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SUMMARY: Gg_Attepaulln, 11,13dlhydro-619-tuberlfsfln, 4,15dlhydrti&oopodin, 4~pM~vdgarin and 
6,+vdgarln were obtained from a-santonln. StereochemIcal studies showed that the conffguratlon at C-6 Is 
declslve In the chemical behaviour of the A ring. Blotransformatlon of 
lx3xo-5,6~H,4,1 l&f-eudesm-2-en~,l2-olkfe with Rhizopus n/grkans cultures probed to be a very efflclent 
alternatlve way to obtain 4_ep/&vxdgarfn, which was then converted to GWulgarln, a convertlent starting 
material for b~etlcal studies of pseudoguaiandkfes. A new 6Ehydroxyi dedvative obtalned from this 
btotransfonnathx constIMes a nsw approach to the synthesis of 6,12-et&smandMes and other 
sesquiterpsndkfes. Molecular structures were determined mainly by mono- and bkflmenslonal nmr 
experiments. 

INTRODUCTION 

The biogenesis and reactivity of 6a-eudesmanolides have been extensively studied 
and processes of chemical’, photochemica12, biomimetic syntheses3 and biotransformation’ 
have been reported. These structures, despite their limited size, show versatile reactivity. 
The stereochemistry and the presence or absence of functional groups are decisive in their 
chemical behaviou?, which is of fundamental importance in the study of biomimetic 
processes. On the other hand the 6I3-sesquiterpene lactones, which are scarce in nature’, 
have rarely been studied. The synthesis of these compounds offers an interesting approach 
to biogenetic problems such as the biogenesis of pseudoguaianolides and elemanolides. In 
this article we present the results of a study designed to establish some synthetic methods 
of obtaining 6LMactones, which yielded the 6B-analogues of artepaulin7, 11,13- 
dihydrotuberiferin’, 5,15-dihydroopodin’, 4-e@-vulgarin and vulgarin”. We also report a 
biotransformation method which may constitute an alternative to some familiar chemical 
routes. 
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RESULTS AND DISCUSSION 

The epimerization at C-6 of (-)-a-santonin” (1) in an acidic medium has been 
described”. The catalytic hydrogenation of 68-santonin (2) thus obtained under the same 
conditions as described13 for 1 was problematic and caused cleavage of the lactone ring. 
Furthermore, catalytic hydrogenation in C&Cl, (see Experimental section) yielded two 
ketone compounds (3, 60% and 6lSartepaulin (4, 6%) and two alcohols (5, 6% and 6, 
14%). The configuration at C-S of ketone 3 epimerized spontaneously to give 4 (3/4, 
70/30). The higher ‘H-nmr chemical shifts of methyl groups at C-4 of 3 than 4, and the 
relevant 13C nmr v-syn effect on C-2 in ketone 3 (see table II) allowed us to assign 3 to the 
4R- configuration and 4 to the S-configuration. The alcohols 5 and 6 were also 
trans-decalin compounds, as can be appreciated from the C-6 proton signal of both products 
in their ‘H nmr spectra (see table I). The configuration at C-4 must be S because the 
H-4/H-15 coupling constants are similar to those described previously for 4 (see table I). 
Moreover, 13C mnr spectra for 5 and 6 corroborated this configuration at C-4 due to C-6 
chemical shifts (see table II). The oxidation of 5 and 6 with 2,2’-bipyridinium 
chlorochromate” yielded 4. Thus, the alcohols 5 and 6 are epimeres at C-3 . The presence 
of the alcohols 5 and 6 indicated that the reduction took place through both sides of ketone 
4. 

Treatment of 4 with bromine in carbon tetrachloride solution (see Experimental 
section) yielded monobromine (7,62%) and dibromine (8,9%) derivatives. The MU spectra 
of 7 indicated that the halogen was equatorial at C-2 and that the two bromines were 
situated at C-2 in 8. On the other hand, the configuration at C-4 was unaltered (see tables 
I and 11) in both compounds. The dehydrobromation of 7, as described previously ‘“, gave 
11,13-dihydrod&tuberiferin (9, 94%). A similar process in 8 gave 10. The 
Meerwein-Pondorf reduction of 9 yielded the alcohols 11 (72%) and 12 (25%). In the case 
of 6a-lactones, a similar reduction gave a mixture of non-isolated alcohols”‘. Thus the 
reduction occurred preferably on the a-side to give the equatorial alcohol. However, alcohol 
11 showed an ‘H MU signal of the proton at C-3 with only one observable coupling 
constant (J=8.8 Hz, see table III) which could indicate that the functional group was 
situated at C-l by means of allylic rearrangement. The irradiation at H-4 of 11 definitely 
indicated that the hydroxyl group was situated at C-3. By comparing the H-3/H-4 coupling 
constant for 11 and I2 (see table III), we were able to assign their configurations. The “C 
nmr spectra of both epimere compounds 11 and 12 were similar with the exception of the 
chemical shift of C-5, which presented a difference of 15 ppm. Evidently a ,-syn effect on 
C-5 was expected for the axial alcohol 12, but such a large difference must be due to some 
conformational effect. 

