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Abstract: The bicyclobutylidenes 2 and 5 have been rearranged to the bicyclooctenes 3 and 6, respec-
tively, and further transformed to the tricyclic kctones 16 and 21, respectively, as known precursors of
(£)-ceratopicanol (4) and (£)-hirsutene (7). For the cyclopentane annelation, a [3+2]cycloaddition with
mvonliesr i 1 1 _disashnverlin nnid natas Fallasead ey ne allbaliva hodenlacico nnd am avidatioa damasdbeaws,
byblUplUpaﬂC‘1,1'01\,¢UUU)\)’HL aLIu oL, 1VUWOU Dy dll alhallic qulUlyblb aliu dall UAIgauvo ucial UUKy‘
lation of the diacids formed was used (3-8-14-16, 6-18-20-21), The structures of the cycloadduct 9, the
diacid 15 and the ketone 17 followed from an X ray analysis of the ditosylate 13, itself obtaincd by re-
duction and tosylation (9-12-13). The new syntheses of 16 and 21 represent short entries to 4 and 7.

© 1998 Elsevier Science Ltd. All rights reserved.

The bicyclobutylidene to bicyclooctene rearrangement is a potentially uscful mcthod for the construction of di-
quinanes. However, except with the parent bicyclobutylidene® and two dibenzoannclated derivatives,” no such
rearrangements have become known. In order to demonstrate the utility of bicyclobutylidenes in natural product
synthesis, we reported* on the synthesis and rearrangement of bicyclobutylidene 2 to bicyclooctene 3 as potential
precursor of (#)-ceratopicanol (4). In extension and completion of this work, we now describe the rearrange-
ment of bicyclobutylidene 5 to bicyclooctene 6 as a known® precursor of ()-hirsutene (7)," and report on new
syntheses for both 4 and 7.
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For the synthesis of bicyclooctene 6, the phosphonium iodide 1* was first treated with two equivalents of potas-
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denc 5 was rearranged with 0.25 equivalents of a 0.089 M solution of anhydrous p-toluenesulfonic acid in ben-

mperaiure the formation of 6 as stabilomer of a series of twelve conceivable rear-

For the annelation of the missing cyclopentane rings, we followed the protocol of Snider t
moted [3+2]cycloaddition of diethyl cyclopropane-1,1-carboxylate to alkenes and first applied it to 3. In this
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made. Experimentally, the reaction led within 6 days at room tcmperature to an inseparable 8:3-mixture of two

cycloadducts (57%) accompanied by a small amount (11%) of an open chain compound, easily recognized as 10.
Direct evidence for the identity of the minor cycloadduct emerged from the fact, that reduction of the two cyclo-
adducts yiclded two separable diols, and tosylation of the minor diol a ditosylate suitable for an X-ray analysis.!
It thus turned out, that the ditosylate was the cis-anti-cis-configurated triquinane 13 derived from the diester 9
via the diol 12,
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== 14 X=COOH (34%) + 15 X=COOH (13%)
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Anticipating, that the major cycloadduct was the regioisomer 8, the mixture of diesters was saponified with
potassium hydroxide in methanol-water, and the 8:2-mixture of diacids obtained subjected to an oxidative de-
carboxylation'” with lead tetraacetate in benzene-pyridine. This time, the 8:2-mixture of the ketones formed
could be separated, and the spectral data of the major isomer disclosed its identity as 16, the desired direct pre-
cursor of (+)-ceratopicanol (4).*
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For the synthesis of (£)-hirsutene (7), we followed the same protocol as for the synthesis of 4. As was to be ex-
pected, the EtAICl, promoted [3+2]cycloaddition of diethyl cyclopropane-1,1-dicarboxylate to diquinane 6
proceeded regio- and stereoselectively, and within 23 h at room temperature, a 8:1-mixture of a single cyclo-
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18 X=COOEt (51%) + 19 X=COOEt (6%)
KOH
20 X=COCH (96%)

21 (49%)

In summary, the rearrangement of bicyclobutylidenes 2 and 5 to bicyclooctenes 3 and 6 enables new and very
short syntheses of 16 and 21 as direct precursors of (*)-ceratopicanol (4) and (+)-hirsutene (7), respectively.
While the overall yield from 3 to 16 (4%) is unsatisfactory, the overall yield from 6 to 21 (24%) is acceptable.

