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Abstrad: Epimerization at C-6 of polyfimctionalized 6a-eudesmanolides was achieved by chemical means, to 
obtain 6ikwdesmanolides and, after rearrangement, 6p-guaianolides. The epimerization process consists of the 
LiAU$ reduction of a 6a-lactone, selective pmtection of the hydroxymethylene group at C-12, oxidation and 
reduction at C-6 to epimerize this carbon, depro&&on at C-12 and finally, lactonization with 
@.trapropykunmonium perruthenate (TPAP) and Cmethylmorpholine N-oxide (NMO) in yields over SO??. The 
rearrangement of lp-hydroxy-6p-colartin allow us to obtain 2,3-dihydre6P-tide D. 

INTRODUCIION 

The 6P_sesquitapene lactones, scarce in nature4. are the object of interesting studies on the biogenesis 

of pseudoguaianolides and elemanolides. The chemistry5, photochemistry6, biomimetic synthesis’ and 

biotransformation* of 6a-sesquiterpene lactones have been extensively studied. We have reported the 

synthesis of 6p-sesquiterpene lactones by chemical and microbiological means9 and have obtained the lactone 

fimction with the aid of two microorganisms, which &uctionalized non-lactone sesquiterpene compounds10 

at C-11 or C-12. 

a-sautoniu (1) is the classical starting material to obtain 6P_eudesmanolides, because it epimerizes iu 

acidic medium1 l. The special &mztionalization and the steric energy of a-sautoniu (1) is about 2.1 KcaVmol 

greaterI than that of its epimer at C-6. However, a more general method of epimeriziug this type of 

compounds at C-6, especially those with knctionalization at C-l, would allow us to synthesize other 6p- 

sesquiterpenolide compounds with different skeletons. This type of process is also possible with a-santoniu, 

but the transference of functionalization 6om C-3 to C- 1 is not easy9a. 
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RESULTS AND DISCUSSION 
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Commercial a-santonin (1) was hydrogenated to give the hexahydro derivatives 2 (75%)ga and 3 

(20%)oa. The opening of the lactone ring was achieved by Lii/THF reagent under refhm to give the 

trihydroxy derivative 4, a product characterized later as the triacetyl derivative 5. Acetylation of product 4 

under mild conditions gave starting material (5%) and products 6 (75%), 7 (15%) and 5 (5%). The main 

product (6) Born acetylation was 3B,lZdiacetyl derivative, in which the hydroxyl group at C-6 remained 

unahered. Product 7 was the result of acetylation of the hydroxyl groups at C-6 and C-12, and product 5 was 

the triacetyl derivative, which can be obtained by acetyhuion of 4 under reflux. The structures of products S-7 

can be easily deduced from their MS, PMR and CMB data (see Experimental and Tables I and B). Oxidation 
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of diacetate 6 with Jones’ reagent13 gave the dketo compound 8, which was treated with NaBHq to reduce, 

on the a-face, the keto group at C-6. This ketone (8) is the key product of this process, because in this type of 

Sa-H-sesquiterpenes with tranr-jlmction between both rings, the a-fee is the less hindered fice. This reaction 

mixture was treated with diluted NaOH to give the trihydroxy compound 9 (90%), for which spectroscopic 

data indicated a 6Bdiapoaition of the new hydroxyl group at this position (8 4.04, H-I, bs, see Table I). 

Product 9 was oxidized with RuH2(Ph3P)414 to give products 10 (55%) and 11 (4~,6&artepauliq 

10%). Both products have been previously described by us9. Product 10 was obtained by chemical- 

microbiological procedures in which Rhizopus nigricans epherized at C-49b. Product 11 was a subproduct of 

the reaction iu which the hydroxyl group at C-3 was oxidized to a ketone group. We have also oxidized 

product 9 with tetrapropylammoniun perruthenate (TPAP) and Cmethylmorphohne N-oxide (NMO)15. These 

products 10 (SO%), 11 (10%) and starting material (9, 10%) were isolated after 2 h of reaction. With TPAP, 

the yield of product 10 was considerably higher. The overall yield of product 10 from the original a-santonin 

