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ABSTRACT 

On the basis of chernica1 evidence, the or der Ruta1es 

seerns to be a homogeneous one, if we consider it to contain 

the fami1ies Rutaceae, Simaroubaceae, Burseraceae and 

Me1iaceae. 

We know too 1itt1e as yet of the chemistry of other 

fami1ies of 'our' order (the Ruta1es of Scho1z, in Eng1er, 

Sy11. 12, 1964) to say whether or not they constitute with 

the above four farni1ies a homogeneous group within the Ruta1es. 

The chemistry of the Ma1pighiaceae, however, is consistent 

with a position near the Me1iaceae. 

The chemica1 evidence a1so supports the creation of two 

more sma11 fami1ies -- F1indersiaceae (F1indersia and Ch1oroxy1on), 

and Ptaeroxy1aceae (Ptaeroxy1on and cedre1opsis) -- which shou1d 

be p1aced, perhaps, between Rutaceae and Me1iaceaei and the 

separation of picramnia (picramnioideae) from the 

Simaroubaceae, Mundtia (if our materia1 was genuine) from the 

Po1yga1aceae, and Fagara from zanthoxy1um. 
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INTRODUCTION 

The term systematics can be used, as defined by Simpson 

(1961), as the scientific study of the kinds and diversity 

of organisms and of any and aIl relationships between them. 

Taxonomy is that part of systematics which deals with the 

study of classification, including its bases, principles, 

procedures and rules: while classification in a biological 

sense is the process of ordering plants into groups which 

are arranged hierarPhically. 

As stated by Davis and Heywood (1963): 

"certain disciplines of b-i6Iogy are, of course, so 
closely tied up with taxonomy that they cannot be 
practised without the use of a basic classification. 
These include Cytology, Genetics, Ecology, Phytosociology, 
Comparative Anatomy, palynology, palaeobotany and plant 
Geography" • 

Taxonomy, therefore, is one of the very important biological 

sciences. 

A. History of Taxonomy 

In order to survey the field of·taxonomy at the present 

day, it is necessary to have some knowledge of the history 

of the subject and the development of ideas associated with it. 

The early history of botany is largely a history of the 

uses of plants in medicine, and the root-gatherers and 

herbalists of the past began, many centuries ago, to group 

plants having similar "virtues" or medicinal properties. (Gibbs, 

1963). 
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Greene (1909), in his Landmarks of Botanical History, 
2 

emphasized the major early descriptive developments in 

taxonomie botany, particularly as related to specifie 

individuals and their contributions to systematics. Beginning 

with prehistoric time, he recognized as foremost (1) the 

descriptive contributions of Aristotle and Theophrastus, 

followed by a long period of lasting quiescence to the 

fifteenth century, (2) the significance of the observations 

of the herbalists Tragus, Brunfels, Bauhin, ~~. of the 

sixteenth cent ury (3) the first distinction of the monocotyledons 

and dicotyledons by John Ray in 1703, (4) recognition of sexua1 

characters and their significance by Linnaeus and others in 

the mid-eighteenth century, and so on. 

Lawrence (1951), in an excellent treatment of the history 

of classification, says: 

"Many different classifications of plants have been 
proposed. They are recognizable as being or approaching 
one of three types: artificial, natural and phylogenetic. 
An artificia1 system classifies organisms for convenience, 
primarily as an aid to identification, and usually by 
means of one or a few characters. A natural system 
reflects the situation as it is believed to exist in 
nature and utilizes aIl information available at the time. 
A phylogenetic system classifies organisms according to 
their ev01utionary sequence, it reflects genetic re1ation
ships, and it enables one to determine at a glance the 
ancestors or derivatives (when present) of any taxon. 
The present state of man's knowledge of nature is too 
seant to enable one to construct a phylogenetic 
classification, and the so-called phylogenetic systems 
represent approaches toward an objective and in rea1ity 
are mixed and are formed by the combination of natural 
and phylogene1±ic evidence". 
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Theophrastus (370-287, B.C.), the "father of Botany", 

classified plants according to the growth habit. Thus he 

had four groups: herbs, undershrubs, shrUbs, and trees. This 

was the period of artificial classification, when plants 

were grouped according to their habit or number of a certain 

organ. 

The natural system came with John Ray (1628-1704) who 

for the first time recognized the importance of the embryo 

and the presence of one or two cotyledons. Several outstand

ing taxonomists during the l800·s classified plants by a 

"natural" system, they often made no serious or conscious 

attempt to place the major taxa together according to their 

evolutionary relationship. For example, such outstanding 

workers as Bentham and Hooker, in their classic Genera 

Plantarurn, placed the gyrnnosperms between the Dicotyledons 

and Monocotyledon~ instead of placing the latter two together 

as most phyletic workers have done since that time. None-the

less Bentham and Hooker's work remains to this daya useful 

system, mostly "natural", but not phylogenetic. 

Nearly aIl systems of classification are based in part, 

at least, on arbitrary principles as to what constitutes 

pr imi ti veness or, in turn, advancement. Several s uch pr inciple:; 

have been advanced, sorne of a contradictory nature depending 

on the point of view of the systematist (Just, 1948; Constance, 

1958). For example, Engler and Diels (1936) considered that 

the majority of plants with simple unisexual flowers are 
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primitive, while Bessey, Hutchinson and others have considered 

these same floral types indicative of advancement, the 

condition having developed by reduction processes from 

complete, bisexual flowers. 

Hutchinson (1959), in setting forth his view on the 

phylogeny of the angiosperms, adopts the principle that "the 

spiral arrangement of leaves on the stem and of the floral 

leaves precedes that of the opposite and whorled type". 

cronquist (1955), on the contrary, in considering the phylogeny 

of the family compositae, considered opposite'leaves to be 

the primitive condition in that family, but this does not mean 

necessarily that he considers this to be the primitive condition 

for angiosperms generally. Similarly, Hutchinson's view that 

the herbaceous habit is primitive in the Ranunculaceae does 

not conflict with his supposition that woodiness is the 

primitive condition for the angiosperms generally. 

Several systems of classification, particularly of the 

flowering plants and usually to the level of family, have been 

proposed in recent years. These include those of cronquist 

(1968), Benson (1957), Hutchinson (1959 i 1969 for dicots), 

Takhtajan (1969) and others. However, only a few systems have 

gained wide acceptance or attention, the more important being 

those of Bentham & Hooker, Engler, Bessey, and Hutchinson. 

No botanist, however, would claim that any one of the 

many present systems of classification that have been put 
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forward, represents an ideal or final ~olution. There are 

still many problems at aIl taxonondc levels and, in particular, 

the interrelations between higher categories such as orders 

are very unclear. Many difficult taxonondc problems arise 

from phenomena suCh as parallel, convergent, and divergent 

evolution, whiCh may cause botanists to assume closer or more 

distant genetic relations between plants or groups of plants 

than those actuallyexisting (Erdtman, 1968). This is argued 

by Davis and Heywood (1963): 

Il Classification, many taxonondsts claim, should be based 
on, or reflect, phylogeny. This aim we believe, is 
unrealistic in a group with an extreme1y inadequate 
fossil record, ••••• Indeed, the whole conception of 
phylogenetic classification is, we believe, a mistake except 

around the species level in favourah1e and well-studied 
groups; and even there phyletic relationship often 
conflicts with genetic relationship as expressed by 
phenotypic resemblances ll

• 

Researdh is being done to solve this problem of phylogenetic 

re1ationships between taxa. paleobotany, embryology, cyto1ogy, 

and genetics are just a few of the fields. As cronquist (1957) 

states 

IIEvery taxonomie Character is potentially important, and 
no dharacter has inherent, fixed importance; each 
dharacter is only important as it proves to be in any 
particular instance in defining a group which has been 
perceived on the basis of aIl the availah1e evidence. 
Experience shows us that sorne characters are much more 
stable and thus more likely to be important than others, 
and that there are many essentia1ly unidirectional 
evolutionary trends" , .•. 11 

Despite apparent disagreements over the purpose and inter

pretation of classifications, it is wide1y accepted that the 



6 

most use fuI assessment of the overall relationships of 

organisms is obtained by using the largest possible number 

of similarities and differences. In the original definition 

of phenetic classification (Cain and Harrison, 1960) it was 

made clear that it was based on aIl available observable 

characters (including genetic data), not just morphological 

ones. Thus phytochemical characters are included, along with 

cytological, anatomical, palynological and other attributes, 

in the best classifications. 

Botanical classification rests largely on comparative 

studies of morphological and anatomical characters. Roads to 

phylogenetic systems were opened by Darwin, and a deeper 

understanding of the mechanism of heredity resulted from the 

fundamental experimental studies of Mendel and his successors. 

Their work made it abundantly clear that chemical as weIl as 

morphological characters of plants are determined by genetic 

factors by medhanisms the more precise natures of which are 

now gradually being unveiled. 

Morphology is the outward expression of genes. since genes 

or chromosomes are biochemical in nature, the study of the 

chemistry of plants is just another method of investigation. 

But by no means should this line of research be emphasized to 

the exclusion of others. This thought is echoed by the words 

of McNair (1935) who stated that "plants can be classified 

dhemically in accordance with the substances made by them. 

Such a chemical classification may be compared with and used 
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as a supplement to morphological classification and may be of 

sorne importance in the development of the true natural system 

of angiosperm phylogeny". 

It is evident that systematic investigations of the 

chemical characters of plants are likely to become of great 

supplementary value to classical plant taxonomy. Chemical 

characters of plants have the great advantage that they can be 

exactly definèd. 

B. Development of Chemotaxonomy 

Chemical plant taxonomy or chemotaxonomy of plants, as 

defined by Hegnauer (1967), is a scientific investigation of 

the potentialities of chemical characters for the study of 

problems of plant taxonomy and phylogeny. 

Chemical characteristics of plants have been noted and 

usedby taxonomists for centuries. Gibbs (1965) wrote: 

"Sorne of the earliest taxonomy was, in a sense, 
chemotaxonomic. The first groping towards some 
of our oldest families - oldest, that is, in 
establishment - was due to the recognition of 'virtues' 
in cormnon." 

De Candolle believed Rudolph Jacob Camerarius to be the 

first clearly to express the connection between forms of plants 

and their properties. In sorne of the writings of A.P. de Candolle, 

as Hegnauer (1958) has noted, considerable attention was given 

to the chemical properties of plants as correlated with their 

morphological Characters. Examples from De Candolle cited by 
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Hegnauer were the observations that aIl Cinchona species 

combat fever, aIl Pinus species produce terpenes, aIl 

Arnentifere have astringent bark, and aIl Convolvulaceae are 

laxative. 

Petiver, in 1699, as Gibbs (1965) has noted, recognized 

the famdlies umbelliferae, Labiatae, and what we now calI 

Cruciferae, largely on medicinal (chemical) characters. 

Lindley, in 1830, as cited by Gibbs (1965), wrote of the 

Arnygdaleae that they are: 

"Distinguished from Rosaceae and pomaceae by their fruit 
being a drupe, their bark yielding gum, and by the 
presence of hydrocyanic acid~ from Leguminosae by the 
latter character, and ••• from Chrysobalaneae by their 
hydrocyanic acid ••• " 

Abbott (1886) prophes~d: 

"There has been comparatively little study of the chemical 
principles of plants from a purely botanical view. It 
promises to become a new field of research". 

Greshoff (1891) suggested the use of chemistry in taxonomy. 

He said that a "chemical description" should be part of a 

formaI description of a new genus. At Kew, he looked at plants 

for tannins, alkaloids, cyanogenic sUbstances, and 

saponins. In 1909, he emphasized the presence of HCN in plants, 

and vividly described it in platanus: 

"Indeed, in the ordinary plane-tree of London streets 
(P. acerifolia), there is so much hydrocyanic acid 
present that the amount from every London plane-leaf 
would be enough to kill a London sparrow ll

• 

Van Romburgh (1899) studied the occurrence of HCN, methyl 

salicylate, and acetone in plants, while TreUb (1907) studied 

the raIe of HCN. 
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At present, botanists such as Gibbs and biochemists suCh 

as Florkin have long been aware that chemical data are 

potentially of great use to systematics as broadly defined, 

but it is only in the last ten years or so that biochemical 

systematics has come to occupy a major role. The two main 

reasons for this have been the development of rapid and 

efficient screening techniques suCh as chromatography and 

electrophoresis, and, as a result of this the rapid identific-

ation of a large number of organic compounds by these methods, 

and the realization that they have a wide systematic value 

and can contribute to the solution of many taxonomie problems. 

Many constituents are looked for in plants today. 

Compounds found only in a single species (unique compounds) 

may only possess taxonomie value at the species level. Many 

natural products are ubiquitous and are, for that reason, of 

little of no taxonomie interest. Proteins and nucleic acids 

are truly Ubiquitous but are, nevertheless, of potentially 

great taxonomie value. In spite of their high molecular weight, 

compounds such as cellulose, protein and nucleic acids can be 

assigned definite structures. The lignins are less regularly 

constructed, probably being mixtures of condensation products. 

Nevertheless, the lignins appear to possess great taxonomie 

value. very recent developments suggest that biochemical data, 

especially at the "macromolecular" level, may assist in working 

out sorne of the evolutionary pathways by which groups have arisen. 
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Arnong the more popular small molecular weight compounds 

investigated in this fashion have been those of ami no acids, 

alkaloids,. terpenoids and flavonoids, these four chemical 

classes are widespread among plant groups but in each may be 

found certain subclasses which are restricted to closely 

related taxa. 

nistributional surveys for secondary compounds will become 

much more meaningful after knowledge of their biosynthetic 

origins has accumulated. This point has been repeatedly 

emphasized by a number of workers (SWain, 1966), and in at 

least one recent text on phytochemistry (Mentzer and Fatainoff, 

1964) the secondary compounds are arranged according to the 

metabolic pathways leading to their production; e.g., acetic 

acid (C2)n derivatives; isoprenoid (CS)n derivatives; shikimic 

acid derivatives, etc. Thus, as H:G.H. Erdtman (1963) writes: 

IIChemotaxonomy is essentially the investigation of 
chemical compounds or groups of biosynthetically related 
compounds, in a series of related, or supposedly
related plants ll

• 

Therefore, for purposes of classification, knowledge about 

the genesis of plant constituents is just as important as 

knowledge of their structures. The general tendencies of 

evolution for metabolic patterns and for individual categories 

of constituents of angiosperms, are scarcely known at present. 

Alkaloids, for instance, have been detected in fungi, pteridophyta, 

gymnospermae and angiospermae, but it is virtually impossible 

to indicate evolutionary trends concerning their structure 
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and distribution. within taxa of lower rank, such as species in 

a genus, genera in a family, a~d even families in an order, 

such tendencies may emerge in the near future, but with 

regard to the whole plant kipgdom such tendencies seem not 

to exist at aIl or are still far from being conceived clearly. 

At the present time, there are many weIl developed methods 

available for both botanists and cheroists who are interested 

in chemosystematic study. 

The simple tests used by the present author and others 

are use fuI for preliminary surveys of the biochemistry of plants. 

The techniques of pape r-dhromatogr aphy , although they 

require skill, are relatively simple and rapid, and they'only 

need a smallamount of leaf material. The author has used 2-

waypaper chromatography for the separation and subsequent 

identification of simple phenolic compounds of leaves. Today 

this method, as weIl aScthin-Iayer dhromatography, is extensively 

used. 

Gas chromatography, where the extracts are volatilized 

and run as agas through a liquid column instead of on paper, 

requires more expensive apparatus but can be largëly automated, 

the results being presented in the form of a graph in which the 

peaks represent the ab und an ce of molecules with different 

features. It is employed for the screening of oils as in mints, 

or terpenes as in the pines. 
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with the techniques of gel e1ectrophoresis, Bou1ter 

and his associates at Liverpool worked on protein bands obtained 

from the a1bumin fraction of seeds of various genera of the 

Leguminosae and they have shown that the technique may be of 

great value in supporting taxonomie arrangements or suggesting 

where revision ought to be considered. 

Mass spectrometry is increasing1y rep1acing the c1assica1 

e1ementary analyses and determinations of mo1ecu1ar weights. 

The combination of gas chromatography and mass spectrometry 

makes it possible to investigate products avai1ab1e on1y in 

trace amounts and to identify their components by comparing 

their mass spectra with those of known substances. The 

fragmentation reactions of organic compounds are being intense1y 

studied and, no doubt, in the future it will become possible 

to e1ucidate the structure of many substances by mass spectro

metry a1one. 

One of the most important recent1y deve10ped teChniques 

is that of nuc1ear magnetic resonance spectroscopy (NMR). It 

has opened new avenues of approaCh to a who1e wor1d of prob1ems 

invo1ving sma11 mo1ecu1es, inc1uding the pheno1ic and other 

secondary metabo1ic substances. The princip1es and methods 

invo1ved make its use applicable to the sma11 amounts of 

substances avai1ab1e in many types of bio1ogica1 experiments. 

The UV, IR, and NMR spectra of many substances give 

va1uab1e information about their structure, configurations, and 
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conformations. Many important but difficu1t prob1ems 

concerning the abso1ute configuration of natura1 products 

are now easily solved by examination of their ORO curves. 

structural investigation and studies on the distribution 

of natura1 products in the plant kingdom open roads to fields 

such as taxonomy and, perhaps, plant evo1ution. 

c. purpose of This Research 

The purpose of this researCh was to gather supp1ementa1 

(that is, ch'emica1) evidence to revea1 (1) Whether the IRuta1es" 

of Scho1z (in Eng1er 12th Syllabus, 1964) is a natura1 group. 

(2) The affinities and/or absence of affinities between the 

fami1ies of Scholz's Ruta1es. (3) Gaps in our know1edge of 

these fami1ies, which might suggest further work to be done 

on this group. 
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REVIEW OF LlTERATURE 

A. The arder "Rutales" 

The position of many taxa of Scholz's "Rutales" in the 

natural system of plants is still highly uncertain. This 

applies to all levels of taxonomie categories, e.g. species 

in a genus, genera in a family (e.g. Ptaeroxylon in 

Ptaeroxylonaceae?), families in an order (e.g. pOlyqalaceae 

in POlyqalales?: Malpighiaceae in Malpighiales?). 

Scholz in the l2th Il Syllabus" of Engler and Melchior 

(1964) classifies th~ "Rutales" as follows: 

Suborder Rutineae: Rutaceae (204/1600) 

cneoraceae (2/3) 

Simaroubaceae (26/100) 

picrodendraceae (1/3) 

Burseraceae (20/600) 

Meliaceae (50/1400) 

Akaniaceae (1/1) 

Suborder Malpighineae: Malpighiaceae (65/800) 

Trigoniaceae (4/35) 

vochysiaceae (6/200) 

Suborder Polygalineae: Tremandraceae (3/30) 

polygalaceae (13/800) 

The above 12 families have been placed in sever al different 

arrangements and groups under various names over the years. The 

positions attributed to them in sorne systems of angiosperms 

are given in Table I. This table does not show all the other 
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fami1ies which sorne of the systematists inc1ude, but rather 

gives the more common ones and the names of the orders under 

which they have been grouped. l choose a few examp1es to 

i11ustrate this point: 

Hutchinson (1~69) be1ieves that not aIl the "Ruta1es" of 

the 12th Syllabus are representatives of one 1ine of deve10pment 

(woody) • According1y, he sp1i ts them into no 1ess than eight 

orders: Rutaceae, SimaroUbaceae, and Burseraceae form 

for him the order Ruta1es which derives from the Ce1astra1es. 

His po1yga1a1es inc1udes polyga1aceae, Trigoniaceae, VoChysiaceae 

(and Krameriaceae). Ma1pighiaceae and Irvingiaceae (from 

SimaroUbaceae) with sorne other fami1ies form his order 

Ma1pighia1es. The remaining five fami1ies Me1iaceae, Akaniaceae, 

Tremandraceae, Cneoraceae and Picrodendraceae, HutChinson 

considers to be members of the Me1ia1es, Sapinda1es, pittos

pora1es, Celastra1es and Jug1anda1es respective1y! 

An order "Ruta1es" has been estab1ished by other systematists, 

too --Lindley (1853),Gunderson (1950), Rend1e (1938, 1952), 

Takhtajan (1959, 1969), Pulle (1952), Benson (1957), and 

Boivin (1956). 

Gunderson (1950) had a "Geranium group", p1aced between 

the "Ma1va group" and the "Dianthif1orae ll
, with Ruta1es, 

Jug1anda1es, Sapindales, celastra1es and Gerania1es. Inc1uded 

in his Ruta1es are Burseraceae, cneoraceae, SimaroUbaceae, 

Rutaceae, and Me1iaceae of 'our' Rutales. The Akaniaceae; 
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TABLE 1 

Numbers of Taxonomists Assigning the Fami1ies of Scho1z's 

Ruta1es to the Ruta1es and to other Orders 

ORDERS 
CIl 
<LI CIl 

r-I <LI CIl CIl 
CIl Cd CIl r-I <LI <LI 
<LI ~ <LI Cd ...-1 r-I CIl 

r-I r-I -r-! Cd Cd CIl <LI 
CIl Cd s:: Cd ~ r-I ra <LI r-I 
<LI .r-! -r-! ra Cd s:: r-I Cd 

r-I s:: .g s:: -r-! ~ Cd Cd J.I 
Cd Cd -r-! 0.. r-I .r-! 0 
.jJ J.I J.I 0.. r-I r-I tJ'l r-I <LI 

FAMILlES ::l <LI <LI Cd ~ 0 ::l ~ s:: 
,P:; C> E-t CIl PI J-:l t) 

Rutaceae 9 3 6 1 0 0 0 0 0 

Cneoraceae 5 2 2 1 0 0 0 0 1 

Simaroubaceae 9 3 6 1 0 0 0 0 0 

picrodendraceae 1 0 0 0 0 0 2 0 0 

Burseraceae 7 2 4 1 0 0 0 0 0 

Me1iaceae" 7 3 6 1 0 0 0 2 0 

Akaniaceae 2 0 4 6 0 0 0 0 0 

Ma1pighiaceae 1 7 1 2 3 3 0 0 0 

Trigoniaceae 1 1 3 1 1 7 0 0 0 

Vochysiaceae 1 1 3 2 1 7 0 0 0 

Tremandraceae 1 1 3 2 0 5 0 0 0 

po1yga1aceae 1 1 3 3 0 10 0, 0 0 
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Malpighiaceae, Vodhysiaceae (including Triqonia), Tremandraceae 

and polygalaceae are in the Sapindales. 

Rendle (1952) placed four of 'our' families in the Rutales 

Rutaceae, Simaroubaceae, Burseraceae and Meliaceae. He included 

Po1yga1aceae doubtfu11y in the Sapindales, whi1e Ma1pighiaceae 

was put in Gerania1es. He also be1ieved that Gerania1es, 

Ruta1es and Sapinda1es are c10sely a11ied to each other. 

Pulle (1952) had the fo11owing scheme: 

C1usia1es --Ji. 

~ Po1yga1a1es 

Ruta1es ~ Tremandr • 

(zygophy11.) \. Po1yga1. 

Cneor. Malpighia1es 

Rut. Malpighi. 

Burser. Trigoni. 

Simaroub. vodhysi. 

Me1i. 

Akani. 

Takhtajan (1969) has a Ruta1es much 1ike Pu11e's with 

Burser., Simaroub., Rut., cneor., and MeIL He puts Malpighi. 

in his Gerania1es, and Trigoni., vodhysi., polyga1., and Tremandr. 

in his polyga1a1es. The Akani. are in Sapinda1es, and the 

picrodendr. in Euphorbia1es. 

Benson (1957) separated 'our' families into three different 

orders: Ruta1es, p01yga1a1es and Gerania1es. He regarded 

Akaniaceae and Tremandraceae to be of uncertain position, but 

he believed that they are related to the comp1ex of the 

Geraniales, Ruta1es and Sapindales. 
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Boivin (1956) p1aced the Rutaceae and SimaroUbaceae in 

the Ruta1es: Me1iaceae as the on1y fami1y of Me1ia1esi 

po1yga1aceae, Trigonaaceae and vochysiaceae as po1yga1a1eSi 

whi1e Ma1pighiaceae was raised to ordinal rank again. Akaniaceae, 

Cneoraceae and Tremandraceae were put in Sapinda1es, Celastra1es 

and Pittospora1es respective1y. 

The ear1y systematist Lind1ey (1853) inc1uded in the 

Ruta1es the Rutaceae, SimaroUbaceae and Me1iaceaei whi1e 

Ma1pighiaceae, vochysiaceae, Tremandraceae and p01yga1aceae 

were in Sapinda1es. 

On the other hand, cronquist (1957 i 1968) does not 

segregate Ruta1es from Sapinda1es as many taxonomists do. He 

places six of 'our' fami1ies -- Akaniaceae, Burseraceae, 

Simaroubaceae, cneoraceae, Rutaceae and Me1iaceae -- in 

Sapinda1es. He refers po1yga1aceae, Ma1pighiaceae, Trigoniaceae, 

Vochysiaceae, Tremandraceae(and xanthophy11aceae and Krameriaceae) 

to the Po1yga1a1es. 

He says that picrodendron seems best associated with the 

Jug1andaceae in the Jug1anda1es. Bessey (1951) inc1uded aIl 

of 'our' fami1ies except picrodendraceae and Akaniaceae in his 

order Gerani~. 

Soo (1953) and Wettstein (1935) inc1uded most of the 

fami1ies of the sy11. 12 Ruta1es in an order Terebintha1es, but 

the fami1y Cneoraceae was p1aced in Gerania1es by s06, whi1e 

Cneoraceae and Ma1pighiaceae were referred by Wettstein to 

Gruina1es. 



19 

Skottsberg (1940) included in his order~rebinthales 

only Rutaceae, cneoraceae, Simaroubaceae, Meliaceae and 

Akaniaceae. The Malpighiaceae, Trigoniaceae, Vochysiaceae 

and Tremandraceae form his Gruinales. polygalaceae is the 

only family of his po1yga1a1es. 

Chaudefaud and Emberger's (1960) order Terebinthales is 

essentially the Ruta1es, but inc1udes other families a1so. 

Malpighiaceae was p1aced by Chaudefaud and Emberger in 

Geraniales. They raised cneoraceae to ordinal rank as cneorales. 

Hallier (1912) and Copeland (1957) placed the 

Ma1piqhiaceae, Trigoniaceae, vochysiaceae, Tremandraceae and 

Po1yga1aceae in the Po1yga1ales. Hallier (1912) placed the 

other five families: Rutaceae, cneoraceae, Simaroubaceae, 

Burseraceae, and Me1iaceae in his Terebinthinae. cope1and (1957) 

referred Rutaceae, cneoraceae, Simaroubaceae and Meliaceae to 

Trihilatae. While warming (1895) inc1uded Rutaceae, Simaroubaceae 

and Me1iaceae in Terebinthinae. 

Final1y, van Tieghem and constantin (1918) referred 

Rutaceae, Simaroubaceae, Meliaceae and Malpighiaceae to 

Geranialesi Trigoniaceae and Tremandraceae to Oxalidalesi and 

vochysiaceae to Rhamnales. 

These placings are summarized in Table l. We see that 

there are many authors placing Rutaceae, cneoraceae, Simaroubaceae, 

Burseraceae and Meliaceae in Rutales or its equivalent order 
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Terebintha1es. On the other hand, Ma1pighiaceae, !rigoniaceae, 

Vochysiaceae, Tremandraceae and Po1yga1aceae are assigned to 

P01yga1a1es: or the Ma1pighiaceae, Trigoniaceae and Vochysiaceae 

are grouped in Ma1pighia1es: whi1e Picrodendraceae and Akaniaceae 

are put in Jug1anda1es and Sapinda1es, respective1y. 

B. Fami1ies of the "Ruta1es" 

1. Rutaceae 

This fami1y was first made by Jussieu in 1789. Sma11 

(1907), Bessey (1915), Van Tieghem and Constantin (1918) and 

Eng1er and Die1s (llth "Syllabus", 1936) assigned this fami1y 

to the Gerania1es. Scho1z (in the 12th "Syllabus", 1964) split 

the Gerania1es,and the Rutaceae became the type fami1y of an 

order Ruta1es. 

This fami1y has been p1aced in the Ruta1es by many 

other authors (Lind1ey, 1853: Rend1e, 1938, 1952: Gundersen, 

1950: pulle, 1952; Boivin, 1956; Benson, 1957: Hutchinson, 196·9, 

and Takhtajan, 1969), whi1e cronquist (1968) inc1uded this 

fami1y in the Sapinda1es. However, severa1 authors (s06, 1957: 

Emberger in Chadefaud and Emberger, 1960: Skottsberg, 1940: 

Wettstein, 1935) p1aced this fami1y in the Terebintha1es. It 

has a1so been made a member of Trihi1atae (Cope1and, 1957) and 

Terebinthinae (Hallier, 1912: warming, 1895). 

This fami1y is divided into seven suhfami1ies: 

Rutoideae, Dictyo10matoideae, F1indersioideae, Spathe1ioideae, 

TOdda1ioideae, Citroideae, and Rhabdodendroideae by Scho1z. 
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Metcalfe and Chalk (1950) stated that the wood anatomy is very 

uniform and highly-specialized in the whole group. 

The placing of the genera Chloroxylon and Flindersia,of 

SCholz's sUbfamily Flindersioideae, has proved difficult for 

botanists (Kribs, 1930). Accor~ing to Solereder (1908), these 

two genera have both Rutaceous characters, i.e. secretory 

cavities in the tissue of the leaf and cortex, and Meliaceous 

characters, i.e. the secretory cells in the cortical tissue of 

the axes. Bentham and Hooker (1862) have placed Chloroxylon 

and Flindersia with the Meliaceae,whereas placement in the 

Rutaceae was favoured by others (Engler and prantl, 1897-1964; 

and Kribs, 1930. The latter view is supported by pollen 

morphology (Erdtman, 1952). Metcalfe and Chalk (1950) mention 

that Flindersia should remain with Rutaceae, while Chloroxylon 

should go to Meliaceae. Because of the homogeneous rays and 

the non-septate fibres, Harrar (1937) suggested that a separate 

family, the Flindersiaceae, should be formed. Dadswell (1935) 

agrees. 

Bentham and Hooker took the genus Zanthoxylum to include 

the subgenus Fagara. The problem of whether or not to consider 

Fagara L. (with a biseriate, differentiated perianth) as distinct 

from Zanthoxylum L. sensu stricto (with a uniseriate, 

undifferentiated perianth) has recently been reviewed and 

discussed by Brizicky (1962) who concluded that ••• 

"the 'simple' perianth of Zanthoxylum is most likely a 
secondary condition, derived by reduction from that of 
the Fagara type by abortion of sorne or aIl the sepals" 

and 
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"The occurrence of species of Zanthoxylum which 
appear in their perianth structure to be transitional 
to Fagara not only supports this view (of reduction), 
but also is ample reason to regard Fagara as a subgenus 
of Zanthoxylum". 

Hartley (1966) agreed ~ith these conclusion, except in the formal 

recognition of Faqara as a subgenus. 

The only genus, Rhabdodendron, of the subfamily Rhabdodendroideae 

is also a problem. Heimsch (1942), on the basis of wood anatomy, 

concluded that Rhabdodendron does not belong in this family. 

It has been placed in Rubiaceae by Willis (1960), and in 

Phytolaccaceae by Record and Hess (1943). Dadswell (quoted by 

priee, 1963), however, considered it is possibly a mixed genus 

with species belonging to each of the three families. Recently, 

Prance (1968) states that Rhabdodendron is shown to differ from 

Rutaceae in nearly all important features of floral morphology, 

leaf and stem anatomy and pollen grain structure, and he writes: 

"In these respects, it is closely related to Phytolaccaceae 
and other families of centrospermae but sufficiently 
distinct from them to justify the description of a new 
family to accommodate it". 

2. cneoraceae 

cneorum L. is the typical genus of this family which 

man y authors have placed in the Rutales (Gunder sen., 1950: Pulle, 

1952; Benson, 1957: Engler and Melchior, 1964 and Takhtajan, 

1969). On the other hand, other systematists have made this 

family a member of the Geraniales (Bessey, 1915: Engler and 
, 

Diels, 1936; Soo, 1953). Engler (193l) stated that the carpels 

are somewhat like those of the Zygophyllaceae, but the single 
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stamen whor1, the absence of stipules and the presence of oi1-

ce11s make the genus somewhat distinct from the other members 

of the Gerania1es. 

cronquist (1968) p1aced this taxon in the Sapinda1es: 

Hutchinson (1959) and Boivin (1956) in the ce1astra1es. 

Wettstein (1935) had the Cneoraceae doUbtfu11y at the end of the 

Gruina1es. Bentham and Hooker (1862-1883) inc1uded it in the 

SimaroUbaceae, whi1e Hallier (1912) p1aced it near SimaroUbaceae 

and Todda1ineae in the or der Terebinthinae. 

A1though Emberger (in Chadefaud and Emberger, 1960) stated 

that the nuc1eated albumen, the trinuc1eated pollen and the 

ovary are 1ike those of the Gerania1es, he made this fami1y the 

on1y member of an order Cneora1es. 

Erdtman (1952) suggested that there is possib1y some 

resemb1ance between the pollen grains of cneorum and those of 

Rutaceae and re1ated fami1ies. 

3. Simaroubaceae 

Simarouba and the other members of this fami1y were 

included in the Ruta1es by Scho1z, near cneoraceae and 

Picrodendraceae. 

Many other authors have a1so assigned this fami1y to 

the Ruta1es, amongst them Lind1ey (1853), Gundersen (1950), 

Pulle (1952, Rend1e (1952), Boivin (1956), Benson (1957), 

Hutchinson (1956) and Takhtajan (1969). Eng1er and Die1s (1936), 

however, had this fami1y in the Gerania1es as did some other 
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authors (Sma11, 1907; Bessey, 1915). Cronquist (1968) 

inc1uded it in the Sapinda1es, a10ng with Akaniace~, Burser-

aceae, cneoraceae, Rutaceae and Me1iaceae. 

This fami1y has a1so been assigned to their equiva1ent of 

the Ruta1es, that is, the Terebinthales by Wettstein (1935), 
, 

Skottsberg (1940), Soo (1953) and Emberger (in Chadefaud and 

Emberger, 1960); the Terebinthinae by Warming (1895), and 

Hallier (1912); and the Trihi1atae (cope1and, 1957). 

Emberger stated that the simple 1eaves of this fami1y have 

the same phy10genetic origin as those of the Aurantioideae 

of the Rutaceae. 

