
fiyrdrry. Vol 2% No. I. pp 3-17. 1986 
mIlled In Gful kluul 

0031~9422,M s3.00+ 0 al 
PapmoD Rar Lid 

REVIEW ARTICLE NUMBER 12 

A PHYTOCHEMIST IN THE AFRICAN RAIN FOREST 

PETER G. WATERMAN’ 

Phymbemid Raarch btitoria. Univcrxiry of Stntbdydc, Glasgow GI IXW. Scothmi, U.K. 

Key Ward Index--An- Ew Guttifme; Rurrar Afrimn rain forat tone; secondary mctahohtar 
chanotaxonomy; chcmial scdoly. 

Ahtract-The ruults of phytochcmial studka carried out by the author on spa&s of Annonrae. Ebenurrc. 
Guttiferaeand Rutacare oolkdai from within tlu rain forut zone of tropial Africa arc reviewad. Partk&r attention is 
paid to the distribution ofcompounds, from both thcchemotaxonomic viewpoint and with regard to possibk ccow 
implications. 

IhTRODUCTlON 

This paper reviews the contribution made over the past 
fifteen years by the author and his collaborators to our 
understanding of the phytochcmistry of species of the 
plant families Annonacare. Ehc~ctcrc, Guttifcrac and 
Rutaccac indigenous to the rain forest zone of Africa. In 
particular it deals with the attempt to make a comprchcn- 
sivc survey in two areas. (a) the rain forest zone in Ghana, 
and (b) thecoastal rain forest zone in the United Republic 
of Cameroon (Fig. I). 

Historically the association with the flora of the west 
African rain forest stems from the author’s own doctoral 
studies which were conarned with the phytochcmistry 
and chcmotaxonomy of the genus Zwtrhoxylw (Fq~oru) 
(Rutaaac) and at a practical kvcl dealt primarily with 
specks of Nigerian and Ghanaian origin. From this 
starting point collaborative studies with the late J. B. Hall, 
then of the Department of Botany, University of Ghana, 
and his colleagues Icd to the expansion of these invcsti- 
ptions IO cover other genera of the Rutaccae found in 
Ghana. It was during the course of this development that 
the author’s own exposure to tropical rain forests in both 
Africa and south-cast Asia brought into focus the 
complexity of this ecosystem and the probkms involved in 
attempting to use chemically diverse secondary wtab- 
olita in taxonomic studies without placing those com- 
pounds and their producers in their proper ecological 
context. 

At this stage the opportunity arose to contribute to 
long-term ecological studies in rain forest in Camcroon. 
The Cameroonian research programme, which has ban 
centred in the Douala-Edea Forest Reserve and more 
recently in the Korup Forest Reserve (Fig I, inset), has a 
number of goals. High among these have been attempts to 
understand the distribution of tra species in relation IO 

l Wlnlbcl of tbe 1985 Tatc aDd Lyk Award of the 
Phy~ocbanid !kciety of Europe. This ruvicw wu prucated 
during a symposium of cbe Society hdd at ths University collep 
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physical environmental factors (in the course of which 
over SO Ooo individual trees have been mappcd and named 
[I JL and to explain primate food sckction on the basis of 
plant chemistry [24]. The dctaikd information on the 
location and identification of individual taxa in the two 
Rcscrvcs has also provided an ideal reservoir of infor- 
mation and material for phytochcrnkal studies. These 
studies have ban tmdcrmkcn systcmaticaJly. 
concentrating on surveys of as many sympatric species 
within each plant family as pomibk. To date such surveys 
have extended to three of the families that arc common 
ekmcnts at both Douala-Edca and Korup. the 
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Annonaceae, Ebcnaeac and Guttiferac (Tabk 1). 
Comparabk investigations of other families are urukrway 
or envisaged for the future. In addition to the two areas of 
west Africa which havecontributed the bulk ofmaterial to 
these investigations further xampkx have been obtained 
opportunistically from 0th m notably Sierra Leone. 
Niger& Rwanda and the gallery forests of Uw and 
Tanzania (Fig. 1). 

In thix review I intend to discuss the types of corn- 
pounds that have been encountered during investigations 
carrkd out on spsics of the three families noted above 
and the Rutrrac. It is not intended IO give detailed 
pocounts of techniques employed in isolation and struc- 
ture elucidation other than where some particular feature 
of the work seems rekvant. Such details have been covered 
in the original papers, which arc referred to throughout 
the text. There will also be some discussion of the 
taxonomk signifkance in the distribution of compounds 
brought to light during these studies but other areas of 
interest will be mentional only in passing. 

COUECllOti AND DOCUMENTATION OF PLANT 
MAnRtAL 

Most of the work dincud below is amcemai with tbc 
ixohtioa of compoundx from stem bark or, more rarely, 
root ba& heartwood and seeds. The concentration on 
stun bark material has ariun primarily for tranxport 
reasonr. partk&rly in the Cameroon collection m 
which arc logistkally remote. It ix a practial proposition 
tosunorovcndrytcn lkg~ofstcmbarkata 
remote forest camp and then transport tban brk to the 
laboratory, whcrar IO pr- the w number OT 1 kg 
kafsampksismorcdifBcult.whcrema1crialhast0bc 
rctai& at IW sites after drying the simpk procedure of 
stoqe in air-tight plastic bagx in tht dark has proved 
satixfactory. Seed samples can only be collected 
opportunistically; fortunately when fruiting does occur it 
ix often synchronous within a species, which means that 
appraziabk quantities of seals bazow availabk. 

A high priority has been given to colkction of voucher 
material for all studies. This material is variously housed 
at the major h&aria in Edinburgh (particularly 
Rutaaae), Kcw (all early Cawroonian mpterial), 
Missouri (sow later Cameroonian material) and the 
University of Ghana (Ghanaian Ebcnaaae) 

THE PUTACEAE 

The Rutaceac is widely aceptai as being made up of 
three major subfomilia together with some uaall, satellite 
groupings. All thrac of the large subfamilies, the 
Aurantioidtae, Toddalioideac and Rutoidcac, are pan- 
tropiml in distribution. In Africa Aurantioideac are. apart 
from introduced Citrus. rather rare. 

77~ gnu Zanthoxylum (subjiily Rutoideo~) 

Zfanthoxylwn, still often referred lo as F4gcrrq is a 
widespread genus in the forest zone of west Africa where 
most xpccics. whether they be trees or liancs_ are readily 
rccognixai by their very spiny barks and large compound 
leaves. Although the generic name Fogcrro has ban widely 
used in Africa it now seems beyond doubt that vicwal on a 
pan-tropical basis African taxa are congeneric with those 
fromhand theAm&casand that tbccorraagcn&c 
name is therefore Zanthoxylum (note: not Xanthoxylw 
or Xanthoxylon) [73. 

Both root and stem barks have proved IO bc rich 
sources of alkaloids although unlike some other 
Zunthoxylum species those in Africa seem to produce few 
coumarins [8]. Chemically the alkaloids can be divided 
into two groups. 

(a) Methanol solubk quaternary amincs and alkaloids, 
the latter barad on the I-bcnzyltctrahydroisoquinoline 
(1-BTIQ) nuckus, e.g. candkinc (lb tcmktarine (2L 
mag&lorine (3) and bcrbcrinc (4) [9]. 

Tabk 1. Rdativc impo- of An- Eknrev and Gutt&ae In the Douala-Edca 
d Korup Fores1 Racrvcs, Caawroon 

sate Maxure Anno-c Ebcnaae Guhferae 

KONP No.ofqK&S 21 15 10 
Ye of tolAl individudx* 3.41 595 2.27 
‘/; of rotAl cmnn L39 2.32 1.41 

Douda-Eda No. of rpcda 14 II 8 
% of rolAl individuakt 4.04 9.59 5.24 
~Ofloulbiomur 2.91 3.80 3.30 

*Bued on a mmpk of rpprouawdy 41730 mes. 
thxal on a xmpk OT spproxmatdy 25 Ooo trccx. 
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(b) Petrokum ether solubk alkaloids. These., somewhat 
surprisingly, include another group of 1-BTI- the 
benzophenanth typified by chekrythrinc (5) and 
nitidine (6). Gtkrs, based on anthranilk acid or 
tryptophan rather than phcnylalanine and tyrosine 
precursors, are furoquinolincs such as skimmianine (7), 
which are very common in the family as a whok [lo], 
acridones (& canthinones (9) and inddoquiruuolined 
(10). The cinnamyiisobutykmide derivative f+ramide 
(ll), which has recently bctn shown to have mollus&idal 
and insecticidal properties [ll]. is also quite widely 
distributed. 