(1) was now of 32%, very similar to that descriied 9b when was obtained by chemical-microbiological 

procedures (34%) which included a first epimerization at C-6 of 6a-santonin to 6j3-santonin11. However, we 

describe another epimerization process superior to other methods that start with the epimerization of 6a- 

salltonin. 
We have also used vulgarin (12), a very abundant 6a-sesquiterpene lactone in Artemisiu canariensis 

Lees16, as starting material. Moreover, this product (12) possesses fbnctionality at C-l, which is use&l for 

rearranging the eudesmane compounds to other sesquiterpene skeletons. Hydrogenation of vulgarin (12) gave 

the tetrahydro derivative IB-hydroxycolartin 13 in high yield (95%). Treatment of the dihydroxy derivative 13 

with Lii/THP also gave high yield (85%), of the tetrahydroxy derivative 14. It was necessary to protect 

the hydroxymethylene group at C-12 to selectively oxidize the hydroxyl group at C-6. Thus, by acetylation of 

14 under mild conditions (see Experimental) the diacetyl compound 15 (90%) and the triacetyl compound 16 

(5%) were isolated. Not only the hydroxymethylene group at C- 12 was acetylated, but acetylation at C-l was 

also suitable for this process. The hydroxymethyne group at C-6 of compound 15 remained free and could be 

oxidized to give product 17 in quantitative yield. Reduction under mild conditions of the keto group at C-6, 

and saponification of product 17, gave the tetrahydroxyl derivative 18 in high yield (90%). Its spectroscopic 

behavior indicated clearly that epimerization at C-6 has been achieved. This contlguration at C-6 was the 

result of the different accessibility between the more hindered B-face and the a-face, of a smaller steric 

hindrance. Thus, product 15 showed the PMR H-6 signal at 6 3.90 as a double doublet with high coupling 

constants (Jl= J2= 10 Hz). However, the corresponding signal in product 18 was a broad siuglet at 6 4.5 1. 

CMR data for both compounds 15 and 18 also contirmed the epimer character at C-6 (see Table IV). 

The last step in obtaining 6B,12-eudesmauolides was the selective oxidation of the hydroxymethylene 

group at C- 12 to a carboxyl group, and cyclization to form a 6B, 12-eudesmanolide. Oxidation was also done 

with two difSerent ruthenium reagents. Dihydrotetrakis-(ttiphenylphosphine)-ruthenium (II) (RuH2(Ph3P)414 

gave two lactone compounds, 19 (IB-hydroxy-6B-cola&, 58%) and 20 (I-0x0-6B-colartin, 8%). The main 

lactone product (19) showed a narrow signal at 6 5.11 (lH, dd, Jl= 4.2, J2= 2.7Hz) in its PMR spectrum, 

which was assigned to the 6a-H proton. This product (19) maintained the hydroxyl group unaltered at C- 1, as 

can be seen from its spectroscopic data (see Tables III and IV). The minor product 20 showed a 6a-H sigual 

similar to that of product 19, but diierent from the corresponding geminal proton to the hydroxyl group at C- 

l. Its CMR spectrum clearly indicated that this hydroxyl group was also oxidized to a ketone group. Its 
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epimer at C-6 (21) was obtaiued by mild hydrogeuatiou of vulgariu (12) to co&m its structure. No startiug 
material (18) was isolated Tom this oxidatiou process, which needed energetic comlitiot~s (see Experimeutal). 
This oxidatiou reactiou was the limiting step in the process, through which lS_hydroxy-6P_coJartin (19) was 
obtaiued at an overah yield of 38%. Auother rutheuium reactive has beeu used to huprove the yield of this 
oxidation step. Thus, tetrapropyhuumooium perrutheuate (TPAP) iu presence of 4-methyhuorpholiue N-oxide 
(NMO) produced the oxidation of tetrol 18 to the 6g-lactoue 19 at a higher yield (85%). Moreover, some 
qua&y of tetrol18 (lo%), which can be reoxidized, was recovered uuahered iu this procedure. With this 
reagent lB-hydroxy-6P_colartin (19) was obtaiued at au overall yield of 52%. This type of 6Bktoue was also 
obtained at lower yields Born the commercial cz-sautouiu (1) iu a process htitiated by epimerization of product 
1, at C-6, with uiue chemical steps (overall yield of 18%)9a or eight chemical-microbiological steps (overall 
yield of 10%)9a. 
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This type of compound (19) was a suitable statting material to obtain 6gguaianolide corupouuds. Thus, 

mesylation of compound 19 (see Experimental) gave the mesyl derivative 22 (90%), which was solvolized in 

