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158. Biosynthesis of the Verrucarins and Roridins. Part 1 .  
The Transformation of Mevalonic Acid into Verrucarinic 

Acid. Evidence for a Hydrogen 1,2-Shiftl) 
Vcrrucarins and Roridins, 27th Communication [2] 

by Roland Achini, Beat Muller and Christoph Tamm 
Institnt fur Organischc Chernie clcr Iinivcrsitat Base1 

(14. V. 71) 

Summary. Incorporation experiments using sodium [2-1'*C;-, [2-sH]-, (3R)-[5-14C]- and 
[Z-YII, 2-14C]-mevalonatcs and with mcvalonates stcreospecifically tritiated at C(2) dernonstratc 
t h e  transformation of mevalonic acid (8) into verrucarinic acid ( 5 ) .  Degradation experiments 
showed that this transformation occurs with a hydrogen 1,Z-shift of the 'pro-2H' hydrogen atom 
of mevalonate to C ( 3 )  of verrucarinatc. A possible mechanistic pathway is discussed. 

1. Introduction. - The major components of the antibiotic complex.of the verru- 
carins and roridins, which have been isolated from cultures of Myrothecium verrzrcaria 
(Albertini et Schweinitz) Ditmar ex Fries and Myrothecium roridum' Tode ex Fries [3]-[5] 
and investigated during th- past years, are verrucarin ,4 and roridin A. They are 
macrocyclic esters of the sesquiterpene alcohol verrucarol (3) [6] which possesses the 
tricyclic trichothecane skeleton [7], and they differ from each other by the nature of 
the acidic hydrolysis products. Whereas verrucarin A yields cis, tram-muconic acid (4) 
and (2S,3 R)-verrucarinic acid (5) (isolated as verrucariiiolactone (6 ) ) ,  roridin A gives 
the dicarboxylic acid roridinic acid (7) as the single acidic product. Interestingly 
roridinic acid contains verrucarinic acid and partially rcduced cis, trans-muconic acid 
as structural elements. Verrucariii A has been shown to be the cyclic triester 1 [S]-(lo] 
of verrucarol, and roridin A the corresponding cyclic diester 2 [ll]. 

The complicated structures of the verrucarins and roridins presuppose corre- 
spondingly complex biogenetic pathways. For their elucidation, a series of feeding 
experiments were carried out by addition of likely I4C- and 3H-labelled precursors to 
growing cultures of Myrothecium. Earlier work suggested the sesquiterpene nature 
of the trichothecane skeleton [12] (three molecules of mevalonic acid were incorpor- 
ated) and indicated that various rearrangements occurred subsequently. The results 
obtained with verrucarol (3) 2, and their implications for the mechanism of the later 
biosynthetic stages will be reported in a following paper 1141. The isomeric relation- 
ship between verrucarinic acid (5 )  and mevalonic acid (8) suggested that the latter 
might not only be a precursor of verrucarol, but also of verrucarinic acid. In this 
paper experimental evidence is presented showing this assumption to be correct. In 
addition, the results obtained allow the proposal of possible mechanisms for the 
biogenetic transformation of mevalonic acid into verrucarinic acid. 

l) 

a) 

Presented in part a t  the XXIIIrd International Congress of Pure and Applied Chemistry, 
Boston, Mass., USA, 26 30th July 1971 [l]. 
For prcliminary communications of some results, see [13j, YZ].  
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2. Incorporations and Degradations. - In  order to achieve an optimal hcor- 
poration of the precursors, the rate of biological formation of verrucarin A (1) and 
roridin A (2) was determined by semiquantitative evaluation of their UV. absorption 
on thin layer plates. The resulting curve shows that intense production of the meta- 
bolites begins about 56 h after inoculation of the culture medium, and so the 14C- 
labelled and specifically tritiated mevalonates were administered at  that time to  
growing cultures of Myrothecium roridum, strain S 1135. Venucarin A (1) was isolated 

1 Verrucarin A 

,r: 
HOOC\ 

HOOC 

4 

3 Verrucarol 

HO“ 

2 Roridin A 

I 1 

5 (2S,3R)-Verruc- 6 (PS,BR)-Verruc- 
arinic Acid arinolactone 

8 (BRJ-Mevalonic 9 (3R)-Mevalono- 
Acid lactone 

HQ 

7 Roridinic 
Acid 

and purified by extraction with ethyl acetate and chromatography on a silicagel 
column. The administered precursors and the radioactivity of the isolated samples of 
1 are listed in Table 1. 
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The radioactive verrucarin A preparations were liydrolysed with potassium 
carbonate in aqueous methanol. Tlie neutral verrucarol (3) was separated readily 
from the acidic hydrolysis products cis, trans-muconic acid (4) and verrucarinic acid 
(5). Tlie latter was separated from 4 by sublimation of the crystalline lactone 6. 
Cis,  trans-muconic acid was then transformed into dimetliyl muconate with diazo- 
methane. Tlie radioactivities of tlic verrucarin A liydrolysis products and their 
derivatives are summarized in Table 1 . These results clearly demonstrate that mew-  
lonate is incorporated into verrucarili A (l) ,  and that tlic radioactivity is distributed 
bctweeii verrucarol and verrucarinolactone (6),  cis, tram-muconic acid being radio- 
inactive. Three niolecules of mevalonic acid (8) arc: incorporated into verrucarol 
thereby, confirming tlie sesquiterpene nature of the trichotliecane skeleton [12], and 
o m  molecule into verrucarinolactone. Although the mole-specific ratio of the 14C 
activity of these two components is approxiniately 3 :1, these conclusions should be 
accepted with caution since verrucarol and verrucnrinic acid are built up by two 
specific pathways which are probably linked together at  a late stage. Thus the observed 
activity distribution in various sections may just reflect tlie relative efficiencies of 
conversion of the precursor for each of the pathways rather than the number of 
precursor units involved. However, since there was no pool of intermediates present 
prior to the addition of tlic precursor, and since tlie compound studied appears to 
be the major metabolite (i. c. practically all tlie vcrrucarol and verrucarinic acid and 
related intermediates produced by the mould are converted to thc final metabolite), 
tlie radioactivity distribution will approximate to the ratio of units required to 
construct each moiety. 

The incorporation of (3 R)-[5-14C]-mevalonate constitutes the basis of all further 
experiments which were carried out with racemic (3 I?, S)-mevalonate, since this 
demonstrates that  it is in fact the natural eriantioiner wliicli is used as precursor for 
both sections of tlie verrucarin A molecule. 

