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Abstract: Organometallic reagents add regio- and stereoselectively from the convex exo-face to the carbonyl
function of exo-4,5-epoxytricyclodecenones 5 and 8 to give tricyclic exo-epoxy-endo-alcohols 6 and 9,
respectively. These initial adducts can undergo a Payne rearrangement to give inverted endo-epoxy-
exo-alcohols 7 and 10, respectively. The rearrangement is dependent on substrate, experimental conditions
and type of organometallic reagent. Reduction of 6 and 7 with lithium aluminum hydride yields the same
tricyclic trans-1,3-diols 20. It is shown that reduction of 6 with lithium aluminum hydride proceeds via slow
Payne rearrangement of its alkoxide 11b to inverted alkoxide 12D, followed by rapid addition of hydride to C,
from the exo-face.

INTRODUCTION

The use of endo- and exo-tricyclodecadienones 1 as synthetic equivalents for cyclopentadienones in the
stereo- and enantioselective synthesis of cyclopentenoid natural products is well documented!. The steric
restrictions imposed by the tricyclic framework ensure that rcagents add to the enone moiety in 1
stereoselectively from the convex exo-face!2. Cycloreversion of the functionalized tricyclodecenones by flash
vacuum thermolysis (FVT) leads to stereochemically well-defined cyclopent-2-en-1-ones 2 (Scheme 1). In
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order to obtain access to oxygenated cyclopentenones, tricyclic epoxy ketones 3 and 4 were prepared by
regio- and stereoselective epoxidation of the enone moiety in endo- and exo-1, respectively, by treatment with
hydrogen peroxide in alkaline medium. These epoxy ketones were successfully used in the synthesis of cis-
and trans-4,5-dihydroxycyclopent-2-en-1-ones, such as terrein'®S, pentenomycin!® and epi-pentenomycin!¢<.
To broaden the synthetic applicability of these tricyclic epoxides, we studied the nucleophilic addition of
metal hydrides and organometallic reagents to both endo- and exo-tricyclodecadienone epoxides 3 and 4 (X=
CH,, R=H). These tricyclic epoxy ketones possess a carbonyl and an epoxy function and, therefore, reaction

X

{endo, X= CHyp) (ex0, X= CHy, O)

may occur at either functionality. A main factor determining the chemo- and stereoselectivity of nucleophilic
additions to these rigid tricyclic epoxy ketones is the accessibility of the respective electrophilic centers.
Nucleophilic additions to the ketone function in 3 from the concave face will on one hand be sterically
hindered by the Cg-Cy double bond, while on the other hand approach from the convex face of the molecule
may experience serious interference of the epoxide function. A similar situation is encountered in
exo-tricyclodecadienone epoxide 4 (X= CH,), where the concave face is shielded by H,y, of the Cyp
methylene bridge. In this paper, we report on the chemo- and stereoselective reaction of metal hydrides and
organometallics with the exo-epoxytricyclodecenones § (i.e. 3 (X= CH,, R= H)) and 8 (i.e. 4 (X= CH,, R=
H)>3.

ADDITION OF ORGANOMETALLICS TO EX0-4,5-EPOXYTRICYCLODECENONES

Results
In order to establish the steric and electronic factors that determine the chemo- and stereoselectivity of
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Table 1. Addition of Metal Hydrides and Organometallics to exo-4,5-Epoxy-endo-tricyclodecenone 5.

entry reagent product composition * ABDY
1 LiAIH, 100% 6a - Ta® +1.0
2 NaBH, 84% 6a 16% Ta +1.0
3 MeLi 86% 6b 14% Tb +20
4 n-BuLi 70% 6¢ 30% 7c +25
5 s-BulLi 24% 6d ¢ 76% 7d%  +4.4/5.1°
6 t-BulLi — 6e°  100% 7e +56
7 PhLi 100% 6f — +50

2 by capillary GC of the crude mixture after one hour, except entries 1 (3 hours) and 2 (3 days); b (MM2-energy of 11) -
(MM2-energy of 12) in kealimol; not found; 4513 mixture of two diastereomers with R- resp. Sconfiguration
at the stereogenic center of the s-Bu substituent ; ©R- and S-configuration on sec-buty] group.

Table 2. Addition of Metal Hydrides and Organometallics to exo-4,5-Epoxy-exo-tricyclodecenone 8.

entry reagent product composition * AE®
1 LiAIH, 65% 9a 28%10a°  -1.5
2 NaBH, 71% 9a 29% 10a -15
3 MeLi 100% 9b —- 10b% 412
4 n-BuLi - 9%  100% 10c +1.6
5 s-BuLi — 9d¢ 100%10d° +3.4/4.0f
6 +-BuLi - 9e4  100% 10e +3.8
7 PhLi 74% 9f 26% 10f +3.8

2 by capillary GC of the crude mixture after one hour, except entry 2 (3 days); b(MM2-enagyon)-(MM2—energy

of 14) in kealimol; © 7% 21a; 9 not found; © 1:1.4 mi

of two di

with R- resp. S-configuration at the

stereogenic center of the s-Bu substituent; fR- and S-configuration on sec-butyl group.

nucleophilic additions to exo-4,5-epoxy-endo-tricyclodecenone 5 and exo-4,5-epoxy-exo-tricyclodecenone 8,
reactions with a selection of metal hydrides and organolithium reagents with different steric and electronic
properties, viz. NaBH,, LiAlH,, MeLi, n-BuLi, s-BuLi, z-BulLi and PhLi were investigated.

Reaction of 5 and 8, under standard conditions (cf. experimental section; tetrahydrofuran, N,, 1 hour),
with both metal hydrides and the organolithium reagents gave in all cases one or two a,B-epoxy alcohols
(Schemes 2 and 3 and Tables 1 and 2)*. Isolated yields were excellent (>80%), but loss of some alcoholic
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product had to be accepted during purification by flash chromatography. Based on their spectral data (vide
infra) the products were assigned structures 6, 7, 9 and 10, respectively. Monitoring the product formation by
cap. GC revealed that the exo-epoxy-endo-alcohols 6 and 9, respectively, were the initial products in all cases,
irrespective of reagent or substrate used. No products resulting from addition from the concave endo-face in §
or 8 were found, showing that the initial addition step occurs chemo- and stereoselectively at the convex
exo-face of the carbonyl function. The formation of the inverted endo-epoxy-exo-alcohols 7 and 10,
respectively, is related to both the nature of the applied nucleophilic reagent and the configuration of the
tricyclic epoxy ketone used. Starting from endo-tricyclodecenone epoxide § complete inversion of initially
formed 6 was only observed when ¢-butyllithium was used. In all other cases only partial inversion took place
when the mixture was stirred for one hour (Table 1). For the reactions of exo-tricyclodecenone epoxide 8
complete inversion was observed for all butyllithium reagents (Table 2). Comparison of the experimental data
collected in tables 1 and 2 indicates that (i) increasing the steric bulk of the alkyl group R leads to an increase
in the formation of inverted epoxy alcohols and (ii) exo-epoxy-endo-alcohols 9, derived from
exo-tricyclodecenone epoxide 8, undergo a more efficient rearrangement to isomeric endo-epoxy-exoalcohols
than the exo-epoxy-endo-alcohols 6, derived from endo-tricyclodecenone epoxide §. Remarkably, addition of
phenyllithium to § did not lead to any significant formation of inverted epoxy alcohol 7f, whereas for 8 partial
formation of 10f was observed.

The use of extreme long reaction times did generally not lead to other products or complicated mixtures.
Only for the reduction of § and 8 with lithium aluminum hydride, formation of a third reaction product was
observed after more than 3-4 days and using 5-10 equiv. of hydride (vide infra).

Structural assignments

On the basis of their spectral data, the secondary products were identified as inverted endo-epoxy-
exo-alcohols 7 and 10, respectively. In particular the presence of a resonance at ca. 3.8 ppm in the 'H-NMR
spectra of 7b-f and 10b-f, which is typical for a methine proton in a -C(H)OH- moiety, allows unambiguous
distinction between these inverted epoxy alcohols and their non-inverted analogs 6b-f and 9b-f, respectively.
For the reduction products 6a and 7a, differentiation of the isomeric products was accomplished on the basis
of the coupling constants between H, and Hj. According to the Karplus rule, J, 3 is expected to be larger for
6a than for the inverted epoxy alcohol 7a, because for 6a protons H, and Hj are in a fixed cis-configuration,
whereas for 7a the comparable protons are in a fixed trans-configuration. The same holds for a comparison
between structure 9a and 10a. The expected difference in coupling constants was indeed observed, viz.
J53(6a2)=7.6 Hz, I, 3(78)=2.2 Hz, J, 5(92)=7.8 Hz and J, 5(10a)=3.8 Hz.

