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SUMMARY 

The separation of a series of naturally occurring Dryu@ris, lragenia and 
Mallorus compounds and several artefacts by reversed-phase high-performance liquid 
chromatography is reported. A particularly good separation of bicyclic Dfyoptefis 
phloroglucinols inchrding side-shain homologues was achieved. Moreover, the easily 
occurring decomposition of polycyclic phloroghrcinoIs during chromatography could 
be totally avoided using slightly acidic conditions. 

lNTRODWf.XiON 

Several paper chromatographic (PC) and thin-layer chromatographic (TLC) 
methods for separation of the complex mixtures of naturalry occurring polyclic 
Dfyuptetis phloroghrcinols have been reported in the literature1-z9. Also the analysis 
of those compouuds by gas-liquid chromatography (GLC) has beerr studied under 
various experimental conditions20. However, it appears that the po~ycychc phloro- 
gIucinois are very prone to decomposition reactions (see especially ref. 20) and thus 
cannot be directiy analysed by GLC. Such decomposition reactions also occur in 
shghtIy alkaline conditions both in PC and TLC?+. Moreover, several sensitive 
phloroglucinols are partly destroyed either by auto-oxidation or polymerization on 
sihca gel Iayers on conmct with air. These reactions can be totahy avoided by TLC 
on polyamide but the separation is less successfW’. 

In the present paper, almost ah the known Dryopteris phloroglucinols, includ- 
ing some of their iiequently occurring decomposition products (compounds l-23 in 
Table I), were separated by revers&-phase high-performance liquid chromatography 
(BPLC). This method also proved suitable for separating the related kousso [Hcgeulh 
abyssinica (Rruce) Gmelin] phioroghrcinoJ.s (compounds 24-29 in Table I) and kamala 
@Z?zZZoZtLF philppth~C~ (Lam.) MCIL-Arg.] phloroghrcinols (compounds 30-35 in 
Table I) including some artefacts (cf- refs. 22 and 23). 



1 butyiy- acid; R = H 3 duas@indB;R=H 
2 3-iwhyibutyiy~ acid; R = CH, 4 aspidinolB;R = CHs 

5a &aspidinEB; R, = Rr = C& 
!ib albaspidin PB; R, = C,H, Rz = C,H, 
$c aibaspidin PP: X1 = Rr = C,H, 
Sd &qMin AB; RI = CHH, R: = C,.H, 
Se a!hs@in AI’; R, = CH,. R: = G-H5 
Sf ahqSdinAA;R,=Rz=CH~ 



phloraspidinolBB:R,=R,=R,=CR=R,‘=EE 
margaspidinBB;R,=~=R,=CEP,,R,=RS=H 
~~BB;R,=R,=R,=CH,R~=R3=H 
phIoraspinBB;R,=R,=CHhR*=R,=RS=H 
x%!&hyf&nc-bi4-aspidinol BB; RI = Rt = R3 = R. = Cl& RS=H 
metbykssbi+desaspidinol BBS, = R. = R5 = H, Rr = R, = C& 

19a filixicacidBBB;R,=R~=C,H, 
19b Eli.xic acid PESB; Rx = C&, Rz = C&I, 
1%~ 6kic acid PBP; RI = R: = C_Hs 
19d63kicaddABB;R,=CH,R,=~, 
1%~ f&k acid ABP: R, = CHS R, = C-H, 
1M R1=R:=CH, 

2OadryocrasinABBA;R=CH~ 
Mb dryacmssin ABBP; R = GHs 

21a tris-@w-aspidin BEE; RI = Cd& Rr = CHs 
2Ib trisqmapidin PBB; RI = C&, R: = CH, 
22 cirisdcsaspidiu BBB; RI = C,H,, Rr = H 

23 crisaanuIinBBB 

24 3-rmshy&oh~~~tid 
25 psaxhspidinal iB (2V. 2McB) 
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TABLE I teannirrrrd) 

26 kcsotoxin iBS (iv, 2&B) 

m 
27 a-kosin iBiB (iV, BAeB) 

29 bispeutipidinol iBiBiB (IV 2hfeBl 

-$=-&=_ .8 
30 Iilethy~>~IphIo~~oI 

32 rottkriiR= 
* 0 - 



Table II fists the compounds studied. These were either prepared by syuthesis 
or isoiated from natural sources. Tetrahydrofuran @IIF) solutions (0.0279 of the 
cu~~rmds WeKe prepared. 

HP&C experiments 
A lO-FE voIume was injected into a Waters M 6000 IIPLC instrument provided 

with a 304) x 4 mm I.D. Bondapah c, column. A Waters model 440 absorption 
detector was equipped with a 254 mn fi.Iter_ 

Sevd expedients were made to test acetonitrile, methanol and water in 
different combinations as solvent system iu reverse-phase chromatography_ However, 
THUSphosphoric acid-water (65:0.L :35) was found to be most suitable. The flow-rate 
was 2 ml/m& and the pressure drop 2000 p.s.i. 