Scholz divides this fami1y into six subfami1ies: 

surianoideae, Simarouboideae, Kirkioideae, Irvingioideae, 

picramnioideae and A1varadoideae. Metca1fe and Chalk (1950) 

stated that there were few anatomica1 characters common to the 

group. Jadin (1901), as a resu1t of his anatomica1 studies of 

stems, petioles and 1eaves, exc1uded the genera Suriana and 

Ho1acantha and assigned them respective1y to the monotypic 

fami1ies Surianaceae and Ho1acanthaceae. Sma11 (1907), too, 

formed a fami1y Surianaceae which he p1aced near Rutaceae and 

Simaroubaceae in the Gerania1es. Solereder (in Loesener and 

Solereder 1905) returned suriana to the Simaroubaceae, recognized 

the genus Rigiostachys as be10nging to it, recommended the 

re-establishment of the genus Guilfoy1ia (which had been combined 

in Cade11ia), and inc1uded these four genera in the subfami1y 
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Surianoideae. Webber (1936) in her systematic anatomy of 

the woods of simarotibaceae, supported Solereder's abolition 

of the monotypic family Surianaceae, his close grouping of 

Suriana and Cadellia, and his withdrawal of Guilfoylia from 

Cadellia. She also claimed that Holacantha and Castela differed 

markedly from the other genera, but that the difference~ do 

not support Jadin's erection of the monotypic family Holacanthaceae, 

since the woods of both castela and Holacantha differ from 

those of other Simarouboideae in the same respects. 

Hallier (1908) proposed that the Irvingiaceae and the genera 

Picrodendron, picramnia and Alvaradoa be excluded from the 

Simaroubaceae. W'hereas Webber (1936), from the standpoint of 

wood anatomy, wrote: 

"the distinct type of wood structure characterizing 
the Kirkioideae, Irvingioideae, picramnioideae and 
Alvaradoideae indicated that eadh of these stibfamilies 
is a natural group. Whether these groups should be 
ranked as stibfamilies of the Simaroubaceae, as distinct 
families, or as components of other families can be 
determined only after a consideration of aIl their 
characteristics. It is, however, of significance that 
the exclusion of the Irvingioideae, picramioideae and 
Alvaradoideae from the Simaroubaceae has been proposed 
because of distinctive morphological characteristics 
other than wood structure ". 

In the meanwhile, she stated that the Surianoideae showed 

some diversity, and that the SimaroUboideae eXhibit rather wide 

variation, and suggested that the genus picrodendron be assigned 

to a new monotypic family Picrodendraceae, since the wood-

structure of picrodendron bears a strong resemblance to that 

of the Irvingioideae. 
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In 1923, Hallier reviewed the early taxonomic history of 

the Irvingiaceae and included this group in his account of the 

Linaceae. Hutchinson (1959) formed a family Irvingiaceae which 

he placed in his Malpighiales, near Linaceae and Huaceae. 

Van Tieghem and constantin, as early as 1918, assigned a family 

Irvinqiaceae to the Geraniales, near Simaroubaceae and 

Lequminosae. 

4. picro'dendraceae 

The affinities of picrodendron are still obscure. It 

was placed in the Geraniales as part of Simaroubaceae by Engler 

and Diels (Syl1. Il, 1936). In the 12th Syllabus, it was 

raised to familial rank and was assigned to the Rutales, near 

Simaroubaceae. Hallier (1923) suggested that Picrodendron 

be referred to the Bombacaceae rather than the Simaroubaceae. 

Engler (1931) considered that the carpel morphology of this 

genus was sufficiently distinctive to outweigh the anatomical 

evidence presented by Boas (1913) to show that picrodendron 

should be included in the Irvingioideae; whereas, Webber (1936), 

according to the structure of wood, suggested that the genus 

picrodendron should be assigned to a new monotypic family 

Picrodendraceae. Record and Hess (1943) had a family 

picrodendraceae too. Hutchinson (1959) placed this family 

near Juqlandaceae, in the Juqlandales, and cronquist (1968) 

stated that picrodendron seems best associated wi th the 

Juglandaceae. 
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5. Burseraceae 

Scho1z, in sp1itting the Gerania1es put Burseraceae 

in his Ruta1es. 

This fa~ly has a1so been p1aced in the Rut~ by 

many other authors (Rend1e, 1938, 1952; Gundersen, 1950; 

Pulle, 1952; Benson, 1957; Hutchinson, 1959, and Takhtajan, 

1969); and it has been assigned to their equiva1ent of the 

Ruta1es, the Terebintha1es, by Wettstein (1935), SOO (1953) 

and Emberger (1960); and Terebinthinae (Hallier, 1912). 

Sma11 (1907) and Bessey (1915) p1aced this fami1y 

between Simaroubaceae and Me1iaceae in the Gerania1es, while 

cronquist (1968) assigned it to the Sapinda1es, a10ng with 

Akaniaceae, Burseraceae, Simaroubaceae, Cneoraceae, Rutaceae 

and Me1iaceae. 

Guillaumin (1909-1~10) stated that the most marked 

affinities of Burseraceae are with Anacardiaceae, Me1iaceae, 

Rutaceae and Simaroubaceae. Webber (1941) and Heimsch (1942), 

on the basis of wood structure, a1so conc1uded that Rutaceae, 

Simaroubaceae, Me1iaceae, Sapindaceae, Burseraceae and 

Anacardiaceae form a natural group. Heimsch (1942), in his 

study of the wood anatomy of 1000 species in 37 fa~lies including 

Burseraceae, Meliaceae, Sapindaceae, Rutaceae, Simaroubaceae and 

Anacardiaceae, conc1uded that these fami1ies are better c1assified 

by Wettstein, Hutchinson, and especia11y Hallier. 

Emberger (in Chadefaud and Emberger, 1960) p1aced this 

family in the Terebintha1es, with affinities with Rutaceae and 
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Simaroubaceae, but distinguished by certain anatomica1 feature, 

such as the secretory schizogenous cortical canals, and the 

radical or fundamenta1 ph10em which is sometimes more medu11ary 

or pithy. 

Erdtman (1952) stated that the pollen grains in Burseraceae 

are more 1ike those of certain genera of the Simaroubaceae 

than those of Rutaceae and Me1iaceae. 

6. Me1iaceae 

Eng1er and nie1s (1936) p1aced this fami1y in the 

Gerania1es as did Sma11 (1907), Bessey (1915) and Van Tieghem 

and constantin (1918). In the 12th "syllabus" it is in the 

Ruta1es, near Burseraceae and Akaniaceae. 

Many other authors have a1so assigned this fami1y to 

the Ruta1es (Lind1ey, 1853; Pulle, 1952; Gundersen, 1950; 

Rend1e, 1938, 1952; Benson, 1957). cronquist (1957; 1968) 
1 

inc1uded it in the Sapinda1es, a10ng with Akaniaceae, Burseraceae, 

Simaroubaceae, cneoraceae, and Rutaceae. Takhtajan (1954) 

a1so assigned this fami1y to the Sapinda1es, but 1ater, in 1959 and 

1969, he referred it to Ruta1es which he segregated from the 

Sapinda1es. Heimsch (1942) stated that Me1iaceae, Rutaceae, 

Simaroubaceae, Sapindaceae, Burseraceae and Anacardiaceae form' 

a more or 1ess natura1 group. 

Hutchinson (1969) and Boivin (1956) made this fami1y 

the on1y member of the Me1ia1es. It has a1so been assigned to 
, 

the Terebintha1es (Soo, 1953; Emberger in Chadefaud and Emberge~, 

1960; Skottsberg, 1940; Wettstein, 1935), and Terebinthinae 
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(Hallier, 1912; warming, 1895). These are essentially 

rutaceous orders. Copeland (1957) placed this taxon in the 

order Trihilatae. 

The genus ptaeroxylon wa,s placed in the Sapindaceae by 

Bentham and Hooker (1862); while Harvey and Sonder (1860) 

favoured a separate small subfamily, the ptaeroxyleae, in the 

Meliaceae. Radlkofer placed this genus in the Meliaceae because 

of the presence of secretory cel1s in the leaves. Rribs (1930), 

on the other hand, having exarnined the wood of this monotypic 

genus, suggested that it more close1y resembles the Rutaceae. 

Recently, it was placed with cedre10psis in a smal1 fami1y, 

the Ptaeroxy1aceae (Leroy, 1959) and regarded as close1y re1ated 

to the Sapindaceae. 

Kribs (1930) argued that swietenioideae is the only 

subfami1y of Meliaceae in which the genera form a distinct 

homogeneous group on the basis of its anatomy and morphology 

and shou?d thus be raised to familial rank as swieteniaceae. 

Erdtman (1952), says that pollen morpho1ogy, does not support 

Harms's suggestion that the three subfamilies cedreloideae, 

swietenioideae and Melioideae should rank as separate families, 

and he also found pollen-grains more or less sirnilar to those 

in Meliaceae to occur in Rutaceae (e.g. in Aegle, Atalantia, 

citrus etc.). 
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7. Akaniaceae 

This is a tiny family with Akania hillii only. 

Stapf (19l2) first proposed this farnily and placed it in 

the Sapindales, in which he was followed by many authors 

(Gundersen, 1950; Boivin, 1956, Hutchinson, 1959; cronquist, 

1968, and Takhtajun, 1969). Scholz places this farnily in 

Rutales, and this mainly because of the ovule. 

cronquist (1968) wrote: 

"The Akaniaceae, •••• were unique in the 
sapindales in their very wide wood rays, and 
they are somewhat unusual in lacking a floral 
disk and having endosperm. Their pollen is 
like that of sorne of the Sapindaceae, and they 
commonly have eight starnens and a pentarnerous 
perianth, like the Sapindaceae. Although it 
has sometimes been included in the Sapindaceae, 
Akania seems amply to merit status as a separate 
family. On the other hand, there is nothing ta 
indicate that it would be better placed in any 
other arder Il • 

In fact, in the presence of the very large rays and 

the absence of uniseriate rays in the secondary wood, this 

family differs clearly fram Sapindaceae. 

Benson (1957) says that Akaniaceae and Tremandraceae are 

of uncertain position, but he believes that they are related ta 

the complex of the Geraniales, Rutales and Sapindales. Ernberger 

(in Chadefaud and Ernberger, 1960), althaugh placing this family 

in the Terebinthales, considers the affinities of this taxon 

to be unclear. 
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8. Ma1pighiaceae 

This fami1y was most often p1aced in Gerania1es (Sma11, 

1907: Bessey, 1915: van Tieghem and constantin, 1918; Rend1e, 

1938, 1952; Benson, 1957: Emberger, in chadefaud and Emberger, 

1960; and Takhtajan, 1969): 1ess often in Ma1pighia1es 

(Pulle, 1952; Boivin, 1956: HutChirison, 1959); or po1yga1a1es 

(Hallier, 1912; cope1and, 1957 and cronquist, 1968); whi1e 

on1y Scho1z (1964) treated it as a fami1y of Ruta1es, in the 

suborder Ma1pighiineae, near Trigoniaceae and vochysiaceae. 

It has a1so been assigned to the Sapinda1es (Gundersen, 

1950), but Gundersen noted that the twisted seed of the 

Sapindaceae and other characters make Ma1pighiaceae distinct 

from that fami1y. 

Erdtman (1952) found the pollen grains of Ma1pighiaceae 

to be slight1y simi1ar to those of Tremandraceae and Trigoniaceae, 

but more or 1ess different from those of Vochysiaceae. van Tieghem 

and constantin (1918) described the Ma1pighiaceae as Il 

une famille trés homogéne". 

9. Trigoniaceae 

This fami1y was inc1uded in the vochysiaceae by Bentham 

and Hooker (1862-1883). Scho1z (in sy11. 12, 1964) has it as a 

distinct fami1y in the Ruta1es. 

Sever al authors (Benson, 1957; Hutchinson, 1959; 

cronquist, 1968, and Takhtajan, 1969, etc.) made this a fami1y 

of the po1yga1a1es and p1aced it near vochysiaceae. pulle (1952) 
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assigned this fami1y to the Ma1pighia1es,again near Vochysiaceae. 

Warming (1895) assigned this fami1y to Aescu1inae, again near 

Vochysiaceae (and Tremandraceae). 

Thus, as one can see, many authors assign this fami1y to 

a position near vochysiaceae. Metca1fe and Cha1k (1950) 

described it as being conspicuous1y different from Vochysiaceae 

in the absence of intraxy1ary ph10em and in the presence of 

bordered pits in the ground tissue e1ements of the xy1em. 

However, Heimsch (1942) stated that the wood anatomy suggests 

a re1ationship with po1yga1aceae, Tremandraceae, Ma1pighiaceae, 

and vochysiaceae; whi1e Erdtman (1952) says that there is some 

simi1arity between the pollen-grains of Lightia licanioides 

(Trigoniaceae) and those of some genera of the vochysiaceae. 

10. vochysiaceae 

Scho1z assigned this fami1y to the Ruta1es, and thus 

p1aced it near Ma1pighiaceae and Trigoniaceae. 

Many authors (Sma11, 1907; Benson, 1957; Hutdhinson, 

1959; cronquist, 1968 and Takhtajan, 1969) have preferred to 

put this fami1y in polyga1ales. pulle (1952) made it a member 

of the Ma1pighia1es. 

Heimsch (1942) said that this family is re1ated to 

Po1yga1aceae, Trigoniaceae, Tremandraceae, and Ma1pighiaceae, 

but differs from them in the more pronounced deve10pment of 

banded parenchyma and the occurrence of interce11u1ar canals. 

Erdtman (1952) found that certain pollen types in Ma1pighiaceae 

and Trigoniaceae (Lightia) have at 1east sorne èharacters in 

common with the pollen of vochysiaceae. 
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11. Tremandraceae 

Scho1z assigns this fami1y to Ruta1es and has it 

with Po1yga1aceae as the suborder po1yga1ineae. This fami1y 

has been inc1uded in the Gerania1es (Bessey, 1915) and in the 

Sapinda1es (Lind1ey, 1853; Gunder sen, 1950), but many authors 

place it in Po1yga1a1es (pulle, 1952; cronquist, 1968; 

Takhtajan, 1969; etc.). 

warming (1895) made this fami1y part of the 

Aescu1inae l and p1aced it between Trigoniaceae and p01yga1aceae. 

Metca1fe and dha1k (1950), after investigating this 

fami1y, described it as one in which anatomica1 structures are 

uniform and thus do not aid in estab1ishing affinities. Accord

ing to Erdtman (1952) the pollen grains of Tremandra are more

or-1ess simi1ar to those of Ga~phimia (Ma1pighiaceae). 

12. Po1yga1aceae 

This fami1y has been various1y p1aced by different 

systematists. Scho1z (Sy11. 12, 1964) has it in the Ruta1es 

near Tremandraceae. warming (1895) a1so p1aced this fami1y 

near Tremandraceae but in the Aescu1inae. 

Many authors have it in Po1yga1a1es (Sma11, 1907; 

Pulle, 1952; Benson, 1957; Hutchinson, 1959; cronquist, 1968 

and Takhtajan, 1969 etc.). Others (Lind1ey, 1853; Gundersen, 

1950; and Rend1e, 1952) have p1aced this fami1y in the 

Sapinda1es, but Rend1e ca11s the po1yga1aceae a fami1y of 

doubtfu1 position. 
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Heimsch (1942) investigated sorne members of this family 

and found that the wood anatomy shows affinities with that of 

Trigoniaceae, Tremandracp.ae, Malpighiaceae, and Vochysiaceae. 

Chodat (1891-1893) describes this family as lia very 

natural family, not closely allied with any others." The herbs, 

shrubs, and small trees, he adds, have distinct pollen grains. 

He remarks that this is the "surest mark of distinction in the 

family". The grains are ellipsoidal with coarse pitting at 

the poles and longitudinal bands broken in the center by an 

equatorial ring. 

Sorne genera have been doubtfully placed here. 

Diclidanthera was made the type of a family Diclidanthereae 

(=Diclidantheraceae) by Agardh (1858). The family has been 

associated with Ebenales, but also with polygalales. Metcalfe 

and Chalk (1950) have it after polygalaceae and before 

vochysiaceae. From pOllen-grain morphology and wood anatomy, 

however, it was referred to polygalaceae (QIDonell, 1964). 

Chodat (1891-1893) noted that Krameria was not a member of 

polygalaceae, but the type of a family (Krameriaceae) near 

Leguminosae-caesalpiniaceae. Le Maout and Decaisne (1873), 

however, assigned Krameria to Polygalaceae. 

Xanthophyllum ROxh. was raised to familial rank as 

Xanthophyllaceae (Gagnepain, in Chadefaud and Emberger, 1960). 

Scholz keeps it in polygalaceae. 

According to Jauch (1918), Xanthophyllum differs in its 

wood parenchyma from other members of the polygalaceae, but 

should remain in the family because of its floral anatomy and 

pollen-grain structure. 
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c. Some Usefu1 Chemistry in plant Taxonomy 

There has been a fever of inte11ectua1 activity in 

botanica1 chemosystematics during the past 10 years. Chemica1 

characters are idea11y suited to be used, together with 

morpho10gica1 criteria, ·in a numerica1 approach to taxonomy. 

Many books on chemotaxonomy have appeared since 1962 (SWain, 

1963, 1966; A1ston and Turner, 1963; Hegnauer, 1962, 1963a, 

1964, 1966a, 1969; Harborne, 1967; Harborne and SWain, 1969), 

Reviews have been written for both books (Davis and Heywood, 

1963; A1ston, 1967; Harborne, 1968) and journa1s (Bate-smith 

and SWai~, 1965; Hegnauer, 1965) and man y papers have appeared 

in journa1s such as Phytochemistry and L10ydia. 

Many samp1es of plant materia1 can be quick1y and 

efficient1y surveyed for a particu1ar c1ass of compound by 

one or other of the many chromatographie procedures avai1able 

today. Terpenoids are usua11y separated and identified by 

gas-1iquid chromatography and mass spectrometry; phenolic 

compounds by paper or thin-layer chromatography and absorption 

spectroscopy; amine acids by e1ectrophoresis and ion-exchange 

chromatography, and so on. 

The contributions of chemosystematics to plant taxonomy 

will be discussed under two genera1 headings, micromo1ecu1es 

and macromo1ecu1es, depending on the relative mo1ecu1ar weights 

of the compounds under consideration. . 
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1. Micromolecules 

Most of the early chemosystematic literature, and much 

of the present, has concerned itself with the mere notation 

of the distribution of relatively simple compounds from only 

one or, less often, several collections of a given taxon. 

In this review, it is proposed to consider the various 

classes of micromolecular plant constituents, to outline 

their present contribution to taxonomy, and to estimate their 

future potential in this field. 

a. phenolic constituents 

Sorne phenols present in plant tissue are characteristic 

of the species, and thus they are of taxonomie value. Analysis 

of coumarins, flavonoids and other phenolic compounds in the 

study of taxonomie relationships, hybrids, ecological 

differentiation, etc. in various botanical taxa, has been 

receiving increased attention. The popularity of using this 

group of compounds as a criterion is partly due to the advent 

of thin-layer chromatography (Dedio, et al, 1969) which enable 

one to analyze rapidly a largenumber of samples. 

i. Coumarins 

In the plant kingdom, coumarins are widely but by no 

means universally distributed. That coumarins may be useful 

in chemotaxonomy will be clear from priee (in SWain, 1963) whQ 

says: 

"Further support for the view that the Rutaceae is a 
distinct and homogeneous group is provided by its 
essential oils and coumarins ••• within the Rutaceae 
coumarins are distributed throughout the four sub
families Aurantioideae, Rutoideae, Toddalioideae 
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and F1indersioideae ••• On the other hand, though 
it is negative evidence, there is not one report of 
the isolation of a coumarin from the Me1iaceae, 
Burseraceae, Simaroubaceae, Zygophy11aceae, or cneoraceae ll 

However, Cedre1opsis, Ptaeroxy1on and Ekebergia, three 

genera of the Me1iaceae (Scho1z) have been reported to contai: 

coumarins (Eshiett et al., 1968: Dean and Taylor, 1966: Bevan 

et al" 1965). Especia11y, two botanica11y very close genera 

cedre10psis and Ptaeroxy1on -- both contain Ptaeroxy1in whidh 

has an unusua1 seven-membered ring structure not encountered 

e1sewhere. This wou1d seem to be good evidence in support of 

Airy Shaw (in Wi11is, 1966), who places the two genera in a 

1itt1e fami1y Ptaeroxy1aceae somewhat intermediate between 

Me1iaceae and Rutaceae. 

E11agic acid and its derivatives are in a1most a11 

fami1ies of Myrtif1orae, except Hippuridaceae (Hegnauer, 1964, 1966). 

In addition, members of Rhizophoraceae, combretaceae and Myrtaceae 

are we11-known sources of e11agitannins (Bate-smith, 1962a). 

E11agicacid is a1so found as an occasiona1 constituent through-

out the Archich1amydeae. It is of rare occurrence in the 

Sympeta1ae: plants containing it here ( e.g. sorne Ericaceae) 

are those with close affinities with the Ardhich1amydeae (Bate

Smith, 1962b). Bate-Smith (1968) says it is absent from 

Monocoty1edons. Its close association in occurrence with 

IIwoodiness li in plants indicate that it is more of phy10genetic 

rather than of practica1 interest to the systematist (Harborne, 

1968). 
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Another aspect of coumarins in plants whiCh shows 

promise of being of systematic interest is the study of 

their metabolism. Harborne and Corner (1961) and Harborne 

(1964) have noted differences in metabolic pathways of 

cinnamic acids and coumarins. Datura, for example, was the 

only genus among sorne dozen genera of the solanaceae studied 

with the ability to convert caffeic acid into the coumarin 

scopolin. Again, while the more primitive angiosperms 

convert 6,7-dihydroxycoumarin (aesculetin) into the 6-glucoside, 

the more advanced plants (e.g. the compositae, Solanaceae, etc.) 

Change it into a mixture of 6- and 7-glucosides. 

ii. Flavonoids 

There has recently been considerable interest in the 

range of plants in whiCh flavonoids occur (Harborne, 1967). 

This has been due, in part, to their significance as taxonomie 

and evo1utionary markers (Bate-Smith, 1963). 

To date f1avonoids have been isolated from or identified 

in a wide range of the lignin-containing Angiosperms, Gymno

sperms and ferns (Harborne, 1967). Of the plants normally 

considered to be non-ligniferous, on1y the Mosses have so far 

been proven to contain flavonoids (Chiefly flavone c-glycosides 

and anthocyanins) (Harborne, 1967; Markham and Porter, 1969a). 

However, several existing reports (Harborne, 1967; Reznik and 

wierman, 1966) indicate that flavonoids might also occur in the 

Liverworts (Hepaticae)and this occurrence has recently been 

confirmed by Markham and Porter (1969b). The flavonoid data 
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do not help us to establish the phylogenetic relationship 

between mosses and other plants although it is interesting, 

of course, to know that flavonoids occur among liverworts. 

The flavonoid pigments of plants vary chemically accord-

ing to class or according to number and position of extra 

skeletal substituents (e.g. hydroxyl, methoxyl, O-glycosyl, 

c-glycosyl, or isoprenoid residues). Lebreton (1964) set 

forth sorne rules by which one may presumably judge primitive 

versus advanced features of flavonoids. Saturation of the 

heterocyclic ring (as in catechins, leucoanthocyanins, 

flavanones, dihydrochalcones and flavononols) is regarded as 

a primitive Character. Thus, anthocyanins, flavones and 

flavonols are more advanced than are the leucoanthocyanins. 

Hydroxylation of the B-ring is primitive; thus the evolved 

types are characterized by lack of B-ring hydroxyls or by 

methylation or glycosylation. Alston (1968), in discussing 

the c-glycosyl flavonoids, wrote: 

"Indeed, if the implications of this fragmentary 
chemical data were accepted at face value, we might 
reconsider the question of which types of flavonoids 
are 'primitive' as opposed to 'advanced'. Although 
this question of chemical primitiveness among flavonoids 
has not apparently been considered comprehensively on 
biogenetic grounds, it seems to be generally regarded 
that anthocyanidins suCh as cyanidin, and O-glycosides 
of flavonoids are representatives of more primitive 
flavonoids. primitive, as used here, signifies that 
such compounds may have appeared early among the 
flavonoids following the appearance of the characteristic 
C15 structural unit". 
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These criteria may be va1id if app1ied as broad genera1izations, 

a1though it is doUbtfu1 that they have any significance at a11 

when app1ied as specifie criteria in individua1 situations. 

To the taxonomist, variation in f1avonoid c1ass appears 

to be of most significance, sinee there is good evidence that 

some classes act as "replacement" characters. For instance, 

the betacyaninjanthocyanin criterion has been usefu1 in 

supporting the inclusion of the cactaceae and the Didiereaceae 

in the order centrospermae, and for indicating that the 

affinities of the Caryophy11aceae (and Mo11uginaceae?), the 

on1y fami1ies to retain anthocyanin pigmentation, shou1d be 

re-examined. 

F1avones and f1avono1s do not often co-occur in the 

1eaves of higher plants. F1avones instead tend to replace 

f1avono1s, a change which is corre1ated with evo1utionary 

advancement (Bate-Smith, 1962b). Harborne (1967), for examp1e, 

has shown that the occurrence of f1avones versus f1avono1s is 

corre1ated with tribal division in the main sUbfami1y of 

umbe11iferae, the Apioideae. The eight tribes can be divided 

into three groups according to whether the species have on1y 

f1avono1s, main1y f1avono1s or main1y f1avones. Again, 

Crowden (1969), in a study of 52 per cent of the genera of 

umbe11iferae discovered that near1y a11 species have either 

f1avono1s or f1avones, but not both. Furthermore, he a1so 

found that f1avones were a1most entire1y in taxa genera11y 

considered to be more specia1ized or advanced (e.g. Daucus, 
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Tori1is), whi1e f1avono1s predominated in the 1ess advanced 

genera (e.g. Hydrocotyle). Thus, the replacement of f1avono1 

by f1avone appears to have an evo1utionary significance with 

the fami1y, as it probab1y has among the angiosperms genera11y. 

(Harborne, 1967; Bate-Smith, 1962b). 

From the taxonomie viewpoint, a difficu1ty is the 

disconcerting habit of sorne types of f1avonoids which had seemed 

to characterize a certain group appear ing sporadica11y in qui te 

unre1ated taxa. Thus the value of bif1avony1s for defining 

the Gymnosperms in chemica1 terms is 1essened by the recent 

discovery of their presence in two wide1y different Angio-

sperms (casuarina and viburnum)i in two lower plants (Se1agine11a 

and psi1otum); and their absence from the pinaceae (one of 

the 1argest fami1ies of gymnosperms). 

A simi1ar situation exists in the case of isof1avones. 

It is we11 known that they occur quite characteristica11y in 

one suhfami1y of the Leguminosae, the Faboideae, and are rare1y 

found e1sewhere. But recent1y they have been found a1so in 

re1ated (Rosaceae) and unre1ated (Iridaceae) taxa. 

The inheritance of f1avonoids in the leaves of plants 

is usua11y straight-forward in that hybrids norma11y contain 

a11 or most of the constituents of the two parents. For examp1e, 

in Baptisia the f1avonoid patterns of hybrids were identica1 with 

tho$e obtained by superimposing the pattern "of one species 

on the other (A1ston and Turner, 1962). 
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iii. Other Simple Phenols 

There is a vast number of papers published on the 

phenolic acid contents of plants in which the presence or 

absence of certain hydroxycinnamic acids or even, sometimes, 

of a particular acid has been considered to be of taxonomic 

value. For instance, gentisic acid appears to be associated 

with woody habits and is perhaps associated with lignification 

or sorne associated process (Griffiths, 1959). In contrast, 

syringic acid was found in 35 per cent of the species 

investigated by Ibrahim (1961) and was more frequently found 

in Monocotyledons. More recently, Harborne (1968) chose the 

distribution of seven of the many systematically interesting 

simple phenols to illustrate the point that phenolic substances 

are useful at aIl levels or hierarchies of classification. 

However, since the assumption that phenolic acids are 

metabolically inert (Bate-smith, 1958) is no longer valid, 

before any taxonomic use can be made, more studies are needed 

to de termine to what extent genetical factors and environmental 

factors are responsible for the types and amounts of the 

phenolic acids accumulating in plants. 

b. Alkaloids 

Alkaloids are of very many different kinds and not a 

chemically natural group. Higher plants are the chief source 

of alkaloids, yet alkaloids are also known from club mosses 

(Lycopodi~ spp.), horsetails (Equisetum spp.), and fungi 

(Robinson, 1968). Although between two and three thousand 
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different a1ka1oids have been iso1ated from plants, sorne are 

taxonomical1y quite restricted in occurrence and others are 

found wide1y in unre1ated plants. A statistica1 ana1ysis of 

3600 alka10id plants by Wi11aman and Li (1963) showed 

caffeine occurring in the 1argest number of fami1ies (14), 

1ycorine in the 1argest number of genera(30), and berberine 

in the 1argest number of species (89). 

Henry, as ear1y as 1949, reviews a number of instances 

where a1ka1oids were used to contribute to taxonomie prob1ems, 

and Manske (1949) considered them in relation to the who1e 

phy10genetic scheme of the angiosperms. Sorne authors are of 

the opinion that genera1izations as to their phy10genetic 

significance may be of 1itt1e value (A1ston and Turner, 1963~ 

Hegnauer, 1962, 1963b) or that "there does not appear to be 

any facile genera1ization to be made about a1ka1oid distribution" 

(Robinson, 1963). However, a1ka1oids are frequent1y treated as 

a re1ated group of sUbstances for both theoretica1 and 

practica1 purpose, and studies on their general patterns of 

distribution and occurrence have been attempted in the past 

(Manske, 1949; McNair, 1941, 1945; Wi11aman and Li, 1963). 

Their value in interre1ating·families·is·limitedbecause of 

para11e1ism and convergence (Hegnauer, 1966b). Neverthe1ess, 

they have been shown to be of systemic interest in severa1 

fami1ies, particu1ar1y in the Amary11idaceae (Hegnauer, 1963b), 

Li1iaceae (Hegnauer, 1963b), Papaveraceae (Hegnauer, 1966b) 

and Rutaceae (priee, in SWain, 1963). 
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In recent reviews by Alston and Turner (1963), Hegnauer 

(1963b), and stermitz (1968), on the use of alkaloid content 

in biochemical systematics or chemotaxonomy, considerable 

emphasis was placed on interfamily and intergeneric relation

ships. Rather few alkaloid surveys have been carried out at 

the species level but Kuck et al. (1967) worked on the bark 

alkaloids of 7 Argentinian species of Fagara. 

Li and Willaman (1968), id studying 7,740 alkaloid 

plants, suggested that presence or absence of alkaloids (as 

weIl as their relative abundance in the families and orders) 

may have both taxonomic and phylogenetic significance. 

within the dicotyledons, there is a high incidence of alkaloid 

occurrence in the morphologically primitive Magnoliales-Ranales 

complex and related groups, a lower incidence in various 

phylogenetically intermediate groups, and a progression of 

high incidence in aIl of the phylogenetically advanced but 

unrelated groups. Notably, the generally wind-pollinated 

"Amentiferous" families, as weIl as the wholly aquatic families, 

are either alkaloid-free or show very low incidence. High 

incidence of alkaloid occurrence appears as a general char

acter for sorne families or orders. In Ranunculaceae, 

Berberidaceae, Menispermaceae, piperaceae, cactaceae, 

papaveraceae, and Gentianaceae, alkaloids occur in over 9~/o 

of the species tested. On the other hand, in Fagaceae, 

Betulaceae, casuarinaceae, and Juglandaceae the alkaloid 
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occurrence is almost zero. Thus, the presence or absence of 

alkaloids can be treated as a general family characteristic. 

At the ordinal level, high or low incidence may appear 

uniformly in all component families of a single order or 

sometimes pronouncedly in one of the component families. 

McNair (l94l) digressed from taxa and considered the 

size of alkaloids as it might be reflected in the habitat of 

the families containing them. For example, he deduced that 

the average molecular weight of alkaloids was greater in 

temperate than in tropical families; that the average number 

of nitrogen and carbon atoms was the same in the two groups, 

but that the number of oxygen atoms was greater in the 

temperate. 

Alkaloids biogenesis and distribution even now are of 

considerable use, but as Hegnauer points out: 

Il •••• because of this structural diversity, 
the biosynthetic origin of an alkaloid should be 
known before reliance is placed on its use as a 
taxonomie marker Il 

and Gibbs (MSS) says: 

IIWhen we do know enough of the biogenesis of alkaloids 
it will be possible to group them more naturally and 
to use the distribution of the groups as an important 
taxonomie char acter Il • 
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c. Terpenoids 

This name has been applied to a group of compounds 

distinguished by a singular chemical composition. Chemically, 

terpenoids aIl have carbon skeletons based on two or more 

isoprene (CS) units. Thus there are monoterpenes (CIO)' 

sesquiterpenes (ClS )' diterpenes (C20 ) , triterpenes (C30), 

tetraterpenes (C40) and polyterpenes. 

There is probably no living organism which does not 

contain at least one isoprenoid compound -- such as caroten

oids, phytol or steroids -- belonging, respectively, to the 

tetra-, di- and mixed terpene groups. The occurrence of 

mono-, sesqui- and polyterpenes seems to be confined to the 

plant world, and there only to a limited number of species. 

The distribution of terpenoids with respect to taxonomie 

classification can be found in Klein's Handbuch der pflanzen

analyse (1932), in Guenther's Essential Cils (1948-1952) and 

in several recent reviews (ponsinet ~ 51., 1968: Harborne, 

1968: Weissmann, 1966). 

As early as in 1920, Baker and smith puhlished the 

chemotaxonomic investigations of the essential oils or terpenes 

of Eucalyptus species. In recent years, gas chromatographie 

separation of terpenes has proved va1uable in taxonomie studies. 

Mirov (1948)' studied the terpenes of pinus, Von Rudloff (1966) 

the essential oils of Picea, and chromatographie ana1ysis for 

chemotaxonomic purposes relating to the genus Abies were also 
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reported by Zavarin and Snajberk (1965). Other workers in 

the field have tried to find genetic relationships based 

upon the chemical composition of the essential oils (Haagen

Smit, 1953). 

The contributions of these various terpenoid classes 

to taxonorny will be briefly considered. 

i. Monoterpenes 

These are most abundant in the Pinaceae, Labiatae, 

umbelliferae, Rutaceae, Lauraceae, Myrtaceae, and compositae, 

but occur in at least 50 other families. The most extensively 

studied group at the present time are the rnembers of the 

Pinaceae. (Mirov et al., 1966; Von Rudloff, 1966; Zavarin & --
Snajberk, 1965). 

