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Abstract:
An approach to the skeleton of the tremulane sesquiterpenes and the synthesis of the title compound 8 are
described. © 1999 Elsevier Science Ltd. All rights reserved
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Introduction
In 1993 Ayer and Cruz [1] reported on the isolation and structure determination of a new
group of sesquiterpenes possessing a previously unreported perhydroazulene carbon skeleton A
The compounds which they called tremulanes were isolated from liquid cultures of the

aspen rotting fungus Phellinus tremulae. One example was tremulenolide B (1).
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Figure 1: The tremulane skeleton A and the structure of tremulenolide B (1).

In a preliminary short communication we described an approach to the tremulane

—~ ;

hydroazulenes by X-ray analyses. Our synthesis started with the methylene compound 2 which
is readily available by a one-pot produce from a bridged ketooxepine that undergoes an
intramolecular Michael addition and subsequent Wittig reaction with triphenylphosphonium
methylide [4,5]. Key step of our synthesis was the regioselective hydrogenation of the C(5)-

C(3’) enol ether double bond and the exo methylene double bond of 2 to give a mixture of the

diastereomeric hydroazuienes 3a/b (ds 3a:3b = 61:39, see Experimental) in 85% yield using the
Wilkinson catalyst in benzene [6].
Obviously the C(1’)-C(3) enol ether double bond is sterically hindered by the

methoxycarbony! group on the quarternary carbon C(3a) [4,7]. Therefore additions to this bond
occur slower than to the C(3°)-C(5) bond [5]. Oxidative cleavage of the C(3)-C(1’) enol ether
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double bond in 3a/b with ruthenium tetroxide led to the formates 4a (54% yield) and 4b (27%

o E = COOCH, R2 %

Scheme 1: Regioselective

fal vyrov oo .

Reagents: '* Wilkinson catalyst, H

All compounds of this work are racemic. Only one enantiomer is drawn. 2 — 4 are numbered as azulenes.
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Scheme 2: Route to formates 4a and 4b.
Reagents: "* RuCl, x 3 H,0, NalO,, CCl,, CH;CN, H,0.

Lactonization of 4a with methanesulfonic acid furnished the frans lactone 5 * in 84%
yield. The relative frans configuration of the lactone moiety was derived from the J coupling
constant of 12.4 Hz between 9b-H and 3a-H. Geminal dimethylation of § was performed by
dropping a solution of § and an excess Mel in THF at 72°C to KHMDS (15perc. in toluene) in

THF. Under these conditions the frans annulated lactone ring isomerized to the cis isomer 6 by
. 3
deprotonation on C-9b. Th nment was derived from the coupling constant of °J=9.8 H

1 TN 1 ~1 A 1 1 1 . ~

and a NOE between 3a-H and 9b-H. Demethoxycarbonylation of 6 could be performed by
treatment with NaCl in wet DMSO [8] at 150°C to give the crystalline hydroazulene 7

possessing already the tremulane skeleton. The coupling constant between 9a-H and 6a-H is
3J=12.3 Hz, therefore we assume a trans fused hydroazulene skeleton. Reduction of 7 with
sodium borohydride and subsequent dehydration with phosphorus oxychloride in pyridine
finally led to (£)-6a-epi-tremulenolide B (8) in 48% yield. Under these conditions the double
bond did not migrate in conjugation to the lactone carbonyl group. As by-product (11%) an
isomer 9 was isolated, in which a methyl group had migrated from C-8 to C-9 via Wagner-

Meerwein rearrangement (See Experimental).
Tl o ctmipntizen ~Af Q xrn0 acoiona Leye; NAMAND cemaontwm~cnmimy; Tl | BNPORUN | Aoy £ ¢l 5
1ne structure o1 8 was abblgucu by NMR spectroscopy. 1he C I ine

e
geminal dimethyl groups in the cyclopentene ring of 8 ("H NMR: 6 = 1
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8 = 30.0 and 30.9) are similar to those of 1 (‘"H NMR: § = 1.06 and ]
and 29 4) [11 In the '"H NMR spectrum of 8 onlv one olefinic proton (8 = 5.34) appears which
and 29.4) [1]. In the 'H NMR spectrum of 8 only one oletinic proton (0 = 15.34) appears which
4 o~ - e o am ek o A 3 —_— — P P n P,
exhibits J couplings (1.4 Hz and 1.2 Hz). The coupling constant °J = 9.5 Hz between 3a-H and

9b-H and strong cross peaks in the phase-sensitive NOESY spectra reveal the relative cis
configuration of the lactone moiety. The coupling constant *J = 11.4 Hz between 6-H and

" The compounds 5 — 13 are numbered as azulenofuranones.



1030 W. Tochtermann et al. / Tetrahedron 55 (1999) 10271042

of 8 indicates that the lactone group (CH,Cl,, 1780 cm™) is not conjugate
(W) ®) O o
NN NN
RN

/| /|
CHj CHj
5 6
\\\/_Q
RN

(O
0
I
w
O,

o,

\‘

% «
o))
\\"/

QO , & 2 H
\ i Z $ -
u.r \\ t ey 8 CHi,
c i3\, g~~3 3a d ~
9a , €
R 4 - +
SN\7 6a ) o
SN~ O
AR AN N0y
n l H3C H ;_I 3~\
CH 2y A §
3 /9 79 33
7 9a
H3C A 4
N8/
4 8
E = COOCH W7
9 CH3
Scheme 3: Synthesis of the title compound 8
Reagents: * CH,S0;H, CH,CL. - ™ Addition of 5 and Mel in THF to KHMDS in THF at -78°C. - ®l NaCl, H,0, DMSO, 150°C. —
¥INaBH,, EtOH. - ' POCI,;, PYH.
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Additional informations concerning the structures of the hydroazulenes described here
£

were obtained from the X-ray analyses of the related compounds 10, 11 and 12.
Geminal dimethylation of S without isomerization of the lactone moiety to give 10 could
be performed by dropping the base KHMDS (15perec. in toluene) in THF to a diluted solution of
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5 E = COOCH 5 10

Scheme 4: Synthesis of the frans lactone 10.
Reagents: ) Addition of KHMDS in THF to 5§ and Mel in THF at -78°C.

c17
Figure 2: A molecule of 10 in the crystal; arbitrary numbering.
A ranntinnm canntianca citmtlaor ta crhame 2 grith tha Aiactaranmor Al o ctamting mintarial 1aAd
A Teaction SEQUCIICe simuar 10 SCneime 5> Wil Ui€ QiasSiereOmer 40 as Stariing material ieda

to the lactones 11 and 12. Their relative (3aR*, 6S*, 6aS*, 9aR*, 9bS*)-configuration follows
from the X-ray analyses (see figures 2 and 3) [9].
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Figure 3: A molecule of 11 in the crystal; arbitrary numbering.

Scheme 5: Synthesis of hydroazulenes from the diastereomer 4b.
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hydroazulene 13 with the tremulane skeleton. The relative trans annellation of the lactone
moiety in 13 was derived from the coupling constant 3J = 13.2 Hz between 9b-H and 3a-H and
strong cross peaks in the NOESY spectra between 9b-H and the methyl group on C-6. From the

coupling constant *J = 10.3 Hz between 9a-H and 6a-H of 10.3 Hz and a NOE between these

In summary, the above reaction sequences lead to various stereoisomeric hydroazuienes.

