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Ah&a&-Examination of a strain of Cercospora smilacis Thiim grown on potato-agar medium showed the presence 
of the known phytotoxin dothistromin together with the new 2-epidothistromin. Mutual conversion by epimeriza- 
tion at C-2 occurred during derivatization. 

INT’RODU~ION 

During a screening of the genus Cercospora for secondary 
metabolites [l] we found that some species, namely 
C. smilacis, C. ferruginea, C. fusca, C. microsora, C. rosi- 
cola and C. rubi, when grown on potato-agar medium, 
produced a red pigmentation. Extraction, purification 
and derivatization showed the pigment to be dothistro- 
min, the furanofuranoanthraquinone (l), recently iso- 
lated from Dothistroma pini [2,3], the fungus responsible 
for necrotic disease of Pinus rudiutu. The structure (1) 
for dothistromin was elucidated [2, 33 by chemical 
degradation, spectra and finally by X-ray analysis [4] 
of the tetraacetylbromoethylacetal (5). This analysis 
established also the absolute configuration of dothistro- 
min, except for C-2, as a ready epimerization could have 
occurred during the derivatization. 

RESULTS AND DISCUSSION 

Extraction of the mycelium of C. smilacis afforded a 
crude product, that appeared from the PMR spectrum 
as a mixture of two compounds in the ratio of cu 7:3. 
Attempts to further separate the two components were 
unsuccessful. The substances were also partly soluble 
which made the measurement of spectra difficult. 

Derivatization of this material afforded substances that 
are derivatives of dothistromin (1) or of the epimer 2- 
epidothistromin (la) depending on the reaction condi- 
tions. This is not surprising, because of the well-known 
susceptibility to ring opening and closure of such cyclic 
acetal structures in the presence of acid or base. Thus 
acetylation with Ac,O in H,SO,, according to Gal- 
lagher et al. [3] gave dothistromin pentaacetate (2) [3] 
and dothistromin tetraacetate (3). Treatment of the 
starting material with MeOH and SOCl, [3] afforded 
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a mixture of dothistromin Me acetal (4) and Z-epido- 
thistromin Me acetal, with a predominence of the former. 
By contrast, when acetylation was carried out in pyridine 
at O”, the new 2-epidothistromin pentaacetate (2e) was 

(I)R,R’,R”=H 
(2)R,R’,R”*Ac 
(J)R,R’=Ac,R”=H 
(4)R,R”=H;R’=Me 

Y 
10 H 

(!j)R,R”=AciR’=CH,CH,-Br 

2 --OR 

v 

6R (la)R=H 

(Pa)R-AC 

obtained almost exclusively. At higher temperature and 
with sodium acetate, a 1: 1 mixture of dothistromin 
tetraacetate and of (2a) was obtained. Again a 1:l 
mixture ofmono Me ethers (with the OMe in an unknown 
position in the aromatic ring) was isolated by methyla- 
tion with Me1 and K,CO,, and acetylation of this mix- 
ture gave the same ratio of monomethyltetraacetates. 

The assignment of an exo (2-epidothistromin) or endo 
(dothistromin) structure to these compounds was based 
on the PMR spectra, where the 2-acetoxy group appears 
strongly shielded (1.67 6 in (2) vs. 2.04 in (2a)) in the endo 
forms by the polycyclic aromatic ring [3]. Moreover, in all 
the derivatives the H-2 appears constantly as a three-line 
signal (X part of ABX) with a separation of 4 Hz in the 
exo form, whereas the same proton shows a multiplet, 
often superimposed on the 12a signal, and with lesser 
separations, for the endo isomer. 

With these means of identification at hand, reexamina- 
tion of the PMR spectrum of the starting material showed 
unambiguously that it is a mixture ca 713 of 2epi- 
dothistromin (la) and dothistromin (l), as the signals 
from H-2 appear clearly in the spectrum. The suspicion 
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that equilibration of the two epimers could have occur- 
red during chromatography through Si gel was ruled out 
by running the spectrum on the EtOAc extract of the 
mycelium, without further purification, which confirmed 
the presence of the mixture. Therefore it seems that both 
dothistromin and 2-epidothistromin are produced by 
the fungus. 

According to Gallagher et al. [3] their extract of the 
mycelium of Dothistroma pini is a mixture of dothi- 
stromin, and of lO-20% of deoxydothistromin, which 
could not be separated. The only evidence given by these 
workers for this latter compound is the presence of the 
corresponding peaks in the MS of dothistromin. We 
have found no evidence of the presence of deoxydothi- 
stromin in our extract of C. smilacis, nor was any deriva- 
tive with a MS corresponding to this compound found 
in any of the derivatives. 

The product of acetylation of (1) and (la) in pyridine 
at 0” contained another compound (7) besides (Za), that 
was isolated by TLC. The MS of (7) is consistent with a 
dothistromin pentaacetate structure. The PMR spectrum 
is very similar to that of this derivative, and shows that 

OR 0 

(6) R = H 
(7)R=Ac 

6, 

(7) is again a mixture ca 1: 1 of endo and exo 2-acetates. 
(The spectrum in C,H, particularly shows all the signals 
well separated), so that the assignment of the ABX 
system of the 2 and 3 protons, and of all the other 
protons is straightforward. The only difference between 
the spectrum of (2) and (2a) is the slight downfield shift 
of the signal of H-12a (6.67 6 vs 6.50 6). The only possible 
explanation for such data that can be given is ring 
opening and ring closure to the angular isomer (6), 
although we cannot offer any proof for this structure. 
Attempts to deacetylate (7) to the possible angular 
dothistromin isomer (6) gave only intractable mixtures, 
whereas 2-epidothistromin pentaacetate afforded the 
parent compound. 

