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Abstrart 
Thf' most important phloroglurinol rlf'rivlltivf', ("filirins") isolatf'rl from rhizomes of Drynpteris speries 
arf' rlisrusserl. The rhf'miral analysis of Dr ynpteris rhizomes can (in conjunction with dassiral anrl 
rytologiral methorls) provicif' valuahlf' rritf'riR for thf' solution of taxonomical prohlems, partirulary as 
follows: l. Jdentifiration of othf'rwise tmrf'rtain hf'rharinm sperimens. 2. (]assifiration of criticai taxa in a 
rlifficult complex. ::1. \lncierManrling of naturnl relations. inclurling parents in hyhrirles anrl nnrestons in 
Allopolvploirl species. AnRlytiral methorls Rre critirnllv evaluaterl. 

1. Jntroduction. The chemical compositi on of a plant or part of it (seed, flower,
leaf, rhizome, root etc.) can he of valuahle help in solvingtaxonomic prohlems and is 
today widely accepted as a (potentially) useful incìicator. It should, however, be 
evaluated critically and as only one character in comhination with dassical 
(morphological, anatomica! and cytologica]) data. In the chemical approach the 
analysis of primary products (nurleic acids and proteins) should give the most 
reliahle basis but requires romplicated methods and expert training. In practice the 
analysis of secondary pro<Ìucts (e.g. alkaloids, flavanoi<Ìs, anthocyanins versus 
hetacyanins, different types of glycosides, sulfur compounds, asetylenes, caroti­
noids, etc.) is often more ronvenient. For reviews see R. Hegnauer (19n2- l 973); T. 
Swain (1963); J .B. Harhorne (H\78); A. Hiraoka (197R). 

l 1se of chemical characters for taxonomical purposes is in principle not a recent 
invention if we consider that registration of rolour, fragrance, and hitter or other 
taste, are simple but often useful first approaches to "chemical analysis", hased on 
sense perception and practised since older times. For more precise information 
even a small amounts of materiai, very effirient modem analytical methods are 
availahle: paper chromatography (PC'), thin layer chromatography (TIJ'), gas 
chromat.ography, partition chromatography, high performance (pressure) liquid 
chromatography (HPI ,f'), mass spectrometry and other spectroscopic methods. 
Some of the more time consuming chromatographic methods may hecome 
indispensahle for the isolation of pure compounds in preparative scale. Isolation is 
necessary for structure determination of new compounds and for procuring the 
necessary set of referance samples for icìentification of" spots" or "retention times" 
in chromatographic methocìs. 
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In the following we shall clisrnss the rotential taxonomic rnlue of chemical 
analysis for phloroglucinols in the fern genus Dr ynpteris Aclans. (fam. J)rynptr­
ridaceae). 

2. The phloroglucinols. Nearly all memhers of the fern genus Dr ynptrris
cont.ain in their rhizomes and stipe hases some phenolic compouncls known as 
phloroglucinol-derivatives or "acyl-phloroglucinols", locateci in typical internal 
glands (secreting hairs) see review in Huurre et al. (1979). These possess strong 
anthelmintic properties ancl the powdered rhizome (Rhizoma filicis or Ra dix Filicis 
maris) or crude extracts (Extractum filicis aetherum), particulary of D. filix-mas (I,.) 
Schott (see A. Tschirrh, O. Oesterle 1900: 24 l -24fì and H. Zornig 1909 J:f, 12) have 
heen used as a cure against tape worm since antiquity. Although their use is 
dangerous owing to high genera] toxirity and is regarded as 011tmoded, the 
pronunced activity is the reason that their chemistry has heen studied extensively 
since the 19th century and is well known today. This same knowledge makes it 
possihle to use chemical analysis as an aid for solving some taxonomic prohlems 
associateci with Drynpteris. We shall descrihe �8me pratica] examples h11t only after 
giving a short review of chemical structures, hiosynthesis and analytical methods. 
These are described in many artides and hy different authors. For the nonspecialist 
it is difficult to find how hest to proceed in practical analyses. In this review artide 
we shall try to give good advice and some suggestion for improved methods. 

2.2. Chemical structure. Formulae 2-2fì give the structures of the majority of 
phloroglucinols so far isolateci from different Dr ynptrris species. i.e. those com­
pounds for which the structures are e lucidateci (see Rerti & Rottari 19fìr<; Penttila 
& Sundman 1970; Widén et al. 1971, 1973, 197Fi, 197fì and literature cited 
therein). InArachnindes two more compounds, iso-aspidin- AR and - RR ha\'e heen 
deterted by TLC. Apart from these compounds often called "filicins" or " aspidins" 
some other phloroglucinol derivatives such as flavanoicls, ceroptens etc. ( see Rerti 
& Rottari 19fì8, Tanaka et al. 1 979) occur in ferns hut will not he discussed here. W e 
shall dea] only with the compounds most typical for Drynptrris, produce cl in special 
organs (internal glancls in the rhizomes). 

The formulae show that the clifferent Dr ynptrris species produce a great many 
such compounds. Formally they are all <leriv8tiws of phloroglucinol (!) which, 
however, has never heen foun<l in ferrn; anct cloes not represent a precursor in the 
hiosynthesis of t.he true fern compouncls (see helow). The latter are, nevertheless, 
dosely related to each other, containing similar huilding units (suhstituted 
hexacyclic rings), dearly due to analogous hiosynthesis (see helow). They can 
roughly he classified according to the numher of hexacydic rings. So far only tw0 1-
ring compounds (2 and 3) have heen ohserve<l: Aspi<linol (2), and fraginol (3). 
Aspidinol (2) is prohahlv alwavs an Artefact. r,rocl11ced hy cleavage of sensitive 
compounds [particularly para-aspidin (7), trispara-aspidin (20), margAspi<lin (J :!), 
etc.i during the analytical work or during prolonged (many years) storage of plAnt 
material. Fraginol (3), only recently isolateci from D. fragrans, is a typicAI compoun<l 
of this species. Most of the natural phloroglucinols contain 2, 3 or 4 hexacydic rings 
hmmd together hy a methylene bridge. 
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2 

3 

4-AB

4-AP 

4-RB 

5-AA 
5-AP = 

5-AB = 

5-PR

5-RB

6-AA
6-AB

6-BB

Aspidinol-R. C
12

H 100 4 (224). Isolation and synthesis R. Roehm, Arch. exper. Path. 
Pharm. 38:35(1897); Lieh. Ann. Chem. 318:245(1901); 329:269(1903). See also P. 
KarrPr & Fr. Widmer, Helv. f'him. Acta 3:392(1920); A. Rohertson & W .F. Sandrock, J. 
Chem. Soc. 1933:819. NMR-spectrum see Helv. Chim. Acta 53:21 R4 (1970): mass 
spectrum see Lounasmaa et al. (1972). 
Aspidinol-B is prohahly always an artefact produced from para-aspidin (7) and other 
compounds during isolation procedures, mainly hy heating, alkaline reaction, contact 
with Si0

2 
etc., but also during drying or long storage of rhizomes, see A. Penttilii & ,J. 

Sundman, Pianta medica 14:157(1966). 
Fraginol-R. f' 1 ,H 1804 (23R). Isol. fromD. fragrans: B.A. Krivut & L.M. Molodozhnikova, 
Khim. Prir. Soedin 6:6R4(l 970), Chem. Ahst. 74:9fi244X (l 97 l ); L.M. Molodozhnikova, 
A.I. Bankovskii, N.M. Sergeev & A.I. Shreter, f'himico-Farm. Zurnal, 5:32(1971 ), Chem. 
Ahstr. 75:l l 5R4X (1071). Synth. (as 5n - hutyryl - 3 - methyl filicinic acid) m.p. 87°, H. 
Riedl e K.H. Risse; m.p. 78-79°, M. Lounasmaa, C'.-J. Widén & A. Huhtikangas, Acta
Chem. Scand. R 28:1209 (1974h) incl. NMR and mass spectral data. 
Norflavaspidic acid-AB. C

21
H2408 (404). Isol. fromD. dickinsii, m.p. 105-107°: H. Hisa­

da, K. Shiraishi & J. Inagaka, Phytochem, I 1 :2RR1 (1972) incl. NMR spectrum. 
Norflavaspidic acid - AP. C20H

?00, (390). Isol. fromD. atrata, m.p. 103-105° (Widén et al. 
in preparation). 
Norflavaspidic acid-BB. C

2
,H

28
0, (432). In pure state so far only synthetic m.p. 

119-121°, A. Penttilii & J. Sundman, Acta Chem. Scand. 17:2370 (1963). 
Flavaspidic acid-AA not yet isolated in pure form. 
Flavaspidic acid AP. C

21
H 2408 (404). Jsol. from D. go/diana, m.p. 102-106° see footnote 

in Lounasmaa et al. (1972:90), incl. mass spectrum. 
Flavaspidic acid-AR. C

22
H

2
n0s (418). Isol. from D. nreades (= D. abbri'viata), m.p. 

209-213°, C.-J. Widén, J. v. Euw & T. Reichstein, Helv. Chim. Acta 54:2824 (1971) with
NMR spectrum p. 2831; from D. polylepis, m.p. 203-205° ; S. Hisada, K. Shiraishi & I.
Inagaki, Phytochem. 1 0:2fi41 (1971); Yakugaku Zasshi 92:284 (1972) with NMR
spectrum p. 285; from D. siebnldii, m.p. 205-207° , S. Hisada, O. Jnoue & I. Inagaki,
Phytochem. 12:1492 (1973). Synth. m.p. 210-212°, A. Penttilii & .J. �undman, Acta
Chem. Scand. 18:344 (1964). Mass spectrum Lounasmaa et al. (1972).'?
Flavaspidic acid-PB. (' 2,H

28
0

8 
(432). Isol. fromD. sieboldii, m.p. 154-1 fin", S. Hisada, O. 

Inoue & I. Jnagaki, Phytochem. 12:1494 (19n). Synth. m.p. 170-171°, Penttilii & 
Sundman (l 9n4). 
Flavaspidic acid-BR. (' 2_1R10

08 ( 44 6). = Polystichocitrin of Pohlsson (1895, 1898, Are h. 
exp. Pathol. Pharmak, 35: 97-104; 41: 246-264) I sol. from "Extractum filicis aethereum ". 
R. Boehm, Arch. exp. Path. Pharm. 38:3fi (1R97); Lieh. Ann. Chem. 318:253 (1901); 
318;277 (1001); 329:310 (1903); from D. filix-mas and "D. austriaca" ,J. Maizite, Arch. 
Pharm. 280:17:1 (1942); A. Aehi, J. Buchi & A. Kapoor, Helv. Chim. Acta 40:266 (1957);
D. tyrrhena Fraser-J enkins et Reichst. (= "D. filix-mas uar. rigidiformis ")('. J. Widén et al.
1971; D. po/ylepis, C'.J. Widén et al. (1975); D. chrysocoma, H.S. Puri et al. (1976) and
other species. Two forms are known. From methanol a-form, m.p. 94°, from henzene R­
form, m.p. 1 fi6-l fi7°, showing similar x-ray diffraction, O. Eriimetsii & A. Penttilii, Acta
Chem. Scand. 24:3335 (1970). NMR spectrum Helv. Chim. Acta 54:2R30 (1971). Synth
A McGookin, A. Rohertson & T. H. Simpson, J. Chem. Soc. (London) 1953:1R2R; W.
Riedl, Lieh. Ann. C:hem. 585:82 (1954).
Aspidin-AA. f'

21
H

240 4 (404). I sol. fromD. gymnosora (Hisada et al.1974), m.p.135-136°. 
Aspidin-AR. C:

2
:iH

28
0

4 
(432). Isol. from D. dilatata (Widén 1967a) and D. intermedia,

C.-J. Widén, Ann. Acad. Sci fenn. A. IV Biologia 143:1-19 (1969), m.p. 118-120°, mass 
spectrum Lounasmaa et al. (1971); NMR spectrum Hidén et al. (1976). Also from D. 
aemuln, D. azorica and other species, Widén et al., Helv. Chim. Acta 58:880 (1975a). 
Aspidin-BR. (\

.,
H�20,1 (460). = Polystichin of Pohlsson (1895, 1898) Isol. from 

"Extractum filices aethereum" R. Roehm (l 897, 1903); from D. carthusiana (= D. 
spinulosa) and synth. W. Riedl & R. Mitteldorf, Chem. Rer. 89:2595 (1956), m.p. 124-
1250. Isol. also from D. "austriaca", A. Aehi et al. (1957), A. Penttilii & J. Sundman 
(1961), from D. intermedia, Widén (1960), from D. gymnosora, S. Hisada, O. Jnoue & I. 
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7-AB

7-PB

7-BB =

8-AB =

8-PB =

8-BB =

9-AB 

9-BB

10-AA =

10-AB

10-AP 

10-PP

10-BB = 

11-BB 

12-BB

13-AB
13-BB

Inagaki, Phytochem. 13:655 (1974) and other species. Mass spectrum Lounasmaa et al. 
(1972), NMR spectrum Helv. Chim. Acta 59: l 737 (1976). 
Para-aspidin-AB. C

2
,H

28
O

R 
(432). Not isolated in pure state, synth. Britton & Widén 

(1974), m.p. 137-140°, m/e 432. 
Para-aspidin-PB. C2,1R10

O
R 

(446). Not isolated in pure state, synth. Britton & Widén 
(1974), m.p. 120-22°, m/e 446. 
Para-aspidin-BB. (' 20H02OR 

(460). Most likely = Flavopannin of A. Heffter (1897) see
Widén et al. (1973b: 2136, footmole 30). Isol. from D. "austriaca", and synth., m.p. 
123-125°; A. Penttilii & J. Sundman, Acta Chem. Scand.16:1251 (1962). FromD. remota;
C.J. Widén et al. Helv. Chim. Acta 53:2 l 76 (1970) with NMR spectrum; mass spectrum,
Lounasmaa et al. l 972. Isolated also from other species.
Desaspidin-AB. C22H20O8 

(418). Not isolated in pure state. Synth. Penttilii & Sundman,
Acta Chem. Scand. 18:344 (1964), m.p. 145-147°; m/e 418, Britton & Widén (1974). 
Desaspidin-PB. C2_1H2R

O
R (432). Synth. Penttilii & Sundman (1964), m.p. 141-142°. 

Desaspidin-BB. C
24

H
00

O
8 

(446). Isol. from D. "austriaca", m.p. 150,5° : A. Aebi, J. Buchi 
&A. Kapoor, Helv. Chim. Acta 40:266 (1957); m.p. 152-154°. A. Penttilii& J. Sundman, 
J. Pharm. Pharmacol. 13:531 (1961). Also from D. villarii, m.p. 150-152°, C.J. Widén et 
al., Helv. Chim. Acta 54:2824 (1971) and from other species. NMR spectrum, Helv.
Chim. Acta 56:836 (l 973). Mass spectrum, Lounasmaa et al. (1972) and Lounasmaa
(1973). 

Orthodesaspidin-AB. C
22

H20O8 
(418). Not isolated pure but synth. Widén et al. (1975), 

m.p. 149-150°, m/e 418. 
Orthodesaspidin-BB. C

24
H

00
O

8 
(446). Isol. from D. "austriaca", m.p. 131-183°, synth.

m.p. 133-135°: A. Penttilii & J. Sundman, Acta Chem. Scand. 18:1292 (1964).
Albaspidin-AA. C

21
H

24
O

8 
(404). Isol from D. patula, m.p. 162-164°, R. Tryon et al., 

Phytochem. 12: 683 (l 973). incl. NMR and mass spectral data. NMR see also Hisada et 
al. (1972c). Synth. Penttilii & Sundman (1964), m.p. 170-l 71 °. 
Albaspidin-AB. C2,H28O8 

(432). Isolated from D. clintonigra, m.p. l 34-136° (not pure), 
Widén & Britton (l 971 c). 
Albaspidin-AP. C

22
H

20
O

8 
(418). Isol. from D. goldiana, m.p. l 49-l 51 ° (not pure), Widén 

& Britton (1971c). 
Albaspidin-PP, not isolated in pure state, synth. m.p. 135-1370, Penttilii & Sundman 
(1964a). 
Albaspidin-BB. C2_,H,

2
O

8 
(460). I sol. from D. filix-mas, m.p. l 50° and synth. W. Riedl 

(1954); from D. "austriaca", m.p. 146-147°, A. Aebi et al. (1957a); m.p. 153-154° A. 
Penttilii & J. Sundman (1964a); also from D. expansa (= D. assimilis) C.-J. Widén (1969) 
and D. championii Widén et al. (l 975). NMR spectrum Helv. Chim. Acta 56:836 (1973); 
mass spectrum Lounasmaa et al. (1972). Synth. R. Bo ehm, (1901 c); E. Aho, Ann. Univ. 
Turkuensis (Finland) Ser. A I, 29: 1-123 (1958). 
Phloraspin-BB. C2:,H28

O
8 

(432). Isol. from commercia! extracts, m.p. 211 °: R. Boehm, 
Lieb. Ann. Chem. 329:338 (1903); from D. "austriaca", m.p. 211-212° and synth. m.p. 
212-213°: A. Penttilii & J. Sundman, (1961 c). Also isol fromD. marginalis, C.-J. Widén &
D.M. Britton (1971 d) and other species, Widén et al. (1975a), including NMR spectrum
mass spectrum Lounasmaa et al. (1972). 

Phloraspidinol-BR. C
24

H 00O8 
(446). I sol. from D. "austriaca" and synth. m.p. l 93-194°: 

A. Penttilii & J. Sundman (1963b). Also isolated from D. marginalis, C.-,J. Widén & D.M.
Britton (197 l d), D. a emula and other species, Widén et al. (l 97 5a) inclu<ling NMR 
spectrum; mass spectrum Lounasmaa et al. (1972).
Margaspidin-AB not yet isolated in pure state. 
Margaspidin-BB. C24H,0O8 

(446). Isol. from D. marginalis and synth., m.p. l 78-l 80°: A. 
Penttilii & G.J. Kapadia, J. Pharm. Sci 54:1362 (1965); m.p. 174-176°: C'.-,J. Widén & 
D.M. Britton (1971d); from D. bissetiana, 8. Hisada, 8. Yasuno & J. Jnagaki, Yakugaku
Zasshi 91 :687 (l 971) with NMR spectrum, for this see also Helv. Chim. Acta 58:894
(197 5) and isolation from D. a emula.
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14-RR Methylen-his-desaspidinol. C2_1H2
sOs (432). Present in D. "austriaca", synth. m.p. 

174-175°. A. Penttilii & J. Sundman (1963h); from D. marginalis and synth. m.p. 176-
1790: C.-J. Widén & D.M. Britton (1971 d). Mass spectrum Lounasmaa et al. 1972; Helv. 
C'him. Acta 56:1141 (1973). 

1 R-RR Phloropyron-RB. C' 
21 

H20O7 (390). Jsol. from D. "austriaca" and synth., m.p. 111-112°, A.
Penttilii& J. Sundman (1961 a); J. Pharm. Pharmar.13:531 (1961); fromD. expansa C.-J. 
Widén et al. (1970); from D. expansa (N-America) and D. campyloptera: C .-J. Widén & D. 
M. Britton (1971 a). Mass spectrum Lounasmaa et al. (1972), NMR spectrum Helv. Chim.
Acta 59:1738 (1 !,?f,\

16-RB Phloraspyron-BR. C' 
20H24O7 (876). I sol. fromD. "austriaca" and synth. m.p. 13R-l 36°: A.

Penttilii & J. Sundman (1963h). 

17-AR Aemulin-AR not yet described in pure state. 
17-BB Aemulin-BB. C

24
H,mOs (446). Isol. from D. aemula, m.p. 90-91°: C:.-J. Widén M. 

Lounasmaa, G. Vida et T. Reichstein, Helv. C'him. Acta 58:880 (1974). NMR spertrum 
and mass spectrum ibid. 

18-BB Methylen-his-aspidinol-BB. C:
2 .,HC\2

O
8 

(460). Isol. from D. marginalis: C'.-J. Widén & 
D.M. Britton (1971 d). Synth. R. Boehm (1903a: 286), m.p. 190-191 °, improved method
in acetic acid: E. Aho, Ann. Univ. Turkuensis (Finland), Ser. A I. 29: 106 {] 958), see also
W. Riedl & R. Mitteldorf (1956h). NMR spectrum Helv. Chim. Acta 58:893 (1975), mass
spectrum Helv. C:him. Acta 56:1141 (1973).

19-ARA Filixic acid-ARA. C'_12
H,10O 12 (612). Isol. from D. dickinsii and synth. m.p. 164-167°: S.

Hisada, K Shiraishi & I. Inagaki (1972b, c, d). From D. parallelogramma, m.p. 161-162°: 
R. Tryon, C.-J. Widén, A. Huhtikangas & M. Lounasmaa, Phytochem. 12:683 (1973).
NMR spectrum Yakugaku Zasshi 92:1125 (1972), mass spectrum Tryon et al. (1973)
(Main peaks are given).

19-ABP = Filixic acid-ABP. Present in D. filix-mas and other species: A. Penttilii & J. Sundman 
(1963a), not isolated in pure state. 

19-ABB = Filixic acid-ABB (as the former one). 

19-PBP = Filixic acid-PBP. C:
14

H
40

O
12 

(640). Isol. from D. filix-mas and synth. m.p. 192-194°, A. 
Penttilii & J. Sundman (1963 a). 

Hl-PBB = Filixic acid-PRR. C,.,H 12
O

12 (654). I sol. from D. filix-mas m.p. 184-186°: A. Penttilii & J.
Sundman, Acta Chem. Scand.17·1�1 /Hl63). 

19-RRR = Filixic acid-RRR. C:,,0H
44

O
12 

(668). Isol. from D. filix-mas (as mixture of homologues): E. 
Luck, Lieb. Ann. C'hem. 54:119 (1845); Ber. Deutsch. Chem. Ges. 21 :346fi (1888), m.p. 
184.5° and many others. Pure fromD. "au.striaca" and synth. m.p.172-174°: A. Penttilii & 
J. Sundman, (1963a, e); fromD. villarii, m.p. 170-172°: C:.- J. Widén, et al.{] 971 a). NMR 
spectrum Helv. Chim. Arta 56:837 {] 973), mass spectrum Helv. Chim. Acta 54:28fi5 
(1971) ; Pianta med. 24:154 (1973); Helv. C'him; Acta 56:1139 (1973). 

20-RRB Trispara-aspidin-BRR. r %H
44O 12 (668) Jsol. from D. remota, m.p.143-14 7° or lfi7-l 60°: 

C'.-J. Widén, J. v. Euw & T. Reichstein, Helv. C'him. Acta 53:2176 (1970). Also isol. from 
D. inaequalis and D. .sarrn.sanrta /erroneously first assumed to he "trisaspidinol". see 
Helv. Chim. Acta 59:1 725 (1976)]. NMR spertrum Helv. Chim. Acta 53::2 J8f, ( l ()70) and 
56: 1143 (1973) suh "trisaspidinol"; mass spectrum Helv. Chim. Acta 54:2856 (1971).