The compounds 7, 8 and 13 have a tremulane skeleton.
Recently we succeeded in the preparative resolution and the determination of the absolute
onfiguration of a related starting material (2, C(8) = O instead of C(8) = CH,) [5]. Therefore

o

111 \&5 W\ C

al nnd
1

p—

because Ayer and Cruz could already established the absolute stereochemistry of the

tremulanes [1].
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marked with asteriks is arbltrary. - MS: Finnigan-MAT 8230; direct inlet (EI: 70 eV, CI:
isobutane). — Column Chromatography (CC): Baker Silica gel 40-60 um. - TLC: Macherey-

Nagel SIL GfUV254 - Meltmg points: Biichi 510 (uncorrected). - Elemental analyses:
. D-96301 Kronach. - All

SUOIYJ Al \_uxu.\,u.
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(3aR* 48* 5R* 8R* 8aS*)-(1)-Dimethyl decahydro-8-methyl-3,5-(2 -oxa-3 -propan-1 -

vlidene)azulene-3a,4-dicarboxylate (3a) and its (3aR* 4S* SR* 85* 8aS*)-(1)-epimer (3b): To
a solution of 1.30 g (4.28 mmol) 2 [5,7] in 55 ml of benzene 396 mg (10 mol percent) of
tris(triphenylphosphine)-rhodium(I) chloride were added. After hydrogenation for 6 h at room
temp., the reaction mixture was concentrated. After filtration over a small aluminium oxide

column with Et,O/pentane (1:1) the crude product was purified by CC [Et,O/pentane (1:1)]

‘Ilp]Hlnﬂ I ]’) o (R< 0/{\\ r\f 2&/}'\ {p = ﬂ A<\l aQ r‘r\]nl rlooo 0Ty ofoln knolr]oo AS mo (S /\ ~Af

nnnnnnn & & Vs Juy ULl Jaiu (g V. ) as COi0UTILSS MLyowiio ULoIULo VUJ LR \(J /0) UL
e b1 A D =nrn\ FEAUE ol 1 [z } TNy .o ~ i ] 1~

uandLlCU starung mdl(:‘rl 1 &4 {NRf— UD ) e ratio of 3a:3b = 61:39 was determined Irom Ine

'H NMR spectrum by integration of the enol ether signals at & = 6 22 ppm (3a) and & = 6.34
ppm (3b). - m. p. 63 °C (Et,O/pentane) - IR (KBr): v = 1730 cm’ (s ester C=0). - 'H NMR

(CDCIl;, 500 MHz): Signals assigned to 3a or 3b are marked with g or . - 0.88 (d, =67 Hz,
’IU LY. Ky QA (A 3 F— &N LI—. QLT CII. A 1101 &N rw. SLIN 1 Q9 N &N r, I~¢ & (S NN
11, \ 113, U}, V. 7% \U J V.4 J1E, 113, H}, 1.1VU~1.0VU \l Jll} 1.04L~L.2U L il Jn UlC CHI dl

2.48 (m, 1H, 8a-H, a)], 3.00 (ddddd, *J5 5 = 9.8 Hz, *J5 ¢ = 8.9 Hz, *J; ;- =54Hz s = 4.3
Hz, *Js.4 = 2.6 Hz, 1H, 5-H, a), 3.20 (m, 1H, 5-H, b), 3.54 (dd, 2J=11.7 Hz, >J; s = 6.6 Hz, 1H,
3°-H, b), 3.69 (s, 3H, COOCH3), 3.70 (s, 3H, COOCH;), 3.90 (dd, 2/ = 11.7 Hz, °J5 5 = 5.6 Hz,
IH, 3°-H, b), 4.09 (d, °J, s = 2.6 Hz, 1H, 4-H, a), 4.14 (dd, *J=11.7 Hz, *J; s = 5.4 Hz, 1H, 3’-

H o) 4.19 (dd 2r—117uq3r =0Q >y 1 2.1 - AGS(d 37T =241 14 4.1 A\
i, &), 717 a4, f X1E, J3 5 7.0 114, 111, J ~1L, 4j, 2.0\, Jgq 5= 3.0 11, 111, 4-I'l, ),
6.22 (m, 1H, 1I’-H, a), 6.34 (m, 1H, 1'-H, b). "C NMR (CDCl;, 75 MHz): 21.67/24.59 (q,

CHj3), 22.54/26.15 (t, CH,), 26.78/26.93 (t, CH,), 27.83/30.21 (t, CH,), 30.72/31.80 (t, CH,),
34.85/37.24 (d, C-5)*, 36.52/41.32 (d, C-8)*, 46.36/48.15 (d, C-4), 46.56/49.82 (d, C-8a),
51.82/52.53 (q, COOCHj;), 51.92/52.77 (q, COOCH,), 60.88/61.94 (s, C-3a), 75.92/76.41 (1, C-

3%), 122.56/130.71 (s, C-3), 140.06/141.73 (d, C-17), 174.30/174.53 (s, COOCH;), 174.74
174.91 (s, COOCH;). The above assignments were derived from COSY, NOESY and 'H "*C
shift shift correlation spectra. - MS (70 eV): m/z (%) = 308 (11) [M'], 249 (100) [M" -
COQOCH;]. - C7H,405 (308.4): caled. C 66.21, H 7.84, found C 66.69, H 7.88.

A run with 3.82 g (12.59 mmol) 2 [5,7] in 170 ml benzene and 1.16 g (10 mol percent) catalyst
3a/3b.
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,8R* 8aS*)-(£)-Dimethyl 5-[ (formyloxy)methyl]-decahydro-8-methyi-3-
dicarboxylate (4a) and its (3aR* 4S* 5R* 85* 8aS*)-(4)-epimer (4b): To a
g (4.95 mmol) 3a/b in 9 ml of CCl,, 6 ml of CH3;CN and 9 ml of water 50 mg
RuCls x 3 H-O and 8.20 g (’%R 4 mmol) of NalQ, wer

e a
13 A 0 I Gl 0.4V v}vAL‘vu.quv Aw G A L ALV
TY

2 ll n
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3

solution of 1.5

(n 279 mmn] of 1 ctirrino for
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"‘(b

1N

h at room temp. the reaction mixture was acidified with 10 ml of 5N H,SO, and diluted with
80 ml of CH,Cl, and 80 ml of water. The organic layer was separated and the aqueous one was
extracted with CH,Cl,. The combined organic layers were washed with water, dried and
concentrated. The crude product was purified by CC [Et,O/pentane (3:1)] yielding 448 mg (27
%) of 4b (R; = 0.46) as a colourless oil and 912 mg (54 %) of 4a (R; = 0.35) as colourless

mrotalas e = Q& 0L O (T4 N e vt i
Crystdis, 1. p. Z0=70 b\DL2U/pCULdIlC}
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4a: - IR (KBr): v = 1750 cm™’ (s, ketone C=0), 1730 cm™’ (s, ester and formyl C=0). - 'H
NMR (CDCl;, 300 MHz): 0.98 (d, °J = 6.5 Hz, 3H, CH;), 1.33-1.53 (m, 3H, CH, and 8-H),
1.84-2.16 (m, 5H, 2 CH, and 8a-H), 2.41-2.55 (m, 2H, CHy,), 2.63 (d, ‘J4, s =9.5 Hz, 1H, 4-H),
2.91 (ddddd, *J5 s = 9.5 Hz, Js ¢ = 8.2 Hz, >J = 6.5 Hz, >J = 5.1 Hz, °J5 ¢ = 4.0 Hz, 1H, 5-H),
3.71 (s, 3H, COOCHj,), 3.77 (s, 3H, COOCHj;), 4.01 (ddd, /=112 Hz, >/ =5.1Hz, /= 1.0
Hz, 1H, CH,0), 4.10 (ddd, >J = 11.2 Hz, °J = 6.5 Hz, *J = 1.0 Hz, 1H, CH,0), 8.03 (ddd, */ =

