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AbstractÐThe strain of the bisnoradamantane skeleton is shown by: (i) the easy homoketonization of tricyclo[3.3.0.03,7]octane-1,5-diol, 2a,
to exo-7-hydroxy-cis-bicyclo[3.3.0]octan-3-one, 3a, under silica gel column chromatography, and (ii) the cleavage of the C3±C7 bond
of 1,5-dimethyl-3,7-dipivaloyltricyclo[3.3.0.03,7]octane, 9, to give bicyclo[3.3.0]octane diketones, under attempted SmI2-intramolecular
pinacolization. In contrast, 2a was obtained by SmI2-pinacolization of cis-bicyclo[3.3.0]octane-3,7-dione, 1a. q 2001 Elsevier Science
Ltd. All rights reserved.

We have been much interested in the synthesis and reac-
tivity of bisnoradamantane derivatives for the last 20
years.1±8 Some time ago, Hoffmann et al. published the
use of SmI2 for intramolecular pinacolizations leading
from diketone 1b to diol 2b,9 and from different 1,4-dike-
tones to cyclobutane-1,2-diols.10 We published the synthesis
of several 3,7-dialkyltricyclo[3.3.0.03,7]octane-1,5-diols,4

by pinacolization of different 1,5-dialkyl-cis-bicy-
clo[3.3.0]octane-3,7-diones, using low-valent titanium
species as the reducing agent. However, we failed to obtain
the parent diol 2a, by this procedure. To the best of our
knowledge, compound 2a has not been described yet. In
this paper, we describe: (i) the preparation of compound
2a by SmI2-intramolecular pinacolization of dione 1a,
and its easy silica gel-promoted homoketonization to keto
alcohol 3a, and (ii) the cleavage of the C3±C7 bond of the
tricyclic diketone 9, to give bicyclo[3.3.0]octane diketones,
under attempted SmI2-intramolecular pinacolization.

1. Results and discussion

1.1. SmI2 intramolecular pinacolization of cis-bicyclo[3.3.0]-
octane-3,7-dione, 1a, and homoketonization of tricyclo-
[3.3.0.03,7]octane-1,5-diol, 2a

Reduction of diketone 1a with SmI2 following a modi®-
cation of the procedure described by Hoffmann et al.9±11

gave pinacol 2a in 30% isolated yield. Pinacol 2a was
fully converted into the exo-keto alcohol 3a, on standing
overnight in a silica gel column.

To establish the con®guration of compound 3a, its endo-
stereoisomer 4 was prepared by reduction of diketone 1a
with a limited amount of NaBH4. In this reduction, the main
products were the endo-keto alcohol 4 and the endo,endo-
diol 5. Minor amounts of the exo-keto alcohol 3 were
detected (GC/MS) while the minor exo,exo-diol 6 could
be isolated and fully characterized. The con®guration of
keto alcohols 3a and 4 was fully established by NOESY
experiments. In the NOESY spectrum of the exo-keto alco-
hol 3a, a cross-peak (nOe) was clearly observed for the pairs
of protons 7-H/6(8)-Hb, in accord with the endo-arranga-
ment of 7-H. On the contrary, in the NOESY spectrum of
the endo-keto alcohol 4, a cross-peak (nOe) was observed
for the pairs of protons 7-H/6(8)-Ha, in accord with expect-
ations. The only literature reference for keto alcohols 3a
and 4 corresponds to a patent,12 while endo,endo-diol 5
has been partially described from a mixture with other
stereoisomers.13,14

Conversion of pinacol 2a into keto alcohol 3a is an example
of a homoketonization reaction. Several examples of homo-
ketonization of non-cyclopropane strained alcohols are
known.15±19

The stereochemistry of the base-catalyzed homoketoni-
zation of strained polycyclic alcohols was studied by
Borden et al.,16,20 using deuterium-labelling techniques.
One of the cases studied was a compound closely related
to 2a, 3,7-dimethyltricyclo[3.3.0.03,7]octan-1-ol.16 In the
studied cases, the reaction took place with retention of
con®guration, i.e. the new C±H bond was formed from
the same side of the broken C±C bond, which was explained
through the intervention of an SE2 mechanism.21 In this
mechanism, a transition state with a two electron-three
center bond involving the two carbon atoms of the bond
to be broken and a proton from the solvent was proposed
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to explain the observed retention of con®guration.22,23 A
similar mechanism may account for the observed stereo-
chemistry in the acid-catalyzed homoketonization of pina-
col 2a to keto alcohol 3a. When SmI2-pinacolization of
diketone 1a was carried out under the conditions described
by Hoffmann et al. for diketone 1b,9 (i.e. addition of 1 mmol
of water per mmol of SmI2, after heating the mixture of the
diketone and SmI2 under re¯ux for 1 h and then, continuing
the re¯ux for a further 72 h), the yield of the isolated 2a was
only 13%. This result might be explained by homoketoni-
zation of 2a under the acid reaction conditions, although no
keto alcohol 3a was isolated from this reaction. Probably,

for the same reason, we were unable to obtain pinacol 2a by
low-valent titanium pinacolization of diketone 1a.4

However, by using the last procedure we could obtain
several 3,7-dialkyltricyclo[3.3.0.03,7]octane-1,5-diols, stable
easily crystallizable solids.