21-RBR Trisdesaspidin-BRR. C:_10H
42O 12 

(654). Isol. from D. "austriaca", m.p. 148-152° (de­
comp.) and synth. m.p. 142-146° (decomp.): A. Penttilii & J. Sundman {] 963r). NMR 
spectrum Helv. C:him. Acta 53:2185 {]970), mass spectrum Helv. Chim. Acta 54:2856 
(1971). 

22-RBR Trisaspidin-BBB. C10H
44

O
12 

(668). Jsol. from D. "au.striaca", m.p. lE,6-159° and synth. 
m.p. 155-158°: A. Penttilii & J. Sundman (1963c).

23-RBR Trisflavaspidic acid-RBB. C:,1.,H 42O
12 

(6fi4). Isol. from D. "austriaca", m.p. 169-174° 

(decomp.) and synth. m.p. 168-1 74° (decomp.): A. Penttilii & J. Sundman (1963c). From 
D. aitoniana m.p. 168-17 4° : C:.-J. Widén, G. Vida, J. v. Euw & T. Reichstein (1971 a). 
NMR spectrum not puhl., mass spectrum, Helv. C'him. Acta 54:28E,6 (1971).

24-BAR Trisaemulin-BAB. C:
14

H
40

O
1
� (640). Isol. fromD. aemu./a,m.p. 180-183°: C:.-J. Widén et 

al. (1975a). NMR spectrum idem 897, mass spertrum idem 892. 
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24-BBB = Trisaemulin-BBB. f
1R

H,"O
12 

(668). Isol. fromD. aemula, m.p.168-170° : C.-J. Widén et 
al. as ahove. Mass spectrum Helv. Chim. Acta 58:892 (1975). 

25-ABBA = Menthylen-bis-norflauaspidic acid-ARRA (= Dryocrassin). Isol. from D. crassirhiznma,
m.p. 209-214° : Y. N oro et al. (1973); m.p. 210-215°: ì.-J. Widén et al. (1975d). NMR data
Y. Noro et al. (1973) and (' .-J. Widén et al. (197 5 d).Mass spectrum Acta ìhem. Scand. R 
29:859 (1975).

25-BBBB = Methylen-his-norflavaspidic acid-BBBB. C
47

Hs,;O
r
n (876). Isol. fromD. "austriaca" and 

synth. m.p. 1 fi8-16fi0
: A. Penttilii & ,J. Sundman (1 !173c). 

26-BBBB = Tetraflavaspidic acid-BBBB. Isol. from n. filix-mas and D. aitoniana m.p. 180-183° , J. v.
Euw. et al. (Puhl. in preparation). 

In reality the situation is still more complicateci. In most of the given formulae 
only the compouncis with butyryl sicie chains CH:i-CH2-CH2-CO- (abbrevia­
teci as B-derivations) are represented. Very often these compouncis are accom­
panieci by lower and rarely by higher homologues, carrying shorter, i.e. CH,-CH2-

CO- (= acetely) anci occasionally longer CH1-CH?-CH2-CH2-CO (= valeryl) 
side chains, e.g. in D. schimperana [Widén et al. 1973: 1133, 2125]. These are 
abbreviateci as A-, P- and V- cierivatives respectively. In ferns hranched chains, e.g. 
(CHJ2-CH-CO- (= isobutyryl) have so far been ohserveci only in D. erythrosa 
[Wicién et al. 1975c] but are known to occur inHagenia abyssinica [Lounasmaa et al. 
1973, 1974 and references therein]. 

In some cases, e.g. norflavaspidic acid 4, not only the BB compound (formula 4-BB) 
is known in pure state, but also the AB compound (formula 4-AB). In other cases e.g. 
flavaspidic acid (5) in which only the BB derivative is formulateci, many more such 
homologues are known in reasonably pure state and are mentioned in the 
bibliography to formula e. V ery often the separation of such homologues is difficult 
and has not been accomplished, the presence of lower or higher homologues in the 
mixture being established by degradation or by spectroscopic methods such as 
mass spectrometry (MS) anci nuclear magnetic resonance (NMR). 

Phloroglucinol (1) can also exist in a tautomerie form (1 a) and both 1 anci 1 a may 
be present in equilibrium in solution. 
They can also form 

la 1b 

dimers (1 b) and polymers by hydrogen honding. This is true for all the mentioned 
fern constituents. In each of the formulae 2-26 only one of these possible isomers 
(most prohahly the dominant end form of monomers) is given. NMR spectra show 
that an equilibrium with other forms, and probably different associates as well, often 
present in solution [see Widén et al. 1976]. 

The structure of these compounds was elucidated by degradation and partly by 
synthesis, confirmed by physical methods, particularly mass spectra and NMR. 

2.3 In vitro synthesis of the monocyclic units 27, 28 and 29 
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1
H2CH2CH3 1

H2CH2CH3 1
H2CH2CH3 

C O C O C O 

H O

V
OH

-
HO'

Q{
O� O

'Q{
OH + H O

'Q{
OCH3 

OH OH OCH3 OH 

27 28 29 

2-ButyrylpHoro­
glucinol 

5-O-methyl-
2-butyryl -
phloroglucinol 

3-O-methyl-
2-butyryl ­
ph loroglucinol 

and homologues can easily be accomplished by acetylation and partial 0-
methylation of phloroglucinol (1) (reviewed in Widén et al. 1973). The methyl 
derivatives 31, 2 and 32 are less readily available, because methyl-phloroglucinol 
(30) is no longer commercially obtainable. The important butyryl dilicinic acid (36)
can best be

"'i'" 
OH 

30 
2-Methyl-phloro-
glucinol 

"'� CO 

OH C3H7 
31 

2-Melnyl-4-bulyryl-
phlorog l ucìnol 
mp.166-167' 
C 11H14O4 (210) 

"\QÌ:'"CO 
I 

OH C3H7 
2 

Aspidi noi - B 
mp. 152- 153' 
C 12 H 15O4 (224) 

"'L�?' CO 
I 

OH C3H7 
32 

'f-Aspidinol-8 
mp. 72-73' 
C 12H 1 5 04 (224) 

obtained by mild reductive cleavage (see below) of natural phloroglucinols [Boehm 
1901a, 1903a] or by C-acetylation of filicinic acid (35) [Riedl & Risse 1954b; 
Anderssen 1968a; Widén 1968], which can be synthesised from phloroglucinol (1) 
via 33 and 34. [Hoefer et Riedl 1962]. It is also possible to hydrolise only one acyl 

side chain in 34 yielding acetyl filicinic acid (36a). In this way 36 or homologues can 
be prepared in good yields [Andersen et al. 1968b; Meikle & Stevens 1978]. 

HO

V

OH HO

)Q(

OH H O

*
OH H O

V
OH 

Q - Q - I I - I I -36
OC CO OC CO 

I I I I 
OH �C OH CH3 H3C O CH3 O 

33 34 35 

The 2-, 3- and 4-ring compounds can in principle be obtained from the 
monocyclic units by "methylenation", usually performed with formaldehyde in

slightly alkaline solution [Boehm 1903a; Riedl 1954], and sometimes better in 
aceti e acid [Aho 1958: 106]. We describe here only the synthesis of para-aspidin (7) 
from36 and2 as an example [Penttilii& Sundman 1962:1251] of a 2-ring compound. 
In this case the asymetrical compound 7 is the major product, but the asymetrical 
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ones 1 O and J 8 are also formed and in many other cases a separation of the mixture 
becomes unavoidable. The reaction is reversible and sensitive benzyl alcohols 37 or 
their equivalents are formed as intermediates. 

HO
�

OH 
I I 

oc 
H-,C3 O 

36 

Difficulties increase in the attempt to make 3-ring compounds, but the filixic 
acid-BBB (19) and some symmetrical homologues are easily obtained from 36 ( or 
homologues) and 27 with formaldehyde [Penttilii. & Sundman 1963:191]. Only two 
4-ring compounds (25 and 26) have so far been found in ferns. For 25 two
homologues (25- ABBA and 25-BBB) have been observed, both symmetrical and
both synthesised in two different ways. The intermediate 38 (obtainable from 27

with formaldehyde) was condensed with formaldehyde and two

y3H

7 T3H-, 

27 + ce,o 

_:o**o" 

OH OH 
38 

HO
'y(

OH 
+2 I I --- 25 -ABBA 

CO 
I 

O CH3 
36a 

molecules of acetylfilicinic acid (36a) to give 25-ABBA [Noro et al. 1973], while the 
25-BBB homologue was prepared from norflavaspidic acid (4-BB) and formaldehy­
de [Penttilii. & Sundman 1963:2370].

2.4 Rottlerone rearrangement. The above mentioned reversal of the "me­
thylenation can lead in some phloroglucinols to marked disproportion (scheme 
a) known as "rottlerone rearrangement". This is typical for asymmetric polydroxy
diacyl diphenylmethanes

I I 

Scheme a: x + CH2 +Y + 
I I 
I I 

a b 

I I 

X tcH2 rY - X -CH2 -x + y-CHi -y
I I 
I I 

a b 

when x and y are acyl resorcinol- or acyl phloroglucinol-residues. The reaction 
proceeds best by warming in aqueous acetic acid but also in alkaline solution 
[McGookin et al. 1951, 1953]. These authors showed that hydrolytic cleavage 
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occurs at the methylene bridge in both possible ways (a and b) g1vmg four 
monocyclic intermediates. Para-aspidin-BB (7) for example would yield 36, 39, 40 

and 2. Recombination of 36+39 would give the asymmetrical 

Albaspidin -BB 
c25 H32o8 (460) 

Scheme b: Example of rottlerone rearrangement in para-aspidin-BB. 

para-aspidine (7) back. But the other combinations, 36 +40 and 39 +2, will produce 
albaspidine (6) and methylene-bis-aspidinol (18), respectively. The same or 
equivalent products are obtained by heating [Penttilii & Sundman 1963; Penttilii 
1967] and are important in interpretation of mass spectra [Lounasmaa et al. 1971, 
1973; Lounasmaa 1973:152]. 

Still more puzzling in the effect of the rottlerone rearrangement in tri- and 
tetracyclic phloroglucinols (see Scheme c). Filixic acid (19) is known to produce 
albaspidin (6) upon heating [B. Widén 1944; Penttilii & Sundman 1963; Penttilii 
1967] and in the mass spectrum 

y3H7 
T3

H
7 

H H CO H :g H H CO 
HO O 

�
00 OH HO

� »:
O H O

*
O H 

,.Q,.11 � Il Il + "'
oc C \ : C '' . CO oc C CO Hf /, 

I aHb 3 Hb I I H I 
H C O 2 O H 2 O r -H H..C O 2 O C H OH 

7 3 
19 

-3 7 . '( 3 
10 

3 7 
41 

Filixic acid - BB 

C35H44 012 (668) 
Albaspidin - BB 

c
25

H32 O 8 (
460) 

Scheme e: Example of rottlerone rearrangement in filixic acid (la). 
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the peak at m/ e 460 may become the base peak at low electron voltage [see fig. 1 in 
Lounasmaa et al. 1971 :2855]. Formation of the hypothetical product 41 can be 
deduced from the fairly strong peak at m/e 209, interpreted as protonated 41.

