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Abstract-More than 20 5avonold aglycones were ldentfied from the frond exudate of various collections of 
P~tyrogrutntna triangulms Ten of them are novel natural products, most of the others are rare flavonolds They are 
substituted at C-8, many are C-methylated They mostly occur only as trace constituents tn var trlangularls Two 
compounds come from var UISCOSU One population of P trmgularrs var trmgularts exhibits a unique 5avonold 
pattern not encountered before m any other chemotype studied 

INTRODUCI’ION 

The conspicuous yellow coating on the under frond 
surface of the Cahfomla Goldback Fern, Pztyrogrutntna 
trranguhs (Kaulf) Maxon, was 5rst analysed by 
Blasdale [l, 23 at the turn of the century He Isolated the 
maJor constituent of this exudate, which he called ‘cero- 
ptene’ (cera = Latin for wax, ptene probably modified 
from Greek ptens, pteruios = fern) and recogmzed it as a 
benzene denvatlve It was not until half a century later 
that Nilsson [3] established the structural formula of this 
natural product as a chalcone-like substance (1) Within 
the P trumgularrs var trmnguhs group [4], plants 
producmg ceroptene represent the ‘ceroptene-type’, to 
which also the holotype of the species belongs [S] From 
the same chemotype, two further 5avonolds were re- 
ported later, namely pltyrogrammm (3,5,7-tnhydroxy-S- 
methoxy-6-C-methyl5avone) [6] and trlangularm (2’,6’,4- 
tnhydroxy-4’-methoxy-3’-C-methylchalcone) [7] (2,17) 
Dletz et al [8] reported 5,7-dlhydroxy-3-methoxy-6,8& 
C-methylflavone (14) from the ceroptene-type However, 
as Smith noted [9] a slgmficant number of minor 
components of the exudate still remained unidentified We 
have now been able to analyse and identify a senes of 
compounds from material of the P trrangulms var 
trtangulms group, derived from different populations As 
It turned out, one of the 5avones reported earlier [8] needs 
revision Also, two new 5avonols were identified from P 
trzangularts var vzscosa m addmon to the previously 
described C-methyldlhydrochalcone (3) [lo] Thus m the 
present paper we report more than 20 tlavonolds, most of 
which are new for P trmgularzs (Figs 1 and 2) Ten of 
them are novel natural products 

RESULTS 

Spectral data are presented below for the rare and novel 

lIPresent address c/o Hoechst AG, Frankfurt M-80 (Central 
Management), West Germany 

flavonotds, along with their occurrence in the different 
collections or populations 

Compound 4 was reported previously to be 5,7- 
dlhydroxy-6,8&methoxyflavone (2 in ref [8]) However, 
the spectral data had been misinterpreted, 1 e one meth- 
oxyl group had been placed at C-8 instead of C-7 and the 
second had been erroneously placed at C-6 instead of at C- 
3 Therefore, 4 1s 5,8-dlhydroxy-3,7_dlmethoxyflavone, the 
3,7-dlmethyl ether of 8-hydroxygalangm (lsognaphahn) 
Its identity was unambiguously proved by direct com- 
parison (TLC, UV) with a synthetic sample [l l] The mps 
of 4 (222-223”) and its acetate (232-234”) are m accord 
with hterature values (216-218” for the 5avone, 231-234” 
for its acetate [ 111) The mass spectral fragmentation of 4 
agreed with that of several other 5avonols with the same 
substltutlon pattern (F J Anaga, personal commum- 
cation) Further, its possible identity as I-hydroxygalan- 
gm 3,8-dlmethyl ether, I-hydroxygalangm 7,8-dlmethyl 
ether or 6-hydroxygalangm 3,6-dlmethyl ether was ex- 
cluded by direct comparison with markers The erroneous 
structure suggested for 4 m ref [8] also needs to be 
cancelled m ref [12] (p 192) 

Only a very small, non-crystalhne and impure quantity 
of compound 5 could be Isolated The [Ml+ at m/z 330 
indicated a 5avone with three hydroxyl groups and two 
methoxyl groups, as confirmed by the appropnate signals 
m the ‘H NMR spectrum The UV spectrum showed that 
there were hydroxyl groups at C-5, C-7 and C-4’, no O- 
dlhydroxyl group, no methyl or methoxyl at C-6 The 
colour behavlour on polyamide pointed to an 8-0- 
substituted compound This led to the structure of 5,7,4’- 
tnhydroxy-3,8-dlmethoxy5avone Direct comparison 
(TLC, UV) with a synthetic sample or herbacetm 3,8- 
dlmethyl ether indeed confirmed the identity of 5 with this 
product 