Nine specks have been studia! by the author, primarily 
from Ghanaian sources but also from N&r& Cameroon 
and Kenya_ The types of alkaloids isolated from each and 
more razent reports for other specie3 from this area are 
given in Tabk Z The pro6ks of all specks analysed share 
a common range of quaternary 1-BTIQ alkaloidr 
Interesting features indude the ubiquity of aporphines 
with the 1,ZlO.l l-substitution pttern (i.e. 3). whilst the 
alternate 1.2.9,ltSpattern a- to be absent. By 
contrast in the benxophenanthridines the two substitution 
patterns (comparabk to both 1,2,9,1@ and 1,2,10.11- 
substituted aporphines) do occur (Le. 5 and 6) and & 
appears to dominate in some tpecies, although not to the 
complete exclusion of the othef. A further interesting 
feature of the benzophentnthridines is their apparent 
concentration in external tig~ of the root bark [I43 
whereas the other I-BTlQs oazur more ger~AIy in stem 
and root bark tissues. Among the remaining alkaloids the 
furoquinolines and amides seem to be widely distributed, 
perhaps ubiquitous, but otbm are all at present restricted 
to one or two specks. As the distribution of alkaloid types 
within these taxa seems to consist either of universal or 
highly restricted occurrence they seem to have littk 
chemotaxonomic value at tk infmgencrk kvcl although, 
in the wider mntext of tk Rune as a whole and the 
affinities of tk Rutaaac and Rutaks, their ouzurrence 
may well have considerable significance [7. IO]. 

, 

TheToddalioidacisreproentalinGhanabya 
number of rather rare speciw ass&& to tk genera 
Araliopsir, Dip&da, Orkfa, Techa and Veprfs. Bcmun 
1975 and 1978 we were rbk to collect five of thae sp&es 
for examination, one from each genus. The raults ot that 
survey[15]rbowbdthneoftbemtobe~rimikr, 
D. an&m&, 0. suaoeolem and T. cerdoanbno all 
yidding aclidolK (9 Md furoquinolinc (7) alkaloids. h 
well as their cbcmial homogeneity these three taxa show 

Tabk 2 Distribution of atkabida in Z4~hoxyhm rpccia of Ibe Afrian rain focal zone [ 1 l-131 

Type of &hid 
-- 

SpaFier sowx AM BllQ AP RZP AMD QU ACR CAN IND 

z. boufmv Gm + + + + + - - - 
z. CMybeum KCll. + + + + + + - _ - 
z. &nuq#ct Gh/Cun + + + + - - + 
Z. gilhit. Clu/Ni&/Kal* - + + + + + + - - 
z. kmai?& Gh + + + + + + - - - 
z. lqie&P Gtm/Nig/Kcn - + + + - + + - - 
z. ?u&scensd GWW + + + + + + - - - 
z. tessmmnii Nig/Gm + + - - - - 
z. otridc Gh/Nig + + + + - + - 
z. xQnhOxyloi&s Nig* + + + + + - + - 
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close morphologial similarity conflkting with their 
generic separation. However, Hall and Swainc [ 161 found 
that from an ecological stipoint the three were very 
diffmnt, 0. suoar0lcn.s being restricted to the wettest 
parts of the forest zone, T. uer~oorn&ua to the driest parts 
ncarthesavannaaigc,and D.klaineanatoan intermediate 
zone not overlapping with the other two. All the above 
observations (chemical, morphological, ecological) are 
interpreted as favouring the hypotbcsis that a wide- 
ranging ancestral species bad differentiated into thra 
daughter spa&s with different eculogical tokrances [ 1 S]. 

The remaining two species in that original survey 
showed somewhat different chemical pro&s. Roth l&al 
acridones. A. soyauxii ( - t tabown&) being rich in furo- 
quinolincs and also ykiding linear pyranoquinolincs such 
as ribalininc (12), indoloquinazolincs (10) and the proto- 
limonoid flindissol (13), wbcrcas V. hotcrophyllo ( = T. 
sudonico) gave only furoquinolincs. When the survey was 
widened to take in populations of 0. 5waxo&ns and A. 
r&ouenrit from Nigeria and Cameroon respectively 
significant differences in chemical profiles were found. 
0. swwrolens from Nigeria gave primarily the angular 
pyranquinoline oricinc (14) with only traces ofacridoncs 
and IK) furoquinolines. A. soyouxii from Cameroon did 
not appear to contain 13 and gave the cnantiomcr of 12. 

In the case of 0. suovcolmr a possible explanation for 
the variation of alkaIoid chemistry was proposal relsting 
it to Janzn’s hypothesis [ 173 that sympatric spacics 
would sckct for maximum differentiation in secondary 
metabolic profiles in order to maxim& the’detoxifkation 
problems’ faced by a herbivore in any given my-stem. In 
Ghana 0. suaveolens and D. kluintana do not overlap in 
habitats aml arz chemically similar. However, in Nigeria 
O.suuuco&esaruninadrkrzoncwhcreitissympatric 
with D. khacatw and this may bve provided tbc stimulus 
for a change of emphasis in the preferred alkaloid- 
producing biogenetic matrix of 0. suaceolens so that 
chemical diversity is maximized. 

Sina 1978 a number of furtbcr reports have ken 
published on west and central African species of 
ToddaIioidcae indicating that the range of compounds 
found in the original Ghanaian survey were typical and 
also bearing out Hall’s contention [ 151 that the generic 
characters used within this group are unsatisfectory and 
that it is perhaps hctter to consider most of these taxa as 
part of a single large gcnw comparabk to Zunfhoxylwn 
For example, prcnylatal furoquinolines, limonoids and 

rridoncs have been found in other specks of Tdea 
[ 18,191, furoquinolina, pyranoquinolincs, indoloquina- 
zolincs and limonoids in Vepris spp. [2&U, pyrane 
quinolines and limonoids in Oriciopsis 1 231 and 
acridoncs. furoquinolines and pyranoquinolincs in Oricia 
[24]. A full listing of isolated alkaloids are avaiIabk in the 
recent review by Mater [ 121. 

One perticulPrly interesting find has been a group of 
pymnoquinolone dimas, isolatal Mcpuxkntly from 
Vepris lo&ii colkctd in Comaoon oad Oricio renieri 
collected in Rwanda. In 911 a total of four compounda have 
been isolatal, vepridimtrines A (15) and B (16) basal on 
two pyrancF2quinololu units and VepridimcliMs c (17) 
and D (18) becad on one wrpao-Zquinoloac and one 
pymno4quindonc unit. The d&rs were &race&d 
primarily by means of high-Ml ‘HNMR [25]. The 
analogous panac&dimcrines, difJ&ing only in the 
absence of the mcthoxy substitucnts, occur in a South 
Amencan spaks of RUB, Euxylo&ra pmmsis 
1261. arxl tbcir structm have been condrmad by X-ray 
analysis. The vcpridimrints are put of a now quite 
extensive group of dim&c alkaloids found in the 
Rutpcae that appear to be fort& by D&-Alder type 
cycloaddition reactions 1271. None of these alkaloids are 
optically active, suggesting that they arise via a non- 
enzymatic mode of formation. 

One fur&r species from tbc Toddalioidcac has been 
examinal, Fqaropsis angolen.sis. a large deciduous tra of 
dry, p-tly evergreen, forest in East Africa Tbc 
stem Mr. colkctal in ugal& yielded three unusual 
bauo@nanthridine alkaloids, tbc *tony1 derivatives 
of dihydrochckrythrinc (19), dihydronitiine (W) and 
dihydrosanguinarinc (21), and tbe limonoida rutaevin (22) 
and limonin diosphcnol(23) [28]. M metabolites have 
proved most useful in resolving the confused taxonomic 
position of Fclgcrt0psi.s and place it among the small group 
of ruUu?us taxa (others are zanfhoxyl~ Pheliadcndrwl 
and Todd&u) apabk of synthesizing I-BTIQ aIkaloids. 
These taxa, irrespective of their previous pbcement in 
either the Rutoidcac or Toddahoideae, are probably best 
considered together in the systcmatics of the Rue. It 
is suggested that they represent the remains of the proto- 
ruwus cbunkal type and as such rdlazt the evolution 



n- 

&--$0 &--$x0 
0 

u u 

of tk Rutaks from tk I-BTIQ-rich families of tk 
Ran&& such ax the Be- and Pl~Vcsrepe 
[IO, 28-301. They do not support tbc opposing view [28] 
that F~uropsis has its closest allies among th 
Aurantioidcae. 