The easy homoketonization of 2a must be clearly associated
with the strain of its bisnoradamantane skeleton that is liber-
ated on conversion to 3a. The question is why its 3,7-
dimethyl-analog 2b and other 3,7-dialkyl-derivatives are
more stable than the parent diol 2a. To understand this
fact, we carried out calculations on pinacols 2a and 2b
and keto alcohols 3a and 3b, using molecular mechanics
(MM224 and MM325) and semiempirical (AM126) methods.
Table 1 collects the calculated enthalpy of formation (DHf),
strain energy (SE), signi®cant bond lenghts and dihedral
angles for compounds 2a, 2b, 3a and 3b together with reac-
tion enthalpies (2a!3a and 2b!3b) and reaction enthalpy
differences. Although the results from the different methods
are quite different, from the data obtained with a particular
method, the following observations can be made: (i) the
C1±C5 bond length differences of 2a and 2b are very low
to account for the observed greater relative instability of 2a,
(ii) the C3±C7 bond in 2b and the C1±C5 bond in 3b are
usually somewhat larger than those of 2a and 3a, respect-
ively, a fact that may be associated to a decrease of the steric
interactions among the methyl substituents, (iii) the
enthalpy difference for the conversion of 2a to 3a is
higher than the corresponding difference for the conver-
sion of 2b to 3b. The greater enthalpy for the conversion
of 2a to 3a than for the conversion of 2b to 3b may be
re¯ected in a lower energy product-like transition-state
for the slow-step of this SE2 reaction, i.e. the breaking of
the C1±C5 bond in the protonated intermediate, thus
explaining the greater instability of 2a as compared
with 2b. A similar situation had been previously
observed in a related case. 4,5,10,11-Tetramethylhepta-
cyclo[8.2.1.12,5.14,7.18,11.01,8.02,7]hexadecane, the cyclobutane
dimer derived from 3,7-dimethyltricyclo[3.3.0.03,7]oct-1(5)-
ene, showed to be more stable, towards its [212] retro-
cycloaddition to an isomeric diene, than its demethylated
analog.7

Table 1. Molecular mechanics (MM2 and MM3) and semiempirical (AM1)
data [enthalpy of formation (DHf, kcal mol21), strain energy (SE, kcal -
mol21), bond lengths (d, AÊ ), dihedral angles (q, degrees), reaction enthalpy
and reaction enthalpy differences] calculated for compounds 2a, 2b, 3a and
3b.

2a MM2 MM3 AM1
DHf 271.0 254.7 251.0
SE 44.65 55.8 ±
dC1±C5 1.542 1.599 1.632
dC3±C7 1.582 1.635 1.611
qH±C3±C7±H 20.2 0.5 0.0

2b
DHf 289.2 271.0 260.6
SE 43.2 56.7 ±
dC1±C5 1.541 1.597 1.637
dC3±C7 1.587 1.634 1.624
qMe±C3±C7±Me 0.1 20.1 0.05

3a
DHf 288.2 288.6 2108.0
SE 15.7 11.9 ±
dC1±C5 1.550 1.570 1.550
qMe±C1±C5±Me 3.9 3.7 0.8

3b
DHf 2103.2 2103.3 2111.6
SE 17.5 12.7 ±
dC1±C5 1.563 1.585 1.562
qMe±C1±C5±Me 4.3 4.8 1.0

DH2a!3a 217.2 233.9 257.0
DH2b!3b 214.0 232.3 251.0
DH2a!3a2DH2b!3b 23.2 21.6 26.0

Scheme 1. Synthesis of tricyclo[3.3.0.03,7]octane-1,5-diol, 2a, by SmI2 reduction of cis-bicyclo[3.3.0]octane-3,7-dione, 1a, and its homoketonization to 7-exo-
hydroxy-cis-bicyclo[3.3.0]octan-3-one, 3a. aYields in square brackets were obtained by GC analysis of the different column chromatographic fractions.
Diketone 1a (17%) was also recovered.
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1.2. Cleavage of the C3±C7 bond of 1,5-dimethyl-3,7-
dipivaloyltricyclo[3.3.0.03,7]octane, 9, on attempted
SmI2-intramolecular pinacolization

Diketone 9 was obtained in 60% yield together with minor
amounts of keto ester 8 (12% yield) by reaction of diester 7
with 2 equiv. of tert-BuLi in anhydrous THF. Keto ester 8

was the main product (72% yield) when the amount of tert-
BuLi was limited to 1.2 equiv. Compound 9 is a 1,4-dike-
tone and we tried its SmI2 intramolecular pinacolization to a
cyclobutane-1,2-diol under the conditions described by
Hoffmann for the pinacolization of other 1,4-diketones.10,11

However, from the reaction of diketone 9 with SmI2

(4 mmol per mmol diketone), no pinacol 10 was isolated.