Compound 6 showed on polyamide TLC the same 
colour behavlour as herbacetm 8-methyl ether (dark 
orange spot under UV 366 turning yellow-brown with NA 
reagent) and the ddference m R indicated methylatlon of 
one hydroxyl group The [Mff was at m/z 330 again, 
mdlcatlve of a flavone with three hydroxyl groups and two 
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Fig 1 Structural formulae of previously known flavonotds from P~tyrogramma tnangulans 

methoxyl groups The base peak appeared at 
[M - 15]+, thusmdlcatmgamethoxylat C-8 (cf ref [12], 
p 243) The UV spectral data were also m favour of an 8- 
substituted flavone (three maxima m methanol, cf ref 
[ 123, p 241) and allowed the second methoxyl to be placed 
at C-4’ Direct comparison with an authentic sample of 
herbacetm 8,4’-dlmethyl ether [13] showed that 6 was 
identical with prudomestm 

Compound 7 formed yellow needles, but the amount 
was too small for a mp determination Again the UV and 
mass spectra suggested an 8-methoxyflavone, the [M]+ 
and ‘H NMR signals indicated the presence of a 
3-methoxyl group Evaluation of TLC behavlour and 
complete interpretation of spectral data led to the con- 
cluslon that this product must be the 3-methyl ether of 6 
and the spectral data were m accordance with those 
reported m the literature for herbacetm 3,8,4’-trimethyl 
ether [14,15] 

Compound 8 appeared on polyarmde as a dark spot 
that turned greenish-yellow with NA reagent The [Ml+ 
at m/z 284 allowed a flavone with either two hydroxyl and 
one methoxyl group or three hydroxyl and one methyl 
group Important fragments at m/z 105 and 77 pointed to 
an unsubstltuted B-ring According to the R,, the C- 
methylated product IS more likely and this assumption 
was confirmed by the presence of a methyl signal in the 
‘H NMR spectrum Since the second peak m band I 
(MeOH) pointed to C-8 substitution and the shift re- 
agents revealed free hydroxyl groups at C-3, C-5 and C-7, 
the methyl group should be placed at C-8 8 1s therefore 
3,5,7-tnhydroxy-8-methylflavone (8-C-methylgalangm) 

Compound 9 was obtained by preparative TLC on 
sdlca and punfied on Sephadex LH-20 It formed a dark 
spot that turned brown with NA The [Ml+ at m/z 298 
allowed a llavone with either one hydroxyl and two 
methoxyl groups or two hydroxyl, one methoxyl and one 
methyl group The ‘H NMR signals showed that the 
latter was true Agam the B-ring was unsubstltuted 

Further interpretation of the spectral data compared with 
the previously published structure of 14 [S] showed 9 to 
be either desmethyl-14 or 3-methyl-& 1 e its structure 1s 
5,7dlhydroxy-3-methoxy-8-methyl&one 

Compound 10 was obtained as yellow needles, mp 197” 
Its acetate had mp 187-188” 10 also showed the proper- 
ties of a flavone with two hydroxyl, one methoxyl and one 
methyl group, an unsubstltuted B-nng and C-8 substl- 
tutlon Like 8, it appeared on TLC as a dark spot that 
turned greenish-yellow with NA A “C NMR spectrum 
was run and its interpretation accordmg to refs [16-1911s 
shown m Fig 3 From all the spectral data, 10 is thus 
identified as 3,5dlhydroxy-7-methoxy-8-methylflavone 
The unambiguous structure elucldatlon of this compound 
also allowed valuable conclusions concerning the struc- 
tures of 8 and 9 

Compound 11 was isolated only m trace amount It 
appeared dull greenish-brown on polyarmde, becommg 
dark with NA and appeared reddish-brown m daylight 
The R,, mass and ‘H NMR spectra revealed that 11 was a 
flavone with three hydroxyl, one methoxyl and one methyl 
group, an unsubstltuted B-ring and a completely sub- 
stituted A-ring The posltlons of the substltuents were 
ascribed according to the spectral data and 11 was found 
to be 3,5,8-tnhydroxy-7-methoxy-6-methylflavone This 
structure 1s lsomerlc with that reported previously [6] for 
pltyrogrammm (3,5,7-tnhydroxy-8-methoxy-6-methyl- 
flavone) (2) from the same chemotype of P tr~angulur~s 
var trrangularzs Unfortunately an authentic sample of 
this flavonold was not available for direct comparrson 
The spectral data indicated, however, that both products 
were indeed different substances 