Discussion

The exclusive formation of endo-alcohols 6 and 9 as the initial addition products clearly demonstrates
that nucleophilic addition of such reactive species as organolithium compounds to tricyclodecenone epoxides
5 and 8 is solely determined by the steric impact of the norbornene moiety. Apparently, the exo-4,5-epoxide
function does not hamper this nucleophilic attack from the convex face. In this respect the stereochemical
pathway observed for nucleophilic additions to both tricyclic epoxides § and 8 conforms to that observed for
nucleophilic additions to the corresponding parent tricyclodecadienones2*,
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THE PAYNE REARRANGEMENT

Mechanistic considerations

The formation of endo-epoxy-exo-alcohols 7 and 10 as secondary reaction products upon addition of
metal hydrides or organolithium compounds to § and 8, respectively, can be explained by assuming an
intramolecular epoxide ring opening of the initially formed endo-alkoxide anions 11 and 13, to give
exo-alkoxide anions 12 and 14, respectively (Scheme 4). Such an epoxide migration or Payne rearrangement’

Scheme 4
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is well documented for acyclic epoxy alcohols, but has not yet been described for a,8-epoxy cyclopentanols.
The product ratio of such rearrangements is generally assumed to be determined by the relative stabilities of
the isomeric o,B-epoxy alkoxides. Therefore, steric and electronic factors should have a significant effect on
the ratios 6:7 and 9:10. In the initially formed exo-epoxy-endo-alcohols 6 and 9, the newly introduced R is in
a sterically unfavorable eclipsed conformation with respect to the epoxide function. MM2-Calculations5”
confirm that steric congestion in inverted products 7 and 10 is considerably less than in 6 and 9, and therefore
endo-epoxy-exo-alcohols 7 and 10 are thermodynamically more stable than exo-epoxy-endo-alcohols 6 and 9,
respectively (Tables 1 and 2). Formation of endo-epoxy-exo-alcohols 7 and 10 is, for R#H, also electronically
favored as secondary alkoxides arc generally more stable than tertiary ones. Both considerations are in
agreement with the observed increase in the amount of inverted endo-epoxy-exo-alcohols 7 and 10 with
increasing steric volume of R.

In order to establish whether the observed Payne rearrangement of a,B-epoxy alcohols is an equilibrium,
all four a.B-epoxy alcohols 6, 7, 9 and 10 were treated with lithium diisopropylamide to give their
corresponding alcoholates 11, 12, 13 and 14. Of these alcoholates the exo-epoxy-endo-isomers, viz. 11 and 13,
rearranged to 12 and 14, respectively, whereas endo-epoxy-exo-isomers 12 and 14 were stable under these
conditions. This means that, although it stops at a certain ratio of inverted and non-inverted products, the
Payne rearrangement is not an equilibrium. The reason for the rearrangement not to proceed beyond a certain
point remains unclear at this moment.

Manipulation of product ratios
From a synthetic point of view, product control in the nucleophilic additions to § and 8 is essential for
future synthetic applications and therefore a more detailed study of the methylation of epoxy ketone §, was
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undertaken.

An important factor which could strongly affect product ratios in the Payne rearrangement is the
nucleophilicity of the oxygen anion in alkoxides 11 and 13. Strong aggregation or complexation with its
positively charged counter ion, e.g. the lithium cation, will considerably decrease the nucleophilicity of this
alkoxide anion and consequently lower the ease of intramolecular epoxide ring opening. Attempts to control
the Payne rearrangement were therefore aimed at affecting the interaction between both ions, e.g. by changing
the metal of the organometallic or by adding a salt to change the dielectric properties of the medium.

Table 3. Effect of the Reaction Medium on the Addition of Organometallics to §.

H H H
MeM / Ny M H H
— > +
o Me o Me on *
o oh & o Me
b i) 19

b e o

5
product composition b
solvent reagent time * 6b i} 19
tetrahydrofuran MeLi 4 41% 53% -
ether MeLi 10 49% 35% 16%
tetrahydrofuran /LiC1 ¢  MeLi 4 57% 43% - ©
tetrahydrofuran MeMgl 3 — 100% e ©

%in days; P relative yiclds as determined by cap. GC; © not formed; 9 4 equiv.

Changing the solvent from tetrahydrofuran to ether altered the ratio of 6b:7b only slightly, although it did
affect the product composition. Besides 6b and 7b a third product, to which, on basis of spectral evidence and
independent synthesis'¥, structure 19 was assigned, was isolated in low yield (Table 3). Scrutinizing this
reaction showed that 19 is a secondary reaction product since it is definitely absent after the addition of
methyllithium is complete. Its formation is explained by the well-documented?® rearrangement of epoxides to
allylic alcohols by treatment with organolithium bases. Although these rearrangements generaily proceed via
a syn B-elimination, viz. abstraction of H,,g, at Cs and formation of enolate 15, a competitive a-elimination,
viz. abstraction of H,,, at C, to yield 16, formation of carbene 17 and finally a 1,2-hydrogen shift to enolate
15, cannot be excluded. Because B-elimination requires deprotonation at Cs from the sterically hindered
concave face and because such a deprotonation will lead to an unstable 1,2-dianion intermediate, the
rearrangement might even occur preferentially via a-elimination. For both routes, work-up of the reaction
mixture will lead to enol 18 which, after ketonization, will rapidly eliminate water to form B-methyl-enone
19. Convincing support for such an indirect mechanism comes from the observation that treatment of
enantiopure (+)-§ with methyllithium in ether gave only (-)-19. Based on the known absolute configurations
of (+)-5 and (-)-191¥ this result unambiguously proves that the tricyclic skeleton has changed configuration
during this reaction as the result of a formal 1,3-shift of the carbony! function.
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Page et al.5® reported that the Payne rearrangement of a,B-epoxy alcohols is strongly affected by adding
lithium chloride to the reaction mixture in tetrahydrofuran. They suggested that an increase of polarity of the
solution would be responsible for this effect. In contrast to these observations, in the present case no
significant change in the ratio of inverted and non-inverted products was found, when lithium chloride was
added to the reaction mixture in various quantities, up to 4 equivalents.

Better results were obtained when methylmagnesium iodide was used instead of methyllithium. Under
these conditions almost complete formation of inverted epoxy-alcohol 7b was achieved®.

The different effect of methyllithium and methylmagnesium iodide on the amount of inversion in their
reaction with § may be explained by their different Lewis acid character and the difference in nucleophilicity
of the intermediate alkoxide anion bound to the respective metal cations. Being a stronger Lewis acid,
methylmagnesium iodide is assumed to be superior in activating the epoxide function towards intramolecular
nucleophilic opening as considerable complexation of the epoxy oxygen with the Grignard reagent may
occur.

The results of the addition of an organozinc reagent to § in a recently published stereoselective synthesis
of clavulones'8, show, however, that the Lewis acidity of the organometallic reagent alone is not sufficient to
explain the observed results. Whereas the addition of oct-2-ynyl magnesium bromide
BrMgCH,C=C(CH»)4CH; to § gave a complex mixture of products containing the cormresponding addition
products 6 and 7 (R: CH,C=C(CH,;),CHj3), the addition of the less reactive zinc octynyl reagent,
BrZnCH,C=C(CH,),CH; leads to non-inverted epoxy alcohol 6 (R: CH,C=C(CH,),CH;) in almost
quantitative yield. No inverted epoxy alcohol 7 (R: CH,C=C(CH,),CH3) was obtained at all, although the
organozinc reagent is a superior Lewis acid compared to the organomagnesium reagent.
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REDUCTION OF EXO-EPOXY-ENDO-ALCOHOLS

Reduction of exo-epoxytricyclodecenones

The reduction of tricyclodecenone epoxides § and 8 with lithium aluminum hydride in tetrahydrofuran
is a fast process leading to initial formation of epoxy alcohols 6a and 9a, respectively. Only after prolonged
reaction times these alcohols slowly rearrange to 7a and 10a, respectively (Tables 1 and 2). During this
process, in both cases, the formation of a third product was observed, which was only isolated for the
reduction of 8. Based on its spectral data, this product was tentatively assigned 1,3-diol structure 21a. By

ﬂ% A,

21

analogy we assume that the tertiary product in the reaction of § with lithium aluminum hydride is 1,3-diol
20a. The formation of these diols may be explained by rapid ring opening of the epoxide ring of 7a and 10a
by hydride substitution at C4, which is now readily accessible from the relatively unhindered convex face of
the molecule. In order to study this latter reduction process in more detail and to secure its regio- and
stereochemistry, we subjected both epoxy alcohols 6b and 7b to treatment with lithium aluminum hydride in
tetrahydrofuran.

Reduction of epoxytricyclodecenols

On treatment with lithium aluminum hydride for four days, 6b gave tricyclic diol 20b in 54% yield
together with 5% of 7b. More than 40% of the starting material was still present after this long reaction time.
Under identical conditions, reduction of inverted adduct 7b was complete within 1 hour to give the same diol
20b in quantitative yield (Scheme 6). The low reactivity of 6b as compared to 7b can be explained in two

Scheme 6
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different ways (Scheme 7). Treatment of 6b with lithium aluminum hydride will first yield non-inverted
alkoxide anion 11b. The necessary attachment of a hydrogen atom to C, can now occur by two pathways, viz.
(i) slow, direct hydride substitution of the epoxide function at the sterically crowded concave endo-face in
11b or (i) first a slow Payne rearrangement to 12b, followed by a fast hydride substitution of the epoxide
function at the readily accessible convex exo-face. Both mechanisms eventually lead to tricyclic diol 20b (X=
H). Although the isolation of some inverted epoxide 7b after reduction of 6b with lithium aluminum hydride
strongly supports the latter mechanism, unambiguous prove for this pathway was obtained from a deuterium
labeling experiment. From scheme 7 it can be deduced that when 6b is treated with lithium aluminum
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deuteride each mechanism will give a diol with different stereochemistry for the deuterium atom at C,. Direct
substitution will lead to endo-4-D-20b, whereas Payne rearrangement followed by epoxide substitution will
give exo-4-D-20b. When 6b was treated with lithium aluminum deuteride for one day'?, formation of a single
deuterated diol was observed, whose spectral data were entirely identical to those obtained for the product
arising from reduction of inverted epoxide 7b with lithium aluminum deuteride, i.e. exo-4-D-20b. In order to
unequivocally establish the position of the deuterium atom in exo-4-D-20b, C,-deuterated endo-epoxy alcohol
24 was synthesized independently, starting from C4-deuterated tricyclodecadienone 22! (Scheme 8). Owing

Scheme 8
o
OH £
22 23 24 endo-4- D20b

to the well-established stereochemistry of all conversions leading to deuterated endo-epoxy-exo-alcohol 24
the configuration of the deuterium atom in this compound is definitely exo. The product isolated from
reduction of 24 with lithium aluminum hydride (i.e. endo-4-D-20b), exhibited a different !H-NMR spectrum
as compared with exo-4-D-20b. Therefore, it may be concluded that reduction of non-inverted epoxy alcohol
6b to diol 20b does not proceed through direct substitution at the epoxide function in 6b but involves an
initial Payne rearrangement of its alkoxide 11b to 12b, followed by regio- and stereoselective epoxide ring
opening at C, in 12b.
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SYNTHESIS OF ENDO-4,5-EPOXY-ENDO-TRICYCLODECENONES

Having attained good access to endo-epoxy-exo-alcohols 7, conversion of these alcohols in the

corresponding endo-epoxy ketones 25, was considered (Scheme 9). These endo-epoxy ketones are

Scheme 9
PCC / CH,Cl,
R OH > ]
75% °
o ()
7b R= Me 25b R= Me

synthetically interesting compounds as they, in contrast to exo-epoxy ketones 3, contain an epoxide function
which is readily accessible from the convex face and therefore can probably be conveniently substituted with
a great variety of nucleophiles. Oxidation of 7b with pyridinium chlorochromate proceeded smoothly to give
endo-4,5-epoxytricyclodecenone 25b in 75% yield.

