other Attention 1s focused on two classes 
of secondary metabohtes that have been extensively 
studied because of their taste properties, the hmonolds 

and flavonolds 
Studies of these constituents have produced a fund of 

lnfo~ation from which mslghts mto the ortgm of fruit 
constituents and the changes they undergo as the fruit 
develops can be derived Aspects of the chemistry, 
blochemtstry and physiology of the hmonolds and flavo- 
nolds are discussed as they relate to growmg the crop and 
producmg high quality f&t, frmt products and by- 
products Specific topics covered are the site of synthesis, 
transport, accumulation, and metabohsm of hmonm and 
narlngln durmg growth, maturation and postharvest 
storage of the frmt, a comparison of the bitterness 
problem caused by hmonm (Juice products) vs narmgm 
(fresh fruit andJuice), the chemistry of delayed bitterness 
m citrus Juices caused by the conversion of hmonoate A- 
rmg lactone to hmonm, the nature of the enzymes that 
catalyse this reaction and the enzymes that degrade 
hmonoate A-ring lactone and hmonm, and bitterness 
thresholds of hmonm and nanngm and the suppression of 
bitterness by taste modulating flavonolds 

Chemical Taxonomy of the Genus Citms: R W SCORA 
Department of Botany and Plant Sciences, University of 
Cahforma, Rlverstde, Cahforma, U S A 

The evolutionary development towards species of freely 
interbreeding plants m Cztrus has been complcated by the 
occurrence of nucellar embryony This has caused ex- 
treme difficulty m taxonomlc treatments A biotype 
relattonshlp m Citrus species IS denved after examining 
mdlvldual species, their origin, mlgratlon routes and 
chemotaxonomlc inter-relatlonshlps 

The origin of the grapefruit, C parudw, the only New 
World biotype, IS deduced by lsozyme studies (glutamate 
oxalacetate transammase 1 and 2, phosphoglucose ISO- 
merase, phosphogluco~ mutase, amylase) and monoter- 
pene studies (sabmene) The posltlon of the mandarin, C 
retrcu&a, as a central species IS dtscussed m relation to 
lsozyme and leaf and rmd 011 studies The dominance of 
oxldase browning IS used to identify biotypes with 

mandann parentage The homozygoslty of the Rough 
lemon, C Jambhat, assemblage and Its relationships to 
Khoubs el Arsa and the true lemon, C hmon, are shown 
by a statistIca divergence diagram of their rmd 011 The 
problems of elucldatmg the ancestry of the lemon are 
presented and leaf 011 data shown to suggest at least a 
trlhybrld combmatlon, mcludmg an unknown ancestor 
The hme, C aurantlfolra, seems to be another com- 
phcated hybrid species 

The unique posltlon of the recently described C hubmu 
IS discussed Whtle ovary morphology places rt between 
the genera Citrus and Fortunella, Its rmd 011s show an 
affinity to those ofmandarm and sweet oranges, while leaf 
ads, lsoenzymes and leaf protein patterns do not confirm 
such a relationship A tropical and subtropical area of 
origin are proposed for the subgenera Papeda and Cstrus 
Only a few basic species are dtscemlble which are linked 
with each other through hybrid combmatlons stabilized 
by nucellar embryony 

Biogenesis, Distribution and Systematic Signitkance of 
Limonoids in the Meliaceae, Cneoraceae and Related 
Taxa: D A H TAYLOR Department of Chemistry, 
Umverslty of Natal, Durban, S Afnca 

Llmonolds, which are altered triterpenes related to hm- 
onm, are confined to species belongmg to the Rutales, and 
are therefore probably truly related and not examples of 
parallel evolution Then blogenesls 1s believed to be fairly 
well understood, although httle labelhng work has been 
done It consists of a senes of changes to an original 
trlterpene slmdar to tuucallol, all of which can be 
represented as ~roxidations followed by 1somerI~tlons 

or cychzatlons of labile mtermedlates In the laboratory, 
these oxldatlons can be brought about by peracids, m 
nature peroxldases are presumably responsible 