KOAc/HOAc under retlux for 72 h, after which starting material (22, 10%) and products 23 (20%) 24 (10%) 

and 25 (40%) were isolated. MS spectrometry of products 23-25 indicated the elimination of MsOH in the 

process. Moreover, PMR spectra of product 23 and 24 indicated that both products possessed two vinyl 

protons (see Table III). This group was contirmed in the corresponding CMK spectra (see Table IV). The 

spectroscopic behavior of product 23 indicated that this compound was the result of the normal elimination 

process of the mesyloxy group at C-l. Product 24 showed similar PMR signals to H-l, H-2 and H-6. 

However, the H- 11 signal appeared to be more deshielded as a double quartet (Jl= J2= 7.2 Hz), instead of as 

a quartet (J= 7.7 Hz, no observable coupling between H-6 and H-7, dihedral angle near 90“). These data are in 

accordance with those described for 6g-eudesmanolide epimers at C- 11 lo. Thus, products 23 and 24, epimers 

at C-l 1, are the result of elimination of the mesyloxy group at C-l. Product 25 did not give a vinyl proton 

signal in its PMK spectrum_ However, two signals of quaternary ethylene carbons (6 128.9 and 131.2, see 

Table IV) were observed in its CMK spectrum. The H-6 signal appeared at 6 4.86 (IH, dd, Jl= 7.5, J2= 1.5 

Hz), and was more shielded that the corresponding signals of the 6g-eudesmanolides described above (see 

Table III). Moreover, a signal of an allylic methyl group was present (6 1.55, 39 bs). These data indicated 

that the expected rearrangement to a 6Pguaianolide compound had been achieved. Thus, product 25 was 4a- 

hydroxy-5a, 1 Ig-H-guai-1( IO)-en-bg,lZolide (2,3-dihidro-6-epi-tannunolide D). The overall procedure also 

allowed us to obtain not only 6g, 12-eudesmanolide compounds, but also 6g, 12guaianolide compounds. 

0 
23 24 25 
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TABLE I 

TABLE II 
C 2 5 6 7 8 9 10 11 12 13 
1 40.2 39.8 33.9 40.1 39.1 41.3 40.7 41.1 201.7 80.8 
2 25.9 21.4 22.6 26.0 22.1 26.7 26.2 34.7 151.8 28.2 

I I 

66.9 66.3 1 180.4 ] 
127 1 
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TABLE Ill 
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TABLE IV 
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EXPERIMENTAL 

Measurements of NMB spectra (300 MHz 1H and 75.47 MHz 13C) were done iu CDC13 (which alao 

provided the lock signaI) in a Bruker AM-300 spectrometer equipped with a process controIIer and an array 
processor. The assignmen ts of 13C chemical shifts were done with the aid of distortionless enhancement by 
poIarimtion transfer (DEPT) using a gip angIe of 135’. IR spectra were recorded on a Perkin-Elmer mod. 983 
G spectrometer or on a Nicolet 20SX PT-IR spectrometer. Mass spectra were determiued with CI (methane) 
or EI (70 eV) in a Hewlett-Packard mod. 5988 A spectrometer. optical rotations were measured on a Perkin- 
Elmer 241 polarimeter at 20”. Silica gel SDS 60 A CC (40-60 pm) was used for flash chromatography. 
CH2Cl2 or CHC13 containing iucreasing amounts of Me2CO were used as the ehuent. AnaIytical plates (silica 

gel, Merck 60 G) were rendered visible by spraying with H2SOq/AcOH, followed by heating to 120”. The 
identity of compounds 10, 11 and 13 were confirmed by direct comparison with authentic samples (IS, MS, 