Figure 1. Preferred conformations obtained for diketones 9 and 11 and pinacols cis- and trans-10 by molecular mechanics calculations (MM2).

Scheme 2. Synthesis of 3,7-dimethyl-1,5-dipivaloyltricyclo[3.3.0.03,7]octane, 9, and its reduction with SmI2.
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The main product of this reaction was a mixture of the
stereoisomeric bicyclic diketones 11, 12 and 13 (80%
yield) from which the main component, endo,endo-diketone
11, could be isolated and fully characterized, compounds 12
and 13 being characterized as a mixture. From this reaction,
a mixture of stereoisomeric keto alcohols 14 (16% yield)
derived from the further reduction of diketones 11±13 was
also obtained. As expected, the formation of keto alcohols
14 was reduced when a lower excess of SmI2 was used.

A similar situation has been previously observed in the
attempted pinacolization of several 2,3-diacetylbicyclo-
[2.2.1]heptane derivatives27 and aromatic 1,4-diketones28

to the corresponding cyclobutane-1,2-diols. The cleavage
of a C±C bond in other SmI2-reductions has been usually
observed in cyclopropanic systems29±32 and sometimes in
less strained compounds.33±35 The cleavage of the C3±C7
bond in 9 instead of the cyclobutane-1,2-diol formation
might be explained taking into account the enormous
increase in strain energy associated with the intramolecular
pinacolization as compared with the strain release derived
from the cleavage of the bisnoradamantane skeleton. The
initially formed diketyl radical, instead of coupling, under-
goes homolysis of the C±C bond to produce a relatively less
strained system.

Molecular mechanics calculations (MM2) carried out on
diketones 9, 11 and the possible diols cis- and trans-10
gave the following formation enthalpies and strain energies
(DHf and SE, kcal/mol) for their minimum energy con-
formations (Fig. 1): 9 (DHf�2113.0 kcal mol21,
SE�53.25 kcal mol21), 11 (DHf�2149.3 kcal mol21,
SE�23.7 kcal mol21), cis-10 (DHf�288.0 kcal mol21,
SE�109.2 kcal mol21), and trans-10 (DHf�296.9 kcal -
mol21, SE�100.3 kcal mol21). Similar results were
obtained by using the MM3 program. These values show
the enormous strain energy increase associated with the
conversion of diketone 9 to the corresponding pinacols
cis- or trans-10, and the high strain energy release for its
conversion to the bicyclo[3.3.0]octane derivative 11. Thus,
it seems reasonable that the transition-state for the con-
version of the intermediate diketyl radical derived from 9
to the bis-enolate derived from diketone 11 be of much
lower energy than the corresponding transition-state for its
conversion to the diolate derived whether from cis- or trans-
10. Consequently, conversion of diketone 9 to 11, via its
diketyl radical, must be much faster than its conversion to
cis- or trans-10, thus explaining the experimental result.

2. Conclusions

Compounds containing the bisnoradamantane skeleton,
such as 2a and 9, are highly strained and readily undergo
fragmentation reactions to bicyclo[3.3.0]octane derivatives.
Compound 2a, formed by SmI2-intramolecular pinacoli-
zation, easily experiences at room temperature silica gel
catalyzed homoketonization by an SE2 mechanism to
give keto alcohol 3a, while diketone 9 on attempted
SmI2-intramolecular pinacolization gives mainly a stereo-
isomeric mixture of bicyclic diketones 11±13 (Schemes 1
and 2).