For the localization of the radioactivities, verrucariiiolactone (1 1) , obtained after 
administration of (2-I4C]-mevalonate ( lo) ,  was reduced to tlie triol 12 with LiAlH,. 
Cleavage of the triol 12 with HIO, gavc tlie liydroxyaldehyde 15 and practically 
radio-inactive formaldehyde (17) which mas isolated as its dimedone derivative. 
Therefore the radioactivity is assumed to be located a t  C(2) ot verrucariiiolactone (11). 
To confirin this assumption, 11 was oxidized to (K)-(i-)-methylsuccinic acid (13) [S]. 
Schmidt degradation of the acid 13 with NaN, and polypliosplioric acid yielded radio- 
inactive 1,2-diaminopropane (14) (isolated as picrate) and two equivalents of CO,, 
corresponding to C(2) and C(5) of verrucarinic acid (5). The isolated BaCO, contained 
about 50% of the original radioactivity as would be expected due to the formation 
of two equivalents of CO,. The radio-inactivity of the 1,2-diaminopropane demon- 
strates that  the carbon skeleton of mevalonate had not undergone a rearrangement 
or an exchange of the state of oxidation of C(1) and C(5). Additional evidence for the 
biogenetic identity of C(2) of verrucarinate with C(2) of the isomeric mevalonate 
was provided by the oxidative degradation of tlie verrucarinolactone 11 isolated 
after feeding (3 R)-[5-14C]-nievalonate (10). Tlie resulting methylsuccinic acid 13 
contained the total amount of the original radioactivity. Subsequent Sclzvnidt degra- 
dation gave 2 equivalents of CO,, which again contained about half of the original 
radioactivity. 
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Incorporation of (3R, S) - [2-14C]-, [Z-SH] - and of [5-14C]-1Clevalonate into Verrucarinate 

1445 

A:: 
Y 1 H104 
'5: LiA1H4 . CHE. ... OH via 

[%, l4C]- 
HO coo8 - Ver A * 8  

fl 

c?: 
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10 11 12 

COOH -[ NaNJ F N H 2  

N Hz 14 15 F H O  

* 

*COOH 
13 

+ HO 

C O l  + C% cnao 
17  0 = [2-14C] of Mevalonate - 

16 
Y - [5-14c] of Mevalonate 

Ver A = Verrucarin X 
PPA = Polyphosphoric acid 

A preliminary experiment with the verrucarinolactone 11 obtained after addition 
of [2-3H]-mevalonate (10) to the mould indicated a hydrogen shift from C(2) of 
mevalonate to C(3) of verrucarinate since, surprisingly, tritium activity still appeared 
in the R-(+)-methylsuccinic acid 13. 

In  order to test this assumption and to elucidate the mechanism of the transforma- 
tion of mevalonic acid into verrucarinic acid, the incorporation of doubly labelled 
[Z-3H, 2-14C]-mevalonate (18) and of stereospecifically tritiated mevalonates was 
studied. 

Verrucarinolactone (19) resulting from the administration of [ P H ,  2-14C]-meva- 
lonate (18) to the mould, was treated with LiAlH, in ether. In addition to the triol 23, 
indicated above as 12, the lactol 20 was obtained as a second reaction product. 
Further treatment with LiAIH, in tetrahydrofuran under more vigorous conditions 
transformed the lactol 20 in to the triol 23. Compound 20 reacted slowly with 3 ,5 -  
dinitrophenylhydrazine in acidic solution, indicating the presence of a masked 
aldehyde group. The lactol was reoxidized readily to the original verrucarinolactone 
by treatment with bromine in water. Since the reduction of the carbonyl group of 
verrucarinolactone creates a new centre of chirality at C(l), two diastereoisomers 

OH H 

2 0 1  2 0 b  
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can be formed. According to the NMR. spectrum, the lactol 20 is in fact such a 
mixture of 20a and 20b. The 6-methyl group appears not as doublet but as double 
doublet at 0.95-1.1 ppm. 

The axial C(1)-proton of 20b is a doublet a t  4.38 ppm (J = 7 Hz), the equatorial 
in 20a, however, is a doublet a t  5.05 ppm ( J  = 4 Hz). The proton at  C(2) is a double 

20 19 
3 18 ( 3 R ) - 1 2 -  H, 2 - 1 4 C ]  

Mevalonate 

L J 

21 

I 

'/ 1 LiAlH4 
E t h e r  

CHO - 
HO HO OH 

J 

22 23 

24 2 5  

D N B z C l  J/ 
26 

DNBZO A H ,  

27  28 

DNBz = 3,5-Dinitrobenxoyl 
Py = Pyridin  30 
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doublet appearing at  3.12 ppm ( J  = 4 and 10 Hz) in the case of 20a, and at 2.88 ppm 
( J  = 7 and 10 Hz) in the diastereoisomer 20b. These assignments were confirmed by 
spin spin decoupling experiments. The hydroxylic hydrogens are exchanged by D,O. 

Upon further degradation with aqueous NaIO,, both the lactol20 and the triol 23 
yielded the same aldehyde 22. In order to avoid an exchange of tritium by enolization, 
the reaction was carried out under neutral conditions. The aldehyde 22 was not 
isolated but oxidized directly with Br, in water to the carboxylic acid 21. The protons 
formed during both reactions were neutralized by tlie addition of the calculated 
amount of NaHCO, solution. As shown later by the unchanged 3H:14C ratio, neither 
exchange of tritium nor racemization had taken place. The final product isolated 
from these reactions was not the carboxylic acid 21, but the butyrolactone 24. Since 
the lactonization requires acidic conditions, NaIO, formed in the course of cleavage 
of the triol 23 was reduced i f z  situ to sodium iodide by Na,SO,, since by addition of 
acid to the reaction mixture before the reduction of the iodate, bromine and iodine 
would be liberated from bromide and iodide present. After saturation of the aqueous 
reaction mixture with NaC1, it was possible to extract the butyrolactone 24 almost 
quantitatively with ether in a Kutscher-SteudeZ apparatus. In this manner the lactone 
24 was obtained from the triol 23 in 93% yield. 

Further degradation reactions were first elaborated using a synthetic radio- 
inactive y-butyrolactone. Diethyl methylmalonate was transformed into diethyl 
methyl-(2-hydroxyethy1)-malonate with etliylene oxide in ethanol (cf. [15]). Hydro- 
lysis and decarboxylation gave the desired ( -+)-Z-methyl-y-butyrolactone (24). The 
lactone 24 was treated with phenylmagnesium bromide in abs. ether. Whereas the 
resulting (&)-diphenylcarbinol was crystalline, the radioactive (2 R)-Z-methyl-l,l- 
diphenyl-butane-1,4-diol (25) was amorphous. Treatment of the carbinol 25 with I, 
in dichloromethane did not lead to the desired elimination product, but yielded 
instead the tetrahydrofuran derivative 26. In order to avoid this cyclization, the 
primary hydroxyl group of the diol 25 was esterified selectively to derivative 27 
using 3,5-dinitrobenzoyl chloride in pyridine. It was crystalline only in the racemic 
series. Treatment of either racemic or natural (ZX)-27 with SOC1, in pyridine at 22" 
yielded the same optically inactive, crystalline olefin 28. Oxidative cleavage of the 
double bond with NaIO, and catalytic amounts of OsO, in aqueous dioxane occurred 
readily to give the 3,5-dinitrobenzoyl derivative 29 of 4-liydroxy-butan-2-one and 
benzophenone (30), which were separated by silicagel chromatography. 

The radioactivities of the main degradation products described are listed in 
Table 2. 