These oxldatlve changes commonly lead to ring open- 
mg by a Baeyer-Vtlhger mechanism, and the hmonolds 
can be classified on the basis of which of the original four 
carbocychc rmgs are opened When this 1s done a general 
agreement 1s found between chemical and botanical 
classlficatlons using the recent revlslon of the Mehaceae 
by Pennmgton and Styles Some types of hmonold are 
widespread, others are, so far as IS presently known, 
linked to one restricted botamcal groupmg 

Attention 1s directed to points of particular interest 
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Among these are the sharp chemtcal drstmctton between probably of Ekebergra and Louoa, the relatronshrp of 
the genera Cedrela and Toona, which appear closely Spatheha, Sohnreyza and Hartuonra to other genera, and 
related morphologtcally, the dtstmctrve nature of the the relattonshtp between the Mehaceae-Rutaceae and 
Swretemordeae, of the Mehotdeae, of the Meheae, and the Srmaroubaceae 

Chemical Characters and the Delimitation of Taxa Stmaroubaceae 1s considered to have separated later from 
Within the Rutales: P G WATERMAN Phytochemtstry the proto-Rutaceae, with which It shares the rare canthm- 
Research Laboratory, Umversrty of Strathclyde, 6-ones, and to then have developed the brosynthesrs of 
Glasgow, U K quassmotds from hmonotd-like precursors 

The Rutales produce an extremely wade spectrum of types 
of secondary compound many of whtch appear to have 
value as taxonomrc markers An attempt 1s made to trace 
the development of these compounds m the Rutales based 
on the premise that the order derived from ranalean stock 
contammg 1-benzyltetrahydron.oqumohne alkalonis but 
devoid of those compounds typtcal of the Order 

Attention 1s drawn to the dtstnbutton of l-benzyltet- 
rahydrotsoqumohne alkalords m extant taxa and then co- 
occurrence with three maJor groups of rutaceous meta- 
bohtes, anthramlate-derived alkaloids, coumarms and 
hmonotds It 1s proposed that all three types of com- 
pounds arose early m the development of the Rutales with 
the hmonords developing before any drvrsrons and 
coumarms and anthramlate alkalords later m proto- 
rutaceous stock after separation of the Mehaceae The 

The drstrrbutron of alkaloids and coumarms m the 
Rutaceae IS examined with particular emphasis bemg 
placed on the drstrtbutron of furoqumohnes, acrrdones, 
carbazoles and furano- and pyranocoumarms It IS 
concluded that chemtcal data conforms to accepted 
taxonomy of the Aurantrordeae but that supra-generic 
drstmctrons made wtthm the Toddahordeae and 
Rutordeae are, with the exceptton of the Rutmae, drfficult 
to maintain 

Among the smaller taxonomrc units rt 1s concluded that 
the Flmdersrordeae IS chemrcally allied to the Rutaceae 
rather than the Mehaceae The small group of taxa 
covering the Cneoraceae, Ptaeroxylaceae, Spathelza 
(Rutaceae) and Hurrrsonra (Srmaroubaceae) are clearly 
closely related m then secondary metabolism, and the 
problems posed by the group are examined 

Chemical Characters and the Classification of the 
Rutales: R HEGNAUER Laboratormm voor Exper- 
rmentele Plantensystematrek, Umverstty of Lerden, 
Letden, The Netherlands 