The exact nature of these variants is still in sorne 

doubt although sorne writers, e.g. FlUck (1963), have suggested 

that the variation may be purely quantitative and not qualit-

ative. Recently, Hellyer and coworkers (1969), in an examin

ation of the oils from four "physiological forrns" (cllemical 

varieties) of Eucalyptus dives, established that the oils of 

Eucalyptus dives "type" aIl contain the sarne constituents, but 

in markedly varying proportions. These results tend to support 

Flück's hypothesis and indicates that monoterpene variation 

known in other Eucalyptus may be of the sarne type. 
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Harborne (1968) writes: 

"perhaps the most striking correlation between terpene 
distribution and taxonomy has been found in a group 
quite unre1ated to the Pines, in the angiosperm genus 
HyPericmn (Guttiferae). In a survey of over 35 species, 
Mathis and ourisson (51, 52a) found that the eight 
volatile constituents present varied both qua1itatively 
and quantitatively. The resu1t confirmed the existing 
classification at the sectiona1 1evel. Species fe11 
c1early into groups, those rich in limonene (12) and 
myrcene (13), and those poor in these sUbstances (Table 
3). Interesting1yenough, the distribution of mono
terpene a1coho1, sesquiterpenes, and quinones also 
fitted in with these resu1ts". 

Monoterpenes are also pruving of value in taxonomie studies 

of plants of the fami1y Rutaceae. Recent studies of the essent

ial oils of the 12 genera in the Aurantioideae (Scora ~ al., 

1969) indicate that the essentia1 oils conform to the botanica1 

groupings, except for pleiospermium in the citrinae and Murraya 

in the clauseneae. 

iL Sesqui terpenes 

The sesquiterpenes are the class of terpenoids with 15 

or fewer carbon atoms, the members of which originate from 

farnesyl pyrophosphate. The hydrocarbons (C15H24-C15H18), 

related a10cho1s, ketones and a few other types have been 

commonly isolated from essential oils. 

Bisset and Cowokers (1966), in analysing seventy-eight 

samp1es of resin which belong to 42 different species of the 

genus Dipterocarpus found that the sesquiterpenes are very 

variable, and defined six groups in the genus on the basis 

of the composition of the sesquiterpene fraction of their 

resin. 
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sesquiterpene 1actones may be usefu1 for chemotaxonomic 

markers as will be c1ear from the fo11owing: 

Novotny ~ al., (1966) say: 

"The occurrence of sesquiterpenoid 1actones (compounds 
of the santonine, guaiano1ide, ambrosano1ide, 
germacrano1ide and eremophi1ano1ide type) may be taken 
for a new chemotaxonomic character" 

Stee1ink and Spitzer (1966), in a paper on sesquiterpene 

lactones in chemotaxonomy, say: 

"The guaiano1ides, a class of sesquiterpene 1actones 
with the guaiane ske1eton (I) appear to possess 
potentia1 application in the chemotaxonomy of higher 
plants". 

In fact, a number of workers (Steelink and Spitzer, 1966: 

Herz, 1968) have suggested that the distribution of sesquiter-

pene lactones, C15 compounds which occur frequent1y in plants be1ong

ing to the compositae tribes Heliantheae, Ambrosieae, Anthem

ideae, and He1en'ieae, might prove usefu1 in understanding.the 

evo1utionary relationships among such genera as Ambrosia, 

Parthenium, .!.Y!., and others. 

The variation of chemical constitution within a plant 

species is common1y encountered. perhaps the most striking 

examp1es of the diversity between morpho1ogica1 characterization 

and chemical constitution are found in the genus Ambrosia 

(fam. compositae, trib Ambrosiaceae). The distribution of 

sesquiterpene lactones in Ambrosia species has been reviewe~ 

by Herz, 1968): its possible utility for c1arifying evolutionary 

re1ationships has been discussed by Miller ~ âl., 1968): 



'C 
) 

50 

whi1e Geissman and co-workers (1969), in examining and 

iso1ating sesquiterpene 1actones of three distinct populations 

of Ambrosia psi10stachya and four species of Ambrosia 

acanthicarpa (two of them being seed1ing and mature plants 

from a single location), found that different populations vary 

marked1y in 1actone content, and the seed1ing and mature forms 

show a wide qualitative difference. 

Novotny ~ al., (1966), in a systematic study of the chemica1 

components in representatives of the Compositae, revea1ed the 

occurrence of sesquiterpenoid substances of the 1ess usua1 

eremophi1ane type and found that these compounds can a1so be 

used as an important distinguishing char acter of the taxa of 

Petasites. They a1so noted that eremophi1ano1ides have been 

found in two other genera -- Ligu1aria and Euryops -- of the 

Senecioneae and suggested that this shows the possibi1ity of 

puttinga11 three genera -- Ligu1aria, Euryops, and Petasites 

into the one tribe Senecioœaewhich can be distinguished 

chemica11y from other tribes of Compositae as mentioned above. 

iii. Diterpenoids 

Erdtman (1956, p. 453) has a1ready pointed out the 

possible taxonomie importance of diterpenoids if it becomes 

feasib1e to distinguish specifie patterns of their distribution 

in the different genera and sub-genera. In view of the 

difficu1ties invo1ved in the isolation and separation of the 

diterpene hydrocarbons by c1assica1 methods, the gas-1iquid 
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chromatographic (GLC) technique appeared to offer the most 

satisfactory method for investigation of the problem 

(Eglinton et al., 1962a). 

Ap1in and do-workers (1963), using the GLC method, 

have app1ied their results to c1arify anomalies connected 

with the occurrence and to de termine the taxonomic value of 

the diterpene hydrocarbon content of twenty-eight species of 

the Podocarpaceae and nine related gymnosperms. They quote 

the exarnple of Podocarpus spicatus to show that variation of 

the diterpene constituents cou Id occur regardless of the 

geographical location, and suggest that the diterpenes of 

POdocarpaceae are of little value "for taxonomy. 

iv. Triterpenoids 

The common structural characteristic of triterpenes 

has been recognized as proceeding from squalene. 

The genetic origin of the triterpenes may be explained 

by the action of specific enzymes that impose on the acyc1ic 

precursor a particular conformation that, upon cyclization, 

yields the observed basic carbon skeletons. Most triterpenes 

arise from further reactions of these skeletons such as 

rearrangement, degradation, oxidation and reduction. 

Many genera of cucurbitaceae contain bitter principles 

derived only from Cucurbitacin B, or only from cucurbitacin E, 

but Rehm (1960) reported that both series are represented in 

Cucurbita. ponsinet ~ sl. (1968) considered that more primitive 



52 

species contain only cucurbitacin B, whereas the more highly 

evolved species contain Band E,. or only E. They said that 

"derivatives of the related euphane and elemane 
skeletons are of great taxonomie interest. since they 
are found in certain families considered to be closely 
related from a morphological point of view (Table 9) ( ••• ). 
Morover, among these substances there are a large 
number of bitter principlesthat possess great homo
geneity in respect to degradation and oxidation patterns 
(Table 10}". 

Examples of restricted distribution at sub-family, genus, 

or species level are discussed below. Dreyer (1966) found 

triterpenoids of interest at the sub-family level when examining 

plants of Rutaceae for limonoids. He detected limonin or 

related structures in 26 citrus species, in 3 related genera, 

Poncirus, Microcitrus and Fortunella (aIl Aurantioideae), and 

in 6 genera of two other sub-families, Toddalioideae and 

Rutoideae. By contrast, the y have not been reported in the 

four other sub-families, members of which are morphologically 

distinct from those mentioned above. 

steroidal sapogenins appear to be of interest at the 

genus level. Akahori (1965) analysed the steroidal sapogenins 

of 12 Japanese Dioscorea spp. and considered that the chemical 

composi tion of ·the sapogenins they contain corresponds to 

their morphological features. 

At the species level,ponsinet and Ourisson (see ponsinet 

~ al., 1968), in studying the latex of more than 70 species of 

Euphorbia, found that various morphological types of Euphorbias 

produce different tetracyclic triterpenes, i.e. 
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1) Herbaceous Euphorbiasall contain cycloartenol (IV). 

2) cactus-like Euphorbias contain euphol (V) and 

euphorbol (VI). 

3) Coral-like Euphorbias contain euphol and 

tirucallol (VII). 

d. Alkanes 

Despite an early adverse prognostication by one of the 

pioneers in the field of chemotaxonomy (Erdtman, 1956), the 

universal presence of normal alkanes as constituents of leaf 

cuticular-waxes is weIl established and both theirbiogenesis 

and their value as a taxonomie criterion have been extensively 

discussed (Eglinton and Hamilton, 1967). 

Herbin and Robins (1968b) have shown, in a survey of 

a large number of leaf cuticular waxes from a range of families 

in the Angiosperms, that in the homologous series of n-alkanes 

present, nonacosane (C29) and hentriacontane (C3l) are the most 

frequent major components among the predominating odd carbon 

number constituents and the C28 and C30 are the most frequent 

major components among the, usually, less significant even 

carbon number constituents. 

castillo et ~ (1967), in analysing the alkanes of 

thirty-two podocarpaceae and other related species, considered 

that 

"the alkane constituents would appear to be a better 
guide to the botanical classification though there 
are a number of exceptions. Thus, of the twenty-one 
podocarpus species only three cannot be grouped with 
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the others by their a1kane distribution. In a 
number of species, it was possible to note that 
both a1kane and diterpene contents were unusua1, 
for examp1e, Libocedrus p1umosa and podocarpus 1at
ifo1ius. It wou1d again appear that the a1kane--
distribution in plant waxes wou1d not be sufficient1y 
diagnostic by itse1f. 1I 

The constituents of plant cuticular waxes have been shown 

by Eg1inton and co-workers (1962a) to have significance in the 

study of interre1ationships within a group of c1ose1y re1ated 

genera in the sub-fami1y Sempervivoideae of the Crassu1aceae. 

In Eg1inton's study gas-1iquid chromatographie ana1ysis of the 

a1kane fraction of leaf cuticular waxes gave distribution 

patterns of normal and branched chain a1kanes which could be 

corre1ated with the accepted taxonomy based on morphological 

characters. 

In a further study of a number of New Zea1and species 

drawn from different fami1ies, Eglinton and co-workers (1962b) 

found that in four species of the genus Hebe (Scrophulariaceae) 

a much wider variation in alkane pattern existed within a single 

genus than had been found by the ear1ier work within a sub-fami1y. 

This variation within a genus indicates that, while alkane 

distribution patterns may be val id criteria for distinguishing 

re1ated plants, difficu1ties might be encountered in any attempt 

to corre1ate less close1y related groupings. 

Herbin and Robins (1968a) confirmed, in studying the 

alkanes of cuticu1ar waxes from 6 species in the genus Aloe 

(Li1iaceae), the species specificity in composition. They 

subsequent1yexamined (1968b), on the basis of large numbers of 
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leaf wax alkanes from many orders, Hutchinson's suh-division of 

the Angiosperms into 'Herbaceae ' and 'Lignosae ' • Their results 

showed that, with the limited samples employed, there is no 

apparent distinction between the 'Lignosae and the 1 Herbaceae, 

on the basis of leaf alkane pattern. 

e. Sulph ur compounds 

The secondary sulfur compounds of plants have been 

considered in general articles by Kjaer (1963, 1966) and 

Ettlinger and Kjaer (1968). Harborne (1968), in his review of 

Biochemical Systematics, says: 

"of the various groups of natural products 
containing the element sulphur, only two, 
thioglucosides and sulphides, are at present 
of taxonomie interest". 

Thioglucosides appear to be of interest at the order 

level, i.e. Kjaer (1963) has reported them in 300 of the 1500 

species of the cruciferae and in aIl species examined of the 

capparidaceae, Resedaceae, and Moringaceae. They are, by 

contrast, clearly absent from the Papaveraceae, a family 

sometimes placed in the same order (Wettstein, 1935). 

Saghir et al. (1966), using the gas chromatographie 

technique, determined the amount of methyl, n-propyl, and allyl 

sulphides in the volatile fractions of 25 North American species 

of Allium and compared the results with the sectional groupings 

of species based on cytology and morphology. unfortunately, 

they found that a classification based entirely on chemical 

Characters would not only place clearly unrelated species such 

as Allium cernuum and A. haematochiton together but would separate 

• otherwise very similar taxa like Allium campanulatum and Allium 

membranaceum. 
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2. Macromolecules 

In sorne cases, the macromu1ecular data support the 

micromo1ecu1ar data in confirming generic separation. In 1968, 

Harborne said 

"that macromo1ecu1ar data is more 'fundamenta1' 
or more phy1etica11y significant than data 
obtained from studying secondary constituents • 
••• One rea1 advantage of macromo1ecu1ar data is 
that they will provide a means of chemica11y 
comparing wide1y separated taxa, an operation 
which is rare1y possible by any other means. They 
may a1so, by means of amino acid sequences in 
proteins or DNA-DNA hybridization data, provide 
taxonomists with an objective means of drawing 
1ines between the 1arger units of classification 
(fami1y, order, c1ass, etc.)". 

At the present time, sorne macromo1ecu1es in plants 

have received attention with respect to taxonomie significance 

and these are discussed briefly be1ow: 

a. Polysaccharides 

The distribution of polysaccharides in plants has 

been reviewed by perciva1 (1966). From the view point of 

chemotaxonomy, the more comp1ex polysaccharides may eventua1ly 

yie1d characters of use in systematic work. However, complete 

structures are not availab1e and data on the sugar units present 

within comp1ex polysaccharides are on1y avai1ab1e for re1ative1y 

few plants. Therefore, only a few examp1es of their contribution 

to taxonomy fol1ow: 

Whistler and Gaillard (1961), in studying the xy1ans 

from the hemice11u1ose-A fractions of severa1 annua1 plants, 

found the species of Leguminosae, un1ike those of the Gramineae, 
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contained no arabinose at aIl. The uronic acid content of the 

po 1yrners, on the other hand, is higher in the hemicellu1ose-

A fraction from the Leguminosae. Later Gaillard (1965), in 

examining the composition of corresponding linear and branched 

po1yrners from the hemicel1u1ose-B fraction of three members 

of the Gramineae and three of the Leguminosae, found the 

corresponding polyrners from the former were very similar as 

were those from the latter. However, there was a distinct 

difference between the two plant fami1ies. The 1inear polyrners 

of the Gramineae contained more arabinose and 1ess glucuronic 

acid than those from the Leguminosae. The greatest difference 

between the two plant fami1ies was found in the branched 

po 1yrners, those from the Gramineae containing a high percentage 

of xy10se and rather smal1 amounts of arabinose, galactose and 

uronic acid, whereas those from the Leguminosae contained 

re1ative1y large amounts of uronic acid, galactose and arabinose 

and 1itt1e xylose. In the branched po1yrners from the Gramineae 

the uronic acid was 1inked to xy1ose, whereas in those from 

Leguminosae it was linked to arabinose. However, it is still 

not c1ear whether or not the differences in hemice1lu1ose 

composition between the Gramineae and the Leguminosae are a 

reflection of differences between Monocotyledons and Dicoty1edons, 

rather than between the fami1ies. 

b. Lignins 

Lignins are found in vascu1ar plants such as lycopods, 

ferns, gymnosperms and angiosperms, whereas it is absent from 
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plants such as fungi, and from all other organisms. The mosses 

are an exceptional group whiCh do not have the cells character-

istic of xylem tissue but which do contain lignin-like materials. 

These IImos s lignins" have been discussed by Freudenberg (1968), 

and sorne doubts have been expressed as to whether or not they 

are true lignins. 

There are, in general, differences between the lignins 

of gymnosperms and angiosperms. The woods from angiosperms 

give a rose-red color, whereas gymnospermous woods usually give 

only a brown colour with Maüle's test. A suggestion by Gibbs 

that the red coloration of the MaUle test is correlated with 

the presence of syringyl groups in lignin was verified by the 

work of creighton, Gibbs and Hibbert (1944); Towers (1951); 

and Towers and Gibbs (1953). 

That the angiospermsuniversally have lignins containing 

the syringl group is strongly suggested by the work of Gibbs 

(1958, and unpublished), he has carried out Maüle's test and 

~ got positive reactionsfrom 207 families of dicotyledons. Only 

a few have given negative or doubtful results and these were 

mostly aquatics or very lightly lignified plants. At least 

35 families of monocotyledons also gave positive results, the 

few exceptions being again largely aquatics. 

c. serology 

Alston and Turner (1963) reviewed the contribution of 

serology to systernatics and concludèd that, while catalytic to 

positive thinking in sorne instances, the extravagant claims 
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made for it apparently created more disinterest in "chemistry" 

as an approach to plant taxonomy that it did enthusiasm. 

However, quantitative serological methods have been 

applied for many years to taxonomie investigations and are 

useful for the differentiation of plant species since they 

may offer an overall picture of the similarity of the proteins 

(Leone, 1964). In recent years the more qualitative methods 

of immunoelectrophoresis, which offer the possibility of 

distinguishing different proteins without the need of previous 

separation,are recognized to be exceptionally weIl suited for 

comparison of protein patterns from different origins, and 

have been successfully applied to selected problems. For 

instance, Klozova and Kloz (1964) have used immunochemical 

methods to detect the hybrid Phaseolus vulgaris x f. coccineus, 

the Fl possessing a complementation of the distinctive parental 

protein lines, much as was found in the flavonoids in hybrid 

Baptisias. But Turner (1967) says: 

"The detection of inter acting macromolecular bands by 
immunogenetic techniques reflects the activity of 
relatively few genes and, viewed in this light, it 
is doubtful that this approach, taken alone, will 
contribute significantly to problem of plant phylogeny, 
although it has high value for distinguishing among 
presumably homologous proteins." 

d. Proteins 
) 

In recent years, a number of investigators have shown 

a correlation between protein composition and systematics in 

higher plants. using electrophoretic techniques, Johnson and 
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Hall (1965) investigated relationships in the Triticineae 

(Gramineae) and Bou1ter et al. (Fox et al., 1964; Boulter -- ----
et ~., 1967; and Thurman et al., 1967) examined separate1y 

the systematic re1ationship of albumin and globulin fractions 

in seeds of certain Legumes, and of two dehydrogenase enzymes 

within the same family, whi1e Vaughan and Denford (1968) 

surveyed the albumin and globu1in fractions of the seeds of 

a number of species of Brassica and Sinapis, corre1ating the 

resu1ts with the established taxonomy. Other workers (Ge1l 

~ al., 1960) have used immunoehemical techniques to demonstrate 

taxonomie affinities between speeies. 

More reeently, Crowden (1969), using acry1amide gel 

electrophoresis, surveyed soluble proteins and the enzymes 

peroxidase and esterase, present in the seed of selected speeies 

from a1l tribes in the Apioideae (umbelliferae) and found 

distinct differences in patterns to be present at the tribal 

and generie 1eve1s. 

It has been suggested (wilson and Kaplan, 1962) that 

enzymes are better suited for taxonomie investigation than other 

proteins, and that a eomparison of enzymes may allow assessment 

of genetie relations in and between taxa. 

Numerous investigations have been performed which have 

demcnstrated that isoenzyme staining patterns are dependent 

upon severa1 variables. In interspecific eomparisons, many 

patterns are reported to be speeies-speeific and of diagnostic 
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uti1ity (SChwartz ~ al., 1964: Clements, 1966; Bhatia ~ al., 

1967). Manyauthors (Shaw, 1965: Bou1ter ~ al., 1966' have 

expressed the desirability of a more complete knowledge of the 

extent of genetica11y-based protein variations in natura1 

populations in order to insure proper usage of isoenzyme 

pattern data for systematic purposes. However, Scogin (1969), 

in surveying natural populations of three species of Baptisia 

(Leguminosae), found no species-specific patterns and suggested 

that there is no way to predict, a priori, the possible taxonomie 

or physiological implications of a given isoenzyme pattern until 

possible intraspecific variation has been evaluated. 
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EXPERIMENTAL 

A. Materia1 

Main1y, fresh 1eaves and stems of mature plants were 

used in this investigation. Specimens were obtained from 

the McGi11 University greenhouse, Montreal Botanica1 Gardens, 

and sorne important botanica1 gardens a11 over the wor1d. 

Imported specimens were f10wn to Montreal, packed in polyethylene 

bags to ensure freshness. 

B. Methods 

As mentioned in the Introduction, there are man y methods 

which have been we11 deve10ped for chemotaxonomic study. They 

may be said to be10ng either to an intensive or to an extensive 

approach. Although most people prefer the intensive approach, 

they can with this study on1y a few plants and chemica1 

constituents in years of work. We have chosen the extensive 

approach, which means doing as many simple tests as possible 

on as man y species as possible in the time avai1ab1e. It 

prec1udes detai1ed chemica1 work, except at rare interva1s. 

Gibbs has spent many years, using simple tests as devised 

by others or modifications of these (Gibbs, 1962, and MSS). 

l have used these tests and in addition have done chromatography 

for pheno1ics as out1ined be1ow. 

1. Cigarette and Hot-Water Tests 

Dagmar Dykyj-Sajfertov& (1958), in a paper on 

respiration pigments, described two simple tests which probab1y 

revea1 the presence or absence of po1ypheno1ases and their 
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substrates. These tests were adopted by Gibbs and they are 

described below. l have included Miss Dykyj-Sajfertova's 

results, those of Gibbs (MSS), and my own in Appendix I. 

Fresh leaves (mature, but not senescent) are used for 

the tests. 

a. Hot-Water Test: The leaf is dipped halfway into-hot 

water (8S-90oe) for five seconds and then removed. Rapid 

darkening along the water-line (and sometimes of the whole 

dipped portion) is designated by I. If, after a minute or 

more, a dark line should appear, the result is classified 

as II. Any formation of a dark line after 30 minutes is 

classed as III, and if no reaction occurs within that time, 

it is recorded as IV. In addition Dykyj-Sajfertova noted an 

"oxalis-reaction" (because first se en in Oxalis) -- a 

yellowing of the dipped portion. This particular result is 

perhaps due to highly-acid cell-sapi however, it has also 

been obtained in young leaves of other plants. It was observed 

doubtfully in two or three of our species. 

b. Cigarette Test: A lighted cigarette is pressed gently 

against the underside of the leaf for three seconds. The 

results are classified as follows: 

I. -- an immediate reaction (formation of a dark ring 

around the heated area) 

II. a slower reaction 

III. a very slight reaction 

IV. no reaction 

o.r.-- "oxalis reaction" 
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The results of both tests are similar, but the reaction 

in the cigarette test is more rapide These tests have been 

found to be good chemotaxonomically. Sorne groups give 

constantly positive (I-II) reactions, others are negative (IV)". 

While yet others are mixed. 

2.Syringin (1:1 H2S04/H20) Test 

Freshly-cut transverse-sections of stems, or 

sometimes petioles, are used for this test. TWo sections are 

placed on separate microscope slides. To one, a drop of 5~~ 

aqueous sulphuric acid is added and the preparation is examined 

under the microscope at intervals during about thirty minutes. 

A blue color in the xylem, lignified fibres, etc. is recorded 

as a positive "Syringin test ll
• It is said to be due to the 

presence of syringin (Tunmann, 1931). Syringin,which was first 

found in Syringa, is the glucoside of 5-methoxy-coniferyl 

al coho 1. 

OCH3 

HOH2C-HC=CH -< ~o-qlucose 
CH3 

syringin 

Other colors may appear in the xylem and fibres. A yellowish 

color often appears. The development of a pink to red color in 

the lignified tissue is closely correlated with positive HCl/ 

methanol and positive leuco-anthocyanin reactions. purpling, 
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or darkening, especia11y in the cortex, is associated with 

the presence of aucubin or aucubin-1ike substances. 

The other section, in a drop of water, is used as a 

control. The presence or absence of raphides and/or other 

crysta1s is noted in this section too. Most plants are negative 

to the syringin test. 

3. Raphides 

These are bund1es of need1e-shaped crysta1s of 

calcium oxalate, occurring in special raphide-sacs (Gibbs, 

1962). He, in 1963, says that the taxonomie importance of 

raphides was recognized by Robert Brown who considered its 

presence or absence as a diagnostic character. Gu11iver (1866) 

remarks that raphides are restricted in distribution and that 

they may be used as taxonomie characters. Metca1fe and Cha1k 

(1950) write: 

"0ther types of crysta11ine secretion such as raphides 
and crystal-sand are more restricted in distribution 
and therefore of still greater taxonomie importance." 

We have inc1uded our own observations, made on control 

sections when doing the syringin test (above), observations of 

Gibbs (MSS~ and others from the 1iterature. 

4. EhrliCh Tests (A and B) 

Gibbs got this test from G.H.N. Towers but we do not 

know the original source of it. 

About 0.5 gm of fresh 1eaf-b1ade materia1 is chopped, 

p1aced in a test tube, and extracted with a 1itt1e boi1ing 50% 

aqueous ethano1. The extract is then concentrated by evaporating 

it to a sma11 volume. 
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Three spots of the concentrated extract are bui1t up 

on a 9 cm. fi1ter paper (Whatman No. 1) and a110wed to dry. 

To the second spot is added a drop of acid a1coho1 (5 ml conc. 

HC1 in 200 ml of 95% ethano1) as a control, to the third spot 

is added a drop of Ehr1ich's reagent (1 gm p-dimethy1amino

benza1dehydei 5 ml conc. HC1: 200 ml 95% ethano1), and again 

the spots are a110wed to dry. Often no marked change of co1our 

occurs but the third spot may become b1ue (a positive reaction) 

or magenta. The fi1ter paper is then p1aced in a preheated 

oven (100o C) for one minute. This sometimes causes the 

deve10pment of a b1ue co1or where it has not previous1y appeared. 

A b1ue (positive) reaction is caused by the presence of 

aucubin or aucubin-1ike substances. 

OH 

Aucubin 

A magenta co1our is very c1ose1y corre1ated with the red 

co1our observed in the syringin test, with a magenta (positive) 

HC1jmethano1 reaction, and with a Il carmine Il (positive)' 

1eucoanthocyanin reaction. In the absence of a b1ue or magenta 

co1our, yet other co1ours -- such as ye110w -- may be observed. 

To the first spot a drop of di1ute aqueous (l~fo) ammonia 
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is added (Test B). Usually a pale yellow colour is produced, 

but sometimes a bright yellow colour appears, and although 

this has not been tested, this colour may be indicating 

flavonoids. Rarely a red or other off-beat reaction is 

developed. Such colours are recorded, since they may prove 

to be of taxonomic significance. 

5. The HCl/Methanol (or Isenberg/Buchanan) Test 

This test seems first to have been described by 

Isenberg and Buchanan (1945), and they found it to have some 

taxonomic significance. Gibbs verified this, and has adopted 

and modified it. l include, again, my own and his (MSS) 

observations. It is carried out as follow: 

Fresh chips of wood (usually sapwood, and often obtained 

with a pencil-sharpener from pencil-s:ize:1twigs) are placed in a 

test tube and covered by a few millilitres of HCl/methanol 

solution (25 ml conc. HCl : 1000 ml methanol) and left for 

some hours, usually overnight. 

A magenta colour (positive test) may develop, or no colour 

to a pale yellow colour may result (negative test). using 

Ridgway's "color Standards and Color Nomenclature' (1912), 

the specific colour is recorded. The positive reactions are 

also rated: 

purple 1 

2 ••••• 

3 ••••• 

4 ••••• 

very pale purple 

pale purple 

magenta 

darker than magenta 
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Adler (1951) concluded that this magenta colour (positive) 

is due to the presence of catechol tannins. These condensed 

tannins, according to Swain (1965), are formed by the 

condensation of two or more molecules of flavan-3-ols, such as 

catechin, or flavan-3,4-diols, such as leucocyanidin, or 

mixtures of the two. 

OH R 

catechin : R=H 

Leucocyanidin R=OH 

and he writes: 

"The hydroxylation patterns of the monomers vary 
depending on the source, but are generally related 
to the commonly occurring flavonols and anthocyanins." 

Thus they are very closely correlated with the leuco-

anthocyanin test. Gibbs has observed a very rare orange reaction 

with the Hel/Methanol test (Gibbs, ~ al., 1967). We have not 

seen it in any of our material. 

6. Leucoanthocyanin Test A 

This useful test is due to Bate-Smith. He demonstrated 

it to Gibbs, who has adopted and used it extensively. It is 

carried out as follows. 
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Fresh1y-chopped 1eaves (ca. 0.5 gm) are p1aced in a 

150 x 25 mm test tube which is etched at the 5 and 10 ml points. 

2N Hel is added to the 5 ml 1eve1i the test tube is immersed 

in a boi1ing water bath for 20 minutes: after which it is 

removed and coo1ed. Isoamy1-a1ocho1 is then added to the 10 ml 

mark, and the solution is vigorous1y shaken. 

On standing, the mixture separates into two 1ayers. A 

red co1our in the upper (isoamy1-a1coho1) layer is a positive 

reaction, whi1e a ye11ow, buff or green co1our is negative. 

We usua11y match the co1our against Ridgway and record it. 

In this test, a positive reaction is considered to be due 

to the presence of 1eucoanthocyanins, which are co1or1ess and 

water-so1ub1e, but which are hydro1ysed and oxidized to the 

corresponding isoamy1-a1coho1-so1ub1e anthocyanidins (Bate

Smi tli, 1954). 

OH 

A 1eucoanthocyanidin An anthocyanidin 

The resu1ts of this test are usua11y distinct1y positive 

or negative. Sometimes, however, because of the sma11 amounts 
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of 1eucoanthocyanin or the presence of interfering substances 

(such as aucubin or aucubin-1ike compounds which give black 

or b1uish co1ours) the resu1ts are doubtfu1. catechins a1so 

obscure the test, especia11y in acid solution. They may 

form red-brown po1ymers known as ph10baphenes which are 

isoamy1 a1coho1 soluble. 

According to Bate-Smith (1965), the 1eucoanthocyanins are 

prevalent in woody plants, and the presence of these compounds 

are regarded as being a 1ess advanced character. 

7. HCN Test A 

About one gm of fresh 1eaf and stem materia1, 

inc1uding young tips if possible, is ground in a mortar with 

a few drops of water, a speck of emu1sin (which hydrolyses 

y cyanogenic glycosides and re1eases HCN), and a drop or two of 

ch1oroform. The mixture is poured into a glass-stoppered tube 

(ca. 150 x 25 mm). To the glass stopper has been fixed with 

wax an a1most triangu1ar piece of picric acid paper fresh1y 

dipped in l~fo sodium carbonate (Na2C03) and b1otted. 

A strong1y positive reaction is one in which the ye110w 

sodium picrate paper turns a deep rust co1our within minutes 

to hours; whi1e a weak1y positive reaction is one in which the 

co1our change may not show up c1ear1y for severa1 days and even 

then is not deep. In the absence of HCN the paper remains 

ye110w (negative reaction). The test tubes are 1eft in a rack 

for at 1east a week before being discarded. 
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Bohm (1803) first reported the presence of HCN or prussic 

acid in plants. Later, various authors, Lindley (1830), 

nillemann (1958), Gibbs (1963), and others considered that HCN 

is taxonomically interesting. 

8. Juglone Tests A-.c 

This old test is thus named because it was first 

described for juglone itself. Other naphthaquinones also give 

colour reactions with it. Only Test A, however, is for juglone . 

and other naphthoquinones. Tests Band C are for other compounds 

but are conveniently included here. 

"Juglone Test Ali is carried out as follows. A little 

finely-chopped material (from leaves, root or stem, but 

preferably the root, and where possible bark material) is placed 

in a test tube. It is then cover"ed in chloroform and left, 

with sorne shaking, for hours or overnight. The chloroform 

extract is evaporated to dryness on a water-bath, the residue 

is taken up in a few ml of ether and a few ml of l~fo aqueous 

ammonia (NH40H) added. 

On shaking, a brilliant purple colour is a positive reaction 

and is due to the presence of juglone or sorne closely-related 

naphthaquinone. An orange or wine colour may be indicative of 

other naphthoquinones also. 

In the absence of naphthoquinones, it was seen that not 

infrequently the ammonia layer is yellow. This probably 

indicates the presence of flavonoids and is recorded as "Juglone 

Test B". 
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By using a long wave ultraviolet lamp any notable 

fluorescence of the ammonia layer is recorded as "Juglone 

Test C~ Bright blue or green fluorescence is probably due 

to co umar ins. 

Gibbs (1965) finds that sorne plants develop, in the 

ammonia layer, slowly a green to blue-green colour from above. 

He suggests that it may prove to be of.definite taxonomie 

interest. In order to be sure that one does not miss this 

slow reaction, the tubes from "Juglone Test Ali are allowed to 

stand for several days before discarding. 

Juglone (below) has been known to be present in the walnut 

for over a century (Thomson, 1957). l have ineluded with my 

results sorne from Gibbs (unpub'd.). 

9. Tannin Test A 

o 
Juglone 

Gibbs first met this test in a thesis by Miss Harney. 

He has adopted it and carries it out as follows: 

The reagent for tannins is 2.5% aqueous ferrie 

ammonium citrate, freshly-prepared or kept under refrigeration. 

A small (we use 7 cm) Whatman NO. 1 filter paper is dipped into 

the solution and blotted. A piece of clean leaf material is 
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placed on the filter paper which is folded around it. It is then 

squeezed with a pair of pliers. 

A positive reaction is one in which a grey to purple 

colour is se en at once on the filter paper. The intensity of 

the colour is rated by positive (+, ++, +++) signs. 

A negative reaction is one in which no such colour develops. 

As a control we squeeze another piece of the sarne leaf 

with the filter paper dipped only in water. This enables us 

to distinguish colour reactions due to "Tannins" from those 

which may develop otherwise. 

10. Saponin Test A 

Following the methods of Amarasingham and his co

workers (1964), a small amount (0.5 gm ±) of finely-chopped 
~ 

fresh leaves is placed in a 150 x 15 mm glass-stoppered)tube 

which is marked at 5 ml -and 10 ml levels. Distilled water 

is added to the 5 ml mark. The mixture is boiled briskly for 

1 minute and cooled. It is then vigorously shaken, and left 

standing for five minutes. lJhe arnount of foam is then noted. 

We record our results as follow: 

If a deep (12 cm) layer of foarn has persisted it is assumed 

that saponins are present (+)i if rather less foam persists we 

record the result as doubtfully positive (+?)i if a little foarn 

remains we class the result as probably negative (-?)i and if 

there is no foarn, as negative (-). lJhe tubes with their contents 

are then used for the test below. 
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11. "Saponin Test B (NB3)" 

This is not a test for saponins but is conveniently 

included here since we use the tUbes with their contents from 

Saponin Test A (above). Ammonia (l~fo aqueous) is added to the 

10 ml mark. The test tube is shaken and the initial colour is 

recorded. Sorne sarnples give almost no colour, others a pale 

yellow or a very deep yellow~ On standing for 3 days, the 

colour may remain unchanged or may even fade somewhat, or may 

deepen to orange-brown or even almost black. At present, it 

~ is not known why aqueous arnrnonia causes darkening of the solution, 

but darkening ~s closely correlated with occurrence of tannins. The 

colour deepens from above,.thus indicating that oxygen is necessary 

for the reaction. Therefore, we remove the stoppers and shake gently 

from time to time to facilitate oxidation. using Ridgway we record 
our results. 