Compound 12 also showed no NA reaction m UV, but 
the same reddish colour m daylight as 11 The R, 
difference and [M]’ indicated that it was a methyl 
denvatlve of 11 The spectra mdlcated placement of the 
additional methyl group at C-3 12 1s thus 5,8dlhydroxy- 
3,7dlmethoxy-6-methylflavone 11 could not be sep- 
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4 ~13 RI= R*=H 

14 R’=Me, R’=H 

*I5 R’=H, R’=Me 

?Me 
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5 R’=Me, R*=R’=H 

6 R’ = R’=H, R3=Me 

7 R’=R”=Me.RZ=H 

~8 R’=R’=H 

*9 R’=Me, R*=H 

*lo R’ =H, R*=Me 

18a R’= Me, R*=H 
*18b R’=H, R*=Me 

*11 R=H *20 
*12 R=Me 

Fig 2 Structural formulae of the flavonolds now found m Pttyrogrammu rrmngularzs Novel compounds are 
marked with an asterisk 

arated from 4 on polyamide, whereas on s~hca they had 
clearly different R, values (4 0 26, 12 0 37, solvent D) 

Compound 13 appeared as a dark spot on TLC that 
turned dull yellow with NA The [M]’ was at m/z 298, 
hke 10, but the ‘H NMR spectrum showed that the 
substltuents were three hydroxyl and two methyl groups 
Accordmg to UV reacttons with class& shift reagents, 
there were free hydroxyl groups at C-3 and C-7 Since. 
mass spectral fragmentation showed an unsubstltuted B- 

rmg, the third hydroxyl was placed at C-5 and the two 
methyls were at C-6 and C-8, respectively 13 1s thus 3,5,7- 
tnhydroxy-6,8dlmethylflavone 

Compound 14 was reported previously (1 m ref [S]). It 
1s 5,7dlhydroxy-3-methoxy-6,8dunethylflavone 

Compound 15 showed the same colour behavlour on 
TLC as 13, but at consIderably higher R,, the difference 
suggesting methylatlon of the 7-hydroxyl group All the 
spectral data were also m favour of a 7-methyl denvatlve 
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Fig 3 Structure of 10 with 13C NMR values 

of 13 Thus 15 1s identified as 3,5-dlhydroxy-7-methoxy- 
6,8_drmethyltlavone 

Compound 16 crystalhzed from acetone as fine yellow 
needles, mp 263-264’, appeared dark on polyamide, and 
turned reddish-brown with NA The [M]’ at m/z 328 and 
the ‘H NMR signals suggested a flavone with three 
hydroxyl, one methoxyl and two methyl groups 
According to the UV-shift with sodium hydroxide, the B- 
rmg has a free hydroxyl group at C-4’ Thus both methyl 
groups must be located on rmg A The 5-hydroxyl group 
probably does not react with alummmm chloride because 
of sterlc hindrance, the shift IS caused by the 3-hydroxyl 
group The methoxyl 1s located at C-7 16 1s thus ldentlfied 
as 3,5,4’-tnhydroxy-7-methoxy-6,8-dlmethylflavone (dl- 
C-methylrhamnetm) The spectral data were similar to, 
but not identical with, those reported for the lsomerlc 
compound, 5,7,4’-tnhydroxy-3-methoxy-6,8-dlmethyl- 
flavone [20] 

Compound 17 formed deep orange-red crystals, mp 
181-183” The colour of 17 and spectral studies suggested 
it to be the recently described chalcone, triangularin [7] 
(2) Direct comparison with an authentic sample of 2’,6’- 
dlhydroxy-4’-methoxy-3’-methylchalcone corroborated 
this result Its mp was not reported previously 