Past proposals for the dehmrtatron and classtficatron of 
the Rutales are briefly discussed The phytochemrstry of 
the Order (Rutaceae, Cneoraceae, Srmaroubaceae, 
Burseraceae, Mehaceae) and of the Anacardtaceae and 
Zygophyllaceae IS outlmed Attention IS paid to essential 
oils, phenylpropanotds and brsarylpropanotds, chro- 
mones and phlorogluctdes (acetogenms), coumarms, 
flavonords, tannins and then precursors, amides, ammes 
( = protoalkalords) and alkalords, bitter nortrrterpenords 
and then tetracychc trtterpene precursors, drterpenes and 
pentacyclic triterpenes, saponms, various minor groups 
of secondary metabohtes (acetylemc compounds, 
cyanogemc glycosrdes, qumones, unclasstfied), mucr- 
lages, storage products of seeds and morgamc 
compounds 

The followmg suggestrons for dehmrtatron and classrfi- 
cation based mainly on chemical evtdence are made (a) 
Rutales sensu strzcto and Sapmdales s s together form 
the Rutales or Sapmdales sensu late, (b) the Burseraceae, 
Anacardraceae and Zygophyllaceae belong to the 
Sapmdales s s and, (c) the Legummosae (Fabales) seem 
to be rather closely allied to the Sapmdales 

Notwtthstandmg Cronqmst’s recent comments [I], an 
evoluttonary lure starting with the Magnohrdae and 
comprtsmg the Sapmdales s s , Aprales ( = Umbelh- 
florae), and resultmg m the Asterales IS still believed to be 
a very acceptable suggestion 

REFERENCE 

1 Cronqurst, A (1980) Chemosystemattcs Prtncrple and 
Pracrlce (Busby, F A , Vaughan, J G and Wnght, C A , eds ) 
p 1 Academic Press, London 

POSTERS 

Canthioone Alkaloid Production in Ailanthus altissima The decrduous tree, Adanthus altzssrma (Ml11 ) Swmgle 
Plant Cell Culture: L A ANDERSON, A HARRIS and J (Stmaroubaceae), has yielded a series of quassmords, 
D PHILLIPSON Department of Pharmacognosy, The alkalords, flavonords and qumones [ 1 ] There has been no 
School of Pharmacy, Umversrty of London, London, prevrous literature report on plant cell culture of thus 
UK species Callus cultures were mutated from stertle seeds of 
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A altrsstma and methanol extracts of the cells showed the REFERENCE 
presence of a major fluorescent compound when ex- 
amined by TLC Evidence IS presented for the Ident& 1 Varga, E , Szendrel, K , Relsch, J and Marotl, G (1980) 

cation of thts compound as I-methoxycanthm-6-one Planta Med 40, 337 

(UV, MS, ‘H NMR) 

The Quinolme Alkaloids of Veprrs louisir: J AYAFOR 2 
Department of Chemistry, University of Yaoundt, 
YaoundB, Cameroun 3 

The stem bark of Veprts loutsrz Gdb (Rutaceae) collected 4 
m Cameroun has ylelded a number of novel and unusual 
qumolones and qumolone dlmers [l-4] The lsolatlon 
and biogenesis of these alkaloids are outlined 

REFERENCES 

1 NgadJui, T B , Ayafor, J F and Sondengam, B L (1980) 
Tetrahedron Letters 3293 

NgadJui, T B , Ayafor, J F and Sondengam, B L (1981) 
Tetrahedron Letters 2685 
Ayafor, J F , Sondengam, B L and NgadJul, T B (1982) 
Phytochemtstry 21, 955 
NgadJui, T B , Ayafor, J F , Sondengam, B L , Connolly, J 
D , Rycroft, D S , Khahd, S A, Waterman, P G , Brown, N 
M D, Grundon, M F and Ramachandran, V N (1982) 
Tetrahedron Letters 23, 2041 

Alkalords from Euodra aff. trrphylla; a New Caledonian 
Rutaceae: F BEVALOT,* J VAQUETTE* and P 
CABALION? *Laboratolre de Pharmacognosle, FacultC 
de MCdecme et de Pharmaae, BesanCon, France, tCentre 
Orstom, Noumea, New Caledoma 

