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Abstract: The biotransformation of two derivatives of shiromool was carried out with Rhizopus
nigricans cultures to obtain 11- and 12- hvdroxylaled metabolites. The 11- hydroxyl gcmldmane

uumpuuuu was transformed to 11-R and 11-5 12-hydroxyl denvatives which were oxidised with TPAP to
give michelenolide analogues. In the biotransformation processes, 28- 3o- and 98-hvdroxyl derivatives

were also obtained, as well as a 23, 11-dihydroxylated metabolite.
© 1998 Elsevicr Science Ltd. All rights reserved.
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compound, we carried out the semisynthesis of germacrane lactones from derivatives of shiromool’, an anti-

insect feeding compound.

sesquiterpenolides, which are scarce in nature and have rarely been studied, are of interest because of their
role as possible intermediates in some biogenetic pathways’. In biogenetic terms sesquiterpene lactones are
formed from an initial hydroxylation at C-12 which evolves to a carboxylic acid. Subsequent enzymatically-
mediated hydroxylation at C-6 or C-8 (and lactonization) yield the respective sesquiterpenolides®®. In
previous papers, we reported the synthesis of 6B-eudesmanolides by chemical-microbiological means'" 12
with the help of the microorganisms Curvularia lunata and Rhizopus nigricans. Also, we have developed a
method to epimerize 6o-sesquiterpene lactones', more abundant in nature, to the corresponding 6f-
sesquiterpenolides. The use of a microbiological pathway to obtain 11- and 12-hydroxyl derivatives of

shiromool acetate (1) allowed us to obtain some michelenolide'* analogues.

0040-4020/98/$19.00 © 1998 Elsevier Science Ltd. All rights reserved.
PII: S0040-4020(98)00074-X
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RESULTS AND DISCUSSION

Compound 1 (shiromool acetate), isolated from Sideritis varoi subspecies cuatrecasasii®, was incubated
with a culture of Rhizopus nigricans during 6 days. After the recovery and purification of the metabolites, a

major product was isolated (2, 58%) together with two more polar minor products (3, 6%) and (4, 10%).

4
4

The first metabolite isolated (2) (molecular formula C;7H,504) lacked double bond signals in its '"H NMR

hY = P = 1 e
) that corresponded to a geminal protor

spectrum; a signal appeared ¢

=

to an oxygenated functton In the "*C NMR spectrum two new signals appeared representing oxygenated

carbons, one of them methyne (6 61.49) and the other one completely substituted (5 61.85). These data were

configuration of the carbons C-1 and C-10 we carried out epoxidation of compound 1 with m-chloroperbenzoic
acid (MCPBA), from which a major epoxide identical to metabolite 2 was obtained together with a minor

enoxide (85). Bv combnaring the NMR spectra of both
e of \>7- J r r
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products with those described for the epoxides of

[3 L L BN I o JEE 1 W SR o SRS S -

shiromool'®, we assigned a (i, 10a)-epoxy arrangement for the diepoxide 2

for the diepoxide 5
The "H NMR spectrum of the second metabolite (3) was similar to that of metabolite 2, with a new signal
appearing at § 2.95 (1H, dd, J;= 8.7, J,= 6.4 Hz) due to a geminal proton to a hydroxy! group that was probably

situated on C-3 or C-9. Analysis of the >C NMR spectra of both metabolites (2 and 3) helped to establish the
position of this new hydroxylation on C-3. The absolute configuration of this carbon was determined by the

d‘7 "R" 17 ;C
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On comparing the "H NMR spectra of metabolites 2 and 4, we observed that the doublet signals of the
methyl groups at C-11 in metabolite 2 had become singlet signals in metabolite 4. Therefore a new hydroxyl
group seemed to be located at C-11. This was confirmed by analysis of the *C NMR spectral data of the two

metabolites. In conclusion, metabolite 4 had a 6f-acetoxy-(1B,100.),(4B,50)-diepoxy-11-hydroxygermacrane

structure.

The action of the microorganism was mainly directed to the selective epoxidation of the double bond of
the substrate, and then to the hydroxylation of certain positions of the molecule. To obtain higher yields of
hydroxylated metabolites, we incubated diepoxide 2, obtained from 1 by Rhizopus nigricans. After incubation

for 12 days we isolated 17% of unaltered substrate (2), metabolites 3 (18%) and 4 (25%), and four new

R M SRR Y Wali AN Ve VAN « B o hY < n M Y
metabolites: 6 (10%), 7 (97}, 8 (6%) ana 9 (2%).

