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Abstract—Thirteen species of Erythroxylum from Brazil were studied for their flavonoids. All exhibit profiles based
upon flavonol glycosides. Predominant flavonols are kaempferol, quercetin and 7,4'-dimethylquercetin. O-Methylated
chalcones and flavanones were identified in E. cf. loefgrenii. This represents the first report of chalcones from the genus.
Variation was observed in the number of compounds present in the profiles, the nature of the flavanols present, and in
the degree of glycosylation of the flavonols. In the case of E. vacciniifolium three distinct flavonoid profiles were seen in

specimens from different regions of Brazil.

INTRODUCTION

Erythroxylum P. Browne is a genus of more than 200
species [1] of shrubs and small trees that occurs widely
throughout tropical and subtropical regions. The largest

_number of species is found in the New World, but the
genus is well represented in Africa, southeast Asia and
Melanesia. Three species are also known in the Australian
flora. Most attention in the genus has been focused on E.
coca and related taxa which have been cultivated for
thousands of years {2]. While most attention has been
directed toward the chemical [3], pharmacological [4-6],
and ethnobotanical [2] features of the cultivated taxa,
studies have recently been undertaken with a view toward
applying chemical data to arrive at a better understanding
of relationships within the genus as a whole. It is the
purpose of this paper to illustrate the variety of flavonoid
patterns that one can expect in the genus. We describe the
flavonoid chemistry of 13 species previously not reported
in the literature.

RESULTS AND DISCUSSION

Despite its size and widespread distribution in the
tropics of both hemispheres, Erythroxylum has received
comparatively little attention. Interest in the cocatne-
bearing taxa is a notable exception. Reports of flavonoids
in members of the genus have been few and for the most
part, at least until recently, incomplete. Extensive collec-
tions in South America coupled with the availability of
material from other parts of its range have allowed us to
undertake a systematic survey of Erythroxylum for flavon-
oids.

The chemotaxonomy of the Erythroxylaceae has been
reviewed by Hegnauer [7, 8] and does not need to be
repeated in any detail here. Published reports of flavo-
noids from Erythroxylum, however, have been summar-
ized in Table 1. Hegnauer [8] concluded, on the basis of
the few reports available to him, that the prominant
flavonoid compounds in the family were flavonols. The
results obtained in the current study, which are presented
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in Table 2, along with published information, support his
conclusion. Table 3 summarizes the occurrence of agly-
cones and glycosylation types that have so far been found
in the genus (including the present work). Kaempferol
accumulates in 15 of the 19 species for which relevant data
are available. Quercetin accumulates in 17, ombuin (7,4'-
dimethylquercetin) in 16, and myricetin in only one. Other
flavonoid types occur much less commonly: dihydroflavo-
nols were observed in only two species, dihydrokaemp-
ferol in E. squamatum (present study), and dihydroquerce-
tin in a specimen of E. ulei grown under cultivation [9].
Several changes in the flavonoid profile of E. ulei grown
under cultivation were observed in that study as well.

Flavanones were observed in one of the species ex-
amined in the present study. We identified 7-meth-
ylnaringenin and 7,4'-dimethylnaringenin 5-glucoside
from E. cf. loefgrenii. Tt is interesting to note that the
substitution pattern of the second compound, including
the positioning of its two methyl groups, corresponds to
the arrangement of substituents in ombuin. 7-Meth-
ylnaringenin was observed only as the aglycone which
suggests that it might have been formed as an artifact from
the corresponding chalcone, 2'4,6'-trihydroxy-4'-
methoxychalcone 2'-0-glucoside, which was also isolated
from E. cf. loefgrenii. A second chalcone, 2,3,4,6'-
tetrahydroxy-4’-methoxychalcone 2’-O-glucoside, was
also isolated from this taxon and identified during the
course of this study.

