Tetrahedron Vol 44, No 15, pp. 4837 10 4846, 1988 0040-4020/88 33 00+ .00
Pnnted 1n Great Bnitain O 1988 Pergamon Press pk

BICYCLO (3.3.4) NONANE APPROACH TO PINGUISANE TERPENOIDS.

TOTAL SYNTHESIS OF (+) PINGUISONE.

A. GAMBACORTA3Y, M. BOTTAP, S. TURCHETTA2

a) Centro C.K.R. per lo studio aella Chimica delle Sostanze
Organiche Raturalt c/o Dipartimento di Chimica, Universiti
“La Sapienza®, 00185 Roma, Italy )
b) Dipartimento Farmaco Chimico Tecnologico, Universiti dat
Siena, 8353100 Siena, Italy

(Received in UK 17 May 1988)

Abstract - The total synthesis of (4 pinguisone i, the
sterically crowded unusual [3-6) fused-ring sesquiterpene, was
accomplished Dby synthetic elaboration of the 3B,3aB,7,7aR-
tetramethylbicyclo [4.3.0] non-6-en-i-one 2a prepared Dby acid
catalyzed rearrangement of the easily accessible {,4B,5,9-
tetramethylbicyclo [3.3.{] nonan-9-hydroxy-2-one 3. This rear-
rangement constitutes an example of the scarcely observed 1,7
shift of a carbonyl group toward an electron deficient centre.

Since the isolation' and structure determination? of pinguisone 1, an
increasing number of pinguisane terpenoidsd have been found from various Kinds
of liverworts Dhelonging to the genus Hepaticae. These compounds arouse
interest from both  the Dbiological and the synthetic point of wiew. The
biological function of pinguisane terpenoids 1s still obscure, but they may
play a role as antifeedants.¥ As to the synthetic interest, it arises from
thelir novel tricyclic skeleton, where a cis-junction 1in the hydrindane
system and foulr cis-located methyl groups on adjacent carbons result in a
very crowded system at the B facel

This steric congestion 1{s responsible for the dAajfficulties encountered
in the two previously reported total syntheses of pinguisone 1_5-5. where a step
by step stereospecific introduction of the methyl groups into the bicyclo
[4.3.0] nonane system was adopted.

From this point of view, we felt that a good route to- pinguisane
terpenoids could Dbe the synthetic elaboration of the tetramethyl cis-
hydrindenone 2a prepared through skeletal rearrangement of the more easily
accessible tetramethylbicyclo ([3.3.4] nonane derivative §.7-°
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In fact, one of us has reported that substituted cis-hexahydroin-
denones are obtained in high Yield when substituted bicyclo [3.34) nonan-9-
ols are dehydrated under acid catalylis.'r The rearrangement takes place
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through the shift to the C-9 of the bridgehead dbonds and is strongly dariven
by the nature of substituents Namely, dehydration of Ketols & (both epi-
mers) leads to the Kkinetic methylene derivative &b and to the rearrangement
products 5a-b through the almost exclusive shift to the C-9 of the C-4 - C-5
and C-1 - C-2 bonds.® The shift of the C-5 - C-6 bond, with formation of 3¢,
represents only a 2% of the resrrangement. Migration of C-{ - C-2 dbond in %Xa
offers a good example of the scarcely observed {,2-shift of carbonyl groups
toward electron deficient centres. For this process, Vogel and coworkers?
have recently established a migratory aptitude higher than that of alkyl

groups.
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Therefore, 1f this behaviour were general, dehydration of the ketol 3 should
lead Inter alia to the cils-hexahydroindenone 2a as a keYy intermediate
for the synthesis of (+) pinguisone {. We report here the results we have
obtained.
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The synthesis of Ketol 3 was accomplished (SCHEME 3 starting
from the ailylcyclohexanone 6.0 Since several attempts to oxidise & to
aldehyde 10 were unsuccessful, the latter product was obtained by a longer
route.
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Anti-Markovnikov hydrobromination of 6 gave the bromide 7, which was converted
into the acetoxy derivative §. Basic hydrolysis of the latter followed by PDC
oxydation gave the Ketoaldehyde 4Q in good yield. Acid catalyzed intramolecular
aldo] condensation afforded the Known Nketols {i as an endo-exo mixture of
epimersiZ which were oxidized to dione 12; this latter was converted into the
enedione {3 through the usual Dbromination-dehydrobromination procedure.
Conjugate addition of LiMeaCu on {3 took place at the exo-side (vide
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infra), as expectedd3 and quenching of the reaction mixture with HezSiCl
gave the silylenoclether {4 as the only #&-exo epimer, As a consequence of
the presence of the 4-exo methyl group, the subsequent methylation at C-9
of compound {4 by the action of two moles of methyllithium tooK place at the
opposite side and afforded the 9-syn-hydroxy epimer 3 as the only product.

Configurations at C-4 and C-9 in the latter compound were confirmed DY
{H-NMR data. In fact, due to the 9-syn hydroxy group, the 4&-exo-methyl
group in the Ketol 3 shows a downfield shift (141 0) if compared with the same
group in compound 4 (0.78 38) and in the corresponding dione i4a (0.85 9) where
the #&-exo-methyl group falls in the shielding cone of the carbony! group at
C-9.