When the occurrence of tnangularm was reported [7], 
the authors mentioned that they also found 5-hydroxy-7- 
methoxy-6-methylflavanone as an expected cychzation 
product of the chalcone m all then samples of tnangu- 
larm We found this flavanone too (lL, mp 78”), but we 
found it along with the correspondmg 8-methylflavanone 
(18b) They are both cychzatlon products of the same 
chalcone (theoretically from 2’,6’-dlhydroxy-4’-methoxy- 
S-methylchalcone) In fact, heating a sample of triangu- 
larm above its mp yields ii murture of both flavanones 
This corresponds to a reaction observed previously for the 
chalcone pashanone, produced by the fern Onychzum 
sdrculosum [21] In then chromatographlc behavlour the 
flavanones 18a and 18b correspond to the behavlour of 
those found m Onychlum and also parallel the behavlour 
of other ilavanone pairs (2/4 and l/3 m ref [22]) reported as 
farina constituents of Chehmthes argentea In every case 
the 6-substituted compound 1s dark and runs Just a little 
bit lower (on polyamide) than the 8-substituted com- 
pound, which appears brown 18n and 18b could be 
separated by preparative TLC on slhca gel (where the R, 
arrangement 1s inverse) and their ldentltles were cor- 
roborated by direct comparison with the methylatlon 
products (DMSO) of strobopmm (6-methyl) and crypto- 
strobm (g-methyl) [23] Thus 18a 1s S-hydroxy-7- 
methoxy-6-methylflavanone and 18b IS 5-hydroxy-7- 
methoxy-8-methylilavanone L&e Star et al [7], we also 
assume that in the natural fern exudate the chalcone 

triangularm 1s the ongmal constituent, whereas the flava- 
nones 18~ and 18b are artefacts formed durmg lsolatlon 
(cf ref [21]) 

Compound 19 showed features typical for a chalcone It 
was readily ldentdied by direct comparison with a syn- 
thetlc sample of 6’-hydroxy-2’,4’dlmethoxychalcone 
(Schlemenz, G P and Klein, E , unpublished results) 19 1s 
in fact Identical with flavokawm B, which we found as a 
trace constituent m the farma of P truzngulur~s var palluia 
P31 

Compound 20 was found to be a dlhydrochalcone In 
several respects it resembled the earlier described C- 
methylated dlhydrochalcone from P trtangularts var 
u~scosa [lo] The mass and ‘H NMR spectra indicated 
that 20 also bears a hydroxyl group on the B-rmg and the 
A-rmg has an additional methyl group Thus 20 1s 2’,6’,4- 
tnhydroxy-4’-methoxy-3’Jdlhydrochalcone 

Several trace constituents of the fern found exudate 
were ldenttied by direct comparison Hrlth markers Data 
are not given here for these now rather trivial flavonolds 
such as pmocembrm, galangm 3-methyl ether and kaemp- 
ferol 3,7-dunethyl ether 

One further product still awaits structural elucrdatlon 
It 1s a colourless substance with the same [M]’ and 
almost identical mass spectral fragmentation as ceroptene 
and it 1s found m the same chemotype It therefore could 
be the flavanone formed on cychzatlon of ceroptene 

DISCUSSION 

Structures 

Ten flavonolds reported here are novel products These 
compounds, 8-16, 18b and 20, are marked with an 
asterisk m Fig 2 To our knowledge, they have not been 
found earlier as plant constituents (cf refs [12, 241) It 
should be stressed that ‘pltyrogrammm’ could not be 
detected m any of the plant material analysed for the 
present work 11 and 12 indeed show the same substlt- 
utlon patterns as ‘pltyrogrammm’, but not identical 
substitution No flavonol was known before with the 
substltutron pattern of 8, 9 and 10 The substltutlon 
patterns of 13 and 15 were new when we reported 14 
previously [8] A compound lsomenc to 16 has been 
isolated from the bark and spines of Alluaudra dumosa and 
A humbertt and m D&era madagascartensts [20,25] 18b, 
as discussed above, is the isomer of 18a, which had been 
reported as an artefact derived from trlangularm [7] 
Although it 1s expected that the two isomers occur Jointly 
m plants producmg tnangularm, 18b had not been 
noticed by the earlier authors These two flavanones have 
the same substltutlon patterns as the known flavanones 
strobopmm and cryptostrobm, respectively The substlt- 
utlon pattern of the dthydrochalcone 20 was new when we 
recently described its desmethyl analogue from the same 
plant materlal [lo] 