More direct approaches to 4 and 7 via rearrangements of preassembled skeletons containing a bicyclobutyl sub-

unit are under active investigation.

EXPERIMENTAL

'H and C NMR spectra were recorded on a Varian VXR 200, VXR 500 or a Bruker AMX 300
spectrometer. For standards other than TMS the following chemical shifts were used: dy(CHCL) = 7.24,
Su(CD,HOD) = 3.30, 8c(CDCls) = 77.00, 8c((CD;1),S0) = 39.50. Mass spectra were obtained with a Varian
MAT 311A or a megan MAT 95 instrument operated at 70 eV. Analytical and preparauve gas chromatogra—
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uoted for Md(.here Nagel Polygram SIL G/UV,s, plates. Colourless substances were detected by oxida-
tion with 3.5% alcoholic 12- -molybdophosphoric acid (Merck) and subsequent warming. Melting and boiling
points are not corrected.
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added potassmm tert-butox1d 3 x 14.1 g, 378 mmol) he mlxture heated to 50°C. After 4 h, 2-methyl-
cyclobutanone (15.9 g, 189 mmol) was added, and after another 3 h at 70°C the reaction was complete. After
addition of water (16 ml), the organic layer was decanted and the heterogencous residuc extracted with pentane
(3 x 60 ml). The combined organic layers were concentrated by distillation through a 20 cm Vigreux column
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(bath temperature up to 140°C), the residue was diluted with pentane (300 ml) and the precipitated triphenyl-
phosphine oxide was filtered off. The filtrate was concentrated as before and the remaining material fractionated
yielding 18.5 g (65%) of pure § as colourless liquid, bp 59°C/16 torr. "H NMR (300 MHz, CDCls;, CHCl; int): §
—1()7(d J=17Hz, 3H) 1L ll(s 3H), 113(s 3H),14i(dddd I=11, 9 9 7 Hz, 1H), 2.06 (dddd, J = 11, 9,

9 u,sek), 29. O/ , 29, /.i (\,Pdm), 32.28 {C qum), 37.78 (Cuw), 41.99, 42.26 (Lgek)
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(3aRS,6aRS)-2,2,6-Trimethyl-1,2,3,3a,4,6a-hexahydropentalene (6): To a stirred solution of 5 (16.4
g, 109 mmol) in dry benzene (270 ml) under nitrogen was added a solution of anhydrous p-toluenesulfonic acid
in dry benzene (.74 M, 36.9 mi, 27.4 mmol) causing a siighily exothermic effect. After 30 min the reaction was
complete according to glpe [30 m x (.32 i.d. fused silica capillary column coated with 0.25 wm DB FFAP, 60°C;
retention times (min): 3.14 (5), 4. 87 (13)]. The mixture was washed with water (3 x 50 ml), saturated sodium

bicarbonate (3 x 50 ml), saturated sodium chlonde (3 x 50 ml), and dried (Mg§04). The solvent was distilled off,
and the residue was fractionated in vacuno yielding 13.0 g (79%) of pure 6 as colourless liquid, bp 68°C/16 torr.
The 'H NMR data were in accord with literature data.® The ""C NMR data (75 MHz, CDCl;, CDCl; int) have
not yet been reported and were as follows: 8§ = 15.08, 27.27, 28.95 (Cprim), 38.70 (Csex), 41.07 (Cien), 41.11

AN

qum), 45. 6/ 45.84 (Lsck), 53. 04 121.52 (hmn), 143.40 \Lq“m)