In a recent study of E. novagranatense, Bonefeld et al.
[10] reported the isolation and characterization of (+)-
catechin 3-rhamnoside. This is the first tannin to be
described in detail from a member of the genus although
the presence of tannins in these plants was recognized by
Bate-Smith [11] who observed procyanidins in E. coca
and by Bezanger-Beauquesne et al. [12] who showed that
E. laurifolium has high concentrations of tannin in the
bark (ca 10%) and in the leaves (7-11%). Although no
structural studies were reported, these workers [12]
stated that the compounds were condensed tannins and
that they were accompanied by flavan-3-ols and flavan-
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Table 1. Summary of published reports of flavonoids in Erythroxylum presented in
chronological order

Taxon Compound (s) Reference
E. monogynum Roxb, ‘flavonoids’ [19]
E. capitatum Baker [20]
E. corymbosum Boivin J [20]
E. ferrugineum Cav. " [20]
E. sphaeranthum H. Perr. ° [20]
E. xerophilum H. Perr. " [20]
E. coca Lam. Km, Qu [11]
E. coca Lam. Rutin, Qu 3 Gle¢ [21]
E. laurifolium Lam. Rutin, Qu 3-Rha [12]1
E. rufum Cav. and E. ulei Km, Quand Om mono-, and
O. E. Schulz diglycosides, naringenin,
DHQu, My [91
E. coca Lam. var. coca and Km and Qu mono- and di-
var, ipadu glycosides (not rutinosides) 19}
E. novogranatense (Morris) Hieron.  Km, Qu and Om mono-gly-
var. rovograndatense cosides and rutinosides 9]
E. novogranatense var. truxillense Km, Qu and Om mono-gly-
{Rusby) Plowman cosides and rutinosides 9]
E. argentinum O. E. Schulz Qu, Om glycosides [14]

E. novogranatense Hicron, {+ )-catechin Rha [10]

Madagascar species- -no structures reported.
Km = kaempferol, Qu = quercetin, Om = ombuin, My = myricetin, DHQu = dihydro-
quercetin, Gle = glucoside. Rha = rhamnoside.

Table 2. The distribution of flavonoids in 13 Brazilian Erythroxylum species

Number of

Flavonol Glycosides flavonoids present
Taxon ABCDEFGHIJKLMNOPORSTU
E. barbatum + + + + + + 6
E. campestre + + o+ + o+ 4+ o+ 7
E. cuspidifolium + + 2
E. daphnites + + 4 + 4
E. engleri L o4+ 4+ 3
E. cf. loefgrenii + + + + PRI 11+
E. pruinosum + + + + + + + + I
E. squamatum + + + + 5%
E. suberosum 9366 + + + + + + + + 9
E. suberosum 9927 + + + + o+ 5
E. subracemosum + + + + + 5
E. subrotundum + |
E. tenue + + + + + 5
E. vacciniifolium 9985 + + + + + + + + 8
E. vacciniifolium 10131 + + 4+ + + + + + + o+ o+ I
E. vacciniifolium 12717 + + + + PR 6

* A = kaempferol 3-glucoside, B = kaempferol 3-galactoside, C = kaempferol 3-rhamnoside, D = kaempferol 3-arabinoside, E
=kaempferol 3-xyloside, F = quercetin 3-glucoside, G = quercetin 3-galactoside. H = quercetin 3-rhamnoside, I = quercetin 3-
arabinoside., J = quercetin 3-xyloside, K = kaempferol 3-rutinoside, L = quercetin 3-rutinoside. M = ombuin 3-rutinoside. N
= kaempferol 3-glucosylxyloside, O = quercetin 3-glucosylxyloside. P = quercetin 3-glucosyl arabinoside, Q = kacmpferol 3-
glucoside-7-rhamnoside, R = kaemplerol 3-arabinoside-7-rhamnoside, S = quercetin 3-rhamnoside-7-glucoside. T = quercetin 3.7-
dirhamnoside, U = quercetin 3-glucosylglucoside.

t Includes chalcones and flavanones, see text.