The structures of several further flavonolds have been 
added to Fig. 2 and then spectral properties are presented 
m the Experimental because they are very rare compounds 
in nature For the same reason, we want to cite bnefly 
where they have been found previously 4, the 3,7- 
dlmethyl ether of I-hydroxygalangm, has been found only 
once before, m Achyroclme satureoufes (Asteraceae) Its 
structure was confirmed by synthesis [l l] 5,6 and 7 are 
methyl denvatlves of herbacetm (8-hydroxykaempferol) 
5, herbacetm 3,8-dunethyl ether, has also been found only 
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once before, namely m Cyanostegra angustlfoba 
(Verbenaceae) [26] 6, herbacetm 8Pdunethyl ether, was 
found m the heartwood of Prunus domestrca (Rosaceae) 
[27] and called prudomestm Later reports concerned 
synthesis only [13,28] 7, herbacetm 3,8,4’-tnmethyl 
ether, was known as a constituent of Conyza strxta 
(Asteraceae) [14] and Bayerua sp (Euphorbiaceae) 1291 

All the flavonolds shown m Fig 2 bear substttuents at 
C-8, and most of them are C-methylated In a previous 
report [lo], It was mentioned that the capacity for 
blosynthesls of C-methylated flavonolds nught be a 
typlcal feature of the species complex P trrangularls 
within the genus Pztyrogramma This statement should be 
mod&d insofar as it is true only for certain varieties (var 
pa&da and var wscosa) and for certain chemotypes within 
a variety (ceroptene-type of var tnangulans) With this 
restnctlon, it 1s mcely corroborated by the results reported 
here as well as by our previous report on new flavanones 
from var palhda [23] 

Dtstrtbutton of the compounds described 

The plant matenal from which we isolated the flavo- 
nolds reported m the present paper comes from different 
sources (see Experimental) The major portion comprised 
plants from various ongms (collected by D M Smith and 
M S Taylor), all clearly belongmg to the ceroptene-type 
of P trrangularw var trtangularls About two-thirds of the 
compounds described here were rsolated from this bulk 
collection (except for 5-7, 16, 19 and 20) The material 
collected at Pardee Rese.rvolr (EW-2 and EW-3) came 
from two populations considerably removed geographl- 
tally from the range of ceroptene chemotypes and neither 
produces ceroptene In collection EW-3, the major fanna 
constituent 1s kaempferol4’-methyl ether It also contains 
traces of kaempferol and its 3-methyl ether Another 
unportant component IS the flavonol 7, and there 1s a 
smaller amount of flavonol 6. Further flavonolds found 
here are the dthydrochalcone 20 and galangm 3-methyl 
ether Compounds 6, 7 and 20 have so far been en- 
countered m this population only Such plants have some 
chemical affhuty with the widespread chemotype of the 
Sierra Nevada 

In collectton EW-2, on the other hand, the major farina 
component 1s 2’,6’,4-tnhydroxy-4’-methoxy-3’-methyl- 
dlhydrochalcone (3) Further dominant constituents are 
2’,6’dlhydroxy-4’-methoxychalcone, 2’,6’dlhydroxy-4’,4- 
dlmethoxychalcone and galangm 5,7-dimethyl ether [30] 
Mmor constituents are 4, 12, kaempferol 3,7-dimethyl 
ether, pmocembrm 7-methyl ether, and the chalcone 
flavokawm B (found only m this material) Galangm, 
galangm 3-methyl ether, galangm 7-methyl ether, kaemp- 
feral 3- and 7-methyl ethers, 18a, 18b, 2’,6’-dlhydroxy-4’- 
dlmethoxydlhydrochalcone and 2’,6’-hydroxy-4’,4’dl- 
methoxydlhydrochalcone are trace constituents 
Galangm 5-methyl ether seems to be present too, but 
could not be unequivocally ldentlfied Sample EW-2 thus 
differs markedly from any known chemotypes of any of 
the named vaneties of P trlangularrs Further, there is in 
EW-2 one constituent which, after spraying of TLC plates 
with NA, showed up as a bluish-violet spot m daylight, 
absorbing m UV Its colour reaction indicated it to be an 
8-hydroxyflavonol This same unknown product 1s also 
present in material of P trtangularis var uzscosa, from 
which 2’,6’,4-tnhydroxy-4’-methoxy-3’-methylQhro- 
chalcone was reported previously as the maJor fanna 

constituent [30] We have now isolated from the remam- 
mg fractions the rare flavonol5 and the novel compound 16 
In addition, we found small amounts of kaempferol and 
its 3-methyl, 7-methyl and 3,7dlmethyl ethers 