Allylic rearrangement of a mixture of alcohols 11 and 12 was performed in acidic 
medium (see experimental section) to give the la-hydroxyl derivative 13 (4,15-dihydro-6B- 
oopodin, 71%). Moreover, 16% of equatorial alcohol 11 and 5% of the axial alcohol 12 
were recovered unaltered from the reaction. The configuration at C-l of 13 was not easy 
to determine. Oxidation of alcohol 13 gave the ketone 14. The comparison of 13C nmr 
spectra of 13 and 14 seemed to indicate that the hydroxyl group could be axial at C-l in 13, 
if we assumed that the configuration at C-4 was the same for both products, because a ~‘syn 
effect on C-5 was eliminated in ketone 14 (see table IV). Nevertheless the configuration of 
C-4 for both products 13 and 14 was also difficult to elucidate because the ‘H nmr signal 
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of H-4 of 13 was not clear, and the coupling constant H-3/H-4 (measured on H-3 signal) 
was smaller (J= 1.3 Hz) than the allylic constant H-2/H-4 (J= 2.1 Hz). A NOESY 
experiment performed on ketone 14 indicated dipolar correlations between the lactone H-6, 
the C-15 methyl, C-13 methyl groups and H-S, hence all these groups were situated on the 
u-side. On the other hand, the coupling constant 3H-15/H-4 measured on the 3H-15 signal 
(J = 7.1 Hz) of 13 had the same value as the corresponding signal of ketone 14. This ketone 
14 had a coupling constant of H-4/H-S= 10.3 Hz, which indicated a trans-disposition 
between both atoms. The coupling constant 3H-15/H-4 measured on the 3H-15 signal 
(J = 7.1 Hz) had the same value for both products 13 and 14, and indicated that the C-4 
configuration was the same for these products. 

Alcohol 13 was also obtained by an alternative means. The epoxidation of ketone 
9 with alkaline hydrogen peroxide16 (see Experimental section) yielded the epoxide 15 
(58%). Epoxidation probably occurs on the a-face, with a lower steric hindrance, and 
without epimerization at C-4. To elucidate the configuration of epoxide carbons, several 
monodimensional nOe experiments, after COSY and C/H correlation spectra, were carried 
out. Irradiation at the C-10 methyl group proton signal frequency enhanced the H-l and 
H-4 signals, thus suggesting an a-disposition for the epoxide group and an axial disposition 
for the C4 proton. The H-4 signal was observable in this experiment and its coupling 
constant H-4/H-5 (J = 11.9 Hz) indicated that they were trans-disposed 
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The reduction of 15 with hydrazinem’ yielded 13 (28%). This route gave a lower 
yield than the route described above but was less time consuming and easier to perform. 
The oxidation of alcohol 13 with Jones’ reagent yielded the ketone 14 (98%). In order to 
obtain similar vulgarin derivatives, the ketone 14 was treated with ethylene glycol in acidic 
medium to give the ethylenedioxyderivative 16 (42%) in which migration of the C-C double 
bond occurred. Epoxidation of 6a-sesquiterpene lactones with similar functions was 
described as an a-epoxidation” after taking into account the a-oxygen directional effect of 
the C-l ethylenedioxy group; soon afterwards this epoxide in basic medium evolved to the 
3a-hydroxy-4( l!)-ene derivative. However, a 30.48epoxy-eudesmane gave a 3a-hydroxy 
-4(lS)-ene denvative after treating the epoxy compound with a catalytic amount of 
pyridinium p-toluensulphonate”. Epoxidation of 16 with MCPBA for 24 h then yielded the 
38.4R-epoxide 17 (94%). Treatment of 17 in acidic medium (see Experimental section) gave 
14 (46%), 18 (32%) and the diene compound 19 (13%). To determine the configuration at 
C-4 of 18, (which must be the same as in the epoxide 17) several ‘H and “C nmr mono- 
and bidimensional experiments about were performed. Dipolar coupling between the C-15 
methyl group protons and the C-6 proton was observed in the NOESY experiment, thus 
supporting an equatorial disposition for this methyl group. This dipolar coupling was also 
corroborated in the monodimensional &e-difference experiment. Thus, irradiation at the 
C-15 methyl group proton frequency gave nOe on H-6 and H-S but not on C-14 methyl 
group. Irradiation at this C-14 methyl group did not modify the C-15 methyl group signal. 
These experiments indicated a 48OH configuration for 18, although irradiation at H-6 
failed to enhance the C-15 methyl group signal, hence the epoxidation of 16 occurred on 
the B-face. Thus, the directional effect of the ethylenedioxy group at C-l seems not to be 
the determinin g factor in this epoxidation of eudesmanolides. Alternatively, the 
configuration at C-6 may be decisive in the stereochemistry of epoxidation if C-l is a sp3 
carbon. 

We have found an alternative route for obtaining 4-epi-68vulgarin (18) from ketone 
14. Incubation of 14 with Rhizopus nigricans cultures for 6 days yielded the starting 
material 14 (48%), alcohol 20 (8%), 4-epi-68vulgarin 18 (8%) and the new 8Bhydroxyl 
derivative 21 (11%). Consistently, the obtention of 18 through our biotransformation route 
gave moderate yields approaching those of chemical approaches. A longer incubation period 
could improve the results, as a considerable quantity of unaltered starting material 14 was 
recovered. The metabolite 20 was the result of a,&unsaturated keto group reduction on the 
&face to give lS-alcohol, as described in the biotransformation reported previouslyti”‘. 