3. Experimental

3.1. General

Melting points were determined with a MFB 595010 M
Gallenkamp melting point apparatus. 500 MHz 1H NMR
spectra were performed on a Varian VXR 500 spectrometer,
300 MHz 1H and 75.4 MHz 13C NMR spectra on a Varian
Gemini 300, and 50.3 MHz 13C NMR spectra on a Varian
Gemini 200. Chemical shifts (d) are reported in ppm related
to internal tetramethylsilane (TMS). Assignments given for
the 1H and 13C NMR spectra of the new compounds are
based on DEPT, COSY 1H/1H, COSY 1H/13C (HMQC
sequence) and NOESY experiments. IR spectra were
recorded on a FT/IR Perkin±Elmer spectrometer, model
1600. Routine MS spectra were taken on a Hewlett±Packard
5988A spectrometer, the sample was introduced directly or
through a gas chromatograph, Hewlett Packard model 5890
Series II, equipped with a 30-meter HP-5 (5% diphenyl-95%
dimethyl-polysiloxane) column [conditions: 10 psi, initial
temperature: 1008C (2 min), then heating at a rate of
108C/min till 2508C, then isothermic] and the electron
impact technique (70 eV). Only signi®cant ions are given:
those with higher relative abundance, except for the ions
with higher m/z values. High-resolution mass spectra were
recorded on an Autospec-Q mass spectrometer from Micro-
mass using the electron impact technique (70 eV) and direct
sample introduction. Silica gel SDS 60 (70±200 mm) or
(35±70 mm) was utilized for the standard and ¯ash column
chromatography, respectively. NMR and routine MS spec-
tra were performed at the Serveis CientõÂ®co-TeÁcnics of the
University of Barcelona, while elemental analyses and high
resolution mass spectra were carried out, respectively, at
the Microanalysis Service and the Mass Spectrometry
Laboratory of the Centro de InvestigacioÂn y Desarrollo
(C.I.D.), C.S.I.C., Barcelona, Spain.

3.1.1. Tricyclo[3.3.0.03,7]octane-1,5-diol (2a). Procedure
1. A solution of SmI2 (0.1 M in anhydrous THF, 40 mL)
was prepared under an Ar atmosphere, according to
Molander's procedure.36 The solution was diluted with
anhydrous THF (60 mL) and a solution of diketone 1a
(138 mg, 1.0 mmol) in anhydrous THF (5 mL) was drop-
wise added at room temperature and then, the mixture was
heated under re¯ux for 72 h. Most of the THF was distilled
(95 mL), diethyl ether (30 mL) was added and the mixture
was treated with 0.1N HCl (40 mL) until a yellow precipi-
tate was dissolved. The organic phase was separated and the
aqueous one was extracted with diethyl ether (6£30 mL).
The combined organic phase and extracts were washed with
aqueous 10% solution of Na2S2O3 (2£25 mL) and brine
(2£25 mL), dried with anhydrous Na2SO4 and concentrated
in vacuo to give a red residue (90 mg) which was submitted
to column chromatography [aluminum oxide (5 g), ethyl
acetate/methanol mixtures]. On elution with ethyl acetate/
methanol in the ratio of 90:10, the title compound 2a
(40 mg, 30% yield) was eluted. The analytical sample was
obtained by sublimation as a white solid, mp 165±1668C
(sublimed at 508C/1 Torr); [Found: C, 68.6; H, 8.8. C8H12O2

requires C, 68.54; H, 8.63%]; nmax (KBr) 3292 (OH st)
cm21; dH (500 MHz, CDCl3) 2.47 [2H, s, 1(5)-OH], 2.21±
2.16 [2H, m, 3(7)-H], 2.00±1.90 [4H, m, 2(4,6,8)-Ha], 1.51
[4H, broad d, J�6.5 Hz, 2(4,6,8)-Hb]; dC (50.3 MHz,
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CDCl3) 79.3 [C, C1(5)], 50.3 [CH2, C2(4,6,8)], 31.7 [CH,
C3(7)]; m/z (EI) 138 [7 (M22H)z1], 107 (13), 98 [70
(M2C3H4)

z1], 95 [100 (M2C2H5O)1], 82 [51 (C5H6O)z1],
80 [52 (C5H4O)z1], 79 (43).

Procedure 2. The procedure 1 was followed, except for the
addition of a small amount of water (4 mmol) after re¯uxing
the mixture of diketone 1a and SmI2 for 1 h.9 After an
identical work-up, the title compound 2a was isolated in
only 13% yield.

3.1.2. 7-exo-Hydroxy-cis-bicyclo[3.3.0]octan-3-one (3a).
Pinacol 2a (100 mg, 0.72 mmol) was dissolved in CH2Cl2

(15 mL), silica gel (220 mg) was added and the solvent was
evaporated at 408C under reduced pressure. The residue was
introduced in a chromatography column (1.5 cm internal
diameter) containing silica gel (6 g). After standing for
24 h, the product was eluted with mixtures of hexane/
ethyl acetate. On elution with a mixture of hexane/ethyl
acetate in the ratio 65:35, the title compound 3a (90 mg,
90% yield) was obtained. The analytical sample of 3a,
was obtained by distillation in a rotary microdistillation
equipment as a viscous oil, bp 608C/0.5 Torr; [Found: C,
65.2; H, 9.1. C8H12O2 0.4 H2O requires C, 65.19; H, 8.75%];
nmax (KBr) 3406 (OH st), 1734 (CvO st) cm21; dH

(500 MHz, CD3OD) 4.86 (s, OH), 4.37 [1H, tt, J�5.0,
2.5 Hz, 7-H], 2.98±2.89 [2H, m, 1(5)-H], 2.56±2.48 [2H,
m, 2(4)-Ha], 2.03±1.95 [4H, m, 2(4)-Hb and 6(8)-Ha],
1.65±1.59 [2H, m, 6(8)-Hb]; dC (50.3 MHz, CDCl3) 220.6
(C, C3), 74.1 (CH, C7), 44.5 [CH2, C2(4)], 43.0 [CH2,
C6(8)], 37.5 [CH, C1(5)]; m/z (EI) 140 (60 Mz1), 122 [6
(M2H2O)z1], 97 [43 (M2C2H3O)1], 95 [33
(M2C2H5O)1], 81 [47 (C5H5O)1], 80 [100 (C5H4O)z1], 79
(60), 71 (76), 70 (87).