R. nigricans

The molecular formula of metabolites 6, 7 and 8 was C;7H250s. In the '"H NMR spectrum of metabolite 6
a new signal appeared at 8 3.82 (ddd, J,= 7.3, J,= 6.5, Ja= 1.2 Hz) and the H-1 signal appeared as a doublet (5
Hz). Double resonance experiments on these signals allowed us to locate the new hydroxylation on
carbon 2. The stereochemistry of this hydroxylation was determined by the Horeau method as "R". Therefore
we assigned the structure of 6p-acetoxy-(1f,10a),(4B,5a)-diepoxy-2p-hydroxygermacrane to metabolite 6.

In the '"H NMR spectrum of metabolite 7 a signal appeared at 5 3.08
hydroxyl group coupled to two other protons (J1= 11.7, J,= 2.0 Hz). This hydroxylation was located on C-9, as
confirmed by its "?C NMR data. The configuration of this carbon was established by the Horeau method as "S",
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The '"H NMR spectrum of metabolite 8 differed from that of metabolite 2 in the disappearance of the

e methyl from the iso earance of two new mcmals centred at § 358 and

i Hiv 11V

3.48 that constituted the AB part of an ABX system. These data were compatible with the hydroxylation of one
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methyl of the isopropyl group, as confirmed by *C NMR. Saponification of metabolite 8 led to product 10,
whose spectroscopic data were compatible with a structure of (1B,10a),(4B,5c)-diepoxy-68,12-
dihydroxygermacrane. Treatment of this dihydroxylated derivative (10) with tetrapropylammonium
perruthenateis (TPAP) gave rise to a product with a structure of (1,10a),(4B,50)-diepoxygermacran-6f3,12-
olide (11), which was the result of oxidation of the hydroxyl group at C-12 and lactonization. The C-11
configuration was determined from the value of the coupling constants of the H-11 signal (8 2.45, ¢, J11.13=
7.6 Hz), which indicated that H-7 and H-11 were not coupled because the dihedral angle formed by these
protons was close to 90°. These results were compatible with an 11S configuration for lactone 11, whose
structure was (1, IOa);(4B,5a)-diepoxy—7a,l 1B-H-germacran-6f,12-olide; therefore, their precursor (8) was

(11S)-6p-acetoxy-(1j3,10a),(4B,50)-diepoxy-12-hydroxygermacrane.

P TN g
KOH 1 __TPAP ¢
% TMeOHWH20 l\( J ~. . NMO l\< o
ST Y > <5 ]
= OH H]
10

The molecular formula of the more polar product isolated from this incubation (9), was Ci7Hzs0s. Its 'H
NMR spectrum showed signals similar to those of metabolites 4 and 6, so we deduced that metabolite 9 was
6B-acetoxy-(18,100),(43,50)-diepoxy-2[3,11-dihydroxygermacrane.

Starting from the 11-hydroxyl derivative (4), the major product isolated from the incubation of the
diepoxygermacrane 2 with Rhizopus nigricans, we accomplished the semisynthesis of a new 6f-
germacranolide. The hydroxyl group at C-11 was dehydrated through the formation of the corresponding
mesylate using 4-dimethylaminopyridine (DMAP) and methanesulfonyl chloride'; these gave rise to the

] sam

elimination product with the less-substituted double bond (i2), i. e. 6fB-acetoxy-(1B,10a),(4f,5a)-
diepoxygermacr-11-ene. The 12-hydroxyl derivatives were formed by hydroboration of product 12 with 9-

borabicycle[3.3.1]nonane (9-BBN), to give rise to a diol mixture (84%) from which the previously obtained

from hydration on both faces of the double bond and saponification of the acetoxyl group at C-6. Treatment
of product 13 with TPAP led to product 14. Its "H NMR spectrum was very similar to that of lactone 11,

differing only in the chemical shift and the form of the

H-11 proton signal. This signal showed greater

A AN

deshieiding (A= 0.4) and appeared as a double quadrupiet. Protons H-

T T cssama SRR 14 - - AL 1__1
~11 were Coupicda dt 4 aincdardl

angle of approximately 40°. Therefore we assigned the configuration 11R to this product (14), with a

structure of (1B,10a),(4B,5a)-diepoxy-7a,11ct-H-germacran-68,12-olide. Thus product 13 was (11R)-

(iB,10a),(4ﬁ,5a)-diepoxy-’“,’" di

dihydroxygermacrane.
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The isolation of metabolites with hydroxylations at C-11 or C-12 is of interest as they are appropriate

precursors for conversion to 6B-sesquiterpenolides.