The most polar metabolite isolated (21) maintained the functional groups of ketone 
14. The presence of a new hydroxyl group was deduced from MS, ‘H and ’ C nmr data 
(see experimental section and tables III and IV). A ‘H nmr double resonance experiment 
with irradiation at the proton geminal to the new hydroxyl group showed that this new 
hydroxyl group was situated at C-8; a large coupling constant (J= 9.9 Hz) seemed to 
indicate that this new hydroxyl group at C-8 was equatorial. However, after taking into 
account the ‘H nmr coupling constants (J, =9.9&=4.2,J,=3.7 Hz) and the Dreiding models 
we believe that the metabolite 21 had an 88hydroxyl group, although ring B did not show 
a chair conformation by the steric interaction between the C-14 methyl group and the l3- 
hydroxyl group at C-8. The coupling constants described above are totally consistent with 
a twist-boat conformation of the B ring and an 88hydroxylation. The introduction of 
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hydroxyl groups at this position is not easy to obtain by chemical methods and may involve 
a new route to the synthesis of 812~sesquiterpene lactones. 

The synthesis of 6Seudesmanolides as a step toward obtaining several types of 
68sesquiterpene lactones such as guaianolides. elemanolides, germacranolides and 
pseudoguaianolides has been a challenge, as these decaline compounds with an equatorial 
hydroxy group at C-l can be rearranged into azulene compounds”. Hence 6l3-vulgarin, 
which can be easily transformed to its IShydroxy-2,3-dihydro derivative, is an adequate 
starting material to attempt the biogenetical formation of pseudoguaianolides, the 
configuration at C-4 of precursors being of key importancea.34”. 

Treatment of 18 with AcOH/Zn” and subsequent epoxidation with MCPBA 
epimerized 18 at C-4 by means of the 1-keto3-ene derivative’” to give 22 (see tables II and 
IV for ‘H and 13C MU data of 22 ). This process occurs by the epoxidation of the double 
bond and subsequent rearrangement to 22”. As can be seen from the resulting 
configuration at C-4 of 22, in this case epoxydation occurs on the a-face, in contrast to 
epoxidation of the ethylenedioxy derivative 16. 
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2.52 q 2.D q 2.3) q 2.33 q 

1.37 d 1.a d 1.29 d 1X d 

2.03 S 1.28 S 1.84 S 0.93 S 

1.26 S 1.39d 1.12 d 1.03 d 

-.-- .___ 2.B QB 6.63 d 7.12 8 

1.86 cn .___ .__. 

2.30 &i _.__ ____ 

____ _.__ ____ 5.83 d 

4.8 dJj 
.___ .___ .___ ._._ ___. 

3.M Ckn 

__._ _.__ _._. ___. __._ 
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4.62 cn 4.59&i 4.59&i 4.68 dJ 4.67 d 

2.00 CM 2.m cm 2.06 Gin 2.07 CM 
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1.47M 
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1.59&l l&&l 

2.29 q 2.40 q 2.41 q 2.40 .q 2.42 q 

1.28 d 1.30 d 1.30 d 1.31 d 1.32 d 

O.% s 1.23 S 1.38 B 1.17 s 1.23 5 

1.07 d 1.P 6 1.33 d 1.25 d 1.33 d 

;(lk, J,: 6,7=11; 7.11111.9; ll.lM.9. 2: 211,4=1.6; 4.5-5.1; 4.157.7; 5,6=4. 5: 'a,lE=l3.2. 2 mi $ 10,21x=6.6; 

1a,2%=14.1;16,h.5;18,2B6.6; h,Z1=14.1.5: h,3=2.6;28,M.3; 3.H.3.q: h,3=5;28,3=10.5; 3,4=10.5.z: 10,2=13.4; 

18,2=&3; b.11Vl2.9; 2,4=0.7. C la,l6=15.7.J,~a-dIZ; l.H.8. 2-10: 6.7=4.6; 7&=6.8; 7.88=11.4; ll.lS7.6. 212: 

4.5 =12.8; 4.lS6.6; 5.tF4.1. &$,; sd 5 %,8)=13.8; h,Rt= Pa,== 3.4. f+, 7 sd J$ 88,X=6.6; sh.SSl3.2. 