Includes a dihydroflavonol. see text.
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Table 3. Occurrence of aglycones and glycosylation types in Erythroxylum including
published and present work

Taxon [Ref.]t

K

Flavonoid *
QMOHCFM

v}

E. argentinum [14]

E. barbatum

E. campestre

E. coca var. coca [3]
E. coca var. ipadu [3]
E. cuspidifolium

E. daphnites

E. engleri

E. laurifolium [12]

E. cf. loefyrenii

E. nov~granatense var. novo. [3]
E. novo. var. truxillense. [ 3]
E. pruinosum

E. rufum [9]

E. squamatum

E. suberosum

E. subracemosum

E. subrotundum

E. tenue

E. ulei [9]

E. vacciniifolium 9985
E. vaccinifolium 10131
E. vacciniifolium 12717

+

4+ ++ o+
R R s

++ 4+ 4+ o+

+ o+
+ o+ o+ o+

o+
R S
+ 4+t

+§
+§

YA+t
e
O O S S T I N S SR TG

+ 4+ + + +

+ 4+ o+ + 4

+
+
+ + +

*K = kaempferol, Q = quercetin, M = myricetin, O = ombuin, H = dihydroflavonol, C
=chalcone, F = flavanone, M = monoglycoside, D = diglycoside, T = triglycoside, 35

= 3,5-glycosylation, 37 = 3,7-glycosylation.

tReference to published data; others are from present work.
1 This is a 3-diglycoside-5-monoglycoside.

§This is a 3-triglycoside.

3.4-diols. Okuda et al. [13] reported the presence of 0.3%
of the elagitannin, geraniin, in E. coca leaves.

Variation in the nature of the glycosidic derivatives of
the flavonoids of the genus has also been observed. The
majority of flavonols occur as 3-O-monoglycosides with
glucosides, galactosides, arabinosides, xylosides, and
rhamnosides known, and as 3-O-diglycosides with var-
ious combinations of those sugars. Not all taxa have the
same arrangements, however. Whereas kaempferol and
quercetin occur as both mono- and diglycosides (myr-
icetin was seen only as a monoglucoside), ombuin has not
been observed so far as a monoglycoside. In all taxa
studied in the present work, ombuin was observed only as
the 3-rutinoside while in E. argentinum it was reported as
the 3-rutinoside-S-glucoside [14]). We observed traces of
what appeared to be 3-O-triglycosides in both varieties of
E. novogranatense [3] but owing to limited amounts of
material we were unable to establish the structures. An
additional glycosylation type was observed in the present
study: two coliections of E. vacciniifolium exhibited flavo-
nol 3,7-diglycosides. Erythroxylum tenue also yielded a
small amount of a 3,7-diglycoside of kaempferol but we
were able to determine only that it gave glucose and
rhamnose on hydrolysis; the positions of attachments of
the sugars were not determined.

One additional modification of glycoside structure was
seen in E. ulei in our earlier study [9]. Kaemferol,
quercetin and myricetin 3-glucosides were accompanied

in two of the wild collections studied by gallic acid
derivatives. Again, limited amounts of material precluded
detailed studies but chromatographic behaviour of these
compounds resembled that of the 6”-0-galloylglucosides
of the flavonols that we observed in Tellima grandifiora
(Saxifragaceae) [15].

There is also a considerable degree of variation with
regard to the complexity of total flavonoid profiles seen in
the speices studied. In the number of compounds present,
taxa vary from E. subrotundum, with only a single
compound, to E. vacciniifolium (10131) and E. cf. loefgrenii
both of which afforded eleven compounds. Numbers of
compounds identified from each species are recorded in
Table 2.

Most of the taxa examined in the present study had a
variety of both aglycones and glycosylation types. A few of
the taxa exhibited profiles that merit comment. Thus, E.
subrotundum appears to accumulate only ombuin rutino-
side. Erythroxylum engleri accumulates only rutinosides
but has the full complement of normali aglycones, namely,
kaempferol, quercetin and ombuin. Erythroxylum tenue is
distinguished by having kaempferol and ombuin glycosi-
des with no detectable quercetin derivatives, while E.
cuspidifolium is noteworthy in that it accumulates only
kaempferol and quercetin 3-arabinosides.