The unchanged SH :14C ratio of the carbinol27 as compared with verrucarinolactone 
(19) shows that no tritium has been lost during the reaction sequence. Consequently 
the complete loss of tritium activity with the retention of tlie full 14C-activity in the 
olefin 28 is a significant result. Since after oxidative cleavage of compound 28 99.5% 
of the original I4C-activity is found to be in benzoplienone 30 and none in the methyl 
ketone 29, C(2) of verrucasinic acid (5) is biogenetically identical with C(2) of meva- 
lonic acid (8). The absence of tritium activity in the olefin 28 provides strong evi- 
dence for the anticipated hydrogen transfer from C(2) of mevalonic acid to C(3) 
of verrucarinic acid. 
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Table 2. Radioactivity of the degradatioiz pvoducts o f  verrucaranolactone with in~orporated[Z-~H,  2-14C]- 
rnevalonate 

Compound Radioactivity (dpm/mmol) 

3H 14c 3H : 

Verrucarinolactone 19 17.04 x lo5 4.16 x 105 4.09 
Carbinol27 16.60 x l o 5  4.02 x 105 4.12 

- Olefin 28 0.19 x 105 4.15 x 105 
Methyl ketone 29 0.10 x 105 0.00 x 106 - 

- Benzophenone (30) 0.03 x 105 4.13 x lo5 

To study the mechanism of the hydrogen transfer, the stereospecifically tritiated 
mevalonat es, namely sodium (3 R)-[ (2 S)-2-3K]/(3 S)-[ ( 2  R)-2-3H]-mevalonate (31) and 
sodium (3 R)-[(2R)-2-3H]/(3S)-[(2S)-2-3H]-mevalonate (32) were administered to 
cultures of Myrotkeciuwz in separate experiments. After feeding the mevalonate 31 
and subsequent hydrolysis of (3H]-verrucarin A, radio-inactive verrucarinate (33) 

31 a 31 b 32 a 32b 

(3R)-[ (2.~)-2-~H] (3S)-[ (2R)-2-3H] ( 3R)-[ (2R)-2-3H] (3s 1-[ (2s )-2-3H] 

3 [3H]-Verrucarin A [ HI-Verrucarin A 

HO coo* 
33 

HO cooe 

HOOC 

35 
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3 6 R  = HA, R' = COO - 
32a (3R)-mevalonate 2 37 R = COO - , R' = HA 

I 

J 38 HO 

1 H+ 

-H20 

H20/H+ I 

lH+ 
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was isolated, the total radioactivity being located in verrucarol. The experiment with 
the mevalonate 32 gave radioactive verrucarinate (34) containing ca. 40% of the 
activity of verrucarin A and radioactive verrucarol (60% of original tritium), Since 
the natural (3 R)-enantiomer of mevalonate is incorporated in verrucarinate, it is the 
(3R)-[(2R)-2-3H]-mevalonate 31a which is transformed to verrucarinate. Consequently 
it is the ‘pro-2s’ hydrogen atom of mevalonate that is lost in the formation of verru- 
carinate. The ‘pro-2 R’ hydrogen is retained and transferred to C(3) of verrucarinate 
(34). In  consequence, oxidation of the radioactive 34 with KMnO, gave radioactive 
methylsuccinic acid (35). 

A possible mechanism for the biogenetic formation oi verrucarinate from meva- 
lonate is outlined in the following scheme. The loss of the ‘pro-2s’ hydrogen HB in 
mevalonate 32 a agrees with the tram-elimination of H,O leading to cis-anhydro- 
mevalonate 36. However, a formal cis-elimination yields trans-anhydromevalonate 
(37). Epoxidation of the double bond gives rise to  two pairs of enantiomeric glycidic 
acids, 38 and 39. By protonation of the ‘/3-epoxide’ 38 the oxonium ion 40 is formed. 
Subsequent cleavage of the C(3)-oxygen bond and hydride 1,2-shift of the ‘pro-2R’ 
hydrogen atom HA of nievalonate 32a leads to the ketone 43 with concurrent inver- 
sion of the chiral centre C(3) by analogy with a pinacol rearrangement4). Both the 
cis- and tram-anhydromevalonates yield the same product because of the disappear- 
ance of chirality a t  C(2). The last step in the formation of (2S,3R)-verrucarinate (34) 
constitutes the stereospecific reduction of 2-dehydro-verrucarinate (43). - Since 
the configuration of the epoxy group in the epoxy-anhydromevalonate obtained by 
hydrolysis of the metabolite verrucarin B 1171 is still unknown, the ‘a-epoxide’ 39 
cannot be excluded a priori as an intermediate. However, the steric position of the 
methyl group a t  C(3) of verrucarinate (34) requires a rearrangement with retention 
of the configuration, which is possible by a double inversion at  C(3). Hydrolytic 
cleavage of the C(3)-oxygen bond of the oxirane ring forms the diol41 with inversion 
at  C(3). Subsequent pinacol rearrangement with a hydride 1,2-shift involving HA 
requires a torsion of the C(2)-C(3) bond to form the diol 42, and leads to the ketone 
43 as well. - The cleavage of the ‘a-epoxide’ a t  C(2) which is favoured under basic 
conditions, yields the enantiomer of diol 41. Due to the transfer of Ha, the following 
pinacol rearrangement leads to inversion at C(3) and consequently to a final product 
possessing the wrong configuration. 

The loss of the ‘pro-2s’ hydrogen in mevalonate appears to preclude a mechanism 
involving vitamin B,, coenzyme [HI. 

On the basis of these mechanistic considerations, we believe the ‘p-epoxide’ 38 to 
be the real intermediate. 

The isolation of metabolites from Myrothecizm species containing anhydromeva- 
lonic acid (verrucarin J [19]), 2,3-epoxy-anhydro-mevalonic acid (verrucarin B [17]) 
and 2-dehydro-verrucarinic acid (2’-dehydroverrucarin A [5]) provides strong support 
for the proposed sequence of reactions. An analogous sequence is also found in the 
roridin series. 

Support of this work by  the (1 SGhzweiierLschev N a l i o m u o m i s  Z L I Y  I-‘iivdevzLizg (lev Iwi.ssc,zschu.~tliche~i 
/;uvschzmgi> and by Sandoz A.G., Rascl, is gratefully acknowlcdgcd. 

a] For analogous rearrangements of glycidic esters catalyzed by BF,-ethcr cf. !16]. 
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Experimental Part 
1. General Methods. - The melting points werc determined on a Kofler block and are 

uncorrected. Elcmental analyses werc carried out in the micro-analytical laboratories of the 
Institute (E .  Thomnten). The infrared [IR.) spcctra wore rccordetl with a Perkin-Elmer Model 
125 IR grating spectrophotometcr, and the ultraviolet (UV.) spectra were recorded with a 
Beckmaizn Model DK2 spectrophotometcr in the spcctral laboratorics of thc Institute ( K .  Aegerler). 

The 100 MHz nuclear magnetic resonance (NMR,)  spcctra werc detcrrnined by H.  Hubev, 
E .  Jutzi, and E .  Wzdlschleger in the Physikalisch-Chcmiscnes Institut der Univcrsitat Basel on a 
&‘avian Hh-100 U spectrometcr. Thc spectral laboratory of our Institute ( K .  Aegerter) recorded 
the 60 MHz NhIH. spectra on a Variaiz A-60 instrument. Abbreviations used are: s = singlet; 
d = doublet; t = triplct; q = quartct;  $?z = niultiplct; br. == broad. 