Stem bark and leaves of Euodla aff trlphylla DC contain 
only two alkaloids which are Identified, on the basis of 
spectral date, as evoxanthme (1) and 1,3-dlmethoxy-N- 
methylacrldone (2) Total yield from the leaves IS ca 4 “/,, 
from the stem bark lower 

The presence of closely related acridones, substituted 
only m the acetate-derived rmg, m this New Caledoman 
species of Euodm suggests a possible phylogenetlc relatlon- 
ship to Euodra native to Australia [1] 

REFERENCE 

1 Waterman, P G (1975) Btochem Syst Ecol 3, 149 

Acridone Epoxides in Cell Cultures of Rufa Species: U 
EILERT*,B ENGELt,E REINHARD? andB WOLTERS* 
*Instltut fur Pharmazeuttsche B!olo@e, Techmsche 
Umversltat Braunschwelg, Braunschwelg, West Germany, 
TPharmazeutlsches Instltut, Umversltat Tubmgen, 
Tubmgen, West Germany 

I R-R,-0 

ZR-H,R, -Oil 

Callus cultures of Ruta graveoiens L yield a number of 
antlmlcroblal substances, mostly coumarms and al- 
kaloids Rutacrldone-epoxlde (1) and hydroxy- 
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Table 1 ProductIon of (I) and (2) m five Rura species under 
varying culture condmons 

C culture 

Alkaloid 
productlon m 
rglg dry wt 

Ruta species medmm (1) (2) 

R graveolens E 90 25 
MS 5000 4000 
B5 4000 660 

R corslca DC E 2000 110 
MS 1500 180 
B5 4000 410 

R macrophyila Marls E 2400 490 
MS 2400 8000 
B5 1500 105 

R chalapensrs L E 1300 450 
MS 430 190 
B5 150 15 

R bracteosa DC E 1300 450 
MS 430 190 
BS 160 100 

E, Erlksson medmm with 1 ppm NAA and 0 02 ppm kmetm 
[31 

MS, Modified Murashlge and Skoog medmm with 1 ppm 2,4- 
D and 0 1 kmetm [4] ppm 

BS, Gamborg 85 medmm with 1 ppm 2,4-D and 0 lppm 
kmetm plus 0 2 I;/, casem hydrolysate (51 

Alkaloid content estimated as previously reported [l] 

Flavonoids of Veprts heterophylfu: E GOMES,* 

J DELLAMONICA,? J GLEYE,* C MOULIS, l J CHOPIN? 
and E * STANISLAS * Laboratolre de Pharmacognosle, 
Uruverslte Toulouse, tLaboratolre de Chemle 
Blologlque, Umverslte Claude Bernard (Lyon I), 
Vllleurbanne, France 

Petrol defatted leaves of Veprts hererophyffn Letouzey 
(Rutaceae) were extracted with methylene chloride fol- 
lowed by methanol Flavonolds were partially purified by 

Coumarins from Coleonema caiycmum. A I GRAY, C J 
MEEGAN and N B O’CALLAGHAN Department of 
Pharmacognosy, School of Pharmacy, Truuty College, 
Dublin, Elre 

Coleonema cufycmum (Steud ) Wllhams (Rutaceae) IS a 
small shrub found m coastal regions of S Africa A petrol 
extract of the aerial parts was subJected to CC and TLC 
over SI gel Seven coumarms were Isolated and ldentlfied 
on the basis of spectral data as 7-(3,3-dlmethylallyloxy)- 
coumarm, 7-(2,3-epoxy-3-methylbutoxy)-coumarm, 7-(3- 
methoxycarbonylbut-2-enoxy)-coumarm, 7-methoxy-8- 
(2,3-epoxy-3-methylbutoxy)-coumarm, epoxysuberosm 

rutacrldone-epoxlde (2) are the maJor active substances m 
methylene chloride extracts of callus material [l] In tests 
with mlxed cultures of callus and fungi these substances 
show phytoalexm propertles. with up to IO-fold increase 
m alkaloid content [2] Alkaloid yields are highest after 
culturmg m darkness without phytohormone [2] The 
screenmg of suspenstons of other Ruta species. m dn 
attempt to optlmlze alkaloid yield. IS outlined 