~ no change in colour, or fading 

1 about "yellow ocher" to "ochraceous orange" 

2 "tawny" to "hazel" 

3 "liver brown" 

4 deeper than Il li ver brown" 

This test has evidently sorne taxonomie value (Gibbs, 1965). 

12. Paper Chromatography for phenolic constituents 

The application of chromatographie techniques to the 

analysis of phenolic mixtures in higher plants has opened a new 

* but see picrarnnia (p. 101) 
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era in the study of these substances and their distribution in 

plant tissues. By means of chromatographie methods a large 

number of plants have been screened for pheno1ic constituents 

and many pheno1ic substances infrequent1y detected in the past, 

such as ch1orogenic acid, have been shown to be a1most ubiquitous 

in higher plants. 

Paper chromatography was first emp10yed for the separation 

of pheno1ic pigments by Bate-Smith (1948) and has been wide1y 

used since with a11 types of pheno1ic compounds. Many methods 

have been deve10ped and data for the separation of various 

pheno1ic substances have been summarized by B10ck et al. (1958) 

and Harborne (1961, 1967). Lists of Rf values in several 

solvent systems of most of the known, naturally-occurring 

phenols and related compounds are avai1ab1e (Harborne, 1958, 

1959; Block et al., 1958; Reio, 1960). - -

a. preparation of plant extracts 

Pheno1ic acids occur in plants largely as esters 

and glycosides (Bate-smith, 1962a). The common practice for 

their extraction from plant tissue invo1ves the use of diethyl 

ether, hot aqueous ethano1, methano1 or isopropanol. Boiling 

N NaOH has also been used (pearl et al., 1957). The method --
described by McCa11a and Neish (1959) has been found to be very 

satisfactory by other workers (Ibrahim and Towers, 1960). 
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The present writer followed this method (slightly modified) 

for phenolic acid analysis. The fresh plant material is 

homogenized during extraction with aqueous ethanol and the 

ethanolic extract is evaporated to dryness. The residue thus 

obtained is re-extracted in a small volume of boiling water 

and washed with petroleum ether. The filtrate is extracted 

with ether, to remove the free acids, and then subjected to 

either alkaline or acid hydrolysis to releasethe phenolic acids 

bound in either ester or glycosidic linkages. The acids 

released on hydro1ysis are subsequently extracted with ether 

under acidic conditions. The detailed extraction procedure 

is shown in Fig. 1. 

b. Chromatographie Techniques and Equipment 

i. Paper: Large sheets (18 1/2" x 22 1/4") of 

Whatman's No. 1 Chromatography grade filter paper were used for 

two-dimensiona1 separation of plant extract:s fractionated as 

mentioned under a. 

ii. Tanks: Air-tight, chromatographie chambers· 

containing glass troughssuitable for development of large 

chromatograms by the descending methods were employed. 

iii. Solvents: One of the best solvent systems for 

chromatographing the phenolic aglycones is that of Ibrahim and 

Towers (1960), but we used aqueous formic acid (2% by vOlume) 

(Bohm and Towers, 1962) instead of their mixture of Sodium 

Formate: Formic Acid: water (10 : 1: 200) for the second direction. 



Fresh Plant Material 

r 
Homogenizied in wareing Blender wi th boiling 95% ethanol (lOml./g fresh wt.) 

and extracted, under reflux, on a steam bath for 30 minutes. 

Filtered through a Buchner tunnel 

t 

Residue re-extracted with hot 8~/o ethanol 
for several times until the leaf material 
or almost so. 1 

_ Filtered aga in 

Alcohol-soluble fraction 

I~vaporated to dryness 
tunder vacuo at SOoc 

10 ml of boiling distilled water were added 
to the residue and the mixture was then heated 
on the steam bath for 20-30 minutes. 

Washed with petroleum ether (b.p. 60-7SoC) 
many times 

on a steam bath 
is colorless 

t 
Alcohol insoluble 
residue 

DisArded 

Petro1eum Ether 
J. 

Discarded Aqueous fraction 

IAcidified to pH4 with HCl 

The solution was continuously extracted with ether, 
in a Liquid/Liquid extractor (Quickfit upward 
displacement type) of suitable volume for 24 hours. 

J . 
~ , 

Aqueous fract10n 

• 

treated with 10 N NaOH to make 
1 N NaOH solution 

Nitrogen gas bubbled into the solution 
for about 30 seconds 

1 
~olution was covered in flask and 
1eft for 2 hours at room temperature 

The solution was continuously 
extracted with ether, in Liquid/Liquid 
extractor for 24 hours. 

Aqueous fraction 

Acidified with conc. Hcl to 
pH2 

Solution was heated under reflux on 
the steam bath for 45 minutes 

l 
Ether 

Evaporated in vacuo 
at sooe 

The residue taken up in a ID1n1mum 
volume of 70% aqueous ethanol 

! 
For Free Phenolic Acids 

Ether 

! 
~ 

For phenolic Acids Bound in 
Ester Linkage 

1 
continuously extracted with ether, in Liquid/Liquid 
extractor for 24 hours. 

~ f t' Aqueous rac 10n 

Discarded 

il' 
Ether 

Fot Phenolic Acids Bound 
Glycosidic Linkage. 

Fig. l Extraction of phenolic Acids 

in 
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Two solvents were prepared with ana1ytica1 grade reaqents 

and disti11ed water as fol1ows: 

(1) Benzene-Acetic Acid-Water (10:7:3 by volume). 

This is prepared by shaking for a few minutes in a separatory 

funne1 and th en a110wed to stand for at 1east 1 hour (and often 

overnight) • 

This two-phase solvent was used for the first direction 

in the chromatographic separation of the pheno1ic acids. In 

a tank (we11-saturated by 1eavinq for 4 hours with the aqueous 

phase) 70 ml of the organic phase were found adequate to 

irriqate two chromatograms at 21.1oc in 4 to 4.5 hours. complete 

-remova1 of the solvent from chromatograms required from 2 to 3 

. hours in the fume hood wi th the fan running. 

(2) Agueous formic acid (2% by volume) (Bohm and 

TOwers, 1962). This solvent was used for the deve10pment of the 

chromatograms for pheno1ic acids in the second direction. 

Deve10pment time was 3 to 3.5 hours using 65 ml of solvent for 

irriqation of two chromatograms at 21.1oc. Chromatograms were 

dried subsequent1y for 4 to 6 hours. 

c. Identification of pheno1ic Acids 

The identification of the pheno1ic acids was carried 

out by examininq the paper chromatogra~s under u1travio1et.1amps, 

both longwave and short wave, before sprayinq. The fluorescence 

was examined again after exposure to ammonia vapor. Chromato-

grams were then sprayed with one of the f0110wing reaqents. 



i. Diazotized p-nitroaniline (Bray et al., 1950) 

The following stock solutions were prepared: 

(1) p-Nitroaniline~ (2) 5% Sodium Nitrite solution~ 

(3) 200" Sodium Acetate solution~ (4) 5% Sodium 

Hydroxide solution. 

Chromatograms were sprayed with a mixture of stock solutions 

l, 2 and 3 in a 5:1:15 ratio by volume, followed by overspraying 

with solution 4. 

iL Diazotized Sulfanilic Acid Spray (Evans ~ àL, 1949) 

The spray reagent was prepared from the following stock 

solutions: 

(1) Sulfanilic acid solution prepared by dissolving 

9 gm of sulfanilic acid in 90 ml conc. Hel and diluting to one 

litre with distilled water. 

(2) 5% Sodium Nitrite solution~ (3) 200" Sodium 

Hydroxide solution. 

The spray reagent was freshly prepared prior to use by 

mixing the 3 stock solutions in a 2:1:2 ratio by volume. 

iii. 1% Ferric dhloride solution 

Since reference compounds had been run by earlier 

workers, and a chart had been prepared giving the colour and 

posi tion of eadh known compound, the spots on the dhromatograms 

were thus identified. 
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RESULTS 

For convenience in comparing and contrasting the 

systematic relationships of Rutales, aIl results are 

represented by tables 2-10. 

The data have been collected (l) through work done in 

the laboratory by myself, (2) a survey of literature, up 

to september, 1969* and (3) the information cards of 

Dr. R. D. Gibbs (most unpublished). 

Classes of chemical constituents as delimited in this 

thesis are those of Gibbs (MSS). For the writer's summary 

of her results, consult the tables in the appendix. 

*A few later items are included. 
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It 
TESTS 

,. 

- - 1 ! .:I! - ..:x: 
..:x: 

.. 
• - E-t E-t 

I:!J - H ..:x: CIl r.:I E-t tIl 
H ..:x: 

1 
r.:I ~ tIl r.:I 

t) E-t E-t r.:I E-t 
E-t tIl - ~ E-t -ra z tIl tIl r.:I -~ H r.:I ~ r.:I E-t ~ tIl Z 

«1 ~ Q E-t 

~ - r.:I Z ~ ta H - 0 p:: 

~ • H 

m 
• H' 8 0 1 1 ~ ~ ~ 

Z r-I ..:x: g ~ 1 FAMILlES • t) t) • H 1 III tIl r.:I III III H l":tI E-t tIl : 

Rutaceae (i.). (- )(NR) (-) _(atM) (-) (+) (!F) (+) (±) 

cneoraceae (+) - (NR) - -ot -
simaroubaceae ~±) -(NR) - -(ot) (-) (-) (t) + 

r-I 

p:: picrodendraceae - -(R) -M + + 
r.:I 

~ Burseraceae K+) -(NR) - (+) ± + 
0 

~ Me1iaceae (+) -(R) -(!-16t) (-) (+) ± + (±) (+) 

Akaniaceae + -(R) -M ? + + + + 

Ma1pighiaceae (+) -(R) -(M) (-) (+) (+) (±) (±) 
N 

• Trigoniaceae 
0 
• 

tIl vochysiaceae ± 
1 

M Tremandraceae -(R) -(M,6t) 
y. (+) + + + 

p. 
po1yga1aceae (+) -(NR) -(ot) (i) . (+) (-) (+) ± (-) tIl -
Comments: This is mere1y a swnmary chart~ lt is subjective in 

part. Thus for more detai1ed resu1ts, the tables on 
the fo110wing pages and in the Appendix shou1d be 
consu1ted. 



-("Il - 1 i - ..:x: 
..:x: -

E-t 
"1 E-t tJl III ) tJl fil 
~ fil E-t E-t j E-t - tJl - ~ t) Z 
t:1 z ~ ~ 

~ 
• 3 0 1 

~ ;j ~ tJl 
tj E-t tJl = 

~) (±) (-l=) 

-
~) + + 

r 

1: + 

f- (±) (+) ± 

r + 

t) (±) ± 

1 

+ + 

+) ± (-) ± 

!tive in 
t'bles on 
Ld be 

TABLE 2 

Chemical Characters of "Rutales ll 

ID ID ID 
ID ~ ~ ~ ~ 
~ "" "" "" "" "" ~ ~ 

,.. ~ ,.. 
§ ~ tJl 0 § § ID 

c::I "" ~ 0 ID 
H .fJ 0 0 0 "rf 0 M 

~ CI) 0 0 0 0 ~ ~ ID 0 
0 0 0 0 0 0 tJl as CI) s:: 

0 as "g 0 tIl ~ ~ ~ c::I >t ~ 0 0 
u orf M 0" Z CI) as H 0 as ~ s:: 
H 0 >t as tJI H M Ikc (iq a ~ 0 0 as 
..:1 tiI ~ ~ as 

~ ~ 1 1 0 ~ 0 l> l> 

~ ~ CI) ~ ~ [' CD ,.. 
~ ::s as as 

CI) .c: "rf M "rf .. .. t) ~ 
CI) M M 

fÎl III III U fil tIl \0 [' Id: ..:1 (iq (iq 

8 ..:1 
III (iq 

(+) (~ ( -) (+) (+) (+) (+) (+) (-) (+) + (-) (+) (:;:) (-

(+) ~ - (+) - (i) + 
(+) (+) - (+) (+) + 

(+) (+) - (+) (+) + (+) 

(+) ~) (-) (+) (+) (+) (+) - (-) (-) + (-) 

(+) (+) - (+) (+) 

(+) (~ - (+) (+) (-) + (+) 

(+) (+) (+) (+) + 

(+) (~ - (+) (+) + 

Key to symbols: + = all positive 
= all negative 

(+) = majority are positive 
(-) = majority are negative 
(±) = more positive than negativ. 
± = half positive, half negati' 

(+) = more negative than positiv. 
NR = no red 
R = red 
ot = other than magenta 
M = magenta 



rt PI PI PI PI 1"'. 
• PI ::S~::Srtrt - iD Hl ........ - - - - Leucoanthocyanins Dl '0 ::s« + 1 + +1 = o::s CD CD CD - - - -DlCDIQ -"'.\Q PI +1 Flavanoes rtPlrt -.... rt .... 

< .... < 

1 - Flavanonols CD < CD 1 CD -+1 Flavones -- - f - - - - - Flavonols +1 '1+ 1+ + + +1 1+ 1+ - - - - - - -
+ + + + TERPENOIDS - -+ + + Monoterpenoiè.s - -- -1+ + 1+ Sesquiterpenoids - -- .. 
1+ + Diterpenoids -- - - - Triterpenoids + + + + + - - - --+1 Tetraterpenoids -- 1 + 
- - -1+ 1+ +1 ii 1 1+ 1+ ALKALOIDS - - - -

1+ Acridines 

1+ Alkaloidal amines 

+ -1 Imidazoles -
1+ 1+ Indoles 

1+ Isoquinolines 

- Oxazoles 1 -- pyridines 1 -- Pyr1"olidines 1 -- Quinazolines 1 -
1+ + Quinolines 



1 F .".i "es ... tc. 
t(.. of 8e-na l'Q. 

~.'Cid. l 
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H.W. & cig. Tests 

II III IV 
4/4 6.17 2/2 

Rutaceae (204) 10/14 ~ 2/2 +-N.5/15 +-+ 20/30· 

Rutoideae (142) . 4/5 
Dictyo1omatoideae~) 

'F1indersioideae' (2) 
Spathe1ioideae(3) 
Todda1ioideae (24) 1/3 

1/1 

1& 
1& 

2/2 
7/7 ..... 4/6 

citroideae (30) 1/1 U! 

2/3 

4/4 

3/5 

6/14 

RhaD.dodendroideae 
cneoraceae (2) 

Simaroubaceae 
Surianoideae 

_Simaroub 'b"i.de~e 
Idrkioideae 
Zrvingioideae 
picramnioideae 
Alvaradoideae 

Picrodendraceae 

Burseraceae 

Meliaceae 

cedre10ideae 
swieten:':i.odeae 

Me1ioideae 
Akaniaceae 

Ma1pighiaceae 
Trigoniaceae 
Vochysiaéeae 

Tremandraceae 

(26) 
(4) 
(5) 
(1) 
(4) 
(1) 

f}l 
(20) 

(5,0) 

(4) 
(8) 

(28) 
(1) 

(65) 
(4) 
(6) 

( 3) 

Po1yga1aceae (13) 
Xanthophy11eae (1) 
po1yga1eae (8) 

Moutabeae (4) 

1/1 

1/1 

4/6 

1/1 
1/1 

2/4 

1/1 

1/1 Ao-+.1/1 
1/1 .. 

2/2 

1/1 

VI 
~ 

1/1 

1/1 

6/6. 

2/2 
1/1 

3/3 

3/4 

1/4 

1/3 

1/3 

or 

( l/lNR 
t1/3R 

2/6NR 

2/6NR 

Key to symbo1s: NR = no red; R = red; ot(in ghr.) = co1or 
other than magenta or 

M = magenta; bk = bark b1ue 

*Fraction represent numbers of genera/species 

i 



TABLE-3 

A 1ist of plants tested (by fami1ies and subfami1ies) in IIRuta1es ll 

1 Test! 
i . Raphides Ehrlich BCN He1/Meth. L.A. 

12J2R 
+ - + - + ? + ? + ?-

5NR 16/28ot 
)R 

1
1/ 1NR 3/3 34/44 16/23M 2/4 34/53 1/1 9/12 29/46 4/6 13/17 21/30 2/ 

5NR i2i'2R 

7/8ot 
R 3/3 19/29 11/18M 1/3 18/27 3/5 18/27 2/3 8/12 12/15 

R 1/1 l/lM 1/2 1/1 1/1 
t 

R t 3/50t 

11
/ 1NR 5/8 /2/2M 6/8 3/3 6/9 1/1 4/6 2/ 

rm :6/1.50t 
9/16 2/2M 1/1 9/16 1/1 2/3 5/10 1/2 4/4 5/9 1/ 

R 1/1 l/lM 1/1 
R 1/1 l/lot 1/1 1/1 1/1 

4/4ot 
1/1 4/4 6/6 R 6/6 l/lM 5/5 

1/1 l/lM 1/1 1/1 1/1 
R 3/3 2/2ot 1/1 3/3 3/3 
R 1/1 l/lot 1/1 1/1 

1/1 
1/1 R 1/1 l/lot 1/1 1/1 

1/1 
IR 

l/lM 1/1 1/1 

2/3 2/2 2/3 1/1 

IR 7/7 
3/30t 
4/5M 1/1 9/11 ,7/10 1/1 4/5 4/4 

IR 
1/1 ot 

2/2 1/1 2/2 2/2 l/lM 2/2 
2/2 2/2M 2/2 2/2 2/2 

IR 
2/2ot 

3/6 1/1 1/2 2/2 3/3 1/2M 1/1 5/7 
t 1/1 l/lM 1/1. /1/1 1/1 
IR 1/1 ot 
t 7/10 4/6M 4/7 1/2 7/10 2/2 4/6 1/1 

1/1 1/1 
m 1/1 ot 
~ 2/5 1/2M 2/2 1/3 2/5 1/1 

m 1/4ot 
1/1 2/4 1/1 1/2 2/6 l/lM 3/5 

m 2/6 1/4ot 3/5 1/1 2/4 1/1 1/2 
l/lM 

or 
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tuta1es" ." ,.< 

Saponin "Sap. Test B" 
I.A. Jug10ne F1uor~scence Tannin Test A (NB3) 

?- ,+ - T ? + ? + ? + 
27/36 i 

21/30 2/3; 11/14 ·27/42 7/10 1/1 13/20 8/11 4/4 13/4 2/2 4/4 10/15 
13/19 

12/15 6/7Y 16/26 1/1 9/15 7/9 3/3 4/6 2/2 3/5 

1/1 1/1 1/1 1/1 1/1 

4/6 2/2;~ 5/5 4/4 1/3 3/4 1/2 1/1 3/5 1/1 1/1 2/4 
l/lPY 

5/9 1/1' 8/11 6/11 '5/6 1/1 5/6 5/6 1/5 5/9 1/1 1/1 4/5 
4/6Y 
l/lY 1 

1/1 l/lY 1/1 1/1 1/1 

6/6 5/5 4/4 2/2 3/3 ~ 2/2 1/1 1/1 
1/1 .1/1 1/1 1/1 
3/3 3/3 3/3 1/1 
1/1 1/1 1/1 ~/1 1/1 

1/1 1/1 1/1 1/1 1/1 1/l. 

1/1 11.1. 

1/1 2/4 1/2 1/2 1/1 

4/4 8/9 7/8 1/1 5/6 2/2 2/2 2/2 2/2 4/4 4/4 

2/2 2/2 2/2 1/1 1/1 1/1 (bk) 2/2 2/2 
2/2 1/1 1/1 2/2 1/1 2/2 2/2 

2/2 4/5 4/5 2/3 1/1 2/2 2/2 
1/1 1/1 1/1 

1/1 
5/7 
l/l.Y 5/5 3/3 5/6 3/3 3/4 2/2 2/2 

2/2 2/2 

1/1 1/1 1/1 2/2 

1/2 : 1/1 
1 

1/2 : 1/1 1/2 1/1 2/2 l./1 1/1 1/1 2/3 1/2 l./1 1/l. 1/1 
2/2Y 
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TABLE 4 

Occurrence of groups of pheno1ic acids by fami1ies and 

subfami1ies in IRuta1es" (see Appendix II)* 

Pheny.1- cinna-
Benzoic 1acetic mic 

acids acids acids Co mnarins 

Rutaceae (204) 27/33 2/2 30/27 27/33 20/20** 

Rutoideae (142) 15/20 17/22 14/18 - 10/10** 
Dictyo1omatoideae (1) 
F1indersioideae (2) 
Spathe1ioideae (3) 

5/5 Todda1ioideae (24) 5/6 5/6 4/4** 
citroideae (30) 7/8 2/2 8/9 8/9 6/6** 

cneoraceae (2) 1/1 1/1 1/1 1/1** 
Simaroubaceae ~f~J 

2/2 2/2 2/2 
Simarouboideae 1/1 1/1 1/1 
Kirkioideae (1 ) 1/1 1/1 1/1 

picrodendraceae (1) 
Burseraceae (20) 1/1 1/1 1/1 
Me1iaceae (50) 4/5 1/1 6/7 6/7 1/1** 

Cedre10ideae (4) 1/1 1/1 
Swietenoideae (8) 2/2 1/1 2/2 2/2 
Me1ioideae (28) 2/3 3/4 3/4 

Akaniaceae (1) 1/1 1/1 1/1 
Ma1pighiaceae (65) 1/2 2/3 1/2 1/1** 
Trigoniaceae (4) 
Vochysiaceae (6) 
Tremandraceae (3) 2/2 2/2 2/2 
Po1yga1aceae (13) 1/2 1/1 1/2 1/1 

* Fractions represent numbers of genera/species 

**coumarins other than E11agic Acid 
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ABLE 6 

A 1ist of plants (by genera) tested by wr 

(see Appendix 1) 
1 
1 

Hot Water and syrin- Raph-
cig. test gin ides Ehrlich 
l II III IV or + + .. 

RUTACEAE 
1. Rutoideae 

Chois~ (7) 
i 

Evoaia (120). 1 1 2NR -2~ 1 
Geijera . (7) 1 1NR -1 lM 
MeIl.coee (50) 1 1NR -1 1 
orixa (1) 1NR -1, 
zant1iox~lum (15) 2 2NR -2'. 
cneoridl.um. (1) 1 1R lM 
oictamnus (2) III?-IV-1 1NR -1 1 
Ruta 

, 
(60) 3 3NR -3; 2 

Acradenia (1) 1 l?R 5NR 1" lM - . 
Boronia (20) 1 2? IR. -51 SM 
Correa (11) 1 l?R 1NR -Il lM 
Chori1aena ( 3) 1 1NR -1 lM 
Crowea (4) 1 1NR -1. lM 
oi~lolaena (8) 1? 1NR -1 1 
Erl.ostemon (30) 1 2NR -2 2M 
NematoIeesis (2) 1 1NR -1 lM 
Pheba1ium (36) 1 1? 1R -1 lM 
Barosma (20) 1 1NR -1 lM 
Ca1odendron (2) 1 1R -1 1 
Co1eonema (6) 1 2NR -2 .2M 
Oiosma (15) 
pi10careQS (20) 1. 1NR -1, 1 
Ga~ea (8) +1: 
Er:::roChiton(5) III-IV-1 1 +1~ lM 
Raputia (5) '+'1, 

II. oictyo1omatoideae 
III. F1indersioideae 

F1indersia (20) 1-11-1 1R -1, lM 
IV. spatheiioideae 

$ V. Todda1ioideae 
Acron:2:Chia (40) :tI-IlI-1 1 1NR 

1 Am~i~ (20) 
.0 CaSl.mJ.roa (60 1-11-1 1NR -1 -~ 1 
\ Ha1fordia (4) 1 lM 
-Q 

,-
~ 

:; 

"-

Key to symbo1s: NR = no red Sd = seed 
R = red Bk = bark 
M = magenta Rt = root 
py = pale ye11o~ ot = other 
y = ye110w Tr = trace 



by writer, Gibbs and others 

lich 

1 
lM 
1 

lM 
1 
2 
lM 
SM 
lM 
lM 
lM 
1 
2M 
lM 
lM 
lM 
1 

.2M 

1 

lM 

lM 

1 
lM 

+ 

3 

BCN 

2 
2 
1 
1 

1 
1 
3 
1 
3 
2 
1 
2 
1 
1 
1 
2 
1 
1 
2 

1 

2 

2 

1 
1 

He1/Meth 
+ 

1 
1? 

1 

1 

1 

2 

2 

1 
1 
5 

1 
3 

2? 
1 
1 
1 
1 
2 
1 
1 
1 
11 
2 

1 

1 

1 
1 
1 

L.A. Jug10ne Fluores. 
+ - + + 

1 
1 1 2 3 

1 
1 1PY 1 

1 1 
1 1 2/3Y 3 
1 1 1 

1 1 
3 1/3PY 3 

1 
4 4 4 

1 1 
1 
1 1 1 

2 '1 1 
1 1 1 

1PY 1 
1 1Y 1 

1 1 1 
2 2 2 

1 1Y 1 

1 1 1 

1 1 1 

1 1 1 

saponin "Sap. Test BR 
Tannin 'Pest .A (NB]) 
+ + + 

1 1 

1 1 1 
l(Tr) 
1 1 
1 1 1 
1 1 

3 3 3 

4 1 

1? 

1 
2 
1 

1 1 
1 

2 

1 1 1 

11 

1 1 1 

1 

1 1 1 
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TABLE 6· (cont' d. ) 

Hot water and Syrin- Raph-
cig~ test gin ides Ehr1ic 
l II III. .·IV or + + 

1 

" (cont'd.) RUTA~~. 
, Orl.cl.a .. (8) 

Phe11odendron (10) 3 II-III-2 l?NR 2NR -4 3 
Pte1ea (3) 1 1NR -1 
Skimmia (10) 1 1? .1NR -1 ·1 
Tec1ea (25) 1 1R -1 lM 
Todda1ia (1) 

VI. ci:t.raideae 
Aeg1e ... (1) 1 II-III-1 INR -1 lM 
Ata1antia (30) II-III-1 1 1NR -1 1 
citrus. (60) 8 6NR -6 6 
C1ausena (30) I-II-1II-III-1 2R -2 2 
Er.emocitrus (1) 
F.eronia .. (1) 11-111-1 1NR -1 lM 
Fortunel1a (6) 1 1NR -1 1 
G1yco.smis (40) 1 1NR -1 1 
Limonia (1) 

{lR? Mur.r.aya (9) 1-11-1 2 1NR -2 3 
poncirus (1) 1NR -1 
Triphasia (2) 1 1NR -1 1 

VII. Rhabdod.endroideae 
Rhabdodendron (2) 1NR -1 lM 

1 CNEORACEAE 
cneorum (2) III-IV-1 1NR -1 1 :1 

SIMAROUBACEAE , 
1 I.Sur.ianoideae . .. 

Sur.iana (1) 1 1R -1 lM 
1 II.simarouboideae 
~ Ai1anthus (10) 11-111-1 1 1NR -1 1 ~ ... Hannoa (4) 1NR -1 
-< picraena (2) 

Picrasma (17) 1 1NR -1 1 
III. Kirkioideae 

" 
Kirkia (5) 1 1NR -1 1 

IV. Irvingioideae 
l Irvingia (5) 
'oC v.picramnioideae 

picramnia (40) 1 1NR -1 1 
..Q FI CRODENDRACEAE d picrodendron ( 3) 1 1R -1 lM r- BURSERACEAE 

Bur.sera (100) 1? 



• 

yrin- Raph-
gin ides Ehrlich HaI He l/Me th L.A. Jug10ne Fluores. Tannin 

+ + ,+ - + + + + + 

1 
m 2NR -4 3 2 

1? 
1? 2 2/3PY 3 2 

1NR -1 1 1 1 1 
.1NR -1 '1 1 2 2 1 1 2 
1R -1 lM. 1 1 1? 1 1 1Tr 

INR -1 lM 1T ? 1 1 1Y 1 1 
1NR -1 1 1 1 1 1 1 1 
6NR -6 6 6 2? 4 1 3 2/6Y 5 2 1 ~? 
2R -2 2 2 2 1 1? 1/2Y 1? 1 2 

1 
1NR -1 lM -1 1 1 1 1 1 
1NR -1 1 ? 1 1 1Y 1 1 
1NR -1 1 1 1 1 1 1 1 

{lR? -2 3 3 3 3 2/3Y 2 1 1 2 1NR .\ 

1NR -1 1 ·1 1 
1NR -1 1 1 1 1 1Y 1 1 

1NR -1 lM 1 1 

1NR -1 1 1 1 1 1Y 1 

1R -1 lM 1 1 1 1 1 

1NR -1 1 1 1 1 1 1 
1NR -1 1 1 1 1 1 

1NR -1 1 1 1 1 l 

1NR -1 1 1 1 1 1 1 

1 
(Sd.) 

1NR -1 1 1 1 1 1 1 1 "carminel! 

1R -1 lM 1 1 1PY 1 

1 2 2 2 



L/Meth L.A. Jug10ne Fluores. 

1? 
1? 2 2/3PY 3 

1 1 1 
2 2 1 l 

1? 1 l 

1 1 1Y 1 
1 1 1 1 
4 l 3 2/6Y 5 2 

1 1? 1/2Y 1? 1 

1 1 1 1 
1 1 1Y 1 

l 1 1 

3 3 2/3Y 2 1 
·1 1 

1 1 1Y 1 

1 

1 1 1Y 1 

1 1 1 

1 1 1 1 
1 1 1 1 

1 1 1 l 

1 1 1 

1 1 
Il carmine Il 1 1 

1PY 1 

2 2 

Saponin 
Tannin Test A 

2 3 
1 1 

2 
1Tr 

1 
1 1 

1 ~? 4 
2 1 

1? 
1 

1 1 
1 l 

1? 
1 2 2 

1 1 

1 

1 

1 

1 1 

1 1? 

Il Sap. Test BII 
(NH3) 

3 
1 

1 
1 

2 

1 

1 

IIcafudne ll 
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TABLE 6 (cont'd. ) 

Hot water and syrin- Rap 
~e cig. test gin ide 

.:1: :I:I :I:I:I IV or + 

1NR 
CommiÏhora (100) :II-:I:II-1 1R 
padnltoEus (21) 1NR -

MELIACEAE 
1. Cedre10ideae 

Cedre1ea (7) :I:I:I-:IV-l 
Toona (15) 1 1R 

Ptaero~lon (1) 1 1NR 
II. swietenoideae 

Entandr0:ehragma (20) 1 1R 
Khaya (10) 
SWietenia (5) I-I:I 1R 

:III. Me1ioideae 
Carapa (15) 2 2R 
ci:eadessa (4) 1 1NR 
Me1ia (9) :I:II-IV-~. l' 1NR 
D:lsox:l1um (100) 2 
owenia (5) 
Sandoricum (10) 
TrichiIia (20) 

AKANIACEAE 
Akania (1) 1 1R 

MALPIGHIACEAE 
Triste11ateia (22) 1? 1NR 
Acridocar:eus (20) 1 1R 
Gaudichaudia (15) I-I:I-1 1NR 
Hetero:eter:ls (90) 1? 2NR 
H±ptage (25) 
Ma1:eignia (30) :II:I-IV-1 4R 
B~sonima (105) 1R 
Ga :e'li imi a (12) 1 1R 

IV') stim'fi:l11um 1 2R 
1 Tlir~a is 

'-.D TRIGONTACEAE 
VOCHYS:IACEAE 

1 Voch~sia (100) l?R -.Q Sa1vertia (1) 
~ TREMANDRACEAE 

P1atytheca (1) 1NR 
Tetratheca (25) 4 3R 

PO~YGALACEAE 
v :I •. Xanthophy11eae ~ 

"- II. P01yga1eae e ,Ee1vaa!â .. (500) :I:I:I-IV-1 2 sNR 
Securidaca (30) 
Bredemeyera (60) 
MunëreJ.a (1) II-:I:I:I-1 1NR III. Mou€âbeae 



syrin- Raph-
gin ides 

IV or + "' '1' " 
1 

1NR ! 
i 

1R -2 
1NR ~1 

1 1R -1 .] 
1NR -i 

1 1R -1 

1R -1 1 

2R -2 
1 1NR -1 
1" 1NR -1 

1R -1 

1? 1NR -1 . 
1 1R -1 

1NR -1 
1? 2NR -2 

4R -3 
1R -1 

1 1R -1 
1 2R -2 

l?R -1 

1NR -1 
4 3R -4 

2 SNR -1 

1NR -1 

Ehrlich BeN 
+ .,~ + 

1 

lM 1 

1 1 

lM 1 

lM 1 

2M 2 
lM 1 

1 1 
1 1Tr 1 

2 
1 

lM 1? 

1 
lM 1 
lM 

1 2? 

3M 3 

lM 2 
2M 2 

1 1 
2M 1 3 

4 1Tr. 3 

BC1!Meth 
+ 

1 

1 
1 

1 
1 

2 
1 

2 

2 

1 

1 

1 
1 
3 
1 
2 
3 
1 

1 

1 
4 

1 

1 

3 
1 

M 1 1 

L.A.' 
+ 

1 

1 
1 

1 

1 

1 

2 
1 

1 

1 

1 
1 

1 

3 

2 

2 

1 

Jug10ne F: 
. +:-' 

1 

+ 

2 2 

1 1 

1 1 

1 1 
1 1~ 

2 2 
1 1 
1 1 
1 1 

1 1 

1 1 
1 1 

1Y 
1 
3 1 

1 1 
3 
1 

1 
1 

1 1 

1/3Y l 
1Y 

1 



lMeth L.A.' Jug10ne Fluores. Tannin 

1 

1 

3 
1 

+ -' +:-' - + + 

1 

1 
1 

1 

1 

1 

2 
1 

1 

1 

1 
1 

1 

3 

2 

2 

I 1 

2 2 

1 1 

1 1 

1 1 
1 1? 

2 2 
1 1 
1 1 
1 1 

1 1 

1 1 
1 1 

1Y 1 
1 1 
3 1 2 

1 1 
3 3 
1 1 

1 1 
1 1 

1 1 

1/3Y 1 2 
1y 1 

1? 

1 

1Tr. 

1 

1 

1 

2 
1 

1 

1 

1Tr. 
1 

1 
1 

2 1 
1 

2 

1? 
1? 

1 

l? 