THE ANNONACEAE 

The Annonaaat make a vy sign&ant contribution 
to the tree flora of tk west African rain forest [31]. In 
both Douala-E&a and KONP Forest Reservea tk family 
is wnspicuous for tk number of speciu of tree md lianc 
that arc present, ahbough very few of tbwc species could 
k class&d as wmmon with tk result that the wntri- 
bution of the family to total biomnxs is lower than would 
k anticipated from tk number of spa5cs (Tabk 1). The 
chemistry of tk family was wmptebcnsively reviewed by 
Lcboeuf CI al. in 1982 [32]. That revkw illustrated tk 
propensity of tk Anno- for tk production of l- 
BTIQ alkaloids, a feature which is typti of tk sup 
possdly primitive families of tk Ranaks. However, tk 
chemical profik of tk Annonaceac suggestal by that 
review has &arty been strongly biaxcd by tk cxczlknt 
and extensive work done by Cavt, Lcboeuf and their 
students which has ban spcc&AIy directed toward tk l- 
BTIQ alkaloids. By wntrast our investigations, which 
have been more general in their interest. reveal a much 
greater variation in secondary mctabolite profiles in tk 
family in which I-BTIQ alkaloids do not dominate in tk 
manner that might have been anticipated. Med. among 
the alkaloids isolated simpk indok derivatives have 
proved to k quite widespread. whilst a whok range of 
non-aIkabidal compounds induding scaquitcrpcna, di- 
terpwes, tritcrpencx, tlavonoids. styrenes and phenyl- 
propcna have ban found. 

Alkd0id.S 

A number of I-BTIQdcrivcd 0lkrloid.s have hen 
isolated from species wlkcted in either tk Ghmnaian or 
tk CIlmcroonian forcstr Enantia chlotcmth (bdurinu, 

‘I-wthoxyaporpbi=) [P. G. Waterman, unpub&ai], 
Grecmvayudendr~ (Pdyolthia) =o&ns [33] (apor- 
pIline& 7-oxygcnxtal aporphiIKsL MoMnfhoil7xis 
(fopawh) cuu&Yma [W] (rporphineq 7-oxy~tal ap 
orphines b&erines~ C&i.uophoLs patens [35] (oxoapor- 
phines), Uwrio auata [M] and Ckistophdir smudrii [37] 
(both his-l-bcn+oquinoLibC)). By wntrast cxtenxive 
studies of tk barks of a number of other spa&x, notably 
u&aria langoleM.s, Xylopia cu1hiopicq x. OculyDora x. 
quintasii and Uwtiasfnrm zrnktri, have failed to reveal 
any l-BTIQ alkaloids. The moot interesting of tk I- 
BTIQs isolated have been tk alkaloids from C. potens 
root bark [35]. cupoLuMnc (24) and its mono- and di- 
N-oxides, ckistopholinc (2!3) and onychinc (26). It is 
suggested [38] that thgc alkaloids arc actually tk 
products of catabolism of a 1.2dibydroxyoxoaporphine 
(27) precursor through &ion of the l&bond (Scheme l), 
It is important to note that tkse alkaloids appear to k 
restricted to tk root bark. TIK stem bark by wntrast 
yields only oxoaporphincs and non-aIkaloida1 
wmpounds. 

The major isolates of Grcemvayodendron suaurolmr 
wlkctal in tk KONP Forest Reserve were a group of 
nwtral or weakly basic nitrogenous compounds made up 
of an indok nucleus linked through N-l and C-2 to a 
scxquiterpene moiety. giving pcntarzyclic products of 
which grwnwayodcndrin-3-on (28) is a typical exampk 
1331. These compounds were subjected to extensive high- 
field NMR investigations in which all protons were 
assigned and tk structure of 2lI was subsequently verified 
by X-ray analysis. Polyvwline (29) in which tk linkage 
ktwan scsquittrpcnc and indok involves C-2 and C-3 of 
tk latter wax also isolated [33]. Both 29 and a numkr of 
tetracyck indoloscsquitcrpencs have ban recorded from 

sckw 1. Paaibk route IO tbc kpo@ddd of cldnopka 
mem# rfoal I24ihydroxyox~ (27) 
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the allid spaka Greemvayodemfrm (folyalhia) oliwri 
[32]. A d&union of tbc St-try, anatytical 
rpcctroscopy and nomcnclatural confusion that exists 
among this group of alkaloids, which ntnain uniqw to 
them two spa&s, has rcccntly been published [39]. 

Another rich souror of indok derivatives has been tbc 
stem bark of Uvariu an&tui.r colkcted in the Gombc 
Reserve in Tanzania. This mat&al yiekkd Cm23 four 
compounds in which the indole nucleus was substituted at 
C-2, C-3, and in some cases N-I and C-6, with o- 
hydroxybcnxyl, or in one cast o-hydroxybcnxoyl, sub- 
stituents The structures of the uvarindoks A (30) and B 
(31) wm easily resolved from ‘H and “C NMR studies 
[So, 411. Tbs prcscncc of an o-hydroxybcnxoyl moiety in 
uvarindole C (32) followed from the UV and MS and its 

Fact 
wnt at C-2 from the comparative shielding of the 

‘CNMR rcsonancc for C-2 and deshklding of that for 
C-3 of the indok nucleus due to tbc etTcct of the bcnxoyl 
carbonyl [40]. The final compound. uvarindole L) (33). 
gave spectral characteristics notably different from the 
other compounds and was tentatively idcnti&d from UV 
and NMR cvidcncc as a dihydroindok-3-one with gem o- 
hydroxybcnxyl substituents at C-2 and another at N-l 
[lo, 413. This was later con6rtnal by an X-ray study [42]. 
Although Nigerian material of this spacics had previously 
been found to be the source of a number of similarly 
btnxyktcd Bavonoids [32] indolc derivatives had not 
been rcportcd. 

A further indok, &(3,3dirncthylallyl)indok (34). 
occurs in the seeds of Monodwo myrtiica colkcted in 
Camcroon [433. Altbough this was the only compound 
isolated and duractcrizd othr nitrogenous compounds. 
possibly dimcrs based on 34, are also prcscnt. A whok 
range of similar prcnyktcd and diprenylatcd indoks have 

racntly been found in another west African specks, 
Htxulobw cri&or&O 144 1. 

Sesquiterpenes 

Seaquitcrpcnes have been recorded from very few 
Annonacxac [32]. although those that have, such as 
yingxhaosu A and B and ishwaronc. are often somewhat 
unusual_ Their sporadic occ~~rret~~ and chsmiml diversity 
is well illustratal by our own investigations which have 
rcvcakd their prcscncc in species of thra genera, 
Greemvayodendron, Cleistop!wlis and Uti. 

No free scsquiterpcncs have yet been reported from 
Greenwaydendrcm q&es but their prcscncc in the form 
of the indoloscaquitcrpcncs (28,29) is obvious. The parent 
scsquiterpcnc moiety that is incorporated into the 
alkaloids is prcsumbd to bc of the drimanc (35) type 1391. 
In U. rmqolensis the major scsquitcrpctm arc common 
bicyclic dcrivativcs of cadinane but thcsc arc accompanied 
by Cs, compounds formal by the addition of an @ 
hydroxybcnxyl unit to a scsquitcrpcne with subsaqucnt 
linkage bctwccn scsquiterpcrk and the pbenolk hydroxy 
group to give a bcnxopyran. That compounds, which are 
exemplified by uva&aquiterpenoC (3c), arc still under 
investigation (for a preliminary report see ref. [45]). 

Whilst tbc root bark of C. parena yielded a number of 
aJkaloids the rtan buk gan only one, the common 
oxoapo@nc liriodminc, but also gave two scsqui- 
tcrpcncaTbeachavebccnchaMcrircd[35]aathcrydic 
famesok rid methyl utcr (37), which bears an obvious 
atBnity to insect juvcnik hormone, and its monocyclic 
dtrivativc (38). Thcac scsquitcrpencs were obtainai in 
apprcciabk yield from stem bark sampks colkctcd in 
both Ghana and Skrra Leone but no traces were detcctd 
in root buk. !Simih SeoquitcrpcrKs also occur in another 
Cameroonian spa&a, C. g&uca [J. T. Etsc and P. G. 
Waterman, unpublished]. 