EXPERIMENTAL

Measurements of NMR spectra (300.13 MHz 'H and 75.47 MHz C) were made in CDCl; (which also
provided the lock signal) in a BRUKER AM-300 or ARX-400 spectrometers. The assignments of -*C chemical
shifts were made with the aid of distortionless enhancement by polarization transfer (DEPT) using a flip angle of
135°. Bruker's programs were used for COSY (45°) and C/H correlation. Monodimensional n.O.e.-difference
experiments were made by irradiation for 4 seconds in series of 8 scans. Ir spectra were recorded on a Nicolet
208X FT-IR s

ra were det

rmined with CI (methane) in a Hewlett-Packard 5988A

nade in a MICROMASS AUTOSPEC-Q spectrometer (EBE
geometry). Mps were determined using a Kofler (Reichter) apparatus and are uncorrected. Optical rotations were
measured on a Perkin-Elmer 241 polarimeter at 20°. Silica gel Scharlau 60 (40-60 pm) was used for flash
chromatography. CH,Cl, or CHCl; containing increasing amounts of Me;CO were used as eluents. Analytical
plates (silica gel, Merck 60 G) were rendered visible by spraying with H,SO4-AcOH, followed by heating to

(] M M ~
120°. The identity of compound 1 w

ound 1 was confirmed by direct comparison with an authentic sample (IR, MS, NMR,

el L, 1VAL,

)
tC.).

Isolation of 6/3—acetoiy—4ﬁ’,5a-epoxy-trans-germacr—1(10)-ene (1). 6B-acetoxy-4p,5a-epoxy-trans-germacr-

1(10)-ene was isolated from Sideritis varoi subspecies cuatrecasasii®.
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Organism, media and culture conditions. Rhizopus nigricans CECT 2072 was obtained from the Coleccion

Spain, and was kept in YEPGA medium containing yeast extract (1%), peptone (1%), glucose (2%) and agar
(2%) in H>O at pH 5. In all transformation experiments a medium of peptone (0.1%), yeast extract (0.1%), beef
extract (0.1%) and glucose (0.5%) in H,O at pH 5.7 was used. Erlenmeyer flasks (250 ml) containing 80 ml of
medium were inoculated with a dense suspension of R. nigricans. The cultures were incubated by shaking (150
rpm) at 28° for 6 days, after which substrates 1 and 2 in EtOH were added.

Biotransformation of subsirate 1. Substrate 1 (250 mg) was dissolved in EtOH (5mi), distributed among 5
Erlenmeyer-flask cultures and incubated for 6 days, after which the cultures were filtered and pooled; the cells
were washed thoroughty with water and the liquid was saturated with NaCl and extracted twice with CH,Cl,.
Both extracts were pooled, dried with anhydrous Na,SO4, and evaporated at 40° in vacuum to give a mixture of

compounds (223 mg). This mixture was chromatographed on a silica gel column to obtain 22 mg of starting

0 (3H, s, 3H-14), 1.41 (3H s, 3H-15), 2.04 (3H s, AcOgroup) 2.89 ( H, d J~85Hz H-5), 2.99 (1H,
dd, Jmp: 9.2, Jiwza= 5.8 Hz, H-1) and 5.0 (1H, dd, Js 5= 8.5, Jo-= 1.6 Hz, H-6); *C NMR (CDCL):  16.75
(C-14), 16.78 (C-15), 20.56 (C-13), 20.62 (C-12), 21.10 (MeCO), 23.49 (C-8), 24.70 (C-2), 31.81 (C-11), 34.30
(C-3), 40.78 (C-9), 48.76 (C-7), 59.24 (C-4), 59.86 (C-10), 60.07 (C-1), 65.76 (C-5), 72.73 (C-6) and 170.12
(Mp{ ()\, HRI, QTMQ m/z rM+ﬂ 297. ')nm ((‘ ..I—I.mn 297. 7(\66 PPM ﬁ)

,,,,, 0) 7H2604 M 16
(1,1 uu},wp,Ja)-diep()ry-?aa-hydr"Xygc":"macra—:e {3); syrup;

1242 and 1022 cm™; '"H NMR (CDCls): 8 0.89 and 0.91 (3H each, d, J= 6.6 Hz, 3H-12 and 3H-13), 1.32 and
1.44 (3H each, s, 3H-14 and 3H-15), 2.08 (3H, s, AcO group), 2.94 (1H, d, J= 8.4 Hz; H-5), 2.95 (1H, dd,
Jap2a= 8.7, Japap= 6.4 Hz, H-3B), 3.32 (1H, dd, J;25= 10.1, J; 26= 8.2 Hz, H-1) and 5.06 (1H, dd, Jss= 8.4, Js-=
1.6 Hz, H-6), >C NMR (CDCl): § 11.30 (C-15), 17.15 (C-14), 20.60 (C-13), 20.65 (C-12), 21.13 (MeCO),
23.49 (C-8), 31.88 (C-11), 33.27 (C-2), 40.68 (C-9), 48.62 (C-7), 58.21 (C-1), 59.69 (C-10), 62.07 (C-4), 63.98