Dehydration-rearrangement of 3 (SCHEME 2), carried out as previously
descrided for the model compound g,a mainly proceeded through {2 shift to C-9
of C-{ -~ C-2 and C-4 - C-5 bonds, as expected, and gave the hexahyroindenones
2a and 2b in 55% and 27Z Yyield respectively. Migration of C-% - C-6 bond was
not negligible here and afforded compound 2c¢ in 18% yield, while for short
reaction times or low amount of catalyst, the presence of the 9-methylene
derivative 3b was detected as Kinetic product. when silica-supported p-
toluanesulfonic acid was used as a catalysti® the required key product 2a was
produced in higher percentage (657), while 2b and 2c were formed in {TX and 147
yield respectively. Structures 2a-c followed from spectroscopic considerations
similar to those already described for compounds !_S_a-_c.° Moreover, the chemical
shift of the three methy! groups at C-3, C-3a and C-7a in 2a are verYy similar
to those reported for the same methyl groups in pinguisone g.a

Differences in behaviour between Ketol 3 and the model compound & can
be attributed to the presence of the #&-exo-methyl group in 3, which
introduces negative eclipsing effects in the transition states for ions 2d and
2e. As a consequence, the relative stability of ion 2f is enhanced and a higher
amount of compound 2¢c 1s formed. The higher amount of 2a with respect to 2
(3.8 : 1 molar ratio) is an aspect that does not correspond to the results
obtained in the rearrangement of the model compound 4 (SCHEME 2) where 3a and
5b were obtained in 1 : 1 molar ratio. This fact could be explained as a result
of the poorer migratory aptitude of secondary alkyl groups with respect to the
primary ones which are Known to migrate slower than carbonyis.®

with the Key synthetic intermediate 2a in the hand, the synthesis of

{+) pinguisone | was carried out as follows (SCHEME &)
After protection of 2a as {,3-dioxolane 15, allylic oxidation gave the enone 16
which was converted to the vr-Ketoesters 17a-d (9 : { via GC) Dby Birch
reduction followed by quenching of the intermediate enolate with methylbromo-
acetate. Under these conditions the reduction product 18 was also formed (28%)
together with a cyclopropane derivative Known as a condensation product of
methylbromoacetate.i® Configurations at C-6 and C-7 in {7a were established by
iH-HMR after basic hydrolysis to the corresponding v-Ketoacid which exists as
the lactonic hemiacetal 19, while the epimeric situation at C-6 in {7b (not
isolated) was tentatively assigned as a consequence of the conversion of the
9 : 1 mixture {Ta-b to a {1 : { mixture under the action of sodium methoxide.

In the lH-NMR spectrum of 19, the protons at C-7 and C-8 (276 and 1.70
4 respectively) show, inter alia, a coupling constant (J= 12.0 HZ)
characteristic of a ¢t¢rans djaxial situation, the same trans configura-
tion Dbeing extendible to the protons at C-6 and C-T7 in the precursor {7.

Dehydration of the lactonic hemiacetal 19 was {first attempted DYy
treating 19 with acetic anhydride and p-toluenuulionic acia as a cqialylt
at room temperature. Under these conditions only the enol lactone 20 was
obtained as the Kinetic product. However, since the latter compound was not
suitable for the next step,i® a prolonged heating of 20 in AcpO/TsOH at 110-C
was tried, which resulted in formation of the more stable dutenolide 2i, with
contemporary loss of the acetalic protection. The same result was obtained by
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direct heating of {9 at 110:C. A similar equilibrating situatien Dbetween
snol-lacton¥s and Dbutenoclides has already been destridbed for different
systems.17
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Conversion of 21 to (+) pinguisone { was achieved taking advantage
of the well known aptitude of DIBAM to reduce butenolides!® ana the described
inertness of the carbonyl group of pinguisone | towards LAH. Thus DIBAH re-
duction of 21 at -20-C, followed Dby an acidic workup afforded (3) 1 in 60%
yield.

EXPERIMENTAL

K.ps are uncorrected. IH-EMR spectra were recorded with either Varian
EN 360 or JdL 300 instruments using CDCly as a solvent and TNS as an internal
standard. !3C-NMR spectra were carried out with a Varian XL 300 spectrometer,
IR spectra with a Perkin Eimer 297 specirometer and mass specira by means of a
Kratos MS8-80 instrument. GC analyses were carried out on a HP-8880A Chromato-
graph by using a 25 m long capillarx column (OV 101). Uniess otherwise atateq,
colymn chromatographies were carried out on silica gel (50 : ¢ weight ratio) by
eluting with 1light petroleum (40-70‘)-ethyl .acetate mixtures. Dry sodium
sulfate was always used in drying organic extracta. Where not reported botling
points were not determined Dbecause of thermal instability of the olly products.
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2-(3-Bromopropyl)-2,6-dimethyicyclonexanone (7). A stirred solution of 2-allyl-
2,6-dimethylicyclohexanone §1° (7.50 g, 4354 mmoles) in 13 1 of prepurified dry
n-pentane was irradiated at room temperature with a high pressure Hg-Hanovia
quartz lamp and streamed with Kp. NKitrogen stream was substituted with dry HBr
and the reaction was carried out for 485 h. The resulting dark Yyellow solution
was washed with NapySp03 (satd. soln) and bdrine. Drying and solvent removal
gave T (31.0 g, 98%) as a cls-trans mnixture not further purified.
IRymax (CClg) 2970, 2940, 2870, 1710 cm-l, IH-EMR: @8 3.80-3.22 (m, 2H;
CHpBr), 2.81-1.2¢ (m, 11H), {45 and 097 (ss, 3H; Cp-CHy), 096 (4, J = 63
Hz, 3H; Cg-CH3z). NS, m/z (%4 rel. 1int.): 248/246 (M*, isotopic pailr, 1.4)
190/188 (37), 1187 (100).