1 FixI_@ 5,eFro.r. 

1 2 3 5 6 7 a 9 10 w c 5 t w .., e .., T .., 

I 
C-l I 154.R 157.29 41.64 41.76 36.20 40.40 Y.12 

c-2 1 125.63 mm 34.1 3a.M 29.12 30.93 53.54 

c-3 1 186.30 ie6.m 214.25 211.s 72.m 76.91 ZQl.pB 

C-4 , la.63 137.49 50.m 42.m a22 36.87 43.w 

L-5 I 15l.M 168.52 47.a3 M.39 43.03 48.97 50.45 

I 
C-6 1 al.38 76.19 al.35 77.m 77.78 77.10 76.9 

c-7 I 53.53 43.42 43.02 41.78 42.41 42.w 41.40 

c-a I 23.m am 24.07 23.54 23.76 23.58 23.1 

c-9 I 37.83 34.43 41.P 33.55 39.27 33.24 T.W 

c-10 I 41.36 39.15 9.63 32.57 2.72 32.32 35.27 

c-11 1 40.97 WA? 43.48 44.64 44.63 44.52 44.31 

C-12 1 177.61 179.47 leo.11 179.50 180.84 1BI.S li9.S 

c-13 ( 12.49 l4.70 15.97 14.61 14.61 14.64 14.58 

c-14 I 25.12 24.84 2o.S la.07 17.82 la.58 la.55 

c-15 I lo.w 11.01 14m 1o.m 15.35 14.41 11.47 

63.90 159.30 159.19 

64.21 11.22 122.03 

1W.Q an.43 193.30 

38.40 40.46 41.21 

49.N 48.43 47.4 

76.19 76.45 76.03 

41.38 41.48 41.21 

zz.62 23.47 23.a 

3B.m 35.71 35.59 

35.48 a.25 30.33 

44.29 44.uI 44.23 

174.37 179.79 179.80 

14.4 14.64 14.60 

19.13 19.15 ia.pb 

12.34 11.3a 12.m 
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MaA III 
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2.6 m ---- 
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1.16 s 1.2B 6 
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___ 

m,%=6.4, %.%=lZ.B. 3: 2,4=2.8; 3.w: 4.MO.4; 4.1F~7.1; 7,L#.2; 8,89.9ia.W=3.7; (b,%=l3.2. 

,a: 2,MO.C; 5.b2.6: 6.7=3.a. 

11 12 13 14 15 16 17 ia zo 21 P 
,-. - w .v Y M -4 - _ Y 

I 

C-l 1 141.a? 142.% R.% m3.75 63.48 111.54 111.32 2us.M 7s.Y) an.43 2ce.49 

c-2 1 127.30 lz5.32 125.m lax.25 %.A a.71 l.W l&CO 2B.m 126s-a 12B.39 

c-3 I 76.16 c1p.12 lXl.O3 154.37 an.w lzxffi to.79 no.45 3o.28 154.51 151.43 

c-4 1 35.98 32.98 3o.05 30.m 40.42 132.65 77.30 69.40 28.55 30.84 aLa3 

c-s I 47.19 32.13 42.57 48.56 41.4s 45.24 4s.a 47.54 w.85 so.38 44.13 

I 
C-6 1 76.74 77.34 77.11 76.49 76.34 7a.N 78.11 76.67 77.m 77.74 '15.81 

c-7 I 42.M 42.25 41.8) 41.68 40.11 41.72 42.39 42.M 42.30 41.79 42.4s 

c-a I 23.7s 8.8 23.30 o.m 23.34 23.62 0.13 22.92 23.62 67.74 D.25 

c-9 I 36.61 36.w 31.97 3Q.13 x.28 34.Y 32.91 31.40 32.88 39.w 33.cQ 

c-10 ) 34.49 3s.a 35.93 43.29 13.16 39.W 39.54 43.41 36.99 44.w 43.w 

I 
c-11 I 64.57 44.50 44.52 44.38 44.30 w.66 44.P u.pB 44.61 48.3s 43.77 

c-12 1 1m.44 1m.s 180.31 179.7s liv.46 lm.39 im.io 178.~3 1m.n livs 1R.W 

c-13 I 14.74 14.73 14.42 14.46 14.42 14.50 13.91 14.47 14.sa 14.80 13.92 

c-14 1 21.60 m.oB la.3 17.9 17.12 15.64 16.29 2Q.68 19.40 la.35 2o.51 

c-15 I 15.00 13.25 la.20 17.54 14.31 ax73 21.76 29.16 la.16 17.&J 20.30 

I 
C-16 ) es.73 6.s ---- 

c-17 I l 6.% 6.15 ---_ 

I 
l (Thar,wlurcculdte irml=s) 
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EXPERIMENTAL 

M&tlng polnts (Kofler appamtus) are uncorrected. The nmr spectra were obtained with a Bruker AM300 
spectrometer equipped with a process controller and an ‘array process”. Samples were sofved In CDCN 
with SIMe4 as the Internal standard. Bruk&s programs were used for COSY (45’) NOESY, C/H co&&m 
and CONOESY (80’). Monodlmenslonal nOe difference experiments were pe&rmed by irradlatlon for 4 s 
In series of 8 scans with alternantlng on-resonance and df- rs8onBnce. Dlstottlodess enhancement by 
pokuizatbn transfer (DEPT) was made using a lip aae’ of 135”. The optical rotauons were measured on 
a Per’~ln-Eimer 240 polarlmeter. IR spectra were recorded with a FT-IR-NW 2osX spec2rophotomster. 
Mass spectra were carded out with a Hewlett-Packard 5W8-A spectrometer. Merck 772g slllca gd (less than 
0.08 mm) was used for flash chromatography. CH 
as the eluent. Analytkai plates ( Merck G s&a gelf 

cl, containing IncreasIng amounts of acetone was used 

by heating for 5 min. 
were vkualized by spraying with H$O,-AcOH, followed 

Conversion of (-)-~santonin 1 into the epimeric (-)-6-epi-,P santonin 2 by the lshikawa procedure.- 