LRt

1.0 Hz, *J = 1.0 Hz, °J = 0.7 Hz, 1H, formyl H). - "C NMR (CDCl;, 75 MHz): 21.84 (t, CH,),

48 (q, CH3), 30.99 (t, CH,), 31.56 (d, C-8)*, 34.53 (t, CH,), 35.69 (t, CH,), 35.99 (d, C-5)*,
49.25 (d, C-8a)**, 50.97 (d, C-4)**, 51.83 (q, COOCHj), 52.41 (g, COOCHS3), 65.76 (s, C-3a),
66.17 (t, CH,0), 160.61 (d, formyl C), 172.58 (s, COOCH;), 172.94 (s, COOCHj3), 213.67 (s,

C-3). The above assignments were derived from COSY and NOESY spectra and selective

I\.)

-
J.

irradiation exneriments ({'"H'-homodecouplino) MS (70 pV\ nm/z (OA = 340 (29) [\ 'I 308
~ b r*" RATA LS \ ( "‘) A4S4L “""“"‘""‘r““b/' Rl ~ v L4 \ﬂ/ LLV
(1OON TAAT OLIT NI O LY Y (A0 AN anlad O S0 00 LI 7 cO LA 1Y 7 NN
(1UU) M - Lin3urn ). - Uprripguy (J4U.4)0 calcd. © XY %Y, 11 /. 1 found C 59. 04, 1 /.UU.
-1

4b: - IR (KBr): v = 1730 cm’ (br., ketone, ester and formyl C=0). - '"H NMR (CDCl,,
300 MHz): 0.97 (d, *J = 6.9 Hz, 3H, CHs), 1.09 (dddd, 7 = 15.0 Hz, °J; ; = 10.5 Hz, *J, s =
10.5 Hz, *J; 7 = 5.8 Hz, 1H, 6-H), 1.43 (dddd, >J = 14.1 Hz, ’J; s = 10.8 Hz, *J; = 5.8 Hz, °J; ¢
=4.0 Hz, 1H, 7-H), 1.52 (dddd, >J= 14.1 Hz, °J; ¢ = 10.5 Hz, *J; ¢ = 6.2 Hz, °J, s = 4.7 Hz, 1H,

7.H). 1.66 (dddd 2y 12, 37 ALY, 371 AN 1. 37 9 Hz. 1H. 6-H). 1.81
7-H), 1uukuuuu, J = 15.0 Nz, "Js 7 = 0.2z, J67—"+UI’IL Js. s = 2.9 Hz, 1H, 6-H), 1.81

(dddd, 27=13.6 Hz, °J, , = 9.9 Hz, °J, , = 6.4 Hz, °J; g, = 4.9 Hz, 1H, 1-H), 2.02 (dqdd, *J; ; =
10.8 Hz, *J= 6.9 Hz (q), *Js 7= 4.7 Hz, *Jy 3, = 3.4 Hz, 1H, 8-H), 2.23 (dddd, >J=13.6 Hz, °J, ,

= 11.1 Hz, *J; s = 9.3 Hz, *J; , = 6.5 Hz, 1H, 1-H), 2.41 (m, therein >J = 19.6 Hz, >, , = 9.9 Hz,

’Jo.1 = 6.5 Hz, 1H, 2-H), 2.45 (m, 1H, 5-H), 2.53 (ddd, *J=19.6 Hz, °J, ; = 11.1 Hz,°/, , = 6.4
o 14 D LY 295 (dd4d 37 :n')u...3r _AnU_.3r — A ATT, 1LY Q. IT\ 2 AC /1 37

nz, 1, 2-rj, 5.25 {aaq, "Jgz 1 = 9.5 nz, a 4.9 1z, “Jg, g = 3.4 017, 1, oa—n), 3.45(Q, Jy.5
= 7.0 Hz, 1H, 4-H), 3.69 (s, 3H, COOCH;), 3 71 (s, 3H, COOCH;),4.08 (ddd 0.9 Hz, 3=

7.7 Hz, *J7= 0.8 Hz, 1H, CH;0), 4.18 (ddd, 2= 10.9 Hz, 3J= 55Hz, ‘J= 08Hz 1H, CH,0),
8.06 (m, therein “7=0.8 Hz, ‘7=0.8 Hz, 1H, formyl H). - BC NMR (CDCl;, 50 MHz): 19.35
(t, CHy), 19.77 (q, CH;3), 26.87 (t, CH,), 30.06 (t, CH,), 32.88 (d, C-8)*, 35.83 (t, CH,), 37.20

(d C_Q\k AL AT (A (_Qakk AQ YA (A (M_AY|R%k £D) ) (A~ Fﬁﬁf"ﬂ AY (’.2 n { ~ Fﬁ{'\/‘ \ AN
\u, \.,'J} s TUT/ \U, \J'OQ} y TO.&5 \U \/'“t} o ) s hen e \\.l, A\ VLW LY | ’;}, JI. \L.i CAAIU/UT 3), UU 2
(s, C-3a), 67.33 (t, CH,0), 160.80 (d, formyi C), 170.80 (s, COOCHs;), 174.09 (s, COOCHj;),

214.01 (s, C-3). The above assignments were derived from COSY and NOESY spectra and
selective irradiation experiments ({IH} -homodecoupling). - MS (70 eV): m/z (%) = 340 (12)
[MT], 308 (58) fM - CH;0H]. - C47H2407 (340.4): caled. C 59.99, H 7.11, found C 59.69, H

______

720

(3aR* 6R* 6aS* 9aR* 9bS*)-(2)-Decahydro-9a-methoxycarbonyl-6-methyl-9-oxoazule-
no[4,5-c]furan-1(3H)-one (5): 912 mg (2.68 mmol) of 4a and 10 drops of CH;SOsH in 50 ml of
CH,Cl, were stirred for 2 h at room temp. The mixture was washed with water, dried and
concentrated. The crude product was recrystallized (acetone/pentane) to afford 628 mg (84 %)
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,3
-H), 1 90(m IH 5-H), 1.93 (m,
1H, 4-H), 1.98 (m, 1H, 7-H), 2.07 (m, 1H, 8-H), 2.15 (m, 1H, 7-H), 2.36 (m, 1H, 6a-H), 2.61
(m, 1H, 8-H), 2.74 (d, *Jop, 30 = 12.4 Hz, 1H, 9b-H), ), 3.00 (ddddd, >/, o, = 12.4 Hz, *J3, 4 =
11.4 Hz, *Jy, 3 = 10.5 Hz, *J3, 3 = 7.9 Hz, *J5, 4 = 2.4 Hz, 1H, 3a-H), 3.73 (s, 3H, COOCHj),