A7 N. ITDT QTR MATL1IT 2172 AN1Y 7 IT M
Me(CO); HRLSIMS, m/z; [M+1] 313.2013, (C7H230s 313.2015,

C

<
—
1 N
/‘\

PPM 0.7); Determination of absolute configuration at C-3: 10 mg of metabolite 3 and 25 mg of racemic a-
phenylbutyric anhydride (dissolved in 1 ml of pyridine)"’, [ot]p= +14° (CHCL, ¢ 5); and 29 mg (10%) of 6pB-
acetoxy-(1PB,10a),(4B,5a)-diepoxy-11-hydroxygermacrane (4); syrup; [ot]p=-38° (CHCls, ¢ 1); IR (film): 3482,
1738, 1237 and 1022 cm’™'; '"H NMR (CDCls): & 1.14 and 1.18 (3H each, s, 3H-12 and 3H-13), 1.33 and 1.43
(3H each, s, 3H-14 and 3H-15), 2.07 (3H, s, AcO group), 2.92 (1H, d, J=8.4 Hz, H—S) 3.00 (1H, dd, J; 2p= 9.1,

1, <\ B romei 167070 14

and A — 17 \- and MC_18)
Ly 67‘ 1.0 114, 117U}, NIV (U3 ). 1O 77 (U137 dlild U-10),

Y < <1
J120— JouL,u—l)aluJ 1

~
—

-

-

ﬁ
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20.44 (C-8), 21.46 (MeCO), 24 63 (C-2), 27.07 (C-13), 28.37 (C-12), 34.22 (C-3), 41.16 (C-9), 51.14 (C-7),
59.57 (C-4), 59.84 (C-10), 60.29 (C-1), 65.91 (C-5), 72.29 (C-6), 73.09 (C-11) and 170.81 (MeCO),
HRLSIMS, m/z: [M+1]" 313.2018, (C17H230s5 313.2015, PPM -0.8).

Enoxidation of substrate 1 3 0 ¢ of 6B-acetoxv-4B Sq-enox y-1rans-germacr- 1{10Y-ene (1) were dissolved in
ST VAVIRIIBEORLES S WITRVLRSISER, K. OV O VA VY WY Py MRy \*¥J \=J
300 ml of CHCI; and 4 g of m-chloro-perbenzoic acid (MCPBA) were added. The mixture was stirred fo
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h at room temperature. then was diluted with 400 ml of CHCl.: and washed successivelv with satura

D s a L nt of Ly ang asned SUCCLSSIVEYY ul SsaQuaraied
enhitime £ RaCN . and Wallf'N) . and Haall ratoar Tha ~rcnnia lagae PRPTIS ISR | 7% IR NN PR, AT QY on
SUIUL 1 1'0OWV4 allu 1Nallv VU3 alld dillaily watltl. 1H0C VIgdiiv ldyCl wad Ulicd willl alnyarous iNdzolJg 14

evaporated to dryness. Chromatography over silica gel yielded 1.870 g (59%) of 6pB-acetoxy-
(1B,10cr),(4B,5c)-diepoxygermacrane  (2) and 0.752 g (24%) of 6B-acetoxy-(1c,10B),(4B,5a)-
diepoxygermacrane (5); syrup; [a]p= +81° (CHCls, ¢ 1); IR (film): 1738 and 1241 cm™; '"H NMR (CDCl): 8
0.90 and 0.98 (3H each, d, J= 6.6 Hz, 3H-12 and 3H-13) 1.30 and 1.44 (3H each, s, 3H-14 and 3H-15), 2.05

(3H, s, AcO group), 2.92 (1H, d, J,24= 10.6 Hz, H-1), 3.00 (1H, d, J= 7.1 Hz, H-5) and 4.95 (1H, dd, Jss= 7.1,
I.-= 16 Hz H-6} 3C NMR (CDCLY § 1674 {C-14). 20.60 (C-13) 20.94 (C_12) 21 10 (MeCOY 23 17 (O
J6.7 1O 17, 11U}, L LNV (olsei3 ). OIS AL~17), LU0V (L-1J), cUTR (U-14), 411U YVIELU), 20.17 (L~
i5), 23.75 (C-8), 25.97 (C-2), 31.05 ( i1), 36.54 (C-3), 36.62 (C-9), 44.22 (C-7), 58.81 (C-4), 61.49 (C-1),
61.85 (C-10), 66.23 (C-5), 73.54 (C-6) and 170.21 (MeCO); HRLSIMS, m/z: [M+1]" 297.2072, (C17Hz04

297.2066, PPM -2.0).