(-)+santonln (l)(lO g, 40 mmd) was dlsschd in anhydrous N,N’dlmathyifonamkfe (100 ml) 
contalnlng 5% anhydrous hydrogen chloride. The sdutlon was heated to 85°C for 3 h. The mixture was 
allowed to stand at room temperature ovetnlght, then diuted with water and extracted with CH&.. The 
organic layer was washed with sat NaCl aq, sat NaHCO, aq. and water. The solvent was removed under 
reduced pressure. The viscous red oi obtalned was chromatographed over &lice gel. Elutbn wtth CHCI, 
containing Increasing amounts of acetone, yielded (-)-8-epi+- santonln (2)(8g, 80%) as Ilght-yellow blocks; 
m.p.:103-105%; [a],:-282.6” (CHCI,, c I); Ir r, (CHCl$: 1788, 1858 and 1828 cm-l: ‘H nmr (300 MHz): 
see taMe I; 13C nmr: see table II; ms, m/z(%): 247(M* t I, 20%). 248(M’)(100). 

Catafytic hydrogenation of 3-oxo-8& 7 ltdi-eudesm- 1,4-dien- 6,12-olMe (2).- 

A sdutlc~~ of 3-oxo&H,116H-eudesrn-1,4dien6,12~Me (2)(1 g, 4 mmd) In CH,C@ ml) was 
hydrogenated for 5 h with H (5 atm) on F’t-charcoal(l50 mg). The reactlon mixture was fEtered and the 
solvent was removed by d&latlon at reduced pressure, which y&fed 890 mg of yellow oil whkh was 
chromatographed over sllca gsi and &ted with a&H,-(CH$ CO. The first run gave 
3-oxo-4,5,8&1 VH-eudesman- 8,12dkle (3)(610 mg, 8O%b m.p.: 13@-132+; [&,:a (CHCI,, c I); ir 
(CHCIJ: 1783 cm-l; ‘H nmr (300 MHz): see taMe I; ’ C nmr: see table II. Further dutlon & 
3+xo-5&H,4,1 l#H~udesman- 8,12-cJMe (4)(85 mg, p); m.p.: 182-184°C; [“ID: -70.4’(CHcI , c I); Ir 
(CHCIJ: 1780 cm-l; ‘H nmr (300 MHz): see table I; ’ C nmr: see table II: ms, m/z(%): 251 jM* +l, 1% 
, 250 (100). The third run gave 30-hydroxy-5,&H,4,116ii- ~udesmand,l2_dlde (5)(8U mg. 3%); syrup; [a] : 
-28.4” (CHCI,, c I); ir : 3479 apd 1785 cm-l; H nmr (300 MHz): see table I; ’ C nmr: see tabpB 

235 (M - 17)(100). Continued elution yielded 3ehydroxy-5&H.4,11@+ 
eudesman-8,12-dMe @)(I40 mg, 14%& syrup; [alo: -121.4” (CHCI , c I); ir 
cm-l: ‘H nmr 1300 MHz): see taMe I: C nmr: see table II: ms. m/3zl%1: 253 
234 (M+-l7)(1LiI). ’ 

Oxidation of 3~-hydroxy-5,6aH,4,116H-eudesman-6,12-o//de (5) and 3,+hydroxy- 
5,6di,4,7 lbf+eudesm~6,12-oifde (6).- 

A solution of a mtire (5 and 6) (500 mg, 2 mmd) in C+i CI (3 ml) was added to a stirred 
suspenslon of 2,2’- bipyrkflnlum chlorochrornate (870 mg. 3 mmd) In &,& (4 ml). Stlning was continued 
al room temperature for 12 h. Ether was added and thb reactlon mixture was flltered through caflte and 
washed with ether. The solvent was evaporated under reduced pressure to give a crude product (350 mg) 
which was chrornatographed over slfka gel. 290 mg (58%) of 3-0x0- 5,60H,4,llbH~udesmarr6,12~1de 
(4) was Isolated. 
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Bromafion of 3-ox~5.6&,4,7 l#k?udesman-6,72-olMe(@).- 

0.93 m bromine-carbon tetrachlcrkfe solutlon (4.5 ml) was added all at once to a sdutlon of 
3-oxo-5.69H.4.11#H- sudesmanb,l2cJlde (4) (1 g, 4 mmd) In 30 ml CHCI,. The mtxture was stirred for 10 
mln at rocm temperature, after which water was added and extracted wkh CHCI,. The extract was washed 
with sat. NaHCC, aq and sat NaCl aq, dried over Na$O, and concentrated to gfve 970 mg d crude 
crystalllne mate&l. Chromatographlc separatlon ylelded 2.2dibromo3-oxo-5,6aH,4,11 &f- 
eudesman+lP$tde (8)(14Cl mg. 8%k Mp.: 170- 171°C; [a]& +8 (CHCI, c I); Ir 
and 1169 cml; H nmr: sw taMe I; C nmr: ses table II; ms, m/z(%): 408 (M’+ 

p ‘CHQ& ;MTI Jf’.$ 
(66%). 