In our study of E. coca and E. novogranatense [3] we
noted that the flavonoid profiles were invariant. Three
further comparisons were available in the current study.
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Table 4. Abbreviated colfection data

E. barbatum O. E. Schultz
E. campestre St. Hil.

E. cuspidifolium Mart.

E. daphnites Mart.

E. engleri O. E. Schultz
E. cf. loefyrenii C. Diogo
E. pruinosum O. E. Schulz
E. squamatum Sw.

E. suberosum St. Hil.

E. suberosum St. Hil.

E. subracemosum Turcz,
E. subrotundum St. Hil.

E. tenue Plowman

E. vacciniifolium Mart,

E. vacciniffolium Mart.

E. vacciniifolium Mart.

Coll. No. State of Brazil

9211 Goias

9999 Dist. Federal
10114 Rio de Janeiro
8330 Goias

9960 Dist. Federal

12821, 12823 Bahia

8400 Goias

9212 Goids

9366 Maranhao
9927 Dist. Federal
9213 Bahia
12824 Bahia

12812 Bahia

9985 Dist. Federal
10131 Rio de Janeiro
12717 Ceara

All numbers are Plowman collections.
Vouchers are deposited at Field Museum and various Brazilian

herbaria.

Two collections of E. cf. loefygrenii gave qualitatively and
quantitatively identical patterns as judged by TLC com-
parisons. The two specimens of E. suberosum studied had
the same diglycosides but differed markedly in the
complexity of their monoglycoside fractions. Specimen
No. 9366 exhibited seven compounds, including the
complete array of quercetin derivatives plus two kaem-
pferol glycosides. We found only one kaempferol and two
quercetin 3-monoglycosides in No. 9927. None of the
three kaempferol 3-monoglycosides was held in common
between these two collections of E. suberosum. The most
striking example of intraspecific variation, however, was
observed within E. vacciniifolium. Three specimens of this
taxon were analysed, No. 9985, which came from swampy
sites near Brasilia, No. 10131, which came from montane
forests near Rio de Janeiro, and No. 12717, which was
collected in northeastern Brazil and represents the typical
form of the species. Reference to Table 2 shows that only
two compounds, kaempferol 3-rhamnoside and quercetin
3-glucoside, are held in common by the three. Specimen
No. 10131 does not appear to make ombuin whereas the
other two specimens do. Significant differences can be
seen in the nature of diglycoside profiles in general.
Specimen No. 9985 has the simplest diglycoside profile in
that it has only rutinosides. The typical form of E.
vacciniifolium (No. 12717) has only one rutinoside (of
ombuin) but does exhibit quercetin 3,7-diglucoside and
quercetin 3,7-dirhamnoside. The Rio de Janeiro specimen
(No. 10131) lacks 3-diglycosides altogether but does
exhibit three 3,7-diglycosides, thus at least having a
glycosylation type in common with the typical form.
These two specimens, 10131 and 12717, exhibit mutually
exclusive 3,7-diglycoside profiles. It would be of interest to
examine a larger number of collections of E. vacciniifolium
in order to judge the true extent of these flavonoid “races’.
Morphological differences between plants from these
three areas are comparatively minor. They are currently
considered as geographical or ecelogical components of
the same polymorphic species.

EXPERIMENTAL

Plant material. Abbreviated collection data, along with collec-
tion numbers and author designations for the taxa examined in
this study, are given in Table 4. Detailed collection information is
available from T. P. Voucher specimens have been deposited in
the Field Museum of Natural History and in major Brazilian
herbarta.

Analysis of flavonoids. Isolation and purification of flavonoids
was done using procedures described in detail by Wilkins and
Bohm [16]. Chromatographic systems were also described in
that paper [ 16]. Structures of flavonoids were determined using
standard methodologies [17, 18].
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