Biotransformation of substrate 2. Substrate 2 (1.5 g) was dissolved in EtOH (30 ml), distributed among 30
Erlenmeyer flask cultures and incubated for 12 days, after which the cultures were processed as indicated above
for the biotransformation of substrate 1. The resulting mixture (i.344 g) was chromatographed on a silica gel
column to obtain 259 mg (17%) of starting material (2), 287 mg (18%) of metabolite 3, 388 mg (25%) of
metabolite 4, 151 mg (10%) of 6B-acetoxy-(1p,10c),(4B,5a)-diepoxy-2p-hydroxygermacrane (6); syrup; [a]p=
-29° (CHCH, ¢ 1); TR (film): 3452, 1740, 1234 and 1021 cm™; "H NMR (CDCl): & 0.90 and 0.92 (3H each, d,

J=6.5 Hz, 3H-12 and 3H-13), 1.32 (3H, s, 3H-15), 1.55 (3H, s, 3H-14), 2.07 (3H, s, AcO group), 2.85 (1H, d,

_ Dy , £.00

r,
- I° nd & N&
i L u o.va

CT/

73
I=RAH- HAY INR(MH 4 I;'7ALL1 H_1) (3]
EE K 3 J.US 1 J 3.82

1L, 11=J ), 1, u,

4 wxslf—
1.4 Hz, H-6); >C NMR (CDCL): 8 17.40 (C-15), 18.58 ( -14), 20.62 (C-12 and C-13), 21.18 (MeCO), 23.43
(C-8), 31.90 (C-11), 41.12 (C-9), 43.94 (C-3), 48.87 (C-7), 58.44 (C-4), 60.02 (C-10), 65.59 (C-2), 65.67 (C-5),
70.08 (C-1), 72.80 (C-6) and 170.16 (MeCOQ); HRLSIMS, m/z; [M+1]" 313.2020, (C17H0s 313.2015, PPM -

1.6), Determination of absolute configuration at C-2: 17 mg of metabolite 6 and 25 mg of racemic a-

A
4

N
—

phenylbutyric anhydride (dissolved in 1 ml of pyridine)'’, [a]p= +12° (CHCls, ¢ 2.5); 139 mg (9%) of 6B-

aceta).\'u=f|ﬂ 1N (AR Sy _diannvu_QR_hudravvaarmanrana (7 curmin: T~l.= AL, ~ 1Y TR {filenm) 2484
YTULP, VAL UTH, WA STUIVPUA Y T ZPTH Y BT VA y Bt lavi aliv \ 7 f, Syiup, |1 J& A UEE, UL g, LN ULy, 05,

1741 tAan nan -1, lyy am s QL /7T YT s LTI ATY ~

1741, 1242 and 1022 cm™; H NMR (CDCl3): 6 0.90 and 0.96 (3H each, d, J= 6.6 Hz, 3H-12 and 3H-13), 1.36

and 1.42 (3H each, s, 3H-14 and 3H-15), 2.08 (3H, s, AcO group), 2.90 (1H, d, J= 8.4 Hz, H-5), 3.00 (1L, dd,
J12p= 9.1, J124= 5.9 Hz, H-1), 3.08 (1H, dd, Jop o= 11.7, Jopgs= 2.0 Hz, H-9B) and 5.01 (1H, dd, Jss= 8.4, Jo,=
1.5 Hz, H-6); °C NMR (CDCL): & 10.56 (C-14), 16.92 (C-15), 20.49 (C-13), 20.58 (C-12), 21.17 (MeCO),
24.21 (C-2), 32.04 (C-11), 32.27 (C-8), 34.07 (C-3), 45.58 (C-7), 58.68 (C-1), 58.98 (C-4), 62.27 (C-10), 65.52

(C=5) 7274 (C-6)Y R0 74 (C-9) and 170 16 (Me("{)- HRT SINMS m/z l’?\/f-l-l1+’kl’2 2021 (C:-H,.0: 213 2015
\\1 J].‘ ! hew. 7T ‘ \JI7 LA PN A 4 \\/ / “iivg 1/VvV.i1wv \ 'l\t \I}’ lu\hull'lu’ FI8/ d Ll'l . S e l’ \\_ l/l leu] PO P N A | J_l
TATYL £ ~ (\\ ™ a m I‘\ ~ N 0 h |

