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The phytochemical information on Millettia dura Dunn, M. ferruginea (Hochst.) Baker and M. ferruginea subsp.
darassana (Cufod.) J.B. Gillett was reviewed. All the three taxa elaborate mainly isoflavones (33 reported),
occurring in the flowers, seeds/seed pods, stem bark and root bark. Out of the 33 isoflavones reported, some 19
(ca. 58%) contain prenyl at C-8 or its modification as 2,2-dimethylchromene ring at C-7/C-8, occurring in all the
three taxa. Except for three isoflavones isolated from M. ferruginea subsp. darassana, all the isoflavones of these
taxa are 5-deoxygenated. In these taxa, oxygenation at C-6 is a common feature, while isoflavones with C-8

oxygenation are rare, only three reported, and all of these from M. dura. There are 7 rotenoids reported from
these taxa, and occur almost entirely in the seeds/seedpods of these plants. The major rotenoid with methyle-
nedioxy group at C-2/C-3, millettone and its 12a-hydroxy derivative, millettosine, occur only in M. dura, this
appears to distinguish M. dura from M. ferruginea.

1. Introduction

The genus Millettia Wight & Arn. belongs to the family of
Leguminosae (Fabaceae) and subfamily Papilionoideae (Faboideae) (
Ren et al., 2016; Deyou et al., 2015, 2017). This subfamily is char-
acterised by the presence of papilinoid flowers, and has five hundred
genera comprising of 14,000 species worldwide (Azani et al., 2017).
The genus Millettia has about 260 species widely distributed over the
tropical regions of Africa, Australia, Asia (Banzouzi et al., 2008; Dagne
and Bekele, 1990; Chatsumpun et al., 2010; Havyarimana et al., 2012;
Kamto et al., 2012; Zhi et al., 2013) and America (Kamto et al., 2012;
Ren et al., 2016). Among these, 139 Millettia species are reported to be
endemic to Africa (Banzouzi et al., 2008; Deyou et al., 2015). Plants of
this genus are either trees (49%), climbers/lianas (38%) (Ngandeu
et al., 2008) or shrubs (13%) (Deyou et al., 2017).

There are six Millettia species in Kenya namely; M. dura, M. la-
siantha, M. leucantha, M. oblata subsp. teitensis, M. tanaensis, and M.
usaramensis subsp. usaramensis (Beentje, 1994). Among these, M. dura is
ecologically versatile and distributed naturally in moist forests in K1
and K4 regions of Kenya, extending to Tanzania and Uganda. It is often
confused with the morphologically related taxon, Millettia ferruginea
(Hochst.) Baker which is endemic to Ethiopia (Gillet et al., 1971; Hu
et al., 2000; Dagne et al., 1991). The only difference between the two
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species is that, M. dura has narrower pods, longer and more spreading
indumentum of its calyx and pedicel as well as absence of a cylindrical
disc, observed in M. ferruginea (Gillet et al., 1971). M. ferruginea has an
infraspecific taxon M. ferruginea subsp. darassana (The Plant List, 2013).
The former is distributed in central and northern Ethiopia, while the
latter is restricted to southern Ethiopia (Negash, 2010; Dagne et al.,
1989). Both M. dura and M. ferruginea elaborate rotenoids with in-
secticidal activity (Yenesew et al., 2003a, b), and isoflavones with an-
ticancer activity (Buyinza et al., 2019; Wang et al., 2020).

The chemotaxonomic value of flavonoids for some taxa in the family
Leguminosae (Fabaceae) has been reported (Lima et al., 2017; Gomes
et al., 1981). On the basis of the reported taxonomic confusion between
M. dura and M. ferruginea, Dagne et al. (1991) compared the flavonoids
and isoflavonoids isolated from these taxa and suggested that they were
chemically distinct; M. dura elaborates C-8 oxygenated isoflavones,
while M. ferruginea elaborates C-5 oxygenated isoflavones. Since this
chemotaxonomic suggestion, several flavonoids and isoflavonoids have
been described from these Millettia species. In view of this, the phyto-
chemical information on M. dura, M. ferruginea and M. ferruginea subsp.
darassana is reviewed, and also, the chemotaxonomic values of the
flavonoids and isoflavonoids from these taxa are herein revisited. This
review is based on phytochemical research done using organic solvent
extracts of various plant parts (about 1 kg of each plant material) of M.
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Fig. 1. Structures of chalcones, flavonols and flavanones from M. dura and M. ferruginea.

dura (Buyinza et al., 2019; Derese et al., 2003; Marco et al., 2017; Ollis
et al., 1967; Yenesew et al., 1996, 1997), Millettia ferruginea (Deyou and
Jang, 2018), and M. ferruginea subsp. darassana (Dagne et al., 1989;
Dagne and Bekele, 1990; Dagne et al., 1990).