3.74 (dd, *J; 3, = 10.5 Hz, °J = 8.8 Hz, 1H, 3-H), 4.41 (dd 21-9211731. =70H>, 1H 13
- . v \\A\A’ V_’ _’a AW aw A Adiy w A Ay \J s Y Ul Lo u_g _sa LA AALa’ ,I.ll’ -7
LIy B AT /oMY 78 ANALTSY. 1 fn IT N AT EL (4 £ 7Y ADVNL {4+ 0 AVK 272 A= 71

rj. - U INIVIR (LULACL3, /D IVINZ Hz): 21. \q Lri3), £3.00 (1, U-7), 52.20 ({1, L-4)7, 35.2/ (q, C-
6), 33.95 (1, C-5)*%, 39.21 (t, C-8)*, 40.29 (d, C-3a), 48.37 (d, C-9b), 52.06 (d, C-6a), 52.61 (q,

COOCHS3), 65.06 (s, C-9a), 71.36 (t, C-3), 172.74 (s, COOCH3), 176.41 (s, C-1), 211.65 (s, C-
9). - MS (CI): m/z (%) = 281 (100) [M" + 1]. - C;5H200;5 (280.3): caled. C 64.27, H 7.19, found
C 63.95,H6.97.

(3aR* 6R* 6aS* 9aR* 9bR*)-(4)-Decahydro-9a-methoxycarbonyl-6,8,8-trimethyl-9-
oxoazulenof4,5-c]furan-1(3H)-one (6): To 1.20 ml (0.790 mmol) of potassium bis(trimethyl-
silyl)amide (15perc. in toluene) in 5 ml of THF 100 mg (0.360 mmol) of 5 and 0.350 ml (5.62
mmol) of CHsl in 2 ml of THF were added at -72 °C under mtrogen After 2 h no further

reaction occurred [TLC control (5: R, = 0.30. Et 2O)]. The mixture was warmed to -60 °C and
ctio rred (1LC control (O Ky = UoU, Kt Xture was warmed {o anda
0.55 m! (0.36 mmol) of potassium bis(trimethvisilvDamide (15verc. in toluene) were adde

0.55 ml (0.36 mmol) of potassium bis{trimethylsilyl)amide (15perc. in toluene) were added.

After stirring for 30 min at the same temp. 0.55 mi (036 mmol) of potassium
bis(trimethylsilyl)amide (15perc. in toluene) were added and stirring was continued for 30 min
at -60 °C. The mixture was warmed to room temp., hydrolyzed with 2 ml of 2N HCI and
diluted with 20 ml Et,0 and 20 ml of water. The aqueous layer was extracted with Et,0. The
combined organic fractions were dried and concentrated. The crude product was purified by CC
(Et;0) to give 52.0 mg (47 %) of 6 (R = 0.46) as a colourless oil. Crystallization
(Et,O/pentane) provided colourless needles; m. p. 111-112 °C (Et,O/pentane). - IR (KBr): v =

1760 cm™ (lactone C=0), 1745 cm™ (ketone C=0), 1720 cm™ (ester C=0). - 'H NMR (300
MHz, CDCl3): 1.00 (d, >J = 6.2 } t C-6), 1.14 (d, *J = 0.6 Hz, 3H, CH; at C-8)

nc 7 CH; at
mz, CDC] i 0 1z, 3H, CH; at 0), Rz, 3H, (CHj 3),
1AL 1 £ Tan CTT 4l nenie 1.26 (s. 3H. CH:)1. 1.69 (ddd 2r:1'1/|LL.3r —11c 1, 47_nc
1.25-1.62 [m, 5H, therein 1.26 (s, 3H, CH;3)), 1.6% (daq, V= 12.4 1Nz, J7 6= 11.5Hz, J=0.6
o oo ,_,.-,..2-_,-.-- 35 oA TT. 1TT M T 3 PR
Hz, 1H, 7-H), 2.05 (dd, "J = 12.4 Hz, "J; s = 6.0 Hz, 1H, 7-k ), 2 2.99 (ddddd J3a,9b =98 Hz,

*Jsas = 7.5 Hz, *Jyaa = 7.1 Hz, *J3o4 = 5.1 Hz, *J3,3 = 2.5 Hz, 1H, 3a-H), 3.08 (ddd, *Js7 = 11. 5
Hz, *Jss = 11.0 Hz, *Jg,7 = 8.0 Hz 1H, 6a-H), 3.76 (s, 3H, COOCH3), 4.03 (d, *Joy 3, = 9.8 Hz,
IH, 9b-H), 4.10 (dd, °J = 9.2 Hz, °J; 5, = 2.5 Hz, 1H, 3-H), 4.40 (dd, °*J =92 Hz, °}; 3, = 7.5

TeAW ey

Hz, 1H, 3-H). - *C NMR (75 MHz, CDCl;): 21.50 (q, CH; at C-6), 23.67 (q, CH; at C-8),
26.05 (q, CHj; at C-8), 28.42 (t, C-4), 31.76 (t, C-5), 35.27 (d, C-3a), 36.75 (d, C-6), 43.30 (t, C-
7), 44.65 (d, C-6a), 47.51 (s, C-8), 48.78 (d, C-9b), 53.40 (g, COOCH;), 62.48 (s, C-9a), 71.50

(1, C-3), 171.35 (s, COOCHs), 176.79 (s, C-1), 216.17 (s C-9). The above assignments were

derived from COSY, NOESY and 'H PC shift shift correlation spectra. - MS (CI): m/z (%) =
A00 F10M IAAT L LIT _ LIRNQ. (O LI 0 I~d 2NQ 16724 fAannd 2NR 1474
JUZ (1UVU) iVl T 11§ FIALVIO. U7rI4uss 1ICG. 53U 1044, T0UNG S5UG.1044
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(3aR* 6R* 6aS* 9aR* 9bR)-(H)-Decahydro-6,8,8-trimethyl-9-oxoazuleno[4,5-c Jfuran-
can ~ PR, | ~ L P PR | s rendmse smam P
1(3H)-one (7): 100 mg (0.330 mmol) of 6, 22.0 mg (1.22 mmol) of water and 30.0 mg (6.510

mmol) of NaCl in 6 ml DMSO were stirred for 6 h at 150 °C. After cooling to room temp. the
reaction mixture was diluted with 20 ml of Et;O and 20 ml of water. The aqueous layer was
extracted with Et,0. The combined organic fractions were washed with water, dried and
concentrated. The crude product was purified by CC [Et,O/pentane (3:1)] yielding 49.0 mg (60

~ L 7 — a ~ [ P N NA 1TNE O M OV nnin b . .
%) of 7 (R; = 0.31) as colourless crystals, m. p. 104-105 °C (Et;O/pentane). - IR (KBr): v =
-1 1+ ¥ %