Direr-s 

Whereas scsquiterpencs appear to be sporadically 
distributal in the Annonaotae ditcrpcnes seem to have a 
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narrow distribution, primarily from spa5cs of AMOM 
and Xylopio. but they cuzut extcnsivdy within these 
genera. One rich source of kauranc (39) and kaur-lbenc 
(Jo) ditcrpcncs is X. crcthbpic4 a large tra, widespread in 
tropical Africa and with a fruit that finds use as a 
condiment. In the course of our survey of Annonaceac we 
have been abk to examine the barks of thra spa&s to 
date, x. &liopico [46], x. quhasu [4q and x. OcUfi- 
Jo14 148,493. From each a number of diterpcncs have 
hen is&ted. the majority belonging to either the 39 or 40 
structural types. However, in ah case these have been 
aozompanied by one major dittrpene belonging to 
another skdctal type. Thus, examination of material from 
aroon revealed X. aethiopia stem bark to contain 2- 
oxokolav-3,lMkn-15&z acid (41), X. quinfasii yieldal 
7B_acetoxytrachylobanan-1Bsic acid (42) and X. 4cu@w4 

the diterpcnc dimer acuti!‘loric acid (probable structure 
43). This last compound is presumably formed by a 
Diels-Alder condensation betwan the 1 S-oxokaur- 16 
en-19-oic acid (U) which is present in the bark extracts 
and a bicyclic labdatricne such as 45 (Scheme 2). No 
k&lanes have yet been isolated from this plant. 

A further interesting development has been the recent 
isolation of trachyloban-19-oic acid (46) from the stem 
bark of X. 4ethiopico originating in Sierra Leone [SO]. 
This material did not contain any of the kolavanc 
previously isolated from this specks. It should be noted 
that the carboxylic acid group on C-4 is in this case in the 
more common axial (C-19) configuration whereas in the 
trachylobane from X. quint&i it is equatorial. 

Scbeamz 2. Route to rutihic rid (43). 
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Dapitc a thorough investigation none of these Xybpi4 
species has yieldal any alkdoidr. This is in direct contrast 
to invcstig8tions on Xylopi4 spaks originating in Asia 
and South America where be&rim and aporphinc 
alkaloids have commonly been found [32]. 

Trirmpenes 

In comparison with other groups of terpenes the search 
for triterpenes in the Annonaceae has been rather 
unrewarding [32]. The only two compounds of interest 
that have8riscn todate8repolyca@(47)and uvariastrol 
(4Q Polycarpol was initially isolated from two African 
specks, Greemvo~t~~fdron (Polyolfhio) olituri and 
MciowpLfium lcpid4rum and has since been isolated from 
a number of 0th specks world-wide [32]. A survey for 
47 in rpsics from suppo+cdly dosely allied families such 
as kuracezu, MOW pad Menis- has 
pro& negative suggesting that it is unique to the 
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Annonaceac and therefore has some value as a chcmo- 
taxonomic marker [32]. 

A further source of 47 is the small rain forest tree 
L:cartasrrum tenkeri which has also yielded another 
novel trilerpcnc, uvariastrol (48) [Sl]. The idcnlity 
of J8 as a cycloartanc was easily established by spoctro- 
scopic means and the structure of the Spiro-fused 
tctrahydrofuran-furanone system in the side chain 
derived from MS. ‘H and “CNMR studies. Uvariastrol 
remains the only tritcrpcne found in the Annonaaae 
based on a cycloartanc nucleus and the only one in which 
clcmcnts of the C-17 side-chain have been oxidized and 
cyclizd. 

Fbconoids 

Comparalivcly few tlavonoids have been isolated from 
the Annonaccac and relatively little has been done on the 
examination of flavonoid glycosida [32]. One exception 
has been the stem bark and seeds of the hanc 
Monanthotaxir (Popowiu) caul@ra which has yielded a 
range of tlavoncs, flavanoncs and chakoncs [S2, 531 
typified by baicakin trimethyl ether (49) and 2’,3’,4’,6’- 
tetramcthoxychakone (9). A characteristic of most of the 
simple tlavonoids isolated from the family IO date is the 
absence of substitution on the phcnylalaninedcrivcd & 
ring 

A survey of the leaves of many Annonauac from the 
Douala-Edca Forest Reserve [4] rcvcakd that most 
contained condensed tanning more sp=ig=jjy 
procyanidin tannins. Nom of the other proanthccyanins 
were detected in any of the kaf hydrolysatcs from spa& 
included in the survey. 

A fascmating subgroup of Aavonoids are those from 
Ucaria and Demos spacies in which a simpk tlavonoid 
nucleus has been substituted in theacetatcderivcd ring by 
either one-carbon units (Me or CHO) or, more 
commonly. by o-hydroxybcnzyl units. These compounds 

have attracted particular attention because of their 
cyto~oxici~y [32] and much work has been done on the 
distribution of these compounds in west African species. 
Flavonoids of this type were also isolated in our study on 
U. angoknsis from Tanzania [41]. although they were kss 
in evidena than were the analogously benzyla~cd indoks. 

Miscellaneous 

In addition to the major groups of compounds 
discussed above our work on the Annonaaae has yielded 
some other compounds. Most notable was 2.45 
trimcthoxystyrcnc (51) which was obtained in high yield 
from the stem bark of Parhypu&nrhium stovdfii [WI. 
This simple compound oaurs as large discrete crystals on 
the inner surface of the stem bark and the sample used for 
initial studies was isolated pure with a pair of forceps! 
Styrenes are quite possibly of universal distribution in the 
genus, being found in both bark and seeds of thra spbcies 
[32; K. Panichpol, unpublished]. Simpk bet@ bcnzoa~cs 
are widespread in Uourfu [32] and include a number of 
highly substituted derivatives such as Y,3’.6’- 
trimethoxybenzoate (52) from Ghanaian ma~crial of U. 
ocara [sS]. Fruits of Annonaccac are often aromatic and 

this is generally due to the presence ofa monoterpcne-rich 
volatile oil. However, the fruit of Uwviodendron 
conninenr, anotbcr understorey tra from the 
Cameroonian forests, is a gd source of phcnylpropcnes. 
including cinnamyl alcohol derivatives such as 53 1561. 
which. it is interesting to note, do not have the same ring 
substitution pattern as 51. 

General comments on the phytochemisrry oj the 

Annomxeae 

Table 3 lists the major isolates found in the 
annoMCtOus species from the African forest zone studied 
by ourselves and by Cavt and his wIleagues. The 

TkMe 3. Types of mndary mctabolita isohtcd from the barks of An- from Cuncmon 

coItuituul~ 
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metabolic profiles exhibited among thcsc taxa arc 
strikingly diverse with different genera apparently highly 
spccitic in their apgcitics IO produce very diffcrcnt types 
of mctabolitca. In somecases that diversity is seen within a 
gcnur, good examples being in Ckisrophdir and 
Hex&&inwhichsomcspc&sarcspcc&allybis- 
bcnzyhsoquinolinc producers and others produce rather 
different alkaloid types. In its diversity the Annonaccac 
tends to bc more extrcmc than the other families that wc 
have studied in depth. The reason for this greater dcgrcc 
of diversity is unknown but could possibly r&t the 
archaic nature of the family, in which individual genera 
have been long scparatcd from one another and during 
that separation chemical divcrs&ation has become more 
pronounced. 

THE CurllFuAE 

l-k Guttifcrac (scnsu srricto) are rcprcumtcd in the 
Cameroonian forests by 6vc genera, Gurcinio, M-a, 
Penmdema, Allanbhackia and Symphia, and make an 
important contribution to the biomass in both of the 
study sites (Table 1). A sixth genus, Calophyllum, has 
ban introduced and is foutxl growing close to the a. 
ThcallkdHypericParc is rcprwentcd by Psorosprmq 
Vimia and Endudesmia To date work has conccntratcd 
on just two of thcs genera, Gurciniu and M-0. 