The optical rotations werc measured with a Pevkiiz-Elmer Model 141 polarimeter. We thank 
H .  Gallikev, Isotopcnlabor der Firma Sa*zzdoz A .G., Basel, for thc radioactivity determinations. 
The samples wcre dissolvcd in toluene scintillation fluid, and the activity was determined on a 
Tri-Carb (Pachard) Model 3375 liquid scintillation spectrometer by  direct measurement. The 
precision of measurcment for doubly niarkcd samples is (XI, and for singly marlred samples 
is 3: 1% unless specificcl otherwise. Gas chromatography ( ) mas carricd out on a Perkin-Elmer 
Model F 11 instrument, using silanized columns containing 10% SE30 on Chromosorb W. For 
column chromatography, silica gel 0.05-0.2 mni from E.  dderck A .G., Darmstadt, was employed. 
For column chromatography of WV.-absorbing substances a Uvicord Typc LKH 4701 A (254 nm) 
was used. Preparativc thin-laycr chromatography ( T I L )  was carried out  on silica gel PF254 
(Merck) ,  and ordinary TLC. mas carricd out on silica gel G ( M e r c k ) .  Usual work-up means: 
extraction with the solvent stated; washing with 2~ H,SC),, 2~ Na,CO,, and watcr; drying with 
MgSO,; concentration in ZIUCUO. Before determination of radioactivity, the samples were dried 
8 h a t  0.02 l o r r  and 40’, unless otherwise stated. 

2. Determination of production rates of roridin A and verrucarin A. - The 
culture experimcnts were carried out t y  Sandoz A.G. Medium: 7 g casamino acids, 2 g KH,PO,, 
2 g MgSO, . 7 H,O, 20 g glucose, 2 g malt, 2 g peptonc, 2 g yeast, and 1 litcr of distillcd water, 
pH 5.28 (not adjusted). Thc sterile culturc medium (10 I )  was placcd in a fermcnter and inoculated 
under sterile conditions with 50 in1 of a spore suspension of Xyrothecizinz roridum Strain S 1135. 
The fermentation took place at 27” with stirring (450 rpm) and air circulation (0.4 1 per liter of 
culture medium per niin.) 

Evcry 6 h 100 nil samples were rcnioved under sterilc conditions and iinmediately extracted 
with ethyl acctate. The extracts were washed threc times with 100 ml of watcr, dried with MgSO,, 
and concentrated. Chromatography TLC. of the samples was cffected with methylene chloride/ 
methanol (9H:Z) against standards of roridin X (0.001 mg) and verrucarin A (0.004 mg). By 
comparison of the UV. absorption (254 nm) of the samples, the amounts of roridin A and verrucarin 
.1 were calculated. 

3. Culture experiments with addition of sodium [(2-yH, 2-14C)]-me~alonate. - 
Equal amounts of sodium 0.5 mCi [2-14C]- and 5.0 mCi [2-3H]-n~evalonate wcre addcd to each of 
two 10 J fermenters with a millipore sterile filter syringc 50 h after inoculation. The culturc 
solutions were extracted with ethyl acetate 41 h aitcr addition of the precursors, and the crude 
extract (34 g) was chromatographcd on 2 kg of silica gel. The elution was accomplished with 
nicthylcnc chloride: for fractions no. 1-32: 0.5% methanol was added; for no. 33-53: 0.75% 
methanol; for no. 54-57: 1 % ;  for no. 58-63: 1 .5%;  for no. 64-79: 2 % ;  for no. 80-83: 3%;  for 
no. 84-91 : 4% ; for no. 92-95: 5% ; for no. 96-100: 10%. Thc substances were identified by  TLC. 
comparison and IR. spcctroscopy. 

Fractions no. 32-38 (602 mg) yielded 411 mg verrucarin B after chron~atography on 12 g of 
silica gel. For radioactivity measurtiments, verrucarin 33 was recrystallized five times from 
niethylene chloride/cther: 

Crystallization 3 : 32600 dpni/nlg 3H 4610 dpnjnlg 14C 
Crystallization 4 :  33800 dpm/mg 3H 4880 dpm/mg 14C 
Crystallization 5 : 34600 dpm/nig 3H 5000 dpm/mg I4C 
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Kepcated chromatography of fractions no. 40-53 (3.112 g) on 320 g silica gel yielded 2.325 g 
of pure verrucarin A (1). For radioactivity determination, the substance was recrystallized from 
methylene chloridejether : 

Crystallization 2 :  22000 dpm/mg 3H 3170 dpm/mg 14C 
Crystallization 3: 21900 dpm/mg 3H 3110 dpm/mg 14C 
Crystallization 4: 22000 dpm/mg 3H 3140 dpm/mg 14C 
Crystallization 5 : 21 600 dpm/mg 3H 3130 dpm/mg 14C 

Fractions 58-61 (528 mg) were chromatographed on 5 g silica gel to produce 290 mg of 

Fractions 62-67 gave primarily roridin D. Fraction 66 (524 mg) yielded pure roridin D. 
roridin E. 

For radioactivity determination it was recrystallized from methylene chloride/ether : 

Crystallization 3 : 14800 dpm/mg 3H 2020 dpm/mg 14C 
Crystallization 4 :  15300 dpm/mg 3H 2120 dpm/mg 14C 
Crystallization 5 : 14600 dpmjmg 3H 1990 dpmling 14C 

Fractions 68-79 contained primarily roridin A (2). Fraction 72 (3.1 g) was recrystallized to 
produce pure rovidin A : 

Crystallization 3: 15600 dpm/mg 3H 2170 dpm/mg 14C 
Crystallization 4: 15 200 dpm/mg 3H 2180 dpm/mg 14C: 

Crystallization 5 : 15 100 dpm/mg 3H 2180 dpm/mg 14C 

Culture experiments with other precursors were carried out in the same fashion. The rcsults 
of radioactivity determination of the various samples of verrucarin A4 are listed in Table 1. 

4. Hydrolysis of verrucarin A (1). - The method used was that of GutzwiZZer & Tamm [8] 

a) 1 with incorporated [ P H ,  2-14C]-nzevalonate: average activity of 22000 dpm/mg 3H and 

Verrucarol (3), recrystallized from ether, m.p. 163-164": 

with K,CO, in aqueous methanol; the results are given below. 

3140 dpm/mg 14C. 

Crystallization 4 : 36 300 dpm/mg 3H 4800 dpm/mg 14C 
Crystallization 5 : 36600 dpm/mg 3H 4790 dpm/mg 14C 
Crystallization 6 : 36 500 dpm/mg 3H 4820 dpm/mg 14C 

Verrucarinolactone (6) ,  recrystallized from ether and dried at  room temp., n1.p. 103-104" : 

Crystallization 1 : 14500 dpm/mg 3H 3310 dpm/mg 14C 
Crystallization 2: 14200 dpm/mg 3H 3290 dpm/mg 14C 
Crystallization 3 : 14 300 dpm/mg 3H 3300 dpm/mg 14C 

Dimethylmuconate, recrystallized from ether, m.p. 75-76", showed no 3H or 14C activity. 
b) 1 with incorporated (3R)-[(2S)-Z-3H]/(3 S)-[(ZR)-2-3H]-mevaEonate (31) : average activity of 

683 dpm/mg 3H. Verrucarol (3), recrystallized from acetone/ether : 

Crystallization 2 : 1400 dpm/mg 3H 
Crystallization 3 : 1400 dpm/mg 3H 
Crystallization 4: 1370 dpm/mg 3H 