Dletz [31] has compared fanna llavonold patterns of 
the mdlvldual plants combined m the ceroptene-type bulk 
collection worked up here, as well as on further vouchers 
from Srmth More detailed studies will be possible now 
that many more constituents are known 

Collections EW-2 and EW-3 from Pardee Reservoir 
represent two smaller populations, growing at a distance 
of several hundred meters from each other They are both 
readily ldentdiable as P trtangularts var trlangulans 
Chemically, EW-3 1s very close to the kaempferol methyl 
ether-chemotype of this vanety as character& by Smith 
[9], producing kaempferol 4’-methyl ether as the domr- 
nant fanna constituent We were not able, though, to 
detect 6,7 and/or 20 m Smith’s vouchers as, for example, 
SRP 16, SRP 30, etc [4] The amounts present might be 
too small and the spots concealed by others EW-3 has one 
unidentified constituent m common with SRP 30 

The population EW-2 deserves special attention be- 
cause It exhibits a very peculiar farma flavonold pattern 
What 1s perhaps most surpnsmg 1s the fact that here we 
find those chalcones and dlhydrochalcones which are the 
charactenstic and often the sole constituents of the fanna 
of species like P calomelanos, P chrysophylla, P dealbata, 
P tortarea [32] (There were errors m the structural 
formulae published in ref [32], see ref [33]) The 
chalcones and dlhydrochalcones have not been found 
before m any of the many samples of P trtangularls 
studied so far Another charactenstlc feature of EW-2 IS 
the presence of galangm 5,7-dunethyl ether, which ap- 
pears as a bnllant yellow spot on TLC (UV 366) [30] In 
total, this 1s a unique flavonold pattern which imparts 
special interest to this population Cytological and other 
suitable studies should be done on these plants 

We continue to check plants from many lo&ties to see 
what other ilavonotd patterns mtght be revealed For the 
same reason, specimens m herbana are being checked It 
thus may be determined unambiguously to which chemo- 
types they belong and it becomes obvious when any 
additional flavonold patterns are discovered Many spect- 
mens even m great herbaria are not determined to the 
vanety This can be done readily by comparative TLC 
Arrangements have been made (E W ) for all specimens 
kept at the U S National Herbarium, Washington, D C 
to be checked m these respects in the near future 

EXPERIMENTAL 

Fronds of PItyrogrummo tnangularts were collected m 
Cahfomla The mayor batch consisted of several collections by 
D M Smith, all representing 4n plants of the ceroptene-type 
(from Hoffmann Hill, Refuge Pass and Pamted Cave, see ref 
[4],vouchers at UCSB) and mate& collected by M S Taylor (m 
Butte Co, CA, vouchers at CHSC and at Darmstadt) This 
matenal was more or less Identical on TLC and was therefore 
combined for work-up Fronds of two different additional 
populations of var trwagulans were collected by E Wollenweber 
at School Land Gulch at the Pardee Reservoir, CA m July 1980 
(vouchers EW-2 and EW-3 at Darmstadt) Matenal of var 
UISCOS(I was also collected by D M Srmth (vouchers 43352 and 
43383 at USCB) 

The dned fronds were nnsed with Me&O to dissolve 
the exudate matenal Most of the ceroptene, the nqor constltu- 
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ent of the farma on ceroptene-type plants, was removed by 
crystalhzatlon from EtOH. The remamder was chromato- 
graphed on columns of ti gel. then on polyarmde Elutlon 
was unth toluene and mcreasmg quanbtles of MeCOEt 
and MeOH The fYa&ons thus obtamed were still mutures 
They were separated further by repeated CC on smaller 
columns or by prep TLC on s&a gel and on polyanude, 
respectively Solvents used for polyanude (DC-11) were. (A) 
petrol (l00-l40”~tolucnc-MeCOEt-MeOH (90 30 2 15), 
(B) toluenepetrol (IOO-MO”)-MeCOEt-MeOH (60 30 10 5), 
(C) toluencdloxane-MeOH (8 I I) For ti we used (D) 
toluencMeCOEt (9 I) and (E) toluene-dioxane-HOAc 
(90.25 4) Evaluation was under UV 366 before and after 
spraymg with Natwstoffreagenx A (C Roth, Karlsruhe, abbrev 
NA) ‘H NMR spectra were recorded m DMSO wth TMS as 
Internal standard Mps are uncorr 