Garcinia 

Gurcinio is a large genus of about 400 specks found as 
shrubs, undcrstorcy trees or tnts of the canopy in the rain 
forests of the old world, with a major concentration of 
species in south-cast Asia and sccomiary ccntrcs in India 
and west Africa [S7]. In all we hvc managed to collect 
stem barks from ten specks from Cameroon and one 
from Gombc, Tanzania. In addition we have examined 
fruit and seeds from G. koh tbc stem bark of which has 
been reported on by other workm From tbcsc studies 
three di&rcnt types of mctabolite have been obtained, 
xanthoncs and the allied bcnzophcnoncs, biflavonoids 
and &tones. 

Xanthoncs, variously oxygenated and with prcnyl and 
more rarely gcranyl substitucn~ appear to occur widely 
in the Guttifcrac [U]. However. this has not been the case 
among the west African specks examined for xanthonca. 
Thcsc have been isolated from the stem barks of only five 
of the eleven specks, in each case a single compound in 
low concentration ( < 0.01%) being reported. Xanthoncs 
have not ban found in any other plant part in this survey 
but amounts of material for analysis have often been 
small. 

With the exaption of 4.8di(3.Miwthylallyl~l.3.5- 
trihydroxyxanthonc (54) from G. qtuxfrjliia [59] all of 
the xanthoncs have ban 1.3.5.6tetraoxygcnatcd. 
Rhccdiaxanthonc-A (55) occurs in two specks, G. 
densiwniu [60] and G. stat&ii [59]; in the Conner having 
initially ban erroneously assigned the alternative all 
linear annubtion due to misinterpretation of the shifts 
causal in the ‘HNMR spuzum on pcracctylation [60, 
613. The remaining two compounds, tnacluraxanthonc 
(56) from G. cn;oli/olia 62 and isorhccdiaxanthonc-B (57) 

13 from G. poly~tho 63 both carry 1,Idimcthylallyl 
substitucnts. Whilst easily characterized as xanthoncs 
compkte structural assignment of these compounds has 
often proved problematical because of paucity of material 

and difBculty in interpretation of ‘HNMR data from 
mtylatcd derivatives, a procedure which has been widely 
employed to locate the subatitucnts orrho to positions of 
acctylation. lmprovcmcnts in sensitivity and advent of the 
INEPT tachniquc in “CNMR have proved most 
valuabk in resolving structural problems, particularly 
those involving assignment of the position of a single 
prcnyl substituent at C-2 or C-4 of the 1,3-oxygcnatcd A- 
ring [63]. 

Xanthoncs arc thought to bc formal by cyclization of 
bcnzophcnona which have themselves ban formed from 
a phcnylalanincdcrivcd C,C,-unit and three acetate 
units. In sow spccics highly prcnylatcd bcnzophcnoncs 
do thcmsclva occur. either with or without xanthona. 
Two compounds arc particularly common, xanthochymol 
(J) and isoxanthochymol(S9), sowtimes oazurrmg in 
quite sign&ant amounts, ir 0.56 “/; of U in the stem bark 
of G. owl~olio [62]. One or both of these have ban found 
in five of the west African spa&s to date [63,64]. The only 
other bcnzopbcnonc obtained has been kolanonc (a) 
which is an antibmztcrial principal present in the fruit pulp 
and seeds of G. koka [65]. This is of particular interest as 
the seeds of this specks arc chewed by many people in west 
Africa and arc sold as an item of commcrcc. 

The most widespread group of mctabolitcs from the 
Gorciniu specks studied arc the biflavonoids. found in 
seven of the ten west Afti spccics and in G. huilknsis 
from Gombc 1641. As well as being most common they are 
usually also present in highest amounts, in G. mannii stem 
bark reaching the extraordinary kvcl of 10% of the dry 
weight [a]. The biflavonoids can bc divided into two 
groups, the tlavanonc/llavone dimcrs (61) and the 
biflavanoncs (62), one or other of which tend to dominate 
in each of the spckcs [a~]. Characterization of these 
compounds is diBiculc; successful procedures generally 
involve fielddcsorption and chemical ionization MS and 
pcrmcthylation, although care has to bc taken with this 
procedure as ring-opening to give a chakonecontaining 
bihonoid (63) must be upstaJ. ‘H NMR spectra arc 
mly poorly resolved at room tcmpcraturc due to 
compounds existing in several conformations but 
considcrabk improvements can bc achieved by working at 
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ekvatcd tcmperaturcs (I.207 using DMSOd, as solvent 
i66.671. 

Gurcinia COWZWZM, a tree species with a puticulariy 
large fruit, is markedly different in its chemistry from the 
other west African spades. Initial examination of the bark 
of individuals colkctod in the Douak-E&a Resent gave a 
compound CzOHuO, characterized as the novel lactonc, 
conrauanrlononc (64) 1681. Later examination of s&s 
from Douala-Edca and stem bark from Korup gave, as 
well as 64, its 3-prcnylatcd derivative (6 [69]. Yields of 
these bctoncs were hi& from 0.4 to 0.8 % [68,69]. The 
only compound allied to 64 and 65 that hax been found in 
tti surveys has been the tetrahydrofunnone bctone * 
based on a Cal chain nthcr than the CzO chain of 64, 
which was obtainai in trace amounts from the bark of G. 
maWi [69]. 

The chcmotaxonomic signi&mce of xanthone and 
biflavonoid distribution has been explored in a review 
[64] which wed as its systematic baxis the taxonomy 
proposed by En&r in 1925. There is dearly a correlation 
in xanthonc production by taxa that are considered to be 
closely allied in Engkr’s system (Tabk4) Whilst the 
availabk data is kss ddnitivc it alxo seems passibk that 
billsvonoid production, or relative abuti of 
billavanoncs and mixed ilvanonc/l!kvonc dimax, may 
also show correlation [64]. The importance of xantbonc 
profiles may also be extended to the tribal kvcl. For 
example. the four genera of the Clusioidcae tribe 
Garciniaea (Gmcfnh, AIW&ckio, Rhndb and 
Pmtophalongfrtm)xllyidd5imihrxantbona~8llcxccpt 
Rhtediu arc recorded as containing billavonoids. By 
contrast mcmh of the tribe clusicac have yet to yield 
biflavonoids and xanthoncs are only known from 
Totmdta 

One final point concerning tbc chemistry of Gmcti 
species. It is obvious that the thick, latex-rich, stem barks 
of Gmcinia spaciu, and by inference their secondary 
mctabolitu, provide a potent defensive barrier against 
wood-boring b&es. Where bark wax removed for 
analysis the exposed wood immediately becow the target 

w 
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T&k 4. Distribution of tam&q tmzubolita Mona G~KWO cgada from W00n 

RhCCdiOp6iS 
G. oLUl~oouo 
G. polyantha 
G. U4udfi8 

TCt~PphhlgUtD 
G. cowauam 

xAJltbodlymus 
G. dewknin 
G. qd+na 

T~tNllIhCfl 
G. &elii 
G. maenii 
G. pwuram 

Puagarcinu 
G. hh 

13% - - + 
13% - - + 
13% - - + 

++ + 

13% + ++ 
135 + ++ 

++ + 
++ + + (+I 
++ ++ 

++ + + 

l Tbc ntmkn in thi8 column refer lo oxy~tion pttam of xmtbonu. 
ta = bihvmomr. b - hvone~vanonc diams C + +’ in~Iic~ta the aajor cxqmncnt). 
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for attack, often resulting in the rapid death of the tree. 
This group of tras would sam to have consi&abk 
potential for a study of the defensive properties of bark 
sazondary metabolitcs. 

Mammea africana 

Mommcl ufricuna is a large forest tree found in both 
CPmcroon Rcscrvcs and is often a signifkant element in 
the Ron. Both it and itr central American COUlttaprrt. 

M. awbmicanu. hvc 8ttwted interest u 8ourcea Of 4uyl 
and 4-alkyl-5.7dihydroxyumuins (nc~thvonoids) 
substituted at C-6 and C-8 with isupcntmyl units of 
various type 3,3ditnethylallyl, +wthylbutcryl, 2- 
wthylbutcryl. When a large sampk of sads bazatmc 
available an analysis confirmed the prescna of tbcsc 
compounds but gave an additional compound with the 
characteristics of a dihydro-5.7dihydroxycoumarin with 
4-n-pentyl and 8-(2-mcthylbuteryl) substituents (67). T&is 
dihydromammca coumarin was initially charactetized by 
comparison with synthetically prcparal Qsubstitutal 
coumarins, making particular use of “CNMR, a 
technique that was found to be of general value in 
resolving problems relating to the i&ntity of the various 
side chains of the mammca coumarins [70]. The 
configuration of the C4 n-pcntyl moiety was tentatively 
assigned as axial on the basis of ‘HNMR coupling 
constants and this was confirmed by an X-ray 
crystallography study [7l]. 