Verrucarinolactone ( 6 ) ,  recrystallized from ether and sublimated, m.p. 103-104" : 

1st. sublimation: 40 dpm/mg 3H 
2nd. sublimation: 15 dpm/mg 3H 

Muconic acid (4) was not measuredb). 
c) 1 with incorporated (3R)-[(2R)-2-3H]/(3 S)-[(2S)-2-3H]-mevaZonate (32) : avcrage activity of 

287 dpmjmg 3H. Verrucarol (3), recrystallized from acetone/ether, m.p. 157-160" : 

Crystallization 4: 370 dpm/mg 3H 
Crystallization 5 : 330 dpm/mg 3H 
Crystallization 6 : 360 dpm/mg 3H 

6, It was shown in 4a  that no mevalonate was incorporated in muconic acid. 
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T'crrucarinolactone (6), 1n.p. 103- 104" : 

1st. sublimation : 498 tlprn/mg 3H 
2nd. sublimation: 458 dpni/mg 3H 

Muconic acid (4) mas not nieasurcd5) 
d)  1 with iwovpovatecl (3R)-[5-14C]-~evaZonate : avcrage activity ol G 2  tlpni/mg 14C. Trcrrucarol 

(3), recrpstallizcd from acetone/ether, m.p. 162-163' : 

Crystallization 2: 81 dpm/nig 14C 
llization 3 : 80 dpm/mg l 4C 

Crystallization 4:  81 dpm/mg 13(' 

T'crrucarinolactone (6), recrystallized from cther and dried at room temp.,  m.p. 103-104" : 

Crystallization 1 : 61 dpin/ing 14C 
Crystallization 2 :  62 dpm/ing l rC  
Crystallization 3 : 62 dpm/nig 14C 

Uirnethylmuconate, m.p. 75-76", showed no radioactivity. 

c) 1 with iiacovpovated [2-14CCJ-~eualoizate: a1 gc activitv ol 1220 tlpmjmg lac .  Verrucarol (3), 
recrystallized froin acetoiir/cther : 

rystallization 5 : 1490 dpni/nig l4C 
rystallization 6: 1370 dpni/mg 14C 

Vcrrucarinolactonc (6), crystallizcd and sublimed, m.p. 103-104", 1430 tlpm/rng 
f )  1 with incovfiorated [2-3H]-mevaZonute: avcragc activity of 3330 clpm/mg "1. Tv errucarol (3), 

recrystallized from acetone/ethcr, 1n.p. 158-163": 

Crystallization 2 :  5190 dpm/mg 3H 
Crystallization 3 : 5470 dpm/mg 3H 
Crystallization 4: 5120 dpm/mg 3H 

Verrucarinolactone (6) imp. 102-104" : 

1st. sublimation: 1930 dpin/mg 3H 
2nd. sublimation: 1830 dpm/mg 3fI 

5. Degrada t ion  of verrucarinolactones 11 with incorporated [2-14C] and/or [2-3H] - 
a n d / o r  [5-14C]-mevalonate. - 5.1. Isolation of C(1) as fovnaaldeiayde f r o m  11 with incovpovated 
[2-14C]-mevalonate. The verrucarinolactone 11 (19 mg; 14C activity, 2260 dpm/mg) was diluted with 
81 mg of inactive lactone and dissolved in 30 ml of absolute ethcr. After cooling to  O", 54 mg 
LiAlII, were added [ S ] ,  and thc mixture was refluxed 3.5 h.  The mixture mas coolcd to  O", Z N  
H,SO, was added carefully until both phases were clear, the phases separated and the ether 
phase was evaporated. 

The aqueous layer was neutralized with Na,CO, and adjusted t o  pH 6 with 294 mg of 
HIO, . 2H,O. After being stirred overnight, the  resulting fovYnaldeh.yde (17) solution was steam- 
distilled during 30 min into 200 ml of dimedonc solution (2 g clinicdone in 300 ml water) [20]. 
Piperidine (4 drops) was added t o  the solution and the  mixturc was refluxed 5 min. Fovma' 
dimedone, which crystallized from this mixture, was filtered and recrystallized 7 times from 
methanol: n1.p. 194-194.5", identical with authcntic matcrial by mixed m.p. and TLC. The sub- 
stance from the  fourth crystallization was dried lor analysis. 

C,,H,,O, (292.36) Calc. C 69.83 H 8.270/, Found C 69.19 H 8.06% 

Activities: Crystallization 3: 53 dpmlmg; 4: 33 dpm/mg; 7 :  7 dpni/ing. 
5.2. Oxidatiox o/ 11 to metlzylsuccinic acid (13) [S]. - 5.2.a. Using 11 with %+zcovpovated [2-"C]- 

mevalonate. Thc lactone 11 (63 mg, activity 2260 dpmlnig) was shakcn with a solution of 200 mg 
KMnO, in 35 ml 2~ H,SO, a t  22". After 40 min, an  additional 50 mg KMnO, were added, and 
2 h later the  violet mixture was treated with solid NaHSO, until the  solution was colourlcss and 
clear. Thc mixture was saturated with NaCl and extracted 16 h in a Kutschev-Steudel appai-atus. 
The crude extract (38 Ing) produced 19.1 mg (R) - (  +)-methyhcc in ic  acid (13) as needles, after two 
recrystallizations from ether/petroleum ether 1 : 2, m.p. 110.5-112.5"; identical with authentic 
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material by mixed m.p. The major portion was diluted with commercial inactive racemic 
methylsuccinic acid (puruvn, Fa. Flzcka A .G., Chemischc Fabrik, Buchs SG). 
Activitics: Crystallization 2 : 2070 dpm/ing, diluted sample : 1030 dpm/mg. 

5.2.b. Usiiag 11 with incorporated (3R)-[5-14C]-meuaZonate (49 mg, 62 dpm/mg) gave methyl 
succinic acid (13) after treatment as described in 5.2.a. Purification with activated charcoal and 
crystallization gave 11 mg 13: crystallization 2 :  m.p. 109%111", 57 dpm/mg. 

5.2. c. Using 11 with incorporated[2-3H]-mevaZonute. The lactone (54 mg, 1875 dpm/mg) was 
diluted with 54 mg of inactive material to a radioactivity of 1050 dpm/mg. A degradation similar 
to that in 5.2.a gave, after two recrystallizations, 23 mg 13, m.p. 114-117"; m.p. identical mixed 
with authentic material; radioactivity: 1140 dpmlmg. 