RESULTS AND DLS~SSION 

Table II lists the retention times of all compounds investigated, and Figs. 1-3 
show liquid chromatograms of the homologous albaspidins (5a-f), aspidins (6a and b) 
and or&o-desaspidins (1 la and b), and MaIloftrs phioroghtcinols (30-35)_ In general, 
a good separation of most compounds investigated was achieved. The retention times 
can be adjusted by varying the TIE-water ratio. In the solvent system used, all the 
compounds were eluted in less than IO min_ No decomposition reactions were 
observed during chromatography of the easily decomposing phloroghrcinols iu the 
slightly acidic conditions used (cf- Table I). The separation of the iudividuaI compounds 
studied is discussed below. 

Monocyclic compurmds. These phloroghrcinols (14) hardly separate iu the 
IIPLC system used. In TLC a slight separation is reported and in PC and GLC a 
very good separation is ackievedgJ5~x7~zo. 

Bicycclr‘c campoumis. The homologous albaspidius (S-f), which differ only in 
the substitution of the acyl side-chain (XII,, -C&Is, <II,), can be well separated 
ky HPLC (Fig_ 1). In TLC a partial separation was achiewz@@. With PC a good 
separation has beeu reported, but under slightly alkaline conditions (pII 8.648) 
rotierone change does occur: 

alkaspidin BB+ alkaspidiu AA + albaspidiu AB 

This reaction can, however, be avoided by using acetic acid as soIventg*zs_ In our 
experiments no rotierone change was observed when phosphoric acid was inchtded in 
the solvent. 

The different aspidins &a-lib) and flavaspidic acids (9a-c) also separate well 
from each other_ However_ the retention times of albaspidin AP (5e) and aspidin AB 
(6b), and of dbaspidin AA (5f),para-aspidin PI3 (7k) and iso-aspidiu BE @a) are very 
similar. In TLC the BB and PB homologues of the individual compouuds move 
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31 M. pki&pcLeluk 23 125-128 430 
32 M. pIti.k@~ 208-2~0 590 
33 M. pw.gpkes 

% 
221-222 1000 

34 M. pili&ppeLaLsiv 23 143-145 640 
3s M. pidippiranris 23 17s-L&o 55s 

‘Ok-~heatingSaand_EforSminatmeItingpo~. 
“Obtaimdby~5aandSffot8minat~~pa~~ 

--- Obtziued by beating Se and SE for 8 rnin a: me1~ point. 
* A mixture of the hamofogues 9a and 9b. 

@‘A&&ureof 1% 19baad 1%~. 
‘6‘ A mixture of 19d, 19e and 19f. 

t A mixture of 206 (main homologue) and 2f.lb. 
tt A mixture of 2la (main homologue) and 21b. 

together but the Al3 homologues move stower aE?d can thus be sepa~ed~~~~~~~~. In 
PC a fairly good separation of most homologous aspidins and flavaspidic acids is 
rep~rted’~*~_ This is the first time that separ&ions of aspidin BB (69) and artho- 
desaspidin BB (1 la) and of aspidin AB (6b) and ortku-d~pidin AB (1 lb) have been 
reported (Fig. 2, c$ ref. 18). 

The fully aromatic phlorogkinols (13-18) can be well separated with our 
HPLC method. A rel!ativeIy good separation ofthese compounds can be accomplished 
also by TLC=+s” and We=_ 

Tricyck mrd tetracyclc compozuz&. The homologous Hixic acids (19a-f) and 
dryocrassins (20a and b) form broad peaks with poor resolution. Neither does the 
p&r tris-~anzaspidin (1% b) and trisdesaspidin (22) separate:. The retention time of 
trisaemuli~ (23) is much greater. For the separation of these compounds TLC and 
PC are much bette13”~=~~. 

Frg. I. EEPLC dW0UUUlgCZn of the albaspidin homo!ogues (Sa-0 

Fig. 2. HXC ehmuatograrn of the hos&ogous aspidins (ti and b) and or&xksaqi& (lla 
aud b). 

Fs 3. HPLC! ebmwtograrn of the iwz&t(~~ phlorogkcirtoI.s (30-3s). 
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These ccmqsc~ds can be well separated in the EiPEC system used_ However, 
osing to the existesc of homologues (ii most prominent also some iV and 2MeE), 
the peaks of the n3tunlly oaxrring kosotoxin (26) and protokcsin (228) are broad and 
show minor side peaks. ISI TLC 3 slight separation of these F.VQ compounds has been 
3Chievedt2. 

A vxy god separation of all these co~ouring matters can be observed (Fig. 3). 
In TLC ody 3 p3rtbl sep3mtion of rottkrin (32) and the “red wmpamd~ (31), and of 
rotiercne (33) and the yellow compound” (34) is reported~. 
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