One general point of interest concerns the distribution 
of bark mctabolitcsamong the major species of Guttifcrac 
in the Douala-Edea Forest Reserve. Here four specks are 
common, Mawvnra p/rica~ (majOr bark compounds, 
neoflavonoids), Garcinia conrauana (loctoncs), G. nwuii 
(biflavanoncs) and G. ocali.$olia (knzopbtnones and 
xanthoncs). Between thee four spccics tbc total range of 
types of guttiferous secondary wtabolites cnc0untcral in 
all of the WCS Aftin spccics studied occur. In this respect 
the picture found here is comparabk to that seen among 
the Ghanaian Toddalioidcae in which sympatrk sp&cs 

exhibit maximum secondary mctabolite diversity within 
the constraints laid down by the metabolic capabilities of 
the taxa. 

-f-be final family to be ccmsirkrcd in this review is the 
Ebcneac which in terms of tropial rain forest specie+ 
can be corui&ral as synonymous with the very large and 
complex genus Di4xpjms. The compkxity of this genus is 
well illustrated by rcfcrcncc to tbc ordination work 
CMibd out in the DO&~-E&a Forest Raerve where, in 
four transect line& a total of ekvcn ditTcrent species were 
r-i&, muty of them characteristic of individual 
transazts wbm they wcfcc~mm~n whilst they were not to 
be found at all on ncigbbouring transa% Tbccoastal 
forests of Cameroon are mi2zd as being a centtt of 
divers&cation for this ranarkabk genus [72j. 

In all a total of eighteen AT&an spazks have been 
examinad;inmryascthcstemkrkandoftentbewood 
as well [73,74]. These spa&~ have originatad from three 
sources. the two Cameroon Reserves and the Ghanaian 
rain forest zone. The typical chcmkal cbareacristic of all 
samples analysa! has been the pnrence, in varying 
amOunl& of the three triterpenes lupcol(68~ bctulin (69) 
and bctulinic acid (7.1 other tritcrpcncs were 
UncOrnmoa. perhaps tbc most interesting being the rarely 
is&tad fourth member of the lupcol to bctulink &I 
sequence, betulina&hydc (71), which was obtained from 
D. c(uLolicyhu [73]. In none of the @ studial were 
either okanc or urraoe pentacyclic triterpenes found 
although both these types were present in Asian spa&s of 
Diospyrod [75] uumined in tbc SUIK survey. 

Tbc other WidaprcMl group of mcUbolitcs obtained 
from Diospyros art2 the orphtboquinonc dimer4 most 
commonly tborc baaed on 7-methyljuglone (72). In all 
theacwcfco&inaAfromdmnoftbcAf~specks 
survey& the most common individ\rrl compound being 
dioQpyrin (73). It has been suggested that tbae dimcrs 
might be artdatzs formad through nonIluprrtically 



14 P. G. WATERMAN 

8 
t &.\ 

0 

71 

controlled. perhaps light-induced, oxidative coupling of 
the monomers but the fact that different species produce 
dilTercnt dimcrs indicates that the process is not random. 
In addition 10 the various dimers of 7-methyljuglonc and 
more rarely of its 2-methyl analogue plumb&n (74) Iwo 
of the African species analysed have produced somewhat 
unusual derivatives. 

Diospyros mwtnii colkctcd in Cameroon yield& the 
typical naphthoquinones 72 and 73 and in addition a 
dimer carrying a methoxy group in plpcc of one of the 
positions on the quinonc nucleus not invotved in the 
linkage. The assignment of the methoxy moiety lo C-3 
(75) rather than C-2’ stemmed from the effti that 
subsritution had on the resonance position of the 
hydrogen-bonded S’-hydroxyl signal in the ‘HNMR 
spectrum [74]. The possibility that 75 might bean artcfact 
produced by methanol extraction was tested by treatment 
of 73 with methanol under conditions more rigorous than 
those used in the extraction praedurc. This faikd to 
reveal any trace of 75. 

Somewhat more unusual were two compounds isolated 
from the bark of D. cwdicuhra, one of the most 
widespread of African species and an ‘ecological trans- 
gressor’, that is a species found moss a range of habitats 
1723. The first unusual compound to be encounterad from 
this spccics was recognized as plumbgin linked 
10 a C,,-unit (naphthoquinoncs are C,,). The second 
unit was assignd a 4.7dihydroxycoum nucleus with a 
methyl substituent on the aromatic ring and had to be 
linked 10 C-3 of plumbagin (74) through C-3 of the 
coumarin. The stnTturc of this compound (trivial naw 
canaliculatin) was assignal as 76 with the coumPrin 
methyl substitucnt fixed at C-5 on the basis of NMR and 
MS analysis and the preparation of the corresponding 
methyl ether (77) and the tautomcric pyranonc (78) 
(Scheme 3). Coin&dent with the characterization of 76 a 

Sdmx 3. MethyLlion of a&icuhtio (76). 

similar naphthoquinonccoumarin trimer, ismailin (79). 
had been isolated from an Asian spe&s, D. irmoilii [76, 
771. Roth 76 and 79 have been synthesized from their 
naphthoquinone and S-wthykoumarin precursors [77] 
using the method first reported by Jurd [7g]. The 
biosynthetic route to these compounds is presumed to be 
entirdy polyketidc in nature, arising through separately 
formed naphthoquinine and S-wthykoumarin units. 

A derivative of 76 obtained in smpll amounts from D. 
cama/idufu was the pentacyclic compound cyclocanali- 
culatin (m) which was readily rocognizal by the loss of a 
methyl resonance and addition of a methyknc resonance 
in the NMR spectrum and by the absence of tautomcrism 
in the coumarin unit [77]. 

A summary of the distribution of naphthoquinoncs 
among over twenty African and Asian spazics included in 
our survey is given in Table 5. The homogeneity in 
secondary metabolism in Diorpyros is quite striking, the 
only major differentiation being in the preferred positions 
on dime&&n in the naphthoquinoncs and the oc- 
casional replacemen of ‘I-wthyljuglonc by plumbagin as 
the primary monomer. This comparative homogeneity, 
when contrastad lo the heterogeneity in the mndary 
chemistry of the Annonaceac and diversity in the 
Guttifeme and Toddalioidcac. would seem to retkct the 
relative modernity of Diospyros and possibly recent 
species radiation. 
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Tabk 5. Distribution of naphthoquinona and tritupzncs 
among African and Asian Diospym spazics mvcstigltal 

Afrian Anan 
Type of compounds spana spacia 

Number of specla mvcatigatai 18 9 
Tritcrpcrwa 

lupana 18 9 

gJut= I - 

afin I - 
laraxefalKs - 3 
OkwnCS - I 
uw - 2 

Naphtboqtuw 
pl~~ein tYPe I 2 
plutnbagin duDm - I 
‘I-mtbyljuglone type I 

2-YdM 2 - 
2-3’dimers - I 
24’dimers 6 I 
3-8’duncrs - I 
68’dlwn 3 2 

CONCLUDING COMMFX’il’S 

The preceding discussion was intended to illustrate the 
diversity of chemistry in given taxonomic groups where 
studies have been largely confined to two relatively small 
areas of rain forest. In ..rms of an utuicrstandittg of the 
phytochcatistry of Cameroonian forests, despite all of the 
effort that has ban put in probably no more than IS % of 
the tree species of the two study areas have yet been 
studied in any depth and some of the most important 
families such as the Euphorbirmzeac, Cacsalpiniacu~, 
0-c and Stcrculiaceac, remain virtually untouched. 
Has this been worth doing and is it worth continuing? 1 
would say it is on at kast four counts. (1) The study of 
plants from these forests has provided training for a large 
number of young phytochcmists. The wide varkty of 
structure elucidation problems that beset tbc researcher 
still offers one of the best vehkks for teething a range of 
skills in isolation technology. spectroscopic techniques 
and synthetic chemistry. (2) Used sensibly the data 
obtained from these investigations can often, although 
not always, make a meaningful contribution to resolving 
taxonomic problems. The value of this chcmotaxonomk 
tool can often be best appreciated in cases such as the 
study of the Ghanaian Toddaliokkae, where the 
ecological characteristics of each specks are also well 
understood. (3) The chemical diversity and number of 
novel compounds that can be obtained remain 
surprisingly large. Furthermore with the rcant strides 
that have been made in developing more sensitive tests for 
biological activity we are now in the position of being able 
to broaden areas over which biological testing can be 
achieved. even when amounts of material isolated are low. 
(4) Finally, it will only be possibk to accurately gauge the 
impact of secondary tnctabolite profiles in ecosystems on 
the overall functioning of those ccosystctns when data 
pools of the kind we are trying to develop are achieved. 
From more general surveys with very limited chemical 
goals it has already been established that chemical prohks 
of different forest areascan be extraordinarily variable [4] 