5.2.d. As in 5.2.a, 95 mg of the radioactive verrucarinolactone 11 (average activity470dpm/mg) 
with incorporated (3R)-[(2R)-2-3H]/(3 S) - [ (Z  S)-2-3H]-mevalonate (32) were degraded. The resulting 
16 nig of crystalline methylsuccinic acid (13) were recrystallized four times: 

Crystallization 2 : m.p. 104-106", 360 dpm/mg 
Crystallization 3: m.p. 109-lll", 390 dpm/mg 
Crystallization 4 :  m.p. 107-110", 390 dpm/mg 

5.3. Schmidt-degradation of methylsuccinic acid (13). 5.3.a. Treatment of 16.7 mg of dilutcd 
radioactive methylsuccinic acid (13) (from [2-14C]-mevalonatc, 1330 dpm/mg from 5.2.a) with 
90 nig NaN, and 1.4 g polyphosphoric acid6) was carried out in the Britt apparatus [ZZ] for 1.5 h 
a t  80-90". (The Ba(OH), solution for C0,-absorption had been prepared as follows: an excess of 
Ba(OH), was dissolved in H,O, which had been distilled twice in a quartz-apparatus; 900 ml of 
this saturated solution were mixed with 180 ml 10.75% BaCI, solution and filtered under N2.) 
The BaCO, produced by the Schmidt degradation was centrifuged, washed three times with 
twice distilled H,O, twice with methanol, and then dried under a quartz lamp to constant weight. 
(3 control experiments without carbonic acid gave less then 0.5 mg BaCO,). - Radioactivity: 
465 dpm/mg. 

Aqueous 30% NaOH (6 ml) was added to the residual mixture in the Britt apparatus, the 
solution was distilled and the distillate treated with 40 mg picric acid in 3 ml water. After warming 
on a waterbath to  complete solution, and then cooling, 7,2-diaminopropane (14) dipicrate crystal- 
lized. The crystals were washed twice with cold water and recrystallized twice from ethanol. 
Yield: 7.5 mg picrate as yellow needles, m.p. 250-252" (dec.). - Radioactivity after drying at  100": 
0 dpm/mg. 

Inactive standard material (1,2-diaminopropane dipicrate from inactive ruc. methylsuccinic 
acid by Schmzdt degradation) : m.p. 236.5-238" (dec.). 

C,,H1,N,O,, (532,34) Calc. C 33.84 H 3.02% Found C 34.08 H 3.11% 

Nethylsuccinic acid (13) (9 mg with incorporated (3 R)-[5-14C]-mevalonate) (from 5.2.b) with 
the average activity of 57 dpm/mg was degraded in the same manner. 14 mg of BaCO, were 
obtained; 1,2-diaminopropanedipicrate could not be isolated. 

Radioactivity of BaCO,: sample a) 14 dpm/mg; sample b) 14 dpm/mg 

6. Verrucarinolactone 19 with incorporated (3R)-[2-3H, 2-14C]-mevalonate and its de- 
gradation products. - 6.1. Reduction with LiAZH,. A solution of 91 mg (0.70 mmol) verrucarinolac- 
tone (19) in 50 ml absolute ether was added slowly to a suspension of 200 mg LiAlH, in 50 ml abs. 
ether a t  0" during 30 min, and the mixture kept for 2 h a t  40". After cooling to room temp., 200 nil 
mcthylene chloride were added and the excess LiAIH, was destroyed with ice. The mixture was 
acidified with the minimum amount of 2 N sulfuric acid, with vigorous stirring, then neutralized 
with solid NaHCO,, and the water phase removed by addition of MgSO,. The latter (partly 
hydrated) was filtered, ground and washed twice with ether. The combined organic extracts were 
cvaporated to produce 104 mg crude product which showed two components in TLC. (methylenc 
chloride/methanol 4 : l ) .  Preparative TLC. gave 14 mg (0.104 mmol = 14.8%) of pure 3-methyl- 
pentane-l, 2,5-trioZ (23) as a colourless oil. The TLC.., IR.-, NMR.-data and degradation reactions 
were identical with those of authentic material. [a]: = +8.9" & 1" (c = 0.74 in acetone). 