NM& etc.). 

curdytic hydrogenution of a-srmtonin (1) 

A solution of product l(1 g) in CH2C12 (50 mL) was hydrogenated for 5 h with H2 (4 atm) on PtO2. 
‘Ihe reaction mixtum was BItered and the soIvent was removed by distihation at reduced pressure, which 
yielded, a&r cohmnt chromatography, 750 rug of 3P_hydroxy-4a,5a,ll~H-eudesman-6a,12-ohde (2,75%); 
mp.: 125 “c; [a]D= -62’ (CHC13, c 1); IR vmax (CHC13): 3460, 1767, 1237 cm-l; 1~ nmr see Table I; 13C 
mur see Table II; ms, m/z (%): @l+l]+ 253 (50), 235 (100); and 300 mg of 3a-hydroxy-4a,5a,llg-H- 

eudesma&a,l2-elide (3, 20%); mp.: 116-8 “C; [a]D= -54” (CHC13, c 1); IR vmax (CHC13): 3460, 1767 
cm-l; lH nmr see Table I; ms, m/z (%): [M+l]+ 253 (49) 235 (100). 

Reduction of 3ghydraryd~5a,II~H-eudesman-6a,12-dide (2) 

720 mg of product 2 were dissoIved in 150 mL of dry THP and 270 mg of LiAlIQ were added. The 
reaction mixtured wasrelluxed for 2 h, and dihned with aqueous ether, extracted with CH2Cl2, dried with 

anhydrous Na2SO4 and evaporated to dryness. Chromatography over silica gel yielded 6 10 mg of product 4, a 
product characterized later as the triacetyl derivative 5. 

Acetylation of product 4 

Product 4 (580 mg) was dissolved in Ac2O/Py (1:2) (30 mL) with stirring for 12 h at room temperature. 

The reaction mixture was diluted with water, extracted with CH2C12, washed with saturated aqueous XI-IS04 
and dried with anhydrous Na2S04. Chromatography over silica gel yielded 405 mg of 3S, 12-diacetoxy-6a- 
hydroxy-4a,5a,llS-H-eudesmane (6, 75%); mp.: 102 “C; [a]D= -20“ (CHC13, c 1); IR vmax (CHC13): 
3460, 1733, 1245 cm-l; 1~ mur see Table I; 13C nmr see Table II; ms, m/z (%): p+l]+ 341 (21), 323 (32), 

263 (29) 221 (100); 85 mg of 6a,12-diacetoxy-3i3-hydroxy-4a,5a,1l~H-eudesmane (7, 15%); Syrup; 
[a]D= -13” (CHC13, c 1); lR vmax (CHC13): 3448, 1734, 1240 cm -I; lH mnr see Table I; 13C mm see Table 

II; ms, m/z (%): [M+l]+ 341 (l), 323 (12) 281 (61) 203 (100); and 30 mg of 3S,6a,12-triacetoxy- 

4a,5a,l IS-H-eudesmane (5, 5%); mp.: 115 “C; [a]D= -24“ (CHC13, c 1); IR vmax (CHC13): 1732, 1246 

cm -l; lH nmr see Table 1; 13C nmr see Table II; ms, m/z (%): [M+l]+ 383 (0.5) 323 (22) 281 (51) 263 

(55), 221 (67), 203 (100). 
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Oxidation of 3~12~ac~y-6a-hy~~4~S~llSH_eudcrme (6) 

Jones’ reagent was added dropwise to a stirred solution of product 6 (370 mg) in acetone at 0 “C until 
an orange-brown color persisted. Methanol was then added and the reaction mixture was dihrted with water 

and extracted with CH2Cl2. The organic layer was dried over Na2S04 and evaporated to dryness. 
Chromatography on a silica gel cohmm yielded 350 mg of 3fl,12-diacetoxy-4a,5a,llP_H-eudesman-done 

(8); Syrup; [ct]H= +14” (CHC13, c 1); JR vmax (CHC13): 1734, 1243, 1700 cm-l; 1H nmr see Table I; 13C 
nmr see Table II; ms, m/z (%): w+l]+ 339 (3) 279 (100) 219 (23). 