3.2. Reduction of diketone 1a with NaBH4: obtention of
7-endo-hydroxy-cis-bicyclo[3.3.0]octan-3-one (4), cis-
bicyclo[3.3.0]octane-3-endo,7-endo-diol (5), and cis-
bicyclo[3.3.0]octane-3-endo,7-exo-diol (6)

A solution of diketone 1a (1.00 g, 7.2 mmol) in methanol
(12 mL) was treated at room temperature under stirring with
NaBH4 (62 mg, 1.63 mmol). After a 10 min period, more
NaBH4 (62 mg, 1.63 mmol) was added, and stirring was
continued for 10 min more. Then, aqueous 2N HCl (2 mL)
and aqueous 2N NaOH (25 mL) were added and the mixture
was extracted with diethyl ether (4£50 mL). The combined
organic extracts were dried with anhydrous Na2SO4, and
concentrated in vacuo. The residue (850 mg) was submitted
to column chromatography [aluminum oxide (35 g),
hexane/ethyl acetate mixtures]. On elution with hexane/
ethyl acetate in the ratio of 80:20, starting diketone 1a
(170 mg) was obtained. Further elution with hexane/ethyl
acetate in the ratio of 70:30, gave a mixture of ketoalcohols
3a and 4, in the approximate ratio of 15:85 (350 mg) which
was recrystallized from hexane (2 mL) to give pure keto-
alcohol 4 (150 mg, 15% yield). On elution with hexane/
ethyl acetate in the ratio of 60:40, a mixture of ketoalcohols
4 and diol 6 (80 mg) in the approximate ratio of 50:50 and a
mixture of diols 5 and 6 (60 mg) in the approximate ratio of
20:80 were succesively eluted. Recrystallization of the last
mixture of diols from ethyl acetate (2 mL) gave pure diol 6
(40 mg, 4% yield). On elution with hexane/ethyl acetate in

the ratio of 40:60, a mixture of diols 5 and 6 (50 mg) in a
ratio of about 50:50 and pure diol 5 (140 mg, 14% yield)
were successively eluted. Sublimation of the last eluted
fraction gave the analytical sample of 5.

3.2.1. Analytical and spectroscopic data of 4. White solid,
mp 46.3±47.38C (AcOEt/hexane); [Found: C, 68.6; H, 8.7.
C8H12O2 requires C, 68.54; H, 8.63%]; nmax (KBr) 3417
(OH st), 1732 (CvO st) cm21; dH (500 MHz, CD3OD)
4.86 (s, OH), 4.29 (1H, quint, J�5.0 Hz, 7-H), 2.85±2.76
[2H, m, 1(5)-H], 2.58±2.50 [2H, m, 2(4)-Ha], 2.20 [2H, dd,
J�19.5, 4.0 Hz, 2(4)-Hb], 2.14 [2H, ddd, J�14.0, 8.5,
5.0 Hz, 6(8)-Ha], 1.52 [2H, dt, J�14.0, 5.0 Hz, 6(8)-Hb];
dC (50.3 MHz, CDCl3) 221.1 (C, C3), 74.7 (CH, C7), 45.6
[CH2, C2(4)], 42.9 [CH2, C6(8)], 37.7 [CH, C1(5)]; m/z (EI)
140 (37 Mz1), 122 [41 (M2H2O)z1], 95 [29 (C6H7O)1], 94
(25), 81 [37 (C5H5O)1], 80 [100 (C5H4O)z1], 79 (59).

3.2.2. Analytical and spectroscopic data of 5. White solid,
mp 80.5±81.58C (sublimed at 908C/1 Torr); [Found: C,
67.5; H, 9.9. C8H14O2 requires C, 67.57; H, 9.93%]; nmax

(KBr) 3320 (OH st) cm21; dH (500 MHz, CD3OD) 4.86 (s,
OH), 4.12 [2H, tt, J�7.5, 6.0 Hz, 3(7)-H], 2.43±2.33 [2H,
m, 1(5)-H], 2.10±2.03 [4H, m, 2(4,6,8)-Ha], 1.52 [2H, dt,
J�13.0, 7.0 Hz, 2(4,6,8)-Hb]; dC (75.4 MHz, CD3OD)
76.3 [CH, C3(7)], 43.4 [CH2, C2(4,6,8)], 40.2 [CH,
C1(5)]. m/z (EI)143 [0.4 (M1H)1], 142 (0.4 Mz1), 124
[19 (M2H2O)z1], 106 [35 (M22H2O)1], 95 [100
(C6H7O)1], 91 (30), 82 (39), 81 [52 (C5H5O)1], 80 [70
(C5H4O)z1], 79 (38).