2-(3-Oxyacetylpropyl)-2,6-dimethyicyclonhexanocne (8). A Dbenzenic solution (23
ml) of 7:(106 g 42.5 mmoles) and (n-Bu)yMCl (2.0 g, 6.7 mmoles) was added to
an aqueous solution (78 ml) of potassium acetate (75 g) and the mixture was
vigorously stirred at 75-C for 2 h. Extraction with EKt;0, drying and solvent
removal gave § (9.0 g, 94%) as an oily cils-trans mixture not further
purified. IRymax (CCly) 2970, 2980, 2870, 1740, 170% cm~l. 1H-NMR: & 4.43-
3.80 (®, 2H; CHpOAc), 2.83-0.80 (m, 1{1H), 196 (s, 3H; -COp-CHj3), 142 and 0.93
(ss, 3H; Cp-CH3), 092 (4, J = 6.0 Hz, 3H; Cg-CHjz).

2-(3-Hydroxypropyl)-2,6-dimethylcyclohexanone (9). Acetate 8 (85 g, 37.6
mmoles) was hydrolized with 85X KOH in EtOH (200 ml) at room temperature for {
h. The solution was concenirated In vacuo, brine (100 ml) was added and the
suspension extracted with Et0. The organic phase was washed with HpO, dried
and evaporated to give 9 (55 g, 794 as an oily cis-trans mixture not
further purified. IR,maxy (CCly) 3640, 29030, 2870, 1708 cm-i, 1H-NMR: & 3.53
(brt, J := 6.0 Hz, 2H; CHz-OH), 3.00-0.T7 (m, {iH), 2.85 (s, 1H; OH), 0.97 (brs,
3H; Cp-CHs), 098 (4, J = 7.0 Hz, 3H; Cg-CH3z). N8, m/z (X rel. int) 184
(M*, 2), 166 (62), 151 (26), 136 (93), 108 (100).

3-(2-0xo-1,3-dimethylcyclohexyl)-propanale (10). Ketol ¢ (5.0 g, 274 mmoles)
and PDC (20.4 g, 54.2 mmoles) were suspended in dry CHpCl, (200 ml) and re-
fluxed under stirring for 3 h. Filtration through FlorisilR, washing with Rtp0
and solvent removal gave 10 (4.2 g, 84)) as a low melting cis-trans
mixture. An analytical sample was obtained bY evaporative distillation. Bp 77-
79.C/1.8 mmHg. IRymax (CCly) 2970, 2930, 2870, 2720, 1730, 17410 ca-i,
{H-NMR: & 973 (brt, J = 2 Hz, 1H; CHO), 3.00-0.80 (m, 11H), 1.00 and O0.9T (ss,
3H; Cy-CHs), 097 (4, J = 6.0 Hz, 3H; C3-CHz). HS, m/z (4 rel. int) 182
(M*, 21), 167 (8), 166 (15), 140 (10), 126 (88), 125 (100).

exo- and endo-2-Hydroxy-1,5-dimethylbicyclo [3.3.4) nonan-9-one
({4).128 A golution of compound 10 (8.0 g, 219 mmoles) in diogane (50 ml) was
slowly added at OC to a stirred solution of HCl 7 R (70 ml) in dioxane (50
ml). The resulting light solution was stirred at room temperature overnight,
then cautiously neutralized with solid NaHCO3. Vater was added and the
suspension extracted with Ktp0. The ethiereal phase was washed with Dbrine and
the solvent was evaporated to give i as an exo/endo mixture (3.8 ¢, 96%).
mp 37-81.C, 1it. 38-s0.c.12a

1,5-Dimethylbicyclo [3.3.4] nonan-2,9-dione (12).12P <xetol 1 (35 ¢, 19.2
mmoles) and PDC (14.5 ¢, 21.9 mmoles) were suspended in dry CHpCl, (100 ml) and
refluxed under stirring for 2 h. Filtration through Florisil and solvent
removal afforded the already Kknown {2 as a low melting solid (29 g, 85%). A
sublimed analytical sample melted at 48C (1it. a7-as.c).i2b

1,5-Dimethylbicyclo [3.3.4] non-3-en-2,9-dione (13). Dione 12 (29 g 184
mmoles) in 10 ml of dry THF was added at 0C to a stirred solution of
prridinium bromide perbromide (5.2 g, 10.6 mmoles) in dry THF (200 ml) anda
stirring was mantained for 0.5 h. The resulting light yYyellow suspension was
filtered into an { : { solution of KaCl (satd. soln) and O4 N NaySp0x, and
the mixture was extracted with CHpClp. Washing of the organic phase with brine,
drying and solvent removal afforded the {35-dimethyl-3-endo-bromobicyclo

