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CLADOWIF~ONE BISEKMCIDE - A NOVEL FLWAL METABOLUE 
STRUCTURE DETERMINATION 
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Absfract: The ~~ of the new Nolo@calty active metabofiie dadcspftone MsspoxMs 1 and tts derfvatfve 4- 

oxo-c&dcsNm~~ bisepoxfde 2 have been elucidated by manifokf speQasaopic and X-ray crystalke~tc anaty- 

ses. 

Cladospirone bfsepoxide 1 is a novel metabotite isolated from cultures of a SaprOphytiC fungUS ‘. 

Based on the morphological characteristics the producing strain was identified as a representative of the 

species Cladosptxium chlotwephalum Fresen (Mason and Elks) 2. The fennentatton and isofation pmce- 

dures for the p~~tion of the rn~~~e and its biological activfty will be reported separately 3. 

This paper deals with the structure elucidation of cladospirone bisepoxide 1 and its deriVatiVe 2 on the 

basis of spectroscopic evidence and X-ray analysis. 

1 was purified by silka gef column ~~mat~~hy (ethyl aa?tateE”~ ~0~~~1) to give cofourfess 

crystals (ethyl acetate). The mass spectrum of 1 showed a molecular ion peak [M+] at nu’z366 (100%) re- 

quiring a molecular formula of C2~Ht407. Acetytation of 1 with acetic anhydrfde/pyridine gave a bisacetate, 

FAB-MS m&452 [Mr. Absorption bands in the IR spectrum (KBr) of 1 undertinad the presence of an atco- 

hof (~6~0 cm-l), an a$ unsaturated ketone (169~~6~), a naphthalene ring (i~~l6~~5~~ 

141tW380) and an aryl-0 fragment (1275). These findings were emphastsed by the characteristic UV 

spectrum @ma,r (&) = 328 nm (5480), 313 (6800), 299 (8770), 226 (681 IO)]. 

A l’~~-di~~~~~ n~~~~ su~t~~~ was estabffshed by the appearance of two ABC 

systems at 7.59I7.60 (4’-, 5-H) 7.47ff.51 (3’-, 6-H) and 6.98I7.06 ppm (2’-, 7-H) in the lH NMR spectrum 

of I (DMSO-d6). In the low-field region, two protons at 5.94 and 5.61 ppm, interchangeable with deuterfum 

oxide, coutd be assigned to two ~ip~tic hail groups (4-OH, 8-DH), Two signals at 5.64 fdd, 2-H; 4.3 z 

10.5, J2.4 = 1 .O Hz) and at 6.72 ppm (dd, 3-H; J2.3 = 10.5; 4.4 = 4.9 Hz) were dassified as an enone unit. 

An additional coupting between 2-H and 4-H (J = 1 .O Hz) could be revealed by 2D COSY experiments. It is 

obvious that only limited structural information was obtained from the chemii shffts and the interproton 

couplings. in addition, tong range couprings dfscovered by recording of coupted j3C NMR spectra with se- 

lective irradiatfon of appropriate proton frequencies were essential for tf’re determination of the structure. 

Important was the observation that irradiation of 3-H affected the signal for C-IO, as this confirmed a link 
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between C4 and C-10. The most signiffcant multiple bond comlations detected with the aid of low power 

selective decoupling and heteronuclear corn&&on experiments are shown in figure 1 by arrows. 

HO 0 F 

c H 3J(H@ 

;:: 
3-H 11.6 
4-H 4.9 

C-4 2-H 9.0 
C-l 0 3-H 4.7 
C-l 0 8-H 4.7 
c-10 8-H 8.9 
C-ItI’ b-i-l &9 

Ffure 1: j3C, 1 H Long range couplings for 1 

In order to prove the suggested structure of cladospimne bisepoxide and to determine ifs twkctfvity, 1 

was twwformed in the endiine 2 with MnO2 in methylene chloride {25*C, 30 min). The physical and 

chemical pmmies of the compounds 1 and 2 are given In table 1, #a NMR data In table 2. 

1 2 

Appearance colouilsss crystak pale yellow crystals 

MP (“C) > 160°C (dec.) >2OO”C (dec.) 