Saponin 
Tést A 
+ 

1 (Bk) 

1 
1 

1 

1 
1 
1 

1 

1 

2 

2 

2 (PIt) 

"Sap. Test B'I . 
(NB3) 
+ -

1 
1 

1 

1 

1 

1 

2 

2 

1 1 
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. 1 

'l'ABLE 7 
coumarins of IRuta1es" (see Appendix III)* 

Simple 6,7-Furo- 7,8-Furo- Chromano-
coumarin coumarin coumarin . co umar in 

RU'l'ACEAE 
I. Rutoideae 

Evodia (120) 1/1 2/1 
Faw~·ra (200) 3/5 2/2 2/2 
Gel.~era (17) 3/2 
Me11.co;Ee (50) 1/1 1/1 
Zantho~lum (15) 5/3 3/3 3/1 
cneoridl.um (1) 1/1 3/1 
Dictamnus (2) 1/1 2/1 
Ruta (60) 9/5 9/4 2/2 
~osma (6) 1/1 
pheba1ium (36) 3/1 

III. F1indersi6ideae 
F1indersia (20) 3/3 1/1 2/2 
Ch1oro~lon (1) 1/1 2/1 

V. 'l'odda11.oideae 
casimiroa (6) 1/1 4/1 
Hal for di a (4) 2/2 1/1 
He1ietta (1) 1/1 
Pte1ea (3) 1/1 9/2 
skimmia (10) 3/3 2/2 1/2 
'l'odda1ia (1) 3/1 

VI. citroideae 
Aeq1e ( 1 ) 5/1 4/1 
Aeg1o;Esis (5) 1/1 3/1 
citrus (60) 10/7 11/7 1/1 
C1ausena (30) 1/1 4/2 
Limonia (1) 1/1 
Luvunga (12) 1/1 2/1 
Microme1um (10) 1/1 
Murra~ (9) 4/3 
poncirus (1) 3/1 
Severina (1) 1/1 3/1 2/1 

k 
\: MELIACEAE 

1. cedre10ideae 
Cedre10;Esis (7) 1/1 
Ptaero&lon (1) 1/1 2/1 2/1 

III. Me1ioideae 
Ekebergia (15) 1/1 

* Fractions represent numbers of compounds/species 
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\ F1avonoids of "Ruta1es" (see Appendix IV and IX)* 

w 
1 1 ri] M o ri] ri] 1 0 Q) 0 
C C 1 1 C C C C C 
""'-1 o o· .... 10 ri] lOri] 0 0 

:S~ g:s la :> Q) :>M ~ ~ 10 C 100 
~o Q)C:>1 MO MC M M 

..:1100 J%.I J%.I J%.I J%.I 

l II III IV V VI 
RUTACEAE 

I. Rutoideae 
Choisya (7) 2/1 
Evodia (120) 2/1 3/1 
Fagara (200) 1/1 1/2 
Me1icoEe (50) 7/3 
Zanthoxy1um (15) 1/2 1/4 3/5 
Boenninghausenia(l) 1/1 
Ruta (60) 2/2 
Boronia (60) 1/1 3/1 
correa (11) 2/1 3/1 
crowea (4) 2/1 3/1 
Eriostemon (30) 
co1eonema (6) 1/1 3/1 

III. F1indersioideae 
F1indersia (20) 1/1 

V. Todda1ioideae 
Phe110dendron (10) 1/1 2/2 
Pte1ea (3) 2/2 
Skimmia (10) 
Tec1ea (25) 4/1 
casimiroa ( 6) 6/1 

VI. citroideae 
citrus (60) 2/1 14/16 13/15 5/2 
G1ycosmia (40) 

rt- Murra~ (9) 1/1 
" Poncirus (1) 4/1 1/1 

Fortune11a (6) 1/3 
CNEORACEAE 

Cneorum (2) 2/1 
SIMAROUBACEAE 

Quassia (40) 
Ai1anthus. (10) 1/1? 2/3 

BURSERACEAE 
Protium (60) 1/2 2/2 

MELIACEAE 
Cedrea (7) 1/2 2/2 
Ptaeroxy10n (1) 1/1 
Me1ia (9) 2/1 
Aitonia (1) 1/1 

MALPIGHIACEAE 
HeteroEteris (90) 2/2 
HiEtage (25) 1/1 
Ma1Eighia (30) 1/1 
Triste1ïat1ia (22) 1/1 1/1 

TREMANDRACEAE 
Elgt~the!i:â (1) 2/2 
Tetratheca (25) 1/1 

POLYGALACEAE 2/5 polygala (500) 

*Fractions represent numbers of compounds/species. 



TABLE 9 

Terpenoids of "Rutales" (see Appendix V)* 

~ go 1 Q) 

go ~ ~'Ô Ul go 0 ola Ul 'Ô g. /3 0 go Ul 'Ô Ul . .-t 0 1-1 
Ul Ul UlUl . .-t 'Ô 0 1-1 0 t.!) 

0 'Ô 'Ô '0'0 'Ôd 0 . .-t d t.!) ~ Q) 
d d Q) 1-1 . .-t . .-t -3 la -.-t . .-t 0 Q) 

0 OdUl QI d P. Q) 0 'Ô t.!) 0 
0.. d d d dOd Q) 1-1 d ~ .-t -.-t 

Q) tIl Q) p.-.-t 1-1 p. Q) QI -.-t .-t Q) Q) Q) 

1-1 +' . .-t Q) 'â. 0 d P. P. e--!:i Ul 
P.ldd Q) 

fil Q) 1-1 1-1 I-ItIlQl .j.J Q) . .-t 0 d 
Id .j.J ::l .g Q) 

~ d Q) Q) Q) d d Q) tl\ 
0 tJ' . .-t . .-t . .-t .j.J .j.J .j.J o·.-t .j.Jda 1-1 
d Ul . .-t 'C Q) ~ .-t . .-t . .-t -.-t o..d -.-t Id .j.J 

~ 
Q) tIl Id 1-1 Q) CI 1-1 t: Id Q) I-I,.c:; Id QI 
tIl r:Q U r.:l t.!) tIl E-t Ultl\ E-t+'tIl E-t . . . 

~ 
. . :> . . :> H H .-t N ...; 10 H .-t N 

H H H .... H 
RUTACEAE 
I. Rutoideae 

1/l. +3/3 +3/3 EVodia (120) 
zantenox~lum (15) 7/3 +2/4 +2/4 
Me2h.co sma (1) 1/1 

+3/1 +3/1 D:l..ctamnus (J6~ Ruta 3/1 
+1/1 BOrOnia (60) 1/1 +1/1 

Er~ostemon (30) +2/2 +1/1 +1/1 
Phebal~um (36) +2/2 +1/1 +1/1 
Z:l..er~a (15) +2/1 
Asatnosma (170) +1/1 
Barosma (20) +5/4 
Calodendrum (2) +2/1 +2/1 
EmaIeurum (2) +1/1 

III. Fl~ners~o~deae 
+3/4 +1/1 +2/3 Flindersia (20) 

V. ToddaI~o~deae 
+1/1 +1/1 Acron~chia (40) 

Am~~S (20) +1/1 +1/1 
+2/2 +2/2 cas~m:l..roa (6 ) 

Phellodendron(10) +1/2 +2/1 +2/1 
sR:l..rnm:l..a (10) +1/1 +2/1 +2/1 
VeEr:l..s (20) +1/1 +1/1 

VI. citro:l..deae 

Aegle. (1) +4/1 +1/1 +1/1 Ata1antia (20) +3/2 
~itrus (60) +25/10 +4/2 +1/1 +2/2 +1/1 +9/14 +2/2 +7/13 +5/3 Clausena (30) +1/1 
Fortunel1a (6) +2/1 +2/1 Gl~cosm:l..a (40) +2/1 +2/1 Luvunsa (12) +1/1 +1/1 +1/1 M:l..'croc:l.. trus (5) +2/1 +2/1 Murra~ (9) +3/2 +1/1 +2/1 +2/1 Pon'c:l..rus (1) +4/1 +4/1 _Tr:l..]2nasia (2) 

+2/1 
SIMAROUBACEAE 
II. Simarouboideae 

Eur2:coma (4) +1/1 +1/1 
g=ss!a J +2/1 +2/1 S:l..maba (40) +2/1 +2/1 Simarouba +5/2 +5/2 Samadera +4/1 +4/1 Ailanthus (10) +8/4 +8/4 Brucea (10-12) 
casteIa (12) +1/1 +1/1 
Perr~era (1) +1/1 +1/1 

BURSERACEAE 
Boswe11ia (24) +5/1 +1/1 +1/2 +1/2 Bursera (100) +8/2 +1/l. +1/1 COIl1ItU.etiora (100) +1/1 +1/1 +1/1 +1/1 
Canar~um (75 ) +2/1 +4/2 +4/2 +8/4 +2/1 +6/4 

MELIACEAE 
I.Cedreloideae 

+ lYs +lX Cedre1a (7 ) +2/1 +2/1 +2/1 -1 5 -1 5 
Ptaero~lon (1) +1/1 +1/1 II.SW:l..eteno~deae 
·EntandrO,Ehrena (20) +6/9 +6/9 kha~a 0) +16/5 +16/5 Pseudocedre1a (1) +5/1 +5/1 sw:l..eten:l..a (5) +3/1 +3/1 III. MeI:l..o:l..deae 
cara]2a (15) +6/2 +6/2 X2:Iocar]2us (5) +1/1 +1/1 Turraeanthus (6) +1/1 +1/1. Mel~a 

(30<6» + 3/2 +1/1 +2/1- +11/2 +11/2 AS"la~a +1/1 
+1/1 +1/1 A]2hanamixis (22) 

D~so~lum . (100) +1/1 "+i/1" 
Guarea (160) +6'/2 +6/2 



rc ::> ~ a J:: go III rc 
tIl . .-t 0 tIl III III III . .-t 

rc::I 0 1-1 0 t.!) 
. .-t 1:: t.!) ~ 

Q) 0 rc::I rc::I rc::Irc::I rc::Il:: 0 
1-1 . .-t . .-t -3 ~ -.-t . .-t 1:: 

0 Q) 1:: Q) o 1:: III Q) 

1:: P. Q) 0 rc::I t.!) 0 0 0.. 
Q) 1-1 1:: ~ .-t -.-t 1:: 1:: 1:: 1::01:: 

-.-t .-t Q) Q) Q) Q) III Q) p.-.-t 1-1 
P. (1) Q) 

e--~ III P.ldl:: Q) 
1-1 +' . .-t Q) 'â. 0 1:: P. P. 

1-1 I-ItIlQ) +' 
Q) . .-t 0 1:: fil Q) 1-1 

Q) 1:: 1:: Q) tl\ Id 
+' ::l .g Q) ~ 

1:: Q) Q) 

0 tJ' . .-t . .-t . .-t +' +' +' o·.-t :!::fii8. 1-1 

1:: tIl . .-t rc::I Q) Id .-t . .-t . .-t -.-t 0..1:: +' 

~ 
Q) III Id 1-1 ::l Q) CI 1-1 t: Id Q) I-I,.c:; Id Q) 
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RUTACEAE 
I. Rutoideae 

1/l. +3/3 +3/3 
EVodia (120) 
zanteliox~lum (I.5) 7/3 +2/4 +2/4 

Me2h.co sma (1) 1/1 
+3/1 +3/1 

D~ctamnus (J6~ Ruta 3/1 
+1/1 BorOnia (60) 1/1 +1/1 

Er~ostemon (30) +2/2 +1/1 +1/1 
Phebal~um (36) +2/2 +1/1 +1/1 
Z~er~a (lS) +2/1 
Asathosma (170) +1/1 
Barosma (20) +S/4 

+2/1 +2/1 
Calodendrum (2) 
EmaIeurum (2) +1/1 

III. Fl~ners~o~deae +3/4 +1/1 +2/3 
Flindersia (20) 

v. ToddaI~o~deae +1/1 +1/1 
Acron~chia (40) 
Am~~S (20) +1/1 +1/1 

+2/2 +2/2 
cas~~roa (6) 
Phellodendron(10) +1/2 +2/1 +2/1 

s:R~:nmu.a (10) +1/1 +2/1 +2/1 

VeEr~s (20) +1/1 +1/1 

VI. citro~deae 

Aegle" (1) +4/1 +1/1 +1/1 
Ata1antia (20) +3/2 
~itrus (60) +2S/10 +4/2 +1/1 +2/2 +1/1 +9/14 +2/2 +7/13 +S/3 
C1ausena (30) +1/1 
Fortune11a (6) +2/1 +2/1 
Gl~cos~a (40) +2/1 +2/1 
Luvunsa (12) +1/1 +1/1 +1/1 
M:i.'croc~ trus (S) +2/1 +2/1 
Mur'ra~a (9) +3/2 +1/1 +2/1 +2/1 
Ponc~rus (1) +4/1 +4/1 
_Tr~l2hasia (2) +2/1 

SIMAROUBACEAE 
II. Simarouboideae 

Eur~coma (4) +1/1 +1/1 

g=sS1a J +2/1 +2/1 
S~maba (40) +2/1 +2/I. 
Simarouba +S/2 +S/2 
Samadera +4/1 +4/I. 
A:i.lanthus (10) +8/4 +8/4 
Brucea (10-12) 
casteIa (12) +1/1 +1/1 
Perr~era (1) +1/1 +1/1 

BURSERACEAE 
Boswellia (24) +S/l +1/1 +1/2 +1/2 
Bursera (100) +8/2 +1/I. +1/I. 
co:nmu.etiora (100) +1/1 +1/1 +1/1 +1/1 
Canar~um (7S) +2/1 +4/2 +4/2 +8/4 +2/1 +6/4 

MELIACEAE 
I.Cedreloideae +lX +lX 

Cedrela (7 ) +2/1 +2/1 +2/1 -1 5 -1 S 
Ptaero~lon (1) +1/1 +1/1 

II.SW~eteno~deae 

"EntandroEhrena (20) +6/9 +6/9 
kha~a 0) +16/S +16/S 
Pseudocedrela (1) +S/l +5/1 
SW~eten~a (S) +3/1 +3/1 

III.MeI~o~deae 
caral2a (lS) +6/2 +6/2 
X::L~ocarl2us (S) +1/1 +1/1 
Turraeanttius (6) +1/1 +1/1 
MeI~a 

(30<6» + 3/2 +1/1 
+2/1- +11/2 +11/2 

AgIa~a +1/1 +1/1 
AI2Eanamixis (22) +1/1 

--.; 
D~soXvlum " (100) +1/1 "+i/l" 
Guarea (160) +6/2 +6/2 
Lans~um (7) +2/1 +1/1 +1/1 +1/1 +1/1 
Tr'~ch~lia (230 +6/4 +6/4 

POL YGALACEAE 
xanthophyllum(40) +1/1 +1/1 
Monnina ( 80) +1/1 +1/1 
polygala (SOO) +8/4 +8/4 

*Fraction represent numbers of compounds/species 
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RUTACEAE 
I. Rutoideae 

Choisya (7) 
Evodia (120) 9/2 4/1 
Fa<j~ra (200) 2/6 
Ge1~era (7 )' 
Med1cosma (1) 
Me1icope (50) 4/1 
Orixa (1) 
P1at~desma (3) 
Pentaceras (1) 3/1 
Ba1fouroQendron (1) 1/1 
Lunasia (10) 
xantnox:l!um (15) i/1 1/1 3/3 
Boennin~hausenia (1) 
Dictamnus (2) 
Ruta (60) 
Th amno sma (6) 1/1 
HaEIoen~!lum (70) 
Boron1a (60) 
Eriostemon (30) 
Pheba1ium (36) 
Ge le znowia (3) 

. cusearia (25) 

~ Ga11pea (8) 

~ 
pi10carEus (20) 1/1 4/4 
Ravenia (18) 1/1 

a II. Dictyo1omatoideae 

"'- Dict~oloma (2) 1/1 1/1 

• 
~ 

~ 

~L _ 
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4/4 2/2 2/2 
4/.1 4/1 
1/1 1/1 
2/1 2/1 
8/1 8/1 
6/1 1/1 5/1 

13/1 1/1 12/1 
19/4 5/2 14/4 

6/8 4/5 3/2 6/8 4/3 4/3 
1/1 1/1 1/1 

3/2 3/2 
7/1 3/1 ./1 
2/1 2/1 

14/9 2/2 12/9 
2/1 1/1 1/1 
2/5 2/5 
5/1 5/1 
1/1 1/1 
2/2 1/1 1/2 

13/3 13/3 

1/1 1/1 
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RUTACEAE 
III. F1indersioideae 

ChlOr0!l!:len (1) 
F1indersia (20) 

v. Toddalioideae 
Acrcim~chia (40) 7/3 
caSl.IDl.roa (6) 1/1 3/1 
pnelloaendron (3) 
Ptelea (3) 
skimmia (10) 
Teclea (25) 2/2 1/1 
TOddalia (1) 
ve:rris (20.1 
Ha-lordia (1) 
Hortia (10) 4/2 4/2 

VI. citroideae 
A'lele (1) 1/1 
Cl.trus (60) 8/5 2/2 2/2 
C1ausena (30) 1/1 1/1 
G1:2:cosmis (40) 1/1 2/1 
MurraY'! (9) 2/1 
Poncirus (1) 

SIMAROlJBACEAE 
II.SimaroUboideae 

Picrasma (17) 3/2 
picrolemma (3) 

MALPIGHIACEAE 
Banisteria (75) 3/1 3/1 
cabi (1) 1/1 1/1 
Bani sterioesi s (100) 3/3 2/2 1/1 

*Fraction represent numbers of compounds/species. 
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DISCUSSION 

A. The individual families of "Rutales" 

1. Rutaceae 

Many dhemotaxonomists and phytochemists have intensive1y 

investigated the various chemical constituents which may 

prove useful for taxonomie study of the Ru~aceae (e.g. Dreyer's 

series of "chemotaxonomy of Rutaceae" (1966-1969»). However, 

there is still some disagreement as to whidh genera should 

belong to this family and whidh sub-families should be raised 

to familial rank. Let us first of aIl discuss the general 

distribution of substances within the family. 

Cigarette and Hot-water Test -- I-IV. polyphenolases, as 

judged by this test, seem to be absent in most species tested 

but a few are found randomly present among all four sub-families 

species. 

Syringin -- as indicated by the Syringin (1:1 H2S04lH2Q) 

~ (p.64). Most members of this family are dharacterized by 

the absence of syringin. Only one member of the Rutoideae 

was recorded as being positive with syringin test. A few 

doubtfully positive species were found in the Rutoideae, 

Toddalioideae and Citroideae (Aurantioideae). Most of the 

species did not develop any red colour in the lignified tissue 

of the treated sections. 

Raphides -- are probably absent from all the genera 

investigated except for a few members of the Rutoideae where 
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they are said to occur in the subtribe cusparineae. rrhese were 

not avai1ab1e to us. 

The usua1 correlation of resu1ts of EhrliCh, HC1/Methano1, 

and Leucoanthocyanin tests (p.64 ) was inconsistent. Many 

species gave a negative HC1/Methano1 resu1t, but a magenta spot 

in the Ehrlich test, a positive Leucoanthocyanin resu1t, and 

a non-red reaction in the syringin test (this cou1d indicate 

presence of 1eucoanthocyanins in 1eaves but not in stems). 

AucUbin-1ike substances were found to be comp1ete1y 

absent from a11 the plants tested as judged by EhrliCh tests (p. 65) 

Cyanogenic glucosides -- were usua11y absent, too, but 

one genus -- Boronia (Rutoideae) -- was recorded as having at 

1east two species yie1ding HCN with HCN (Test A) (P. 70). 

Leucoanthocyanins using L.A. (Test A) (p.68 ) our 

resu1ts were more often negative than positive. rrhis is con-

sistent with the findings of Bate-Smith (1957: 1962). 

HC1/Methano1 test -- resu1ts were 1arge1y negative. 

However, it was interesting to find that most of the positive 

resu1ts were corre1ated with positive Tannin tests: but the 

reverse is not a1ways true, since tannins were found in some 

species, as Bate-smith found (1957) which did not give a positive 

HC1/Methano1 test. 

Naphthoquinones as judged by the Jug10ne Test (p.71}-were 

absent, but most species showed b1ue fluorescence in the aqueous 

layer (IIJug1one Test Cil). 'rrhese'resu1ts'are cGmsistent with thosefound 

in the li terature (Table 5 and 7) and wi th the resu1 ts of paper chromato-
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graphy done in our laboratory (Table 4), i.e. coumarins 

(excluding ellaqic ~cid) occurred in 20 genera of the plants 

analysed. It should be mentioned here, that although ellaqic 

~ is structurally a coumarin, according to the biogenetic 

synthesis, it should be considered to be one of the benzoic 

acids. 

Saponin Test A -- results, except for one recorded as 

doubtfully positive in casimiroa edulis (Toddalioideae) and one 

doubtfully negative in clausena lansium (citroideae), were 

negative. However, Amarasingharn ~~. (1964) found several 

genera of the citroideae (Aurantoideae) to contain saponins, 

and from Table 9, we know Rutoideae, Flindersioideae, and 

citroideae to contain triterpenoid saponins and sapogenins. 

"Saponin Test B", (NH3 ) -- results, from the limited data 

available, seem to correlate with tannin test A. This is consistent 

with Gibbs' (MSS) findings. 

Terpenoids -- are, except for diterpenoids, widely 

distributed in Rutaceae (Table 9). To the best of my knowledge, 

the limonoids (triterpenoids) are characteristic of this farnily 

(see also Simaroubaceae, Burseraceae, and Meliaceae). 

Alkaloids -- the Rutaceae are possibly the most versatile 

of all families from the point of view of alkaloVd synthesis. 

At least ten structural classes of alkaloids have been found 

in Rutaceae (Table 10). Acridine alkaloids are prominent in 

the familY,all but one being derivatives of acridone rather than 



f 

96 

acridine. However, the most characteristic a1ka1oids are the 

furoquino1ines such as skirnrndamine, which have been found in 

56 species of the 30 genera recorded (Appendix VI). 

F1avonoids -- in Rutaceae, they show very beautifu11y 

the replacement of f1avono1 by f1avone at. the generic 1eve1 

(Table 8). There was one exception from citrus, but on1y two 

out of 15 species have been surveyed (Citrus limon and aurantium) 

which contain both types of compound. Furthermore, in most 

cases, the f1avono1s were present together with 1eucoanthocyanins, 

and f1avonano1s: whi1e f1avones were present with f1avanones. 

This suggests that they may have evo1utionary significance in 

the fami1y Rutaceae, as probab1y among the angiosperms genera11y 

(Bate-Smith, 1962; Harborne, 1967). 

Pheno1ic acids -- were found to occur wide1y in Rutace~ 

(Appendix ~I). The major compounds inc1uded Group I: gentisic 

acid: Group II: ~-coumaric, caffeic, feru1ic and sinapic acidsi 

Group IV: e11agic acid. However, this is not comp1ete1y 

consistent with Bate-Smith's (1969) idea. He said: 

"The occurrences of these pheno1ic acids, associated 
in the cases of caffeic and e11agic acid with the 
presence of f1avono1s and f1avandio1s, and in the 
cases of feru1ic and sinapic acid with their absence, 
reinforce the indications provided by the f1avonoid 
constituents (I-V) themse1ves regarding the evo1utionary 
st.tus of particu1ar plants or fami1ies, •••• ". 

The genera F1indersia and Ch1oroxy1on, from a botanica1 

viewpoint, have proved difficu1t for botanists to c1assify. 

Scho1z (1964) inc1uded just these two genera in his third sub-
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family, Flindersioideae. Our results (Tables 3 and 5) show 

that there are three possibilities: the two genera may go into 

Rutaceae: they may go with Cedrela, etc. into 

Meliaceae (Cedreloideae): or they may constitute a family 

Flindersiaceae, intermediate between Rutaceae and Meliaceae. 

In spite of the fact that Flindersia and Chloroxylon both 

contain the typical Rutaceous furoquinolines, they do not have 

the acridine alkaloids whiCh are prominent in the Rutaceae, 

occurring widely in Rutoideae, Toddalioideae and citroideae. 

Simple coumarins and chromano-coumarins, characteristic of the 

Rutaceae, are known to occur in these two genera, but they 

are also in three genera of the Meliaceae (Cedrelopsis, 

Ptaeroxylon and Ekebergia). Flavonoid data show that the 

Flindersioideae contain only flavonols, whereas the other 

Rutaceous sUb-families (Rutoideae, Toddalioideae and citroideae) 

have both flavones and flavonols. Flindissol, isolated from 

two species of Flindersia, is structurally midway between epo-

euphol (a limonoid of the Rutaceae) and the meliacins of the 

Meliaceae. We feel, therefore, that the chemical evidence 

supports the placing of Chloroxylon and Flindersia in a small 

family Flindersiaceae between Rutaceae and Meliaceae. 

Should zanthoxylum and Fagara be maintained as distinct genera? 

The principal compounds so far isolated from these plants are 

very closely related alkaloids, coumarins, terpenoids, and even 

the phenolic aldehydes - parvifloral from (Zanthoxylum) and 

zanthoxylol (from Fagara). On the other hand, these two genera 
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have completely different types of flavonoids, Fagara has 

flavone and Xanthoxylum has flavonols. We suggest that the se 

two genera are closely related but distinct. 

Is the family Rutaceae homogeneous or heterogeneous? 

Paris and EtChepare (1968) concluded that it is heterogeneous 

for flavonoid pigments, since it contains not only flavones 

and flavonones, but also methylated derivatives, and sorne with hydroxy 

methyl groups and or isoprene chains. On the other hand, 

Price (1963) has concluded, from the distribution of alkaloids 

and coumarins in the Rutaceae, that the major sub-families 

constitute a highly homogeneous group. Later, this conclusion 

was supported by Dreyer (1966) who found that there was 

botanically uniform distribution of limonoids throughout the 

Rutaceae. He said: 

"The uniformi ty is further emphasized by the fact that 
structural variation(s) of these limonoids that occur 
in the Rutaceae are rather slight (excepting flindissol 
which appears to occur only in a further removed botanical 
group) •••• The homogeneity of the Rutaceae is attested 
to by the slight structural variation in the limonoids 
while the clear definition between subfamilies is attested 
to by the uniform difference in oxidation levels of their 
limonoids Il • 

On the basis of the still limited data available, this 

family would be relatively homogeneous if the sub-family 

Flindersioideae were removed and made a family Flindersiaceae. 

2. Cneoraceae 

This family (as we have seen) has been assigned to the 

Rutales, Geraniales, and Sapindales. It also has been made the 

type of an order cneorales. 
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It has only three species belonging to two genera, and 

all our information is deriv~d from but one of these -- cneorum 

tricoccon. 

cigarette and Hot-Water Tests III-IV (negative?) 

Syringin . -- negative, no red in lignified tissue which 

agrees with the negative Ehrlich, HCl!Methanol and leuco

anthocyanin tests. 

Raphides absent. 

Saponins absent. 

Naphthoquinones -- presumably absent (negative with 

Juglone Test A), but blue fluorescence was observed. This 

is consistent with paper chromatographic results -- which 

showed that scopoletin is present. 

Phenolic Acids -- the major phenolic acids are Group I: 

gentisic acid: Group II: E-coumaric, caffeic, ferulic and 

sinapic acids, but no ellagic acid. 

Flavonoids -- the presence of flavonols but no flavone, 

has been reported. 

3. Simarotibaceae 

As mentioned in the review of literature, rnany authors 

have raised the sub-families and even sorne genera to familial 

rank. We may, therefore, expect it to be chemically heterogeneous. 

polxphenolases -- as judged by cigarette and Hot Water 

Tests, occur in sub-families picramnioideae, Surianoideae, and 

probably also in SimaroUboideae, but Kirkia acuminata of the 

Kirkioideae gave a IV (negative) reaction with the hot water test. 
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Syringin -- appears to be absent from the whole farnily. 

Only Suriana gave a red colour in the xylem. These results are 

consistent with those obtained from the Ehrlich, HCl/Methanol, 

and leucoanthocyanin tests. 

Raphides -- no raphides were seen in the control sections 

of the syringin test, and none have been reported in the 

literature, but solitary and cluster, crystals(Appendix XI) have been 

reported. The size and distribution of the cluster crystals 

in castela, HOlacantha, and picrarnnia are said to be of value 

in the identification of the genera (Metcalfe and Chalk, 1950). 

Styloids have been reported in one genus -- Alvaradoa. 

Naphthoquinones -- as judged by the Juglone test are absent. 

Blue fluorescence was noted in Sirnarouboideae and Kirkioideae, 

but no coumarins have been detected (ellagic acid is not 

fluorescent) • 

It was interesting to note, during the course of the 

Juglone test, that picramnia pentandra (picrarnnioideae) gave a 

"carmine" col our (Ridgway) in the ammonia layer under visible 

light. This may be due to the presence of a naphthoquinone, but, 

following the method of Chen and Bohm (1966), the unknown was 

compared with authentic sarnples of juglone, lapachol, lawsone, 

lematiol, 7-methyl-juglone, plumbagin and dunnione in different 

kinds of sol vents. Unfortunately, this attempt to identify the 

compound proved unsuccessful. 
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In "Saponin Test B" (NH 3), picramnia pentandra a1so 

gave immediate1y a Il carmine Il co1our reaction in the ammonia 

layer. cou1d the substance responsib1e be an aurone? 

2,6-Dimethoxy-1,4-benzoquinones have been reported from 

genera of the Simarotiboideae (Ai1anthus, Eurycoma, Picrasma 

and Quassia.). Unfortunate1y, we have no records from these 

genera with the Jug10ne test comparing with genus picramnia. 

A specimen of 2,6-dimethoxy-1,4-benzoquinone (from Dr. R. G. cooke) 

gave a b1uish co1our changing to ye110w in Jug10ne Test B. 

Tannin tests -- tannins were present in Kirkioideae and 

picramnioideae, and this is consistent with the resu1ts of 

"Saponin Test B" (NH3). 

Saponins -- were recorded as probab1y present in picramnia 

pentandra. 

Pheno1ic acids -- the major pheno1ic acids were: Group 1: 

ga11ic acid and Group IV: e11agic acid. Compounds of Group III 

~-coumaric, caffeic and feru1ic acids were identified in 

Ai1anthus but not in Kirkia. 

F1avonoids -- Ai1anthus is reported to have f1avono1s, too. 

This resu1t is not consistent with the conclusions of Bate-Smith 

(1969). 

Triterpenoids -- have been reported from severa1 genera 

of this fami1y, especia11y in the sub-fami1y Simarouboideae. 

Simaro1ide is an acetate of a C25 compound and its occurrence 

in the Simaroubaceae (Simarouba amara) may be of biogenetic 

significance, since the other bitter substances (C20 compounds) 



102 

of this fami1y (quassin, chaparrin, glaucarubin •••• etc.) 

are c1ose1y re1ated. po1onsky (1964) suggested that the 

biogenetic precursor of simaro1ide may be a tetracyc1ic 

triterpene of the tiruca1101 or possib1y of butyrospermo1 

(Al-eupho1) type, and that its biogenesis might then fo11ow 

the path proposed for 1imonin and 1ead 1ater to the basic 

ske1eton of simaro1ide. Therefore, simaroubaceae may have 

affinity with Rutaceae in this contexte 

A1ka1oids -- have been reported in 5~~ of the species 

tested (Appendix VIII), but on1y two classes of a1ka1oids, 

indole and quino1ine, are known to occur in this fami1y. 

Fatty Acids -- the fatty acid composition of the seeds 

is interesting. Shor1and (1963) stated that: 

Genus 

"the members of .the fami1y Simaroubaceae thus show 
such wide variation in composition of their seed 
fats as to prompt further inquiry into their 
botanica1 classification". 

We have the fo11owing: 

Chief Fatty Acids 

Ai1anthus 01eic, 1ino1eic 

picrasma petrose1inic 

picramnia tariric 

Irvingia myristic, 1auric 

These four genera are distributed among three sub-fami1ies. 

Each contains a different major fatty acid. 



103 

Chemica1 evidence wou1d seem to support the view,that 

the picramnioideae shou1d be exc1uded from the Simaroubaceae. 

The presence of myristic and 1auric acids in Irvingia and 

other genera, links this family with VOdhysiaceae. 

4. picrodendraceae 

This family is treated by Sdholz as having picrodendron 

only with 3 spp. Airy Shaw (in Willis, 1966) includes 5 other 

genera from the Euphorbiaèeae of which we know nothing. 

The information below cornes from picrodendeon 

baccatum on1y (Gibbs, MSS). 

c~~ette & H.W. Tests -- IV 
S ~ng~n-- -ve (red ~n xy1emi no raphides). 
Hel/Methanol Test -- positive (2-3) consistent with 

red in xy1em in syringin test (above) and magenta in Ehrlich 

test (below). 

Ehrlich Test -- negative (Ehrlich spot magenta) 

Jug10ne Tests -- -ve, but with blue fluorescence. 

cyanogenic Glycosides -- absent? (negative result 

with HCN Test A). 

Tannins, flavonoids, alkaloids and saponins may be 

absent (Table 2). 

s. Burseraceae 

This family is said to have affinities with Anacardiaceae, 

Me1iaceae, Rutaceae, and Simaroubaceae. 

Few members of this family were available to us for 

testing. 
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Cigarette and Hot-Water Tests 

Syringin (1:1 H2S04/H20) Test 

II-III 

syringin appears to be 

absent, red co1or was seen in xy1em of Commiphora trothai. 

Raphides -- No raphides were seen, nor have they been 

recorded by others; however, solitary and c1uster crysta1s 

were found in this fami1y by Metca1fe and Cha1k (1950). 

Jug10ne Tests -- negative resu1ts from Jug10ne Test A 

suggest that naphthoquinones are absent. Blue fluorescence was 

observed in Commiphora and pachy1obus. 

HCN Test A -- resu1ts negative, suggesting absence of 

cyanogenic glycosides. 

Tannin Test A -- the 1eaf of Commiphora merkeri gave a 

strong positive resu1t (+++) with tannin te,st A. 

Pheno1ic acids -- members of this fami1y are known to 

contain ga11ic, E-coumaric, caffeic, and e11agic acids. Accord

ing to Bate-Smith (1969), these resu1ts might suggest that 

f1avono1s shou1d be present in this fami1y, and in fact Protium 

is reported to have f1avono1 (Bate-Smith, 1962).' We have no other 

information on this point. 

Terpenoids -- are wide1y present in this fami1y. niter

penoids, as in Me1iaceae, are present. Acetates of triterpenes 

derivatives of euphone and e1emane, which occur in Rutaceae, 

Me1iaceae and Simaroubaceae, are found in Burseraceae, too 

(Ponsinet ~ al., 1968). 

Alkaloids -- have been reported in 2~~ of the plants tested. 
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The chemica1 evidence above, and the reported presence 

of stearic acid as a major fatty acid of the seeds, links 

this fami1y with the Me1iaceae. 

6. Me1iaceae 

As discussed in the review of 1iterature there is no 

genera1 agreement as to whiCh genera shou1d be10ng to this 

fami1y, which sub-fami1ies shou1d be raised to familial rank 

and which fami1ies it shou1d be a11ied with. HutChinson (1969) 

further comp1icated things by making this family the sole member 

of its order. 

Cigarette and Hot-water Tests -- variable, I-IV. 

Syringin test -- on1y negative resu1ts were obtained. 