CONCLUDING REMARKS

Metal hydrides and organolithium reagents add regio- and stereoselectively from the convex exo-face to
the carbonyl function of parent exo-epoxytricyclodecenones § and 8 The initial adducts, viz.
exo-epoxy-endo-alcohols 6 and 9, can undergo an irreversible Payne rearrangement to give inverted
endo-epoxy-exo-alcohols 7 and 10, respectively. It was found that the product ratio is dependent on both the
nature of the nucleophile and the reaction conditions. By using Grignard reagents instead of organolithium
compounds complete formation of inverted endo-epoxy-exo-alcohols 7 was achieved.

Reduction of exo-epoxy-endo-alcohols § and endo-epoxy-exo-alcohols 7 with lithium aluminum hydride
both give trans-1,3-diols 20. Deuterium labelling showed that reduction of 6 to 1,3-diol 20 proceeds via a
slow Payne rearrangement of alkoxide 11 to inverted alkoxide 12, followed by fast hydride substitution at C4
of the endo-epoxide function.

EXPERIMENTAL SECTION

General remarks

Melting points were measured with a Reichert Thermopan microscope and are uncorrected. IR spectra
were taken on a Perkin Elmer 298 infrared spectrophotometer. 'H-NMR spectra were recorded on a
Bruker AM-400, using TMS as an internal standard. For mass spectra a double focussing VG 7070E
mass spectrometer was used. Flash chromatography was carried out at a pressure of ca. 1.5 bar, a column
length of 15-25 cm and a column diameter of 1-4 cm, using Merck Kieselgel 60H, .unless stated
otherwise. Elemental analyses were performed on a Carlo Erba Instruments CHNS-O 1108 Elemental
Analyzer. All solvents used were dried and distilled according to standard procedures.

General procedures

A: Reactions of exo-epoxytricyclodecenones § and 8 with metal hydrides and organometallic reagents
Approximately 1 mmol of starting material is dissolved in 10 ml of dry ether or tetrahydrofuran and at 0
°C and under a nitrogen atmosphere, 2 mmol of organometallic reagent is added. The resulting mixture is
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stirred for 15 min. at 0 °C and subsequently at room temperature. The crude mixture is quenched with
saturated aqueous ammonium chloride and then extracted with ether. The combined organic fractions are
dried (MgSO4) filtered and the solvent is removed under reduced pressure, to give the crude product.
Analytical samples are obtained by flash chromatography and/or crystallization.

B: Reduction of epoxy alcohols 6b, Tb and 24 with lithium aluminum hydride and lithium aluminum
deuteride

Tricyclic epoxy alcohol is dissolved in 10 ml dry tetrahydrofuran. A solution of lithium aluminum
hydride in tetrahydrofuran (1 g/ 100 ml) is added at 0 °C and under a nitrogen atmosphere. The resulting
mixture is stirred for 15 min. at 0 °C and subsequently at room temperature. The reaction is monitored by
cap. GC and the crude mixture is quenched with saturated aqueous ammonium chloride. The organic
fraction is separated, washed with water and the aqueous phases are extracted with ethyl acetate (3x).
The combined organic fractions are dried (MgSQO,), filtered and the solvent removed under reduced
pres:aulrle to yield the crude product. Analytical samples are obtained by flash chromatography and/or
crystallization.

exo0-4,5-Epoxy-endo-tricyclo[5.2.1,0%5]dec-8-en-3-one §

Epoxidation of endo-tncyclodecadnenone endo-1 (7.2 g, 50 mmol), following the procedure described by
Chapmann and Hess!? gave, after work-up, 7.2 g (88%) S as a sticky, white solid (95% pure, cap. GC).
An analytical sample was obtained by crystalhzauon “The compound is best stored in a nitrogen
atmosphere, as its norbornene double bond is easily dized by molecular oxygen.

5: white powder (n-pentane). m.p.: 135-140 °C. [l..n. m.p 136-139 °C]. 'H-NMR (400 MHz, CDCl,):
5 6.08 A of AB (dd, J39=5.7 Hz, J, ¢=2.5 Hz, 1H, Hy), 6.03 B of AB (dd, J;4=2.8 Hz, 1H, Hs),358(t,
J45=J56~1.9 Hz, 1H, Hs), 3.25-3. 23 (m, 1H, Hy), 3.22 (d, 1H, H,), 3.11 (bs, IH, H,), 3. 09 (t, J; ;=4.1 Hz,
1H, Hy), 2.77 (ddd, J; ¢=6.5 Hz, J5 1=4.6 Hz, 1H, Hy), 1.62 A of AB (dt, J, “,,-8 6Hz, 3, 10‘-17 0a TESD.
11.10s~d7,10s=1.5 Hz, 1H, H, orHo,) 1.46 B of AB (d, 1H, H,q, orHo‘i 3030—2820
(C-H, unsat. and sat.), 1735 (C=0) c:ml EI/MS: m/e (%) 162 (12,M"), §7 (82 C5H5), 66 (100 CsHgt).
Found: C 73.91, H 6.13 (calc. for CygH;p0,: C 74.06, H 6.21).

ex0-4,5-Epoxy-exo-tricyclo]5.2.1.0%5)dec-8-en-3-one 8
Epoxidation of exo-mcyclodocadlenone exo-1 (6.1 g, 42 mmol), following the procedure described by

Chapmann and Hess!3 gave, after work-up, 6.2 g (91%) 8 as a yellow oil (98% pure, cap. GC), which
slowly crystallized. An analytical sample was obtained by crystallization. The compound is best stored in
a nitrogen atmosphere, as its norbornene double bond is easily epoxidized by molecular oxygen.

8: white powder (n-pentane). m.p.: 35-36 °C. 'H-NMR (400 MHz, CDCI;) §6.29 A of AB (dd, Jg9=5.7
Hz, ) g resp. J;4=3.2 Hz, 1H, Hs or H), 6.22 B of AB (dd, J; g resp. J;4=3.0 Hz, 1H, Hy or Hy), §71 (t,
J45~J56~1.9 Hz, 1H, Hs), 3. 55 (dd, I, =0 9 Hz (W-coupling), TH, Hy), 306 (bs, 1H, H; or Hy), 2.98 (bs,
1H, HlorH7),249AofAB(d st=€3Hz, 1H, H;) 216BofAB (dq, J7=1.5 Hz, 1H, Hy), 1.40 A of
AB (dt, Jy0,10s=9-4 Hz, J5 104~]¢,10,~1.7 Hz, 1H, H,,,), 13OBofAB(d 1H, H,q,). IR (CHCL): v
3080-2840 (é—H unsat. and sat.), 0f735 (C=0) cm1 EI/MS: m/e (%) 162 (2, M*), (21,-CsHs), 66
(100,CsHg*). Found: C 73.63, H 6.18 (calc. for C,gH,¢0,: C 74.06, H 6.21).