328 (100%). The second band gave 2&romrXJ-oxo-5,6&t,4,1 IH- eudesmanS,l2_dMe (7) (so0 mg, 6l%j 
as a crystalline matertat; m.p.: 16El69”C; [c&: 46.3” (CHCI , c I); Ir pia,: 1759,1717,1166an 1205 
cm-l; H nmr (300 MHz): see taMe I; 13C nmr: see table I?; ms. m z %): 330 (M’ +2, 63%) 329(M’+i, 
15%) 78 (loo). 

ti 
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Dehydrohalogenatfon of 2,2~brcmo-3-oxo-5,6&,4,17#+ eudesman-6,12-elide(8).- 

Ltthlum carbonate (75 mg) and llthlum brcmkfe (53 mg) were added to a sdutlon of 
2,2d1bromoi3oxo-5,6+t.4,116Heudesman6.12-dkfe 18) 1140 ma. 0.34 mmd) In drv N.N’dl .,. _. 
methylformamkfe. The suspenskxt was stirred at 120”C‘under nftrcg~n for 90 mln. -The rsaciidn mbdure 
was cooled, poured Into dYutsd acetlc add and extracted thorcughly with msthylens chloride. The oroanlc 
layer was washed with water and sat NaCl aq. dried over MgSO, and conce&ated In vacua to $ve a 
crude semlsdkf product which was chromatographed to ylti 105 mg (92%) of 
2-bromo3-ox~5,6PH,4.llgH-eudesml-en6,l2~1de (10); m.p.: 187-188X; [a]c: -138” (CHU,, c I); Ir 

9 
(CHUJ: 1771,1694 and 1170 cm -1; ‘H nmr (3OOMHz): see taMe I; ‘3C nmr: see taMe II; ms, m/z(%): 

32 (M+ +l)(loO). 

Dehydrohalcgenation of 2-brwno-3oxo5,W+,4,1 I@+eudesmart- 6,12-olide (7).- 

Uthlum carbonate (440 mg) and dry lithium bromlde (33~3 mg) were added to a sdutlon of 
2-bromo-3-oxo-5.6aH,4,1 Iti- ewdesmanS,l2-olMe (7)(800 mg, 2 mmd) in dry N.N’- dlmethvlformamide. 
The suspension was stlrred at 120°C under nftrogen-for 75 mkt. The reactIon r&cure was co&d. poured 
Into diluted acetlc add and extracted thoroughly with methyiene chlorfde. The organic layer was washed with 
water and sat. NaCI aq.. dried over MgSO, and concentrated In vacua. Chromatographic separation yielded 
3-oxo-5,60H,4,11gH-eudesml~6,l~-olMe (9)(570 mg, 94%). Mp.: 168-169°C; [a] : -189.3’ (CHCI,, c 1); 

;Mkl( 
CHCI : 1772 and 1667 cm-l; 
17%? 248(M+)(lOO). 

H nmr (300 MHz): see taMe I: 13C nmr: see h&e II; ms, m/z(%): 249 
. 9 

Aluminum isopropaxide reduction of 3-oxo-5&H,4,1 ln% eudesm-l-en-6, ll-olide (S).- 

Asuspenslonot3-oxo-5,6aH,4,11BH-eudesm-l~n8.12-dlde (S)(lg, 4mmd) indrylsopropyialcohot 
(So ml) arxJ alumlnlum lsopropoxfde (3.7 g, 17.6 mmd) was stirred and bolled gently In a ftask ffttsd with 
a vlgreaw column white the acetone vapor was allowed to escape. After 6 h the reactlon mixture was 
poured over cold 2M HU sofutlon (57 ml) and extracted with chloroform. The combined extracts were 
washed with sat. NaHCO, aq and sat Nail aq, d&d over MgSO, and evaporated under reduced pressure 
to gke 990 mg of an oUy mixture which was chromatographed over silica gd. Elutlon of the column ylelded 
&-hydroxy-5,&H,4,llAl+ eudesm-l-en-6.12-olMe (12) (250 mg. 25%); syrup; [a],.,: -183’ (CHCI, c I); Ir r_ 
(CHCIJ: 3436 and 1767 cm-l; ‘H nmr (300 MHz): ses taMe Ill; 13C nmr: see taMe IV; ms, m/z(%): 251 
(M++l. 54%) 250 (M’, 7%). 233 (M’-17)(100). Further elutlon yielded 3A-hydroxy-5,60H.4,1 t&l- 
eudesy-lenS,l2-olMe (11) (370 mg, ,j2%). Syrup;[a] -90” (CHU , c I; Ir 
cm-l; H nmr (3@l MHz): see taMe Ill: 
233 (M+-17) (100). 

C nmr: see table IV; ms. mj(z(%): 251 W 
(CHUJ: 3175 and 1754 
+I. 54%) 250 (M+, 7%). 
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Allyiic reammgement of &hydroxy-5,&U,4,f l#f%ude.m-7- en-6,12-elide (12) and 3b_h@roxy- 
5,6&,4,17@i%udesm-l%n-6,72- o/Me (ll).- 

A sofutbn cf mtxture (11 and 12)(500 mg, 1.9 mrnd) In THF (40 mf) and 2 M Ha sofutbn (30 ml) 
were rsffwed under nftrogsn for 3 h. The coded solutbn was poured ovar sat NaCt aq, extracted 
successfvefy with CHcl , washed with sat NaHCC, aq and sat ClNa aq, drkd over MgSO, and concentrated 
In vacua. The crude d was chrcmatographed to give lohydroxy -5,60H.4,11~~esmd-err6,12~1de 
(13) (356 mg, 71%);3syrup; [~]o: -29.4’ (CHCI,, c I); ir h (CHHa$ 3455 and 1766 cm-l; ‘H nmr (306 
MHz): see table Ill; C nmr: ses table IV; ms, m/z(%): 255 (M’+l, 32%). 232 (M*-16)(100). The second 
run gave a startfng materlal mixture: hhydroxy- 5,6aH,4.116%etxbsm-l-en-6.l2-o5de (12) (23 mg, 5%) and 
3ghydroxy-5,~,4,l1gH-eudesml~.12-ollde (11) (62mg. 16%). 