1755 cm™ (lactone C=0), 1745 cm’™' (ketone C=0). - 'H NMR (300 MHz, CDCl;): 0.98 (d, 2J=
6.5 Hz, 3H, CH; at C-6), 1.01 (d, *J= 0.4 Hz, 3H, CH; at C-8), 1.15 (s, 3H, CH; at C-8), 1.17
(dddd, 7 = 14.1 Hz, 3J5,4= 12.0 Hz, *J5 ¢ = 11.5 Hz, 3J5;4=22Hz 1H, 5-H), 1.41 (ddqd, *J;_
=3.4 Hz, 1H, 6-H), 1.44 (dd, *J=12.4 Hz, °J;

san Arne 3 3y —
(1 1, therein r637 92 — =123 H.L., Jﬁ& 7=

-IEn L\l
l\.) "l:‘ <

=11 7_LIY v 1T A I 11 Iz
6a — 11.4 1Z, 111, /-11j, (i, iri, 4-11j, 11,

Jh,6—96Hz3J6a,7—56HZ IH, 6a-H), 1.75 (dddd, *J = 14.1 Hz, Jy, s = 6.0 Hz, "J, 3, = 2
Hz, *J, s= 2.2 Hz, 1H, 4-H), 193(dddd 27=14.1Hz,*J5 4= 6.0Hz,*Js ¢ = 3.4 Hz, °J5 4 = 2.2
Hz, 1H, 5-H), 2.04 (dd, 27 = 12.5 Hz, *J; ¢, = 5.6 Hz, 1H, 7-H), 2.43 (ddddd, */;, 4 = 12.1 Hz,

3
Jawon = 7.2 Hz, *Jye 3= 5.5 Hz, *J3a o = 2.2 Hz, 5, 3 = 0.5 Hz, 1H, 3a-H), 2.47 (dd, *Jo, ¢, =
3 _ .3 _ 3 _
12.3 Hz, "Jo, op = 8.4 Hz, 1H, 9a-H), 2.99 (m, therein "Jop 9, = 8.4 Hz, "Jop 3. = 7.2 Hz, 1H, 9b-
rr ~oa '27 N~ N TTY 31 Nn ~TT 1YY T A Nr 711 2r_r\r\YI' 31 — TN TT 17Y A
H), 4.04 (dd, °J=9.0 Hz, "J; 3, = 0.5 Hz, 1H, 3-H), 4.36 (dd, "/ =9.0 Hz, °J; 3, = 5.0 Hz, 1H, 3-

H). - >C NMR (50 MHz, CDCls): 20.32 (q, CH; at C-6), 25.12 (q, CH; at C-8),25.83 (q, CHj; at
C-8), 31.50 (t, C-4)*, 38.60 (t, C-5)*, 41.13 (d, C-3a)**, 42.11 (d, C-6)**, 43.33 (s, C-8), 43.39
(t, C-7), 44.01 (d, C-6a)**, 44.21 (d, C-9b)**, 52.81 (d, C-9a), 74.47 (t, C-3), 177.93 (s, C-1),
221.21 (s, C-9). - MS (70 eV): m/z (%) = 250 (100) [M'], 235 (45) [M' - CH;]. - C;5H,,0;5
(250.4): calcd. C 71.97, H 8.86, found C 72.15, H 8.67.
(3aR* 6R* 6aS* 9R*S* 9aR* 9bR)-(+)-Decahydro-9-hydroxy-6,8,8-trimethyl-9-oxoazu-

leno[4,5-c]furan-1(3H)-one (7, CHOH instead of C=0): 55 mg (0.220 mmol) of 7 and 10.0 mg
(0.260 mmol) NaBH, in 3 ml ethanol were stirred for 2 %2 h at room temp. The solvent was

alriij R

7 d in 20 m} £ Ft.0) and 20 ml f 1ot T. Tha

11lv

v T 11

- A
€ImMoved in vacuo

R

A l‘\c‘ raot
10 UIC 1051

ED

1 1 1 1

aqueous layer was extracted with Et;0. The combined organic fractions were dried and
concentrated. After filtration over a silica gel column with Et,O the solvent was removed in
vacuo yielding 40 mg (71 %) of the hydroxy compound as a colourless oil. - IR (film): v =
3480 cm™ (br., OH), 1750 cm™ (lactone C=0).

(4)-6a-epi-Tremulenolide B (8) and (3aR* 6R* 6aS* 95* 9aR* 9bR*)-(4)-3a,4,5,6,6a,-
9,9a,9b-Octahydro-6,8,9-trimethylazuleno[4,5-c [furan-1(3H)-one (9): 39.0 mg (0.16
of the above described hydroxy compound and 20.0 pl (0.215 mmol) of POCl; in 2 ml of

60 mmol)

pyridine were stirred at room temp. for 21 h. After hydrolysis with ice the mixture was diluted
with 20 ml of Et,0 and 20 ml of water. The aqueous layer was extracted with Et;0O. The
combined organic fractions were washed with IN HCi and 2N aq. Na,CO;, dried and
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8: IR (CH2Clo)' v = 1780 cm" (lactone C=0). - 'H NMR (300 MHz, CDCl;): 0.95 (d,
°J= 6.4 Hz, 3H, CH;, an C-6), 1.07 (s, 3 H, #-CH; an C-8), 1.11 (3H, a-CH; an C-8), 1.16 (m,
therein *J = 13.5 Hz, >Js4 = 12.9 Hz, 1 H, 5-Hp), 1.24 (m, therein %J = 13.4 Hz, *Jy3,= 9.3 Hz,
IH, 4-H,), 1.39 (ddqd, *Jss = 12.9 Hz, *Jse. = 11.4 Hz, °J = 6.4 Hz (q), *Jss = 2.9 Hz, 1H, 6-
H,), 1.55 (dd, 2J = 12.8 Hz, *J76, = 2.2 Hz, 1H, 7-H,), 1.72 (dddd, °J = 13.5 Hz, *J5 4 = 9.3 Hz,
3Js4=9.0 Hz, *Js s = 2.9 Hz, 1H, 5-H,), 1.89 (m, therein >J = 13.4 Hz, *J, 5 = 9.0 Hz, *J, 3, = 6.0

Yo 1L A TITN ANA (A4 Zr*vworr 37 92 Hz. 1H. 7-H) 1€ (13434 371 _ A 1T,
Iz, 1H, 4-Hp), 2.04 (aa, v = 1Z.6 0Oz, J16a = 9.2 Hz, 1H, -nﬁ), .15 (ddddd, J6a’6—11‘+1‘1L,

Joa7 =92 Hz, ’Jf,ﬂ—zzﬂz *Jeao = 1.4 Hz, *Jguop = 1.2 Hz, 1H, 6a-H), 2.77 (ddddd, *J, 4 =
11.3 Hz, *J3a3 = 9.9 Hz, *J3,00 = 9.5 Hz, *J5,3 = 7.8 Hz, J3a,4—60Hz 1H, 3a-H), 3.31 (ddd,

*Jon3a = 9.5 Hz, thg 1.2 Hz, *Jopea = 1.2 Hz, 1H, 9b-H), 3.81 (dd, °J = 8.7 Hz, Jna—99Hz

44444

L Py

1H QU\AQQ{AAZI—Q7H 37 . =78 Hz 1H I.H. QA’«ZIAA4I :IAI—I-74I =17

Lid, J=xlg), T.J o Xidy 33 7.0 K14, 111, J’l 13} T \Mu, v 1.7 L1, v§gp 1.4

Hz, 1H, 9-H). - ‘3(: NMR (75 MHz, CDCl;): 22.48 (q, CH; an C-6), 28.87 (t, C-4), 30.01 (q,
CH; on C-8), 30.87 (g, CH; on C-8), 33.73 (t, C-5), 40.22 (d, C-6), 44.38 (d, C-3a), 44.55 (s,
C-8), 45.54 (d, C-6a), 46.34 (1, C-7), 56.92 (d, C-9b), 72.63 (t, C-3), 135.50 (s, C-9a), 139.59
(d, C-9), 177.81 (s, C-1). — HRMS: C;5H,,0,: caled: 234.1620, found: 234.1618. The above

assignments were derived from COSY and NOESY and selective irradiation experiments.
9: - IR (CH,Cly): v=1760 cm’ (lacmne C=0). - '"H NMR (300 MHz, CDCl5): 0.94 (d,