2. The flavonoids and isoflavonoids of Millettia dura and M.
ferruginea

The compounds isolated from M. dura, M. ferruginea and M. ferru-
ginea subsp. darassana are presented in Table 1. From these taxa,
chalcones, a flavanone and a flavonol (Fig. 1), isoflavones (Fig. 2),
rotenoids and pterocarpanoids (Fig. 3) have been reported. The pre-
sence of these compounds in other Millettia species has also been in-
cluded in Table 1.

2.1. Chalcones, Flavonols and Flavanones

From the three taxa, a total of five chalcones (1-5) have been re-
ported (Table 1; Fig. 1). Whereas compounds 2 and 3 isolated from M.
dura are simple chalcones which appear to be precursors to several
flavonoids of these taxa, compounds 4 and 5 are C-prenylated. Com-
pound 1 is geranylated and has been reported from M. ferruginea subsp.
darassana (Dagne et al., 1989), its occurrence in M. usaramensis subsp.
usaramensis (Yenesew et al., 1998) has also been reported. Four of the
five chalcones have been reported from M. dura. A flavonol (6) isolated
from the flowers of M. dura (Buyinza et al., 2019) and a flavanone (7)
from the stem bark of M. ferruginea (Dagne et al., 1989) represent
simple flavonoids which occur widely in different genera of the family
Leguminosae, and have little chemotaxonomic value.

R; R, R; R4 Rs R¢ R; R; R, R; R4 Rs R¢ R, Rg Ry
8 H H OMe H OMe OMe H 11 H OH OMe Prenyl H OMe OMe H H
9 H H H H OMe H H 12 H H OMe H H OCH,O OMe H
10 H H H OCH,O H H 13 H H OMe H H OCH,O H OMe
15 H OMe H OMe OMe H H 14 H H OH OMe H H OMe OMe H
17 H OMe H OCH,O H H 16 H H OMe H H H O-Prenyl H H
19 H H OMe OCH,0 OMe H 18 H OMe OMe Prenyl H OCH,0 H H
23 H OMe H OCH,0O H OMe 20 H H OH H H H OMe H H
24 H H H H O-Prenyl H H 21 H H O-Geranyl H H H OMe H H
25 H H H OCH,O OMe H 22 OMe OMe OH H H OCH,O H H
26 H H H OCH,O H OMe 27 H H O-Prenyl H H OCH,O H H
32 OMe OMe H OCH,O H H 28 H H OCH,O H OMe OMe H H
33 H OMe H H OMe H H 29 H H OH H H OCH,O OMe H
30 H H OCH,O H H OMe H H
31 H H O-Prenyl H H H OMe H H
34 H OMe OMe H H OCH,O OMe H
35 H H OH H H H O-Prenyl H H
36 OMe OMe OH Prenyl H OCH,0 H H
37 H H OMe Prenyl OMe H OMe OMe H
38 H OMe OH Prenyl H OMe OMe H H
39 H OMe OH Prenyl H OCH,0 H H
40 H H OH Prenyl OMe OCH,0 OMe H

Fig. 2. Structures of isoflavones from M. dura and M. ferruginea.
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Fig. 3. Structures of rotenoids and pterocarpanoids from M. dura and M. ferruginea.

2.2. Isoflavones

A total of 33 isoflavones (Fig. 2) have so far been reported from M.
dura, M. ferruginea; and M. ferruginea subsp. darassana; among these 19
contain a C-prenyl group at C-8, or its modification into a 2,2-dim-
thylchromene ring involving the hydroxy group at C-7. Such com-
pounds occur in all the three taxa (Table 1). C-prenylation has not been
observed at any other position other than C-8. There are 5 examples of
O-prenylated isoflavones (16, 24, 27, 31 and 35), at either C-7 or C-4’
occurring in M. dura, and among these, only compound 35 was reported
from M. ferruginea subsp. darassana. There is only one example of O-
geranylated isoflavones (compound 21), reported from M. ferruginea
subsp. darassana (Table 1). The rest of the 14 isoflavones are simpler
isoflavones substituted with methoxy and/or methylenedioxy groups.
There are 9 isoflavones (Table 1) with a free hydroxy group. Except for
6-demethyldurallone (11) where the free hydroxy group is at C-6, the
free hydroxy group in the other isoflavones of these taxa is at C-7. These
isoflavones, upon methylation or cyclization involving the adjacent
prenyl group, produce the corresponding alkylated isoflavones which
co-occur in these plants.