Table 1 shows the quantltles of (1) and (2) m suspen- 
sion cultures of five Ruta species Alkaloid content varies 
markedly m the different species R graceofens and 
R macrophyffu give the highest yields of both alkaloids, 
which reach up to cu l’:, dry wt Furthermore the media 
formulations used are shown to influence alkaloid forma- 
tion m these five species to different extents 
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an Amberhte XAD-2 column and then Isolated by PC on 
cellulose The followmg are Identified on the basis of UV 
spectral date, EIMS of permethylated derlvatlves, and 
cochromatography with authentic standards chryso- 
enol-7-0-/?-D-glucoslde, chrysoenol-7-0-cc-rhamnosyl-7- 
O-B-D-galactoside, 7-O-acyl-&C-~-D-glucosylchryso- 
eriol (7-O-acylscoparm), 6-C-fi-D-glucosylapigenm 
(ISOVlteXln), 8-C-fi-D-ghcosy~aplgenln (vltexln), 2”-0-/?- 

D-ghcosyhsovltexln, 2”-O-B-D-ghcosyhltexln 

(TLC only), and 7-methoxy-8-(2,3-dlhydroxy-3- 
methylbutoxy)-coumarm This IS the first record of 7- 
methoxy-8-(2, 3-dlhydroxy-3-methylbutoxy)-coumarm, 
the maJor product, and 7-(3-methoxycarbonylbut-2- 
enoxy)-coumarm from a natural source The other 
coumarms have previously been encountered m the 
closely alhed C album Bartl & Wend1 [1] In C album 7- 
oxy coumarms appear to predommdte and 8-substltutlon 
1s unusual 
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Further Alkaloids from Zanthoxylum simulans: A I 
GRAY and J J O’SULLIVAN Department of 
Pharmacognosy, School of Pharmacy, Trunty College, 
Dublin, Ene 

Recently we reported the occurrence of alkaloid, hgnan 
and sterol constituents m Zanthoxylum sanulans Hance 
(Rutaceae) [1] Two of the alkalords, N-acetyl-anoname 
and the novel 8-methoxy-N-methylflmdersme had not 
previously been found m the Rutaceae Further mvestl- 
gatlons of the root bark have afforded seven further 
alkaloids three benzophenanthrldmes, two pyra- 
noqumolones, the furoqumolme dlctamnme and an 
amide 

The benzophenanthrtdmes have been identified as 1 I- 
formylmethyl-dlhydrochelerythrme, 1 l-carboxymethyl- 
dlhydrochelerythrme and 1,3-brs-(ll-dlhydro- 
chelerythrme)-acetone Substuuted benzophenanthrl- 

Coumarins and Flavonolds from Dzosma prlosa: S A 
KHALID and P G WATERMAN Phytochemlstry 
Research Laboratory, Uruverslty of Strathclyde, 
Glasgow, U K 

Dlosmaprlosa Wllhams (Rutaceae) IS a small shrub found 
m S Africa The lsolatlon and characterlzatlon of 5,6,7- 
tnmethoxycoumarm, 6,7,8-trtmethoxycoumarm and 6,7- 
dlmethoxycoumarm from a petrol extract of the aerial 
parts 1s described Further extraction with methanol 

Pentanortriterpenes of the Cneoraceae: A MONDON,” 
D TRAUTMANN* and B EPE? *Instttut fur Orgamsche 
Chemre, Umversrtat Kd, Kd, West Germany, t Max- 
Planck Instrtut fur Molekular Genetlk, Berhn, West 
Germany 