3J=17.0 Hz, 3H, CH; at C-9), 0.98 (d, *J = 7.0 Hz, 3H, CHj; at C-6), 1.10 (dddd, >/ = 13.5 Hz,
3J,4——]23Hz *Js.¢=11.3 Hz, °Js 4 = 1.9 Hz, 1H, 5-H), 1.23 (m, 1H, 6-H), 1.57 (dddd, *J =
14.4 Hz, °J, 5= 6.0 273./A,5=19H 3J4 52= 1.8 Hz, 1H, 4-H), 1.72 (ddd, *J=1.6 Hz, °’J=2.4

1, J 0
- Y7=neQu, 20
O )

= CH. at C_Q)Y 1R1(dddd 27=142H-> 37 . =172 W7 37, . =172, 37

.llL’ J v. ll.L lL, \_/1].3 Al T U} 1.01 \UUUU, [v4 17Tk lj.L;’ J4~ja 1 hwa T 11L4’ J4‘5 j QS llL, J4.
3 3

= 1.8 Hz, 1H, 4-H), 1.90 (dddd, 27=135 Hz, " Js 4= 6.0 Hz, °J; ¢ = 3.8 Hz, J5’4= 1.8 Hz, 1H,

5—H), 2.14 (dddq, *Jea 6 = 11.5 Hz, Jez 0a = 9.2 Hz, *Jp 7 = 1.6 Hz, °J = 2.4 Hz (q), 1H, 6a-H),
2.26 (ddd, *Joaos = 11.6 Hz, *Josga = 9.2 Hz, *Joa o = 8.0 Hz, 1H, 9a-H), 2.53 (ddddd, *Js, , =
12.3 Hz, *Jsa 0o = 8.6 Hz, J3, 3 = 6.4 Hz, *J3, 4 = 1.8 Hz, *J5, 5 = 1.1 Hz, 1H, 3a-H), 2.97 (m,

= 1.8
therein >Jy o, = 7.8 Hz, >J = 7.0 Hz (q), 1H, 9-H), 3.01 (dd, *Jo, o, = 11.6 Hz, *Jg, 3, = 8.6 Hz
9’ 9a a7 L4 I «\7 A AL \\1! LLA, rd AL” -2\ & \“U '.I ya A A\ A&l-d, Uyo _"a Vel LA.‘.a’
1T OL TTY Ar\l‘\/JJ 2r__AaA"NTT- 371 = 1.1 Hz. 1H. 3-H). 4.38 (m. therei 2y _aAn1r. 37
1 H, Yo-11), 4.0U (ad, v =%.2 1z, J3’3a—- 1.1 Hz, 1H, 3-H), 4.38 (m, therein /=92 Hz, /5.3, =

6.4 Hz, 1H, 3-H), 5.29 (m, therein J; ¢, = 1.6 Hz, *J= 1.6 Hz (q), 1H, 7-H). - "C NMR (75
MHz, CDCl,): 14.54 (q, CH3), 15.27 (q, CH3), 21.72 (q, CH3), 30.58 (t, C-4)*, 39.53 (1, C-5)*,
41.67 (d, C-6)**, 41.91 (d, C-9a)**, 43.16 (d, C-3a)**, 45.10 (d, C-9)**, 47.05 (d, C-6a)**,
54.22 (d, C-9b)**, 74.00 (t, C-3), 125.36 (d, C-7), 145.86 (s, C-8), 179.08 (s, C—l) The above
assignments were derived from COSY spectra and selective irradiation experiments ({'H}-
homodecoupling). — HRMS: C;sH»0,: calcd. 234.1620, found 234.1618.
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(3aR* 6R* 6aS* 9aR* 9bS*)-(+)-Decahydro-9a-methoxycarbonyl-6,8,8-trimethyi-9-oxo-

azulenof4,5-c]furan-1(3H)-one (10): At -78 °C under mtr“g““- 13.0 ml (8.56 mmol) of
potassium bis(trimethylsilyl)amide (15perc. in toluene) in 30 ml of THF were dropped slowly

to a solution of 589 mg (0.564 mmol) of 5§ and 2.80 ml (45.0 mmol) of CH;I in 70 ml of THF.
After stirring 2 h at the same temp. the mixture was warmed to -30 °C, hydrolyzed with 25 ml
2N HCI and diluted with 300 ml of CH,Cl, and 300 ml of water. The aqueous layer was

ex it (LY 1 Tha ramhi ﬂnd

PP |
racted witin Lripliy. 11€ COmoine

wvagho
yvaoliiv

organic fracti d with 10perc. ag. NaHSO;
and water, dried and concentrated. The crude product was purified by CC (Et,O) yielding 144

C

mg (22 %) of 10 (Rf = (.38) as colourless crystals m. p. 171-172 °C ( cetone/pentane) - IR
28 cm
S,

(KBr): v =1784 cm’ (lactone C= O) 1744 cm’ (ketone C=0), 172 ! (ester C=0). -
NMR (500 MHz, CDCL3): 1.07 (d, >J = 6.8 Hz, 3H, CH; at C-6), 1.15 (s, 3H, CH; at C-8), 1,26
(s, 3H, CH; at C-8), 1.26 (dddd, °J = 13.2 Hz, 3 Jos=129Hz °J, 5,=11.5Hz, °J, s=3.2 Hz,

1H, 4-H), 1.37 (dddd, 2J = 14.1 Hz, *Js 4 = 12.9 Hz, °Js ¢ = 10.1 Hz, *J5 4 = 2.9 Hz, 1H, 5-H),
1.49 (ddqd, 3Js s = 10.1 Hz, *Js ¢a = 9.7 Hz, *J = 6.8 Hz (q), 'Js. s = 1.2 Hz, 1H, 6-H), 1.83
(dddd, *J = 14.1 Hz, °J; 4=45Hz 3Js 4=32Hz 3Js 6= 1.2 Hz, 1H, S-H) 1.91 (dddd, 2J=

2y _ 3 — 3 _
6.2 Hz, 1H, 7-H), 2.04 (dd, J= 14.2 HZ, J7 6a = 4.7 Hz, 1H, 7=H), 2.44 (ddd, Jml 6= 9.7 Hz,
35 o~ YT 3 - A~ TY 177/ Ty n/n 3y 1 — - R
Jea 7 = 6.2 Hz, "Jga 7 = 4.7 Hz, 1H, 6a-H), 2.69 (d, "Joy, 3. = 12.4 Hz, 1H, 9b-H), 2.96 (ddddd,
2 2 3 1
J3a9b—124HZ ’J3a4—115HZJJ3&3~108fIZ J3&3—781{Z J334—'31HZ 1H,3 H),

372(dd 3J5 32 = 10.8 Hz, 2J = 8.9 Hz, 1H, 3-H), 3.74 (s, 3H, COOCHj), 4.38 (dd, °J = 8.9 Hz,
= 7.8 Hz, 1H, 3-H). - PC NMR (125 MHz, CDCls): 22.94 (g, CH; at C-6), 26.63 (g, CH;