2.5. Degradation. For structure determinations the reductive cleavage with Zn 
dust in aqueous 5 % NaOH solution under mild conditions (5 minutes warming at 
100°) [Boehm 1901, 1903] is the most important reaction. Penttilii & Sundman 
[1961, 1962, 1963a, b, 1964, 1967, 1970, see also Widén et a!. 1967, 1969, 1973] 
have used this method with great success in their extensive studies on different fern 
phloroglucinols. We quote here their result for trisaspidin-BBB (22). The molecule 
is broken again at the methylen bridge which is transformed into a methyl group, 
and this again can happen in two ways (a and b). 

�
e

� - ) ;� or 

a H2 

Theoretically, then, trisaspidin (22) can yield seven different monomers. The 

mentioned authors could detect four of them (36, 31, 27 and 2) see scheme d. 

Scheme d. Monomers obtained by reductive cleavage of trisaspidin (22). 
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Detection of such clevage products is best performed with a combination of PC 
and TLC. Widén et al. [1973] have recently reviewed the methods and given RF 
values for ali homologues (A, P, B, V) of acylfilicinic acids, aspidinols, acylphloro­
glucinols and acyl-methylphloroglucinols. Widén et al. [ 1975:889] gave also such 
values for desaspidinols and isomers of aspidinol B (i.e. iso-aspidinol and -aspidinol 
(32). 

If sufficient materiai is not available for identification of such hexacyclic 
cleavage products or if sufficient time cannot be devoted to the work, a more 
vigorous method can be used for a semiquantitative overall estimation of homo­
logues. Reductive cleavage performed under such harsh conditions (24 hrs heating 
with Zn dust in 15 % NaOH at 100°) splits the acyl residues off carbonic acids, 
which then are identified and semiquantitatively estimateci by gas chromatography 
[Widén et al. 1973:2141-2142]. 

2 .6. Biosynthesis. Scheme e shows the biosynthesis of fern phloroglucinols as 
postulateci by Penttilii. (1967, see also Berti and Bottary 1968, Geissman 1967). She 
verified most of the important steps by using radioactive markers. The starting 
point is the coe-zyme A derivative 42 of acetic acid, which is partly carboxylated to 
the malonic acid derivative 43. Condensation of one molecule of 42 with four of 43 
yields the tetra-oxo-decanoic acid derivative 44 which after cyclization and side 
chain reduction gives butyryl-phloroglucinol 27. This is the key compound, from 
which ali other fern phloroglucinols are formed. In this simplified scheme the 
formation of para-aspidin (7) is formulateci as an example. For this purpose one 
molecule of butyryl-phloroglucinol (27) is transformed into butyryl-filicinic acid 
(36) by geminai dimenthylation and a second mo! of 27 into aspidinol (2) by C- and
O-methylation. The two components (36 and 2) must now be bound together by
"methylenation". As mentioned earlier this can be performed in the la bora tory with
formaldehyde. Nature makes para-aspidin in two steps, by C-methylation and
subsequent oxydative condensation. Formation of 3- and 4-ring compounds takes
piace when one or two units of butyryl-phloroglucinol (27) are inserted by
"methylenation" between the two other hexacyclic rings.

If in the formation of the polyketone only 3 units of the malonic acid (43) 
participate, a tri-oxo-octanoic acid derivative (lower homologue of 44) is formed, 
which further leads to the A-homologues ( carrying acetyl groups). If propionic acid 
(instead of acetic acid) functions as starter, a tri-oxo-nonanoic acid derivative is 
formed leading to the P-homologues. According to recent results [Huhtikangas et al. 
1978] some of the aliphatic side chains may be built by C-methylation from lower 
homologues. 

The generai principles of biosynthesis are the obvious reason why ali natural 
fern phloroglucinols, in spite of their great diversity, possess analogous architectu­
re. 

287 



-7
0 

.:2 H3C-C....._ SR 

, H c,....cooH
2 '-cosR 

43 44 
Tetra-oxo-decanoic 
acid thiol ester 

aromatisation 

HO

�

OH 

o:_' ,-,.,,.,fi O=C "'"'fi '.I-� 
I '.l-�1/ò 

H1C3 OH /o
-,

? 

27 Butyryl-
phlo�ogbcin::,l 

36 Bu tyryl f ilicinic 
acid 

O OH 

1
H

*

.3 CH3 

o "metr.ylenation" 

c=o 

OH C3H7 

2 Aspidinol 

r-,. H2 
HO I /C

.....,_ 
O 

'e c-7 

?i Hi ?i Il °"" I 
H3C-C-C-C-CH J CH2 

e/ RiVto
45 

cyclization reduction 
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Scheme e. Biosynthesis of phloroglucinols as postulated by Penttilii 1967. 

3. Practical results. These can be summarized in four "rules" with a few
exceptions) as follows: 

3.1. Phloroglucinols are present in the rhizomes and thickened stipe bases in 
most species of the genus Dryopteris. 

Exceptions (with no or only traces of phloroglucinols) are some forms of D.

expans (Presl) Fraser-Jenkins & Jermy (= D. assimilis Walker) [Widén et al. see 
Tab. 2], some Japanese species: D. sparsa (Kam.) O. Ktze, D. polita Ros. and 
D.hayatae Tagawa [see Hisada & Noro 1961; Widén et al. 1976b; 1978a] and the
AfricanD. kilemensis (Kuhn) O. Ktze [Widén et al.1973]. Hisada &Noro [1961] and
Widén et al. [1978a] also mentionD. shikokiana (Makino) C. Chr andD. hendersonii.
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(Becid.) C.Chr. as devoid of phloroglucinols. These last two species however, have 
been transferred toNothoperanema by Ching [1966]. The AfricanNothoperanema 
squamiseta (Hook). Ching (formerly Dryopteris squamiseta (Hook.) O. Ktze) 
likewise does not contain any phloroglucinols [Widén et al. 1973]. 

3 .2. Outside Dryopteris such compounds were found only in a few closely relateci 
fern genera: Ctenitis [Mehra & Mittal 1961, Widén et al. 1978a; Widén & Puri 1979], 
Polystichum (so far only in P. tsus-simense (Hook.) J. Sm. and P. rigens Tagawa 
[Widén et al. 1976b, 1978a], in most species of Arachniodes and in Acrophorum 
nodosus [Widén et al. 1976b, 1978a]. But very similar phloroglucinols are present 
in some completely unrelated phanerogams: the "Kosins" in female flowers of 
Hagenia abyssinica Gmel. (Rosaceae) [see Hems & Todd 1937; Birch & Todd 1952; 
Riedl 1956; Orth & Riedl 1963, Lounasmaa et al. 1973; 1974a, b, Lounasmaa & 
Varenne 1978], the rottlerin (do mallotoxin) in Mallotus philippinensis Miill. 
(Euphorbiaceae) [ see li tera ture in Lounasmaa et al. 197 5], the "uliginosis" in 
Hypericum uliginosum H.B.K. Hypericaceae [Parker & Johnson 1968, Meikle & 
Stevens 1972, 1978] and the myrtucommulones inMyrtus communis L. (Myrtaceae) 
[Kashman et al. 197 4] and in Callistemon lanceolatus DC (Myrtaceae) [Lounasmaa 
et al. 1977. 

3.3. The composition of phloroglucinols is usually fairly constant for each 
species, little dependent on age of the plant, season of collection or origin; see D.

filix-mas (new results) and D. aemula in table 2 as examples. Exceptions (see also 
table 2) are D. expansa (Presl) Fraser-Jenkins & Jermy (=D.assimilis Walker) and 
D. carthusiana (Vill.) H.P. Fuchs. In the former there are sometimes only traces of
phloroglucinols, sometimes none at all [Widén & Sorsa 1969; Widén, Sorsa &
Sarvela 1970; Widén & Britton 1969; 1971:247; Widén 1972; Britton & Widén
197 4:627], and in the latter some specimens are devoid of para-aspidin (7). This was
noticed both for plants growing in Europe [Widén et al. 1970] and for plants in N­
America [Widén & Britton 1971? Britton & Widén 1974:627]. D. cristata A. Gray
sometimes contains and sometimes lacks para-aspidin [Widén & Britton
1971:1141].

3.4. Hybridis and allopolyploid species often show an additive composition in 
phloroglucinols when compared with their parents or ancestors [Widén & Britton 
1971:1141; Widén et al. 1975b; Widén, Widén & Gibby 1978 and others]. Table 3 
gives an example of such behaviour. D. x pseudo-abbreuiata J ermy is a sterile hybrid 
of D. aemula (Aiton) O. Kuntze xD. oreades Fomin. Its phloroglucinols [Widén et al. 
1976] show a composition that corresponds well to the arithmetic sum of the values 
found for the parents. This is often by no means always so; frequently one parent or 
ancestor will suppress formation of a component present in the other. Table 3 ·also 
gives results for D. crispifolia Rasbach & Reichstein [Widén et al. 1975] most 
probably all allotetraploid species once formed by chromosome doubling of the 
diploid hybrid ofD. aemula x azorica (Christ) Alston. It contains aspidin (6) as major 
component and other phloroglucinols (,5, 7, 8, 11 and 15) present in one or both 
ancestors; but phloroglucinol (J 2), margaspidin (13), aemulin (17) and trisaemulin 
(24), which are present in D. aemula, have not been found in D. crispifolia. It is 
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Table 2 - Illustration for rule 3.3. and exceptions. Giving semiquantitative composition of main 
phloroglucinols (homologues not given) of three Dryopteris species of which two are widely 
distributed in the northern hemisphere. *) = New results. Abbreviations for origin: A = 
Austria, Az = Azores, Br = Britain, Can = Canada, Co = Corsica, Ga = France, Ge = 
Germany, Hb = Ireland, He = Switzerland, I= Italy, Jap = Japan, Kam = Kamtshatka, Md 
= Madeira, N = Norway, Se = Scotland, Sib = Siberia, SF = Finland, Sv = Sweden, Tu = 

Turkey, USA = United States of America. 
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known [Scora & Wagner 1964; Ehrendorfer 1969] and theorectically well under­
stood [Farel & Ownbey 1968; Stern & Ownbey 1971; La vie 197 4] that hybrids and 
allopolyploids may occasionally contain new compounds ("hybrid substances") not 
present in either of their parents. For further literature see Widén et al. 
[1976:1740]. Such cases may also occur in Dryopteris [Widén et al. 1975b]. 

Two of the species, D. filix-mas and D. aemula, show relatively constant values, 
little dependent on origin, whereas D. expansa (= D. assimilis) shows strong 
individua! and geographical variation. Both in N-America and Europe, some plants 
of D. expansa are poor, some even devoid of and others ± rich in phloroglucinols, 
and plants from Asia show a rather different composition (much less phloropyrone 
and more trisdesaspidin) from plants of N-America and Europe. There are also 
some morphological differences between plants from Eastern Asia and their Western 
relatives. A rather pronounced variation was also noticed in D. carthusiana [Widén et 
Sorsa 1969a, Widén 1969b, Widén et al. 1970; Widén & Britton 1971a; Britton & 
Widén 1974]. 

In table 2 and those that follow, the signs are abbreviations for the following 
figures: - = less than 2 %; ( +) = 1-5 %; + = 5-10 %; ++ = 10-20 % and +++ = 
more than 20 % of the crude mixture of phloroglucinols. Some earlier values (see 
literature) have been corrected in this and the following table after checking the old 
chromatograms and comparing them with recent analytical values. Countries of 
origin are abbreviateci as follows: A = Austria, Az = Azores, Br = Britain, Can = 
Canada, Co = Corsica, Ga = France, Ge = Germany, Hb = Ireland, He = 

Switzerland, I = Italy, Ja = Japan, Kam = Kamchatka, M = Madeira, No = 

Norway, Rum = Rumania, Se = Scotland, SF = Finland, Si = Siberia, SU = 

Sweden, Tu= Turkey, USA = Uniteci States of America. Compounds 2, 3, 4, 9, 14 
and 16 not mentioned in this table were absent in all these taxa. 