6 ,  

~~~~ - 

For its preparation see [21]. 
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I n  addition to  trio1 23 i t  was possible to isolate 78 mg (0.582 mmol = 83%) cf the less polar 
2,5-dilzydrox~~-3-nzethyl-penta~zol 8-hemitrcetal (20), which distilled a t  GO" and 0.15 Torr. [ c c ] ~  = 
-69" & 1" (c = 0.947 in acetone). IR. spectrum (film) bands at:  3450 (OH, very b r . )  1460, 1380, 
1260, 1070, 1010, 960, 910 cni-l. NMR. spectrum: see discussion. 

6.2. Reduction of 2,5-dihydroxy-3-).i2ethyl-pe?ztni~al 0-henziacetnl (20). A solution of 85 mg 
(0.63 inniol) 20 in 12 ml abs. tetrahydrofurane (THV) was added a t  0" during 30 min to  a suspen- 
sion of 200 mg LiAlH, in 40 ml THF.  After being refluxed 20 h ,  nearly all of the starting material 
was consumed. TVorking up as in experiment 6.1., gavc 84 mg (0.82 mmol = 99%) 3-wzethyl- 
per&mze-I, 2,5-trioZ (23), which contained traces of starting material and side products. 

6.3. 1'er~ucavijzolactone (19) from 2, .5-dih~droxy-.4-nzetla~~l-pentalral 6-hemiacetal (20). Lactol 20 
(25 mg, 0.189 mmol) was treated with 0.86 rril bromine-watcr (0.189 mmol bromine) and five 
drops of 2~ H,SO, and stirred at room temperature in a closed apparatus. After 30 min, the 
brominc solution w a s  decolourized to the extent of approximately 9074, and in the next 2 h no 
further ilecolourization was observed. Treatment oi  the aqueous solution with solid hTaHSO, 
was follvwed by addition of 100 ml of ether and 100 in1 of methylene chloride. The acid was 
neutralized with solid NaHCO, under vigorous stirring. The mixture was dried with MgSO, and 
the solvent evaporated to  give 13  iiig (0.10 mmol = 55%) of crystalline product. Sublimation 
a t  60"/15 Torr and crystallization from ether pi-oducetl the pure verricarunolactone (19), which 
was identical with authentic material by TLC., mixed m.p., and optical rotation. 

6.4. Cleavage of (~))-3-metl~yylpentane-7,2,5-triol (23) wz2h NaIO,. Trio1 23') (28.6 mg, 0.123 
mmol) was added to a solution of 95 mg of NaIO, in 4 ml of water a t  room temperature. The 
slightly acid solution was neutralized with solid NaHCO,. After 30 min the resulting aldehyde 22 
and formaldehyde were titrated with bromine-water (11.2 g l~romine+13.4 g KHCO,+10 g I<Br 
at 100 nil H,O). At the beginning, the bromine-water was decolourized rapidly, but after 2.5 h 
(total 1 ml bromine-solution addcd) no furthcr dccolourization mas observed. After addition of 
ice, the solution was acidified with conc. HCI, and 2.2 ml of a solution of 16 g NaHSO,+15,6 g 
KHCO, in 200 ml water were added immediately. The excess of NaHSO, was backtitratcd with 
hrominc-water. Whcn the solution had stood a t  pl-I 1 for 1.5 min (to effect the lactonization), the 
mixture was neutralized and re-acidified with KaH,PO,. The solution was saturated with NaCl 
and extracted with ether for three hours in a Kutscher-Steudel apparatus. GC. analysis (oven 160", 
injector 220", carrier gas N,) showed that  the solution contained 19.8 mg (0.198 mmol = 93%) 
of 2-methyl-y-butyrolactone (24), which was identical by GC. and IR. with synthetic material 
(cf. exp. 7.1.). 

6.5. Cleavage of 2,5-dihydroxy-3-methyl-pentuna1 6-hcmaacetal (20). Hemiacetal 20 (77 mg, 
0.58 mmol) wds treated with NaIO, and bromine-water as in experiment 6.4. After GC.-analysis, 
the ether extract contained 13  mg (0.13 mmol = 22%) of lactonc 24. 

6.6. Reaction of 2-methyl-8-butyro2actone (24) wath phenylnzegmxiuni bromide. The ether solution 
of 24 (from exp. 6.4.) was concentrated to  two ml on a waterbath and dried with MgSO,. 
Magnesium turnings (150 nig) and 0.1 ml bromobenzene in 0.35 ml abs. ether were mixed in a 
10 ml vessel. Whcn the reaction had started, 0.5 ml bromobenzene in 2 ml abs. ether were added 
over 30 min. The ether solution of 24 was added to  the Gvignuvd solution and hcatcd for 30 niin, 
when there was still an excess of Grigtzavd reagent present. After addition of ice and NH,Cl, thc 
mixture was worked up in the usual manner with incthylcne chloride. The crude product was 
chromatographed on 10 g of S O ,  with methylene chloride/methanol 2.5%. The resulting 19 mg 
(0.074 mmol = 37%) of I ,  I-diphenyl-2-methyl-butalze~I, $-did (25), m.p. 108-1 lo", were identical 
with synthetic material (cf. exp. 7.2.) by TLC., n1.p. and mixed m.p. 

7. Synthesis of compounds for use as reference standards. - 7.1. SyNthetic (&)-Z-  
methyl-y-butyrolactouze (24). 2.67 g of clean sodium and 20 g (0.115 moI) of methylmalonic 
acid ethyl ester were added t o  200 ml of abs. ether. :liter cooling t o  - 15", 4 g (0.091 mol) of 
freshly distilled ethylene oxides) were added. The solution was kept at - 15" over night, refluxed 

(+)-3-Mcthylpentane-l, 2,5-triol (23) was synthetized according to  1231. 
Produced by  dropwise addition of 20 ml of chloroethanol t o  a mixture of 30 g sand and 30 g 
solid KOH. After drying with KOI-I, the gas was condensed. 
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for 2 h, and the ethanol distilled off. The mixture was stirred over night after addition of 4.5 g 
NaOH in 100 ml of water. Acidification with 45% H,SO, and warming resulted in CO,-evolution. 
The acidic reaction product was extracted four timcs with methylene chloride, washed twice 
with a NaHCO, solution and dried with MgSO,. The resulting 5.72 g of crude product were 
fractionally distilled at  82-8S0/14 Torr to  give 3.56 g (35.6 mmol = 39%) of GC.-pure (+)-2- 
methyl-y-butyrolactone (24). IR. spectrum (film) : bands at  3510 (weak), 1765 (C=O, br.) 1465, 
1380, 1175, 1020, 920 cm-l. NMR. spectrum (in CCl,) : signals a t  1,26 ppm (d, CH,); 4.054.35 ppm 
(d of t, CH,-0); 1.5-2.7 ppm (m, 3 H). 

7.2. Synthetic I, I-diphenyl-2-methyl-butane-l, 4-diol (25). A solution of Z-methyl-y-butyro- 
lactone (24) (108 mg, 1.08 mmol) in 2 ml ether was added to  a Grzgnard solution of 100 mg magne- 
sium turnings and 650 mg bromobenzenc in 2 ml ethcr during 15 min. After 15 min of reflux, the 
mixture was hydrolysed with ice, (NH,),SO, was added and the mixture worked up in the usual 
mariner with ether. Chromatography of the crude product on 10 g SiO, with methylene chloride 
produced 30 mg of biphenyl, 15 mg of an unknown by-product, and 247 mg (0.965 mmol = 88%) 
of l,l-dipheny1-2-mcthyl-butane-l,4-diol (25), m.p. 108-110°. IR. spectrum (in methylene 
chloridc) : bands at  3600 (OH, associated) ; 3350 (OH) ; 1600 (weak) ; 1490,1450 (weak) ; 1040 cm-l. 
UV. spectrum (in ethanol) : maxima a t  195 nm (log e = 4.741), 253 nm (2,67), 259 nm (2.71), 
268 nm (2.48). NMR. spectrum (in CDCl,): signals a t  1.91 ppm (d, CH,); 2.95 ppm (m, ZH); 3.65 
ppm (dof t, CH,-OH); 2.40 ppm (OH, ZH), ca. 1.6 ppm (m, 2Hj;  ca. 7.4 ppm (aromatic, 10H). 

C1,HZ002 (256.3) Calc. C 79.65 H 7.86% Found C 79.39 H 7.88% 

7.3. Synthetic 4-0-(3,5-dinitrobenzoyl)-l, l-diphenyl-Z-methyl-butane-l,4-dioC (27). A solution 
of 93 mg (0.363 mmol) 25 in 12 ml pyridine was stirred over night a t  room temperature with 450 mg 
3.5-dinitrobenzoyl chloride. The reaction mixture was poured over ice and worked up in the usual 
manner with ether and the resulting 186 mg of crude product were chromatographed on 30 g SiO, 