D

3 w
CK)
e’

40.73 (d C-3a), 43.83 (s C—8) 47 92 (d C—9b) 49 94 (d C-6a), 52.54 (q, COOCH3), 65.64 (s,
C-9a), 71.05 (t, C-3), 172.68 (s, COOCHs), 175.64 (s, C-1), 216.27 (s, C-9). ). The above
assignments were derived from COSY, NOESY and HSQC spectra. — HRMS: C;7H,40s: calced.
308.1624, found 308.1624.

lysis of 10[9]: The data of a crvstal (acet nnp/npnmne\ with the

<
deryoes U/ AU 7). 20 BAG VL 8RR YOGl (GRS PRI
~ N

N
y
£
=
b
i
¢

[N

approximate dimensions 0.20 x 0.45 x 0.65 mm were obtained with a Siemens P4-Xscans
diffractometer (Mo-K,, radiation, graphite monochromator). Cell dimensions were refined from
62 reflections; a = 967.6(2), b = 1656.9(4), c = 1068.2(2) pm, B = 109.47(2) °, V' =1614.7(7) -

6 3 3
10° pm’, monoclinic, space group P2,/n, Z= 4, peaiea. = 1.268 g/cm’, 3715 unique intensities, of
which 2879 [F, > 3o(F)] were observed in the 8 range 1.75 - 27.5 °, measured with ®-scan

technique. The structure was solved by using direct-phase determmation and refined on F' by
using SHELXTL-Plus. Positional parameters, anisotropic displacement parameters for all atoms

except for hydrogen atoms, groupwise isotropic displacement parameters for all hydrogen

Py iva

atoms, treated as rigid groups. R = 0.055, R,, = 0.055, w = 1/6? (F).
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(3aR* 65* 6aS* 9aR* 9bS*)-(H)-Decahydro-9a-methoxycarbonyl-6-methyl-9-oxoazu-
= s b —~ ~n mmn o P, ~
leno[4,5-c]furan-1(3H)-one (11): 74 mg (2.68 mmol) of 4b and 3 drops of CH;SO;H in 20 mi

of CH,Cl, were refluxed for 4 h. The mixture was washed with water, dried and concentrated to
afford 53 mg (84 %) of 11 as colourless crystals; m. p. 151-151.5 °C (CH,Cl/Et,O/pentane). -
IR (KBr): v = 1775 cm’" (lactone C=0), 1748 cm™ (ketone C=0), 1721 cm™' (ester C=0). - 'H
NMR (300 MHz, CDCL): 0.87 (d, °J = 7.4 Hz, 3H, CHj), 1.39-1.53 (m, 1H, 4-H), 1.63 - 1.79

(m, 2H, 4-H and 5-H), 1.80 - 1.89 (m, 2H, 5-H and 7-H), 2.11 - 2.22 (m, 1H, u-H) 2.33-2.49
(m, 2H, 7Hand8H),20/—282[ 2H, 8-H and 6a-H, therein at 2.79 (d “ng 32 = 12.5 Hz,

1H, 9b-H)], 2.96 (ddddd, *Js, o = 12.5 Hz, >*J = 11.3 Hz, *J5, 3 = 10.6 Hz, °J3, 3 = 7.8 Hz, °J =
2.3 Hz, 1H, 3a-H), 3.73 (s, 3H, COOCHs3), 3.78 (dd, *J5 3, = 10.6 Hz, %/ = 8.8 Hz, 1H, 3-H),
4.40 (dd, >J = 8.8 Hz, °J; 3, = 7.8 Hz, 1H, 3-H). - °C NMR (50 MHz, CDCl;): 15.12 (g, CH;
4 (t, C-7), 27.12 (t, C-4), 35.00 (t, C-5), 35.36 (t, C-8), 39.16 (d, C-6), 40.
2

(d, C-6a), 49.73 (d, C-9b), 52.66 (q, COOCHj;), 63.01 (s, C-9a), 71.04 (t, C-
COOCH,), 176.27 (s, C-1), 212.34 (s, C-9). The above assignments were derived from COSY

and NOESY spectra and selective irradiation experiments ({"H}-homodecoupling). - MS (70
eV): m/z (%) = 280 (49) [M'], 308 (58). - C;5H20s (280.3): caled. C 64.27, H 7.19, found C

£ -

X-ray structure analysis of 11{9]: The data of a crystal (acetone/pentane) with the
approximate dimensions 0.75 x 0.75 x 0.40 mm were obtained with a Siemens P4-Xscans

diffractometer (Mo-K,, radiation, graphite monochromator). Cell dimensions were refined from
31 reflections; a = 898.7(2), b = 1037.00(9), ¢ = 1479.7(1) pm, ¥ = 1379.7(1) - 10° pm’

J1 IVIIVWUINIE LDy 4 U707\« )y LVT AV )y 1) piiiy 7 it

1 ~ o~ Lo 4

orthorhombic, space group P2,2,2,, Z = 4, peucs. = 1.350 g/cmB, 3168 unique intensities, of
which 3024 [F, > 3o(F)] were observed in the 0 range 1.75 - 27.5 °, measured with ®-scan
technique. The structure was solved by using direct-phase determination and refined on F' by

sing SHELXTL-Plus. Positional parameters, anisotropic displacement parameters for all atoms

except for hydrogen atoms, groupwise 1sotrop1c displacement parameters for all hydrogen
atoms, treated as rigid groups. R = 0.048, R,, = 0.048, w = 1/c°(F).

(3aR* 65* 6aS* 9aR* 9bS*)-(+)-Decahydro-9a-methoxycarbonyl-6,8,8-trimethyl-9-
oxaazuleno[zl 5- c]furan-](.?H)-one (12): At -78 °C under nitrogen 3.45 ml (2.27 mmol)

solution of 158 mg (0.564 mmol) of i1 and 0.

After stirring 30 min at the same temp. the mixture was warmed to -30 °C, hydrolyzed with 7
ml 2N HCI and diluted with 100 ml of CH,Cl, and 100 ml of water. The aqueous layer was

extracted with CH,Cl,. The combined organic fractions were washed with 10perc. aq. NaHSO;
nd water. dried and concen ed. The crude produ as nurified hv CC (Ff ﬂ\ vmldn‘\o 75

o
ail Vaivl, uUlivu auau \./\.ux\avlu.xul. (S TR & ¥ 1) vAuu M uuv vvuu Pz Avalsiiig

mg (43 %) of 12 (R;= 0.26) as colourless crystals, m. p. 140 °C (acetone/pentane) - IR (KBr):

v = 1784 c¢cm’' (lactone C=0), 1720 ecm™ (ketone C=0, ester C=0). - 'H NMR (500 MHz,
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34
CDCly): 1.03 (d, >J=7.0 Hz, 3H, CH; at C-6), 1.19 (s, 3H, CH; at C-8), 1.25 (s, 3H, CH; at C-
8), 1.46 (dddd, 2J = 14.4 Hz, *J, 5, = 11.1 Hz, *J, s = 9.1 Hz,J, s = 3.3 Hz, 1H, 4-H), 1.60 (m,
1H, 5-H), 1.67 (dddd, 2J—151Hz 3J=11.4 Hz, *Js 4 = 9.1 Hz, °’J = 7.8 Hz, 1H, 5-H), 1.80