3.2.3. Analytical and spectroscopic data of 6. White solid,
mp 75±768C (AcOEt); [Found: C, 67.4; H, 9.8. C8H14O2

requires C, 67.57; H, 9.93%]; nmax (KBr) 3302 (OH st)
cm21; dH (500 MHz, CD3OD) 4.84 (s, OH), 4.35 (1H,
quint, J�5.0 Hz, 7-H), 4.07 (1H, tt, J�8.0, 6.0 Hz, 3-H),
2.59±2.50 [2H, m, 1(5)-H], 2.10±2.04 [2H, m, 2(4)-Ha],
1.80±1.73 [2H, m, 6(8)-Ha], 1.65 [2H, dt, J�12.5,
5.0 Hz, 6(8)-Hb], 1.24 [2H, dt, J�12.5, 7.5 Hz, 2(4)-Hb];
dC (50.3 MHz, CDCl3) 75.4 (C) and 75.0 (C) (C3 and C7),
42.7 (CH2) and 42.4 (CH2) [C2(4) and C6(8)], 38.9 [CH,
C1(5)]; m/z (EI) 124 [20, (M2H2O)z1], 106 [14
(M22H2O)z1], 95 [100 (C6H7O)1], 91 (30), 82 (35), 81
[39 (C5H5O)1], 80 [33 (C5H4O)z1], 79 (38).

3.3. Methyl 3,7-dimethyl-5-pivaloyltricyclo[3.3.0.03,7]
octane-1-carboxylate (8) and 1,5-dimethyl-3,7-
dipivaloyltricyclo[3.3.0.03,7]octane (9)

Procedure 1. To a cold (2788C) magnetically stirred solu-
tion of tricylic diester 7 (1.52 g, 6.03 mmol) in anhydrous
THF (60 mL), a solution of tert-BuLi in pentane (1.7 M,
7.2 mL, 12.2 mmol) was added dropwise, keeping the reac-
tion mixture in an Ar atmosphere. When the addition was
completed, the reaction mixture was stirred at 2788C for
15 min and allowed to warm to room temperature for 18 h.
The mixture was acidi®ed with 1N HCl (30 mL) and
extracted with ethyl acetate (3£60 mL). The combined
organic extracts were washed with brine (2£60 mL), dried
with anhydrous Na2SO4 and concentrated in vacuo. The
residue (1.7 g) was submitted to column chromatography
[silica gel (68 g) hexane/ethyl acetate mixtures]. On elution
with a mixture of hexane/ethyl acetate in the ratio of 98:2,
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diketone 9 (1.1 g, 60% yield), was obtained. On elution with
a mixture of hexane/ethyl acetate in the ratio of 90:10, keto
ester 8 (200 mg, 12% yield) was isolated.

Procedure 2. When the above reaction was carried out by
using 1.2 mol tert-BuLi per mol starting diester, diketone 9
(5% yield) and keto ester 8 (72% yield) were obtained.

3.3.1. Analytical and spectroscopic data of 8. Viscous oil,
bp 608C/1 Torr); [Found: C, 73.2; H, 9.4. C17H26O3 requires
C, 73.34; H, 9.42%]; nmax (KBr) 1738 (ester CvO st), 1680
(ketone CvO st) cm21; dH (500 MHz, CDCl3) 3.61 (3H, s,
OMe), 2.03 [2H, d, J�8.2 Hz, 4(6)-Hb], 1.91 [2H, d,
J�8.4 Hz, 2(8)-Hb], 1.82 [2H, dd, J�8.2, 3.8 Hz, 4(6)-
Ha], 1.67 [2H, dd, J�8.4, 3.8 Hz, 2(8)-Ha], 1.16 [6H, s,
3(7)-Me], 1.15 [9H, s, CMe3]; dC (75.4 MHz, CDCl3) 214.4
(C, COCMe3), 173.7 (C, COOMe), 65.5 (C, C5), 59.8 (C,
C1), 58.5 [CH2, C4(6)], 56.1 [CH2, C2(8)], 51.3 (CH3,
OMe), 47.6 [C, C3(7)], 44.9 [C, CMe3], 26.5 [CH3,
CMe3], 16.2 [CH3, 3(7)-Me]; m/z (EI) 247 [3
(M2MeO)1], 221 [51 (M2C4H9)

1], 189 [18 (M2C4H9-
MeOH)1], 161 [30 (M2C5H9O-MeOH)1], 133 [49
(C10H13)

1], 91 (29), 77 (22), 57 (100 C4H9
1).