Spectral data UV spectra were measured m Me-OH wrth the 
class& reagents [34] 1, IS m nm MS data are m/z values (rel 
mt ). *H NMR data are m ppm/TMS, measured m DMSO-& 

(% Me) 
5 UV (355), 325, (300), 271, AlCI, 410,350,309,280; NaOAc 

393,281, NaOAc + HJBOj 370,280 MS 330 [Ml’ (64) 329 (9), 
316(1~315(100),302(11~287(8),272(12),196(4~181(39),167 
(7), I54 (l7), 121 (31), I07 (55), 105 (16). ‘H NMR I2 5 (IH, s, 
OH-5), 10 4 (2H, 6r signal, 2 OH), 7 95 and 6 98 (2H each, d, 
AA’BB’ spin system Brmg p-substituted), 6 28 (IH, s, H-6), 3 79 
(3H, s, OMe), 3 81 (3H, s, OMe). 

6 UV 373, 321,273, AlCIs 434,356, (314), 273, NaOH 417, 
(320), 282,258, NaOAc 400, (305), 230; NaOAc + HIBOl 385, 
(310), 227 MS 330 [Ml’ (63), 329 (U), 316 (17), 315 (IOO), 301 
(6),287(6),165(10),139(11),135(16) ‘HNMR 12.l(lH,s,OH- 
5), 8 I3 and 7 I6 (2H each, d, AA’BB’), 6 29 (IH, s, H-6), 3 85 (3H, 
s, OMe), 3 82 (3H, s, OMe) 

7 UV (360), 323,276, AlCls 415,350, 312,285, NaOH 385, 
(305), 285, NaOAc 386,281, NaOAc + HSB03 368,280 MS 344 
[Ml+ (34x343 (4),329(62x 167 (8), 139 (Zl), l35(193 119 (20),77 
(42) ‘H NMR I2 34 (IH, s, OH-S), 804 and 7 I8 (2H each, d, 
AA’BB’), 6 99 (lH, s, H-6), 3 86 (3H, s, OMe), 3 80 (6H, s, 2 OMe). 

8 UV 362,326,274,AlCl,419,356,275,25I,Na0H410,(350), 
289 NaOAc 405, (330), 283 MS 284 [Ml’ (IOO), 283 (24), 256 
(8), 255 (l3), 153 (lo), 105 (30), 77 (70). ‘H NMR 126 (IH, br 
signal, OH-5), 8 2 (2H. m, H-2’, H-6’), 7 53 (3H, m, H-3’, H-4’, H- 
5’), 6 53 (lH, s, H-6), 2 0 (3H, s, Me) 

9 W 323,274. AK& 342,285, NaOH 368,275, NaOAc 363, 
275, NaOAc+HaBOl 326,274 MS 298 [Ml’ (%), 297 (IOO), 
280 (14), 279 (28), 269 (lo), 267 (l2), 255 (IS), 105 (24), 77 (38). 
‘H NMR I2 7 (IH, br signal, OH-5), 8 05 (2H, m, H-2’, H-6’), 
7 62 (3H, m, H-3’, H-4’, H-S), 6 57 (IH, s, H-6), 3 88 (3H, s, OMe), 
2 09 (3H, s, Me) 

10 W 359,325,274, AK& 415,359,276,255,230; NaOH 405, 
(3353, 274, 250,221, NaOAc 408, (335), 275, NaOAc + H,BOs 
360,325,274, MS 298 [M]’ (IOO), 297 (43), 280 (8), 269 (25), 255 
(7), 105 (25), 77 (28) ‘H NMR I2 27 (IH, s, OH-5), 9 7 (IH, 6r 
signal, OH-3), 7 89 (ZH, m, H-2’, H-6’), 7 62 (3H, m, H-3’, H-4’, H- 
5’), 692 (lH, s, H-6), 393 (3H, s, OMe), 2.02 (3H, s, Me) 

11 UV 386, (3273.285, AlQ 435,361,285.245, NaOH 377, 
261.NaOAc385.283 MS 314[M]+ (100),313(10),299(14),269 
(l3), 285 (21), 271 @I), 105 (SS), 77 (25) ‘H NMR 12 0 (IH, s, 5- 
OH), 8 28 (2H, m, H-2’, H-6’), 7 55 (3H, m, H-3’, H-4’, H-5’), 3 87 
(3H, s, OMe), 2.1 I (3H, s, Me) 