ex0-4,5-Epoxy-endo-tricyclo]5.2.1.0%6)dec-8-en-endo-3-0l _6a __and __endo-4,5-epoxy-endo-tricyclo-
[5.2.1 0% Idec-8-en-exo-3-o0l 7a
Followmg general procedure A [tetrahydrofuran (10 ml), NaBH, (144 mg, 3.8 mmol), 3 days], § (168
mg, 1.0 mmol), gave, after work-up, a crude mixture consisting of 84% 6a and 16% 7a (cap. GC). After
flash chromatography (n-hexane:ethyl acetate = 1:1), 129 mg (79%) 6a was obtained as a white solid and
19 mg (12%) 7a as a colorless oil. An analytical sample of 6a was obtained by crystallization.
Following general procedure A [tetrahydrofuran (10 ml), LiAIH, (112 mg, 3.0 mmol), 3 h], § (96 mg,
0.59 mmol), gave, after work-up, pure 6a (cap. GC).
6a: white needles (petroleum-ether 40-60). m p.: 115-117 °C. 'H-NMR (400 MHz, CDCl3): § 6.25 A of
AB (dd, Jg9=5.7 Hz, J, g resp. J;5=2.4 Hz, 1H, H; or Hy), 6.10 B of AB (dd, J, g resp. J;4=2.9 Hz, 1H, Hg
orH9),424 (AN 3—769Hz, 1H, H3),323AofAB (d, J45=2.1 Hz, 1H, H, or Hy), 321813 of AB (d, 1H,
H, or Hy), 2.96 (bs, 2H, H; and H;), 2.94 (dt, J=7.5 Hz and3 8 Hz, 1H, H, or Hy), 2.85 (dd J=7.5Hz and
4.3 Hz, 1H, H, or Hg), 1.64 (bs, 1H, OH), 1.51 A of AB (bd, J =8.3 Hz, 1H, H,, ),137Bof
AB (d, 1H, Hyo, or Hyg,). IR (CH,Cly): v 3720-3100 (H “bonded OH), 3600 (free Ol 00°2820 (C-H,
unsat. and sat.) cm’l. EI/MS: m/e (%) 164 (18, M*) 147 (7,-OH), 98 (54 -CsHg), 81 (24 -C5H6 -OH), 66
(100,CsHg". EI/HRMS mle: 164.0835 (calc. for C;gH;,0, (M*): 164.0837).
7a: colorless oil. 'TH-NMR (400 MHz, CDCl,): & é 14-6.09 (m, 2H, Hy and Hy), 3.81 (t, J3~J34~2.2 Hz,
1H, Hy), 345 (1, J. ~24 Hz, 1H, H§) 330 (d, 1H, Hy), 3.05 (bs, IH, H, or Hy), 3.01"A of AB (dd,
J,=7.6 Hz, J¢ 1=4. Hz, 1H, Hg), 2.92 (bs, 1H, H; orH-,), 2.29 B of AB (d&d J124.3 Hz, 1H, Hy), 2.17
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(bs, 1H, OH), 1.49 A of AB (dt, J104 10=8.4 Hz, J=1.8 Hz, 1H, H,o, or Hyo), 1.33 B of AB (d, 1H, H,q,
or Hygy). IR (CH,Cly): v 3640-3080 (H-bonded OH), 3560 (free OR), 30'55)-2820 (C-H, unsat. and sat.)
oL, EUMS: m/e (%) 164 (1.M9), 98 (15,-CsHy), 81 (13,-CsHe,-OH), 66 (100,C5H,*). EVHRMS mie:

164.0835 (calc. for C;gH;,0, (M*): 164.0837).

Following general procedure A [tetrahydrofuran (10 ml), 1.6 M MeLi in hexane (1.25 ml, 2.0 mmol), 1
h], § (159 mg, 1.0 mmol), gave, after work-up, a crude mixture consisting of 86% 6b and 14% 7b (cap.
GCO). After flash chromatography (chloroform:benzene:ethyl acetate = 4:1:1), 6b was obtained as a white
solid and 19 mg (11%) 7h as white needles. An analytical sample of 6b (120 mg, 67%) was obtained by
crystallization.

6b: white needles (petroleum-ether 40-60). m.p.: 104-106 °C. H-NMR (400 MHz, CDCl5): & 6.30 A of
AB (dd, Jg9=5.6 Hz, J; g resp. J; 3=2.9 Hz, 1H, H; or Hy), 6.16 B of AB (dd, J, ¢ resp. J,4=3.0 Hz, 1H, H,

or Hy), 3.16 A of AB (4, J, s=2.3 Hz, 1H, Hy), 3.08 B of AB (dd, J, =0.7 Hz (W-coupliag), 1H, Hy), 3.98
(bs, 1H, H, or Hy), 2.95 (bs, 1H, H, or Hy), 2.89 A of AB (ddd, J, ,~7.8 Hz, J¢7=4.4 Hz, 1H, Hy), 2.52 B
of AB (dd, J, ;=4.1 Hz, 1H, H,), 1..})5 (bs, 1H, OH), 1.49 A of ABz'(dt, J100.100=8.2 Hz, J=1.8 Hz, 1H, Hy,
or Hyoy), 1.39 (s, 3H, -CH3), 1.32 B of AB (dt, J=1.4 Hz, 1H, Hyg, or H;q,). IR (CH,Cl,): v 3760-3100
(H-bonded OH), 3600 (free OH), 3100-2840 (C-H, unsat. and sat.) cml. EYMS: m/e (%) 178 (24,M"),
161 (77,-OH), 112 (75,-CsHg), 97 (27, ~CHj;), 95 (100,-CsHg,-OH), 66 (100,CsHg*). Found: C
74.14, H 8.11 (calc. for C;;H,,0,: C 74.13, H7.92).

7b: white needles (petroleum-ether 40-60). m.é).: 105-107 °C. 'H-NMR (400 MHz, CDCly): 8 6.20 A of
AB (dd, Jg ¢=5.6 Hz, J; 4=3.1 Hz, 1H, Hy), 5.88 B of AB (dd, J, 6=2.9 Hz, 1H, Hy), 3.77 (t, J;3=J3 oy=3.3
Hz, 1H, Hj), 3.02 (s, 1H, Hy), 2.98 A of AB (dt, J,¢=10.5 Hz, J; ,~4.0 Hz, 1H, H,), 2.93 (bs, 1H, H;),
2.89 (bs, 1H, H,), 2.79 B of AB (dd, Js7=3.5 Hz, 1H, Hy), 1.74 (bd, 1H, OH), 1.49 A of AB (dt,
Jy05.107=8-1 Hz, J=1.8 Hz, 1H, Hyo, or Hyq,), 1.43 (s, 3H, -CH,), 1.34 B of AB (bd, 1H, Hj,, or H;o,). IR
B ): v 3730-3100 (B- bonded OH), 3600 (free OH), 3070 (C-H, unsat.), 3040-2800 (CH, sat) eror,
EIMS: m/e (%) 178 (4,M"), 160 (7,-H,0), 112 (49,-CsH), 97 (44,-CsHq,-CH,), 95 (45,-CsHg,-OH), 66
(100,CsHg*). Found: C 73.79, H 7.72 (calc. for C;,H,0,: C 74.13, H 7.92).

tricyclof5.2.1.0%51dec-8-en-endo-3-o0l 6¢ l-endo-4,5-
-endo-tricyclof5.2.1.0%"|dec-8-en-exo-3-ol 7¢
Following general procedure A [tetrahydrofuran (10 ml), 1.6 M »-BuLi in hexane (1.35 ml, 2.2 mmol), 1
h], § (142 mg, 0.88 mmol), gave, after work-up, a crude mixture consisting of 70% 6c¢ and 30% 7¢ (cap.
GC). After flash chromatography (n-hexane:ethyl acetate = 4:1), 6¢ was obtained as a white solid and 64
mg (33%) 7c as a colorless oil. An analytical sample of 6¢ (100 mg, 52%) was obtained by
crystallization.
6¢: white needles (petroleum-ether 40-60). m.p.: 66-68 °C. 'H-NMR (400 MHz, CDCl,): § 6.30 A of AB
(dd, J3 9=5.6 Hz, ], g resp. J;4=2.9 Hz, 1H, H; or Hy), 6.15 B of AB (dd, J; g resp. J;4=3.1 Hz, 1H, Hg or
Hy), 3.18 A of AB'(d, J,s=2.2 Hz, 1H, H;), 3.10 B of AB (dd, J, ,=0.6 Hz (W-coup‘iing). 1H, Hy), 2.94
(bs, 2H, H, and Hy), 2.8§'sA of AB (ddd, J, ¢=7.9 Hz, J¢ 7=4.3 Hz, %'l, Hg), 2.52 B of AB (dd, J; ,=4.0 Hz,
1H, Hy), 1.71-1.31 (m, 8H, -(CH,);CHs, H;q, and Hyq,), 1.59 (bs, 1H, OH), 0.93 (t, Joma cy3=7.3 Hz, 3H,
{(CHCHy). IR (CH,Cly): v 3700-3070 (-bonded OH), 3590 (free OHD), 3040-2760 (C.H, unsat, and
sat) cm™. EI/MS: m/e (%) 220 (5M*Y), 202 (2,-H,0), 154 (9,-CsHg), 137 (26,-CsHg,-OH), 97
(82%,-1(12‘561-:136,-n-13u), 66 (100,CsHg*), 57 (15,n-Bu*). EVHRMS m/e: 220.1467 (calc. for C4Hy00, (M*):
220. ).
7c: colotless oil. 'H-NMR (400 MHz, CDCly): & 6.19 A of AB (dd, Jg ¢=5.6 Hz, J;5=3.0 Hz, 1H, Hy),
5.88 B of AB (dd, J, ¢=3.0 Hz, 1H, Hy), 3.77 {d, J,3=3.2 Hz, 1H, Hj), 3.01 (s, 1H, Hy), 2.97 A of AB (dt,
1,¢=10.5 Hz, J; ,=4.1 Hz, 1H, Hy), 2.92 (bs, 1K, H,), 2.80 (bs, 1H. H,), 2.81 B of AB (dd, J5,=3.6 Hz,
18, Hy), 1.85-131 (m, 8H, -(CH):CHs, Hyg, and Higy), 1.55 (bs, 1H, OH), 0.91 (1, Jazz crn=1.1 Hz, 3H,
(CH:CH,). IR (CH,CLy): v 3740-3090" (H-bonded OH), 3600 (frec OH), 3060 (C-H, unsat),
3040-2780 (C-H, sat) cm'l. EVMS: m/e (%) 220 (30,M%), 203 (87,-OH), 178 (27,-C3Hy), 155
(72,-CsHs), 137 (100,-CsHg,-OH), 97 (59,-CsHg,-n-Bu), 66 (61,CsHg*"), 57 (27,n-Bu*). EVHRMS mie:
220.1465 (calc. for Cy4Hp0, (M*): 220.1463).

exo0-3-sec-Butyl-exo-4.5-epoxy-endo-tricyclo[5.2.1,0%%)dec-8-en-endo-3-0l 6d and exo-5-sec-buryl-endo-
4,5-epoxy-endo-tricyclof5.2.1.0~°1dec-8-en-exo0-3-0l 7d