Oxidation of l&yrfrowy-5,Wf,4,1 lb%eudesm-2%n-6,12dlde (13).- 

Jones reagent was added to a stlrred sdutlon of la- hydroxy-5,6aH.4.1 l@+eudesm-2en-6.l2o5de 
(13) (500 mg, 2 mmd) In acetone (10 ml) at 0°C untfl an orange cdor perslsted. Methanol was then added 
and the reactlon mfxture was dibted wfth water and extractad with CHCI,. Tha orgenk layer was washsd 
wtth sat Naa aq, drbd over Mg60, and evaporated to dryness. Chromatographk separatbn yblded 
1-oxo5,BaH,4,11@+e1~desm-2%n- 6,12-dkfe (14)(467 mg, 96%). M.p.: 115116°C; [alo: -91.5’ @Ha,, c I); 

(CHCQ: 1771 and 1677 cm-l; ‘H nmr (300 MHz): ses table III; “C nmr: sae taMe IV; ms, m/z(%): 
+l, 6%) 246 (M+, 35%) 76(100). 

EpoMaUon of 3-oxo-5,6&f,4,7 l~ff%udesm- l%n-fS, 12-offde (9) with alkafine ~rogen per&e.- 

Anhydrous sodlum carbonate (36 mg), 36% hydrogen peroxkfe (0.16ml) and water (0.73 ml) were 
added to a sofution of 3~x~5.6aH.4,11~BUdBSm-l%n-6,12-olMe (9)(200 mg, 0.6 mmol) In THF (10 ml). 
The rctxture was heated to 35-lO’C for 2 h. The sdutbn was coded, poured Into water, and extracted with 
CH,CI . The organic layer was washed wfth dYuted acstk add and sat NaCi aq and dried over Mg60, 
The s&rent was removed and the resbus (160 mg) was chromatographed over sllka gef. The flrst hand 
gave 1~2~epoxy-3-oxo-5,6&f,4,ll#H- eudesman6.12cfbe (15) (13 mg, 57%); m.p.: 123-124’C [a], - 
42.6 (CHCI , c 1); lr ~(CHCi$l767, 1707. 1190 and 1159 cm- 1; H nmr (360 MHz): see taMe Ill; 
nmr: ses ta &i 

C 
e IV; ms, m/z(%): 264 (M+)(lOO). Contbued ebtbn ylebed the starting compound: 3-0x0- 

5,6&f,4,1 W-f-eudesm-l-en6,12-olMe (0) (42 mg. 21%). 

H@azhe reduction of l&29-epox@-oxo5,6&4, Il@f- eudesman-6,12-olide (ls).- 

190% hydrazine hydrate (0.046 mmd) was added drop&e to a solutbn of 
1.,2a%poxy3~x~5,60H~~~~,lP-dMe (15) (100 mg, 0.37 mmd) In THF (5 ml). The mixture was 
heated refluxed for 5 mln. wh5e nltrogsn evotved. After cooling. the reaction was diluted wtth water and 
extracted wfth chbroform. Evaporation of the drkd sdutlon fumlshed an olly crude materiel (36 rng). 
Chromatographk separation yldded 27 mg (26%) of la-hydroxy- 5,6~H,4,11@-Leudesm-2-en6.12-dkle (13). 

Acetallzatlon of l-ox~~5,6df,4,1 l#+eudesm-2%n-6,12-o//de (14).- 

A mixture of 1-oxo-5,6clH.4.116H-eudesm-2%n6,12-ddMe (14)(250 mg. 1 mmd), pyrkfbbm 
p-tduensulphcnate (36 mg) and ethylene glycd (3 ml) In dry benzene was refluxed for 24 h under nttrcgen. 
The reaction mixture was cc&d and washed with sat NaCi aq and NaHCC, aq. The benzene layer was 
drawn off, and the aqueous layer was extracted with CHCI, and drted over MgSO,. The extracts were 
evaporated under reduced pressure to give a crude material (220 mg) which was chromagraphied over silca 
gel: 125 mg (42%) of l,l-ethylenedloxy-5.6aH.l lBH-eudesm-3-en6,12- dude (16). syup. lr 
1769, 1660 and 893 cm-l; ‘H nmr (300 MHz): ses table Ill; “C nmr: see table IV; ms, 
(M+ t l)(lOO). 
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Epoxidatlon of l, l-ethylenedioq-5&H, 1 l#kwdm-3-en- 6,12-elide (16) with MCPBA.- 

50 mg (0.28 mmd) of MCPBA was added to a sduticn d l,l-&hylenedkxy- 
5.&H,i l#l+eudesm+en-6.12-ollde (16) (69 mg, 0.27 mmd) In dry dichloromsthane (3 ml), and the reactton 
mixture was stlrred at room temperature and monitored by TLC. After 4 days, the reactkn was complete 
An aqueous sdutlon of FeSO was then added and after extraction with CH,cI , the dried extract was 
washed with sat NaHCO, aq.the drkd extract was concentrated to give a red&e (62 mg) whkh was 
chromatographed over slllca gel. Elutlon of the column ylelded 38,48-epoxy-l,1 
sthylenedloxy-5,6&l,l l#f-eudesman-6,12-ollde (17) (60 mg, 94%), syrup, [IX] : -42.e (CHCI,, c 1); Ir II,_ 
(CHCIJ: 1772. 1672, 1067.909 and 635 cm-l; ‘H nmr (300 MHz): see table lff; 13C nmr see table IV; ms, 
m/z(%): 306 (M+ +l)(lOO). 