(3aSR,3bRS,6aRS,7aSR)-3a,5,5,7a-Tetramethyl-decahydro-cyclopenta[a]pentalene-1,1-dicarboxy-
lic acid diethyl ester (8), (3aSR,3bRS,6aRS,7aSR)-3a,5,5,7a-tetramethyl-decahydro-cyclopentafa]penta-
lene-3,3-dicarboxylic acid diethyl ester (9) and (3aSR,6aRS)-2-[2-(1,1,5,5-tetramethyl-1,3a,4,5,6,6a-hexa-
hydropentalen-2-yl)-ethyl}-malonic acid diethyl ester (10): To a solution of 3 (5.00 g, 30.5 mmol) and
cyclopropane-i,i-dicarboxyiic acid diethyi esier (5.66 g (30.5 mmoi) in i,2-dichioroeihane (0 mi) was added at
0°C under nitrogen with stirring within 40 min a solution of ethyl aluminium dichloride in hexane (1.0 M, 70.0
ml, 70.0 mmol). After the addition was complete, the mixture was stirred at room temperature and the reaction
progress monitored by tlc in pentane/ether [95:5: R = 0.75 (3), 0.23 (8, 9), 0.17 (10)]. After 6 days,
dichloromethane (60 ml), water (50 ml), and hydrochloric acid (2N, 50 ml) were added. Thc phases were
separated, the aqueous phase was extracted with dichloromethane (3 x 80 ml), and the combined organic phases
were washed with saturated sodium chloride (100 ml) zmd dried (MgSO4) The solvents were evaporated (bath
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and 122 g (11%) of 10 as colourless liquids. 8 and 9: 'H NMR (300 M

uncoupled methyl groups could be ass1gned 8:6=0.86, 1.04, 1.07, 1.34 (4 s, 4 CH); 9 4 =0.85, 1.01, l 0l1,
1.08 (4 s, 4 CHs). The coupled methyl groups showed overlapping triplets at & = 1.16-1.28, and the remaining
protons a series of multiplets at § = 1.30-2.60 and 4.00-4.20. ""C NMR (125 MHz, CsDs, CsDs int): All

resonances could be d.SSlgned 8:0=13.71, 13.82, 20.64, 22.50, 28.33, 30.35 (Lpnm), 32.33 ((.»wk) 40.37 (C quar‘)
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40.76 (Cien), 41.70, 44.54, 48.95, 45.03 (C.u), 54.56, 58.03 {Cquan)> 58.84 {Ceer), 60.28, 60. 36 {({Cex), 70.206,
170.98, 171.71 (Cquarn); 9 6 =13.71, 13.89, 16.88, 24.99, 27.68, 29.75 (Chrim)> 32.63, 38.03 (Ciex), 40.79 (Ceen),
4215 (Cm."_,\ 4298, 47.29. 50.20 (C.), 55.55 (Cyn), 56.40, 56.63 (C.....M\l 60.17, 60.28 (C.a), 70.62, 171.09,

Bt

171.69 (Cqum) MS m/z 350 (M*, 2), 163 (100). Anal. Calcd for (,21H34O4 C 71 96 H, 9.78. Found: C, 71.76;
H, 9.80. 10: 'H NMR (300 MHz, CDCl;, CHCI; int): 8 = 0.87 (s, 3H), 0.88 (s, 3H), 0.95 (s, 3H), 0.98 (s, 3H),
0.96-1.04 (m, 1H), 1.24 (t, ] = 7 Hz, 6H), 1.20-1.28 (m, 2H), 1.62 (mc, 1H), 1.80-1.92 (m, 2H), | 91 2 12 (m,
2H), 2.38 (mc, lH), 3.06 (mc, lH), 3.35(t, J =7 Hz, lH), 4.17 (q, J = 7 Hz, 4H), 5.10 (mc, 1H); “C NMR
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(125 MHz, CDCls, CDClL int): 6 = 14.07, 21.60 (Cpam), 24.12, 27.19 (Cow), 27.86, 29.45, 29.70 (Cprim), 40.45
IfQl A’7.74 4(\ NR ((* Y AA 1D (. \ AA (o Y 81 (\'7 SATS (C. N A1 20 (C .\ |')7 20 (C. 146 ﬂq
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1
169.47 (Cpua); MS m/z 350 (M?, 16), 190 (100). Anal. Calcd for Cy1H1404: C, 71.96; H, 9.78. Found: C, 71.83;
H, 9.90.
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CDCl,, CHCI; int): Only the