Reduction and saponifcation of 3#J12-diacet~-#qSa,f I/%H-eudesman&-one (8) 

320 mg of product 8 was dissolved in absolute EtOH (40 mL) and 45 mg of NaBH4 was added slowly. 
The reaction was stirring for 2 h at room temperature. Then a solution of dihtted NaOH was added dropwise 

until the reaction has finished (TLC). The reaction mixture was extracted with CH2Cl2, dried over Na2SO4 
and evaporated in a vacuum, yielding 285 mg of 3P,6B,12-trihydroxy-4a,5a,l IS-H-eudesmane (9, 90%); 
tap.: 140 “C; lH mm see Table I; 13C nmt see Table II; ms, m/z (%): [M+l]+ 257 (24) 239 (20) 221 (100) 
203 (15). 

Lactonization of 3/#,6~,12-trihydraxy-4a,ScQlSH_eudesmane (9) with RuH2(Ph3P)4 

260 mg of product 9 was dissolved in 9 mL of dry tohmne and 0.5 mL of acetone was added. 

RuH2(ph3P)4 (21 mg) was added to the solution, and the mixture was kept in a closed tube at 180 “C mder 
an argon atmosphere for 6 h. The reaction mixture was cooled before the tube was opened, and was then 

concentrated in a vacuum. Chromatography on a silica gel cohmnt yielded 165 mg of 3S-hydroxy-4a,Sa,l IS- 
H-eudesma-6S,l2-olide (10,55%)9b. , and 25 mg of 3-oxo-4a,5a,llP_H-eudesman-6S,lZolide (11, 10%)9a. 

Lactonization of 3~,6~I2-triirydrrawydcr;S~ll~ff~udesmane (9) with tetrapropylammoniun perrutenate 

Solid TPAP (18 mg) was added in a single portion to a stirred mixture of product 9 (140 mg), NM0 (4- 
methybnorpholine N-oxide, 140 mg) and activated powdered molecular sieves (140 mg) in dry CH2Cl2 (30 

mL) at room temperature under argon. On completion, the reaction mixture was concentrated in a vacuum. 
Purification by column chromatography on silica gel yielded 108 mg of product 10 (80%) and 13 mg of 
product 11 (10%). 

Catalytic hydrogenation of 4a-hydraxy-l-ax+5a,ll~H-eudesm-2-en-6a,I2-olide (vulgarin) (12) with PI- 

charcoal 

A sohttion of product 1 (1 g) in EtOH (50 mL) was hydrogenated for 7 h with H2 (4 atm) on Pt- 
charcoal. The reaction mixture was filtered and the solvent was removed by distihation at reduced pressure, 

which yielded, after cohmm chromatography, 950 mg of lJ3,4a-dihydroxy-5a,l l&H-eudesman-6a,12-olide 

(13)‘7. 

Reduction of 1~,4c+dihydraxy-5a,ll~H-eudesman-6B,12-olide (13) 

900 mg of product 13 was dissolved iu 200 mL of dry THP and 320 mg of LiAlH4 was added. The 

reaction mixtured was refluxed for 2 h, and then dihned with aqueous ether, extracted with CH2C12, dried 
with anhydrous Na2S04 and evaporated to dryness. Chromatography over silica gel yielded 790 mg of 
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1~,4a,6a,12-tetrahydroxy-5a,ll~H-eudesmane (14, 85%); mp.: 117-9 “C; 1H rum see Table III; ms, mlz 
(%): [M+l]+ 273 (3), 255 (60), 237 (100). 