Element. Analysis CaH1407 - 0.25 H20 QoHl207 
obs,ewed C 64.59 H 4.09 C 66.61 H 3.47 

Calculated C 94.78 H 3.94 C 65.94 H 3.32 

FAB-MS m/k(%) 366 [M+] (100) 364 [M+] (100%) 

uv (ethanol) 226 (68110). 299 (8770). 313 (6600), 226 (72500}, 298 (8220), 313 (6800), 

hmrJ @I Cnml 328 (5460) 327 (4620) 

if? (KBr) 3640 (CM), 3460 {OH), 3400 (OH), 3050 3466 (OH), 3060 (CH), 3020 (CH), 2950 

(CH], 3020 (CH), 2920 (Cl-f). 1695 (CH), 1690 (GO), 1640/161 o/15851 

(GO), 1680 (C=O), 1640/1610/1585/ 1415/1380 (C=C naphthalene). 1275 

1415/1380 (C=C naphthafene}, 1275 {aryf-O) 

Table 1: Physico-chemical properties of 1 and 2 
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Chemical shifta 6 &pm] of $ Chemical shifts 6 @pm] of 2 

Pos. ‘H NMR JIM 1% NIWR ‘JWI ‘H NMR J [Hz] =C NMR 

1 5.84 (dd) 10.5; 1.0 166.7 125.3 166.8 

43 4.72 6.72 (dd) 10.5,4.9 4.9; 1.0 144.7 60.5 164.8 165.0 $6&I; . 

105 *. 190.0 135.6 

10.5 (d) 138.4 187.3 

: 3.31; (d) 4.2 52.7’ 95.0 181.5 _ 3.G - (d) 94.5 55.2 
; ;.g . &d) 4.2; 3.0 3.0 55.2’ 59.7 164.0 140.0 5.17 3.52 (dd) (dd) 4.:; 7.1 t 3:o 0 59.4 53.2 

1: - . ::2” _ 63.5 65.4 

;: 6.98 - (d) 
::oO 

145:4 120.6 164.0 7.60 (d) 144.9 120.9 
3’ ;g g) 127.7 161.8 7.49 (dd) :: 
4 

7160 
:I: 108.6 163.0 6.69 (d) 8:0 

127.8 
106.9 

; (d) 7.14 (d) 

;: ;; ._ f$f) ::: _ 

1276 109.0 161.8 163.0 to” 127.9 109.2 

120.7 145.1 164.0 _ ;z . _ tt) 8:0 121.0 145.2 
9’ - 111.5 _ _ 111.5 

4Z” 

;.$ . 

: 133.7 _ _ 133.8 

( (t$’ .) 
_ 

B-OH - _ 3.12 (d) 
_ _ 

7.1 

Table 2: NM&Data of 1 and 2 in DMSC-da (’ = interchangeable) 

Comparison of the NMR data of the compounds 1 and 2 suggested that these stn~ctums dtffar only in 

their oxidation levels. fH and 1% NMR experiments validated that in 2 the 4-OH group was raplacad by a 

carbunyl function. The f3C NMR of 2 only showsd one car&on, bearing a secondary akzdhol (C-8) and two 

carbonyls (C-f, 4) at 189.9 and 187.2 ppm. According to the ‘H NMR [6.65 (d, 2-H), 6.61 (d, 3-H)]. the oxi- 

dation product contained an endions fragment. 

Despite ail efforts, the steraochemistry of the epoxides and the hydroxyi groups could not be defined 

by spectroscopic methods. Therefore we proceeded to solve this problem by performing a single crystai 

sb’uutura analysis of 2 3. Compound 2 gave suitable crystals, which allowed to establish the conftguration 

as shown in figure 2 with the followfng stereochemistry: C-Ml-8a, C-7/H-7a. CWH-6a. 

Figure 2: Schakal plot of 2; the spatfd rapmsen- 

tation with random absolute configuration is 

shown 

Cl*C2: 2.79 A; C6CfC7: 61.6(4)*; CsC2cio: 

625(3)“; c2-c3: 1.324(9); CQ-ClO: 1.500(7); cs- 

CR 1.462(8); 01-m 1.414(7); 01-w: l&3(7); 
C2-C9:i .4!56(7); 02-ClO: 1 X36(6) 
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Both the 4-OH group and the epoxides assume the syn configuration. The two stx-membered rings A 

and B adopted a boat conformation; the tMg junction between them was c&. Ring C had a envelope con- 

formation. The molecules in the crystal were linked by intermolecutar hydrogen bonds between 03-H and 

04. Some van der Waats contacts were also perceived. The geometrical details of the H-bonds such as 

dices and angles are given in table 3. 

H-bond distances H-bond angles 

cl [“I 
03-H 0.60 03-H..*04 173 

H---O4 2.33 He.-04-Cl 125 

03.--04 2.933 

Table 3: lntra and intermolecular hydrogen bonds 

The X-ray analysis provided proof of the structure of 2, whkh was suggested by several NMR experi- 

ments before. It simultaneously established the &configuration for both the epoxides and the &hydroxyl 

group. The distance of 2.79 A between the epoxides is noteworthy, since this amount is slightly larger than 

the sum of the van der Waals radii (2.60 A). An assignment of the absolute configuration was not possible 

without a heavy atom. Unfortunately, the stereochemistry of 4-OH in f remains undefined. The sot&km of 

this problem will be reported later. Similar compounds were recently isolated from fermentation broths 5.6. 
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