In table 4 we give results for some members of the D. dilatata and D. filix-mas 
complexes. They show how the composition of phloroglucinols may reflect 
evolutionary relations, particulary in the formation of allotetraploid species. 

As Walker [1955; 1961], Gibby & Walker[1977] and Gibby [1977] have shown by 
experimental methods, mainly cytological examination of experimental and natural 
hybrids, the three species known as D. intermedia (Muehl.) A. Gray (N­
America), D. azorica (Azores) and D. maderensis (Madeira) are closely relateci. 
Cytologically they are even indistinguishable and have clearly evolved from the 
same ancestral stock. Today, as probably for a very long time, they are geographi­
cally widely separateci. Now they are morphologically still similar but distinct [see 
Gibby et al. 1977, Gibby 1979] and adapted to different ecologica! conditions. Thus 
D. intermedia will stand severe frost in Canada, whereas D. azorica and D.

maderensis are much more tender. It is interesting to see that they show a nearly
identica! composition of phloroglucinols.

Gibby & Walker [1977] have also solved an old problem, i.e. the origin of one of 
our most common wood ferns, D. dilatata. Using the mentioned methods they 
showed that it must have originateci by chromosome doubling from a hybrid of one 
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I D. oreades I 2x +++ - - - - - - - - - - i++ + - + Widén et al. 1976•*) 

I D. 
aemula !il: 2x (+) ++ + - - - + ++ - ++ - - - 1976;,.*l + - �lidén et al. 

Sum of above ++ + + - - - (+) ++ - + - i+ .(+) (+) (+) *) 

D. x pseudo-

abbreviata Se + ++ ++ - - - ++ ++ - ++ - + - -
Widén 1976a*l et al. 

o.,azorica Az 2x + +++ - - (+) - - - - - - - - 197Sa*) - - Widén et al. 
1 

Sum of D.aemula 

and of D.azorica + ++ + - - - (+) ++ - + - - (+) - *) 

D. crispifolia Az 4x + +++ ++ (+ - - - - (+) - + �- - - - Widén et al. 1975a *) 

Table 3 - Illustration for rule 3.4. The main phloroglucinols (homologues not given) in D. x pseudo­
abbreviata closely correspond to the arithmetic sums of those in parents (D. oreades and D. 
aemula). In the allotetraploid D. crispifolia, formation of margaspidin (J 3) and aemulin (J 7) 
as well as two others minor compounds present in one ancestor (D. aemula) is suppressed by 
the other ancestor (D. azorica). Compounds not mentioned in the table were ahsent in these 
taxa. Abbr. see table 2. 

of the three mentioned members of the D. intermedia group withD. expansa. Table 4 
shows that the chemistry is in complete agreement with such an origin. Gib by [1977] 
further showed that the AmericanD. campyloptera Clarkson contains (in principle) 
the same ancestral genomes ad D. dilatata. It is therefore quite understandable that 
these two species are morphologically rather similar, the small differences having 
arisen either during the verv long time of their wide geographical separation, or from 
some differences in one or both of their ancestors. For geographical reasons the 
American D. campyloptera could have originated from a hybrid of D. expansa x 
intermedia and the Eurasiatic D. dilatata {rom D. expansa x maderensis (or similar 
taxon). '.fabie 4 shows further that the composition of phloroglucinols in D.

campylvptera is indeed very similar to that in D. dilatata, though certain differences 
(e.g. in content of phloropyron) do occur. 

A similar agreement was observed for D. filix-mas. As shown by Manton 
[1950:44-62] and Manton & Walker [1954] D. filix-masis an allotetraploid species 
which originated through chromosome doubling in a hybrid of D. oreades Fomin (= 
D. abbreviata auct.) with another diploid species not known at that time. The
species has since been identified asD. caucasica (A.Br.) Fraser-Jenkins et Corley
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[1977] which grows in the Caucasus and euxine region of Turkey and Iran. Among 
other hybrids of the group, Fraser-Jenkins also found there wild diploidD. x initialis
= D. caucasica x oreades which by spontaneous chromosome doubling indeed gives 
rise to tetraploidD. filix-mas (Fraser-Jenkins et al. unpubl.) Table 4 shows that the 
phloroglucinol composition of D. filix-mas is in good agrreme1;t with this origin. At 
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D.ex2ansa He 2x + +++ +++ - (+) - +++ - - - - - Widén et al.19703 *) -

D. intermedia Can 2x +/++ +++ - - (+) - - - - - - - Britton & Widén 1974 
USA 2x + +++ - -/+ (+) - - - - - - - Britton & Widén 1974 

. n ,,.- .'roe. Az 2x + +-t:½ - -
(+) - - - - - - Widén et al. 1975 a 

D.maderensis Md 2x + +++ - - + - - - - - - - Widén et al. 1975 a 
-

Sum of D.expansa 
+·+ - - + +++ -

(+) - ++ - - - - -
& maderensis 

O.dilatata He 
Br 

4x + +++ +++ - (+) - (+) - - - - - Widén et al. 197oa 

D. camE:tloEtera l.J Can 4x +/++ (+) /++ +++ -/(+) + - +++ - + - - _ [llidi\n & Britton·l971*) 
n�• Britton & Widén 197_4 

O.oreaaes I 2x +++ - - - - - - ++ - + + Widén et al. 1911e ·> 
O.caucasica Tu 2x + - +++ ++ - - - +++ - - - - Widén et al. 197 3 a •) 

Sum of both - - ++ - ++ + - - - +++ - - l(+J +1 
D.filix-mas Widén et al. 197ie 

He 4x +++ - + + - - - +++ - - (+) (+) ana·new results 
D.v1.11ar1.1. I i<X ++ - +++ + + - - +++ - - - - Widén et al. 1'>71 

D.;Eallida I 2x + +
and new results - +++ + ++ - - - ++ (+) (+) 

Sum of both - - ++ -
+++ + ++ - -

++ + +) /(+) /(-t) *) 

O.submontana Br 4x ++ - +++ + ++ - - ++ - - -1
4) lfi-) 

Widén et al. 1971 
and new results 

Sum of D.oreades 
!(+> I+ & pallida 

- - ++ - ++ (+) + - - + + '""I+ 

D.t:z::rrhena 2) 
Co 4x +++ - + - ++ (+) - ++ + -

(+) Widén et al. 1971� 

1) One sample ofD. campyloptera from Quehec was devoid ofphloroglucinols, further results see Widén
et al. 197fi b. 

2) Treated sub "D. filix-mas var. rigidiformis" in Widén et al. 1971: 2838.
*) and other abbreviations see tahle 2 .

Tahle 4 - Examples of other allotetraploid Dryopteris species and their diploid ancestors in which 
chemistry reflects their natural relation. Main phloroglucinols (homologues not given) in the 
D. dilatata, D. filix-mas and D. uillarii groups as well as in D. thyrrena as example of a 
combination between a member of the D. filix-mas and one of the D. uillarii group.

294 



the same time it may be useful to emphasize that the chemistry of secondary plant 
products alone can never really prove that an assumed evolutionary relation is 
correct. As pointed out earlier [Widén et al. 197 3] the phloroglucinol spectra in D.

caucasica and D. uillarii ssp. uillarii are virtually the same. So chemical analysis 
cannot distinguish which of these two otherwise qui te distinct species is the appro­
priate candidate for the second ancestor of D. filix-mas. 

D. submontana Fraser-Jenkins (= D. uillarii ssp. submontana Fraser-Jenkins &
Jermy). This tetraploid taxon was first reported from Great Britain by I. Manton 
[1950:65]. Cytological examination of experimental and natural hybrids [Panigrahi 
1965, Roy 1967, Fraser-Jenkins & Gibby in prep.] strongly indicates it to be an 
allotetraploid once formed by chromosome doubling from a diploid hybrid of D.

pallida x uillarii (= D. x uidae Fraser-Jenkins & Gibby in prep.), although its 
allotetraploid nature has not yet been proved, however. The chemical results (table 
4) are quite compatible with such an origin.

D. tyrrhena Fraser-Jenkins &Reichts. As a last example we give in table 4 results
for D. tyrrhena, a species which can easily be (and often has been) confused with 
members of the D. filix-mas and D. villa rii group. It has been shown thatD. tyrrhena 
probably once arose by chromosome doubling in a diploid hybrid of D. oreades X 
pallida. D. pallida differs in phloroglucinol composition from D. caucasica only in 
the absence of filixic acid (19) and presence of albaspidin (J O), trispara-aspidin (20) 
and traces of trisdes-aspidin (21). It is therefore understandable that the com­
position of phloroglucinol in D. tyrrhena is rather similar to that in D. filix-mas, but 
the small differences, presence of albaspidin (19) and trispara-aspidin (20), are 
exactly in the expected direction. 

3.5. Chemical analysis as a tool to differentiate species. 
To illustrate the useful contribution chemistry can make to taxonomic problems, 
particularly if combined with cytology, we give results for East-African Dryopteris, 
as a first example, see table 5. The work represents ajoint effort to establish the true 
number of Dryopteris species growing in Kenya, based on materiai mainly collected 
by Faden et al. [see Widén et al. 1973b]. 

There is no agreement among the experts whether 5, 6, or 7 species grow there. 
D. squamiseta is not included in these figures (nor in table 5), because it was some
time ago been transferred to Nothoperanema by Ching [1966]. While ali workers
agree that the first four species in table 5 are distinct and give rise to no particular
taxonomic problems, there is no agreement about the other taxa, which can be
summarized as D. inaequalis group (or complex). Some authors, particulary
Schelpe [1970] and Kornas' [1979], makeD. pentheri (Krasser) C.Chr. a synonym of
D. inaequalis (Schlecht.) O.Ktze. Pichi Sermolli [in lett. 30.6. 1971] and Faden
[1974] accept them as distinct species. According to morphological, chemical and
cytological results, the situation is even more complicated. There are at least four
distinct taxa (accepted here as species) in this group. Besides of a tetraploid,
tentatively cali ed here D. inaequalis, and two di ploids, cali ed here D. pentheri and D.
schimperana (A. Br.) C. Chr., there is an unnamed further tetraploid R.B. Faden No.

295 



71-862. It is intermediate in morphology between D. pentheri and D. schimperana
and the chemistry would fit very well the assumption of its being an allotetraploid
(= amphidiploid) of these two. It must be emphasized that the names attached to
the mentioned material (vauchers deposited in H) are provisional. According to
Pichi Sermolli true D. inaegualis is restricted to S. Africa. If this is true, the taxon
called so in this study must be renamed (see Jacobson 1978).