(3aSR,3bKS,6aSR,7aSKR)-(1-Hydroxymethyi- '3a,5,5,7a tetramethyi-decahydro-cyclopenta[ajpen-
taien-i-yi)-methanol (i1) and (3aSR,3bRS,6aSR,7aSRj-(3-hydroxymethyi-3a,5,5,7a-teiramethyi-deca-

hydro-cyclopenta[a]pentalen-3-yl)-methanol (12): To a suspension of lithium aluminium hydride (304 mg,
8.00 mmol) in anhydrous ether (10 ml) under nitrogen was added a 8:3-mixture of 8 and 9 (351 mg, 1.00 mmol)
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and the mixture heated to reflux. After 2 h, the mixture was diluted with ether (l(l ml and hvdrolvzed b"

L1380 IRRAANALILE LICALKAL Al R Ll Y dazaamniails WY LiizuniAs Cvaala 1133) QUIG KX FNLULY £Ans

successive addition of water (288 ul), 15% aqueous sodium hydroxide (288 ul) and water (846 ul). The organic
layer was decanted, the residue was extracted with ether (10 ml), the combined organic phases were
concentrated on a rotary evaporator (bath temperaturc 20°C/20 torr), and the residue (260 mg colourless oil)
was chromdtographed on silica gel (70-130 mesh) in ether [column 45 x 3 cm, control by tc; Re = 0.50 (12),

AN /24N 11 10 s AD N 1YoV A

0.42 (I1)] t0 ylel(l lso mg (40'%) of 11 as colourless 11qu10 and 52 mg (ZU%) of 12 as colouriess S()ll(l, mp ii2-

1149 11- 13 NMDR (’2{\{\ NI, YL OO X —NYL 7o 2L NQQ (o 2T nt 2LY 1 )
L1ST00 AL 01 ANMIN (JUV IMIZ, L, \JLA\,r; uu.) O = U.00 (8§, J11), U0 (S, J11), 1.01 \.5, Jﬂ}, 1.U4 \a, .)rl),

1.12-1.26 (m, 3H), 1.30-1.42 (m, 2H), 1.50-1.82 (m, 4H), 2.17 (mc, 1H), 2.37 (mc, 1H), 2.42-2.56 (m, 1H),
2.61 (br s, 2H), 3.55-3.65 (m, 1H), 3.70-3.90 (m, 3H); °C NMR (75 MHz, CDCls, CDCl; int): 8 = 20.34,
20.41, 27.37 (Cprim), 28.83 (Cux), 29.36 (Cprim), 39.67 (Cguan), 40.19 (Ceen), 40.65, 43.47, 44.01, 47.71 (Cou),
52.15, 53.41, 55.32 (Cquan), 56.85 (Cien), 66.75, 68.71 (Cs); MS m/z 266 (M", 2), 78 (100). Calculated for
C17H300,: 266.2245. Found: 266.2245 (MS). 12: 'H NMR (300 MHz, CDCls, CHCI; int): § = 0.79 (s, 3H), 0.90
(s, 3H), 0.95 (mc, 1H), 1.00 (s, 3H), 1.01 (s, 1H), L. 12 1.24 (m, 2H), 1.36 (mc 1H), 1.45-1.58 (m, 3H), 1.65-

1’7Q/m o] % AY IQI\_ QN (m T D AND AN (v TEIN A (he ¢ 1LY ’7"1'1 TLIY 2 AA 27 fev 11N 2 74
7O (I, £F1), 1.0U- L. 7V ll, 1K1}, &£.U~4.0U (i, 111;, SO U D, IR, LT 4 \lllb, 10L), 3.4, 714 (i1, 1x3j, 3.7
3.90 (m, 3H); ’C NMR (75 MHz, CDCL, CDCL, int): & = 15.24, 25.56, 28.02 (Cyrm), 29.40 (Cﬁ), 29 67
(Cerim), 37 24 (Cquan), 40.87 (Cierr), 42.37, 42.93, 43. 47 48.57 (Csex), 51.04 (Cienr), 53.62, 54.93, 57.38 (Cquart)»
67.71, 70.40 (C.s); MS m/z 248 (M*-H,0, 5), 163 (100). Anal. Caled for C;7H300,: C, 76.64; H, 11 35. Found:

C,76.76;H, 11.37.
Toluene-4-sulfonic  acid (3aSR,3bRS,6""R,7""R}-33,5,5,7"-te&r—"'net.'iy}-3-(4—t"}"lsa}f°nylﬁxy-
methyl)-decahydro-cyclopentalalpentalen-3-yl-methyl ester (13): To a solution of 12 (40 mg, 0.15 mmol) in

pyridine (300 ul) was added at 0°C under mtrogen with stirring a solution of toluene-4-sulfonic acid chloride (85
mg, (.45 mmol) in pyridine (150 pl). After 3 h at 0°C, the mixture was diluted with ether (3 ml) and hydrolyzed
with water (1 ml). The organic phase was separated, washed with sulfuric acid (2N, | ml), saturated sodium
bicarbonate (I ml) and water (1 mi), and dried (molecular sieves 4A). The solvent was evaporated (bath
temperature 20°C /20 torr) and the residuc chromatographed on silica gel (70-130 mesh) in pentane/ether [1:1,
column 30 x 2 cm, control by tc; Ry = 0.38 (13), 0.10 (12)] to give 33 mg (38%) of pure 13 as colourless solid,
mp 140- 142°C. '"H NMR (300 MHz, CDCl,, CHCL; int): & = 0,70 (s, 3H), 0.79 (s, 3H), 0.83 (s, 3H), 0.94 (s,

AVARY T VAL AL LA D LA 23 2AL) QI35 >y L11) D17

3H), 1.10-1.35 (m, 4H), 1.45-1.75 (m, 6H), 2.30-2.60 (m, 2H), 2.43 (s, 6H), 3.80-4.06 (m, 4H), 7.33 (mc, 4H),
7.72 (mc, 4H); C NMR (75 MHz, CDCl;, CDCl; int): § = 15.77, 21.70, 25.46, 27.90 (Cprim), 28.97 (C.a),
29.69 (Cprim)s 36.55 (Cquan), 40.92 (Ceen), 41.77, 42.74, 47.63, 48.29 (Cus), 51.14 (Cien), 51.82, 55.44, 57.50
(Cquan), 69.78, 71.67 (Coa), 127.95, 128.00, 129.96, 129.97 (Cen), 132.57, 132.66, 144.88, 144.90 (Cyuur); MS

m/z 574 (M™, 2), 162 (100). Calculated for Cs;H4;06S,: 574.2422. Found: 574.2422 (MS).

(3aSR,3bRS,6aRS,7aSR)-3a,5,5,7a-Tetramethyl-decahydro-cyclopenta[a]pentalene-1,1-dicarb-
oxylic acid (14) and (3aSR,3bRS,6aRS,7aSR)-3a,5,5,7a-tetramethyl-decahydro-cyclopenta[a]pentalene-
3,3-dicarboxylic acid (15): A a solution of potassium hydroxide in methanol (10 M, 600 ml) was diluted with
water (170 ml), a 8:3-mixture of 8 and 9 (7.5 g, 21.4 mmol) was added, and the mixture was heated to reflux.
After 6 days, the mixture was acidified to pH 1 (i2 N HCl) and perforated with ether (4 h). The etheral phase
was dried (MgS0O,) and concentrated on a rotary evaporator (bath temperature 20°C /20 torr), and the residue
(6.5 g) was chromatographed on silica gel (70-130 mesh) in pentane/ether [3:1, column 70 x 4 cm, control by
tle; Re = 0.12 (14, 15)] yielding 3.0 g (47%) of a 8:3-mixture of 14 and 15 as colourless solid, mp 130-158°C
(dec.). 'H NMR (200 MHz, CD;0D, CD,HOD int): Only the methyl groups could be assigned: 14: & = 0.90,
1.06, 1.09, 1.40 (4 s, 4 CH3); 15: & = 0.89, 1.03, 1.04, 1.15 (4 s, 4 CH3). The remaining protons showed
overlapping multiplets at 8 = 1.20-2.60; "C NMR (50 MHz, (cDg)zso (CDs),SO int): Due to the poor
solubility, only the resonances of the major isomer can be given: 14: 6 = 20.5 (7, 28.22, 30.26 (Cprim), 31.39
(Coed), 39.98 (Cort), 40.16 (Cont), 41.28 (Couan), 44.06, 48.43, 48.54 (C

Llogekjy J7.70 (tert/y TTU.1U (gek/y TL.L0 \quart)y TT.UU, TO.7

< 'S
69.33, 172.56, 173.22 (Cqun); MS m/z 294 (M", 3), 163 (100). Anal. Caled for CyHasO