Acetylation of la4~6412-lcfrckyd-S~llSH_ertdesnrae (14) 

Product 14 (750 mg) ~8s diss~hd in Ac2O/Py (1:2) (45 mL) with stirring for 12 h at room 
temperature. The reaction mixture was diluted with water, extracted with CH2C12, washed with saturated 
aqueous RI-IS04 and dried with anhydrous Na2SO4. Chromatography over silica gel yielded 660 mg of 
1~,12-diacetoxy-4a,6a-dihydroxy-5c~,ll~-H-eudesmane (15, 90%); mp.: 109-l “C; [a]~= -15“ (CHC13, c 
1); IR v,, (CHC13): 3372, 1736, 1245 cm-l; lH nmr see Table III; 13C nmr see Table IV; ms, m/z (%): 
w+l]+ 357 (3) 321 (25) and 30 mg of 1~,6a,l2-triacetoxy-4a-hydroxy-5~ll~H-eudesmme (16, 5%); 
mp.: 47-9 “C; [a]H= -13’ (CHC13, c 1); IR vmax (CHC13): 3514, 1734, 1240 cm-l; 1~ nmr see Table III; 
13C nmr see Table IV; ms, m/z (s/o): I& 398 (0.16), 381(70), 321(16), 279 (36), 261 (loo), 201(35). 

oxidoton of l~l2-diacctary4a,6a-dil?ydraryScgll~Hsud~m~e (15) 

Jones’ reagent was added dropwise to a stirred solution of product 15 (630 mg) in acetone at 0 “C until 
an orange-brown color persisted. Methanol was then added and the reaction mixture was diluted with water 
and extracted with CH2C12. The organic layer was dried over Na2SO4 and evaporated to dryness. 
Chromatography on a silica gel colunm yielded 609 mg of 1~,12-diacetoxy-~-hy~o~-a-hyQoxy-5a,l lg-H-eudesman- 
6-one (17); Syrup; IR v,, (CHC13): 3200, 1736, 1374 cm-l; 1H nmr see Table III; 13C mm see Table Iv; 
ms, m/z (%): w+l]+ 355 (0.33) 295 (20) 277 (100). 

Reduction and saponification of 1~12_diacetaxy4aJ?ydrary-Sa,ll~H-eudesman-&one (17) 

570 mg of product 17 was dissolved in absohtte EtOH (60 mL) and 80 mg of NaBH4 was added slowly. 

The reaction was stirring for 2 h at room temperature. Then a solution of dihtted NaOH was added dropwise 
until the reaction has 8nished (TLC). The reaction mixture was extracted with CH2Cl2, dried over Na2S04 
and evaporated in a vacuum, yielding 550 mg of lg,4u,6j3,12-tetrahydroxy-5a,l IS-H-eudesmane (18,90%); 
tap.: 106-8 “C; 1~ mur see Table III; 13C nmr see Table IV; ms, m/z (%): [M+l]+ 273 (3), 255 (99), 219 

(100). 

Lactonization of ljI,4a,6/3,12-tetrahydrary-Sa,lljMI-eudesmane (18) with RuH2(plr3P)4 

520 mg of product 18 was dissolved in 14 mL of dry toluene and 0.5 mL of acetone was added. 
RuH2(Ph3P)4.(42 mg) was added to the sohttion and the mixture was kept in a closed tube at 180 “c under 
an argon atmosphere for 6 h. The reaction mixture was cooled before the tube was opened, and was then 
concentrated in a vacuum_ Chromatography on a silica gel cohrmn yielded 300 mg of lg,4adihydroxy- 
5a,l lg-H-eudesman-6S,12-olide (tetrahydro-6g-vulgarin) (19, 58%); mp.: 102-4 “C; [a]H’ -54’ (CHC13, c 

1); IR vmax (CHC13): 3428, 1759, 1232 cm-l; 1H nmr see Table III; 13C nmr see Table IV; ms, m/z (%): 

M+ 268 (0.15) 250 (8.2); and 40 mg of 4a-hydroxy-1-oxo-5a,l lP_H-eudesman-6g,lZolide (dihydrodp- 

vulgarin) (20, 8%); mp.: 140-2 “C; [CX]H= -59” (CHC13, c 1); IR v max (CHC13): 3354, 1769, 1708, 1259 cm- 

l; 1H mnr see Table III; 13C nmr see Table IV; ms, m/z (%): M+ 266 (8), 248 (6). 
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Catalytic hydrogenation of 4a-hydraxy-l-axo-lra,1l~H4udesm-2~n-6a,l2-olide (vulgarin) (12) with 