Among the taxa of table 5 D. kilemensis represent one of the few Dryopteris 
species being devoid of phloroglucinols. (There is, of course, the possibility that this 
is only true for the particolar sample which could be analysed). As mentioned 
before, some individua! samples of D. carthusiana and D. expansa were also devoid 
of phloroglucinols. D. pentheri is remarkable from the chemical point of view, it 
contains pentherin-I, a new compound which is optically active (!) and in this respect 
unique among phloroglucinols from ferns. It has so far been encountered otherwise 
only in the tetraploid "Faden No. 71-862". D. inaequalis showed the most 
complicateci pattern of phloroglucinols with 10 components. 
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Table 5 - Showing semiquantitative composition (incl. new result.s) of the main phloroglucinols 
(homologues not mentioned) in eight Dryopteris species from Kenya. A hypothetical partial 
structure for pentherin-I IWidén et al. 1973: 2138! is based on reductive cleavage and its 
mass spectrum. It is the first phloroglucinol from fern found to be optically active. ·. 
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3.6. Dryopteris remota (A.Br.) Druce. Finally we give an example of how 
chemistry helped in establishing the correct nature of D. remota, based onAspidium 
remotum A. Braun [1850], a type collected in 1834 in the Northern Black Forest 
(deposited in B) and kept living in cultivation by Braun in several botanical gardens 
(Freibung i. Br., Karlsruhe and Leipzig) at least till 1873. The living material has 
since vanished. As shown by Manton [1938. 1950:71-7 5] the name was attached to 
two morphologically rather similar but distinct taxa: an apogamous triploid 
propagating normally from spores and a tetraploid sterile hybrid. As we know today, 
the former is widely distributed from Spain through Europe at least to Turkey and 
the Caucasus, missing in some areas and everywhere rare. The tetraploid hybrid 
was found only once [1854] by Huddard in England, introduced into cultivation by 
F. Clowes [1860] and, after some vegetative propagation, offshoots were distributed
to some experts and botanical gardens, so that Manton was able to secure living
material for her work from F. W. Stansfield. Unfortunately Stansfield's collections
were lost after his death, but a big clump of the hybrid was found accidentally by
C.R. Fraser-Jenkins still growing in the Botanical garden at Oxford and unequivocal
material after checking of cytology was available for chemical analysis [Widén et al.
1976].

As mentioned above, the gross morphology of the triploid species and the 
tetraploid hybrid is very similar. In the living state the two taxa can easily be 
distinguished by counting their chromosomes and by checking the content of ripe 
sporangia. The apogamous triploid produced mainly good spores and the tetraploid 
hybrid only abortive materia!. Unfortunately chromosome counting is impossible in 
old herbarium specimens and checking of spores becomes increasingly unreliable 
with age and handling. In the triploid species the good spores are usually lost after 
such events and only the abortive materiai is left, or mainly so. This is the main 
reason why for a long time it was not established to which of the two taxa the name D.

remota should be attached [see Reichstein 1965; Beni & Eschelmiiller 1973]. After 
careful study of the type of Aspidium remotum it nevertheless became evident 
[Fraser-Jenkins et Reichstein, pubi. in preparation] that it must be the triploid 
species. This also still grows quite near to the locus classicus in the Northern Black 
Forest [H. & K. Rasbach & T. Reichstein, publ. in preparation]. The tetraploid 
hybrid has therefore been given a new name D. Xx. brathaica Fraser-Jenkins et 
Reichstein [1978]. 

Fortunately, the two taxa contain rather different phloroglucinols (see table 6), 
and a small piece of rhizome of A. Braun's originai materiai of his Aspidium 
remotum, collected more than 140 years ago was still available. In spite of the age of 
the sample, the chemical analysis gave a clear result, corresponding well with the 
triploid species (D. remota) in complete agreement with the morphological 
comparison. 
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D. carthusiana SF 4x +/++ ++-: - -/+++ ++ ++ -/+ + -/+ 

D. filix-mas He 4x +++ + + +++ (+) (+) 

Sum of above ++ + ++ + + (+) + (+) (+) -/(+I 

D. X brathaica Br 4x +++ + + ++-:- ++ ++ + -t 

D. remota He 3x + + +++ (+) (+) (+) ++ (+) (+) (+1 

Aspidium remotum ( type) Ge (+) ++ +++ (+) + (+) ++ + 

Tahle G - Semiquaniiwt i,·e rn111positinn nf I! . .r /,rnthnicn with its putath·e parents (f)_ rnrth11sinnn anci 
n. fili.r-mo.,). n. rr·n111/o lrhec-kerl triploidl and Aspidi11m rC'mn/11m .'\. Rr. lt,·pe). 

-1. Appendix. Anal�·tical nwthods . .-\Il lf•m110raturrs nr<' gi,·en in "felsius lcPntigrades). Jt is clear
that reliahle ronclusinn rlepend on relinhlP annh·tic,>i rnnhnds. �lost phlomgluc-innls arp relativeh· 
stahle to acirls hut sensitiq• tn alkaline renc-tinn. n,irlntinn. lwnt. and contart tn nin1w adsnrhents likr 
aluminium oxide (AIO ,,.) and ewn silirn gel iSi(L I. Snme deteriorate rp1icker than �thers. 

-1. J. Thin layer chrornatograph�· (TLC). This nwthnd int roduced fnr separating phlnroglurinnls lw 
vnn Schantz & Nikula [l %2[ is stili the most cn1wenient procedure fnr quick anal,·sis. it has heen slighth· 
modified by Widén (l 9G'i) and \\.idén et al. (J 970). lf possihle the results should be cnnfirmed h,, 
preparative isolation of the pure compounds. i·nlrnffered SiO� plates can give erratic results and 
Schantz & Nikula [19G2[ recommed SiO� impregnateci with ci tric acid phosphate pH fì, which is stili tlw 
hest procedure. Far analysing mixtmes not well separateci under such condition • plates huffered to pH 
4-R according to the grndient technique of Stahl [19R4[ haw heen widely used during the last vears
[Haapalainen & Widén 1070. v\"idE'>n et al. 107:lh:21 :11: J9'ié,a:RR�J. Widén et al. [197fìa:1729-:10[, nn the 
other hand. recommend homogenousl,· huffered plates at pH 4.0 and G.O. In some cases plates huffered 
to pH R.O can give adrlitinnnl infnrmation. hut often the,· produce detoriation (see helow). For ver,· polar 
compounds (as S, 2.'l ancl 2/i) platPs huffered rn pH :1 nr p,·en :2 may be useful and arP harmlPss. Sn far 
SiO_.,(; (containing g,·psum) has l1C'en 11,erl fnr such 1rnrk. In the following we dPscrilw thC' prPparntinn nf 
SiO;-H plates anrl rheir nd,·anral!P in anah-,ing phloroglucinols. 

Preparation of huffers [,e0 l\.idf-n 01 ;il. I (),Ra: 1 � 1/1--11 [ 
0.2 M phosphate soli1tinn illJ) = :L-, .. -, g :\a c -Hl'Cl .. �H,,() ''\lerck"' in water·. ad J(ì/10 ml 
0.1 M citric acid solution I I\.)=:! I . f l 1 g r-r,·,1. citrir- acid 1(·iJ-l,O;.H:,O) "Merck" in wat0r ad 1 (1f)(ì ml
buffer pH R = 07.:1 ml TlT + �-� rnl \\. 

buffer pH fì = R:1.2 ml Jll + :1G.R 1111 I\.
buffer pH 4 = :rn.G ml JJl + "1 A ml I\.

Preparation ofhuffered SiO�-H platPs. :i11 g Silicagel 1.-\rt. ,n9) KiesPlgel HF IT,·p RII) fiir diP 
Diinn,rhichtchromatogrnphie. \lerr-kl i, mi,erl w0ll in ,i hl0nd with 70 ml buffer snlutinn and a O.:!fi mm 
thirk la,·er of this paste is applierl tn the 1-'.lnss plat<'s. Thr,P are first dried at ronn1 te111p01-nturi' for :rn 
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compouna ano co1our arter spraying witn 
Formula No. "fast blue salt B" (0.1% in water) 

2-B aspidinol-B (violet) 

3-B fraginol-B (yellow) 

4-AP norflavaspidic acid-AP (brown violet) 

4-BB norflavaspidic acid-BB (brown violet) 

5-AB flavaspidic acid-AB (brown violet) 

5-BB flavaspidic acid-BB (brown violet) 

6-AB aspidin-AB (yellow) 

6-BB aspidin-BB (yellow) 

7-AB para-aspidin-AB (brown) 

7-BB para-aspidin-BB (brown) 

8-AB desaspidin-AB (orange red) 

8-BB desaspidin-BB (orange red) 

9-AB orthodesaspidin-AB (orange) 

9-BB orthodesaspidin-BB (orange) 

10-AA albaspidin-AA (red) 

10-AB albaspidin-AB (red) 

10-BB albaspidin-BB (red) 

11-BB phloraspin-BB {brown) 

12-BB phloraspidinol-BB (violet) 

13-BB margaspidin-BB (brown) *) 

14-BB methylene-bis-desaspidinol-BB(violet) 

15-BB phloropyron-BB (red) 

16-BB phloraspyron-BB (purple) 

17-BB aetll.llin-BB (light brown) *) 

18-BB methylene-bis-aspidinol-BB (violet) 

19-ABA filixic acid-ABA (brown) 

19-ABB filixic acid-ABB (brown) 

19-BBB filixic acid-BBB (brown) 

20-BBB trispara-aspidin-BBB (brown) 

21-BBB trisdesaspidin-BBB (light brown) 

22-BBB trisaspidin-BBB (red) 

23-BBB trisflavaspidic acid-BBB (orange) 

24-BAB trisaemulin-BAB (brown) 

24-BBB trisaemulin-BBB (brown) 

25-ABBA methylene-bis-norflavaspidic acid-ABBA (brown) 

25-BBBB methylene-bis-norflavaspidic acid-BBBB(brown) 

26-BBBB tetraflavaspidic acid-BBBB (orange) 

RF values 

ptt 
4 6 

0.37 0.48 

o. 52 0.25 

0.37 0.03 

0.07 o.o 

0.12 o.o 

0.,83 0.55 

0.85 o. 70 

0.75 0.31 

0.81 0.47 

0.55 0.20 

0.57 0.23 

0.74 0.54 

o. 77 0.69 

0.82 0.58 

0.84 0.69 

0.85 o. 75 

0.32 0.26 

0.32 0.37 

0.55 0.45 

0.27 0.31 

o. 77 0.53 

0.61 0.48 

0.54 0.58 

0.64 0.11 

o. 73 0.18 

0.81 0.30 

0.29 0.01 

0.25 0.01 

0,01 0.01 

0.72 0.2J 

o. 77 0.39 

0.35 0.02 

o.o o.o 

4 

System 

II 
ptt 

6 

0.40 0.43 

0.49 0.47 

0.54 0.17 

0.19 0.02 

0.27 0.02 

o. 72 o. 73 

o. 72 o. 78 

0.67 0.67 

0.66 0.69 

0.51 0.52 

o. 53 0.54 

0.59 0.68 

0.63 o. 74 

0.68 0.73 

o. 70 o. 78 

o. 70 o. 79 

0.45 0.43 

0.53 0.53 

0.52 0.50 

0.51 0.39 

0.66 0.68 

0.56 0.49 

0.72 0.72 

o. 70 0.53 

0.72 0.62 

o. 75 0.73 

0.82 0.55 

0.68 0.37 

0.14 0.01 

0.81 0.00 

0.85 0.82 

o. 72 0.37 

0.07 o.o 

Tahle 7 - RF values in TLì on ,ilicfl gel "HF (Typ fìO) Merck". l = nearly to front. 

III 
pH 

4 6 

0.87 o. 73 

0.89 o. 73 

1 o. 70 

o. 72 0.31 

0.85 0.45 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

0.81 o. 71 

0.87 o. 77 

o.89 0.80 

0.87 0.81 

1 1 

1 0.86 

1 0.96 

1 1 

1 1 

1 1 

1 1 

1 1 

0.46 0.22 

1 1 

1 1 

1 1 

0.28 0.16 

*) At pH 6 an arlrlitional weak ,pot at RF O.O l anrl 0.07 visihle in system I anrl IT re,pectivel.,· 
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minutes and then acti,·ated at 1 OfiO for :10 minutes. This materiai gi,·es hetter spots. often hetter 
separation of spots and rather different RF values than SiO"-G lcontaining gypsum) and. heing 
flnoresrent, allows localisiltion of spots nnder l"\· light if necessary, without snhsequent spra:,·ing. In 
tahle 7 we give the RF values for most of the known Drynpteris phloroglucinols on surh plates lrnffererl for 
pH 4 and pH 6 in the following three s:,•stems. 