PPVl -2.U)] Determination of absolute COI'lIlgUI'&IlOﬂ at ZU mg o1 metaooute 7 and 25 mg of racemic o-

phenylbutyric anhydride (dissolved in 1 ml of pyrldme)” [a]p=-15° (CHCL;, ¢ 2.5); 95 mg (6%) of (11S5)-6p3-

acetoxy-(1p,10a),(4B,5a)-diepoxy-12-hydroxygermacrane (8); syrup; [a]p=-33° (CHCl;, ¢ 1); IR (film): 3469,
1738, 1235 and 1021 cm™; "H NMR (CDCls): § 0.95 (3H, d, J= 6.3 Hz, 3H-13), 1.32 and 1.44 (3H each, s, 3H-
14 and 3H-15), 2.07 (3H, s, AcO group), 2.91 (1H, d, J= 8.4 Hz, H-5), 3.05 (1H, dd, J1 2= 9.1, J12,= 5.8 Hz, H-
1), 3.48 and 3.58 (1H each, part AB of an ABX system, Jag= 10.6, Jax= 4.2, Jgx= 3.5 Hz, 2H-12) and 5.02 (1H,

014"!\/ 1\|/Hn/n1AA,Jr‘1r\ n1r\rr|l Fa i+ 3

9 (C-13), 16.78 (C-14 and C-15), 21.25 (MeCO), 22.58 (C-8),

Y n .| Ty, 1 L 134 wmam ln

d, ] 4 Hz, H-6); “C NMR (CDCls):

[o]
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, 34.35 (C-3), 39.01 (C-11), 40.62 (C-9), 42.51 (C-7), 59.60 (C-4
4 (C-5). 73.62 (C 6) and 170.47 (MeCO); HRLSIMS, m/z: [M+1

AiIVAL, m/z. LAVET

59.84
132

taq
71

), 59.84 (C-
1 nN71
J Vie I

[ajp= -35° (CHCIs, ¢ 1); IR (film): 3472, 1739, 1235 and 1022 cm™; '"H NMR (CDCl3): 6 1.17 and 1.20 (3H
each, s, 3H-12 and 3H-13), 1.33 (3H, s, 3H-15), 1.56 (3H, s, 3H-14), 2.08 (3H, s, AcO group), 2.86 (1H, d, J-
8.4 Hz, H-5), 3.08 (1H, d, J= 7.3 Hz, H-1), 3.81 (1H, ddd, J,;= 7.3, J,35= 6.5, Jo30= 1.2 Hz, H-2) and 5.22 (1H,
dd, Jo5= 8.4, J7= 1.3 Hz, H-6); '3CNMR(CDC13) § 17.33 (C-15), 18.44 (C-14), 20.23 (C-8), 21.42 (MeCO),

77 27 ((‘ ]’Z\ 2742 (C-12). 4127 (( -0) 43 86 (C- 1\ 51.08 (C-). 5878 (C-4) 6028 (C-10) 6592 (C.2)
T Rk, . et S Jy TV \\./ -I VVVVV \\./ ,, \\-’ 'l, V. eV \\/ LV}’ NI o o et \\/ Lr),

4 (8N £0 A1 (1N I VA (O £y 7211 40 11N o3 179N T0 ARA TN, TTDT QTR AQ /oo TRA L 1T AAN 1077

O V=D, UFRL (L), 7429 (W70), 7001 (Lol 1) alid 17U 77 (VICL.U/), IIRLOLVID, AVZ. [IVITL] 3491970,

Saponification of product 8. (11S5)-6B-acetoxy-(1B,100),(4p,5c)-diepoxy-12-hydroxygermacrane (8, 45 mg)
was dissolved in MeOH/H,O (70%) (4 ml) containing KOH (5%) (0.2 g) and refluxed for 1 h. The reaction

mixture was extracted with CH,Cl,, dried over Na,SO; and evaporated to dryness. Chromatography on a silica

aal Aaalizeve srialdad F1T1CN 710 1N~ AN S Alne i~ £0 lﬁ PR 15 I B, e e SAN VA o QTN N s em as

ge1 Conumi yiiaea (1 19} \1p,luu,),\‘1p, 0 j-0i€POXy-0p, 1 L-QINYArOXygermacrane (1v, s>4 g, 0/70), SYIup,
.- l 1= pn =

[ofp= -25° (CHCls, ¢ 1); IR (film): 3462 and 1021 cm™; "H NMR (CDCls): § 0.98 (3H, d, J= 7.0 Hz, 3H-13),

1.32 (3H, s, 3H-15), 1.39 (3H, s, 3H-14), 2.90 (1H, d, J= 8.5 Hz, H-5), 3.00 (1H, dd, J; 25= 9.2, J1 2= 5.7 Hz, H-
1),3.70 (1H, dd, Js 5= 8.5, Js 7= 1.4 Hz, H-6) and 3.51 and 3.74 (1H each, part AB of an ABX system, Jap= 11.1,
Jax= 2.7, Jex= 5.7 Hz, 2H-12); °C NMR (CDCls): § 16.10 (C-13), 16.74 (C-14 and C-15), 23.41 (C-8), 24.70
(C-2), 34.48 (C-3), 39.78 (C-11), 40.59 (C-9), 46.92 (C-7), 59.89 (C-4), 60.06 (C-10), 60.24 (C-1), 64.62 (C-

f"/\- AAL1T T M
|

AL11TT O Hg2 T g AN
MTL], P), 235 (M 1-I1U] , 54)

