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Abstract-The flavonoids in Dicranoloma robustum are predominantly biflavones of the rare biluteolin type. The 
unique biflavones, 2’6”-biluteolin (dicranolomin), 2,3-dihydro-2’6”-biluteolin (2,3-dihydrodicranolomin) and 2”,3”- 
dihydro-5’,6”-biluteolin are reported for the first time and were characterized together with the known 5’,8”-and 5’,6”- 
biluteohns. A microscale dehydrogenation method is described for the quantitative conversion of dihydro-biluteolins 
to biluteolins. 

lNTRODUCTION 
In comparison with other plant groups, only very limited 
data are available on the flavonoids of mosses [ 11. Most 
data relate to the order Bryales and in particular, sub- 
order Bryineae sensu Vitt. (= Eubryales or ‘true 
mosses’). Species within the suborder Dicranineae have 
been the subject of several investigations by Swedish 
workers who have reported the isolation from Dicranum 
scoparium of the 7-O-(2’4’‘-O-dirhamnosyl)glucosides of 
apigenin and diosmetin [2,3], the 7-0-rhamnoglucoside 
of luteolin [4] and 5’,8”-biluteolin (l), [S]. The only other 
report of flavonoids in this suborder relates to the finding 
of luteolin in the sporophytes of Ceratodon purpureus [6]. 

The first isolation of a biflavone from a moss in 1974 
has recently been followed by one further report [7] in 
which 5’,3”-dihydroxyrobustaflavone (5’6”-biluteolin, 2) 
and 1 are identified as components of Hylocomium splen- 
dens (Hypnineae : Hylocomiaceae). Recently published 
work [8] on Bryum capillare (Bryineae : Bryaceae) has 
established the presence of ‘heterobryoflavone’ (orobol 
linked S-8” to luteolin) and bryoflavone (orobol linked 
5’6” to luteolin) in this moss. Both mosses are in the 
order Bryales, which remains the only reported natural 
source of biluteolins. 

A chemotaxonomic study of New Zealand Dicranol- 
oma (Dicranineae : Dicranaceae) species has revealed that 
the major flavonoids in this genus are biflavonoids. The 
present paper describes the’ isolation and structure elu- 
cidation of a number of these biflavonoids, some of which 
are unique. 

DISCUSSION 

A ZD-PC survey of a large number of Dicranoloma 
species revealed that the predominant flavonoids in this 
genus are aglycones. The aglycones in D. robustum were 
isolated by DCCC followed by lD-PC separation of 
individual components. Pure flavonoids were prepared 
for further study by HPLC. Seven aglycones were iso- 

lated, DR4, 4a, 5, 5a, 6, 7 and 8, some in milligram 
quantities (e.g. DR5) and others in only trace amounts 
(DR8). 

The absorption spectra of DR4, 4a, 5, 7 and 8 all 
closely approximate to those of luteolin while those of 
DR6 and DRSa approximate to a superimposition of the 
spectra of luteolin and dihydroluteolin (eriodictyol, see 
Table 1). All compounds exhibited luteolin-like charac- 
teristics on chromatograms in that all appeared as dark 
UV-absorbing spots which turned the typical fluorescent, 
yellow-orange with NA spray reagent. 

The FABMS of DR6 gave an (M + H)+ of 573 consist- 
ent with the dihydro-biluteolin structure suggested by the 
absorption spectra. The ‘H NMR spectrum confirmed 
this (Table 2), a dihydroflavone moiety being evidenced 
by the characteristic [9] H-2 double doublet centred at 
4.97 ppm and by the relatively high field H-6 and 8 
signals [lo]. Signals characteristic of luteolin but lacking 
an H-6 resonance are also present. The interflavonoid 
linkage must therefore bridge H-6 of the luteolin moiety 
with the B-ring of eriodictyol. Two ortho-coupled doub- 
lets at 6.96 and 6.84 ppm represent the B-ring protons in 
the eriodictyol moiety, and as such require that the 
interflavonoid linkage be 2’,6”. DR6 on this basis is 
assigned the structure, 2,3-dihydro-2’6”-biluteolin (3). 

DR7, a biluteohn from the absorption spectral data, 
gave an ‘H NMR spectrum with some similarities to that 
of DR6. It contained essentially the same proton re- 
sonances for the C-6 substituted luteolin moiety as did 
DR6, and while the spectrum of the other half of the 
molecule resembled that of luteolin rather than erio- 
dictyol, the B-ring protons were again represented by a 
pair of ortho-coupled doublets. DR7 is, therefore, con- 
sidered to be the dehydro-equivalent of DR6, 2’,6”- 
biluteolin (4). 

Dehydrogenation of DR6 to DR7 confirmed this re- 
lationship. Attempts to carry out this conversion using 
the technique of Fatma et al. Cl11 involving 
DMSO-iodine-sulphuric acid failed due to excessive 
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18 precolumn. With most components l-3 mg were purified 
using a programmed mix of MeOH (A) and 3% HCO,H (B) 
beginning with 35% A and changing linearly to 80%A over a 
period of 25 min. The detector was set at 356 nm. Absorption 
spectra (Table 1, conditions, reagents etc. as in ref. [9]), 
‘HNMR spectra (Table 2; Varian XL-200, DMSO-d,, room 
temp. and MS (VG ZAB 2HF mass spectrometer, FAB probe, 
Ar gas, glycerol sample matrix) were all measured on HPLC 
purified material. 

cellulose, polyamide-see section on chromatography) revealed, 
after spraying, low level amounts of a product which cochroma- 
tographed with DR5. Most of the DR4 remained unchanged. 
Using the above technique, amentoflavone was converted sub- 
stantially to robustaflavone in 1.5 hr. This Period of reaction 
with DR4 led to extensive degradation. 

Chromatographic comparisons. Spray reagent: 2% tetraphen- 
yl-diboroxide ethanolamine complex (K and K) in MeOH (NA). 
Approximate relative R, values on TLC (Schleicher and Schull 
F1440 cellulose, 20 cm) using 60% HOAc: DR4a 0.41, DR4 0.53, 
DR5a 0.60, DR5 0.66, DR7 0.73, DR6 0.83, DR8 ca 0.8. Routine 
cochromatography was carried out using this system (ID and 
2D) and using polyamide (Bakerflex 6-F) TLC, solvent; 
MeOH-HOAc-H,O (18: 1: 1) and multiple runs. Co-chromato- 
graphy of DR4 with HS6 involved the use of polyamide 
(EtOAc-MeCOEt-HCO,H-H,O, 5: 3: 1: l), cellulose (40% 
HOAc) and silica (tolueneeHCO,Et-H,O, 5:4: 1). Approximate 
relative HPLC retention times (conditions as above)R;: DR4a 
11.8, DR4 and 5 16.5, DR5a 14.4, DR6 12.5, DR7 and 8 10.1, 
5’8”-biluteolin ex Hylocomium and synthesis 16.5, 5’,6”- 
biluteolin ex Hylocomium 16.5. Special conditions (i) for the 
separation of DR6 into two components: initial ratio of 
MeOH-3% HCO,H 9 : 11 programmed to reach 11: 9 in 20 min 
via a linear gradient; (ii) to separate DR4 and 5:initial ratio of 
10% aqueous MeOH-3% HCO,H 30:70 programmed to reach 
17: 3 in 25 min via a linear gradient, R;: DR4 21.8, DR5 22.3. 
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