and can profoundly inBucna the feeding bchaviour and 
sustaittabk biomass of herbivorous mammals [6,79] and 
host sekction a4 developmental processes in insects 
[W]. The itnp~~ of secondary metabolism on the wbok 
ecosystem atut the extent to which ecosystem pressures 
can and do cause changes in secondary metabolism arc 
areas that we at present know littk abut although we 
spuzulate a great deal. The understanding of secondary 
metabolism dynamics at the ecosystem level must be a 
goal for many groups of scientists, not only the 
phytochemtst but also the ecologist. the conservationist, 
the agronomist and the forester. 

Acknmvlcaqmmrs-To anyone who has read thts renew it will 
k obvious that very many pcopk hve contributed greatly to Ihe 
work that has been discus4 In particular I would ltkc lo pay 
tribute IO the following s who have usutcd with 
ftcldwork. I owe a grut debt to the late Mr. 1. B. Hall Dr. M. D. 
Swains (University of Aberdeen) and Mr. A. A. En11 (Forestry 
Entct@us. Ghana) for uristana in Ghana and likewtsc to Dr. 
1. S. Gartlan and Mrs S. Gartlan (University c4 Wisconun), Dr. 
D. B. McKay (Universitat Bascl) and Dr. D. W. Thomas 
(Missouri Botlnr Gadau) for heir wpprt and collaboration 
in tbc two Catnerocmian study sita In particular I must pay 
tribute to Dr. McKcy for the part he played in introducing me to 
I& ptobkms of studying and c4axing plants tn a tropiml forest 
(and for not quite hilling me whilst 1 was karning!) I also 
gratefully acknowlalp tlk generous assistanoc of many col- 
kagucs and resarch sttkknts in the laboratory. In particular I 
wouki mcntmn Dr. R. D. Waigh (Uninnity of Manchester) and 
Dr. J.A. D. Jeffrays and Dr. G. A. Stnail (University of 
Strathclyde) for always being prepared to listen and dtscuss 
pobkms Dr. P. Bladon (Univctstty of Strathclyde) and Dr. I. 
Sadler (University of Edinburgh) have contributal greatly 
through their s’~pply of mass spectroscopy and high-field NMR 
facibtks. Pttytodwmiml data can only be as good as the plant 
material on which it is based and I UII mdcbtal to the kmd 
assdanoc of uuny taxonoausts who have helped identify 
mat&l brought back from Afria; in puttcular I would stngle 
out Dr. R. PoI~IU (Kcw) who has spent many hours answcnng 
questtons and pointing me tn tbs right diratton. I have ban 
fOftUNte to work with tnuty U&I research students most of 
whom hawcontnbutcd to the African studtcs: from the U.K. Dr 
A. 1. Gray, Dr. E G. Crichton, Dr. G. M. Choo and Mu 1. A. M. 
Ross, from Bangkdcsh, Dr. C. M. Ham. Dr Ihas Muhammad 
and Mr. M. Khan. from Cameroon Dr. C. N. Mk from the 
Paopk’s Rcpublsr of Chtna Dr. S.-M. Zhong. from Ghana Dr. 
S. A. Ampofo and Mr. J. T. Etsc. from Iraq Dr. R. A. Huultn. 
from MalayUp Dr. M. B. Zakana. from Saud1 Arabu Dr. I. A. 
Meshal, from Sicna Leone Dr. D. F. Faulkner. from Sudan Dr. 
ShK~andDrEN. Mahmot& and from Thiland Dr. K. 
Panrhpol. My P- thanks to them all. Financial support has 
ban forthcoming from many sourus. notably from the N.ER.C 
udS.ER.C.Th~CornegieTntstforthcScottrsh UntvcrsrtKsand 
the Royal society have been generous in rhar support of field 
trips. Finally I would like to erprnss my thanks to Tare and Lyk 
for the award and to the Phytochcmaxl .%ctcty of Europe for 
rccommrnding me as the razpknt. 

I. 

2 

REFLRENCES 

Newbay. D.. Gartkn. 1. S, Thomas, D. W. and Waterman. 
P. G. (1986) l’cqntiu, (in press) 
Gartkn, 1. S., &Key. D. and Waterman. P. G. (1978) Rcrmr 



16 i? G. WAlERWAN 

3. 

4. 

5. 

6. 

7. 
8. 

Adminm s Prwmdogy (Chivas, D. J. and Herbert, I, cd@ 35. W~termrq P. G. rrd M- 1. (1985) P&ddsfry 
VOL I. p. 259. &&mk Pm& Ladon. u 523. 
Watamm. P. G, Mbi, C. N, McKcy, D. ad Guthn, J. S. 36. Panicbpol, K, Waigb, R. D. and Wemun, P. G. (1977) 
(1980) occd@a (Bed.) 47.22. P~ytdadstry 16.621. 
Garthn, 1. s, M&q, D, Watamn, P. G, Mbi, C. N. and 37. Watcntmn, P. G. and Mubammd, 1.(1984)PllAt01vd.91. 
!huhnka. T. T. (1980) Biockrrr Syu. F&i. 8, Y)I. 
Choo. G. M, Watamul P. G., McKcy. D. and Gartha, 1. S. 
(1981) 0ecdqlia (Bed) 49,170. 
McKcy. D.. Gutkh 1. S, Watcman, P. G. md Cboo, G. M. 
(1981) Bid. J. Lirvl sot. lc, 115. 
Wareman, P. G. (1975) 7’axm 24 361. 
Gray. A. I. (1983) Cwry id Chadcal Zsxonomy (I/ rk 
Rtuaks (Wmrum, P. G. and Gnmdon, M. F., cds) p. 97. 
AC&auk Pm& London. 
Fish. F. and Waterman, P. G. (1972) Phyrochrmiury 11.3007. 
Watmnur. P. G. (1975) Biochm Syu. Erd. 3, 149. 
Kubo, I., Matrumoto, T, Klockc, J. A. md Kamikan T. 
(1984)Erpmwlo4&340. 
Muter. 1. (1983) in Chemistry md C-4 Taxmomy ofthe 
Rtuaks (Weman. P. G. and Gnmdon hi. F.. als) p. 31. 
Acackdc Press+ London. 
Waterman, P. G, Gray, A. 1. and Crkhton, E G. (1976) 
Bidem syst. Ed. 4.259. 
Fish,F.andWatmmn,P.G.(1971)1.Pkonrr.Phmmnrd23, 
1325. 

282 
38 

39 

9. 
IO. 
Il. 

12 

13. 

14. 

15. 

16. 
17. 

IS. 

20. 

20. 

21. 

2L 

23. 

24. 

2s. 

WaterrmsP.G,MahCl.h,~J.B.IbdSwrincM.D. 
(1978) Biochm. Syst. E-cd. 4,239. 
Hall J. B. and Swaine, M. D. (1976) 3. Ecd. 44,913. 
Janzen, D. H. (1973) in Chrdwy k Eoddut d 
Symmdcs (Swain, T, ai.) p. 5992 Buttawonhs, London. 
Ayafor. J. F, Sotxkstpm 8. L, B&m, A. N, Tsamo, E. 
Km&u, S. F. and Gkogun, 1.1. (1982)1. Nor. f’rd. 4S, 714. 
Lwaodc, W.. Getmycsw T.. Clmpya, A, MrFoy, C, 
Hmmdi, A. and Ok& M. (1983) lnsecr Sci. Appl. I 393. 
Ayafor. 1. F., Sondmgatn, 9. L. utd NQutjui, B. T. (1982) 
Phym&nnistry 21, 2733. 
K&lid. S. A. and Watcman. P. G. (1982) 1. Nat. Pd. 45. 
343. 
Ayafoc. 1. F., Sondemgam, B. L and Ngadjw, B. T. (1982) 
Planta Med. 11, 139. 
Ayafor. 1. F.. Sondcngsm, B. L., Kitnbu, S. F., Tsmo, E. and 
Connolly. J. D. (1982) Phytochcadstry 21, 2602. 
Khdid. S. A. and Waterman. P. G. (1981) Phytoctiry a0. 