Deacetalization and epoxide ring opening of 38,48-epoxy-I, l- ethylene 
d/q-5,6df, 7 l#-f-etnlesman-6,lP-ofide (17).- 

A mixture cd 3~,4B_epoxy-1,1-eth~enedloxy-5,60H,li~- eudesman-6,12-cJMe (17) (50 rng. 0.17 
mmol), $0 (0.5 ml) and a catalytk amount of pyrkllnlum p-tduenesulphcnate In THF (2 ml) was rsfluxed 
for 24 h under N,, coded, poured Into sat Nail aq and extracted successively with chloroform. After the 
combined extracts had been dried over anhydrous sodium sulphate, the chlorofcnm was removed under 
reduced pressure, gfvlng 47 mg of a crude matedal which was chromatcgraphed over Srlca gel. The first 
run gave 1 -ox&5,&H,l l@li-eudesm-2-en- 6,12-ollde (14) (20 mg, 46%) as a starting compound. The seco& 
band tided l*xo-eudesm-2.4dlen-6.12- dlde 091 16 ma. 13%). Continued etutlon vlelded rlshvdroxv-l- 
oxo-5,69H,l l@H-etiesm-2-e11~,12~ldi (18) (15 ‘me, iZ?%)Tm.p.:‘150-151%; [a] : 32.2 (CHaj, c’lj; Ir & 
(CHCI.): 3464, 3433 3402 and 1771 cm-i; ‘H nmr (300 MHz): see taMe Ill; ‘C nmr: see table IV; ms, 
in/z(%J: 265 (M++l, 64%), 247 (M+-17)(100). 

Fermentatfon of Gox@5,6df,4,1 l&W-eudesm-2-en-6,12-olide (14) with Rhlzopus nlgrkans cultures.- 

Substrate (14) (25 mg) was dissolved In EtOH (1 ml), dlstrlbuted In erfenmeyer flask and Incubated 
for 6 days after which the culture was filtered and pcded; the cells were washed twice with water. The llquld 
was saturated with NaCl and extracted with CHB,. Both extracts were dried over MaSO. and evaoorated 
under reduced pressure to ghre a mixture whlc6 w&s chromatographed over sllka 5. Thte first ba;d gave 
a starting materlal (1.4) (12 mg, 46%). Further elution yl_dded 1 ahydroxy-5,&H,4,116tf-eudesrnan- 6,l P-dlde 
(29) (2 kg, 7.6 %); ‘H nmr (300 MHz): see table Ill; “C nmr: sei table IV; ms. m/z(%): 253 (M’+ 1, 62%), 
235 (M’-16)(lm). The third band gave 48-hydroxy-l-ox~5,60H,ll~-eudesm- 2-snS,12+ztl!de (18) (2 mg. 
7.5%). Continued duticn ylelded 88-hydroxy-l-oxo-5,&H,4,ll@-f- eudesm-2+n-6,12-ol!de (21) (3 mg, 
11.2%); ‘H nmr (300 MHz): see table Ill; 13C nmr: see table IV; ms, m/z(%): 265 (Mf t 1, 50%). 79 (100). 

Conversion of 4,%hydroxy- 1-ox@5,6&, 1 I#+eudesm-2-en-6,12- o//de (18) into 4ehydmy -l-ox& 
5,6aH, 1 Iti-eudesin-2-en-6,12- elide (22).- 

4~-hydroxy-l-ox~5,&H,1l~-eudesm-2-en-6,l2-dlde (18) (40 mg) was dlssolveci In 3 ml of acetlc 
add. When the mbcture was boiling, 90 mg of powdered zinc WLIS added over a period of 20 min.. The 
solution was coded and filtered, and the residue was washed with chloroform. The organic layer was 
subsequently washed with aq sodium bkarbonate and water, dried and evaporated to give 20 mg of material 
which was dissolved In drv dkhloromethane 12 ml). MCPBA (14 ma. 0.06 mmd) was thsn added and the 
reaction mixture was stlrrd at room temperaiure ior 46 h. k aqueous sdutlon’of FesO, was added and 
extracted with CH,Cl,. The organic sdutlcn was washed with sat NaHCO, aq. The drisd extract was 
evaporated to glvti a-reaction product which was chromatographed aver s&i gel to give C-hydroxy- 
1-oxo-5,6~H,11,+l-eudesm-2- en-6.12dMe (22) (22 mg, 55%); 
table IV; ms, m/z(%): 265 (MI t l)(loO). 

H nmr (300 MHz): see table Ill; 13Cnmr:see 
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