3.3.2. Analytical and spectroscopic data of 9. White
crystals, mp 65.5±66.58C (pentane); [Found: C, 78.8; H,
10.5. C20H32O2 requires C, 78.89; H, 10.60%]; nmax (KBr)
1677 (CvO st) cm21; dH (500 MHz, CDCl3) 2.02 [4H, d,
J�7.0 Hz, 2(4,6,8)-Hb], 1.82 [4H, d, J�7.0 Hz, 2(4,6,8)-
Ha], 1.17 [18H, s, 1(5)-COCMe3], 1.15 [6H, s, 3(7)-Me];
dC (75.4 MHz, CDCl3) 215.1 [C, 1(5)-COCMe3], 68.0 [C,
C1(5)], 59.0 [CH2, C2(4,6,8)], 47.8 [C, C3(7)], 45.1 [C,
1(5)-COCMe3], 26.8 [CH3, 1(5)-COCMe3], 16.4 [CH3,
3(7)-Me]; m/z (EI) 305 [4 (M1H)1], 247 [28
(M2C4H9)

1], 219 [10 (M2C5H9O)1], 133 [14 (C10H13)
1],

57 (100 C4H9
1). HRMS (EI): M1, found 304.2404.

C20H32O2 requires 304.2402.

3.4. Reaction of diketone 9 with SmI2: obtention of 1,5-
dimethyl-3endo,7endo-dipivaloyl-cis-bicyclo[3.3.0]
octane (10), mixture of 1,5-dimethyl-3endo,7exo-
dipivaloyl-cis-bicyclo[3.3.0]octane (11) and 1,5-
dimethyl-3exo,7exo-dipivaloyl-cis-bicyclo[3.3.0]octane
(12), and mixture of stereoisomers of 3-[(1-hydroxy-2,2-
dimethyl)propyl]-1,5-dimethyl-7-pivaloyl-cis-
bicyclo[3.3.0]octane (13).

Procedure 1. A 0.1 M solution of SmI2 in anhydrous THF
(40 mL) was prepared under an Ar atmosphere, according to
Molander's procedure.36 The solution was diluted with
anhydrous THF (60 mL), a solution of diketone 9
(304 mg, 1.0 mmol) in anhydrous THF (5 mL) was added
dropwise at room temperature and then, the mixture was
stirred for 2 h. The reaction mixture was treated with 1N
HCl (10 mL) until the yellow precipitate formed was
dissolved. The mixture was extracted with ethyl acetate
(3£60 mL) and the combined organic extracts were washed
with aqueous 10% solution of Na2S2O3 (2£50 mL), dried
with anhydrous Na2SO4 and concentrated in vacuo. The
yellow residue obtained (350 mg) was submitted to ¯ash
column chromatography [silica gel (35 g), hexane/ethyl
acetate mixtures]. On elution with a mixture of hexane/
ethyl acetate in the ratio of 97:3, a stereoisomeric mixture

of diketones 11, 12 and 13 (245 mg, 80% yield) was
obtained. On elution with a mixture of hexane/ethyl
acetate in the ratio of 70:30, a stereoisomeric mixture of
keto alcohols 14 (50 mg, 16% yield) was obtained.

The above procedure was repeated, and the stereoisomeric
mixture of diketones 11, 12 and 13 from both operations
(450 mg) was resubmitted to ¯ash column chromatography
[silica gel (55 g), hexane/ethyl acetate mixtures], the
fractions being analyzed by GC. In order of elution it was
obtained: (i) a colorless oil (120 mg), mixture of diketones
12 and 13 in a ratio of about 1:1, (ii) a white solid (100 mg)
consisting mainly of diketone 11. The rest of the product
(220 mg) consisted on mixtures of the different
stereoisomers.

3.4.1. Analytical and spectroscopic data of 11. White
crystals, mp 126±1278C (hexane, 60 mL/g); [Found: C,
78.4; H, 11.3. C20H34O2 requires C, 78.37; H, 11.19%];
nmax (KBr) 1693 (C�O st) cm21; dH (500 MHz, CDCl3)
3.49 [2H, quint, J�8.8 Hz, 3(7)-H], 2.04 [4H, dd, J�13.3,
8.8 Hz, 2(4,6,8)-Hb], 1.58 [4H, d, J�13.3, 8.8 Hz, 2(4,6,8)-
Ha], 1.10 [18H, s, CMe3], 0.95 [6H, s, 3(7)-Me]; dC

(75.4 MHz, CDCl3) 218.6 (C, COCMe3), 54.0 [C, C1(5)],
44.2 [C, CMe3], 43.7 [CH2, C2(4,6,8)], 43.4 [CH, C3(7)],
26.2 [CH3, CMe3], 22.0 [CH3, 1(5)-Me]; m/z (EI) 307 [1
(M1H)1], 249 [33 (M2C4H9)

1], 221 [45 (M2C5H9O)1],
135 [18 (C10H15)

1], 85 (19), 57 (100 C4H9
1).