{3.3.4) nonan-2,9-dione (12a) (3.8 g, 904 which was immediately dehydro-

halogenated. IR,max (CCly) 1735, 1712 cm-l. 1H-NMR: 0 &80 (a4, Jg = 8.0
and 25 Hz, 1H; C3-Hpg), 274 (44, Jg; = 165 and 5.0 Hz, iH; Cy-Hg), 228 (dd,
Jg = 1686 ana 2% Hz, 1H, Cg-Hy), 3.00-0.84 (m, OH), 1.35 (s, 3H; C;-CH3), 1.24

(s, 3H; Cg-CH3). NS, m/=z (% 7rel. 1int): 260/2%58 (M*, isotopic pair, B)

Bromide {2a (3.8 ¢, 14.5 mmoles), lithium carbonate (3.6 g) and lithium bromide
(8.9 g) were dissolved in DMF (50 ml) and warmed &t 100:C under stirring for 2
h. The resulting mixture was poured into bdbrine and extracted twice with Et0
and CHaClp. The organic phases were washed ‘with btine and water, dried and
evaporated to give {3 (2.0 g, 787 as a ligquid not further purified. IRy,pax
(CCly) 2940, 1730, 1678 ca~i, H-NMR: 8 671 (4, J = 10.0 Hz, 1H; Cyg-H), 6.30
(4, J = 10.0 Hz, 1H; Cx-H), 2.33-0.60 (m, ©H), 1.23 (s, 3Hf Cq-CHy), 143 (s,
3H; Cg-CH3). N8, m/x (7 rel. int): 178 (K% 97), 163 (160), 135 (65).
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1,48,3-Trimethylbicyclo [3.3.4) non-2-en-2-trimethrisilyloxy-9~-one (18). A
stirred suspension of d4ry Cul (44 g, 216 mmoles) in 4ry Et0 (00 ml) was
cooled at -28-C under Kz and methyllithium (1.6 M in BEtxa0, 270 ml) was added
through a rubdbbér septum with a syringe After i35 min stirring the enone 13 {.9
g€ 310.7 mmoles) in 50 ml of Ary REty0O was added and the mixture was left under
stirring at -20C for 2 h. At the end a solution of distilled NeySiCl (5.8 g)
in EBtp0 (30 ml) was added and the resulting white suspension was stirred at
-20-C for additional 2 h. Filtration and solvent removal afforded {§ (25 g,
887) as an oil, pure (9TX) via GC. IR,pay (CCly) 2960, 285@, 1715, 1680
cm-l, 1H-ENR: 3 488 (@ J : &8 Hz, IH; Cy-H), 2.91-089 (m, 7H), 0.97 (s, 3H;
Cy-CHz), 0.89 (s, SH; Cp-CHy), 0.78 (4, J = 7 Hz, 3H; Ca-CHs). M8, =m/x (%
rel. 1int.k: 268 (M*, 885), 251 (100), 223 (AT), 197 (60).

1,48,5-Trimethylbicyclo [3.3.4] nonan-2,9~diome (id3). The silylenclether (4
(0.05 g) was dissolved in a THF/ACOH/Hp0 mixture (0.5 ml) and stirred for i h.
Neutralization with NaNCOj3, extraction with Etpz0, drying and solvent removal
left 8%a (0.03 g). IRymax (CCly) 2960, 2880, 1730, 1705 cm~i, I1H-NWR: 2
3.26-0.74 (m, 9H), 148 (s, 3H; Cy-CH3), 1.i4 (s, 3H; Cg-CHgy), 085 (a4, J = T.0
Hz, 3H; Cgq-CH3). NS, m/x (4 rel. int) 194 (M*, 30), 128 (100), @8t (12).

9-syn~-Hydroxy-1,48,5,9-tetramethylbicyclo [3.3.4) nonan-2-one (3).
Silylenoclether & (2.3 g, 8.6 mmoles) in dry THF (60 ml) was placed in a flask
equipped with rubber septum and XN, stream and cooled at -78C. A 16 N solution
of MeLi in Etp0O (1.3 ml, 161 mmoles) was added by a ayringe and the mixture
was stirred at -78C for {1 h. The resulting suspension was poured into aqueous
NH4Cl (60 ml satd. soln) and thoroughly washed with Dbrine, dried and evapo-
rated to give 3 (1.T g, 974 as a solid. Ap (from hexane) 75.%-76.5-C.
IRymax (CCla) 3630, 2980, 2880, 1708 1100 cm~i, 1H-NNR: & 2.640 (44, Jg -
16,06 and 8.79 Kz, {H; C3y-Hy), 2.480 (da Jg =2 {606 and 7.33 Hz, 1H; Cs-Hg),
1.860 (ddq, Jg = 8.79, 7.33 and T.40 Hzx, {H; Cgq-Hg), 1.70-4.30 (m, ©OH), 1.4
(brs, 1H; OH), 1.220 (s, 3H; Cgp-CHy), 1108 ( J = T7.40 Hx, 3H; Cgq-CHgz), 1.078
(s, 3H; Cy-CHjy), 1.037 (s, 3H; Cg-CHsy). 13c-nmur: 8 21282 (Ca), T8.T6 (Co),
83,27 (Cyq)s 488.02 (C3y), &#1.79, 39.38 (Cs), 37.09, 35,80 (Cy) 21.90, 21.54,
19.77, 19.7¢, 17.84. X8 m/x (/ rel. int.): 210 (MY, 23), 192 (19), 717
(11), t49 (27), 123 (100). HRHENS, found: 210.163. Calc. for CyzHpo505: 210.162.

