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Tbe yellow toxins produced by Cercosponr Betico&. Part VIII* : 
Chemical equilibrium between beticolins ; structures of minor 

compounds : beticolin 6 and beticolin 8. 
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Abstvact : n general &taicd t~mtation of t&e *littear’ hsticolitt skeleton &&co&t 2 and 4) im a “bent” 

beticolia stiletan lceberin A and beicolin 3 rwprcrivrty) i.v described Bctiolins 6 and 8. minor components qf 

mycelial extract are also chamcterizcd as minor cqwn& resulting from these transformations. 

The pathogenic fuagus, Cercosporu beticoia, which is responsible for leaf spot disease on sugar beet, 

produces colourful toxim of complex structures : a red one called cercosporin. the structure of which was found 

to be a hydmxy perylenequinone, and yellow compounds, one of which was known as CBT (C. betida toxin). 
M OH 

_B CO$lh 

In faa. isolation of sever cm has shown that c. betii%%l prMKT!s many ‘*lEow toxins=. As part 

of our ongoing progm for the deter&nation of the structues of these toxins, we have already proposed 

* Patt VII : Mikes, V.; Milat, M.-L.; Fu@n, A.; 3lcir1, J.-P. Biq&y& Bbcfwn. AC&J 1994 accepted for public&m_ 
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suuuures for four compounds, beticolios 2t, 3, 42 and cebetin A3, the latter one being simultaneously described 

by Jalal et aL4 accompagnied by its dimer complexing two atoms of magnesium, called cebetin B+s. 

These four compounds rely on the same she&on constructed around a chlorinated tetrahydro-xattthone and 

a pattially hydrogenated anthraquinone mokties. However, an important difference between these contpounds 

lies in tltc cyclixation of the heterocycle of the xanthotte unit which can occur with the oxygen atom either in para 

or in ortho position relative to the chlorine atom of ring C, &fining a “bent” and a ‘Qnear” skeleton tespectively ; 

as representatives of these two types of skeleton are cebetln A and beticolin 2 respectively, suucmres of which 

have been elucidated by X-ray spectrosc~py~~. 

The unambiguous presence of both types of cychxation prompted us to reexamine the spe&oscopic data and 

some of the chemical properties of beticolins. We fust made the hypothesis that under basic conditions, bcticolin 2 

could be transformed into ccbetin A. through opening of ring B. promoted by the fragmentation of the enolate 

formed at C-6, followed by ring closure through a Michael addition on the cz-B unsaNmted ester (Scheme 1, 

route b). This assumption was supported by the fact that treatment of beticolin 2 by MgC03 afforded in a poor but 

signiiicant yield the dimeric cebetin B3. Better nsults were obtained when beticolia 2 was subjected to the action 

of K2CO3 in acetone (Scheme 2). After neutraiixation (HCl 1N) a mixture of two products was obtained with 

c&&n A as major compound. 

Beticolin 2 

I CkbCttDA II 

scheme1 

In fact, the formation of four compounds could be expected in the coot-se of the reaction : beside be&din 2 

and cebetin A, compounds I and II with a linear and a bent skeleton respectively could be fortned in the absence 

of diasteteoselectivity in the ring closure step (Scheme 1). Another crucial difference between compounds I and II 

lies in the relative stereochemistry of the carbomethoxy and the bydroxy group on ring A. It happens that this 

relative stereochemtstry is easily inferred frown the tH NMK spectrum due to the fact that the pecuhar structure of 

the A/B bicyclic system compels the carbomethoxy group to be axial in a pseudo chair confortnation of ring A, so 

that the relative stereochemistry of the hydroxy group is deduced from the vahte of the coupling constants of H-3 
with vicinal protons H-4 (Scheme 3). The minor pmduct of the treatment of bekdin 2 by K3CO3 proved to have 

a cis relationship between the cathoutethoxy and the hydroxy group. and therefore should have the structure of 
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wmpotmd I with a linear skeleton. 

Examination of the minor components also isolated from the crude mycelial extract led to the isolation of 

compound I that we called beticolin 66. T reamrent of bctieolin 6 in the same conditions (K2CO3. CH$XCH3 

then HCl 1N) resulted in a mixture of starting beticolin 6 (20 46) and cebetin A (80 %) (proportions are 
determined by tH NMR of the crude mixture). It is interesting to note that we did not observe the formation of 

neither beticolin 2 nor compound II in the transformation of beticolin 6. A possible explanation for this selectivity 

would be that the presence of the hydroxy group at C-3 might control the diastereoselectivity of the Michael 

addition in this case, so that the formation of compotmds having a cis relationship between tbe hydroxy and the 

carbomethoxy group would be the kineticly favoured. 

?=-I 
Be&Olin 2 1) IWO3 CebetinA (80%) + Beticolin 6 (10%) 

Bericoiin 4 
2) HCl 

Beticdin 3 (65%) + Betimlin 8 (15%) 

s&me 2 
Confirmation of the structure of beticolin 6 was achieved by 2D lH-1~ phase sensitive NOESY’ 

experiments (400 MHZ). Beticolin 6 showed as beticolin 2 a nOe between the benxylic proton at C-l 1’ and this of 

the phenolic hydroxy group at C-l 0 which is characteristic of the linear skeletons. On the other hand, beticobn 1 

exhibited a weak nOe between the methyl protons (C-16’) and the protons of the methyl ester (C-16)3(Schemc 4). 