The majority of species showed sorne red co10ur in the xy1em 

and/or fibres. These resu1ts are consistent with those obtained 

from the Ehrlich, HC1/Methano1, and 1eucoanthocyanin tests. 

Tannin Test -- resu1ts weremostly positive and agreed 

with positive resu1ts of HC1/Methanol tests. 

I!Saponin Test BI! (NH~ -- the few resu1ts were most1y 

consistent with the resu1ts of the tannin test. 

Raphides -- appeared to be absent, 

cyanogenic G1ycosides •• except for Dysoxylum fraseranum 

(Me1ioideae), a11 species investigated contained no cyanogenic 

glycosides. 
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saponin Test A -- Amarasingham ~~. (1964) found the 

majority to give a negative result, but Chisocheton and 

Dysoxylum of the Melioideae gave positive. tests. 

Juglone Tests results were negative, but blue fluores-

cence was observed. SO far, however, coumarins are known only 

frorn three genera belonging to Cedreloideae (Cedrelopsis and 

Ptaeroxylon) and Melioideae (Ekebergia). These two sub-families, 

again, were reported to contain fiavonois but no flavones. 
o 

Terpenoids -- Diterpenoids, to the best of my knowledge, 

have been isolated, in the Rutales, only frorn two genera of the 

Burseraceae and frorn Cedrela (cedreloideae), Melia and 

APhanornyxis (both of Melioideae). Triterpenoids occur here, 

as in the Rutaceae, Sirnaroubaceae, and Burseraceae. Dreyer (1966) 

wrote: 

"Lirnonoids have been found in genera belonging to each 
of the three subfamilies of Meliaceae but in this case 
there seerns to be no general correlation between the 
limonoid structure and the botanical distribution within 
the f~ly. ••• The known cornpounds of this series in the 
Meliaceae show, in general, rnuch wider structural 
variation than those in Rutaceae. These variants range 
frorn rnembers whose position is fairly low on the bio
genetic ladder, such as, gedunin, cedrelone, ~nd 
anthothecol, to those with extensive structural alter
ations, for example, andirobin, swietenine, nimbin, 
rnexicanolide and rnethyl angolensate". 

However, recently, three structurally close relatives of 

flindissol -- aphanomixin, melianone and turraeanthin -- were 

isolated frorn the Melioideae. These seern to be use fuI as 

taxonomie markers on a sub-family level and perhaps even as 

phylogenetic markers for the whole family, as in Rutaceae. 
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Alkaloids -- are said to be present in 4~~ of the plants 

tested (Li and wi11aman, 1968). 

The monotypic genus ptaeroxy10n, which has given great 

difficu1ty to systematists, has been variously p1aced in 

Sapindaceae, Rutaceae and Meliaceae, but it is now considered 

to form (with Cedrelopsis) a separate family, the Ptaeroxylaceae. 

Its chemistry has recently been shown to be distinct from the 

usual pattern both of the Meliaceae and the Rutaceae (e.g. 

absence of degraded triterpenes in the timber), and in the 

remarkable range of chromones, and some unusual coumarins. The 

results of our simple tests (Appendix 1) strongly support this 

new classification. unfortunately we did not have cedrelopsis. 

Cedrelopsis and Ptaeroxylon both contain coumarins and 

ptaeroxylin which has an unusual seven-membered ring-structure 

not encountered elsewhere. There would thus seem to be good 

evidence for removing Cedrelopsis with Ptaeroxylon into the new 

family, ptaeroxylaceae. 

The sUb-family swietenioideae, in many ways. seems chemically 

to be very distinct from the Cedreloideae and Melioideae, as it 

is on the basis of its anatomy and morphology. However, it is 

unsafe to draw definite taxonomie conclusions at this junction. 

7. Akaniaceae 

Although many authors placed this family in the Sapindales, 

Scholz considered it to be a family of the Rutales. The sole 

member is Akania hillii and Gibbs (MSS) obtained most of the 

following results. 
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cigarette and hot-water tests -- II • . \ 
syringin Test 4:1 H2S04/H~) -- negative, but a red co1or 

was present in the lignified tissues. correspondly, it gave 

positive HC1/Methano1 and 1eucoanthocyanin reslts. The positive 

HCl/Methano1 result was a1so consistent with positive tannin 

tests. 

HeN Test A -- doubtfu11y positive reaction was obtained. 

Raphides -- no raphides present. 

Jug10ne Tests -- negative, suggesting that naphthoquinones 

are absent; but blue fluorescence was observed. 

Pheno1ic Acids -- the major phenolic acids according to 

Ga1ang (thesis, unp~'d. Material described as liA. lucens") 

are: gentisic, ~-coumaric, caffeic, feru1ic and e11agic. but 

Bate-Smith (1962) lists of these on1y ~-coumaric as present in 

1~.hi11ii". Are the se , in fact, the sarne plant? 

A1ka1oids -- are present in this fami1y (Appendix VIII). 

More information is required, and particular1y, knowledge 

about terpenoids and f1avonoids, before the affinities of this 

family can be decided. 

8. Ma1pighiaceae 

On1y Scholz (1964) p1aced this fami1y in Rutales. If it 

is proper1y placed by him it shou1d have many 

chemica1 characteristics in cornmon with the Rutaceae. 

Cigarette arid Hot-water Tests -- most1y IV, but stigmaphy110n 

tomentosum was recorded as I. 
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syrinqin T'est (1:1 H2S041!!22,) -- a11 plants gave a 

negative syringin test, but in contrast to Rutaceae, the 

majority of the species showed some red co10ur in the 1ignified 

tissue. These resu1ts corre1ated with those obtained with 

1eucoanthocyanin, HC1/Methano1, and Ehrlich tests. 

HCN Test A -- the majority of the plants seem to contain 

no cyanogenic substances. Heteropterys (2 spp.) gave doUbtfu11y 

positive resu1ts with HCN (Test A). 

Raphides -- are absent from the species investigated. 

Tannin Test A -- most of the few plants tested were tannin

iferous. Thus resu1ts were consistent with "Saponin Test B" (NH3) 

and a1so sorne of the resu1ts corre1ated with positive HC1/Methano1 

tests. 

Jug10ne Tests -- were negative, so naphthoquinones probab1y 

are absent. Blue fluorescence was observed. This is in keeping 

with the finding that umbe11iferone is present in Ma1pighia 

(paper chromatography). 

Pheno1ic Acids, etc. major pheno1ic acids are: gentisic, 

E-coumaric, caffeic, feru1ic and e11agic. 

F1avonoids -- two classes of f1avonoids, leucoanthocyanins 

and f1avono1s, have been found in this family. 

Alka10ids -- of indole type are reported to occur in 

Ma1pighiaceae. 

9. Trigoniaceae 

No materia1 of this fami1y was avai1ab1e to us, and we 

have found no information as to its chemistry from the 1iterature. 
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10. Vodhysiaceae 

Very 1itt1e information was found in the 1iterature 

as to the chemistry of this fami1y. Fortunate1y, two species 

were avai1ab1e for investigation. 

HC1/Methano1 Tests -- gave one strong positive resu1t 

(Vochysia) and one negative (Sa1vertia). 

Jug10ne Tests -- naphthoquinones seem to be absent and 

no b1ue fluorescence was observed. 

Raphides __ none have been reported, but soli tary and 

c1uster crysta1s have been seen (Appendix XI). 

Fatty Acids we 1earn from the 1iterature that the 

major fatty acids of the seeds are myristic and 1auric acids. 

Many genera of the SimaroUhaceae a1so contain these two acids. 

11. Tremandraceae 

~is fami1y has been p1aced in various positions. ~e 

re1ationships of this fami1y to others remains unestab1ished. 

A few species be10nging to two genera, Tetratheca and 

P1atytheca, were tested by Gibbs (unpub'd.) 

cigarette and Hot-water Test -- IV for 4 spp. of Tetratheca. 

Syrinqin Test (1:1 H2S04/H20) -- negative resu1ts were 

obtained. A red co1our has been seen on1y in Tetratheca. ~ese 

resu1ts corre1ate with those obtained for the re1ated tests. 

Raphides _ .. no raphides were seen in the Syringin Test 

Contro1s. SOlitary and c1uster crysta1s have been reported to 

occur. 
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HCN Test A -- Gibbs got positive HCN Test A results for 

Platytheca and one species of Tetratheca. 

Juglone Tests _. naphthoquinones seem to be absent. 

Blue fluorescence was recorded. 

Tannins -- doubtfully present (Galang, thesis, unpub'd.) 

HC1/Methanol Test -- positive (1-4) in all tested. 

12. Polygalaceae 

'rhe pdlygalaceae is sa id to be a very natural family. 

Many genera, however, such as Xanthophyllurn, Krameria, and 

Diclidanthera have been doubtfully placed in this family. 

Uhfortunately, material of these genera were not available for 

investigation. 

Cigarette and Hot-Water Tests -- were recorded as IV 

for polygala, but as II-III for Mundtia. 

syringin Test -- the species of Polygala tested gave 

negative with no red reactions in the lignified tissue. 

EhrliCh Test -- Polygala negative. Mundtia negative (but 

a magenta Ehrlich spot). 

HC1/Methanol Test polygala and Securidaca negative. 

Mundtia positive (2). 

Tannin Test A -- pOlygala negative: Mundtia positive (++). 

Leucoanthocyanin Test -- polygala negative: Mundtia positive. 

Juglone Tests -- pOlygala negative (sorne fluorescence): 

Securidaca negative: Mundtia positive. 

cyanogenic Glycosides -- as judged by HCN Test A -- seem to 

be absent. 

Saponins -- have been recorded in sorne species. Amarasingham 
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~~. (1964) reported that one species of Xanthophyllum contains 

saponin. Four genera (Xanthophy11um, Monnina, Bredemeyera and 

Polygala) are reported to contain triterpenoid saponins and 

sapogenins. Two tests made by us with Saponin Test A were recorded 

as negative or doubtfully positive. 

Raphides -- none have been recorded or observed by us. 

Flavonoids -- many species of polygala are reported to have 

f1avonols. 

Phenolic Acids -- the major phenolic acids appear to be 

gentisic, E-coumaric, caffeic, and ferulic. 

Alkaloids -- are said to be present in 5~1o of the species 

tested, but none have been identified. 

Mundtia spinosa, on the basis of the chemical evidence, ~eems 

to be out of place in this fami1y, but there is the possibility 

that our material was wrongly labelled. Obviously this should 

be checked. Obviously, too, we need to know much more about the 

family as a whole. 

B. The order Rutales 

This is obviously a very diverse and unnatural order. Thus 

the chemical reactions and other results obtained were mixed 

(Table 2,3,4,and 5). 

polypheno1ases (as judged from cig. & H.W. Tests) were 

present in Akaniaceae; absent from both picrodendraceae and 

Tremandraceaei but mixed results were obtained from members of 

the other families. 
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Except for one sUbtribe (cusparineae) of the Rutaceae, 

raphides as well as syringin are absent. Other calcium oxalate 

crystals, for example, the widely distributed solitary and 

cluster crystals, are present. These crystals varied in their 

distribution, and are possibly familial rather than ordinal 

characters. In the syringin test, the presence or absence of 

a red colour in lignified tissues was mixed. Some families 

usually showed no red while others usually did so. 

The results of HC1/Methanol tests were mixed. In most 

families, the majority of the species were positive in their 

response. The results were usually closely correlated with 

the red or magenta colours in syringin, leucoanthocyanin and 

Ehrlich tests. But, as previously mentioned, this correlation 

failed in the Rutaceae. The positive results of the HC1/Methanol 

test were also consistent with positive tannin tests in most of 

the plants tested. 

Mixed results were obtained for the tannin test. Many 

were positive. These results were also correlated with those 

of "Saponin Test BU (N'H3). 

Saponins -- as judged from Saponin Test A were generally absent, 

being present only in a few members of the Meliaceae. However, 

from the literature reported, there are saponins in polygalaceae, 

Meliaceae, Rutaceae, and Burseraceae. 

HCN was absent from or rare in most families. Boronia 

(Rutaceae), p'latYtheca and Tetratheca (Tremandraceae) appear to 
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contain cyanogenic glycosides. Three further genera !OCsoxy1um 

(Me1iaceae), AkaIl'ia (Akaniaceae) and Heteropterys (Malpighiaceae) 

gave doUbtfu11y positive HCN Test A resu1ts. Obvious1y more 

testing is needed. 

The sole positive Jug10ne test was obtained in the case 

of Mundtia spinosa (po1yga1aceae) but see ahove. Naphthoquinones 

seem to be absent from a11 fami1ies. Sorne b1ue fluorescence 

was observed in most of the fami1ies investigated (not in 

Cneoraceae and Vochysiaceae). paper Chromatographie resu1ts, 

however, showed that coumarins (exc1uding e11agic acid) (Table 4) 

are present in Rutaceae, Me1iaceae, Ma1pighiaceae, and striking1y 

enough a1so in Cneoraceae. From the 1iterature, we have reports 

of their occurrence on1y in Rutaceae and Me1iaceae. 

The number of triterpenes characteristic of members of the 

Ruta1es is forever increasing. The biogenetic and close 

structural re1ationships of e1emo1ic acid, the 1imonoids and the 

simaroUbo1ides para11e1 the close taxonomie re1ationships of the 

Rutaceae, Burseraceae and Me1iaceae with the SimaroUbaceae. In 

these four fami1ies other terpenoids a1so occur wide1y. 

F1avonoids, especia11y the f1avono1s, are a1so wide1y spread 

in most fami1ies of the Ruta1es. The co-occurrence of f1avons 

and f1avanones has been found on1y in Rutaceae. This fami1y 

a1so shows the replacement of f1avones by f1avono1s. 

Sorne of the fami1ies are a1ka1oid-containing, especia11y 

the fami1y Rutaceae. However, there are no recorded a1ka1oids 

from Cneoraceae, Picrodendraceae, Trigoniaceae and Vochysiaceae, 

fami1ies which have been 1itt1e investigated. 



115 

The fatty-acid compositions of the seeds vary, but 

those of the Simaroubaceae and vochysiaceae are similar, and 

so are those of the Burseraceae and Meliaceae. This could 

link them taxonomically. 

Group II phenolic constituents were rarely found in the 

families. The other compounds of Group I and III were found 

in varying degrees. While ellagic acid was very widely 

distributed in the families of this order. 
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SUMMARY AND CONCLUSION 

The Ruta1es seems to be a homogeneous order, if we 

consider it to contain the fami1ies Rutaceae, Simaroubaceae, 

Burseraceae and Me1iaceae. These appear to be correct1y grouped 

by Scho1z in his sUborder Rutineae. We are 1ess sure about 

the correctness of p1acing of the remaining fami1ies of his 

sUborder, the cneoraceae, Picrodendraceae, and Akaniaceae. 

We know too 1itt1e as yet of the chemistry of the 

Trigoniaceae and Vochysiaceae to say whether or not they con

stitute with the Ma1pighiaceae a homogeneous group (Sdho1z's 

Ma1pighiineae) within the Ruta1es. The dhemistry of the 

Ma1pighiaceae, however, is consistent with a position near the 

Me1iaceae. 

The two fami1ies Tremandraceae and po1yga1aceae (Scho1z's 

suborder po1yga1ineae) seem to differ great1y from eadh other 

in their chemistry, but the inclusion of Mundtia (see above) 

contributes to this. We do not fee1 in a position, at this 

stage of our know1edge, to pass judgement on the p1acing of 

these fami1ies. 

There are some systematists who would have the dhemo

taxonomist deposit in a herbarium a voucher specimen of every 

plant tested. This is not practicable in extensive investigations, 

but it would obvious1y be very worth whi1e to have a voudher 
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specimen of the "Mundtia spinosa" referred to above, for 

comparison with any later material that becomes available. 

unfortunately we do not have this. 

The creation of two more small families Flindersiaceae 

(Flindersia and Chloroxylon) and Ptaeroxylaceae (Ptaeroxylon 

and Cedrelopsis) is supported by chemical evidence. They 

should be placed, perhaps, between Rutaceae and Meliaceae. 

The data also support the separation of picramnia 

(Picramnioideae) from the Simaroubaceae: Mundtia (if our 

material was genuine) from the polygalaceae: and Fagara from 

Zan thoxyl ume 
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Appendix l A list c 

RUTACEAE 
l . Rutoideae 

Zanthoxylum americanum + + 
Zanthoxylum martinicence + 
zanthoxylum simulans 
Evodia nan'iel'li 
Evodiaijenryi + 
Evodia micrococea 
orixa japonida 
Malicopa ternata 
Ruta Bracteosa 
Ruta chalepensis 
Ruta qraveolens 
Dictamnus a.lbus 
Dictamnus albus var. 

turkestanicus 
cneoridium dumosum 
Boronia denticulata 
Boronia lanagmusa? 
BorpniA pinnata 
Boronia purdiana 
Boronia viminea 
Eriostemon spicatum 
Eriostemon myoporoides + 

+ 

+ 
+ 
+ 
+ 
+ 

III-IV 
+ 

+ 

Phebalium billordierii 
Phebaliym RDylicifolium 
Crowea dentata 
correa.harrisii 

+? 

Correa laurenciana 
Correa turnbullii 
Diplolaena anqustifolia 
Calodendron capense 
Barosma ScoParia 
Diosma appositifolia 
pilocarpus pennatifolius 
Erythrochiton brasiliensis 

II. Dictyolomatoideae 
III. Flindersioideae 

Flindersia australis 
IV.Spathelioideae 
V.Toddalioideae 

phellodendron amurense 
Phellodendron japonicum 
Phellodendron lavallei 
Phellodendron sachalinense 
Ptelea trifoliata 
Oricia eurynnertonii 
Acronychia imperforata 
Acronychi~suberosa 
Skimmia foremanii 
Skimmia japonica 
Teclea simplicifolia 

, casimiroa edulis 

+ 
+ 

" +? 
+ 
+ 

+ 
III?-IV 

1-11 

II-III 

II-III 
+ 

+ 

II-II']: + 

+ 
+ 

1-11 

+? 

+? 

+ 

+? 

+? 
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Appendix l A list of all pl s tested (by the writer, Gibbs and others) 

çig. Jug. 
l IV Or l II III IV Or S Ehr. HCN HCl L.A. A B 

+ -NR +Y 
+PY 

-NR 
-NR 

1 -NR -y 
+ +1 ++ 

-NR 
+ i -NR -y +PY 
+ -NR -GY 
+ + -NR -GY 
+ -NR +py 
+ + 

-NR 
:I-IV -R -OB 

+ -M +3 + 
+1 -NR -M + -1 + 

-NR -M -1 + 
+ i -NR -M +1 

L -R -M +3 + 
+1 -NR -M + +3 + 

-NR -M + 
-NR -M + 

+? -py 
-R 

+ -NR -DM 
+? -BY 

" +?R -DM 
? -NR -G 

+ -R -y -? 
+ -NR -M + +Y 

+ -NR -y +Y 
[1-IV + + -M + 

1 -R -M +2-3 + 

, 
[ + : -R -PY -? 

1 

i -NR +Y 
[ : -R -y +P1l 

I-NR -pkB +1 
+ + 1 -NR -C 

+3 
l + +1 

+2 
+? j-NR -y 

+ + 
+ !-R -M +4 +? 

. -NR -y +Y 



~ested (by the writer, Gibbs and others) 

• 

m. +Y + + 
+PY + 

m. + 
m. + 
m. -y + 

+1 ++ + 
m. ++ tr. 
m. -y +PY + 0- 0 m -GY ++ 0 
m. -GY ++ 0 
m. +py + 0 

m. ++ + 
l -OB 

-M +3 + +++ 1 
m. -M + -? + ++ + 
m. -M -? + + + 
m. -M +1 
l -M +3 + ++ tr. 
m. -M + +3 + ++ tr. 
'IR -M + +++ +++ 
'IR -M + + 

-PY + 
l 
'IR -DM 

-BY + 

~R -DM 
'IR -G +++ -
~ -y -? + 
m -M + +Y +++ 2 

m -y +Y + +? 0 
1- + -M + + ++? 

-M +2-3 + + +++ 0 

~ -PY -? ++ 0 
m +Y 0 
~ -y +PY ++ 0 
m -pkB +? 
m -c +++ + 0 

+3 
+1 
+2 

m. -y +++ -

:t -M +4 +? + tr. 
m. -y - +Y + + +? 1 



119 

Appendix 1: (cont'd.) 
= 

1:1: 1:V Or 
con 

VJ:. citroide~e (Au~~tioideae, 
Glyeomis.pentâphy11a + 
Murraya exotiea + + 
Murl:aw.koeniqii 1:-1:1: 
Mur:raya paniculata + 
~lausen.a lansuim. :Il: - 1: 1: 1: 
C1ausena 1umu1ata 1:-I1: 
Ata1anti"a cey1aniea + 1: 1: 1:-1:V 
poncirus t~ifolia 
·citrus ~urantifo1ia + + 
Citrus Limetta + + 
citrus 1imoxia + 
citrus mascina + + 
citrus medica + + 
citrus nobi1is + 
citrus sîmensis + 
citrus fip. ( "otashei te + 

orange Il) 
Aeq1e marme10sa 1: • 1:1:-1:1:1: 
Fortune'lla marqari ta + 
Triphasia trifo1ia + 

VJ:1:.Rhabdodendroideae 
Rhabdodendron 

CNEOncJ;:U .. \ f'-

cneorum tricoccon 1:1:1:-1:V 
S1:MAROUBACEAE 

1:. Surianoideae 
Surianamaritima + 

1:l:. Simarouboideae 
Hannba k1aineana 
Ai1anthus a1tissima 1:1:-1:1:I + 

1:II.Kirkioideae 
Kirkia acuminata + 

IV. Irvingioideae 
v.picramnioideae 

picramnia pentandra + 
VJ:.Alvaradoideae 

PICRODENDRACEAE 
Picrodendron baccatum + 

BURSERACEAE 
Bursera simarouba 
Bursera simp1ifolia + 
commiphora merkeri II-III 
Commiphora trothai 
padhy10bus k1aineana 

MEL1:ACEAE 
1:. Cedreloideae 

cedre1a adorata 1:1:1: or 1:V 
Toona ciliata + + 
ptaer0ialon obliquum + 

1:1:.swietenl01 eae 
~aya n~sica 

+ ntandroph~iandatum 
swietenia iiII gn 1:-1:1: 



Jug. 
IV Or Ehr. BeN 

-NR -G +4 0 
+ -R? -y - +y + 0 

-NR -YB ++ 0 
-GB - + + ~ 

-R -GD +1 -? + ++ -? 1 
-R -GD +3 + +y ++ Ir 

-IV -PK -YB 0 
-NR - + + 

+ -NR -y - +y + -? 0' 
+ -NR -PkY +1? + -? 

-NR -y + 
+ 
+ 

-NR -pk +1? +y - -? 0 
-NR -y + -? 0 
-NR -y + -? 0 

~". + 
-NR -M ++ - +y + ++ 
-NR -y - +y - 1 
-NR -GY +y - 0 

-NR -M 

-NR -y + 0 

. -R -M +4 

I-PK + 
+ -NR -y + 

-NR 
. + +++? - -y 

-NR -y + +? 4 
1 

1 

1 
-R +2 -py + 1 -M 

+4 
+2 

-NR + +++? 
-R +4 + 
-NR + 

+4 
+ -R -M +3 + ++ tr. 

: -NR -B + 
i 

j'-R 
+3 

-M + ++ +3 
: -R -M +4 + +? +++ +4, 
r . 
i· 
1 
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Appendix l (cont' d. ) 

,~.w. 

l II:' III .. IV 
MI!:LIACEAE ( cont • d: ) 
III. Me1ioideae 

caraea quianensis + 
carapa procera + 
cipadessa cinerascens + 
Melia azodaroch + 
TriChilia emetica 
DySO!y1um fraseranum + 
Dysoxy1um spectabile + 

AKANIACEAE _ .,.:.' -
Akania hillii + 

MALPIGHIACEAE 
Hiptage benghalensis 
Tristellateia australasiae +1 
Heteropterys chrysophylla 
Heteropterys umbellata 
Malpighia coccipera + 
Malpighia cUbensis + 
Malpighia glabra III-IV 
Ma1pighia jlunicifolia 
Byrsonima crassifolic 
stigmaphyllon ledifolium 
Thryallis glauca 
Stigmaphy1lon ci1iaturn + 
Stigmaphyllon tomentosum + 

. TRlGONIACEAE 
VOCHYSIACEAE 

yoChysia sR. 
Salvertia convalloriodora 

TREMANDRACEAE 
Platythe~~ yerticilliata 
Tetratbeca ericifolia + 
Tetratbeca pilo§A 
Tetratbeca setigera + 
~etratheca tbymifolia + 
Tetratheca yiminoa + 

POLYGALACEAE 
polygala cAPitata 
polygala dAlmaisiana + 
polygalA myrtifolia III-IV 
PolygalA sanguinea 
polygalA senega + 
polyqa1a-yirgata 
Securidaca diyersifolia 
Mundtia spinosa II-III 

Or 

+1 

Key to symbols: NR= no red B = brown 

cig. 
l II 

R= red OB = orange-brown 
PK II: pink YB = ye1low-brown 

C = crystals GB = green-brown 
Y= yellow PKB = pink-brown 

Gy = green-yellow M= magenta 
PY = pale-yellow DM = dull magenta 
BY = brown-yellow tr = trace 

III IV Or! 

III-IV 

+1 

III-IV 



.': 

Jug. 

Ehr. s,~ T. A •. 

-R -M +4 + + +++ 
-R -M + + + +++ 
-NR -M +3 + + ++ 0 

I-J:V -NR -y + 0 
+2 

+? +2 -py + 
-YG +3 

-R +1 +1-2 + + +++ 

+4 
+1 -NR + tr. 

-NR +? 
-NR -y +? +4 +Y 0 
-R -M +4 + +? 1 
-R -M +4 + +++ 4 

1 -R -M -? +1 + 
-R +1 
-R +4 

+4 +Y -
+4 

-R -M +1 + +++ 4 
-R -M +4 + +++ 3 

+4 

-NR -y + +1 + +1 
-R +3 

+ +4 
-R -M +4 
-R +4 +? 

~M 

-NR 
-NR -y +Y 1 

II-IV -NR -B 
-NR -y 
-NR -y 

+ -? 0 
+Y 

-M +2 + + tr? ++ 



APPENDIX II 

Key to a 1ist of pheno1ic acids and coumarins: 

1. Benzoic acids (C6-Cl) 

1. ~-Hydroxybenzoic 

2. 2,3-Dihydroxybenzoic 
(6-pyrocatechuic) 

3. 3,4-Dihydroxybenzoic 
(protocatedhuic) 

4. 2,5-Dihydroxybenzoic 
(gentisic) 

5. 2-HYdroxy-5-methoxy-benzoic 

6. 2-Hydroxy-6-methoxy-benzoic 

7. 2-Hydroxy-3-methoxy-benzoic 

8. 4-Hydroxy-3-methoxy-benzoic 
(vani11ic) 

9. 4-HydrOxy-3,5-dimethoxybenzoic 
(syringic) 

10. 3,4,5-Trihydroxy-benzoic 
(ga11ic) 

II. Pheny1acetic acids (C6-C2) 

1. ~-Hydroxyphenylacetic 

2. ~-Hydroxypheny1acetic 

3. 3-me~oxy-4-hydroxy~mande1ic 

III. Cinnamic acids (C6-C3) 

1. ~-Hydroxycinnamic (~-coumaric) 

e 

2. ~-Hydroxycinnamic ~-coumarin) 

3. 3,4-Dihydroxycinnamic 
(caffeic) 

4. 4-Hydroxy-3-methoxycinnamic 
(feru1ic) 

6. 4-Hydroxy-3,5-dimethoxycinnamic 
(sinapic) 

6. e-Hydroxydihydrocinnamic 
- (melilotic) 

7. ~-Hydrodihydrocinnamic 
(ph1oretic) 

8. 2,3-Dihydroxycinnamic 

9. 2-HYdroxy-3-methoxycinnamic 

10. 2,3-Dihydroxy-pheny1-proprionic 

11. ~-Hydroxy-pheny1lactic 

IV. coumarins 

1. E11agic 

2. umbe11iferone 

3. Aescu1etin 

4. Scopo1etin 

• , 
IIf}l -/ 



Appendix II (cont'd.) 

l ,II 

1 2 345 678 9 10 1 2 3 1 2 3 4 

III 

56789 

CNEORACEAE 

cneorum 
trlcoccon - - - + - - - - - - - - - + ++ ++ + ++-- --

SIMAROUBACEAE 

Ai1imtlluB . 
altlsslma 

Kirkla 
acum1nata 

PICRODENDRACEAE 
BURSERACEAE 

CommikhOfa 
mer er1 

MELIACEAE 
Ptaeroxy1on 

.obl1quum 
I(haya nnsica 
SWleten1a 

. macroPhYl1a + 
caraea . 

qU1anens1S 
carapa 

procera 
cipadessa 

.cinerascens - -
Me11a , 

+ 

.. _ .. azedaraçb. 1 - - _. -
AKANIACEAE 

AkWn; a·.!l.:ûceris . +? -

MALPIGHIACBAE 
Gaudichaudia 

cxananëholdl s - -
Ma1p1qh1a 

cocci~era +
Ma1~gh1i[l 

c enS1S --

TRlGONIACEAE 
VOŒYSIACEAE 
TREMANDRACEAE 

P1atmeca 
verf:cil1ia a - -

Tetratheca 
€hymifolia - -

- + - + +++ ++ - Tr,-

+? - - - - Tr +++ - - Tr -

+ - - - - + ++ Tr - - - - -

+? - +? -

+ - + + -t-

+ -

Tr?Tr? Tr ,-

+? - - + 

+ - Tr?- --

+ - + 

Tr?- +? -

+ Tr? ++i-

- +-

+ + 
+ + 

++ ++ 

+ + 

- +++ 

+ + 

Tr?+ 

++ + 

+ 

+ + 

+ 

+ +? 

+ -

+++ - +?-
+ - - -

+ + - -

Tr? - - -

Tr - Tr - -

Tr - +? - -

+ - + - -

+ 

Tr? -

+ + 

Tr? - + 

Tr? - +? -

POLYGALACEAE 
polygala 

myrtlfo1ia - - - + - - - - - - - - - - - + Tr? + - - - -



, "=",, 
II (cont'd.) W,\' 

w, .;) 

~'. 

l ,II III IV 

5 6 7 8 9 10 1 2 3 1 2 3 4 5 6 7 8 9 !LO 11 l' 2 3 4 

- - - - - - - - - + ++ ++ + ++ - - - - - .. - - - + 

- - - - - + - - - - + +++ ++ - Tr,- - - - - +++ - - -
? - - - - Tr +++ - - - - - Tr - - - - - - - - +++ - - -

1 

- - - - - + - - - - + ++ Tr - - - - - - - ++ - - -

- - - - - - - - - - + + +++ - +? - - - - - + - +? -
.? - - - - - +? - - - - + + + - - - - - - - ++ - - -

- - - + - + -t- - - - ++ ++ + + - - - - - - ++ - - -
- - - - - - - - - - + + Tr? - - - - '7 - - ++ - - -
- - - Tr?Tr? Tr .- - - - - +++ Tr - Tr - - - - - + - - -

.? - - - - + - - - - - + + Tr - +? - - - - - Tr - - -
- - - - - - ,- - - - Tr?+ + - + - - - - - Tr - - -

, - . 
- - - - Tr?- - - - - - ++ + + - - - - - - - + - - -

." - ,. 

. - - - - - - - - - - + - Tr? - - - - - - - - - - -
1- - - - - + - - - - - + + + + - - - - - - + + - -
t'r?-

. - - - - +? - - - - - + Tr? - + - - - - - + - - -

- - - '- + Tr? ++i - - - - + +? Tr? - +? - - - - - +++ - - -~ 

- - - - - - + - - - - + - - - - - - - - - + - - -

... - - - - - - - - - - - + Tr? + - - - - - - + - - -



APPENDIX III 

Key to a list of coumarins: (cont1d.) 

III. 7,8-Furocoumarins 

1. Meishoutin (cyclo-obliquetin) 

2. Nie shouto 1 

3. Thamnosimin 

IV. dhromano-coumarins 

l. Alloxanthoxyleton 7. Nordentatin 

2. Braylin 8. Obliquin 

3. clausenidin 9. Obliquol 

4. Clausenin 10. xanthoxyleton (5-Methoxyxanthyletin) 

5. Dentatin Il. Seselin 

6. Luvangetin 12. Xanthyletin (21: 2 1 -dimethyl-pyrano-(5 1: 6 1 -

6:7) coumarin) 

e 
Ap I!l-'f e 



APPENDIX III 

Key to a 1ist of coumarins: (cont'd.) 

II. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

6-7-Furocoumarins: 

A11oimperatorin 

Bergapten (5-Methoxy-psora1en) 

Bergamottin (5-Geranoyx-psora1eni 5-Geran1oxy-
6,7-furocoumarin-Bergaptin) 

Bergapto1 (5-Hydroxy-psora1en) 

Byakange1icin (5-Methoxy-8-dihydroxy-isopentanoxy
psora1en 

Cha1epensin 

Cha1epin 

5-(3,6-nimethyl-6-formy-2-hepteny1) oxy)psora1en 

6,7-furocoumarin (psora1eni Ficusin) 

5-Geranoxy-8-methoxypsora1en 

8-Geranoxy psora1en 

Ha1fordin 

He1iettin «+)-3-(l,1-nimethy1a11y1)-6,7-aihydro-
7-(l-hydroxy1-methy1ethy1)2H-furo-(2,3-g)-1-
benzopyran-2-one) 

14. Imperatorin 

15. (-)-Imperatorin oxide 

16. Isoha1fordin 

17. Isoimperatorin (5-r,r-nimethy1a11y. 
loxypsora1en; 5-Isopenteneoxy
psora1en) 

18. Isopimpine11in (5,8-nimethoxypsora 

19. Marmesin «-)-Marmesin) 

20. (+) -Marmesin 

21. Marmesine 

22. 5-Methoxy-8-gerany1oxypsora1en 

23. 5-(3'-Methyl-2 1 ,3 1 -dihydroxy
butany1) 8-methoxy-psora1en 

24. Oxypeucedanin hydrate (5-nihydroxy' 
isopentanoxy-psora1en) 

25. Phe110pterin (5-methoxy-8-r,r
dimethy1a11y1oxy-psora1en 

26. Kanthotoxin (8-Methoxy-psora1ene) 

e 
/}f JL-) • 



APPENDIX III 

Key to a list of coumarins: (cont'd.) 

