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In this note we wish to report the isolation of dendroidin from several
:species of the genus Stereocaulon and to show that it is identical with
porphyrilic acid in all of the cases we have so far studied.

In 1961 the eminent lichenologist Asahina reporte& fhe occurrence of a
 diphenylene oxide derivative” which he called dendroidin in four species
of StereocaulonV. The substance was found to have a m. p. of 293°, to give
:a bluish-green color with alcoholic ferric chloride and a dark bluish-green
with aqueous calcium hypochlorite. A molecular formula of C,H;,0 was
-suggested.

- Porphyrilic acid is a dibenzofuran derivative which is supposed to have
‘the structure I shown in fig. 1. This structure is not entirely proved to
«our satisfaction since the alternative structures II and IIT in fig. 1 are also
-possible (Wachtmeister, 1956)®. Porphyrilic acid has been isolated from the:
.crustose lichen Haematomma coccineum (Dicks. ) but has not to our knowledge
“been found in other lichen genera. -

In the course of a chromatographic investigation of the genus Stereo-
.caulon (I.M. Lamb and C. Fox, in preparation) there was repeated occurrence

«of a spot that remained near the origin in most solvents, gave a blue-green
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coloration with ferric chiloride and a
blue-green one when sprayed with
aqueous hypochlorite solution. The:
substance was chromatographed with
an authentic sample of dendroidin
generously provided by Prof. Asahina.

The only samples of material then
available for immediate investigation
consisted of a small amount of S.
pendulum. This was extracted and
purified to yield 14.4mg of virtually
pure dendroidin. High resolution
mass spectrometry indicated an em-
pirical formula of C;sH,,0; and this
finding, along with identical color
reactions and melting point, indicated

that porphyrilic acid and dendroidin.

porphyrilic acid. are the same.

Unfortunately the
sample contained a small amount of an unknown contaminant that could
not be removed by recrystallization, and confirmation could only be made
by the formation of the decarboxylation product, porphyrilin.

A somewhat larger sample became available from a collection of S..
botryosum Ach. emend. Frey. This material can be definitely stated to
contain porphyrilic acid on the basis of identical NMR, IR, UV, mass.
spectra, and by the formation of a decarboxylation product, porphyrilin.

A third sample consisted of bulk S. explanatum I.M. Lamb and it was. ‘
also found to contain porphyrilic acid. -In addition, chromatographic evidence.
in six solvent systems has been obtained. This shows porphyrilic acid occurs.
in at least 10 other species of the genus. Unfortunately, most of these
species occur in such remote and exotic places that it will be impossible to-
obtain satisfactory chemical confirmation for each case.

Approximately 400 specimens representing members of each of the species.
of the genus Stereocaulon have béen examined to date. The occurrence of
porphyrilic acid has been found constant in seven species of the genus. In.
three others, the occurrence is inconstant ‘and may be considered to be am
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example of chemical variation. The taxa now considered to constantly
contain perphyrilic acid are: St. pendulum Asah., St. dendroides Asah., St..
strictum Th. Fr., St. explanatum M. Lamb, St. botryosum Ach. emend. Frey,.
St. leprocephalum Vain. and an arctic species as. yet unnamed belonging to
the St. vesuvianum assemblage. Those in which the occurrence is not con--
stant are St. piluliferum Th. Fr. and St. pomiferum Duvign. and a Himalayan.
species as yet unnamed belonging to the St. massartianum assemblage. An.
extensive treatment of the taxonomy and locations will appear at a later date..

The biogenetic significance of dibenzofurans has recently been reviewed.
by Mosbach (1969)®. Porphyrilic acid is of interest in that the compound.
probably is derived from the oxidation of two orsellinic acid units resulting’
in decarboxylation, phenolic and ethereal coupling; and the formation of the:
lactone ring, not necessarily in that order. It is, to our knowledge, the only
orsellinic acid-derived compound that occurs in the genus Stereocaulon and.
for this reason, may be of some taxonomic aid to botanists working with
this difficult genus.

Experimental

Isolation of Dendroidin from S. pendulum. The air dried lichen (5.5gY)
was extracted with two changes of anhydrous ether (1 liter each). This
ether extract was in turn extracted with three portions of cold 5% NaHCO;,
followed by extraction with three portions of 5% Na,CO;. The aqueous
extracts were immediately acidified with HCI and the resulting precipitates.
were collected by filtration after standing in a cold room overnight.

The bicarbonate fraction was found to contain all of the dendroidin
detectable on thin layer chromatograms. This was washed with a small
amount of cold acetone and the insoluble portion was recrystallized from
acetone and subsequently from dioxane. In other preparations, it was found
that the solvent of choice for .crystallization, of porphyrilic acid is methyl
ethyl ketone.

The melting point determination of this substance is so characteristic
that it is virtually diagndstic. The substance melts with gaseous decomposi-
tion at 283° (uncor.). A white ring of sublimed material gavthers above the

melt and if the temperature was held at the melting point white needles

3) Mosbach, K. Angewandte Chemie, 8: 240. 1969.
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‘were extruded from the melt. When the temperature was raised to 293-296°"
the needles melted to form a reddish-black residue. Mixed melting points
of material from Stereocaulon species with authentic porphyrilic acid in all
cases gave identical results.

Infra-red spectra of authentic porphyrilic acid and of the material from’
‘the lichen sources show peaks at 3410, 3220, 1711, 1680, 1589, 1463, 1432,
1412, 1261, 1215, 1132, 1088, and 1060 cm~* (KBr). The UV spectrum showed
peaks at 327, 285, and 247 nm.