with methylene chloride to  give 138 mg (0.306 mmol = 84%) of pure 27, crystallized from me- 
thylene chloride/petroleum ether, m.p. 171-172.5". IR. spectrum (in methylene chloride) : bands 
at 3600 (OH; 1730 (C=O); 1630, 1550 (NO,); 1350 (NO,); 1270, 1170, 1080 cm-l. UV. spectrum 
(in ethanol) : maxima at 195 nm (log E = 4.839) ; shoulder a t  216 nm (4.548).NMR. spectrum (in 
CDC1,) : signals a t  1.02 pprn (d, CH,); 1.3-2.1 ppm (m, 1 H )  ; 4.354.65 ppm (q ,  2 H) ; 7.1-7.7 ppm 
(aromatic, 10 H);  8.6-8.8 ppm (aromatic; 3 H).  Mass spectrum: base peak a t  m/e 432 (Mf- H,O). 

7.4. Synthetic 1-0-(3,5-dinitrobenzoyl)-3-methyl-4,4-diphenyl-3-buten-l-o1 (28). 27 mg (0.6 
mmol) 27 were cooled to - 80" and 5 ml SOCI, added. The SOCI, was removed in vacuum during 
15 min after warming to room temp. Two additions of methylene chloride and evaporation in 
vacuum resulted in an odorless crude product which was chromatographed on 5 g SiO, and 
crystallized from ether to produce 23 mg (0.532 mmol = 88%) 28. Recrystallization from ether 
gave light yellow needles, m.p. 149-151". - IR.  spectrum (in methylene chloride): bands at 1730 
(C=Oj; 1630, 1540 (NO,); 1340 (NO,); 1160, 1070, 960, 920 cm-l. UV. spsctrum (in ethanol): 
maxima a t  199 nm (log E = 4.778); shoulder a t  227 nm (4.520). NMR. spectrum (in CDCl,): 
signals at 1.90 ppm (s, CH,); [2.72 ppm (t, 2 H), 4.60 ppm (t, A,X,-system)], 7.1-7.4 pprn (aro- 
matic; 10 H),  8.7-8.8 ppm (aromatic, 3 H). Mass spectrum: molecular ion at  w/e 432. 

7.5. Cleavage of synthetic 1-0-(3,5-dinitrobenzoyl)-4,4-diphenyl-3-methyl-3-buten-l-oC (28) with 
NaIO,. 25 mg of OsO,, 70 mg of NaIO, in 0.3 ml water and 3 drops of pyridine were added to a 
solution of 48 mg (0.105 mmol) 28 in 1.4 ml abs. dioxane. The reaction mixture was stirred vigor- 
ously at 50" and fine needles crystallized out. All the starting material was consumed after 9 h 
and two new products were observed by TLC. Usual work-up and washing of the ether layer 
with NaHSO, solution produced 48 mg crude product. Chromatography on 5 g SO, gave 13 mg 
(0.071 mmol = 67%) of benzophenone (30), which were recrystallized from petroleum ether; 
identical m.p. and mixed m.p. with authentic material. 

Further elution with methylene chloride/methanol 1.3% gave 20 mg (0.071 mmol = 67%) of 
4-(3,5-dinitrobenzoyloxy)-butan-2-one (29), which were crystallized in fine needles from ether, 
m.p. 102-103". - IR. spectrum (on methylene chloride) : bands a t  1730 (C=O, broad), 1630, 1545 
(NO,), 1350 (NO,), 1160, 1080 (weak), 920 (weak) cm-l. NMR. spectrum (in CDC1,): signals a t  
2.26 ppm (s, CH,), [3.00 pprn (t, 2 H), 4,72 ppm (t, 2 H) A,X,-system], 8.7-9.0 ppm (aromatic, 
3 H). Mass spectrum: molecular ion at m/e 282. 

92 
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7.6. Synthetic 7 ,  I-diphenyl-2-nzetliyl-tetruhydrofuran (26). A solution ol 53 mg (0.207 mmol) 25 
in 3 ml of methylene chloride was treated with 5 mg of iodine. After refluxing for 15 min, the 
solution was decolourcd with a NaHSO, solution and dried with MgSO,. The 46 mg of crude 
product which resulted contained traces of non-polar impuritics. Chromatography on 8 g of SiO, 
with mcthylene chloride produced 43 mg (0.18 mmol = 8794) of pure 1,l-diphenyl-%methyl- 
tetrahydrofuran (26), m.p. 37-40". - IR. spectrum (film) : bands a t  2980, 2890, 1490, 1450, 1070, 
1030, 760, 710 cm-l. NMR. spectrum (in CDCI,) : signals a t  0.81 ppm (d ,  CH,), 1.2-2.2 ppm 
(m, 2 H),  2.9-3.2 ppm (q, l H ) ,  3.6-4.4 ppm (m, 2 FI), 7.1-7.6 ppni (aromatic, 10 H).  

C,,H,,O (238.3) Calc. C 85.67 H 7.617" Found C 85.50 H 7.52% 

8. Degradation of the verrucarinolactone 19 with incorporated [2-,H, 2-14C]- 
mevalonate. A portion of 99.5 mg (0.765 mmol) 19 (average activity of 13000 dpm/mg [,HI 
and 3200 dpm/mg [W])  was reduced with LiAlH, in THF as in experiment 6.2. The resulting 
trio1 23 (96 mg = 0.716 mmol = 93%) was oxidized with bromide-water and NaIO, in the same 
manner 5s in exp. 6.4. According to  GC. analysis, 54 mg (0.54 mniol = 75%) of radioactive (2R)-2- 
,vnethyl-y-b.utyyolactone (24) were produced. Treatment with phenylmagnesium bromide gave 
93 mg (0.363 mmol = 67%) of pure dial 25, which did not crystallize. [m]g = - 26" f 1" (c = 1.99 
in methylene chloride). 

Rcaction of 25 with 3,5-dinitrobenzoyl chloride in pyridine as in 7.3. resulted in 138 mg (0.306 
mmol = 84%) of ester 27, which also did not crystallize. The sample 27 was identical with 
synthctic matcrial by TLC. and NMR. [a]g = - 11' f 1' ( c  : 1.22 in mcthylene chloride). - 
Radioactivity: sample 1 : 3620 dpm/mg ,H, 911 dpm/mg lnC; sample 2 : 3690 dpni/mg 3H, 894 dpm/ 
mg W. 

110 mg (0.224 mmol) of 27 was treated with SOCl, as in 7.4. Chromatographic purification 
produced 90 mg (0.208 mmol = 85%) of olefin 28, which crystallized from cthcr as yellow needles; 
identical with synthetic material by TLC., m.p. and mixcd melting point. Radioactivity: Crystal- 
lization 3: 49 dpm/mg ,H, 932 dpm/mg lac;  Crystallization 4:  48 dpm/mg 3H, 970 dpm/mg 14C, 
Crystallization 5 : 45 dpm/mg ,H, 962 dpm/mg lrC. 

The olefin 28 (83 mg = 0.192 mmol) was oxidized with WaIO, and OsO, in dioxane-water 
analogously to exp. 7.5. The isolated benzophenone (30) (15.5 nlg = 0.085 mmol = 44%) and 
methyl ketoize 29 (7.5 mg = 0.026 mmol = 14%) wcrc identical with authentic material by TLC., 
m.p. and mixed m.p. Radioactivity: a) Benzophenonc (30) : Crystallization 2: 35 dpm/mg 3H 
2240 dpm/mg 14C; Crystallization 3: 21 dpm/mg 3H 2270 dpm/mg l4C: Crystallization 4: 96 dpm/ 
mg 3H 2150 dpm/mg 14C. 

b) illethyl ketone 29: Crystallization 2: 62 dpm/mg ,H, 11 dpm/mg l4C; Crystallization 3:  
37 dpm/mg ,H, 2 dpm/mg 14C. 
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159. Structure cristalline et mol6culaire d’un dCriv6 
methyl-hexopyranoside 5 C(4) hybrid6 sp2 

par GBrald Bernardinelli et Raymond Gerdil 
DBpartement de Chimie Organique, Universitk de Genbve, 

30, quai de 1’Ecole-de-Mddecine, 1211-Genhe 4 

(13. 111. 74) 

Summary. The derivative C,,H,,NO, crystallizes in space group P2,2,21 with a = 9.371, 
b = 11.815, c = 13.207 A and Z = 4. The structure was solved by direct methods and refined by 
full-matrix least-squares to R = 0.058. The pyranose ring exists in the ,S, conformation (or in the 
equivalent, but here structurally less consistent, OS, conformation). The dioxolane ring has an 
envelope conformation. Strong intramolecular interactions between the bulky substituents suggest 
that the ensuing strain energy is assumed, for a significant part, by the twisted-boat conformation 
of the pyranose ring. 

Une s6rie de sucres ramifi6s B cycle pyrannique hybrid6 sp2 en C(4) a 6t6 rCcem- 
ment l’objet d’une 6tude conformationnelle par RMN. [l]. La pr6sente determination 
structurale aux rayons X du in~thyl-d4soxy-4-O-isopropylid&ne-2,3-O-m4thyl-6-cis- 
(H-C(4’)-C(4)-C(3)) -cyanomethyl&ne-4-c-~-~ym - hexopyranoside (1) confirnie la 
conformation moyenne dbduite des observations spectroscopiques et montre l’inci- 
dence des substituants volumineux dans l’adoption d’une conformation croisee par le 
cycle pyrannique. 