Dehydration-rearrangement of 3. Isolation of 3 §,3a8,7,Tap-tetranethyl
2,3,3a,4,5,7Ta-hexahyroinden~i-one (2a3), 3B5,3aB,4,7aPp-tetranethyl-2,3,54,6,7,7Ta-
hexahydroinden-i-one (2b) and 3ap,6,7,7aPp-tetramethyl-1,2,3,5a,7,Ta-hexahydro
inden-4-one (2¢) Compourid 3 (15 g, 7.4 mmoles) in dry benzene (05 1) was
added to p-toluenesuifonic acid adsorbed on silica ge1 (30 g and the
mixture was heated at 60-:C under stirring for 20 min. Light petroleum 30-50-
(150 ml) was added, the suspension poured into a chromatographic column and
eluted with Etp0. Solvent removal with a Vigreux column left a crude oily
residue (1.2 ¢ which was adsorbed on stlica gel (120 g and eluted with
pentane-Eto0 (95 : 5). The first compound eluted (0.22 g, 16X was identified
as 2b. IRymax (CCly) 3020, 2830, 1735 cm-1l, 1H-RMR: & 5.49 (brm, iH; Cg-H),
2.65-0.63 (m, TH), 154 (m, 3H; Cu4-CH3), 0.98 (si 3H; Cpa-CHz), 09& (4, J =
6.8 Nz, 3H; C3-CHs), O.T0 (s, 3H; C3ya-CHs). Sc-mmr: 8 219.72 (Cy), 132.81
(Cg)y 124.38 (Cy), 59.49 (Cyg), #43.44 (Czgz), 42.36, 30.4%#, 28.76, 22.35, 19.60,
18.20, 16.49, 13.92. M8,m/x (/ 7rel. 1int) 192 (N*, A3), (7T (6), 149 (11),
122 (100). HRNS, fuond 192.1807. Calc. for CyzHpoO: 192.1543.

The second compound .eluted was 2a (0.80 g, B89%). IRVBAX (cCl,) 3030, 2980,
2880, 1740 cm~i {H-XMR: 4 6.35 (brm, iH; Cg-H), 2.70-0.77T (m, TH), 1.7t
(m, 3H; C;-CHj), 409 J = 685 Hx, 3H; C3-CHy), 0.08 (s, 3M; Cyga-CHp), 0.04
(s, 3H; Cxa-CHy). 13c-xMR: & 220.98 (Cy), 132.20 (Cy), 12187 (Cg), S53.79
(Cra)y #46.48 (C3g), 4358, 36.29, 28.38, 21.89, 21.38, 16.94, i6.08, 14.88. N3,
m/2 (X rel int.): t92 (M*, 32), 177 (6), 122 (100). HRMS, found 192.153,
Calc. for CygHpoO: 192.1513.

Subsequent ‘elutton gave a mixture (046 g, 124, 2 peaks via GC) identified
as 2¢. Repeated preparative chromatography allowed the 1isolation of a small
pure sample of the more abundant one. IRymax (CCly) 3030, 2960, 2880, 1670,
1640 cm-i, 1H-EMR: 8 578 (m, 1H; Cg-H), 2.77-0.77 (m, 7TH), 1.88 (m, 3H; Cg-
CHy), 142 (4, J = 7.0 HZ, 3H; Cy-CHgx), 1.00 (s, 3H; Cga-CH3), ©0.97 (s, 3H;
Cya-CHy). MS, m/x (% rel. int): 92 (M% 15), 96 (100).

The reaction was repeated with an analytical sample of 3 using n-eicosane as an
internal GC standard and afforded 2a, 2b and 2c in 634 17X and 147 Yyield
respectively.

Dehydration-rearrangement of 3 Isolation of 1,48 8-trimethyl-9-methylenedi
cyclo [3.3.4) nonan-2-on¢ (3P). Compourida 3 (0.10 g) was dissolved 1in dary
bDenzene (2 ml), p-tolushesulfonic acid (i3 mg) was added and ithe mixture
was reflumed for 2 h using a Dean-Stark trap. GC analysis showed 2a (217), 2b
(12%), 2¢ (8X) and a new product (60X}, After neutralization and extraction
with Et,0, solvent removal left a crude residue (80 mg) which was adsorbed on a
preparative plate and eluted to give 3b (45 mg, 50%). IRymax (CCly) 3100,
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2980, 2650, 1708, 16385 cm-i. IH-EMR: & 4.98 (brs, 1H; c,:cm. 4.89 (dbrs, iH;
CgzCH), 2.98-0.T7° (m, 9H), 120 (s, 3H; C¢-CHgy), 1143 (s, 3H; Cg-CHy), 0.93 (d,

= 6.5 Hx, 3H; Cg-CHy). KBS, m/x (%~ rel. int) 192 (M*, 50), {77 (00
Cempound 3 (10 myg) was refluxed in dry. benzene with p-TsOH (molar ratio ¢
: 05) as a catalyst and was completely consumed in 2 h to give £ £p &nd 2¢
in 8%/, 27X and 18X yield respectively (via GC).