3.4.2. Analytical and spectroscopic data of the mixture of
12 and 13. Colorless oil, bp 708C/0.5 Torr; nmax (KBr) 1701
(CvO st) cm21; [Found: C, 78.6; H, 11.3. C20H34O2

requires C, 78.37; H, 11.19%]; 12: dH (500 MHz, CDCl3)
3.47 (1H, tt, J�11.0, 6.5 Hz, 7-H), 3.28 (1H, tt, J�11.0,
7.0 Hz, 3-H), 1.82±1.76 [4H, m, 2(4)-Hb and 6(8)-Hb],
1.65±1.61 [2H, m, 2(4)-Ha], 1.58±1.53 [2H, m, 6(8)-Ha],
1.131 (9H, s) and 1.128 (9H, s) (3-COCMe3 and 7-
COCMe3], 1.00 [6H, s, 1(5)-Me]; dC (75.4 MHz, CDCl3)
218.48 (C) and 218.46 (C) (3-COCMe3 and 7-COCMe3],
51.2 [C, C1(5)], 47.8 [CH2, C2(4)], 46.4 [CH2, C6(8)],
44.6 (C) and 44.5 (C) (3-COCMe3 and 7-COCMe3), 42.9
(CH, C3), 41.3 (CH, C7), 26.12 (C) and 26.08 (C)
(3-COCMe3 and 7-COCMe3), 24.3 [CH3, 1(5)-Me]; m/z
(GC/MS, rt 14.07 min, 49% relative area, EI) 307 [2
(M1H)1], 306 (6 Mz1), 249 [14 (M2C4H9)

1], 221 [46
(M2C5H9O)1], 135 [16 (C10H15)

1], 85 (19), 57 (100
C4H9

1).

13: dH (500 MHz, CDCl3) 3.36 [2H, quint, J�9.0 Hz,
2(4,6,8)-Hb], 1.74±1.72[8H, m, 2(4,6,8)-Ha and 2(4,6,8)-
Hb], 1.14 [18H, s, 3(7)-COCMe3], 1.03 [6H, s, 1(5)-Me]; dC

(75.4 MHz, CDCl3) 218.2 [C, 3(7)-COCMe3], 51.8 [C,
C1(5)], 47.0 [CH2, C2(4,6,8)], 44.4 [C, 3(7)-COCMe3],
43.7 [CH, C3(7)], 26.2 [CH3, 3(7)-COCMe3], 24.3 [CH3,
1(5)-Me]; m/z (GC/MS, rt 13.90 min, 44% relative area,
EI) 307 [0.3 (M1H)1], 306 (0.3 Mz1), 249 [19
(M2C4H9)

1], 221 [27 (M2C5H9O)1], 135 [9 (C10H15)
1],

85 (22), 57 (100 C4H9
1).

3.4.3. Analytical and spectroscopic data of the stereo-
isomeric mixture 14. Colorless oil, bp 808C/0.5 Torr;
[Found: C, 77.9; H, 11.7. C20H36O2 requires C, 77.86; H,
11.77%]; nmax (KBr) 3518 (OH st), 1698 (CvO st) cm21;
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Signi®cant dC (75.4 MHz, CDCl3) 81.9 (CH), 81.6 (CH),
81.5 (CH), 81.3 (CH). m/z (GC/MS, stereoisomer of rt

14.62 min, 35% relative area, EI) 309 [0.4 (M1H)1], 291
(1), 290 [1 (M2H2O)z1], 251 [41 (M2C4H9)

1], 233 [11
(M2C4H9-H2O)1], 205 [33 (M2C5H9O-H2O)1], 149 [23
(M2C5H9O-H2O-C4H8)

1], 135 [64 (C10H15)
1], 107 (22),

95 (28), 57 (100 C4H9
1). m/z (GC/MS, stereoisomer of rt

14.93 min, 55% relative area, EI) 309 [0.05 (M1H)1], 308
(0.05 Mz1), 291 (1), 290 [3 (M2H2O)z1], 251 [20
(M2C4H9)

1], 233 [54 (M2C4H9-H2O)1], 205 [20
(M2C5H9O-H2O)1], 135 [27 (C10H15)

1], 107 (25), 57
(100 C4H9

1).

Procedure 2. A similar procedure to that described before
was used, except for the use of 2.4 mmol SmI2 per mol of
diketone 9. From 9 (1 mmol), after the ¯ash column
chromatography, a mixture of bicyclic diketones 11, 12,
and 13 (288 mg, 94% yield) was obtained. Only minor
amounts of keto alcohols 14 were detected.
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