Following general procedure A [tetrahydrofuran (10 ml), 1.4 M s-BuLi in hexane (1.55 ml, 2.2 mmol), 1
h], § (171 mg, 1.1 mmol), gave, after work-up, a crude mixture consisting of 24% 6d and 76% 7d (cap.
GC). After flash chromatography (chloroform:benzene:ethyl acetate = 4:1:1), 57 mg (24%) 6d was
obtained as a white solid and 56 mg (23%) 7d as a colorless oil. An analytical sample of 6d (38 mg,
16%) was obtained by crystallization.
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6d (1.3:1 mixture of two diastereomers, major isomer= 6d;, minor isomer= 6d;): white needles
(petroleum-cther 40-60). m.p.: 64-69 °C. 'H-NMR (400 MHz, CDCl,): & 6.30 A of AB (dd, J3o=5.6 Hz,
J; ¢ resp. J;4=2.9 Hz, 2H, l-zlapr l-}, of 6d, and 6d,), 6.13 B of AB (dd, J o resp. J; g=3.1 Hz, 2H, H; or
l—? 64, and , 3.21-3.20'A of AB (m, 2H, H; of 6d; and %3.18 l; of AB (d, J,s=2.2 Hz, 1H, H,
of 6d,), 3.14 B of AB (d, J;s=2.2 Hz, 1H,H40f_611)._f.194(bs. , H; or H; of 6d, and 6d,), 2.87-2.8
(m, 4H, H, or H; and H, or Hg of 6d, and 6d,), 2.60 B of AB (dd, J,6=7.9 Hz, J; , resp. Jtﬁ‘-,=4.l Hz, 2H,
H, or Hg Of 6d; and 6dy), 1.77-1.13 (m, 12H -CH(CHy)CH,CH,, gy, Hyop and OH, of 6d; and 6ds),
1.03 (d, J =6.8 Hz, 3H, -CH(CH;)CH,CH; of 6dy), 0.9 (d, Joucon=69 Hz, 3H,
-CH(CH3)CH, of 6dy), 097 (1, Jeyacus=1.3 Hz, 3H, -CH(CH3)CH,CH, 6dy), 091 (t,
Jorno.cp1 A Bz, 3H, -CH{CH,)CH,CH, of 6dy). IR (CH,Cl): » 57403100 f bonded O, 3600 (rec
OH), (C-H, unsat.), 3046—2856 (C-H, sat.) cmrl. E/MS: m/e (%) 220 (1,MY), 154 (2,-CsHy), 137
(18,-CsHg,-OH), 97 (60,-CsHg,-s-Bu), 79 (11,-CsHg,-s-Bu,-H;0), 66 (100,CsHg"), 57 (37,5-Bu*).
EI/HRMS m/e: 220.1463 (calc. for C;jH. (M*): 220.1463).

74d: colorless oil. 'H-NMR (400 MHz, 15): very complex, due to fast decomposition of this product
to the exo-8,9-epoxide (by spontaneous epoxidation of the norbornene double bond by molecular
oxygenl“) and other, unidentified products. IR (CH,Cl,): v 3740-3100 (H-bonded OH), 3600 (free OH),
3060 (C-H, unsat.), 3040-2770 (C-H, sat.) cm’l. EI/MS: mle (%) 220 (4 M*), 154 (15,-CsHy), 137
{(63,-CsHg,-OH), 97 (74,-CsHg,-s-Bu), 79 (54,-CsHg,-s-Bu, -H,0), 66 (100,CsHg"), 57 (97.s-Bu).
EI/HRMS mi/e: 220.1465 (calc. for Cy HygO, (M*): 220.1463).

ex0-5-tert-Butyl-endo-4,5-epoxy-endo-tricyclo[5.2.1.0%5]dec-8-en-exo-3-o0l Te
Following general procedure A [tetrahydrofuran (10 ml), 1.7 M #-BuLi in hexane (1.20 ml, 2.0 mmol), 1

h], § (170 mg, 1.1 mmol), gave, after work-up, flash chromatography (chloroform:benzene:ethyl acetate
= 4:1:1) and crystallization an analytical sample of 7e (97 mg, 40%). No 6e was isolated.

7e: white needles (petroleum-ether 40-60). m.p.: 105-108 °C. 'H-NMR (400 MHz, CDCly): § 6.19 A of
AB (dd, Jg 9=5.6 Hz, J; 4=2.9 Hz, 1H, Hy), 5.87 B of AB (dd, J, 9=2.8 Hz, 1H, Hy), 3.78 (d, J,3=2.9 Hz,
1H, Ha), 3.05 (s, 1H, Hy), 3.03 A of AB (dd, J,¢=10.3 Hz, J¢;=3.5 Hz, 1H, Hy), 2.92 B of AB (dt,
J;2~3.8 Hz, 1H, Hy), 2.90 (bs, 2H, H, and Hy), 1.69 (bs, 1H, OH), 1.46 A of AB (dt, J,0, 10:=8.1 Hz, J=
1.7 Hz, 1H, Hyq, or H,q,), 1.36 B of AB (d, 1H, Hyq, or Hyg,), 0.9 (s, 9H, -C(CH,)s). IR (CH,Cly): v
3720-3100 (H-bonded OH), 3600 (free OH), 3070 (C-H, unsat.), 3040-2780 (C-H, sat.) cm’l. E/MS: m/e
(%) 220 (9M%), 205 (25,-CH;), 163 (28,-+-Bu), 154 (21,-CsHg), 137 (32,-CsHg,-OH), 97
(93,-CsHg,-1-Bu), 79 (33,-CsH,,-1-Bu,-H,;0), 66 (100,CsH*), 57 (80,-Bu*). Found: C 75.74, H 9.04
(calc. for C,4H¢0,: C 76.33, H9.15).

ex0-4,5-Epoxy-exo-3-phenyl-endo-tricyclo] 5.2.1.0>S]dec-8-en-endo-3-0l 6f

Following general procedure A [tetrahydrofuran (10 ml), 2.0 M PhLi in hexane (1.05 ml, 2.1 mmol), 1 h],
$ (170 mg, 1.1 mmol), gave, after work-up, flash chromatography (A1,04, chloroform:benzene:ethyl
acetate = 4:1:1) and crystallization an analytical sample of 6f (131 mg, 50%). No 7f was isolated.

6f: white plates (petroleum-ether 40-60). m.p.: 126.0-126.5 °C. 'H-NMR (400 MHz, CDCl,): 5 7.58-7.56
(m, 2H, Horg,o), 7.38-7.35 (m, 2H, Hyeyy), 7.30-7.26 (m, 1H, H,,,), 6.43 A of AB (dd, Jg9=5.5 Hz, J; 4
resp. J;3=2.3 Hz, 1H, Hg or Hy), 6.21 B of AB (dd, J; ¢ resp. J;5=2.9 Hz, 1H, H; or Hy), 3.38 A of AB
(dd, J45=2.1 Hz, J4¢=0.6 Hz (W-coupling), 1H, H,), 3:32 B of AB (d, 1H, Hs), 3.12 and 3.06-3.02 (bs
and m, 4H, H,, H,, Hg and H5), 1.93 (s, 1H, OH), 1.55 A of AB (dt, J;0,10,=8.2 Hz, J=1.5 Hz, 1H, H;,
or Hys)), 1.40 B of AB (d, 1H, Hyg, or Hyp,). IR (CH,Cly): v 3700-3120 (H-bonded OH), 3580 (free OH),
3100-2780 (C-H, unsat. and sat.) cm'!. EI/MS: m/e (%) 240 (13,M*), 222 (8,-H,0), 174 (22,-CsHp), 157
(83,-CsHg,-OH), 146 (31,-CgHs,-OH), 105 (97, CgHsC=0"), 77 (55,C¢Hs), 66 (100,CsHg*). Found: C
80.07, H 6.78 (calc. for C;gH,40,: C 79.97, H 6.71).

W,

ex0-4,5-Epoxy-exo-tricyclo[5.2.1,0%5dec-8-en-endo-3-ol 9a, endo-4,5-epoxy-exo-tricyclo[5.2.1.0>1dec-
8-en-exo-3-ol 10a and exo-tricyclo[5.2.1.0-°]dec-8-en-endo.exo-3,5-diol 21a
Following general procedure A [tetrahydrofuran (10 ml), NaBH, (151 mg, 4.0 mmol), 3 days], 8 (176
mg, 1.1 mmol), gave, after work-up, a mixture consisting of 71% 9a and 29% 10a (cap. GC). After flash
chromatography (n-hexane:ethyl acetate = 1:1), 82 mg (46%) 9a and 32 mg (18%) 10a were both
obtained as colorless oils.

Following general procedure A [tetrahydrofuran (10 ml), LiAlH, (136 mg, 3.6 mmol)], 8 (177 mg, 1.1
mmol), gave, after one hour, a mixture of 65% 9a, 28% 10a and 7% 21a (cap. GC). The reaction was
continued for another three days to give, after work-up, a crude mixture consisting for 84% of 21a (cap.
GC). After flash chromatography (n-hexane:ethyl acetate = 1:1) and crystallization an analytical sample
of 21a was obtained as a white powder.