The typical bitter substances of the Cneoraceae such as 
cneorm B, (1) have a skeleton of 25 carbon atoms, whrch 
at first glance shows little resemblance to those character- 
istic of other members of the Rutales However, the 
structures of several less degraded mmor constituents of 
Neochamaelea pulverulenta (Vent ) Erdt and Cneorum 
trrccocon L , some of which are known from other 
rutalean species, clearly demonstrate the relatlonshrp and 
indicate a blogenettc pathway leadmg from the tnucallan- 
type trnerpenolds via classical hmonolds to the cneoran 

Alkaloids from Meiicope lasioneura, Isolation, 
Structure, Synthesis: F TILLEQUIN,* G BAUDOUIN,” 
M KOCH,* J PUSSET~ and T SEVENET~ *Laboratolre 
de Pharmacognosle, Umverslte Rene Descartes, Pans, 
France, t Laboratotre des Plantes Medtctnales du 
C N R S , Noumea, New Caledoma 

Seven furoqumolme alkalotds have been Isolated from 
the aerial parts of Mehcope laszoneura (Ball1 ) Gull1 

dmes of these types are rare m the Rutaceae (m 
Zanthoxylum, Toddahaand Fugaropsrs) [2] In some cases 
they may be artefacts, however, m this case they do 
appear to be natural products The pyranoqumolones are 
identified as the novel compounds S’-(2,3-epoxy-2- 
methylbutan-4-yl)-N-methylflmdersme and 3’,4’- 
dlhydroxy-8-methoxy-N-methyl-3’,4’-dlhydrofllnderslne 
The synthesis of the latter from 8-methoxy-N- 
methylflmdersme, The maJor qumolone alkaloid of this 
spectes, 1s described the amide 19 shown to be (@-N-(4- 
methoxyphenethyl)-N-methyl-3, 4-methylenedtoxy-cmn- 
amide, another new natural product 
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yielded the flavonol glycoslde quercnrm The coumarms 
of D pdosa differ from those of the only other species of 
the genus studied, D acmaeophylla E & Z which has 
yielded only 7-, 6,7- and 7,8-oxygenated coumarms, of 
which several have 7-prenyloxy-substnuents [1] 
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framework, formulated as m 2 The degradation mvolves 
(a) mcorporatlon of the C-30 methyl group mto the 
skeleton, (b) rmg openmg between C-9 and C-10, (c) loss 
of C-16, and (d) rmg closure between C-18 and C-14, 
glvmg rise to a cyclopropane rmg A mecharusttc mterpre- 
tatlon of these steps 1s put forward 

- 

(Rutaceae) and characterized as evohtrme, kokusagmme, 
skmmnanme, haplopme, 7-hydroxydlctamnme, 7- 
lsopentenyloxy-y-fagarme and the novel melmeurme (1) 
The structure of 1 was estabhshed on the basis of spectral 
data and confirmed by converslon mto usomelmeurme (2) 
on heating with methyl Iodide 

Synthesis of 1 IS achteved by condensatton of 7- 
hydroxydlctamnme (3) with 3,3-dlmethylallylbromlde, a 
reaction that also yields 4 and 5 Epoxldatlon of 1 by m- 
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CPBA leads to the epoxtde (6) prevtously Isolated from 
Euodra xanthoxyloldes F Muell [ 1] Hydrolysis of 6 gtves 
evellerme (7) prevtously Isolated from Euodm elleryana F 
Muell [2] 

1 
2 
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Synthesis of Dutadrupiae: F TILLEQUIN, G BAUDOUIN alkaloid by condensatton of 7-hydroxy-dlctamnme 
and M KOCH Laboratolre de Pharmacognoste, with 3-chloro-3-methylbutyne to give 3 followed 
Umverslte Rene Descartes, Parts, France Clatsen rearrangement to 1 1s descrtbed 

The alkalotd dutadrupme (1) has been Isolated from 
Dutadlyea drupaceu (Rutaceae) [1] The synthesis of the REFERENCE 
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