(dd, 27 =13.2 Hz, *J5 ¢a = 13.3 Hz, 1H, 7-H), 1.88 (m, 1H, 4-H), 1.91 (dd, 2/ =13.2 Hz, /5 ¢, =
6.4 Hz, 1H, 7-H), 2.05 (m, 1H, 6-H), 2.50 (d, *Joy, 3, = 10.9 Hz, 1H, 9b-H), 2.77 (ddddd, *J;, 4 =
11.1 Hz, *Jsa 9 = 10.9 Hz, *J3, 3 = 9.3 Hz, *J3, 3 = 8.8 Hz, *J3, 4 = 5.6 Hz, 1H, 3a-1), 2.84 (ddd,

3 3 _ 3 _ 3 _ 2

Jea 7 =133 HZ,, JGM =6.4 Hz, "J.6=2.2Hz 1H, 6a-H), 3.73 (dd, /55, = 93 Hz, J=9.1
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Hz, 1H, 3-H), 3.78 (s, 3H, COOCH,), 4.45 (dd, °J = 9.1 Hz, "J5 3. = 8.8 Hz, 1H, 3-H). - °C

NMR (125 MHz, CDClg) 23.07 (g, CHs), 26.77 (q, CH;), 26.95 (t, C-5)*, 27.44 (q, CHs),
27.72 (1, C-4)*, 29.94 (d, C-3a), 34.35 (t, C-7)*, 37.38 (d, C-6)**, 43.40 (d, C-6a)**, 44.32 (s,
C-8), 46.47 (d, C-9b)**, 52.90 (q, COOCHj3), 65.87 (s, C-9a), 71.25 (t, C-3), 170.85 (s,
COOCH;3), 174.93 (s, C-1), 212.59 (s, C- Q\ The above nemgnm ents were derived m COSY

13), & erived rom

spectra. — HRMS Cy7H40s: calcd. 308.1624, found 308.1624.
X-ray structure analysis of 12{9]: The data of a crystal (acetone/pentane) with the

!3_

approximate dimensions 0.45 x 0.55 x 0.65 mm were obtained with a Siemens P4-Xscans
diffractometer (Mo-K,, radiation, graphite monochromator). Cell dimensions were refined from
60 reflections; a = 790.15, b = 1701.8(2), ¢ = 1239.3(1) pm, § = 99.422(6) °, V' = 1644.0(3)
10° pm’, monoclinic, space group P2//c, Z= 4, Peaea. = 1.24 6 g/cm 3766 unique intensities, of

whlch 172 [F > 3o(F)] were observed in the 6 range 1.75 - 27.5 ° measured with ®-scan
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except for hydrogen atoms, groupwise isotropic displacement parameters for a

atoms, treated as rigid groups. R = 0.057, R,, = 0.065, w = 1/6*(F).
(3aR* 65* 6aS* 9aS* 9bS*)-(+)-Decahydro-6,8,8-trimethyl-9-oxoazuleno[4,5-c Jfuran-

1’1\- 139 me (0.451 mmo ah nFI !qﬂ mg fQ Q') nl) nf water de 200 mg f’z-dﬂ

J}. 127 11 5 \ T4 LRLLIRANS l g

mmol) of NaCl in 8 ml DMSO were stirred for 7.5 hat 150 °C. After cooling to room temp. the
reaction mixture was diluted with 90 ml of Et,0 and 90 ml of water. The aqueous layer was
extracted with Et,O. The combined organic fractions were washed with water, dried and
concentrated. The crude product was purified by CC (Et,0) yielding 41.0 mg (36 %) of 13 (R;=

0.42)
~)
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s colourless needles, m. p. 104-105 °C (acetone/pentane) b951d es 46.0 mg (33 %) of

1
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unreacted starung material 12 (R; = 0.25). - IR (KBr): v=1
(ketone C=0). - 'H NMR (500 MHz, CDCl;): 0.75 (d, >J = 7.4 Hz, 3H, CH; at (,—6), 1.20 (s,
3H, CH; at C-8), 1.22 (s, 3H, CH; at C-8), 1.48 (dddd, ‘J~ 13.1 Hz, *Jy s=13.1 Hz, °J, 5, =
11.1 Hz, *J, s =3.0 Hz, 1H, 4-H), 1.57 (dddd, J = 13.5 Hz, °Js s = 13.1 Hz, °J5 s = 3.9 Hz, °J; ¢
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=23 Hz, lg’ 5-H), 1.60 (dd, 2J=14.2 Hz, 301_ 0= 2.3 Hz, 1H, 7-H), 1.71 (dddd, 2J=13.1 Hz,
’J. s=3.9Hz, *Jy s=3.9 Hz, *J; 3.= 2.3 Hz, 1H, 4-H), 1.78 (dddd, 2J=13.5Hz,°Js ¢=5.0 Hz,
3Js 4 =3.9 Hz, >Js 4 = 3.0 Hz, 1H, 5-H), 1.92 (qddd, *J = 7.4 Hz (q), *Js,s = 5.0 Hz, °Jg s = 2.3
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Hz, *Jp ¢a = 2.3 Hz, 1H, 6-H), 2.33 (dd, 2/ = 14.2 Hz, *J; 4 = 10.1 Hz, 1H, 7-H), 2.37 (ddddd,

7%

*Jia oo = 13.2 Hz, >S54 = 11.1 Hz, *J5.3 = 11.0 Hz, *J5,3 = 7.3 Hz, °J5, 4 = 2.3 Hz, 1H, 3a-H)

< 3a. 9b LJ.L 234y Jigd (A 9 ¥ a3 fe aady, wviag 4 Lo T A Ay L2y JQRTa 1y,

2.58 (dddd oo 9a= 103 Hz, °Jgo 7 = 10.1 Hz, *Js 7 = 2.3 Hz, *Js, 6 = 2.3 Hz, 1H, 6a-H), 2.70
(dd, *Jop. 32 = 13.2 Hz, *Jop, 0o = 9.6 Hz, 1H, 9b-H), 3.19 (dd, *Jo, 6 = 10.3 Hz, *Js, o = 9.6 Hz,
1H, 9a-H), 3.80 (dd, *J; 3, = 11.0 Hz, >J = 8.8 Hz,1H, 3-H), 4.30 (dd, *J = 8.8 Hz, *J 3, =73
Hz, 1H, 3-H). - ‘3C NMR (125 MHz, CDCl,): 13.52 (g, CH; at C-6), 23.86 (q, CH; at C-8),

26.43 (t, C-7), 30.98 (q, CH; at C-8). 35.68 (t, C-4), 38.66 (d, C-6)*, 39.76 (d, C-3a)*, 42.22 (s

2
i a4 A ¥4 =2 A 7 VS 4 =/ 3 TAesEe ™3
C_QY AD 81 (A (C_GoaYk% AD OA (+ (.8 4245 (4 C_OhYk% A7 £Q (4 C_0a) 075 (+ (.2
\,U}, T L \ ,\/Uﬂ} s T /T L, WTJ), TTOTS \U,\/JU} sy TS \u,\_,}d}, LAV W ) \l,\/J},
177.88 (s, C-1), 218.57 (s, C-9). The above assignments were derived from COSY and NOLESY
spectra. - MS (CI): m/z (%) = 251 (100) [M" + H]. - C;5H»,0; (250.4): calcd. C 71.97, H 8.86,

found C 71.96, H 8.93.
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