9a: colorless oil. 'H-NMR (400 MHz, CDCly): § 6.21 A of AB (dd, J3¢=5.7 Hz, I  resp. J75=3.1 Hz,
1H, Hg or Hy), 6.12 B of AB (dd, J; ¢ resp. J,5=3.1 Hz, 1H, H;g or Hy), 4.32 (d, J,4=7.8 Hz, 1H, H3), 3.50
A of AB (dd, J4s=2.2 Hz, J,s=0.9 I-fz (W-coupling), 1H, H,), 3.33 B of AB (d, lzﬁ, Hs), 2.91 (bs, 1H, H,
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or Hy), 285 (bs, 1H, Hy ox Hy), 225 A of AB (@, Jp=72 Ha, IH, Hy), 220 B of AB, @t Iyl =72
Bz, 16, H, 181 (bs, 1H, OH),lssAofAB(’a, o=8.8 Hz, 1H, Hyo), 1.42 B of AB (1,
s Ta00m1.7 B, 1H, Hig). IR (G, 37005108 1 bonded O, 3605 tres OFD, 30802626
B ety o EUMS. il (%) 164 (LM"), 98 ©-Co1y, 81 (30,CsHy-ORD), 66
(100,CsHe*). EVHRMS mie: 164.0835 (cal. for CyqH,20, (M*): 164.0837).
10a: colorless oil. 'H-NMR (400 MHz, CDCl): 8 6.14 A of AB (dd, Jgg=5.6 Hz, I  resp. J; =2.9 Hz,
IH, Hy or Hy), 6.1 B of AB (44, J)o fsp. =29 iz, 1EL Hj or Hy), .87 (bs, 1H. Hy), 3.70 A of AB
(Gd, I T, s 4 Ha, TH, ), 3.39 Bof AB (4. 1H, Hy, 2.80 (bs, 1H. 1, or Ho), 2.75 (bs, 1HL H, or Hy),
2.36 A of AB (dd, Jy (=67 Hz, =07 Hz, 1H, H o i) 208 (s, 1H, OH), '1.64 B of AB (bdd, J=0.7
Hz, 1H, Hy o Hg), 135 A of AB (dt, J mo,—ﬁ 10e=1.7 Hz, 1H, Hyq,), 1.25 B of AB (d,
H, Hio) m(cnza,) 3003100 15 Sied OFD:, T3 LoD, 31002820 (E H, wnsatand o)
BURS: wve D164 3, M9, 08 (35 CHig 81 (18,C. 1 O, 66 (100.Cotie, BULTRMS e
164.0837 (calo. for CyqH150, (M*): 164.0837)
21a: white powder (petroleum-ether 40-60) 'H-NMR (400 MHz, acetone-dg):  6.13 A of AB (dd,
Y56=5.7 Hz, J; g Tesp. J75=2.8 Hz, 1H, ),GIOBofAB(dd,Jl resp. J72=2.9 Hz, 1H, Hy or Hy),
53428 (0, TH, 1, oF Hs), 3.92-3.86 (e, 1K, H, or Hy), 3.65 (4, Jooopy=d.8 iz, 1H, -CH(OH)), 3.34
(d Tyon=3.8 Hz, 1H, CH OBy, 277 (oo, THL, Hy ar 13, 267 o™t o ), 209 A of AB (bt,
=0y 3=8.3 Hz, 1H, Hy), 2.01 A of AB (ddd, J44,=13.2 Hz, 1 ,=6.0 Hz, J =3 8 Hz, 1H, Hog o Hep,
BB A (880, oy Tp. D=7 9. GO 11 or Hl,), 1.84 (T, 4=5.3 Hz, 1H. H), 167
A of AB (bd, Jion 108.6 Hz, TH, H, 135 (5, 15 by, o Fyoh EUMS] mie () 166
(140, 149 (10888, 130 (15 20,0539 (100 5 H, 83 (35, CoHeORD, 65100,

ex0-4,5-Epoxy-exo-3-methyl-exo-tricyclo[5.2.1.0%%dec-8-en-endo-3-0! 9b

Following general procedure A [tetrahydrofuran (10 ml), 1.6 M MeLi in hexane (1.30 ml, 2.1 mmol), 1
h], 8 (168 mg, 1.0 mmol), gave, after work-up, flash chromatography (chloroform:benzene:ethyl acetate
= 4:1:1) and crystallization, an analytical sample of 9b (173 mg, 97%). No 10b was isolated.

9b: white needles (petroleum-ether 40-60). m.p. : 71-73 °C. IH-NMR (400 MHz, CDCl 3): 8 6.18 A of AB
(dd, Jg¢=5.6 Hz, I, g resp. J; 4=3.1 Hz, 1H, HsorH9),608130fAB(dd,J resp. J; -32Hz, 1H, Hg or
Hy), 3. 334 A of AB {dd, J, _2 2 Hz, J, ¢=0.7 Hz (W-coupling), 1H, Hy), 3. 28 , 1H, H5), 2.87 (bs, 1H, H,
or Hy), 2.81 (bs, 1H, H, orH7),228AofAB (dd, J, ¢=6.8 Hz, 1H, Hy), 1.77 B of AB (bd 1H, H,), 1.64
A of AB (d, J;010.=8.8 Hz, 1H, H,q,), 1.53 (s, lH, OH), 1.42 (s, 3H, -CH,), 1.41 (dt, J 10,~16 10,~1 8
Hz, 1H, HI(Q,') (CH,Cly: v 3700- 120 (H-bonded OH), 3600 (free OH), 3080-2830 ((?'

sat.) cm', CIYMS: m/e (%) 179 (4,M+1%), 161 (39,-H,0), 112 (72,M*-CsHy), 97 (38, M*-CsH, -CH3) 95
(90,M*-CsHjg,-OH), 66 (100,CsHg*). Found: C 74.41, H 7.97 (calc. for C;,H;40,: C 74.13, H 7.92).

ex0-5-n-Butyl-endo-4,5-epoxy-exo-tricyclo[5.2.1.0%%|dec-8-en-exo-3-o0l 10c
Following general procedure A [tetrahydrofuran (10 ml), 1.6 M »-BuLi in hexane (l 35 ml, 2.2 mmol), 1

h], 8 (175 mg, 1.1 mmol), gave, after work-up a crude mixture in near quantitative yield. After flash
chroma;ography (n-hexane:ethyl acetate = 1:1), 85 mg (35%) 10c was obtained as a colorless oil. No 9¢
was isolated.

10¢: colorless oil. 'H-NMR (400 MHz, CDCl,): 8 6.15-6.11 (m, 2H, Hg and Hy), 3.83 (d, J,4=2.9 Hz,
1H, Hy), 3.22 (4, J, 4=0.6 Hz (W-coupling), 1H, H,), 2.80 (bs, 1H, H, or Hy), 2.72 (bs, 1H, H, or H7),
2.27 A of AB (bd, J 9.2 Hz, 1H, H,), 2.14 B of AB (d, 1H, Hg),205AofAB d, Jy0. -85Hz 1H,
Hyg,), 1.93 (bs, 1H, OH), 1.84-1.77 and 1 72-1 65 (2m, 1H and 1H, -CH, (CH2)2CH3), 1 ‘16-1 30 (m, 4H
-CHy(CH,),CH,), 1.25 B of AB (dt, J;10,~Js.10s~1.5 Hz, 1H, H , 093 (1, J =7.0 Hz, 3H,
-(CHp)sCH. _r;) IR (CH,ClLy): v 3720—3120 (I-I-bonded OH), 3595 (free OH), 3090-2%03 H, unsat. and
sat) cm'. EUMS: mie (%) 220 (1MY), 203 (2,-OH), 178 (9,-C;Hg), 155 (88 C5H5), 137
(54,-CsHg, —OH), 97 (80, C5H6 -n-Bu), 66 (100,CsHg"), 57 (21,n-But). EIFHRMS mi/e: 220.1465 (calc. for
Ci4H300; (MY): 220.1463).

€x0-5-sec-Buryl-endo-4,5-epoxy-exo-tricyclof 5.2.1. 0*S\dec-8-en-exo-3-0l 10d
Following general procedure A [tetrahydrofuran (10 ml), 1.4 M s-BuLi in hexane (1.55 ml, 2.2 mmol), 1

h], 8 (176 mg, 1.1 mmol), gave, after work-up, a crude mixture in near quantitative yleld After flash
chromatography (chloroform:benzene:ethyl acetate = 4:1:1), 113 mg (46%) 10d was obtained as a
colorless oil. No 9d was isolated.
10d (1.4:1 mixture of two diastereomers, major isomer 10d,, minor isomer 10d,): colorless oil. 'H-NMR
(400 MHz, CDCl;): § 6.16-6.11 (m, 4H, Hg and Hy of 10d, and 10d,), 3.84 (d, J, 3=3.5 Hz, 1H, H; of
mg, ,3.83(d,J 3—3 1 Hz, 1H, H; of 10d1), 3.20 (d % Hz (W-coupling), IH, H, of 10d,), 3. 17 (,
J,4=0.7 Hz (W-couplmg), 1H, H4 of 10d,), 2.79 (bs, 212-1 H, or Hy of 10d, and 10d,), 2.72 (bs, 2H, H, or
H7of10d and 10d,), 2.29 A of AB (bd, J,¢=9.2 Hz, 1H, H, of 10d,), 526 of AB (bd, J, (=9.3 Hz,
1H, H, of10d|).220BofAB (dd, Jg7=1.1 Hz, 1H, Hy of10d ), 2.17 B of AB (dd,J 7~1.0 z, 1H, Hy
of 10d,), 2.021.98 (m, 2H, H,q, of 10d, and 10d,), T8 s 01 OH of 108, and 100, 1.68:1.24'(rs
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8H, -CH(CH,)CH,CH, and n,o_ of 10d; and 10d,), 1.04 (d. ﬁﬁé 8 Hz, 3H, cn( _;7)0112&13 of

l‘l‘i.z), 1.03 (d Jen, Hz, 3H, -CH(CH3)CH,CH. 10d,), 095 (1, J, 4 Hz, 6H,
YCH,CH. f’i’od, and i0dy). IR (CHCL) v  3700-3100 (Hi-bonded OF. 3600 (ree OH),
3080 2780 (CEE St ot sae) o EUMS: Uy 220 (M, 208 CLrH00, 163 (8o Do) 153