Pd-BaSO4 

A sohnion of product 12 (50 mg) in EtOH (3 mL) was hydrogenated for 5 h with H2 (4 atm) on Pd- 

BaS04. The reaction mixture was liltered and the solvent was removed by distiition at reduced pressure, 

which yielded, after cohmnr chromatography, 45 mg of 4o-hydroxy- 1-oxo-So, 1 lg-H-eudesman-6a, 12-oIide 

(21); rap.: 173-5 “C; [a]D= -39” (CHC13, c 1); IK vmax (CHC13): 3525, 1770, 1710 cm-l; IH mnr see Table 

III; 13C mur see Table N; ms, m/z (%): M+ 266,248 (13). 

Lactonization of l~,4a,6~l2-tetrahydrarySa,Il/MY-eudesmane (18) with tetrapropylammoniun 

perrutenate (TPAP) 

Solid TPAP (25 mg) was added in a single portion to a stirred mixture of product 18 (200 mg), NM0 

(4-methylmorpholine N-oxide, 200 mg) and activated powdered molecular sieves (200 mg) in dry CH2C12 (30 

mL) at room temperature under argon. On completion, the reaction mixture was concentrated in a vacuum. 

Purification by column chromatography on silica gel yielded 160 mg of product 19 (80%). Product 20 was not 

detected with this lactonization reagent. 

Mesylation of l/3,4a-dihydraxy-Sa,ll/Mi-eudesman-6~,12-olide (tetrahydr&&vulgarin) (19) 

2 mJ_, of MsCl (methanesulfonyl chloride) was added to a solution of 200 mg of product 19 dissolved in 

10 mL of pyridine. The reaction mixture was stirred at room temperature for 2 h. Then the reaction mixture 

was diluted with CH2Cl2, washed with water and with saturated aqueous KHS04 and concentrated in a 

vacuum. Chromatography on a silica gel column yielded 215 mg of 4a-hydroxy-lP_mesyloxy-5a, 1 lg-H- 

eudesman-6g,12-olide (22, 90%); mp.: 148 “C; [a]D= -53” C (CHC13, c 1); IK vmax (CHC13): 3315, 1762, 

1218 cm-l; lH mur see Table III; 13C nmr see Table N; ms, m/z (%): [M+l]+ 347 (5) 329 (1 l), 25 1 (19) 

233 (100). 

Solvolysis of 4a-hydraxy-l/%mesyiaxy-S~Ilj%H-eudesman-6~,l2-olide (22) 

200 mg ofproduct 22 was dissolved in 8 mL of a solution of KOAcHOAc (0.23 N)‘and retluxed for 72 

h. The reaction mixture was then washed with saturated aqueous NaHC03, extracted with CH2C12, dried 

over Na2S04 and evaporated to dryness. Chromatography on a silica gel cohmm yielded 28 mg of 4a- 

hydroxy-5a,l IS-H-eudesm-1-en-6g,l2-olide (23, 20%); mp.: 178 “C; [a]D= -62O (CHCl3, c 1); IK vmax 

(CHC13): 3428, 1763, 1453 cm-l; ‘H mur see Table III; 13C mur see Table N; ms, m/z (%): w+l]+ 251 

(40) 233 (100); 14 mg of 4a-hydroxy-5a,l la-H-eudesman-I-en-6&12-olide (24, 10%); lap.: 150 “C; [o]D= 

-135” (CHC13, c 1); IK vmax (CHC13): 3452, 1762, 1457 cm-l; 1H nmr see Table III; 13C nmr see Table N; 

ms, m/z (%): [M+l]* 251 (27) 233 (100); and 55 mg of 4a-hydroxy-5a,ll~H-guai-l(l0)-en-6(3,l2-olide 

(25, 40%); m.p.: 138 “C; [aID= -45’ (CHC13, c I); IK vmax (CHC13): 3428, 1763, 1453 cm-l; lH mur see 

Table III; 13C nmr see Table N; ms, m/z (%): [M+l]+ 251 (6) 233 (100). 
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