The di-trimethylsilyl ether mono-trimethysilyl ester of both known por-
phyrilic acid and that from S. botryosum were prepared. by the method of
“Waiss, Lundin, ‘and Stern (1964)4. The NMR spectra of these derivatives
‘were determined - in carbon tetrachloride with TMS as internal standard.
“The spectra of the two samples were found to be identical. Two sharp
singlets at 3.17 and 3.47 ¢ represent two aromatic protons. A sharp singlet
at 4.62 ¢ and another at 7.28 ¢ represented two methylene and three methyl
protons respectively.

Final proof of the relationship between dendroidin and porphyrilic acid
was provided by the degradation of dendroidin to porphyrilin. Ten mil-
'livgrams of both substances were dissolved in acetone and a thin layer of
the material was distributed over the bottom of a sublimation tube. The
Sublimator was closed and evacuated to about 2mm Hg. The sublimator
was heated in ‘a bath of silicone oil. When a temperature of 230° was
reached a rapid de‘pdsitionvof material on the cold finger began and after
slowly raising the temperature to 285° over 10 minutes, the apparatus was
cobled and opened. The decoxﬁposition of both porphyrilic acid and den-
droidin was nearly quantitative, yielding a faintly yellowish microcrystalline
powder. Two recrystallizations from an acetone-ether mixture in both cases.
yielded pure porphyrilin ’(m‘. p. 295-300° subl.). The loss of a carboxyl group
\;vas ‘confirmed by disappearance of bands at 1711 and 1680 cm-t and by mass
spectra. ‘ ) :
Chromatographic Analysis of Herbarium Specimens. Approximately 100 mg
or less of lichen material was removed from herbarium packets and placed

in polyethylene capsules. (Beem capsules used for embedding electron micro-

4) Tetrahedron Letters. 1964: 513. 1964.
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scope specimens). The lichen material was crushed with a blunt stylus and
enough acetone was added to completely cover the:specimen. = The acetone
was allowed to evaporate to half its volume and samples were withdrawn
with very fine capillary pipettes (~ .5mm). The samples were spotted on
half sheets of Eastman Chromatogram Sheet 6060. The sheets were developed
‘from the shorter direction so that the solvent travelled about 90 mm. These
short chromatograms were necessary because of the large numbers of chro-
'matogramvs and the small amounts of material évailable from the herbarium
packets. Each specimen was chromatographed at least once in six solvent
systems. These were: 1. Benzene—dioxane—acetic acid 90 : 25 : 4; 2.
BenZene—mefhanol;acefic acid95:10:5; 3. Toluene—ingthylene chloride—
acetic acid 10:30: 1 ;‘ 4. Toluene saturated with formic aéid; 5. n-Hexane
T—ethyl acetate—formic acid 100 : 25.: 1 and 6. Butanol—acetone—water 5=
1:2. Spray reagents consisted of the following: 1% aqueous ferric chloride;
diazotized benzidine (109 aqueous NaNo, mixed with equal amounts of 1.5%
‘benzidine in .79 HC) ; Faét Bordeaux (0.1% in waterd) followed by over
_spfay of saturated sodiuni "carbonate ; and p-nitrobenzenediazonium fluoro-
borate in acetone followed by 2M sodium carbonate solution. All of the
samples reﬁérted ‘here vﬁ}ere‘chromatographed at least nine tifnes and in some:
cases 12 or more. Each chromatogram was accompanied by a reference
mixture containing an extract of S. péndulum. 4 )

Some of the fnaterial used in these studies was furnished under the
auspices of Nafional Science Foﬁndation Grant GB-4503 to IM Lamb.»A

* * * *
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¢ pendulum, St. dendroides, St. strictum, St. explanatum, St. botryosum, St.
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deprocephalum, 35X\ St. vesuvianum FED 1 ETIRFERST E LCHEL, . St. pi-
Auliferum, St. pomiferum, 33X\ St. massartianum FED 1 ECTIIIEE RS &
THIBT 5,

OFZNET 2 % (L% %A% Takasi Yamazaki: New combination and
new name in two taxa »
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Symplocos pergracilis (Nakai) Yamazaki comb. nov.

Bobua pergracilis Nakai in Bot. Mag. Tokyo 44: 24 (1930)—Dicalix
-pergracilis (Nakai) Hara, Enum. Sperm Jap. 1: 106 (1948)—5 T <= m*

Distr. Isls. Bonin, Isl. Chichizima.
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Y. Brand (1901) 1% 4 EHERSE L2, BHEZER (1927) 3w 200Biib
PFERETHHELT, BERDLDER ~1 7 +E Bobua :+4v 7 2 ¥§ Palura &
bW, WIREER (1936) Vi3 ¥< v r-S1F Cordyloblaste Z8ML T\ 5,
L LBIETD Symplocos —EL LTHOP 5 ADBEL, BebFThL0EI»k
ST LBAR TR VXS THS, A—BROERLLTHOP5FRERLERS. .

2) sk 44: 317 T Salvia formosana :\~5 FAREIESTH, FTCILER
WHESEBO 3+ 72 FVCRBEE-TWH T LR FHERMEHEN:, 5
BEAETTRIRAGERE- T2 L2 BDOT D KK, FERELICLITT 5,

Salvia muratae Yamazaki nom. nov.—Salvia formosana (Murata) Yama-
-zaki in Journ. Jap. Bot. 44 319 (1969) non Hayata 1919.
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