12 W 375, 285,AlCll 370,285 MS. 328 [Ml’ (100). 327 (58), 
309 (13), 285 (28), 270 (I9 195 (l5), 115 (33), 105 (45), 77 (60) 
‘H NMR I2 14 (IH, s, OH-5), 9 33 (IH, s, OH-8), 8 08 (ZH, m, H- 
2’, H-6’), 7 55 (3H, m, H-3’, HA’, H-5’), 3 84 (3H, s, OMe), 3 78 
(3H, s, OMe), 2 06 (3H, s, Me) 

13 W 369, (325), 280; AIC19 426.356,312,280, NaOH 424, 

330,290; NaOAc 408,333,29a, NaOAc + H,BO, (375),330,287 
MS 298 [Ml’ (59), 297 (l3), 270 (36). 269 (23), 193 (40), 156 (55), 
105 (14). 77 (81) ‘H NMR I2 51 (lH, s, OH-5), 8 2 (ZH, m, H-2’, 
H-6’), 7 52 (3H, m, H-3’, H-4’, H-S), 223 (3H, s, Me), 2 07 (3H, s, 

Me). 
15 W 374, 322,277, AK& 428, 358,280,255, NaOH 413, 

(3363,253 MS 312 [Ml’ (IOO), 311 (18), 294 (So), 283 (l7), 191 
(IO), 156 (20), 105 (40), 77 (49) ‘H NMR. I2 25 (IH, br signal, 
OH-5A 9 8 (lH, br signal, OH-7), 8 22 (ZH, m, H-2’, H-6’), 7 55 
(3H, m, H-3’, H4’, H-5’), 3 50 (39 s, OMe), 2 35 (3H, s, Me), 2 13 

(3H, s, Me) 
16 W 355,279; AlCl, (410), 363.313.289. NaOH 405,334, 

284, NaOAc 390, (340), 281, NaOAc + HIBOl 335,280 MS 328 
[M]+ (l00),327(63),309(32),299(16),285(40),181(8), l50(26), 
131 (28), I21 (33) ‘H NMR 12 83 (lH, s, OH-5), 10 2 (ZH, br 
qnal, 2 OH), 7 96 and 6 96 (2H each, d, AA’BB’), 3 78 (3H, s, 
OMe), 224 (3H, s, Me), 2 04 (3H, s, Me) 

18a W (338), 295, AICll (345), (318). 294, NaOH (347), 293, 
NaOAc (328), 293 MS 284 [Ml’ (IOO), 283 (6l), 207 (98), 180 
(IOO), 152 (87), I09 (So), I04 (18), 103 (24), 77 (25) ‘H NMR 12 3 
(IH, s, OH-5), 7 45 (5H, m, Bnng), 6 26 (IH, s, H-8), 5 61 (IH, dd, 
H-2, J H_z’,H_L = 12 Hz, J,, _sb 

r 
=38Hz),333286(2H,m,H- 

3a, H-3b, J, - 17Hz,384(3H,s,OMe),211(3H,s,Me) 
18b UV (~~3~9~. AK& 387,315. NaOH (340), 290; NaOAc 

340,292 MS 284 [M]’ (52), 283 (ZO), 207 (38), I80 (54), 152 (52), 
I09 (2Q 104 (28), 103 (20), 43 (100) ‘HNMR I2 16 (IH, s, 
OH-S), 7 46 (5H, m, B-rmg), 6 20 (IH, s, H-6), 5 61 (lH, dd, H-2, 

J,, _L = 12 Hz, J,_z~_, 
H-3eJ 

= 4Hz), 3 2-2.9 (2H, m, H-3a, 
= I7 Hz), 3 82 (3H, s, OMe), I 88 (3H, s, Me) 

20~’ &?!~,b280; AlCls 346, 279, NaOH 393, 289, NaOAc 
386,285, NaOAc+HJBOj 346, 280 MS 316 [M]’ (43), 210 
(22), 195 (100x I68 (40), I21 (8), 120 (IO), I07 (52) ‘HNMR 
II 35 (lH, br signal, OH-61, 9 IO (IH, s, OH+, 700 and 
6 62 (2H each, d, AA’BB’), 3 61 (3H, s, OMe), 3 30 (ZH, tr) 
and 2 76 (ZH, tr) = -CH2-CH1- bndge, I 98 (6H, s, 2 Me) 
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