1,1-Ethylenedloxy-3B,328,7,7TaB-tetramethyl-2,5,33,4,5,Ta-hexahydroindene (18).
Compound 2a (0.70 g, 3.6 mmoles), ethylenegiycol (7.5 mmoles) and p-tolue-
nesulfonic acid (0.3 mmoles) were refluzxed in Ary Ddbenzens (¥ ml) using a Dean-
Stark trap and adding some molecular sieves. After two days the mixture was
filtered, washed with KaNCOy and the aqueous phase extracted with Btp0. The
collected organic phases were dried and evaporated to dryness to afford a crude
mixture (0.8 g Column chromatography sgave 23 - so.as g 20X) and §5 (088 ¢
80%). IRymax (CCly) 3020, 2960, 2880, 1070 com~ iH-mNR: & 6.30 (m, 1H;
5—!!). 3.83 (m, 4H; O—(CHp)p-0), 2.80-0.67 (m, 7H), 1.7t (m, 3H, C,-CHy) 1.02
i z 66 Hz, 3H; Cg-CH3), 099 (s, 3H; Cya-CH3z), 0.81 (s, 3H; Cgoa-CHy).
3c-llll‘ 180.28 (Cy), 120.27 (Cg), 116.88 (Cq), 64.52 (Cyy), 64.40 (Cyp)
49.91 (cy.), 48.18 (C3za). 44.67, 40.24, 28.11, 22.49, 21.35, 17.Y5, 14.48,
12.47. HMS m/x (% rel. 1int) 236 (M* 2); 113 (100); 107 (13 99 (a3).

The residual subdbstrate 2a was recycled as adbove to give additional {8 (042 g)

1,1-Ethylenedioxy-38,3aPp,7,Tag-tetramnethyl-2,3,33,4,5,Ta-hexahydroinden-§-one

(0 A stirred suspension of dried CrO3z (3.2 g 1in dry CNpCly (TO ml) was
cooled at -20-C, 3,8-dimethylpyrazol (7.9 g) was quickly added and the deep red
mixture was stirred for 13 min. Ketal 1§ (075 ¢, 3.2 mmoles) was added
dropwise and temperature was Kept at -20-C for 2 h. At the end 10Y aqueous EaOH
{20 ml) was added ‘and stirring was continued at 0C for {1 h. The mixture was
extracted with Et50, the extracts washed with Dbrine, dried and evaporated to
give a crude mixture (078 g). OColumn chromatography gave 1{,i-ethylenedioxy-7-
formyl-38,3ap,Tap-trimethyl-2,3,3a,4,8, 7n-ncxahrdrolndon-8-ono (188) (0.07 g,
8X); IRypax (CCly) 2980, 2960, 2725, {700, 1890 cm-l. 1H-EMR 8 948 (s,

iH; CHO), 6.5 (s, 1H; Cg-H), 3.50-3.27 (m, 4&H; O-(CHp)-O), 236 (4, J = 16.8
Hz, 1M; Cy-Hy), 186 (4, J : 166 Hz, 1H; Cy-Hp), 2.20-1.00 (m, 3W), 112 (d,
J : 68 Hz, 3H; C3-CHy), 1.08 (s, 3H; Cyq-CHy), O0.84 (s, 3H; Csza-CHy). N8,

m/x (% rel. int): 264 (M*, 2), 113 (100), 99 (B5)

Subsequaent elution afforded 16 (0.66 g, 82)). IRymax (CCly) 3030, 2980,
2040, 1675, 1620, 1076 cm-l. lH-WNR: 2 5802 (g, J : 128 Hsz, 1H; Cg-H), 3.95-
35 (rm, #H; O~(CHp)p-0), 2587 (4, J :=47.03 Hx, {H; Cgq-Hg) 2.391 (daq, Jp =
9.2, 983 and -8.36 Hz, tH; Cz-H), 2196 (44, Jg - 14.0T7 and 9.63 Hs, 1H; Cz-
H), 2486 (4, J = 17.03 Hz, IH; c;-n'(r). 1946 (4, J = 1.85 Hz, 3H; Cy-CHy)
1.688 (a4, Jg := 1407 amnd 9.82 Hz, Cp-H), 1137 (s, 3H; Cya-CH3), 1.088 (4,
J : 68 Mz, 3H; C3-CHx), 0.943 (s, 3K; Cyoa-CHy). 135C-NMR: 0o 198.36 (Cg),
166.03 (Cy), 125.35 (Cg), 11743 (Cy), 65.01 (Cya) 68.46 (C(p), 5397 (Cya)
49.38 (Cza), #4.23, 43.80, 38.56, 21.97, 17.88, 17.05, 14.86. NS  m/x
(# rel. int.): 250 (M*, 3), U3 (100), 99 (72), 88 (7T4). HRNS, found: B250.1563.
Calc. for CysHpsOy: 250.15888.