Except for three isoflavones (22, 32 and 36) occurring only in M.
ferruginea subsp. darassana, all the other isoflavones reported are 5-
deoxy derivatives. This indicates that they are likely to have been de-
rived from the chalcone isoliquiritigenin, through the flavanone li-
quiritigenin mediated by the enzyme CHI (Andrej et al., 2004). In ring
A, in addition to the biogenetically expected oxygenation at C-7, oxy-
genation has been observed at C-6 in 12 of these isoflavones (Table 1,
11, 15, 17, 18, 22, 23, 32-34, 36, 38 and 39). Out of these, 7 com-
pounds (11, 15, 17, 23, 33, 34 and 38) were reported from M. dura, 6
compounds (17, 22, 23, 32, 36 and 39) from M. ferruginea subsp.
darassana, and 3 compounds (17, 18 and 32) from M. ferruginea.
Among the C-6 oxygenated isoflavones, only compound 17 is shared
among these three taxa. On the other hand, oxygenation at C-8 is rare
but has been observed in three isoflavones (14, 28 and 30), all isolated
from M. dura.

A methylenedioxy group in ring A has been reported for compounds
28 and 30 isolated from M. dura. However, this is a more common
feature in ring B as found in 16 isoflavones (10, 12, 13, 17-19, 22, 23,
25-27, 29, 30, 32, 36, 39 and 40). In ring B, in addition to the bio-
genetically expected oxygenation at C-4’, oxygenation has been ob-
served at C-2’ or C-6’ in 7 isoflavones (8, 13, 19, 23, 26, 37 and 40).
The more preferred additional oxygenation in ring B is at C-3’ or C-5,
with 24 isoflavones (Table 1) oxygenated at one of these two positions.
Among these, 6 compounds (12, 19, 25, 29, 34 and 40) are oxygenated

at both C-3’ and C-5’, a feature more common in M. dura, having 5
compounds (12, 19, 25, 29 and 34) than in M. ferruginea subsp. dar-
assana (one isoflavone, 19) and M. ferruginea (two isoflavones, 19 and
25).

2.3. Rotenoids

A total of seven rotenoids have been reported from M. dura and the
two taxa of M. ferruginea, all of which having a pyran (41, 42, 44, 45
and 47) or furan (43 and 46) rings attached to ring D, at C-8/C-9. Two
of these (44, and 45) have a methylenedioxy group between C-2 and C-
3 in ring A, while the rest have two methoxy groups at these positions.
All the reported rotenoids are C-11 deoxygenated and only 42 is a
6a,12a-dehydrorotenoid. It is only tephrosin (47) which has been re-
ported across the three taxa, while 41 and 46 are shared between M.
dura and M. ferruginea yet compound 43 is shared between M. dura and
M. ferruginea subsp. darassana. The occurrence of compounds 44 and 45
has only been reported from M. dura, and appears to distinguish this
taxon from M. ferruginea. The B/C ring junction in all these rotenoids
and 12a-hydroxyrotenoids is cis-oriented having the same absolute
configuration with (6aS,12aS) designation for the rotenoids (41, 44,
and 46), and (6aR,12aR) designation for the 12a-hydroxyrotenoids (43,
45 and 47) as determined by ORD (Ollis et al., 1967). Of the two
pterocarpans reported, flemichapparin B (48) is shared between M.
dura and M. ferruginea subsp. darassana, while 3-O-prenylmaackianin
(49) has only been reported from M. dura.

3. Chemotaxonomic significance of flavonoids and isoflavonoids

Whereas, the occurrence of several isoflavones and rotenoids in M.
dura and M. ferruginea supports the morphological similarities of these
taxa, there appears to be some differences which may be useful to
distinguish these taxa. C-6 oxygenated isoflavones are common in all
the three taxa; on the other hand, C-8 oxygenation (compounds 14, 28
and 30) has only been observed in M. dura. The O-prenylated isoflavone
isoerythrine A 4’-(3-methylbut-2-enyl) ether (24), the isoflavones 6-
demethyldurallone (11), durallone (15), durlettone (16) have only
been reported from M. dura. The rotenoids millettone (44) and mill-
ettosine (45) with methylenedioxy group at C-2/C-3, appear to de-
lineate M. dura from the two taxa of M. ferruginea. The C-5 oxygenated
isoflavones; 7-hydroxy-5,6-dimethoxy-3’,4’-methylenedioxyisoflavone
(22), 5-methoxydurmillone (32) and pre-5-methoxydurmillone (36)
from the two taxa of M. ferruginea, have not been reported from M.
dura. The geranylated chalcone 4’-O-geranylisoliquiritigenin (1) and
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the isoflavone 4’-O-geranylformononetin (21) have been isolated from
the root bark of M. ferruginea, subsp. darassana. These compounds have
not been reported from the roots of M. dura, however, the chemo-
taxonomic values of these compounds could not be fully appreciated
since phytochemical information is not available on the roots M. fer-

ruginea.
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