N’
by

Lactonization of product 10. Solid TPAP (tetrapropylammonium perruthenate, 7 mg) was added in a single
portion to a stirred mixture of product 10 (34 mg), NMO (4-methylmorpholine N-oxide, 30 mg) and activated
nnwdered molecular sieves (30 mg) in drv CH;Cl; (5 ml) at room temperature under ar
completion, the reaction mixture was concentrated in a vacuum. Purification by column chromatography on
silica gel yielded 29 mg of (if,10a),(4B,5a)-diepoxy-7a, 11B-H-germacran-6f3,12-olide (11, 87%); White
solid, mp 253-55°C; [a]p=-126° (CHCl, ¢ 1); IR (KBr): 1768 and 1190 cm™; 'H NMR (CDCL): & 1.09 (1H,
dd, Joaop= 14.4, Jougs= 12.0 Hz, H-9a0), 1.22 (1H, ddd, J303p= J302p= 12.8, J3024= 8.4 Hz, H-3t), 1.30 (3H, s,
3H-14), 1.31 (3H, d, J13 1= 7.6 Hz, 3H-13), 1.47 (3H, s, 3H-15), 1.55 (1H, dd, Jgags= 16.0, Jss9s= 8.1 Hz, H-
8at), 194 (I1H, dd, J;45= 9.1, J;6= 4.8 Hz, H-7) , ddd, Jepe.= 16.0, Jegos= 12.0, Jeg7=9.1 I

), aa, J7gp= 7.1, J7g aad, Jgg 16.0, Sa— U, Jgp7
1

H-83)
SrJs

(1H

18 (1H, dd, Japaa= 12.8, Jap2p (111, dd, Jopoo= 14.4, Jop,s0= 8.1 Hz, H-9p), 2.45 (1H, ¢
Jiui= 7.6 Hz, H-11), 2.80 (1H, dd, J,25= 9.4, J12= 5.6 Hz, H-1), 2.93 (1H, d, Js¢= 9.5 Hz, H-5) and 425 (1H,
dd, Jos= 9.5, Je7= 4.8 Hz, H-6); C NMR (CDCL): & 1546 (C-13), 16.42 (C-14), 17.05 (C-15), 24.48 (C-2),
26,54 (C-8), 33.94 (C-3), 41.12 (C-9), 47.63 (C-11), 48.43 (C-7), 59.05 (C-4), 59.90 (C-10), 60.45 (C-1), 61 27

(C-5), 79.24 (C-6) and 178.67 (C-12); HRLSIMS, m/z: [M+1]" 267.1593, (C1sH304 267.1596, PPM 1.3).

7
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Dehydration of product 4. To a stirred solution of 6f-acetoxy-(1B,10w),(4B,5a)-diepoxy-11-hydroxy-
germacrane (4, 100 mg) in CH;Cl; (3 ml) we added Et;N (0.2 ml) and DMAP (2 mg). The mixture was cooled
to 0° C, and methanesulfony! chloride (0.1 ml) was added dropwise. The mixture was stirred for 2 h at room

temperature, then crushed ice was added and the mixture stirred for 1 h, after which it was extracted with
CHyCl,. The organic extracts were combined, washed with water, dried with anhydrous Na;SO4 and
concentrated to dryness. Chromatography of the residue over silica gel yielded 64 mg (68%) of 6B-acetoxy-
(1B,10ax),(4B,5a)-diepoxygermacr-11-ene (12); syrup; [a]p= -37° (CHC, ¢ 1); IR (film): 1736, 1236 and 1021
cm™; 'H NMR (CDCL): 8 1.33 (3H, s, 3H-15), 1.47 (3H, s, 3H-14), 1.72 (3H, bs, 3H-13), 2.04 (3H, s, AcO

LIl LY A S ) (ESR S N A Sy L O y 4 AVAS

\

T — &1
J

group), (14, H-5), (1H, dd, Ji3=9.2, 1,2,1— 6.1 Hz, H-1), 4.72 (1L, bs) and 4.81 (1H, m,
wis= 3 Hz) (2H-12) and 4.92 (1H, dd, Jo5= 8.7, Jo7= 1.7 Hz, H-6); *C NMR (CDCli3): 8 16.75 (C—l4), 16.85 (C-

15), 22.41 (C-13), 21.07 (MeCO), 23.05 (C-8), 24.66 (C-2), 34.25 (C-3), 40.33 (C-9), 49.12 (C-7), 59.49 (C-4),
59.84 (C-10), 60.24 (C-1), 65.31 (C-5), 73.02 (C-6), 112.15 (C-12), 146.12 (C-11) and 170.01 (MeCO): CIMS,
m/z (%) 295 (IM+1]", 26), 235 ((M+1-AcOH]", 100), 217 (28), 199 (7).