1,i-Bthylenedioxy-38,3a8,78,7Tap-tetranethyl-8-carbomethoxymethyl-pernydroinden-
s-one (i78), (i-ethylenedioxy-3A.3aP,7,7aB-tetramethyl-perhydroinden-5-one
{18) anda 3- hydroxy -18,08,98,128-tetramethy1-TPH-10,40-ethylened10Xy-8-0x0-4~
oxatricyclo 17.3.0.0%Y} dodecane (19) Lithium wires (37 mg, 8.3 mmoles) were
dissolved in d4ry liguid ammonia (60 ml) under stirring and argon atmosphere at
~T78:C. After 30 MAin stirring, a .solution of enone 18 (0.60 g, 2.4 mmoles) and
t-butanol (044 g, 1.9 mmoles) in dry THF (10 ml) was added through a syringe
and the mixturs was stirred at -T8:C for 30 min. Nethryibromoacetats (0.9 g, 88
mmoles) In THF (3 ml) was added and the resulting suspension was left at room
temperature until- ammonia was evaporated. Vater (50 ml) was added, the sus-
pension extracted with Et0 and the organic phase washed with brine and dried.
Solvent removal left 3 residue which was adsordbed on silica gel and .eluted
(CHpClp-ACOEt 9 : 1) to afford 4,8,3-trans-tricardomethozycycicpropanei®
and a mixturs of 173-p (in 9 : § molar ratio (74X wia GC). GC-MNS8 coupling:
m/z (X rel. int.): 324 (N*, 5), 293 (233, 23t (7), 113 (100)) and {18 (24X
via GC). The mixture {73-b and 38 (0.72 g) was immediately suspended in a 2
H solution of KpCO3y in HpO/MeOH {1 1 1, 100 ml) and stirred at TrooR temperatpre
overnight. Water was added and the alkaline suspension thoroughly extradtaa
with Ete0. The organic phase was washed with brine, dried and evaporated to
ive 18 (044 g, 24% referred to 16). IR,max (CCly) 2975, 1720, 1066 cm~i.
H-ENMR: 3 3.95-3.70 (m, #&H; O-(CHp)2-0), 2.476 (dd, Jg = 16,70 and 13.86 Hz,
1H; Op-Kg) 2302 (ddq, Jg = 13.86, 391 amd 6.96 Hzx, {H; Cy-H), 2.290 e J =
1584 Hx, IM; Cy-Hy), 2068 (4, J = 1854 Hzx, 1H; C;-H’) 2.049 (a4, Jg = IAKTO
and 391 M3, 1H; Cp-Heh 1970 (44, Jg = 1335 and- 7.98 Hx, {H; Cg-Hp) 1.837
(m, 1H; Cy-M), 1581 (d4, Jg = 13.35 and 1129 Hx, ‘iH; Cg-Hg) $.013 (s, 3H;
Cyq-CHg), 1002 (4, J = 6.869 Hz, 3H; Cq-CHj3), 0.987 (4, J:= €95 Mz, 3H; Cx-
CHy), ©0.916 (s, 3H, Cgya-CHy). NS m/x (X rel. int.): 262 (M*, 0.8); 113
(100); o9 19).



Total synthesis of ( + ) pinguisone 4845

The alkaline mother liquor was cooled at O<C and cautiously acidified at pH S
under stirring with NH4Cl. Extraction with Et0, drying and solvent removal
afforded {3 (0.54 g, 73X referred to 16). ng (from light petroleum-AcOEt) 166-
159:C. IRymax (CClg) 3510, 2980, 1750 cm~l. 1H-RNR: & 3.91-3.78 (m, &H; O-
(CHp)p-0), £2.088 (add, Jy = 1200, 433 and 6.80 Hz, 1H; Cy-Hp) 2.688 (d4, Jg
= {7123 and ©6.80 Hz, 1H; Cg-Hy), 2561 (a4, Jg = 1T7.25 and &#.33 Hz, Cg-Hp),
2548 (ddq, Jg : 930, 988 and 6.00 Hz, (H; Cyo-Hyg) 2327 (& J : (4840 Hz,
10, Cp-Hgh 2202 (4, J.:= 14.840 Hzx, iH; cz-m 2493 (44, Jg = 14.28 and 9.39
Hz, 1H; Cy-Hg), 1708 (4q, Jy = 1200 and Hz, 1H; Ca-Mg), 1388 (44, Jg =
14.26 and 906 H=xz, {H; C;;-Hp), 1.426 (brs, (H; Cy-OH), 104 (4, J = 684 Hz,
6H; Ca-CRy and Cyp~CHy), 1037 (s, 3H; Cg-CHy), 0.859 (s, 3H; Cy-CHy). 13C-mMR:
3 186.81 (Cg), 136.20 (Cs), 117.3% (Cyg), 65.42 (Cypa) ©08%.21 (Cyop) 55.07
{(Co)y ABT.97T (Cq), 48.9%, 46.83, 43.98, 43.77, 32.TA, 29.67, 18.04, {7.%2,
17.42, 18.28.

HRMS, found: 3104770. Calc. for CyyHpgOp: 310.1780.

Equlibration of {73-b. A small sample of the mixture {73-b (9 @ § via GC )
and 18 was dissolved in methanol containing a trace of sodium and left at room
temperature overnight. GC analysis showed 17a-h in § : 1 ratio while §8 was
unaffected.