I. Simple coumarins: 

28. Meranzin (Auraptene (2)j 7-methoxy-8-epoxy
isopentenyl-coumarin) 

29. 7-Methoxy-8(2-formyl-2-methyl-propyl)-coumarin 

, 

30. 7-Methoxy coumarin-6-aldehyde 

31. 7-Methoxy-5-geranoxy-coumarin 

32. 8-Methoxy-4-methylcoumarin 

33. Mexoticin (5,7-dimethoxy-8-(2',3'-dihydroxy
isopentyl)-coumarin 

34. Micromelin 

35. Obliquetin 

36. Obliquetol 

37. Osthol (7-Methoxy-8-isopentenyl-coumarin) 

38. prenyletin (7-0-(3,3-Dimethylallyl) aesculetin) 

39. Prenyletin-6-0-methyl ether 

e 
,4-rJ1f- 2 

4.0. Scopoletin (Chrysatropic acidj 
6-Methyl-aesculetin) 

41. 7-0-(1,1-dimethylallyl) scopoletin 

42. 7-0-(3,3-dimethylallyl) Scopoletin 

43. scopolin 

44. Skimmin (Umbelliferone-7-g1ucoside) 

45. Suberenol 

46. Suberosin 

47. 

48. 

49. 

Toddaculin (5,7-Dimethoyx-6-(2'
isopentenyl) 

• Toddalo-lactone (Aculeatin-hydrate? 
5,7-Dimethoxy-6(2,3-dihydroxy

isopentenyl)-coumarin) 

., 6,7,8-Trimethoxycoumarin (Dimethyl
fraxetin) 

c:1' 

50. Umbelliferone (Di dhrin-A j Hyërangin: 
7-Hydroxy-coumarinj Skimmetin) 

e 



Key to a 1ist of coumarins: 

I. Simple coumarins: 

1. Acu1eatin 

2. Aurapten 

3. Auraptena (7-Geranu1oxy-coumarin) 

APPENDIX III 

4. Aurapteno1 (7-Methoxy-8 (2-hydroxy-3-
methyl-3-buteny1)-coumarin) 

5. Bray1eanin 

6. co11inin (7-Geranoxy-8-methoxy-coumarin) 

7. coumarins 

8. coumarrayin (5,7-dimethoxy-8 (2-iso-penteny1)
coumarin) 

9. cyc1obisuberoidene 

10. oaphnoretin 

Il. oehydrogeijerin (6-(B,B-oimethy1acry1y1)-7-
methoxycoumarin) 

12. 7-Desmethyl-2',3'-dihydroxy dihyrosuberosine 

13. 7-0emethy1suberosin 

14. 7 - (6' , 7 • -oihydroxy-3' , 7 ' -diméthyl-2 ' -octeny1) 
oxy) coumarin 

15. 5-Isopentenoxy-7-methoxy-coumarin(5-r,r
dimethy1a11y1oxy-7-methoxy coumarin) 

16. 5,7-Dimethoxycoumarin 

17. 5, 7-oimethoxy-8-(3'-methyl-2 '-oxobuty1) 
co umar in 

18. 6,7-oimethoxycoumarin (Aescu1etin
dimethy1 ether: Scoparin (2): 

Scoparone) 

19. 8-(Dimethya11y1)-7-hydroxy-6-methoxy
co umar in 

20. Geijerin (6-isova1eryl-7-methoxy
coumarin) 

21. Geiparvarin (7-(4,7-epoxy-3,7-dimethy1-
6-oxoocta-2, 4-dieny1oxy) coumarin) 

22. Grave11iferone (3-(l,l-dimethy1a11y1)-
6-(3,3-dimethy1a11y1)umberiferone) 

23. Grave11iferone methy1 ether 

24. Herniarin (Ayapanin: 7-Methoxy-coumarin 

25. 3-(1,1-0imethya11y) Herniarin 

26. Limettin (5,7-0imethoxycoumarin
citropten) 

27. Marmin (7-oihydroxygeranoxy-coumarin) 

e e 
Af~-/ 



MELIACEAE 
I. Cedreloideae 

cedrelopsis (7) 
ptaeroXflOn (1) 
Ekeberq1a (15) 

Key to symbo1s: Bk = 
Ft = 
HW= 

-Bark 
Fruit 
Hardwood 

LV = 
o = 

Rt = 
Leave 
Oi1 
Root 



aelle\J:'~a' ) . in. Rutales '(~iied :.ftbm i~terature survey) 

uml:Selrs in table are'.numbersof, species) 

10 

l 

l 
(LV) 

l 
(BK) 

1 
(HW) 

1 1 1 

l 
(LV} 

l 

1 

1 
(Ft) 

1 

l l 
(BK) .(LV) 

. "'. 

. '1. 

114 l 

, 

" ", 
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Appendix III (cont'd. ) 
~ . .. ..... .. 

·e 
, 

26 27 28 29 30 
RUTACEAE 

31 32 33 34~ . 
1. Rutoideae 

Evodia (120) 
Fa<J~a_ ... (200) 
Ge1~era ., (7) 
Me11cope. (50) 
zantiio~lum (15) 1 
.. 

Cneoridium (1) 
Dictamnus (2) 
Ruta (60) 1. 
Tliamno.s~ - (6) 
Phebalium (36) 

.~ ... --..,... ..... --
III. Flindersioideae 

Flindersia (20) 
.ëliloro~Ion (1) 

v. Toddalioideae 
casimiroa (6) 
Ba!lorClia (4) 
Be!ietta (8) 
Ptelea (3) 
s'kimmia (10) 

Toddalia (1) 
.... , .. 

VI. citroideae 
Aegle (1) 1 1 1 

(Rt,Bk) (Ft)(P~) 
Aeg:loEsis (5) 
citrus (60) 3 1 3 
Clausena (30) 
Limonia (1) 
Luvunga (12) 1 

(0) 
Micromelum (10) 1 
Murraya (9) 1 

(Bk) 
Poncirus (1) 
Severina (1) 

-1-

MELIACEAE 
1. Cedrelopsis (7 ) 

CedrelOEsis (7 ) 
Ptaero~Ion (1) 

Ekebergia (15) 1 
• r 

1 -1 



J: 

3 34 35 36 37 38 39 40 41 42 

L 
~k) 

--- .... , .. 

1 

1 1· 
(HW) (HW) 

1 

3 

2 

2 

1 

1 

1 
(Bk) 

1 
(Bk) 

1 1 111 
(HW) (HW) 

2 
(Bk) 

1 
(Ft,Bk) 

45 46 

1 

1 3 
(Bk,HW) 

.~ .0. , __ 

1 1 
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AppendixIII (cont'd.) 

1 2 '3 4 5 6 7 8 9 10 Il 
RUTACEAE 

I. Rutoideae 
Evodi'a (120) 

Fai~a (200) 
Ge1~era (7) , 
MeI1co,2,! (50) 
zantJio~luin (15) 1 
cneortdïum (1) 1 
Dictamnus (2) 1 
Ruta (60) 3 1 2 1 3 
Tliaiiindsma (6) 1 1 
ptieSa'!iUIn (36) 1 1 

..... --.-. __ . - ~ 

III. F1indersioideae 
F1indersiëi (20) 
ai!oro~:2:Ion (1) 

v. Todda1ioideae 
casimiroa 1 

Ha1fordia (4) 

He1ietta (8) 

Pte1ea (3) 1 1 . 2 
s1tinnnia, (10) 
TOdda1ia (1) 

VI. citroideae 
Aeg1e (1)' 1 

(Ft) 
Aeg1oPsi's (5) 

citrus (60) 2 4 2 2 1 
(Pl, O~ 2 2 

C1ausena (30) 
Limonia (1) 
Luvun5[a (12) 
Mi crome1um (10) 
Murra~ (9) 
poncirus (1) 1 
Si:Xi:;E;:;i.Dâ (1) 1 

MELIAcEAËf 
._,--, (Ft) 

I. cedre10ideae 
cedre1QDIJ';i.a (7) 
EtA!';r;:O~on (1) 
Ekeber5ti'a (15) 



.' . 

. :.:. 

II 

11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 

1 1 
(Bk) 

1 1 

1 
1 1 

1 1 
1 

1 1 1 3 
1 1 

1 
.- _." •• __ 0- , ...... _--,.,,.-~-

1 

1 1 1 
(Ft) 
1 1 1 

(Ft) (Ft) (Ft) 

2 2 2 1 2 

1 1 

1 1 
1 1 

(Ft) _.lF~l -' •. -
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Appendix III (cont' d. ) 

III 

1 2 3 1 2 3! 4 
RUTACEAE 

1. Rutoideae 
Evodia (120) 
F~iji#a (200) 
Ge1~era (7) 
MeI1co~ (50) 
Zant1io lum (15) 1 

(Bk) 
cneoridium (1) 

"- oictamnus (2) 

ï Ruta (60) 

Thanmosina: (6) 1 
plieEa!i!:!!! (36) 

III. F1indersioideae 
F1indersia (20) 1 

(Bk) 
Ch1or0!2:1on (1) 

v. TOddalioideae 
Ca:simiroa (6) 
iiaIfordia (4) 
He1"ietta (8) 
pte!ea (3) 
S1ëimmiil (10) 
Toddaiia (1) 

VI. citroideae 
Aeg:1e (1) 
Ae5l1o;esis (5) 
citrus (60) 
crausena (30) 1 1 
Linion'ia (1) 
Luvun9:a: (12) 

Mic'rome1tinl (10) 
Murra~' (9) • 
ponci'rùs (1) 
Severin'a (1) 

MELIACEAE 
7. Cedre10ideae 

Ce"drelo;esis (7) 
p-taero~lon (1) 1 1 

(Hw) (HW) 
Ekeber'51ia (15) 

-



) 

2 

1 
(Bk) 

, 
1 

3! 4 
\ 
\ 

1 1 

-

5 

1 

IV 

6 

1 

1 
1 

(Ft) 

7 

1 

8 9 10 

1 

1 
1 

1 

1 

1 1 

," 

11 

1 
(Lv, Bk) 

1 
(Lv) 

12 

1 

1 

1 
(Pt) 

1 

4 
(Rt) 

1 

1 1 



APPENDIX IV (cont'd.) 

VI. F1avono1s: 

e 

1. Auranetin 
2. Datiscetin-2'-methy1 ether-?-dig1ucoside 
3. Demethoxy-icaritin-7-g1ucoside (Amurensin) 
4. F1indu1atin 
5. S-Hydroxy-4',6,7,B-tetramethoxy-f1avono1-

3-methy1 ether . 
6. Iso1imocitro1 
7. Limoci trin 
B. Limocitro1 
9. Me1ibentin 

10. Me1isimp1exin 
11. Me1isimp1in 
12. Me1iternatin 
13. Me1iternin 
14. Quercetin-3-~utinoside 
15. Quercitrin 
16. Tambu1etin 
17. Tambu1etin-4',7-dimethy1 ether 
lB. Ternatin 
19. Wharingin 

" 

.. 6 
:' •. ' 

.;i::j, 
';"", 



APPENDIX IV 

Key to a 1ist of F1avonoids: 

1. Anthocyanins 
1. cyanidin-3-g1ucoside 3. Apigenin-7 -rutinoside 
2. De1phinidin-3-g1ucoside 4. 3'-Demethoxy-suda~itin 

5. 5, 6-Dimethoxyf1avone 
II. Leucoanthocyanins 6. Diosmetin~7-rutinoside 

1. Leucope1argonidin 7. Diosmetin-6-C-B-D-g1ucoside 
8. Diosmetin-8-c-B-D-g1ucoside 

III. F1avanones 9. 3,3',4',5,5',6,7-heptamethoxyf1avone 
1. citromitin 10. Luteo1in-7-rutinoside 
2. citronetin-7-rhamnog1ucoside 11. Nobi1etin 
3. Demethy1citromitin 12. 5-0-desmethy1nobi1etin 
4. Eriodictyol-7-rhamnoside 13. Orientin 
5. Eriocitrin (Eriodictyol-7-rutinoside) 14. Isoomientin 
6. Hesperetin-7B-neohesperidoside (Neohesperidin) 15. ponkanetin 
7. Hesperidin (Hesperetin-7-rutinoside) 16. Sinensetin 
8. Isosakuranetin 17. Sudachitin 
9. Isosakuranetin-7-rutinoside 18. Tangeretin 

10. Isosakuranetin-7-neohesperidoside (poncirin) 19. 3',5,5',6-tetramethoxyf1avone 
11. Naringenin 20. 5,6,2'-trimethoxyf1avone 
12. Naringenin-7-neohesperidoside (Naringin) 
13. Naringenin-7-rutinodide 

21. 3',5,6-trimethoxyf1avone 
22. vitexin-?-xy1oside 

14. Narinqenin-4'-glucoside-7-r~tinoside 23. O-D-xy1osy1vitexin 
24. Vitexin 

IV. F1avanono1s 25. Isovitexin 
1. Phe11amurin 26. Zapotin 

27. Zapotinin 
V. F1avones: 

1. Acacetin-7-rutinoside 
2. Apiqenin-7-neohesperidoside 

e • 
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Appendix IV Distribution of F1avonoids q~: 
(COmpi1ed from 1iterature survey) (Numberinq 04 

(NUmbers in table are numbers of ~J: 

RUTACEAE 
1. Rutoideae 

1- Zanthoxy1eae 
"F,a~ara (200) 

Mei1CO;ee (50) 
Zanthoxy1um (15) 

2. Ruteae 
Boennin~haus-

~ (1) 
Ruta 

III. F1indersioideae 
'~linder'sia 

. <. 
(20) 

V. TOdda1ioideae 
casmiroa (6) 

, pJie'llodendron (10) 
Tecl'ea (25) -

'-, 

VI. citroideae 
citrus (60) 
Fortune 1'1 a (6) 
Murra::la 
ponclrus 

(9) 
(1) 

-
MEL 1 ACEAE 

Ptaer0!::llon (1) 

MALPIGHIACEAE 

Ke y to s 

Ma1;ei~hia 
1 

(30) 

ymb ols: Bk = ar B k 
F1 = F10wer 
Ft = Fruit 

1 

1 

l II 
., 

2 1 

- ... , , -- . .' , 

'-' 

1 

~ 

1 

v = L Leave 
P = Peel 
Sd = seed 

1 

2 

!-
; 

2 3 4 5 

1 

. 
'. 

1 

i 

-

" 

, 
; 

;' 

1 2 1 1 r , 
; , 

, 

; 

1· 

. 

1 
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onoids q~,y qenera) in "Ruta1es" 

erinq 04 F1avenoids as in key) 
~ . 

ers of spec1es) 

5 6 

1 r 9 

il 
1. 

.7 

1 

4 

18 

III 

8 9 10 

1 2 3 

1 

Il 12 

2 9 

1 1 

13 

-, . 

2 

14 

2 

IV 

1 

1 
(Lv) 
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e· Appendix . IV (cont'd. ) 

1 1 2 3 4 5 6 7 8 9 10 11 12 
RUTACEAE 
1. Ruto ide ae 

1- Zanthoxy1eae 
Fagara (200) 2 
Me 1:l.coee (50) 
zant'lio~1um (15) 

2. Ruteae 
Boennin~-
hausen1a (1) 
~ (60) 

III. F1indersioideae 
F1indersia (20) 

V. Todda1ioideae 
Ca smirdéi (6) 1 

(Rt,Br) 
phe1"lodendron(10 
Tec1ea (25 

VI. citroideae 
citrus (60) 1 2 1 1 1 1 6 1 

(Lv) (p) (Bk) 
Fortune11a (6) 3 

(F1) 
Murra~ (9) 1 
Poncirus (1) 1 

MELIACEAE 

Ptaero~lon (1) 

MALPIGHIACEAE 

Ma1:E!i~i~ (30) 



, 

~13 V14 15 16 17 18 19 20 

: 1 1 

1 

," 

111 6 
(P) 

1 1 

21 22 23 24 25 26 27 

1 

1 
(Ft) 

1 1 

1 1 
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Appendix IV (cont'd.) 
1 

:; 

1 2 3 4 5 6 7 8 9 10 !: 
RUTACEAE 
1. Rutoideae 

1. Zanthoxyleae 
Fagara, (200) , 

Melicop!, . (50) 1 3 i • (Bk) (: 
Zantlioxylùn\ (15) 

2. Ruteae 
Boennin<j-

hausenl.a (1) 
Ruta (60) 

1 
-1}-

III. F1indersioideae 
F1indersia (20) 1 

(Lv) 
V. Todda1ioideae 

casmiroa (6) 
Phelloaendron (10) 1 

~;~,Bk) 
Tec1ea (25) f 

; 

1 
------ ........ ....-~-,_. 

VI. citroideae 
citrus (60) l 1 1 1 1 

(P) (Ft) (P) r 
Fortunella (6) 1 

Murraxa:, (9) : 
1, 

poncirus (1) , 

" - - -_ .. ~---' .~ 

MELIACEAE 
!-

Ptaeroxylon (1) 1 
(Bk) i~ 

j. 
MALPIGHIACEAE l' 

1 ,. 
1 

Ma1Ei 5l!!iâ , . (30) 1 

l~ 

,. 
1. 
'. 

1 



7 8 

1 1 
t)(P) 

9 10 

1 3 
(Bk) 

1 

.i 'l i 

!11 
1 

, 

13 
,~Bk) 

1 
-1}-

j. 
1" 
1 ,-

VI 

.' 

12 13 14 15 16 17 18 19 

3 l 2 1 
(Bk) «Bk) (Bk) (Bk) 

1 1 
(Sd) (Ft) 

1 
1 1 

--._.0#- .. -

1 
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APPENDIX V (cont-d.) 

B. Triterpenoids other than saponins and 
sapogenins (cont'd.) 

71. 
72. 
73. 
74. 
75. 
76. 
77. 
78. 
79. 
80. 
81. 
82. 
83. 
84. 
85. 
86. 
87. 
88. 
89. 
90 •. 
91,. 
92. 
93. 
94. 
95. 
96. 
97. 
98. 
99. 

100. 
10!. 
102. 
103. 
104. 
105. 

e 

Melianodiol 
Melianol 
Me li anone 
Melianotriol 
Methyl 6-acetoxy-angolensate 
Methyl angolensate 
Methyl 6-hydroxyangolensate 
Mexicanol 
Mexicanolide 
Mexicanolide C 
Neohavanensin 
Neoquassin 
Nimbin 
Nimbinin 
Nimbolide 
Nomibin 
Nyasin 
Ob acunone 
picrasmin 
pseudo-epitaraxastane-diol 
Pseudo-taraxasterol 
pseudelone-A 
Pseudocedrelone-B 
Quas~in 
Rutaevin 
Salannin 
Samaderine-A 
Samaderine-B 
Samaderine-C 
Simarolide 
swietenin 
swietenolide 
Taraxeral 
Taraxerone 
Trichilenone 

106. Turraeanthin 
107. utilin 
108. Veprisone 

v. Tetraterpenoids 
1. -carotene 
2. -carotene 
3. B-Caretene 
4. cryptoxanthin 
5. Mutatochrome 
6. semi-B-carotene 
7 • ZeaXanthin 

e 

1 
1 
1 

1 
i 

~--lf - -



APPENDIX V (cont'd.) 

B. Triterpenoids other than saponins and 
sapoqenins (cont'd.) 

10. Anthotheco1 
1l. Aphanamixin 
12. Arborino1 
13. Azadiracione 
14. Azadirone 
15. Bauereno1 
16. ~-Boswe11ic acid 
17. Bourjotone 
18. Bein 
19. Bruceine A 
20. Bruceine B 
2l. Bruceine C 
22. Bussein 
23. Canaric'acid 
24. Cando11ein" 
25. carapin 
26. Cedrelone 
27. Cedronine 
28. Cedronyline 
29. Ch aparr in 
30. " Chaparrinone 
3I. p-citraurin 

32. 7-0eacetoxy-3-deacetyl-7-
oxo-khivorin 

33. 7-0eacetoxy-7-oxo-dihydro-
-gedunin 

34. 7-0eacetoxy-7-oxoqedunin 
35. 7-Deacetoxy-7-oxokhivorin 
36. 7-Deacetylgedunin 
37. 3-Deacety1-khivorin 

38. 
39. 
40. 
4l. 
42. 
43. 
44. 
45. 
46. 
47. 
48. 
49. 
50. 
SI. 
52. 
53. 
54. 
55. 
56. 
57. 
58. 
59. 
60. 
6l. 
62. 
63. 

'64. 
65. 
66. 
67. 
68. 
69. 
70. 

Oeacety1-nomi1in 
3-oehydromexicano1 
Oeoxy-1imonin 
6-oeoxy-swieteno1ide 
6 0( ,11B-Diacetoxy qedunin 
oihydrogedunin 
Entandrophragmin 
Epi-1upeo1 
Epoxy-malabar ico1 
Eurycoma-1actone 
Fissino1ide 
F1indisso1 
Gedunin 
G1aucarubin 
G1aucarubinone 
G1aucarubolone 
Grandifoliolinone 
Havanensin 
Heudelottin 
Hirtin 
6-Hydroxy-ango1ensic acid-methy1 ether 
6-Hydroxycarapin 
Ichanqin" 
Isoarborinol 
11-Ke1;a- ct -amyrin 
Khayanthone 
I<hivorin 
Lansic acid 
Limonin 
Limonin diosphenol 
Malabaricanedia1 
Ma1abarica1 
Me1denin 

e . • 
me ~~V ....... 3 
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APPENDIX V (cont1d.) 

II. sesquiterpenes (cont1d.) 

c. Eremophitone group 
1. Nootkatone 
2. Valencene 

D. Guaiano1ide group 
1. Aromadendrene 
2. ~-Chigadmarene 
3. cyc1oco1arenone 
4. Ledol 

E. Se1inene group 
1. canarone 
2. p-caryophyl1ene-epoxide 
3. E1emo1 
4. (+)-JUjenol 
5. (+)-Junenol 

III. Diterpenoids 

1. Aphanamixo1 
2. «-camphorene 
3. crocetin 
4. Gerany1-geranio1 
5. Incenso1e 
6. Nimbio1 
7. sugio1 

e 

IV. Triterpenoids 

A. 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
B. 
9. 

Triterpenoid saponine and 
sapogenins 

o(-Amyrin 
'-Amyrin 
p-citraurin 
Iff1aionic acid 
Lupeo1 
Monninin 

10. 
11. 
12. 
13. 

po1ygalic acid 
po1yga1a-prosapogenin 
p01ygala-saponin-A 
polygala-saponin-B 
presenegenin 
prosapogenin 
Sapteroxy1oside 
Senegenin "14. 

15. 
16. 

Sene gin 
xanthophy11um-Saponin 

B. Tr i terpenoids other than 
saponins and sapogenins 

1. 11B-Aceroxygedunin 
2. Aglaiol 
3. Ai 1antho1ide 
4. Ai1anthone 
5. Amarolide 
6. Amarolide-12-acetate 
7. ,-Amyrin acetate 
B. Andirobin 
9. Ango1ensic acid 

e 
t1\<. Aff" V,,-]... 



Key to a list of Terpenoids: 

l. Monoterpenoids 

1. d-Camphene 
2. J-camphene 
3. d-4.3-carene 
4. R-A3-carene-S,6-epoxide 
5. Carvacrol 
6. 1,4-cineole 
7. 1,8-Cineole 
8. citral 
9. d-citronellal 

10. d-citronellic acid 
11. cuminic aldehyde 
12. p-cymene 
13. Diosphenol 
14. Dipentene 
15. Filifilone 
16. Geranic acid 
17. Geranial 
18. d-Limonene 
19. d-Linalool 
20. .f-Linalool 
21. Linalool epoxide 
22. ~-Linalyl acetate 
23. d-Menthone 
24. Mullilam-diol 
25. Myrcene 
26. d-myrtenal 
27. Nerol 
28. Ocimene 

e 

APPENDlX V 

II. 

29. 
30. 
31. 
32. 
33. 
34. 

.35. 
36. 
37. 
38. 
39. 
40. 
41. 
42. 
43. 
44. 

Perilla alcohol 
l-Phellandral 
d-ot -phellandrene 
d-p-Phellandrene 
phellandrinic acid 
I-G(-pinene 
J-S,:,Pinene 
Sab1nene 
ot-Terpinene 
r-Terpinene 
I.-Terpinenol-(4) 
d-cl-Terpineol 
l-cl-Terpineol 
O(-Thujene 
d-Verbenol 
Verbenone 

Sesquiterpenes 

A. Bisaboiene group 
1. Bisabolene 
2. Bisabolol 

B. Cadinene group 
1. Cadinene 
2. Cadinol 
3. capaene 
4. Epi-khusinol 

û!< 

e 
1/-1 
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t:~~i~lit_' _______________ 1_3_0 _______ ~ __________ _!l---
'", 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 t 17 lB 

RUTACEAE 
1. Rutoideae 

Evodia 
Zanthoqlum 
Medicosma 
oictamnus 
Ruta 
Boronia 
Eriostemon 
phebalium 
Zieria 
Agathasma 
Barosma 
calodendr,on 
Empleurum 

III. Flindersioideae 
Flindersia 

. v. Toddalioideae 
Acronychia 
Aml$is 
CaSl.maroa 
phellodendron 
skimmia 
vepris 

VI. citro.ideae 
Aegle 
Atalantia 
citrus 
clausena 
Fortunella 

. Glycosmia 
, Luvunga 
Microci'trus 
Murraya 
poncirus 
Triphasia 

SIMAROUBACEAE 
Eurycoma 
Quassia } 
siîiiâba 
S1marouba 
SamadOera ~ , 
Ailanthus 
Brucea. 
castela " 
perriera 

(120) 
(15) 
,(1) 

1 (2) 
(60) 
(60) 
(30) 
(36) 

(1) 
(170) 

(20) 
(2) 
(1) 

(20) 

(40) 
(20) 
(2) 

(10) 
(10) 
(20) 

(1) 
(30) 
(60) 
(30) 

(1) 
(40) 

(1) 
(5) 
(9) 
(1) 
(2) 

(4) 

(40) 

(10) 
(10-12) 
(12) 
(12) 

1 1 1 

5 1 1 

1 
1 

1 1 1 

1 1 1 

1 2 l? 2 1 1 1 

1 . 

'.::? 
J , 
i , 

1 

1 
1 

1 
t 

1 

·1 
1 

1 1 
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Appendix.V Distribution of Terpenoids (by qenera) in .. - . 

r Ruta1es (compi1ed from 1eterature survey) 
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l~ida ' . 1. Monot, 
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Appendix v. (cont'd.) 
", , ' 

" nT,ni" noid '. ; 

" 
a. ,Tri terpenoid saponins and,. .sapoqenl.ns 

,.' 
. ,'" : :,t.':'~'~' ,.:.~. :;.r'r:;;; 1 2.34.5,,6 7 1 2 345 6 7 8 9 10 11 12: 13 ,14 .15 16 

·Rl7.L'ACEAE ',(cont'd.) i 

I. Rutoideae 
Evodia (120) 
Zanth0!X1um (15) 1 3 
Medicosma (1) 
Dictamnus (2) , 

Ruta (60) 
BOrOnia (60) 
Erl.ostemon (30) 
p'heliiIIum (36) 
zieria (1) 
A9;at'fiosma (170) 
Barosn\a (20) 
caIoaendron (2) 

III. 
Em~leurum , 

Flinersl.oideae 
(1) 

Flindersia (20) 1 
v. ToddaIioideae 

; 

Acronichia (40) 
AmY:p;s (20) 
CaSl.IDa.roa (2) 
p'he!roaendron (10) 
SHm:m:La (10) 
Veprl.s (20) 

VI. citroiaeae 
Aeqle , (1) 5 
AtaIantia (30) 
Cl.trus (60) 1 1 
crausena (30) 
Fortune!!a (1) 
GI:2:cOSlDl.; (40) 
Luvun9:! ' (1) 
MicrOCl.trus (5) 
MurraIa (9) 
ponCl.rus (1) 
Tr1.2nasl.a (2) 

SIMAROUBACEAE 
EurIcolna (4) 

Quassl.a } Sl.mâJ)a 
Sl.marouba (40) 
samaa:era 
Ai!antlius (4) 
Brucea (10-12) 
cas:eela (12) 
Perrl.era (12) 

" 
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(120) 
(15) 

(1) 
, (~) 

('60) 
(60) 
(30) 
(36) 

(1) 
(170) 

(20) 
~. '.". 

",,',' ., (1) '~Ii~~(ie (2) ae 
(20) 

:;~II,. 
.~;' . . ~ F~iindersia 

V. ;:TQqdaiioideae 
AC1'onychia 

'"A1aJffis , 
,;'CUl.1Daroa 
,<Phelfodendron 

',,}JL:i.llIIilÏa' \~[~ ~:r';~ . ~ . .K; 
::;;";~'" . 'vèPris, 
"','. 

',:',i~:r,"'",<,:VI, ' .citroideae ,M<1a1"e" .:., .... 
:Ata~' 'antia 
,citrus 

",Claùsena 
Fortùnell.a 
'Glycosm:i.a .. 
, L'l1vlUlga 
Microcitrus 
poncitrus 

,', 'Trwhasia 
,SIMAROU8Jw.EAE ,; :, 

, Eur}«;oma ' " 

(40) 
(20) 

(2) 
(10) 
(la) 
(20) 

(1) 
(30) 
(60) 
(30) 

(1) 
(40) 

(1) 
(5) 
(1) 
(2) 

(4) 

(40) 
Quas.±a 
siniâba 
Simàrouba, 
Samadera 

,A:iianthus 
Br,ucea 
eastela 
,perriera 

(10) 
(10-12) 

(12) 
(12) 

" 
, ",.' . 
\', .. 

1 

3 2 

1 

1 ' 

13· 

1 

1 
1 

1 

1 1 
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~AppeIld:i,x . V . (con t • d. ) 

BURSERACEAE 
Boswe11ia 
Brusera 
commièora 
Canar1um 

MELiACEAE 

.'\; ." 

(24) 
(100) 
(100) 
(75) 

i. Cedre loideae 
cedre1a 
Ptaeroxylon 

ii. swietenioideae 
Èntandrophragma(20) 
ïdîa~ ..: " '(10) 
PseÛ:ocedrela . (1) 

(7) 
(1) 

swietenia (5) 
. rii. Me1ioideae 

Carapa 
XYlocarpus 
Turraeanthus 
Melia 
Aqlaia 
APhanamixis 
DYBoxy1um 
Guarea 
Lansium 
Triêhilia 

POLYGALACEAE 
xanthophyl1um 
Monnina 
polygala 

(15) 
(5) 
(6) 
(9) 

(300) 
(23) 

. (100) 
(160) 

(7) 
(230) 

(40). 
(80) 

(500) 
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1 
1 

1 

1 1 



1. Monoterpenoids 

13 14 15 161 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 

1 
1 1 

1 
1 

1 
1 

111 1 

1 

1 



l4 35 36 37 38 39 40 41 

1 

42 

l 
J 

1 
[! 

1. 
j 

! 
1 
l 
j 
1 
1 
1 

,', 
1 , 

, 
, 

. 

A . , -
43 '44 i;;: ~.J. l ""2 l 2 

l 1 l 

l 

l 

l 

. .... " .~~~' ., 

II. sesquiterpenes 
B C D E 
3 4 1 2 1 2 3 4 1 2 3 4 5 , ,-'. 

1 1 1 1 1 

1 

1 

1 

L 

.' 

.. 



- , 

':. ' 

BURSÊRACEAE 
'Boswellia 

'Brusera 

~=ru:ra 
. i 'MEL:IAèEAE 

. "',,:I • Cèdreloideae 
'cedrela 

, Ptaero?SY,lon 
':I:I. SWJ.etenJ.oJ.deae 

Entandrophragma 
- Kha~ .' 
• :pseu ocedrela 
- SWJ.etenJ.a 

:I.,l::r~ ::'Mei1oJ.deae 
- -- .;! carapa 

-.... . .? xyiocarpus 
-. Turraêâîîthus 

MeiJ.a 
AqiaJ.a 
Aphanamixis 
nysoxyium 
Guarea 
LansJ.uln 

- TrJ.ë1hii'a 
POLYGALACEAE . 

-. Xanthophyll uIn 
MonnJ.na 
poiyqaia 

:IJ::I~Diterpenoids 

1234 5-6 7 

(24) 1 
(100) 
(100) 1 

(75) 

(7) 1 1 
(i) 

(20) 
(10) 
(i) 
(5) 

(15) 
(5) 
(6) 
(9) 1 1 

(300) 
(23) 1 

(100) 
(160) 

(7) 
(230) 

(40) 
(80) 

(500) 

TrJ. terpenoJ. s saponJ.ns . and "sa 
1 2 3 4 5 6 7 8 910 11·.12 13 14 

1 1 

1 1 

• 
1 1 

1 
121 1 2 2 2 

L 

1 

1 

. , 



IV. Triterpenoids 
lnd .. sapoqenins B. Tri terDenoids other than saponins and sapoqenins 
.3 14 .15 161 2 345 6 7 8 9 10 Il 12 13 14 15 16 17 18 19 20 21 22 23 24252E 

1 

1 1 

2 

1 

1 

1 

1 

1 

1 

1 

1 

1 

2 

1 1 

1 1 

1 1 
1 

1: 

1 

1 

~ 



1 

L 

1 1 2 1 1 1 

1 4 
1 1 2 1 l 

1 1 

l', 1 1 
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Appendix V (cont' d. ) 

IV. Triterpenoids (cont'd.) 

~ ________________ ~ ______________ ~5~3~5~4~5~5~5~6~5~7~S~8~5~9~6~0~61~6~2~6~3~6~4~6~5~6~6~~i6~7~68 

BURSERACEAE 
Boswe11ia 
Brusera 
commifhora 
Canarl.um 

MELIACEAE 
I. cedre10ideae 

cedre1a 
Ptaeroxy1on 

(24) 
(100) 
(100) 

(75 ) 

II. swietenioideae 
EntandrophragmaÇD) 
khaya (10) 
Pseudocedre1a (1) 
swietenl.a (5) 

III. Meliol.deae 

(7 ) 
(1) 

Carapa 
Xy10carpus 
Turraeanthus 
Me1ia 
Ag1aia 
Aphanamixis 
Dysoxylum 
Guarea 
Lansium 
Trichi1ia 

(15) 
(5) 
(6) 
(9) 

(300) 
(23 ) 

(100) 
(160) 

(7 ) 
(230) 

POLYGALACEAE 
xanthophy11um (40) 
Monnina (80) 
polygala (500) 

1 

1 

1 2 1 3 

1 

1 1 1 1? 



65 66 j67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 9: 

1 1 

223 

3 
1 ~ 1 1 1 

1 

1 

1 1 111 121 

1 
1 

1? 
1 



V. Tetrapenoids 

90 91 92 93 94 95 96 97 98 99 100 101 102 103 104 105 106 107 108 1 2 3 4 5 6 7 

1 1 

1 

1 1 
1 1 

l 
1 

1 



APPENDIX VI (cont'd.) 