2761. 
Ngdjui, T. B, Ayafos. J. F, Soda~gatn, B. L.. ComoUy, 
J. D.. Rycroft, 0. S, Kbdid, S. A, Wenttan. P. G.. Brown. 
N. M. D.. Gnu&m M. F. and Rmmhandrur. V. N. (1982) 
Tcmhrdroa Lnters 23.2041. 

Jurd, L.. Benson, M. antI Won, R. Y. (1983) Aut. 1. Chm. 
3& 759. 
Wat~P.G.(1986)inA~Ckmlcd~BidqpirPl 
Pcrspecrbes (Pdktia. S. W, cd.) Vol. 4. John Wii and 
Sons, New York (in pccss) 
Watmmn,P.G.mdKWi&S.A. (1981)Biorkm.Sysr.&col. 
9, 4s. 
Fii F. and Waterman, P. G. (l973)Taxoe 22, 177. 
Waterman, P. G. (1983) in Chemistry ad Chmkal 
Taxommy o/ rhr Rutaks (Wrtcman. P. G. and Gtundon, 
M. F, cds) p, 377. Aaclank Rcss, Lundon. 
Hutchtnson,J.and Dalzkl. 1. M. (l954)Fbro~~stFropicel 
A@ica. 2nd ain. Vol. I. p. 34. Crown Agents, London. 
Lcbocuf. M.. Cwt. A.. Bbaumik, P. K., Mukbqcc. B. md 
Mukhcrja, R. (1982) P~ytockmirrry 21.2783. 
Hasan,C. M., He&y, T. M., Watcmm. P. G. and sctrwalbc. 
C. H. (1982) 1. Ckm Sac. Ptrkm. Trans. I, 2807. 
W~tcrman. P. G. and Poomkahm, K. (1979) P&ma Med. 37, 
247. 

40 

41 

42 

43. 

44. 

45. 

46 

47. 

48. 

49. 

50. 

Sl. 

52. 

s3. 

54. 
55. 

56 

57. 

Cavt. A, Letmet& M. and Watamm, P. G. (1986) in 
A&u&ddx Chemical ad BMspicpl f’eqtctiws (pdlctia. 
S. W, d.) VoL 5. John W&y and !Zons, New York (in pm& 
W8tamm.P.G.(1989inA~:CknirolalBbbgkal 
Pmpccficu (Pclkticr. S. W.. al.) VoL 3. p.91. John Wiky 
and Sow New York. 
Watcnnm P. G. and Mum 1. (19fU) Chtm C-. 
1280. 
Mubunmd I. and Waterman, P. G. ( 1985) 1. Nor. Pd. a 

328. 
Meek, M., Schwalbc, C. H.. Wwraun, P. G. and 
Muhunam4 1. (1986) Acta Crystdqr. Ser. R (in pr& 
Muhmmad, i.. Weman. P. G. and m D. W. (1986) 
Firotcmpia (in press). 
Achdmch, H, Rcnnm. C. and Ad&e-M& 1. (19S4) 
Hmrocycks 22.2501. 

Mebmaud, 1. (1984) Ph.D. Thesis, Univcrstty of 
swathclyde. 
Ham, C. M.. He&y. T. M. and Waterman P. G. (1982) 
P&mdmdstry 21, 1365. 
Hasan, C. M, He&y, T. M. and Wataman. P. G. (1982) 
Phyrahmiswy 21. 177. 
m C. M, He&y, T. M. and Watctumn, P. G. (1982) 
Phyrodwmistry 21.2 134. 
Hasan, C. M, He&y. T. M. and Watermat%, P. G. (1985) 
Phytor~ry 24 I92 
Faulkner. D. M.. L&by. V. and Waterman, P. G. (1985) 
Pbua Med. (in press). 
Watumm, P. G. and Muhuntmd. I. (1984) Phytorhmimy 

23.2077. 

Pankhpol K. and Watcmmn, P. G. (1978) Phytorhdstry 

17. 1363. 
Watmmn. P. G. and Panichpol, K. (1979) P&nta Med. 3!5, 

366. 

26. 

27. 

58 

s9 

60 

28 

29. 
30. 

31. 

32. 

33. 

34. 

61 

62 

63 

64 

65 

66 

67 

Watcnum, P. G. (1976) P~pochmistry 15, 347. 
Panichpol, K.. Wai& R. D. and Waterman, P. G. (1976) J. 
Pharm Pluwcd. 28 71P. 
M&mad. I., Wmman. P. G. and Thomas. D. W. (1985) 
1. Nat. Pd. (in prtsst 

Willis,J.C.(1973)ADkrio1~y~FIOVCTi)lOP&ntsudFmi 
(revisal by H. K. Airy Shawl 8th aln. Gmbridp Univarity 
Pm& mbidp 
SultanLwm, M. U. S. (1980) Terrohcdron Jr, 1465. 
Watcmmn. P. G. and Husain. R. A. (1982) Phytdmdry 

21.2099. 
Ddk Mona&e. G, Dclk Mona&e, F.. Watcmnn. P. G., 
Crichton. E G. and Alva & Lam R. (1984) Phytdmistry 

23, 1757. 

Watcnmn. P. G. and Crichton, E G. ( 1980) Phytahmistry 

19. 2723 
Wmnnan. P. G. and Cnchton, E. G. (1980) Plmua Med. 10. 

351. 
Ampofo. S. A. and Wwnnan. P. G. (1985) Phpahmfstry 

* 2925. 

Watmnm. P. G. ad Hussatn. R. A. (1983) Biakm Syw. 
Ecd. 11.21. 
Husuin, R. A., Gwcgby. A. G, Puimoo. P. and Watennm. 
P. G. (1982) Ptuuo Md. 4% 78. 
Crichton. E. G. and Waterman. P. G. (1979) Phyrochewustry 

la 1553. 
Jackson+ B., Locksky. H. D, Scheinamn. F. md 



A phytochmisl in tbc Akicm mio brat 17 

Wob~cnhol~~~, W. A. (1971) 1. Ckm Sa. C 3791. 
68. wmzrmal& P. G. and cridlton. E G. (198x)) Phyzakmisuy 

19, 1187. 
69. Hws& R. A. md Wmnmn, P. G. (1982) Phyfahrmiury 

21. 1393. 
70. Cnchton, E. G. and Watcrmur, P. G. (1978) Phytakmisfry 

17. 1783. 
71. Sctwdbc, C. H. d Watmmn, P. G. (1983) Aao 

crysrallqr. 3K. 499. 
72. White. F. (1978) Bull. Id. Ear. Nor. Be/g. 46, 245. 
73. Zbone S.-M.. Wernun. P. G. and JelTrcys, J. A. D. (1984) 

Phytahmistry 23, 1067. 
74. Jdkys. 1. A. D., Z&at& M. md W~temmn. P. G. (1983) 

Phpaknirrry 22, 183L 
75. Z&&n, M.. JdTrqq 1. A. D.. Weromn, P. G. md Zhong, 

S.-M. (1984) Phyfakncisfry 23.1481. 
76. JcfTrqx, J. A. D, Z&&B, M, W~~crmm P. G. d Zbory. 

S.-M. (1983) Tcrrakdmn L*fers U, IoB5. 
77. W~tcrmur,P.G.,ZbongS.-M..Jdfrryr,J.AD.md~ 

M. (1985) J. Ckm. Res. (S) in 
78. Jud. L. (1980) Au. J. Chcm 33. 1603. 
79. W~~cnmn. P. G. md &Key. D. (1986) Erosysmu 4 rk 

Ubrld(~D.W,ed)VoLl4REluvia.Thc~(in 

P=@ 
80. Janzen. D. H. and Wmmmn. P. G. (1984) Bid. 1. Lim Sa. 

21.439 