1B.88,9p,12B-Tetramethyl-7TBH-10,10-ethylenedioxy-5-oxo~-4-oxatricyclo

[7.8.0. "] dodec-2-ene (§0). Keto acid 19 (20 mg, 0.06 mmoles) was dissolved
in 03 ml of acetic anhydride, one crystal of p-TsOH was added and the
solution was left at room temperature. After 2 h, the mixture was poured into
saturated solution of NaHCO3z (10 ml) and stirred until COp evolution ceased.
The aqueous solution was extracted with CHCly and the organic phase was dried.
Solvent removal left a- crude mixture which was purified by PLC to give 20 (I8
mg, 83X). IRymax (CCly) 2960, 2880, 1816, 1715, 1118, 1085 cm-1, H-NMR: @

5287 (4, J = 1.84 Hz, 1H; Cp-H), 4.00-3.78 (m, &H; O-(CHp)p-O), 2.78% (dddd,
Jg = 11.02, 10.66, 8.86 and 1.34 Hs, 1H; Cy-Hp), 2769 (44, Jg = 19.06 and 8.56
Hz, 1H; Cg-Hp), 2.291 (adq, Jj = 10.80, 5.90 and T7.10 Hz, 1H; Cyp-Hy), 2.2065
(@@ Jg = 19.05 and 1068 Hz, 1H; Cg-Hy), 2.07T4 (44, Jg =t 13.60 and 1050 Hz,
{H; Cyy-Hp), 1.481 (dq, Jg = 11.02 and 6.50 Hz, iH; Cg-Hg), 1.408 (dd, Jg -
13.60 and 590 Hz, 1H; Cy-Hgh O. 998 (4, J = T.0 Hz, 3H; Cyp-CH3), 0.993 (s,
3H; Co9-CH3), 0982 (4 J = 680 Hz, 3H; Ca-CHy), 0.901 (s, 3H; Cy-CHy). NS

m/x (4 rel. int.): 292 (M*, 8), 220 (7), 206 (25), 179 (i4), 113 (100).

1B,8P,98,128-Tetramethyl-3aH-8-0x0-4-oxatricyclo [7.3.0.03:7) dodec-6-en-10-one
(29). Ketoacid 19 (0,30 g, O0.97 mmoles) was dissolved 1in distilled acetic
anhydride (3 ml) containing 057 of p-TsOH and heated at $10:C for 20 h.
The resulting mixture was poured into excess of aqueous NaHCO3 (satd. soln)
and stirred until COp evolution ceased. Extraction with CHCly drying of the
organic phase and solvent removal left a crude residue which was purified Dby
column chromatography to afford pure 2i (02 g, Ti%Z). mp (from hexane-AcOREt)
136-137-C. IRymax (CCly) 2980, 2920, 1760, 1740, 1648 cm~%, iH-NMR: 3 B5.8%0
(da, Jg : 293 and (.57 Hz, 1H; Cg-H), #4848 (ddd4, Jg = {1.70, 6.34 and 1.57
Hz, 1{H; C3-Hy), 2714 (a4, Jg = 20.29 and 9.28 Hz, 1H; Cgq-Hy), 2.617 (Q4d, Jg =
6.78 and 2.93 Hz, 1H; Cg-Hy) 2.262 (ddq, Jg = 939, 928 and T.05 Hz, Cyp-Hgy),
2.02% (a4, Jg = 1270 and 634 Hz, {H; Cp-Hgy), 1804 (dd, Jg = 2029 and 9.39

Hz, 1H; Cy-Hg), 1584 (44, Jg = 1270 and 1170 Hz, 1H; Cp-Hp), 1366 (d, J -
©.78 Hz, 3H; Cg-CH3) 1167 ‘(s 3H; Co-CH3) 1.091 (4, J = 7.05 Hz, 3H; Cqp-
CHz), 0.982 (s, 3H; Cy-CHs). I3C-NMR: 3 220.88 (Cqo), 178AT (Cg), 172.73 (Cq),

11376 (Cg), 78.43 (C3), 55.49 (cg), 50.36 (Cq), #2.56, 39.65, 38.95, 30.44,
17.70, 16.64, 15.35, 13,07. HS m/z (1 rel. 1int.): 248 (M*, 9); 164 (i8);
128 (100); 110 (33). HRNS, found: 248.44035. Calc for CygHpoOx: 248.18123.

(#) Pinguisone (i). A solution of Dbutenolide 2f (50 mg, 0.20 mmoles) in dary THF
(2.0 ml) was cooled at -23-C under stirring and Np stream, then a 17X solution
of DIBAH (0.23 ml) was added DY a syringe and the mixture was stirred at -28-C
for 40 min. 2 N Sulfuric acid (0.5 ml) was added and stirring was continued at
-5C for {5 min. At the end the mixture was poured into ice/water and extracted
with Et0. The extracts were washed with NaHCO3 dried and evaporated to leave
a solid (35 mg). Column chromatography gave pure § (28 mg, 607 crystaliized
from n-heptane, mp 63°C, 1it.2 63°C), whose spectroscopic properties were
superimposable with those described in the Iliterature?.
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