Solvent systems. System J = mix ture of methanol 1 O g, isopropylether (freshly distillerl h.p. R7 -RR0 

l'), :lfi ml and ryclohexane F,F, ml. Jsopropylether rlecomposes on standing to isopropanol ami acetone 
and must therefore he freshly distilled hefore mixing. System JJ = mixture of chloroform-hexane-ethanol 
(4Fi:4fi:10). System JJJ = rhloroform-hexane, ethanol-glacial acetir acid (4fi::rn:16:4) freshl:,· mixed. For 
very slow mooving compounds a System JV was usefnl with fì '/, of glacial acetir acid. 

Asrending chromatography. The RF values in tahle 7 were ohtained after a single nm. When the front 
had moved 1 fi rm the plates were dried in air at c. 20° for ii minutes. Resolution of an otherwise too slowly 
mooving compound is hetter after addition of acetir acid than hy chromatographing twice. Spots were 
visualized first in the dark rhamher nnder l '\' light and afterwards hy spraying with a freshly prepared 
0.1 % solntion of "fast hlue salt" ("F.chthlausalz R" Merck) = tetrazotised di-ortho-anisidine in water 
[A.Penttila & J. Sundman, ,J. Pharm. & Ph11rmarol. 1 :'l:fi'.i 1 (1 flfì 1 )J. The pH R plates should he userl with 
caut1on sin ce many phloroglucinols are deteriorated under such ronditions. An absorhent ran he arrepted 
as harmless if a drop of solution of a sensitive rompounrl (e.g. 1 :1 or 21) is chromatographed soon after 
application and another sample of the same rompound is applied 1-2 hours before and left in air on the 
same plate, provided hoth have the same nmning properties [Widén et al. 197fì: 17 40 footnoteJ. 

R and P homologues (]ike 7-PR and 7-RR etc.) in genernl mo,·e together in TL('. From these the A 
homologues can usually he separated (see .5-AR, .5-RR, H-AR, H-RR, 7-AR, 7-RR etr. in tahle 7, also 
Widén 1970, Arta bot. fenn. 91:1). 

Remark. In the same way a slightly different tvpe of Silicagel ( Art. 77 41, Kieselgel HF 2fi4 +:ìRfì 
(Typ 66) fiir Diinnsrhirhtrhromatographie Merck) can he userl. Tt has the advantage thilt detertion 
under OV light of longer waw length which is less agressi,·e can he used. The RF ,·alnes are slightly 
different. 

The given absolute RF ,·alues are only intenrled to he approximate figures. Thev may vary 
appreciably in each experiment and bave to he correrted against pure reference componnds. For 
identification of spots in mixtures the parallel nmning of reference rompounds on the same plate is 
indispensable. 

As evident from the given RF values not ali componnds can he differentiated with confidence in these 
system. Sometimes two compounds with similar RF va!t1es (e.g. R. I O and /,9) ran he differentiated hy the 
rolour produced after sprnving but this heromes unreliahle in mixtures or if both give similar rolours 
(e.g. 7 and 24). For such cases it is advisahle to use other svstems or different methods. Tt is possihle first 
to maké a crude separation on huffered Si O o plates (Rt pH 4 or R). and then visualized the spot under {TV 
light (i.e. without spraying). Scratrh out the materiai so enriched, moisten it slight]:,, with dilute (2N) 
aqueous Hr], and e Iute with pure ether or a little rhloroform. The residue of the compound solution is 
rechromatographed on pol,·amicle or precoated SiO:, in re,·ersed phase system or in HPLr. 

For TL(' nn pn!ynmidi' we used commerciali,· a,·ailahle plates: .-'\rt. F,F,F,F, Dr'.A]ufolien Polyamicl 11 F 
2fi4 20x20 cm Merck. As solvent: methanol-methvlethylketone-henzene-glacial acetic acicl 24:::10:44:2. 
Detection under llV light (2:i4 nm max). spraying with fast blue salt B give no colour on this 
hydroopbohir materiai (polymer of amino nndecannic acid). Tahle R gives a few RF values to show some 
pairs (e.g. alhaspidin ami filixic acid, etc.) which do not separate well on Si02 but fairl:,• well on polyamicle 
-11. Pnfortunately sometimes failing was ohsen·ed on such plates. 

For reuersed phnse we also used cnmmercial plates: Art. 1 :172fi HPTLr-Fertigplatten RP-sF 2fi4 S 
fiir die Nano-Dr lOxlO cm Merck. Soh·ent was methanol-water 9fi:!i. Detection under 1 1\' light as well as
hy spraying. Some results see tahle R. Homolog11es are usuali:,, not separated in this s:,·stem.

4.2. Other methods. Ali methods that involve high temperatmes, such as gas chromatography
(GLr) (see Pyysalo & Widén 1979a, h). cannot he of more than limitecl use due to rletoriation.

High performancP liquid chromatography (HPLC). This may berome the methorl of choise for 
analysing mixtures of phloroglucinols when further worked out. Wiclén et al. [19ROI. 

Mass spectrometry. J n spi te of the fact that all presently availahle methods for mass spectrometry 
involve considerahle heating of the sample, most valuable results hoth for iclentification and strnctme 
determination can be obtained even witb ronventional electron impact (EJ) mass spectra JLounasmaa et 
al. 1071 a; 1972; 1973; Lounasmaa 197::ll. The method is also very efficient for analysing mixtures of 
homo]ogues and degraclation prociucts. With gentler metbods using field ionisation (FT) (unpublished), 
chemical ionisation (rJ) [Loun11smaa & Varenne 197R; Lounasmaa J 979J and fielrl clesorption (FD) 
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(unpuhlished), excessiw fragmentation can he avoided. FD seems to be particulary suitable for dif
f

icult 
compounds, and dlstinct molecular peaks could often he ohserved which were not visihle or faint with 
other methods. 

4.3 Reductive cleavage under mild conditions. As mentioned, this reaction is used for structure 
determinations but also for analysing mixtures of homologues, etc. Details given in Widén et al. 
1970:2186:5  mg of materiai and lO mg Zn dust are warmed with stirring in 20 ml of 5 'lr aqueous NaOH 
for 5 minutes at 100°. After cooling, the insoluble particles are eliminated by filtration, the clear solution 
is acidified with HCI and extracted with ether. The ether solution is dried over Na2S04 and evaporated. 
The residue is anaJ,,sed in buffered s,,stems [for RF rnlues and analytical data see Widén et al. 
1973:2132-33, 29411, acyl-filicinic acids (36 and homologues) in PC at pH 4.0 and aspidinols (2 and 
homologues) in PC at pH R.6 with solwnt cyclohexane-chloroform l: l (,·/v) [Penttilii & Sundman 1961. 
196::la[ giving good separation. and for acyl-phloroglucinols (27 and homologues) ph 6. solvent n-hexane­
chloroform-ethanol-45 :4 5: IO [Widén et al. l 9,3[. The t1rn latter groups are not separated in PC and only 
partially in TLC and are best further examined in mass spectra or in glass capillary GLC as diethylethers 
(Pyysalo & Widén 1978a). 

4.4 Reductive cleavage under vigorous conditions. This method is sometimes more convenient 
for structure determinations and analysing mixtures of homologues. Details given in Widén et al 1973: 
2141-42 and Lounasmaa et al. 19, -l. 50 mg materiai and 100 mg Zn dust are boiled underr eflux with 20 
ml 15 % aqueous NaOH for 24 hours. After filtration the clear solution is acidified with 25 '7r HC'l and 
extracted 3 times with 20 ml of ether. The ether solution is dried over Na

2
S0 ,, carefully reduced to a 

small volmume (to avoid losses of volatile acids) and parti,· used for ingestion into an appropriate gas 
chromatograph adapted for analysing homologous fatty acids. Acetic. propionic, n-butyric, isobutyric 
and n-valeric acid are used as standards. The ether solution can also be used to analyse the deacylated 
homologues of 2, 27, 3 I and 36 (Lounasmaa et al. 19ì .J b). The method can be used for a rapid and 
reliable analysis of pure cr:,·stalline phloroglucinols for huilding units and crude "filicins" for 
homologues. 

4.5. The standard method for preparative isolation. The method used so far 
for isolation or at least conrentration of phloroglucinols for subseguent identifica­
tion by TLC includes the following steps. 

Rhizomes (if possible washed free of soil) or stipe bases (as serond choice) are 
dried in air at c. 20° for severa! weeks or at r. 40° for 4-8 days and powdered. 

The powder is exhaustively extracted with pure (peroxide free) ether. Evapora­
tion of the ether solution leaves a residue ="crude ether extract", a viscous, honey 
like mass containing ali phloroglucinols, plus larger quantities of fatty acids, neutral 
fats, waxes, steroids, etc. (see Huhtikangas et al. 1980). Provided pure, peroxide 
free ether is used, no deteriation occurs. The mixture can be analysed directly by 
TLC or HPLC. 

To concentrate the phenolics further (up to c. ten-fold), the crude ether extract 
has usually been treated with MgO and water to transform the fatty acids into 
insoluble Mg-salts and the phenolics into water soluble Mg-salts. Filtration and 
washing with water leave an insoluble MgO cake containing in addition to excess 
MgO and other possible additives (Na2SO1 see below), the insoluble Mg-salts and 
the bulk of neutral materiai. The phenolics go into the aqueous solution and are 
precipitateci with acid (HCl). The material so obtained is often called "MgO­
filicins". This step usually gives losses by incomplete reaction (mechanical 
occlusion) and degradation. The latter can be avoided in part by quick performance, 
low temperature, and addition of Na

2
SO,. as "stabilizer" [Ackermann &Miihlemann 

1946]. U sually it is possible to get additional amounts of phenolics by treating the 
MgO cake with Ba (OH)? [Widén & Britton 1971; Widén et al. 1976: 1740] but this 
may involve further detoriation. The precipitates obtained from the aqueous 
solution of this step are often called crude "Ba(OHh-filicins". The "MgO" - and 
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"Ba (OH)/' -filicins represent mixtures of essentially pure phenolics, which can be 
analysed further by TLC or HPLC, and often give cleaner results than the crude 
ether extracts. 

Details ofprocedure. 1 g of crnde ether extract is well mixed by grindingin a mortar with 2 g ofMgO 
and O.fi g crystalline Na2S01, further ground with 7 ml 1 '1,, Na2SO� in water at 0°, and quickly filtered 
with suction into 1 O ml cooled 2fi '1, aqueous Hì 1. The "filicins" precipitate as a light yellow amorphous 
powder. The insoluble residue is again well ground with 7 ml 1 o/, Na2S01 at O• and filtered into the acid 
suspension. THis is repeated two more times. 

The yellowish precipitate is either filtered with suction, washed with water and dried in vacuo to yeld 
the crnde "MgO-filicins", or extracted with ether and the ether solutions dried over Na2S04 and 
evaporateci. 

The last MgO filter cake can be treated in exactly the same way by grinding with 2 g Ra (OHh,8H20 +
O.fi g crystalline Na2S0:1 and further proceeding as above to give an additional amount of phenolics as 
"Ra (OH)2-filicins". This usually COl')tains most of the less acidic phloroglucinols like phloraspin (J I), 
phloraspidinol (I 2), margaspidin (13), methylen-bis-desaspidinol (14) and methylen-bis-aspidinol (J 8)
if present.