L& L. £, £ 1

Found: C, 69.43; H, 8.95.
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(3aSR,3bRS,6aRS,7aSR)-3a,5,5,7a-Tetramethyl-decahydro-cyclopenta[a]pentalen-1-one (16) and
(3aSR,3bRS,6aRS,7aSK)-3a,5,5,7a-ieiramethyi-decahydro-cyciopentafajpentaien-3-one (i7): To a stirred
anhitian Afa Q- 2_mmivire a af1Ad oand 18 M N g KO mmal) in hanzana (17 § mI wag added nuridine (1 24 ¢ 17 0
SUIULILLE UL a4 0.0, uuALuu/ VUl 1% allu 10 \&L.U 5, U./ TUHIHNULJ U1 UVHIZCIG (1 &, 1) was aGGea PYLIULIL \(L.&5 gy 1 7.3/
mmol) and 85% (w/w) lead tetraacetate in acetic acid (8.85 g, 17.0 mmol) and the mixture heated to reflux.
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After 4.5 h the mixture was diluted with ether (15 m] J] trated. and the residue washed with ether (3 x 10 m])

SRAL IILAALLNT WAS LAiWRAS Wasas eaawa Ao ;luu. A QAvinaa, das e resiaue washeg wi CHICI \J A AV Rk,

The combme:d organic phases were washed with hydrochlonc acid (2N, 4 x 7 ml), saturated sodium bicarbonate
(4 x 7 ml) and dried (molecular sieves 3A). The solvents were evaporated (bath temperature 20°C/20 torr) and
the residue (1.85 g) chromatographed on silica gel (70-130 mesh) in pentane/ether {95:5, column 70 x 4 ¢m,
control by tlc; R = 0.33 (17), 0.18 (16)] to yield 430 mg (28%) 16 and 85 mg (6%) 17. The 'H- and *C-NMR

T WTR AT AN R oETE T ~T Tt ~ A P

data of 16 werc in accord with literature data.” 17: 'H NMR (300 MHz, CDCl;, CHCl; int. ) 3=082 (s, m)

n Q7T (¢ AWIN 1 NA 2LIV 1 NQ 7o 2L 1 NQ 1 1 2N 1 AT n
U.0/ S, S11), 1.Ua \o, JI1j, L.UO (S, Jr1), 1.U0~1. {8 \lll uj], 1.30-1.40 Uu _)n), 1.50-1.75 \m “4r11j, 24 .52 \lut,

1H), 2.79 (q, J = 10 Hz, 1H); C NMR (75 MHz, CDCL;, CDCl; int.): & = 13.91, 13.82, 26.79, 29.30 (Cprim).
31.96, 34.54 (Cy), 41.09 (Cien), 41.92 (Cguar), 42.49, 44.93, 49.32 (Cyx), 50.74 (Crr), 52.21, 59.74, 224.20
(Cquar)- MS m/z 220 (M*, 22), 107 (100). Calculated for C5H,40: 220.1827. Found: 220.1827 (MS).

[ aSK,7aRS)-3a,5,5-Trimethyi-decahydrocyciopentajajpentaiene-3,3-dicarboxylic acid
diethyl este ( 8) (3 aRS$,6aSK)-2-[2-(3,5,5-trimethyl-1,3a,4,5,6,6a-hexahydropentalen-2-yl)-ethyl]-

malonic ar-lrl diethv | ester (19): To a solution of 6 (2.25 g, IS mmn‘\ and cvelonronane-1. 1-dicarboxvlic acid

aragRaUiaRl KA “l‘v"-vvl A Je AW G OSULGLUL Vi 3P ALl JVAVUPIUPAUUT 1, 1T LAl UUA Y v aviu

diethyl ester (2.80 g, 15 mmol) in 1,2-dichloroethane (75 ml) was addcd at 0°C under nitrogen with stirring
within 10 min a solution of ethyl aluminium dichloride in hexane (1.0 M, 45 mmol). After the addition was
complete, the mixture was stirred at room and the reaction progress monitored by GC [3 m x 1/4” all glass
system, 15% OV 101 on Chromosorb W AW/DMCS, 60/80 mesh, 10°C/min 50-220°C, 25 min 220°C; retention