(78,-CsHy), 145 (6,-s-Bu,-H,0), 137 (43,-CsH-OH), 97 (100, CsHe-s-Buj, 66 (92,CsHe™),
7 s B EVHRMS aler 520 3’65(ca1c(for g’}{-fmoz Mo 250.13635 CsHle

exo-5-tert-Butyl-endo-4,5-epoxy-exo-tricyclof5.2.1.0%5 [dec-8-en-exo-3-ol 10e
Following general procedure A [tetrahydrofuran (10 ml), 1.7 M ¢-BulLi in hexane (1.30 ml, 2.2 mmol), 1

h}, 8 (176 mg, 1.1 mmol), gave, after work-up, a crude mixture in 88% yield. After flash chxmnatograp
(chloroform:benzene:ethyl acetate = 4:1:1) and crystallization an analytical sample of 10e (99 mg, 41%)
was obtained. No 9e was isolated.
10¢: white needles ( (petroleum-ether 40-60). m.p.: 101-102 °C. 'H-NMR (400 MHz, CDCl,): § 6.17 A of
AB (dd 139—5 GHZ,Jl Tesp. J7g—29HZ, 1H, HgOI'Hg), 6.12B of AB (dd, Jlgmsp 178—591‘11, lH Hg
or Hy), 3.84 (bs, 1H, H3), 3.24 (d, J,4=0.7 Hz (W-coupling), 1H, Hy), 2.81 (bs, 1H, H; or Hy), 2.73 (bs,
1H, H10rH7),233AofAB(dd, =93Hz,l 67=1.0 Hz, 1H, Hy), 2.25 B of AB (bd, J, ,~1.0 Hz, 1H,
Hz), 1.99 A of AB (d, J;qq,10,=8.5 l?iz lH Hm,), 1.64 (bs, 1H, OH), 1.26 B of AB (dt, sz,nslﬁ m.sl 5
Hz, 1H, H,,), 1.01 (s, 9H -C(CHs)s) HNMR(400MHz,CDCl DO) vide supra, except § 3.84
J. 3-29 Hz, 1H, 3‘) IR (CHzCIz) v 3700-3090- (H-bonded OH, 3 (free OH), 3050-2830 (C-H,
unsat. and sat) cm”. CI/MS: m/e (%) 220 (5M"), 203 (51,-OH), 163 (7,-t-Bu), 155 (76, C+5H) 137
(100,-CsHg,-OH), 109 (66,-CsHg, -OH,-CO), 97 (50,-CsHg,-1-Bu), 66 (51,CsHgY), 57 (40,.-Bu*). Found:
C 75.89, H9.08 (calc. for C;4H;40,: C 76.33, H 9.15).

Following gcneral procedure A [tetrahydrofuran (10 ml), 2.0 M PhLi in hexane (1.00 ml, 2.0 mmol), 1 h],
8 (160 mg, 1.0 mmol), gave, after work-up, a crude mixture consisting of 74% 9f and 26% 10f (cap. GC).
After flash chromatogra OPh y (AlyOj3, chloroform:benzene = 4:1) and crystallization, analytical samples of

9f (83 mg, 35%) and 10f (55 mg. 23%) were obtained.
S whitsplates (disopropyl ether), mvp.: 124-125 °C. IH-NMR (400 MHz, CDClyy: §7.59-7.56 (m, 28,
,7.397.34 (m, 2H, By, 7.307.26 (m, 16, Hog), 626 A of AB (dd, Jg g=5.7 Hz, J; g Tesp.
J14=3.1 Hz, 1H, Hg or Hg), 611 B of AB (dd, J; g resp” Yy=3.2 Hz, 1H, Hy or Hoy, 3.64 A of AB (dd,
Tus=2.2 Hz, J, 0.0 Hz (W-coupling), 1H, H,), 3:44 B of AB (4, 1H, Hy), 3.05 (bs, 1H, H, or Hy), 2.90
(bs, 1H, H, or Fy), 2.43 A of AB (dd, 1, 7.0 Hz, 1H, Hy), 2.34 B of AB @, 19, Hp, | 94 (s, 1H, OH),
1.89 A'of AB (d, Jju10,=8.8 Hz, 1H Hyg), 1.51 B of AB (dt, Jp 0=Je10e=1.7 Hz, 1H, Hygy. IR
(CH,CL,): v 3700-3150 (H-bonded OH), 3580 (frec OH), 3110-2800 (C-T1, unsat. and sat.) cor. BI/MS:
mie (%) 240 (6 M), 222 (5,-H,0), 174 (55-CsHo), 157 (38,-CsHe,-OH), 105 (90,CHsC=0"), 77
(42,C4Hs"), 66 (100,CsHy ). EVHRMS mye: 240.1153 (cale. for CyeHy¢0p (MD): 240.1150),
10F: white plates (diisopropyl ether). m.p.: 123-124 °C. 'H-NMR (400 MHz, CDCl,): § 7.50-7.48 (m, 2H,
o T BT 38 (D s s R AT o TEL Ho). 610 A of AB G0 F scs.otin Jore b
J7 '—"31HZ,1HH or ), BOfAB(dd Jlgrcsp 8—31HZ IH HgOl' 3—04((1 J34—20HZ
T ), 382 (6 T EL 206 (6, TH OBy, 385 (o L o ), 251 of A @, J, =65 Hz, 1H,
H, or 1), 2.06 B of AB (4, 1, Hp o Ho, 185 (bs, 1, Hy or H, 145 A of AB (d, Jy. =9.0 Hz, 1H,
Ehoy, LO4 B of AB (dt, Jtor=0c=1.6 H, 1H, Hig) IR (CHCy): » 36103100 (i-bonded OH), 3550
(free OH), 3100-2880 (CH. unsat. and sat) cml EUMS: mie (%) 240 (6,M*), 223 (4,-OH), 174
(9,-CsH), 157 (27,-CsHe,-OH), 146 (11,-CgHs,-OH), 105 (100,CH,C=0%, 77 (10,CeHs™, 66
(63,CsHe?). Found: C 79.94, H 6.68 (calc. for CigH;4O,: C 79.97, H 6.71).

exo-3-Methyl-endo-tricyclo[5.2.1.0%%]dec-8-en-endo,exo-3,5-diol 20b

Following general procedure B [tetrahydrofuran (10 ml), sat. L1A1H4 in tetrahydrofuran (10 ml), 1 day],
6b (49 mg, 0.28 mmol), gave, after work-up, a crude mixture consisting of 41% 6b, 5% 7b and 54% 20b
(cap. GC). Epoxy-alcohols 6b and 7b were removed by flash chromatography (n-hexane:cthy! acetate =
3:1) and subsequent elution with methanol gave 18 mg (36%) 20b as a colorless oil.

Following general procedure B [tetrahydrofuran (10 ml), sat. LiAlH, in tetrahydrofuran (10 ml), 1 h], 7Th
(51 mg, 0.29 mmol), gave, after work-up, 51 mg (97%) 20b as a colorless oil.

20b: '"H-NMR (400 MHz, CDCl3): 5 6.30 A of AB (dd, J —56Hz,119resp J7,8=3.0 Hz, 1H, H; or Hy),
6.08 B of AB (dd, J; ¢ resp. J;5=3.1 Hz, 1H, H, orH9) 377 (dd, =6.3 Hz, J,, s=2.4 Hz, 1H, Hy),
297, 2.9 and 2.69 (3 bs. TH. THi and 38, Hy. Bio Hoand Hyy L '92°% of AB (T, =138 Hz, 111,
Hyy), 1.69 (bs, 2H, OH), 1.64 B of AB (dd, 1H, Hy,), 1.46 A of AB (dt, J,g, 10,=8.0 Hz, , ,o.=J7 10a TESP.
]1 lOszJ'l “)s—vl 8 Hz, lH Hm‘orHlo,) 1.46 (S 3H -CH3), 1.33B of AB (d H H10l
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exo-4-Deuter: - s tri .1 c-8-e ex0-3.5-diol, exo-4-D-20b
Following genenl procedure B [tetrahydrofuran (10 ml), LiAID, in tetrahydrofuran (0.33 g/35 ml, 10
ml), 1 day], 6b (99 mg, 0.56 mmol), gave, after work-up, a crude mixture containing 58% exo-4-D-20b
(cap. GC). Epoxy-alcohols 6b and 7b were removed by flash chromato, y (n-hexane:ethyl acetate =
3:1) and subsequent clution with methanol gave 48 mg (48%) ex0-4-D-20b as a colorless oil.
Following general procedure B [tetrahydrofuran (10 ml), LiAID, in tetrahydrofuran (0.33 g/35 ml, 10
ml), 1 h), 7b (75 mg, 0.42 mmol), gave, after work-up, 76 mg (quant.) exo-4-D-20b as a colorless oil.
exo-4~D-20b HNMR(400MHLCDC1)8630AofAB(dd,J =5.6 Hz, J; g re =3.0 Hz, 1H,
),GOSBofAB(dd, spJ-, =3.1 Hz, 1H, Hy or H;), 3.76 5, 2 i E Fy 297
2.52 2.69 3 bs, 1H, 1H '&H. H6andH ,189(d,1H,H4n) (bs,2H,OH),146Aof
AB (bd, J10,10,=8.0 Hz, 1H, H,q, or , 1.46 S,;E*CHg),l33BOfAB(d 1H, H,q, or Hjg,).
EVHRMS rg7e 181.1213 (calc. for Cul-ll 2D(M*) 181.1213),