Column chromatography. For the isolation of crystalline compounds or achievement of partial 
separation to make TLì more reliable, the crude "filicins" have usually been chromatogrnpherl on 
columns with an about :'lO fold amount of unbuffered Si02 (Silicagel) fi.ir Siiulenchromatographie 
"Merck", Korngri\sse O.Ofi - 0.2 mm). Details are given for example in Widén et al. 197fì and are not 
repeated here. Appreciable degradation or rearrangements may occur in this step, particularly if 
repeated chromatography is necessary to achieve sufficient separation. Tbe undesired reactions can be 
minimizerl by quick work and si>lecting an appropriate quality of absorbent, but best by pretreating the 
sample with huffers or other protecting materiai anrl subsequently reactivating hy heating in vacuo (see 
helow sub 4.fì.). 

4 .6. Attemps to improve methods. W e give here preliminary results for a new 
method that avoids the two criticai steps, i.e. MgO or Ba (OH)2 

treatment and 
chromatography on columns of unbuffered Si 0 2• Application to D. filix-mas is given 
as an example. This plant is known to contain filixic acid (19) and flavaspidic acid (5) 
as the main phloroglucinols together with minor amounts of other components 
[Widén et al. 1971]. The method proceeds as follows. 

Extraction of powdered rhizome with pure ether is the same as in the standard 
method. The ether solution, after partial concentration is freed from cations by 
shaking with aqueous HCl. The dried ether solution is evaporated and this crude, 
cation free ether extract is counter current distributed between hexane (5 layers) 
and 95 % methanol + 5 °lr water mixture (c. 30 or 60 layers). The less polar 
compounds, i.e. ali the fatt materiai together with ali filixic acid (19) and some minor 
constituents stay in the hexane phases while the more polar materiai, i.e. the bulk of 
flavaspidic acid with other more polar compounds, go into the methanol phase. 

The materiai from the hexane phases is then chromatographed on purified 
hydrophylic polyamide (Polycaprolactame). We used a commercially available 
pro cl uct "S C 6" ( see below). It gives a fairly good separation of fatty materiai mix ed 
with a small amount of filixic acid. The bulk of the latter can be recovered by dire et 
crystallisation. 

The materiai from the methanol phases cannot be chromatographed on 
polyamide "SC 6" because it is too firmly adsorbed and can only be recovered from 
the column by addition of acetic acid or other drastic methods. Chromatography on 
microcrystalline cellulose (Avicel "Merck") gave fairly good results and columns 
prepared from SiO2 buffered for pH 6 and reactivated at 105 ° after drying gave good 
separation with no detectable detoriation. Unfortunately some citric acid is eluted 
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particularly with the more polar fractions; its elimination necessitates an additional 
operation. 

This method not only gave appreciably higher yields of crystalline filix-acid and 
flavaspidic acid from D. filix-mas than the standard procedure, but also immediate­
ly showed that trisflavaspidic acid (33) and a new compound which we tentatively 
formulate as tetraflavaspidic acid (26), so far not detected in D. filix-mas, are 
present in this species. 

Details of the procedure. Generai precautions. rommercial pure solvents were distilled hefore 
use. Ether in particular must have heen freshly distilled not longer than 2 days hefore and kept in the 
dark. (For liquid extraction and counter rurrent distrihution selected separatory funnels were used in 
which the ground glass stoppers keep sufficiently tight to allow rlean separation during the work with 
only a drop of water or methanol as luhricant, i.e. without any fat, silicone or other grease. During storage 
in the dry state the stoppers of the funnels must he protected with a strip of paper to assure their later 
removal. 

Purification o f  hydrophylic Polyamide for column chromatography. rommercial "MN­
Polyamid sr 6 (Polycaprolactam) fiir die Saulenchromatographie Machery Nagel & ro" was well 
washed at room temp. with ethylacetate, methanol (twice ), acetone (cl times) and ether and dried in vacuo 
at 20°. 

Purification of microcrvstalline cellulose. rommerrial: "Art. n::i 1 C'ellulose microcristallin 
"Avicel" fiir die Siiulenchro�atographie Merck" was washed at room temp. with water (twice), methanol 
(::l times) and acetone, dried in vacuo (0.1 Torr and 70-80°) for one hour. 

Preparation of buffered silica gel for column chromatography. C'ommercial silica gel:" Art. 
77::14 Kieselgel Korngr/isse 0,068 - 0.200 mm (70 - 2::l0 mesh AST M) fi.ir die Siiulenchromatographie 
Merck" was washed with water, methanol, chlorofonn, acetone and ether, dried in vacuo, finally Al l 00°. 
::l0 g of this materi al was well mixed with 60 ml huffer solution pH fì (see ahove) and dried in vacuo finally 
at 60-70° for one hour. -The fractions ohtained from columns prepared with this materia] after 
evaporating in vacuo have to he dissolwd in ether (or ether/chloroform mixture) and washed with water 
to eliminate citric acid. The washed ether layer gives the ritric acid free material. This is a compliration 
so far unavoidable. 

Preparation ofrhizomes. A large plant was rlug out (TR4l fì7, cult. in garden of.l .v.Euw sin ce many 
years) and the fronds and fihrous roots were rnt off. The rhizome was well washed hy hrushing under 
nrnning water to eliminate soil (weight of dean rhizome 2. 7 kg) anrl dried on a sieve in il slow stream of 
warm air at 40-fi0• for severa! days. When rearhing a constant weight (fìfì0 g = 24,2 'X) the dr>' rhizomes 
were hroken and powdered in a mili. 

Extraction. 260 g dried powdered rhizome was warmed 1200 ml ether under reflux for 1 O minutes 
and after cooling filtererl under slight preswre. The filter rake was further extracted 1 O times in the same 
manner. The last extract was virtually free from phenolirs. The comhined solutions were ronrentrated to 
c. 200 ml and this concentrate washed 3 times with 10 ml N aqueous HC'L and 8 times with water. The 
aqueous phases went through :� more funnels with 100 ml ether each to reetract traces of phenolic 
materiai. -As a check the final acid aqueous phases were comhined. evaporated in vacuo ancl the residue
dried over KOH at 0.1 Torr, leaving 2!-lfì mg "salts" (dark hrown mass, soluhle in methanol hut poorly
soluble in water and in dilute HC'l) which were not further investigated. The ether layers were dried over 
Na,,8O4 and evaporated giving 23.93 g (= 9.2 'J. of dry rhizome) "crude cation free extrart". 

Counter current distribution. This was performed by manual shaking in 5 
separatory funnels. 12.47 g "crude cation free extract" {= 1.35 kg of dry rhizome) 
was transferred into the first funnel with 15 ml 95 o/, methanol 5 % water mixture and 
200 ml hexane and shaken. After separation the methanolic layer was transferred to 
the second funnel where it was shaken with 100 ml fresh hexane, then to the third, 
fourth and fifth. Thereafter 15 ml fresh 95 o/, methanol was again introduced into the 
first funnel and after shaking and separation transferred to the second, and so on. 
The whole procedure was repeated until 30 methanolic phases have passed. 
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The five remaining hexane layers (after 30 methanolic washings) we·re dried over 
Na2SO4 and evaporateci giving 8.69 g "hexane soluble" material (= less polar) 
containing fatty acids, etc., all the filixic acid, and still a small amount of flavaspidic 
acid, etc. 

After chromatography on cellulose or polyamide -6, 513 mg crystalline filixic 
acid (0.035 % of rhizome) was obtained. This amount is appreciably more than in 
the standard method. Filixic acid (and other phenolics) can be obtained from the 
material (8.7 g) by dissolving it in 100 ml ether, shaking twice with 5 ml 20 % cold 
KHCO� solution and twice with water (5 ml), and repeating the operation 3 times. 
Separation may be slow hut the phenolics (c. 2 g) are recovered from the 11q11eous 
layers after acidification and extraction with ether. They contained all filixic acid 
which partly crystallised directly and the rest after chromatography. The yield was 
similar; no deterioration was observed. 

Flavaspidic acid present in this extract can be recovered, with considerable 
impurities, from polyamide -6 columns by addition of some 10. % acetic acid as 
solvent, and obtained in crystal from after chromatography on cellulose. 

The combined methanolic layers were freed from methanol in vacuo and the 
remaining aqueous suspension extracted 3 times with ether. The ether solution 
dried over Na2SO4 and evaporateci gave 3.55 g "methanol soluble" material (more 
polar) containing the bulk of flavaspidic acid, and tris-and tetraflavaspidic acid. 330 
mg crystalline flavaspidic acid (= 0.0244 % of dry rhizone) as well as crystalline 
mixtures (c. 30 mg) of tris- and tetraflavaspidic acid were obtained after chromato­
graphy on microcrystalline cellulose. The latter two compounds were separateci on 
SiO2 , buffered at pH 6 with the addition of a small amount of acetic acid to the 
eluting solvent. 

To get additional informati on on the distribution behaviour we further extracted 
in one experiment the "hexane soluble" materia} (8. 7 g), remaining after the 30 
methanol extractions, 30 times with 95 % methanol in the same manner as before. 
The operation was repeated 3 times (150 extractions altogether). 

Extractions 31-60 gave 980 mg "methanol soluble" material still containing 
flavaspidic acid, etc. From this 15 mg crystalline flavaspidic acid, m.p. 153-155°, 
could be obtained after chromatography on cellulose. 

Extractions 61-90 gave 320 mg "methanol soluble" material stili showing some 
flavaspidic acid in TLC, but no pure material could be isolateci. Extractions 91-
120 (344 mg) and 121-150 (289 mg) were free of flavaspidic acid and contained only 
small amounts of other phenolics, obviously other extractives. After these 150 
methanol washings 7 .60 g "hexane soluble" material was regenerated, still 
containing all the original filixic acid. 

From this one can conclude that 30 extractions give a very useful separation, 60 
may imp-rove the result, but further are usually not necessary. 
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Riassunto 
I più importanti fluoroglucidi ("filicine") isolati finora dai rizomi di Dryopteris vengono discussi. Lo 
studio chimico dei rizomi di Dryopteris (assieme ai metodi classici e citologici) può risultare utile alla 
soluzione di prohlemi taswnomiri, particolarmente nei casi seguenti: 1. Identificazione di esemplari 
d'erhario altrimenti carenti. 2. Classificazione di taxa critici nell'ambito di gruppi difficili. 8. 
Comprensione delle relazioni naturali, ed in particolare identificazione dei parenti in gruppi ihridi e dei 
tipi ancestrali in specie allopoliploidi. I metodi analitici vengono valutati criticamente. 

Zusammenfassung 
Die wichtigsten, hisher aus den Rhizomen von Dryopteris-Arten isolierten Phloroglucide ("Filicine"), 
werden zusammengestellt. Die chemische l lntersuchung van Dr:yopteris-Rhizomen kann (zusammen mit 
klassischen sowie cytologischen Methoden) hei taxonomisrhen Problemen hesonders in folgenden 
Fiillen van Nutzen sein. 1. Identifizierung sonst ungenugender alter Belege. 2. Ahgrenzung kritischer 
Taxa in einem schwer unterscheidharen Formenkreis. 8. Als zusiitzliche Kriterien zur Feststellung der 
Verwandtschaft, hesonders auch uher mogliche Eltern von Hyhriden und Vorfahren allopolyploider 
Arten. Die analytischen Methoden werden kritisch gewertet. 
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