]

-]
jasi
1
(=)
wh
z
=
-3
=

added to a solution (1 mi) of 9-BBN in ( e mixture was stirred for 2 h at room temperature
under argon atmosphere, then ethanol (0.6 ml), a 6 N solution of NaOH (0.2 ml) and H,0, (30%) (0.4 ml)
were added, and the mixture was heated for 1 h at 50°. Then the mixture was extracted with CH,Cl,, dried with
anhydrous Na;S0, and concentrated to dryness. The residue was chromatographed over silica gel yielding 14

mg (24%) of the previously obtained product 10, and 35 mg (60%) of (11R)-(18, 10a),(48,50)-die xy-6p3,12-

dihydroxygermacrane (13); syrup; [o]p=-28° (CHCl3, ¢ 1); IR (film): 3467 and 1021 cm™; 'H NNIR (CDCI;) )
0.87 (3H, d, J= 7.1 Hz, 3H-13), 1.27 and 1.33 (3H each, s, 3H-14 and 3H-15) 2.83 (1H, d, J= 8.4 Hz, H-5), 2.95

(1H, dd, Ji2p= 9.2, Ji2e= 5.8 Hz, H-1), 3.53 (1H, dd, Jos= 8.4, Jo-= 1.3 Hz, H-6) and 3.42 and 3.57 (1H each,
part AB of an ABX system, Jag= 11.1, Jax= 7.3, Jex= 3.9 Hz, 2H-12); *C NMR (CDCl;): & 16.72 (C-14 and C-
15), 16.90 (C-13), 19.38 (C-8), 24.70 (C-2), 34.49 (C-3), 41.22 (C-9), 41.33 (C-11), 45.44 (C-7), 59.93 (C-4),
60.06 (C-10), 60.37 (C-1), 64.18 (C-12), 67.87 (C-5) and 72.78 (C-6); CIMS, m/z (%): 271 (IM+1T, 11), 253

(IM+1-H,07", 59), 235 ((M+1-2xH,0]", 100), 217 ((M+1-3xH,07"

INEAL IR A S vA S B P R AN AR ATNS Vg,

Lactonization of product 13. Solid TPAP (7 mg) was added in a single portion to a stirred mixture of product
13 (35 mg), NMO (30 mg) and activated powdered molecular sieves (30 mg) in dry CH,Cl, (5 ml) at room
temperature under argon atmosphere. On completion, the reaction mixture was concentrated to dryness.

Chromatography on a silica gel column yielded 29 mg (84%) of (1B,100),(4B,5c)-diepoxy-7a.,110-H-

by 7N S

q

germacran-6f3,12-olide (14); White solid, mp 257-59 °C; [a]p= -41° (CHCL, c 1); IR (KBr): !775, cm
1 — - o
H NMR (CDCh): 6 1.23 (3H, d, Ji1135= 7.6 Hz, 3H-13), 1.31 (3H, s, 3H-14), 1.48 (3H, s, 3H-15), 2.19 (1H, dd,

: (
Jspso= 12.8, Jspap= 7.8 Hz, H-3P), 2.41 (1H, dd, Jopsa= 14.4, Jopso= 7.9 Hz, H-9B), 2.84 (1H, dd, Jiz6= 9.5,
J120= 5.4 Hz, H-1), 2.85 (1H, dc, J117= J11.13= 7.6 Hz, H-11), 2.93 (1H, d, Js¢= 9.6 Hz, H-5) and 4.04 (1H, dd,
Jos= 9.6, Jo7= 4.0 Hz, H-6); *C NMR (CDCls): & 9.95 (C-13), 16.42 (C-8), 16.46 (C-14), 17.13 (C-15), 24.55
(C-2), 34.03 (C-3), 41.33 (C-9), 41.62 (C-11), 4636 (C-7), 59.10 (C-4), 59.21 (C-10), 60.34 (C-1), 61.39 (C-5),

026 (C-8Yand 17765 (C- 1’7\ HRI SIMS. /2 TM+1 1+ 2671508 (C.:H,.Q, 267.1596. PPM nm

OV LV VTV ang 1//.02 AV T L&)y BRANERNT BRIV, T8 & |4 070, \V 511734 LU 1200, I X IVE TV,
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