From some cultures of the fungus, we have isolated 
also the anthraquinones averufin [S] and averythrin [6], 
both also found by Danks and Hodges [7] in Dothi- 
stroma pini. 

EXPERIMENTAL 

Mps are uncorrected. UV spectra were measured in 95% 
EtOH. PMR spectra were recorded at 100 MHz, chemical 
shifts are in ppm (6), from TMS as internal standard. Column 
chromatography and TLC were performed with Si gel. Where 
not otherwise indicated the purity ofthe products was checked by 
TLC, PMR and MS and deemed sullicient for the purposes of 
structural elucidation. 

Isolation of the metabolite. A culture of C. smilacrs. 556.71 
obtained from Centraalbureau voor Schimmelcultures, Baam, 
grown on potatoagar in 26 Roux flasks, was extracted twice 
with EtOAc after 2 weeks growth: the extracts were evaporated 

to yield 340 mg (13 mg/flask) of dark solid material, which was 
further purified by crystallization from Me,CO. A sample of 
this product had MW 372 and the PMR spectrum showed a 
mixture of two isomers (la, 1) in the ratio ia 7:3. 6 (DMSO), 
2.G2.4 (m. H--3). 5.30 (H-2.la) and 5.70 (H-2, I), 6.02 and 6.06 
(H-12a);7.20{H-Il), 7.3&7.44 (H-7, H-S), 15.68 (2 chelated OH) 
and 16.34 (chelated OH). 

I-Epidothistromin pentaacetate (Za) and (7). Acetylation (Py, 
Ac,O, 0” for 1 week) of (1. la) gave after usual work up (PLC in 
C,H,-Et,O-HOAc;9:1:0.2)twopentaacetates:theformerbeing 
2-epidothistromin pentaacetate (2a). mp 125” (from CHCl,- 
hexane), [ml, -- *O - -58.5” (in CHCl,, c = 0.43), M+ 582, uv 
A,,,,, (nm) 241,270.5,350 (c 2900,32.700,5370), PMR 6 (CDCI,) 
2.04 and 2.11 (alinhatic AC), 2.40 (AC) and 2.44 (SAC), 2.82 
(m, H,-3), 6.33 (HI2), 6.50 (s, H-12a), 7.37 (H-7, H-8) and 7.58 
(s. H-111. The second oroduct. (7). had mn 160”. M+ 582, uv 
i.i, (nm) 224,253,270& 370 (a 24000,20 9bo,l2 500,610O); the 
PMR spectrum (CDCI,) showed signals for a mixture of penta- 
acetates, and particularly 61.64 (2-acetoxy of endo-form), 6.37 
(H-2 of the endo-form), 6.52 (H-2 of the exo-form), 6.67 (H-12a 
of both forms). 

Hydrolysis of the pentaacetate (2a). A few mg of NaOMe 
were added to 10 mg of Qa) dissolved in MeOH (5ml), under 
N,, at room temp; after 10 min the spot corresponding to 
dothistromm appeared on TLC. 

Acetylation with Ac,O and AcONa. 1OOmg of the mixture 
(1, la) with Ac,O (5 ml) and AcONa (200 mg) were left for 4 hr 
at 60”, filtration and concentration gave after PLC (2a) and a 
ca 50% mixture of the tetraacetates of (1, la). PMR 6 (CDCI,) 
1.67 (AC) and 6.70 (H-2) for (1) derivative; 2.15 (AC) and 6.32 
(H-2) for (la) derivative. All the others signals are identical. 

Dothistromin pentaacetate (2) and tetraacetate (3). Acetylation 
of (1, la) under acidic conditions according to [3-j, gave princi- 
pally the compound (2); another product was a tetraacetate of 
(I), with a free OH at position 4 (the PMR spectrum showing 
one chelated OH and the signal of H-l 1 at 7.23 6. (vs 7.56 in the 
pentaacetate). (3) is a glassy sohd mn 105-l 10”. M+ 540 PMR 
s (CDCl,) 1.70 (AC-~) and 2.09 (Ac-3a), 2.44 and 2.46 (AC), 
2.80-2.98 (m. H--3). 6.50 (H-2 and H-12a). 7.23 (s. H-11). 7.4 
(H-7, H-8); 12.9<(chelatee GH). ” ” 

The methyl acetai (4). Prepared with SOCl, in MeOH, [3] ; 
the reaction mixture, after solvent evaporation, was crystallized 
from EtOH-H,O to give red crystals of (4) mp 230”; PMR 
6 (DMSO) 2.42.9 (n;, H,-3), 319 (OMe),’ 5.39 (H-2), 6.10 
(s. H-12a). 7.08 (H-7. H-8). 14.88. 15.18 and 15.46 (chelated OHl: , 
other signals in the PMR spectrum indicated that the sample 
contained a small amount of the Me acetal of (la). 

Methylation of the mixture (1, la). Methylation with MeI, 
K,CO, and dry Me,CO under reflux for 6 hr, gave a mono Me 
ether as a red solid, mp 180’, identified from the tetraacetate 
derivative (Py, Ac,O), as a glassy solid mp 135”, PMR S (CDCl,) 
1.63 (AC-~, endo-form), 2.06 (Ac-3a), 2.10 (AC-~, exo-form), 
2.28 (SAC), 2.762.92 (m, H,-3). 4.4 (OMe), 6.32 (H-2 exo), 6.53 
(H-2 endo), 6.63 (s, H-12a), 7.36 (H-7, H-8). 

Avert&n and averythrin. Averufin and averythrin were identi- 
lied by comparison of mp, UV, NMR and MS with published 
data [5,6]. 
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