A similar chemical transformation was observed between beticolins 3 and 4 : treatment of beticolin 4 with 

potassium carbonate under sonication (2 h.) yielded a mixture of two main products, beticobn 3 being the major 

one ; the minor product of the reaction, which proved to be the hydroxylated analog of beticolin 6. was also 

characterimd as a minor component of the mycelial extract, and was called beticolin 8s. Spectroscopic analysis of 

beticolin 8 gave the same evidence as beticolin 6 for a linear skeleton with a cis relationship between the hydroxy 

group at C-3 and carbometboxy group at C-2. (Scheme 4) 

It is intexesting to note that all these compounds are present in the mycelial extract but in different amounts. 

They all inhibit plasma membrane H*-ATPase. The structure/activity relationship as well as the kinetics of their 

biosynthesis are under investigation. 
H4 

Bacolins 2,4 n H-3 multiplet of beticolin 4 

H-3 multiplet of beticolin 3 
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Amone. A. ; Nasti, G ; Merllni, L. : Ra gf$ 
After extncticm with ethyi acetate. b&m 

; Assante, G.I. Chem. Sot. C., 1993, 14%!Sl. 
were separated by flash chromatography usmg silica gel 

pretreated with Ca(H2P04)&H20 and H3P04 (Balk C.: Pi&e. M. G. Phytopathology 1971.61, 1477) and 
eluted with CHCl3. TLC plulysis was pformed using two systems : 1) CHCl3/h4eOHK!H3COOH 100/2/l aad 
2) Hexane.Iethyl acetate l/l. Crystallization from ethyl acetate/hexane afforded 
Beticoiin 6: Rf : 0.33 (system l), 0.24 (system 2) , mp = 2OO-202T , 
[a]D = +1350” (C = 0.01. CH2CI2). 
1H NMR 6 @pm) CD3COCD3 (400 hSHz) : 15.35 (s, lH), 14.95 (s, lH), 12.61 (s. lH), 12.23 (s, lH), 11.65 (s, 
lH), 7.58,7.55 (2H J=12 Hz. H-4’, H-S), 4.65 (dd, lH,J=12 , 5 Hz, H-3). 3.1 (ddd. IH. J=l7, 12,5.2 Hz, H- 
5b). 2.64 (ddd, lH, J=l7, 5.7, 1 Hz, 2.33 (qd. lH, J= 12, 5.2 H4a). 2.11 (tdd, 1H kl2. 5, 1 Hz, H- 
T$;.Elsj 3H.B16), 4.72 (d, lH, H-11 H-5?), , J=l.4 Hz), 4.22 (d.lH, H-13, Hz: J=1.4 Hz), 3.57 (s, 2H. H-15,),1.68 

5* 70.7 24.9 28.3 180.6 101.3 3C I&R g (100.57 MHz): 85.9 (C-2). (C-3). (C-4). (c-5). (C-6), (C-7). (ppm) 
186.4 (C-8). 105.6 (C-9). 157.1 (C-10). 115.3 (C-11), 143.7 (C-12). 113.4 (C-13), 154.8 (C-14), 169.0 (C- 
15). 52.3 (C-16). 201.5 (C-l’), 111.9 (C-2’), 154.4 (C-3’), 129.6 (C-4’). 127.1 (C-5’). 157.3 (C-6’). 107.6 (C- 
7’). 183.3 (C-S’), 102.6 (C-9’), 184.5 (C-10’). 43.3 (C-11’). 52.9 (C-12’). 59.1 (C-13’). 48.7 (C-14’). 39.4 (C- 
Is’), 17.0 (C-16’) 

7- Bodenbausen. G. ; Kogler, H. ; Bmst, R. R. J. Magn. Res. 1984.58, 370-382. 
8- B&koUn 8: Rf : 0.15 (system 1), 0.15 (system 2) , mp = >22O”C (dec) 

1H NMR 6 @pm) CD3CGCD3 (400 MHz) : 15.40 (s. lH), 13.85 (s, lH), 12.50 (s, IH). 12.15 (s, lH), 11.60 (s. 
1H). 7.50 7.45 (2H. H-4’. H-5’), 5.28 (d, 1H exchangeable with D20. I= 5Hz. OH-3). 4.55 (dt. lH,J=12, 5 Hz, 
H-3). 3.05 (m. 1H. H-5b). 2.80 (ddd, 1H. J=l6. 6, 1 Hz, H-5a), 2.41 (m lH, H-4a). 2.15 (m. IH. H-4b), 3.75 
(s. 3H,H-16), 4.95 (d. 1H. H-II’, J=1.3 Hz). 4.30 (d,lH, H-13’. J=l.3 Hz). 3.35-3.55 (system AB, J=l7 Hz. W, 
H-15’),3.88. 4.05 (2H, HI6’). 
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