ey

times (min): 10.7 (0), 12.8 (Lyuopmpane 1,1-dicarboxylic acid diethyl ester), 30.9 (18), 34.8 (19)]. After 23 h,

water (75 m!) and W1 AN 7S ) were added the nhacac were cenarated the aaneaie nhace wa
water (75 ml) and hydrochloric acid (2N, 75 ml) were added, the phases were separated, the agueous phase was
extracted with dichloromethane (50 ml), and the combined organic phases were washed with water (2 x 50 ml)
ex with ¢ washed with X 1)

trac gar 2
and dried (MgSQy). The solvents were evaporated (bath temperature 40°C/15 torr) and the residue (6.20

yellow oil) chromatographed on silica gel (0.06-0.20 mm) in pentane/ether [8:2, column 4 x 70 cm; Rf = 0.53
(18, 19)] to yield 3.17 (63%) of a slightly yellow oil, containing 80% 18 and 11% 19 (GC). A pure sample of 18
and a 1:1-mixture of 18 and 19 were obtained by preparative GC. Colourdess liquids. 18: 'H NMR (300 MHz,
CDCl;, CHCl; int): 8 = 0.88 (s, 3H), 1.03 (s, 3H), 1.12 (s, 3H), 1.15-1.40 (m, 10H), 1.53-1.63 (m, 2H), 1.73
(mc, 1H), 2.00-2.13 (m, 2H), 2.20-2.38 (m, 2H), 2.57 (mc¢, 1H), 2.70 (mc, 1H), 4.06-4.23 (m, 4H); C NMR
(75 MHz, CDCl;, CDCl, int): 8 = 14.02 (coincidence of two lines), 19.93, 27.40 (C,in), 28.71 (Cix), 29.38
(C.rm), 32.70, 37.80, 42.10 (Cger), 43.22 (Ceen), 43.91 (Cguan), 48.50 (Cear), 51.16, 55.90 (Cierr), 56.44 (Cguan),
60.56, 60.71 (Cs), 69.41, 171.75, 172.57 (Cyuan); MS m/z 336 (M, 2), 176 (100). Calculated for CyoH3,04:
336.2300. Found: 336.2300 (MS). 19: 'H NMR .(300 MHz, CDCls, CHCl; int): In the 1:1-mixture with 18, only

the uncoupled methyl groups could be assigned: & = 0.91, 1.00, 1.47 (3 s, 3 CH;). The remaining protons

I N Y= 2 AN A AL 13n‘“n‘ M P sVl %
showed OVBl'ld.pleg mumplct.s at 0 = [.15-3.05 and 4.06-4.25. "C NMR (lé’) Nll'lZ LULh, CDICUI lnl) All
nnnnnnnnnnnnnn 14 ha ncciagnad. 1727 1207 (cninmcidansca f tarn lineoe N N5 Q7 YA QT7 (N T IS
ICHUIIALILOD vUUIAI UG abblsllcu U — 1404, 10.77 \CVUHIVIUCLIVO UL WU LLIVY) \"prl.ﬂl}’ Ll oZfy LNLT T \Ngek)y &1 .40,
............. )y 4139, 45.97, 49.67 (Cu), 51.32, 55.15 (Cr), 61.17 (coincidence of two

lincs) (ka), 130 19 136 28 169 48, 169.52 (Cguar)-

(3aRS,3bSR,6aSR,7aRS)-3a,5,5-Trimethyl-decahydrocyclopenta[a]pentalene-3,3-dicarboxylic acid
(20): A a solution of potassium hydroxide in methanoi (10 M, 170 mi) was diluted with water (50 mi), crude 18
(2 02 g, b\]lll(—lll 0(} /U ‘+ O\I llllll('l} Wd" audk,u, aud LhL llllAlulC de hcalcd L\l lCﬂuA Afl.cl Q’ ua)a, LhG ll.LU\lul.D
was acidified with conc. HCI (150 ml) and perforated with ether (150 ml, 2 h). The ctheral phase was dried
(MgS0,) and concentrated on a rotary evaporator (bath temperature 50°C /15 torr), and the residue (1.73 g
yellowish foamy solid) purified by short path chromatography on silica gel (0.06-0.20 mm) in ether (column 4.5
x 15 cm). The forerun (20 ml) was discarded, while the main fraction (60 ml) yielded 1.29 g (96%) of ncarly
pure 20 as colourless solid, mp 74-80°C (dec.). '"H NMR (300 MHz, CDCl;, CHCl; int): 8 = 0.90 (s, 3H), 1.05
(s 3H), 1.20 (s 3H), 1.25-1.55 (m, 5H), 1.60 (mc, 1H), 1.74 (mc, [H), 2.04-2.24 (m, 2H), 2.30-2.52 (m, 2H),