X. Quinoline Group 

B. Furoquinolines and Related Alkaloids 
1. Acronidine 30. KOkusaginine (6,7-0imethoxy-dictamnine) 
2. Acronydidine 31. KOkusaginoline 
3. Acrophyllidine 32. Lunacridine 
4. Acrophylline (9-(3-methylbut-2-enyl)-7- 33. (-) Lunacrine 

methoxyfuro(2,3-b) quinal-4-ones) 34. Lunacrinol 
5. Choisyine 35. (+)-Lunacrinol (Isobalfourodine) 
6. oictaminine 36. Lunasine 
7. Oubinidine 37. Lunidine 
8. Oubinine 38. Lunine 
9. Evodine 39. Maculine (6,7-Methylenedioxy-dictamnine) 

10. Evolatine 40. Maculosidine (6,8-0imethoxy-dictamnine) 
Il. Evolitrine (7-Methoxy-dictamnine) 41. Maculosine 
12. Evoxine (Haploperine) 42. Medicosmine 
13. Evoxoidine 43. 6-Methoxydictamine (Pteleine) 
14. r-Fagarine (Haplophine-8-Methoxy- 44. Nor-r-fagarine 

oictamnine) 45. "Nor-orixine" 
15. Flindersiamine (6,7-Methylenedioxy- 46. O-Methyl balfourodinium+ 

8-methoxy-dictamine) 47. O-Methyl-luninium cation 
16. Flindersine 48. Orixine 
17. Haplophylidine 49. pilokeanine 
18. Haplophylline 50. Pl atydesmine 
19. Haplopine (7-Hydroxy-8-meth0xy-dictamnine) 51. -Platydesmine acetate 
20. Hydroxy-lunacridine 52. Ribabinidine (Phenolic tertiary base with-
21. (-)-Hydroxy-1unacridine a 2-alk8xy-4-quinoline) 
22. Hydroxy-lunacrine 53. Ribalinine-
23. (+)·-Hydroxylunacrine (Balfourodine) 54. Ribalinium 
24. Hydroxylunidine 55. R0bustine (8-Hydroxy-dictamine) 
25. Hydroxylunine 56. Skimmianine (7,8-0imethoxydictamnine) 
26. Iff1aiamine 
27. 7-Isopenteny1oxy-r-fagarine C. Quinolyl-quinoc1idine 
28. Khaplofo1ine 1. Quinine 
29. Kokusagine (7,7-Methy1enedioxy-dictamine) 

e • 
~r·\)l - OK If-



APPENDIX VI (cont'd.) 

IX. Quinazolines 
1. Aegelenine (1-Phenyl-7-hydroxytetrahydro

quinazoline-4-one) 
2. Arborine (Glycosine: l-Methyl-2-benzyl-4-1H)-

quinazolone) 
3. Glycorine (1-Methyl-4-quinazolone) 
4. Glycosmicine 
5. Glycosminine (2-Benzyl-4-quinazolone: Glycasmine) 
6. 7-Hydroxy-l-phenyldihydroquinazol-4-one 

x. Quinoline group . 
A. Simple Quinolines 

1. l-Acetoxymethyl-2-propyl-4-quinolone 
2. 2-Amyl-quinoline 
3. 2-Amyl-4-methoxy-quinoline 
4. 2- (4 1 - (3 I1 ,4 11 -Methylene-dioxyphenyl) )-n-Butyl

quinolone 
5. Casimiroine (1-Methyl-4-methoxy-7,8-methy

lene-dioxy-2-quinolone) 
6. casimiroitine (1-Methyl-4-0-ethyl-7,8-methy

lene-dioxy-2-quinolone) 
7. cuspareine 
8. cusparidine 
9. cusparine 

10. 1,2-0imethyl-4-quinolone 
11. 3-oimethylally-4-methoxy-2-quinolone 
12. 3-0imethylallyl-4-dimethylallyloxy-2-quinolone 
13. oubamine 
14. Eduleine (N-methyl-2-phenyl-7-methoxy-4-quinolone) 
15. Eduline (N-Methyl-2-phenyl-6-methoxy-4-quinolone) 
16. Edulinine 

e 

17. 

18. 
19. 
20. 
2l. 
22. 
23. 
24. 

25. 

26. 

27. 

28. 
29. 
30. 
3l. 
32. 
33. 
34. 
35. 

Edulirine (4,8-0imethoxy-2-quin
olone 

Evocarpine 
Fagaramide 
Foliosidine 
Galipine 
Galipoidine 
Galipoline 
Graveoline (N-Methyl-2-

(3 I ,4'-methylene-di
oxyphenyl)4-quinolone) 

Graveolinine (2-(3 I ,4 1 -Methylene
dioxyphenyl)-4-methoxy-quin
oline) 

3-Isopentenyl-4-methoxy-7,8-
methylenedioxy-2-quinolone 

Lunamarine (N-Methyl-2(3',4'
methylenedioxyphenyl-7-
methoxy-4-quinolone) 

l-Methyl-2-quinolone 
N-Methyl-2-quinolone 
2-pentylquinoline 
4-Methoxy-2-pentyquinoline 
2-phenyl-4-methoxy-quinoline 
Quinaldine 
Quinoline 
Rutamine (Oimethyl-graveoline) 

e 
AW VI cl(, '3 
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APPENDIX VI (cont'd.) 

D. canthin-6-ones 
1. Canthinone (Canthin-6-one) 4. (-}-~canadine methoidide 
2. 4,5-Dimethoxycanthin-6-one 5. N-Methyl- oc. -Canadine+ 
3. Nigakinone (4-Methoxy-5-hydroxycanthin-6-one) 
4. 5-Methoxycanthionone (5-Methoxy-canthin-6-one) 

6. Pa1matine (calystegine:Gindarinine) 
7. Phel10dendrine 

5. 4-Methy1thio-cantin-6-one} 

E. The carbazo1e group 
1. Girinimbine 
2. G1ycozolidine (5,7-Dimethyl-carbazo1e) 
3. Glycozoline (3-Methyl-6-methoxy-carbazole 
4. Heptaphylline 
5. Murrayanine (1-Methoxy-3-formycarbazole) 

V. Isoquinoline group 
A.1,l'-Benzylisoquino1ines 
1. Tembetarine(N-Methy1-1-(+)-reticu1ine} 

B. The aporphine group 
1. 6-Hydroxy-2,3,5-trimethoxy-NN-dimethyl-

aporphine 
2. Isocorydine {Artabotrine~ Lauteanine} 
3. Isocorydine methiodide 
4. Laurifoline 
5. Magnoflorine 
6. Magnoflorine iodide 
7. (+}N-Methylcorydine 
8. N-Methyl-corydinium cation 
9. N-Methylisocorydine 

10. N-Methy1-isocorydinium cation 
11. Quaternary aporphine 
12. xanthoplanine 

c. protoberberine 
1. Berberine 
2. Jatrorrhizine (Jaterorhizine) 
3. .-l-Canadine methoch1oride (-) -N-Methy1-

tetrahydroberberine Ch1oride}) 

o 

VI. 

D. Protopine group 
1. Allocryptopine 
2. ~-A11ocrytopine {B-homochelidonine; 

r-Fagarine} 
3. p-A11ocryptopine (r-Homoche1idonine) 
4. Fagarine II 

E. 
1. 

F. 
1. 
2. 
3. 
4. 
5. 
6. 

7. 
8. 

The 
1. 
2. 
3. 
4. 

Phtha1ide-isoquinalines 
{-)-CC-Narcotine 

The o(-Naphthaphenanthridines 
Avicine 
Che1erythrine (Todda1ine) 
Che1erythrine ch10ride 
chelerytrine 
nihydrochelerythrine 
7,8-nimethoxy-2',3'-methylenedioxy-l,2-

Nitidine 
oxynitidine 

oxizo1e group 
Ha1fordine 
Ha1fordinol 

ben~ophenanthridine 

Ha1fordinone 
N-Methyl-ha1fordinium chloride 

VII. pyridines 
1. Trigone11ine (Coffeorin) 

VIII. Pyridines 
1. stachydrine 

e 
Ap. \,Il ;.K. 2 



APPENDIX VI 

nistribution of A1ka1oids (by genera) in IRuta1es" 
(Compi1ed from 1iterature survey) 

Key to a 1ist of A1ka1oids: 

I. Acridine group III. 
1. 1,3-nimethoxy-10-methy1acridone 
2. 1,2,3-Trimethoxy-10-methy1-acridone 
3. N-methy1acridone 
4. Acronycine 
5. Arborinine 
6. Evoprenine 
7. Evoxanthidine 
8. Evoxanthine(1-Methoxy-2,3-methyenedioxy

N-methy1-acridone) 
9. Me1icopicine IV. 

la. Me1icopidine 
11. Me1icopine 
12. xanthevodine 
13. Xanthoxo1ine 

II. A1ka1oid amines (Inc1uding the 
p-Pheny1-ethy1amine) 

1. Aege1ine 
2. candicine (~-p-Hydroxy-pheny1ethy1-trimethy1-

ammonium hydroxide) 
3. coryneine (3-Hydroxy-candicine) 
4. Feru10putrescine 
5. Jaborandine 
6. Noradrenaline 
7. N-Benzaytyramine 
8. (tl-N-benzoy1 (2-hydroxy-2-(4 1 -methoxypheny1) 

ethy1amine 
9. N-Methy1-anthrani1ic acid 

la. N-Methy1-anthran1ic acid methy1 ether 
Il. N,N-nimethyl-4-methoxy-phenethy1amine 
12. Nor-adrene1ine (Artereno1; Nor-epinephrine 
13. i-octopamine (l-Nor-synephrine) 
14. O-Methy1-tyramine-N-methy1cinnamide (Herc1avin) 
15. J-synephrine 
16. Tyramine 

lmidazo1e group 
1. Casimiroedine 
2. Isopi1ocarpine 
3 N,N-nimethy1histamine 
4. pi10carpidine (ne-N-methy1-pi1ocarpine) 
5. pilocarpine 
6. Pi10sine 
7. zapotidine 

Indole group 
A. simple indole bases 
1. Indole 
2. 6-Methoxy-Nb-dimethy1-tryptamine 
3. 5-Methoxy-Nb,Nb-dimethy1-tryptamine 
4. Nb,Nb-nimethy1-tryptamine (Nigerine) 
5. Tryptamine 

B. Carbo1ine a1ka1oids 
1. Herma1ine (3,4-n1hydro-harmine; 

Harmidine) 
2. Harmine (?Banisterine; Passif1orine: 

Te1epathine; ?Yageine) 
3. Tetrahydro-harmine (Leptof1orine) 

c. The quinazo1ine carboline 
1. Evodiamine 
2. Hortiacine 
3. Hortiamine 
4. Hydroxy-evodiamine 
5. Rhetsine (d1-Evodiamine) 
6. Rhetsinine 
7. Rutaecarpine 

e e 
fi p. 1) p;:" -:-}(. 
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1. Acridine Group r-" 

-:/ 

1 2 3 4 5 6 7 8 9 10 11 12 13 ] 

e RUTACEAE • 
1. Rutoideae ! 

Choisya (7) ! 

Evodia (120) 1 2 1 2 2 2 2 1 1 
Fa<i~ra (200) 
Ge1~era (7) 
Me ch co sma (1) : 
Melicope (50) 1 1 1 1 

1 

Orixa (1) ! 

P1at:2:desma (3) 
Pentaceras (1) 
Ba1fouroaendron (1) 1 
Lunasia (10) 
zant'iiox~lum (15) 1 
Boennin$liiausenia (1) 
Dictamnus (2) 
Ruta (60) , 
T'iüiii\nosma (6) 1 
HaEïoeh:2:ï1um (70) 
Boron1a (60) 

-; Eriostemon (30) 
~ Pheba1ium (36) 
1 Geïeznowia (3) 
~ cusearia (25) i 

~ Ga11Eea (8) 
( piïocarEus (20) 

Ravenia (18) 1 
77.Dictyo1omatoideae 

1 

Dict:2:01oma (2) 
, 

! 771.F1indersoideae 1 

ch1orox:2:1en 
F1indersia 

(1) 
(20) 

, 
; 

V.Todda1ioideae 
Acr(;m~chia (40) 1 1 1 1 1 2 1 
CaS1ID1rOa (6) 
Phe11odendron (3) 
Pte1ea (3) 
Skimmia (10) 
Tec1ea (25) 1 2 
Todda1ia (1) 
vepris (20) 
Ha1fordis (1) 
Hortia (10) : 

V7. citroideae 
Aeg1e (1) J 
citrus (60) 
c1ausena (30) : 

G1:2:cosmis (40) 1 : 
Murraya (9) 
Poncirus (1) : 

S7MAROUBACEAE 
1 e. 17. Simarouboideae 

Picrasma (17) i 
Picro1emma (3) ! 

MALPIGHIACEAE 
:aaDiatel::ia. (75 ) 
Cabi (1) 
;aanisterioEsis (1) 

1) 



1. Acridine Group II.ALka1oid a~nes XI 
:/ {IncTUQJ.ng 'Cne B";Phenyl-EthylanuneJ 

7 8 9 10 11 12 13 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 1 
• 

2 2 2 2 1 1 
6 1 

1 1 1 

1 

1 1 

1 

1 1 2 1 
1 1 

1 2 1 

1 
1 1 1 1 1 1 1 1 

1 



APPENDIX VI Distributic 
anu.nes XII· •. lnu.dazo1e Group 1. .. .. . IV. Ino 

L-EtnYl.anu.neJ 1 A. S:Lmp~e. B. carbol:Lne· c. 1] 
! indole bases alka100ids , ; 

12 13 14 15 16 1 2 3 4 5 6 7 i 1 2 3 4 5 1 2 3 l 2 

1 

i 
i 
1 

1 r 

1 

, 

: 

i 

! 

, 
i 

! 

2 1 5 1 

! 1 

, 

: 
! 

~ 1· 1 
. 

1 

1 2 

1 1 1 1 1 1 

i 
1 

1 

• 
1 

1 1 1 
1 

1 
1 1 1 , 



1 APPENDIX VI Distribution of A1ka1oids Cl: 
XIX· •. Inu.dazo1e Group. .. .. . IV. Indole Group 

1 A. S:Lmple. B. Carbol:Lne· C. The qw..nazd:Lne ! indole bases alkalooids , ; carbo1ine 
15 16 1 2 3 4 5 6 7 i l 2 3 4 5 l 2 3 j. 2 3 4 5 6 7 l 

l l l 1 

i 
1 
1 

l 

r l 2 2 
1 

, 

: 

i 
! 

, 
i 

! 

2 l 5 1 

! 1 

, 

: 
! 

1 1· l 
. 

1 

l 2 2 l 

l 1 1 l 

i 
1 

2 
1 

• 
1 

1 1 l 
1 

1 
1 1 1 , 



1 

alkalooids ,; 
5 1 2 

1 1 
1 

1 1 

1 

122 

1 1 1 

1 

1 2 2 

1 

1 1 

" . 

" , 
" , 

l 



1 

1 

1 

1 

1 1 

111 
1 
1 

1 

122 

1 1 1 

1 1 1 

122 

1 

1 
1 1 

1 1 . 

211 



group' 
4 

1 

1 . 

A. nzy
lisoquindines 

l 

6 

1 

1 3 5 

2 2 2 3 1 

1 

8 9 10 Il 12 1 

114 2 2 2 

1 

1 
1 

1 

3 1 

1 

1 1 1 1 

3 3 1 1 .21 

1 1 



. - - .. . ' -, " .. '-.' . ' .. 
: 

U'[ VII. VIII. 
to- E.Phthalide-J F. Tne at-Naphthaphen- Ttie Oxa- Pfni- Pyro. .' "'-'"ë 

Group isoquinalines .anthridines zole Group d nes lidines 
3 4 1 1 2 3 4 5 6 7 8 1 2 3 4 1 1 ] 

. 

1 6 6 1 5 

1 1 4 1 4 2 1 

1 

. 

1 1 1 1 

1 1 1 1 

2 1 



, 
, ~:~t{'~J' . 

" -, " .. '-. " . ~'·~ÏL; ~~7;~' 
~ VII. VIII. 

lthalide-J F. The al-Naphthaphen- Ttie Oxa- Pfni- Pyro. : 
'~"QU1na~"'~!J' ruinalines ,anthridines zole Group d nes lidines zolines 

1 1 2 3 4 5 6 7 8 1 2 3 4 1 1 12 3 4'5",6 
. 

6 6 1 5 

1 4 1 4 2 1 

1 

1 1 1 1 

1 1 1 1 
,1 

," 

1 1 
: 

2 1 

1 1 l, 1 

, 

~.~ , 
.:;: 

{ 
",". 

·t~ 
\ "', ,: ... ~ 
~ "~ '-i' _ 



'~PEND1:X VI (~qnt' d.) 

. , 

RUTACEAE 
1:. Rutoideae 

Choisya (7) 
Evodia (120) 
Fa~~ra (200) 
Ge1~era (7) 
Med1cosma (1) 
Melicope (50) 
orixa (1) 
Platydesma (3) 
Pentaceras (1) 
Balfourdendron(l) 
Lunasia (10) 
zanthoxylum (15) 
Boenni~ausenia(l) 
pictamnys . (2) 
Ruta (60) 
Th amnO sma ( 6) 
Haplophyllum (70) 

137 

A. Simple; Qu: 
1 2 3 4 5 6 7 8 9 10 Il 12 13 14 15 16 17 18 

i 
1 

1 

2 

1 
1 1 

Boronia (60) 1 
Eriostemon (30) 
Phebalium ' (36) 
Ge le znowia (3) 
cusparia (25) 
Galipea (8) 
pilocarpus (20)' 
Ravenia (18) 

II. Di ctyo lomatoideae 
Dictyoloma (2) 

III. F~indersoideae 
Chloroxylen (1) 
Flindersia (20) 

v. Toddalioideae 
Acronychia (40) 
çasimiroa (6) 
phellodendron (3) 
Ptelea (3) 
Skimmia (10) 
Teclea (25) 
Toddalia (1) 
Vepris {~O) 
Halfordia (1) 
Hortia (10) 

VI.citroideae 
Aegle (1) 
çitrus (60) 
çlausena (30) 
Glycosmis (40) 
Murraya (9) 
poncirus (1) 

SIMAROUBACEAE 
II.Simarouboideae 

picrasma(17 ) 
picroleugna (3) 

MALPIGHIACEAE 
Banisteria (75) 
Câb1 (1) 
Banisteriopsis(lOO) 

1 1 

1 1 

1 
113 

1 
1 1 1 1 
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l (~Qnt'd.) 

A. Simple; Quinolines 

1 2 3 4 5 6 7 8 9 10 Il 12 13 14 15 16 17 18 19 20 21 
AB 
toideae 
hoisya (7) 
vodia (120) 
a~~ra (200) 1 
el.~era (7) 
edl.cosma (1) 
elicope (50) 
rixa (1) 
latydesma (3) 1 
entaceras (1) 
alfourdendron(l) 
unasia (10) 
anthoxylum (15) 
oenni~ausenia(l) 
ictamnYs . (2) 
.u:t.â.... (60) 1 
haxnnosma ( 6) 
aplophyllum (70) 
oronia (60) 1 
riostemon (30) 
hebalium ' (36) 
·eleznowia (3) 
~usparia (25) 1 
.alipea (8) 1 1 1 1 3 
ilocarpus (20)· 
.avenia (18) 
ctyolomatoideae 
~ctyoloma (2) 
'~indersoideae 
:hloroxv1en (1) 
'lindersia (20) 
.ddalioideae 
~cronychia (40) 1 
:asimiroa (6) 1 1 
'hellodendron (3) 
'telea (3) 
;kimmia (10) 
~eclea (25) 
~oddalia (1) 
repris C~O) 
[alfordia (1) 
[ortia (10) 
.troideae 
\egle (1) 
;itrus (60) 
;la usena ( 30) 
;lycosmis (40) 
I,lurrava (9) 
'oncirus (1) 
)UBACEAE 
Lmarouboideae 
?icrasma(17 ) 
)icrolemma (3) 
3HIACEAE 
aanisteria (75) 
Câbl. (1) 
Banisteriopsis(100) 

1 
2 

2 

1 1 

1 

1 1 1 1 

1 
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APPENDIX VII 

~e Distribution of Saponins in the Ruta1es 
(from Amarasingham ~ s1-, 1964) 

Genus saponins 

Present Absent 

Rutaceae 

xanthoxy1um -2 
G1ycosnu.s +1 
Ml.crome1um -1 
Luvunga +1 
Ata1antia -1 

cneoraceae 
Simaroubaceae 

Eurycoma -1 

P icrodendracea.e 
Burseraceae 

Triomma -1 
canarium -2 
Dacryodes -2 
santJ.ria .. -1 

Me1iaceae 

Wa1sura -1 
Aphanarnixis -2 
Amoora? -1 
~laia? -6 

isocheton +2 -2 
DysoxylllIn +1 -4 

Akaniaceae 
Ma1pighiaceae 

Hiptage -1 

Trigoniaceae 
Vochysiaceae 
Tremandraceae 
po1yga1aceae 

Xanthophy11um +1 -1 
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APPENDIX VIII 

The Occurrence of A1ka1oids in Ruta1es 

(from Li and Wi11aman, 1968) 

% of a1ka1oid Approx. no. of Species tested 

plants in those species in for A1ka1oids 

tested fami1y positive Negative 

Rutaceae 600~ 1,300 181 103 

Cneoraceae 

Simaroubaceae 500~ 200 14 13 

picrodendroaceae 

Burseraceae 20'~ 600 2 7 

Me1iaceae 400~ 800 20 29 

Akaniaceae 100% 1 1 

Ma1pighiaceae 300~ 850 7 14 

Trigoniaceae 

Vochysiaceae 

Tremandraceae 500~ 30 1 1 

po1yga1aceae 500~ 700 3 3 

\ 
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APPENDIX IX 

Distribution of pheno1ic constituents (by genera) in 

(From Bate-smith, 1957: 1962)* 

Anatomica1 
data 

Tannin Reactio~ L-A , Leucoana 
D ( 

RUTACEAE 

I. Choisya (7) 
Evodia (120) 
Zanthoxy1um (15) 
Boronia (60) 
correa (11) 
Crowea (4) 
Eriostemon (30) 
coleonema (.6) 

v. Phe11odendron(10) 
Pte1ea (3) 
skimmia (10) 

VI. citrus (60) 
G1ycosmis (40) 
Murraya (9) 
poncirus (1) 

CNEORACEAE 
Cneorum (2) 

SIMAROUBACEAE 
Quassia 
Ai1anthus 

BURSERACEAE 
Protium 

MELIACEAE 
Cedrea 
swietenia 
Me1ia 
Aitonia 

(40) 
(10) 

(2) 

(7 ) 
(5) 
(9) 
(1) 

MALPIGHIACEAE 
Heteropteris(90) 
Hiptage (25) 
Ma1pighia (30) 
Triste11ateia(22) 

TREMENORACEAE 
P1at~eca (1) 
Tetra eca (25) 

POL YGALACEAE 
polygala (500) 

-5/5 
+7/8 
-1 
+1 
+2 

+1 
+1 
+1 
+1 

+1 
-1 
-1 

-1 
-1 
-1/1 
-1 
+1/1 

+1 

+2/2 

+1 
+1 

-1/1,+2/2 
-1 
+1 
+1 

-1/1 
-1 

'-8/8 
+7/8 
-1 
+1 
+2,-1 
+1 
+1 
+1 
+1 
+1 

-1 
-1 
-1 

-1 
-1 
-1/1 
-1 
+1/1 

+1 

-10/12 
+5/5 
-1 
+1 
-2 
+1 
+1 
+1 
-1 
+1 
-1 
-2 
-1 
-1 
-1 
-1 
-1 
-1/1 
-1 
-2/4 
-1 

+1/1,-1/1 -3/4 
-2 

+1 
-1 -1 

-1 
-1/1,+2/2 -4/4 

-1 -1 
+1 -1 
+l(L.P) -1 

-1 
-1/1 -2/2 
-1 -1 

-1 
-1/1 -1/1 
-1 -1 

-1< 
+4, 
-1 
+1 
+2 
-1 
+1 
+1 
-1 
? 
-1 
-2 
-1 
-1 
-1 
-1 
-1 
-1. 
-1 
-2, 
-1 
1? 
+1, 
+2 

-2/2,· 
+2 

-1 
-1 

-2/2,-
-1 
+1 
-1 
+1 
-2, 
-1 
-1 
-1 
-1 

*Fractions represent numbers of compounds/species 

Key to symbols: D = Leuco-delphinidin 
cy = Leuco-cyanidin 

M = myricetin 
Q = Quercetin 

K = kaempfe: 
E = e11agic 

caff.= caffeic 



~ genera) in Ruta1es 

362)* 

Chemica1 

:m 

-10/12 
+5/5 
-1 
+1 
-2 
+1 
+1 
+1 
-1 
+1 

-10/11 
+4/10 
-1 
+1 
+2 
-1 
+1 
+1 
-1 
? 

-1 -1 
-2 -2 
-1 -1 
-1 -1 
-1 -1 
-1 -1 
-1 -1 
-1/1 -1/1 
-1 -1 
-2/4 -2/3 
-1 -1 

1? 
+1/2 
+2 

1 -3/4 -2/2,+1/2 
-2 +2 

-1 
-1 

/2 -4/4 
-1 
-1 

I?) -1 
-1 
-2/2 
-1 
-1 
-1/1 
-1 

s/species 

-1 
-1 

-2/2,+2/2 
-1 
+1 
-1 
+1 
-2/2 
-1 . 
-1 
-1/1 
-1 

K = kaempfero1 
E = e11agic 

caff.= caffeic acid 

heno1ic acids 
K E Caff. 

- / -4/4 -4/4 -12/13 -7/7 
+9/10 +8/8 +5/6 
+1 +1 

+5/5 
-1 -1 +1 
+1 +1 +1 -1 -1 
-2 ~ 

+2 +1,-1 -2 +2 
+1 +1 +1 -1 -1 
+1 

1 

+1 +1 -1 -1 
+1 +1 +1 -1 -1 
-1 -1 -1 -1 -1 
+1 +1 

+1 
-1 +1 

-1 -1 
-1 -1 

-1 

-1/1~ +1/1 
-1. +1 
-2/4! -1/1,+1/3 
-1. -1 

+3 
+1/2 
+2 

-3/41 +3/4 
-2 +2 

+1 
? -1 
+1 -1 

? -1 
-1 -1 
-1 -1 

+1/1 -1/1 
+1 -1 
+1/1-1/1 +2/3 
-1 +1 
+3 +2 
+1/2 -1/2 
+2 -2 
+2/3,-1/1- 3/4 
+2 -2 

-1 +1 +1 -1 
-1 
-4/4 
-1 

-1 +1-1 
-4/4 -3/3,+1/1: :"2/2,+.2/2 
-1+1 +1 
-1 -1 -1 -1 
-1 -1 -1 -1 

-1 
1/1,+1/1 

-1 -1 +1 
+2/2 +1/1 -2/2 
+1, +1 -1 
+1 ? ... 1 
-1/4-1/1,+1/3 ~1/2,+1/2 
-4 +3,-1 +2,-2 

-1 
+1 
-1/4 
-4 

+1 
+1 

-1 
-1 
+1 

-1/1 
-1 
+1/2 "'2/2 
-1 
-1,+2 
+1/1, -""1/1 
-1,+1 
+2/2,.-1/1 
+1 

+1 
-1 
-2/2 
+1 

-1 
-1 
-1/1 
-1 

+2/2,-2/2 
-2,+2 
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APPENDIX X 

cyanogenesis in Ruta1es (from Gibbs (MSS» 

others Gibbs 
Fami1y + ? + ? 

Rutaceae 4/12 18/25 2/3 

Cneoraceae 1/1 

Simaroubaceae 

picrodendraceae 

Burseraceae 1/2 1/1 

Me1iaceae 5/5 2/3 1/1 

Akaniaceae 1/1 1/1 

Ma1pighiaceae 2/3 

Trigoniaceae 

vochysiaceae 

Tremandraceae 1/1 2/2 

Po1ygalaceae 2/4 

* Fraction represent numbers of Genera/Species 

11/15 

1/1 

2/3 

1/1 

2/2 

2/3 

1/3 

2/4 
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APPENDIX XI 

The Occurrence of Calcium Oxalate 
(frorn Metcalfe and chalk,1950) 

fil 
r-l fil 
ro r-l 

.j.J ro 
fil .j.J 
~ fil ra 
1-1 ~ s:: 
U 1-1 Ils 

u fil 
~ fil fil 
1-1 1-1 't:I cv r-l 
as cv • .-1 't:I Ils 

.j.J .j.J 0 • .-1 .j.J 
• .-1 (/) r-t r& fil 
r-l :-1 ~ ~ 
0 r-l .j.J Ils 1-1 
CIl U CIl Il::: u 

Rutaceae xx xx (x) (x) (x) 

cneoraceae (x) 

Sirnaroubaceae x x (x) 

Picrodendrâceae 

Burseraceae x x 

Meliaceae x x 

Akaniaceae (x) x 

Ma1pighiaceae x x x 

Trigoniaceae x x 

vochysiaceae x x 

Trernandraceae x x 

Po1yga1aceae x x 

Key to symbo1: ( )= 1irnited in distribution 
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.... 
- Appendix II Paper chromatographic resu1ts of pheno1ic acids and coumarins 1\) .... 

in "Ruta1es" (by writer and Ga1ang) (NUmbering as in Key) 

l II III IV 

1 2 3 4 5 6 7 8 9 10 1 2 3 1 2 3 4 5 6 7 8 9 10 11 1 2 3 4 

R UTACEAE 

l . MelicoEe 
ternata - + - + - - - - - - - - - + + + ++ + - - - - - - - - - + 

Evodia 
Danielli + - - - - - - - - Tr - - - - + ++ + + - - - - - - + - - -

Evodl.a 
IlIèmryi - - - + - - - - - - - - - - + ++ + - - - - - - - + -? - + 

Orixa jaEonica - - - + - - - - + - - - - - + ++ + - - - - - - - - - - -
Zantho!ylum 

amerl.canum + - - + + - - - - - - - - + + ++ ++ ++ + + - + - + + + - + 
Dictamnus 
~ - - - Tr - - - - - - - - - - + Tr Tr + - - - - - - - - - -
~ 9!aveo1ens- - +? - - - - - - - - - - - + - +? +? - - - - - - Tr - - -
~ bracteosa - + + + - - - - - - - - - + + + ++ + - - - - - - - - - -
Boronia 

denticu1ata- - - Tr - - - - - - - - - - - - + + - - - - - - + - - -
Boronl.a 

1 ana5l!!!us a +? - - + - - - + - - - - - - + + + + - - - - - - +++ - - -
Boronl.a 

Eurdiana +? - - + - - - + - - - - - - ++ + + + - - - - - - +++ - - -
Boronl.a 

vl.minea - - - +? - - - - - - - - - - - - - + + - - - - - + - - -
• Eriostemon 

sEl.catum - - - + - - - Tr Tr - - - - - Tr - + + - - - - - - ++ - - -
NemiilotoIeEl.s 

Ehebalîoides - - - - - - - Tr - - - - - - +++ Tr? +++ - - - - - - - +++ - - + 
- •... -- - --~ 

Di~olaena 
- qust"i~fo1ia - - - - - - - + - Tr - - - - - Tr? + +? - - - - - - + - - Tr 

ca~odendrum 

cagense - - - - - - - - - - - - - - +++ + - - - - - - - - - - -
Barosma 

scoearia - - - - - - - - - - - - - - - + + + - - - - - - ++ - - -co1eonma album - - - + - - - - - - - - - - - Tr? Tr + - - - - - - + - - ++-1-co Ieonema---
" eu1dhrum - - - +? - - - Tr - Tr - - - + + + + - - - - - - +++ - - + 

Diosrria 
" er:l.coides - - - +? - - - - " - - - - - - Tr Tr + + - - - - - - + - - + 

Pi1ocar~us 
Eennatl.folius "- - - - - - - Tr +? - - - - - + + + + - - - - - - + - - +? 

ErvtÏ1roChl.ton 
brasl.ll.ens:l.s - - - +? - - - ++ ++ - - - - - - ++ +++ +++ - - - - - - + + - -phelloaendron V 

JaJ2on:l.cum 
Phellodendron 

+ - Tr - - - - - - - - - - ++ ++ ++ - - - - - - - + +? - + 

l!a'iTa'lle"l. :,. - - - - - - - - - - - - - + + Tr? - - - - - - - - - - -Ptelea 
trl.foliata + + + + - - + ++ - - - - + ++ ++ ++ + - - + - - + + + - -CaSl.IDl.roa 

e'duHs 1- - - Tr?- - - - - + - - - -Skimm:La 
+ + ++ + - - - - - - + - - -

reeve'siana 1- - - Tr - - - - +++ - - - - .... + Tr + + - - - - - - - - - + 
Tecle"a 

Sl.me1:i:ci fo li a 1- - - + - - - - + - - - !- - + + + ++ - - - - - - - +++ - -Glycosm:l.s VI 
Eenta;ehylla fi- - - + - - + + + - - - - - ++ + ++ ++ - - - - - + + - - -

Murraya 
exottca 1- - - + - - - + - - - - - - + + +++ +? +? - - - - - + - - +'j 

TiiEhaSl.a 
trl.folia 1- - - - - - - - - - - - - - Tr Tr + + - - - - - - + - - + 

Ata!-antl.a 
ceylanica 1- - - +? + - - + - + - - + + ++ ++ ++ ++ - - - - - - + - - + 



• Melicope 
ternata + 

Evodia 
Danielli + 

Evodl.a 
IlIèmryi 

Orixii japonica -
zanth'oxyl um 

americanum + 
Dictamnus. 
~ 

~ graveolens-

~ ~racteosal- + 

Boronl.a 
denticulata

Boronia 
lanagmusa +?

Boronia 
purdiana +?
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viminea 

• Eriostemon 
spicatum 

Nematolepis 
phebalîoides -

Di~olaena 
~gUst!i'folia 

ca~odendrum 
capense 

Barosma 
scoparia 

coleonma album 
coleonema---

. puldhrum 
Diosrria 

ericoides 
Pilocareus 

pennatl.folius 
Eryth'roêhiton 
brasiliensis 

T Phellodendron 
japonicum 

Phellodendron 
l'a'Va'llei 

ptelea 
trifoliata 

cas'imiroa 
e'duHs 

Skimmia 
reeve'siana 
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simpU:cifo li a 

rI Glycosmis 
pentaphYlla 

Murraxa' 
exot'ica 

Triphasia 
ttHolia 

Atalantia 
ceylanica 

citrus 
Hmetta 

citrus 
limenia 

Limonia 
trHo'lia 
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Hmonia 
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margarita 
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