s 1LY T (e Y 104 (he e Y BONMR 750 MH> CDCYL. CNCL, int)}- 8 = 1002 27 42 ((C hY
2.62 \uu,, 111}, 2.76 {1ic, IH ), 1UA (01 S, 211); U INIVIR \JVU IVARZ, O3, Covas iy, O = 17.54, 47.95 (Cprim),
28.76 (Cquan)s 29.36 (Cpeim), 32.06, 37.33 (Cquan), 41.80 (Coer)), 43.26 (Cierr), 44.10, 48.76 (Cox ()04 55.98

\Voquariss &7 200 \primsy > wait/s Sheseks TOLLU \tert/s & “\ 0 70

(Ceer), 57.27, 69.42 (Csa), 177.37, 178.42 (C .mm) MS m/z 280 (M*, 7), 149 (100). Calculate or CisH404:
280.1674. Found: 280.1674 (MS).

(3aRS,3bSR,6aSR,7aRS)-3a,5,5-Trimethyl-decah yarocycmpenta[ajpent aien-3-one (Zi): To a
cmdistionm o F MY AAND e 1 A2 e ST i e hanioana 1) n ..... i line (08 mo 27T mmol) rddad Q104
SOIULION 01 LU (400 111E, 1.9 I11UL) HL Uly UCLIZUIIC (& VU } a.uu pynainc (Lo Mg, 5./5 My was alGed 71 7o
(w/w) lead tetraacetate in acetic acid (1.53 g, 3.16 mmol) and the mixture heated to reflux. After 3 h, the
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mixture was diluted with ether (& mD), filtrated. and the residue washed with ether (R x 5 m]) The combined
ALREiiwesan’ VY NELARALRINS VAU waaAwa (U llu/ AL BAANLy QIIV LIV IUJLIUUL VY AOLIVAL VY ILUL Vvl \J N J llll}- A1 VAMIMIUMRAL
organic phases were washed with hydrochloric acid (2N, 4 x 2 ml), saturated sodium bicarbonate (4 x 2 ml) and

dried (molecular sicves 4 A). The solvents were evaporated (bath tcn;;;erature 40°C/20 torr) ar\1d th; residue
hydrolyzed with a solution of potassium hydroxide (0.50 g) in methanol (1.0 ml) and water (1.0 ml). After 30
min of reflux the mixture was diluted with ether (5 ml), the aqueous phase was saturated with potassium
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O 24 (21)] to yleld 144 (49%) f pure 21 as C)lourlcs
were in accord with literature data.
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-14.7 (-15.9) (1RS,3aRS) -13.2 (-14.0) (3RS,3aRS) -13.2 (-12.4) (3aRS4RS) -8.5(-8.9) (3aRS,6aRS)
-14.8 (-15.4) (1RS,3a8K) -15.0 (-16.1) (3RS,3aSR) -15.1 (-14.5) (3aRS.,45R) -15.5 (-15.1) (3aRS,6aSR)

KT w XIS XS

w XAz XD

-17.4 (-18.0) -19.1 (-18.2) -10.0 (-8.4) (3aRS.6aSR)
-20.3 (-18.1) (3aRS.6aRS)
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1.4947(9) nm’. 4001 reflections with 3.5 < © < 22.5° were measured on a Stoe four-circle diffracto-
meter using graphite monochromated radiation Mo K,. Of these, 3886 with | Fl> 30 (F) were used for
the structure determination and refinement. The structure was solved by direct methods. The anisotropic
refinement with geometrically positioned H atoms (rldmg model: C H 96 pm AHCH = 109.5°) con-
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