enMDemroexo—Q-ngmwﬂgQ[§.2.1.02-‘|deg-8-enindo,g 0-3,5-diol, endo-4-D-20b
Following general procedure B [tetrahydrofuran (20 ml), LiAlH, in tetrahydrofuran (0.20 g/20 ml, 15

ml), 2.5 h], 24 (150 mg, 0.84 mmol, vide infra), gave, after work-up, 148 mg (98%) endo-4-D-20b as a
colorless oil, which slowly soli
endo-4—D—20b white powder (n-hexane/dichloromethane). m.p.: 107-109 °C. 'H-NMR (400 MHz,
CDC13)8630AofAB(dd,J 9=5.6 Hz, J, ¢ resp. J,3=3.0 Hz, 1H, H%},608BofAB(dd Jio
resp. J,4=3.1 Hz, 1H, Hsong),377(bs,1Pi,H5),297 2.92 and 2.69 (3 bs, 1H, 1H and 2H, H,, H,, Hq
and H-,), 1.62 (bs, IH H4 1.46 A van AB (dt, Jl 10.—8 0 HZ Jl 10""171 resp. Jl 1&"17 o'-l 8 HZ 1H,
Hyq, or Hyp,), 1.46 (s, 3 ),13SBofAB&' ), 1 gi(bs,ZH,OH) IR(CHCl3)0
3&60— (H-bonded OH), (free OH), 3060 (C- H, unsat.), 36 2800 (C-H sat.) cml, EI/MS: m/e
(%) 181 (0.2M*), 166 (48,-CHj), 114 (18, ,-H), 99 (6,-CsHg,- 98 (43 - H6 -OH), 97
(14,-CsHe,-H,0), 81 (5,-CsHg,-OH,-OH), 80 (5, sHs,OH,-HZO). (1?)0 EI/HRMS mie:
166.0979 (calc. for CyoH;,0,D (M*-CHs): 166.0978).

4-Deutero-endo-tricyclo[5.2.1.0%5 |decg-4,8-dien-3-one 22
This compound was synthesized ac lg to the procedure described by Miura et al.!, using a solution

of sodium (42 mg, 1.8 mmol) and endo-1 (1.0 g, 6.8 mmol) in CH;0D (10 ml), After work-up, 0.94 g
(94%) 22 was isolated as a white solid. An anal‘rucal sample was obtained by crystalhzanon

22: white powder (n-pentane) m.p.: 62-64°C. "H-NMR (100 MHz, CDCly): 3 7.41 (d, Js¢=2.5 Hz, 1H,
Hs), 5.90 A of AB (dd, Jg¢=5.4 Hz, J,4=2.9 Hz, 1H, Hy), 5.77 B of AB (dd, Jg =23°Hz, 1H, Hy),
3.50-3.38 (m, 1H, Hy), 3. lg (bs, 1H, Hy), 3 01-2.96 (m, 1H, H7), 278 (dt, Jm-s &5 0 Hz, 1H, H,) 1.75
A of AB (dt, 100 105=8.4 Biz, J; 10037100 TSP. Iy 105371017 Hz. ot tip,), 1.62 B of AB (d,
1H, Hyg, or Hig)}- IR (CHCL): v 3080 (C-H, utisat.), 3850-2800 (C—H sat 0, 1690°(C=0, conj), 1553
(C=C, conj.) cm’l, EI/MS: mle (%) 147 (10,M*), 66 (100,CsH,*). EVHRMS m/e: 147.0794 (calc. for
C1oHoOD (M*): 147, 0795).

endo-4-Deutero-exo-4,5-epoxy-endo-tricyclo[5.2.1.02%]dec-8-en-3-one 23

20% Aqueous Na,(CO; (7 ml) and 35% H,0, (10 ml) were added to a solution of 22 (524 mg, 3.6 mmol)
in acetone (10 ml) at 0 °C and the resulting mixture was stirred for 20 minutes under a nitrogen
atmosphere. The crude mixture was diluted with water (10 ml) and extracted with dichloromethane (3x).
The combined organic fractions were dried (MgSO,), filtered and concentrated under reduced pressure to
glvc 578 mg (97%) 23 as a white solid.

23: 'H-NMR (400 MHz, CDCl,): 3 6.08 A of AB (dd, Jg¢=5.7 Hz, J; ¢=2.5 Hz, 1H, Hy), 6.03 B of AB
(dd, J;5=2.8 Hz, 1H, Hg), 3.60 (d J56=1.6 Hz, 1H, H), 3.24 (bs, I-f H,), 3.11 (bs, 1H, Hy), 3.10 (1,
J, =41 Hz, lH Hz) 297 °(4dd, J, ¢26.5 Hz, Jo7=4.6 Hz, 1H, Hy), 1.62 A of AB (dt, J;p, 10,=8.6 Hz,
o0 A R ng.oer,) 1.46 B of AB (d, 1H, Hyq, or Hyo) EUMS: mie
ST BT od B0, 66 (100.CHD

ex0-4-Deutero-endo-4,5 S-methyl-endo-tricyclo[5.2.1.0%5\dec-8-en-ex0-3-0l 24 and endo-4-
Deutero-exo-4.,5- - xo—3-met l-endo-tricyclo[5.2.1. Idec-8-en-endo-3-0l 29

Following general procedure A [tetrahydrofuran (20 ml), 1.3 M MeMgl in ether (2.40 ml, 3.1 mmol), 3
days], 23 (400 mg, 2.5 mmol), gave, after work-up, a crude mixture consisting of 81% 24 and 19% 29
(cap. GC) in quantitative yield. After flash chromatography (n-hexane:ethyl acetate = 3: 1), 312 mg (70%)
24 and 50 mg (11%) 29 were both obtained as a white solid. Analytical samples were obtained by
crystallization.

24: white needles (n-hexane). rnp 101-102 °C. 'H-NMR (400 MHz, CDCl,): 3 6.19 A of AB (dd,
J39=5.6 Hz, J, 4=3.0 Hz, 1H, Hy), 5.88 B of AB (dd, J, ¢=3.0 Hz, 1H, Hp), 37% (bs, 1H, Hs), 2.99 A of
AB (dt, J, 5=10 5 Hz, J) 5=J,3=3.7 Hz, 1H, Hp), 2.93 (bs, 1H, H7), 2. 89 (bs, 1H, H;), 2.79 B of AB (dd,




Additions to tricyclodecadienone epoxides 3489

J5'7=3.6 HZ, 1!’1, Hﬁ), 1.67 (bd, Jg'QH"‘G.s HZ, IH, OH), 1.49 A van AB (dt, Jl 1 =8.1 HZ, 11'10.2‘17.10.
resp. J; 10,37 10~1.8 Hz, 1H, Hyq, or Hig,), 143 (s, 3H, -CH,), 1.34 B of AB %H, Hyo, ot} IR
(CHCly): v 36%—3090 (H-bondeg'OH), 3610 (free OH), 3066 (C-H, unsat.), 3030-2810~((L.-H, sat.) cm’l,
EUMS: m/e (%) 179 M), 161 (5,-H,0), 113 (32,-CsHy), 98 (28,-CsH,-CH,), 96 (30,-CsHg,-OH), 66
(100,CsHg*). EVHRMS mie: 179.1057 (calc. for C1yH130,D (M"): 179.1057).

29: white needles (n-hexane). m.p.: 105-106 °C. *H-NMR (400 MHz, CDCl3): 3 6.30 A of AB (dd,
18,9=5'6 HZ, Jl 9 Tesp. J7 8=2’8 HZ, lH, Hs or ), 6.16 B of AB (dd, Jl,9 Tesp. J7'g=3.l HZ, 1H, Hg or Hg),
3.16 (s, 1H, Hy), 2.98 (bs, 1H, H; or Hy), 2.96-2.94 (m, 1H, H, or Hy), 2.89 A of AB (dd, J,¢=7.8 Hz,
Js7=4.4 Hz, 1H, Hg), 2.52 B of AB (dd, J, ,=4.1 Hz, 1H, H,), 1.58 (bs, 1H, OH), 1.49 A of AB (dt,
JlOa.lOs=8'2 HZ, Jl 10"']7 10a TESP. Jl 10"']71 ~].8 HZ, lH, HlOI O‘l'Hlol), 1.40 (S, 3}1, -CI‘I3), 1.32 B of AB
(bd, 1H, Hyq, or Hiq,). TR (CH,CLp): v 3040 (H-bonded OH), 3600 (free OH), 3040-2820 (C-H,
unsat. and sat) cm’l. EI/MS: m/e (%) 179 (2M"), 113 (13,-CsHg), 98 (ll,—% ,-CH3), 96
(11,-CsH,,-OH), 66 (100,CsHg"). EVHRMS mie: 179.1055 (calc. for Cy,H;30,D (M*): 179.1057).

endo-4,5-Epoxy-exo-5-methyl-endo-tricyclo{5.2.1.0>5]dec-8-en-3-one 25b

To a suspension of PCC (362 mg, 1.7 mmol) in dry dichloromethane (20 ml) a solution of 7b (200 mg,
1.1 mmol) was added and the mixture stirred at room temperature. The reaction was monitored by TLC
and after standard work-up15 150 mg (77%) 25b (purity > 92%, cap. GC) was isolated as a colorless oil.
An analytical sample was obtained by flash chromatography (n-hexane:ethyl acetate = 3:1)16,

25b: 'H-NMR (100 MHz, CDCl): 8 6.12 A of AB (dd, Jg ¢=5.6 Hz, J o resp. J;3=2.9 Hz, 1H, Hg or Hy),
5.98 B of AB (dd, J, g resp. J;4=2.6 Hz, 1H, Hg or Hy), 3.14-2.80 (m, 5H, H,, H,, H,, H¢ and Hy), 1.58'A
of AB (bd, J1pa1 =§.3 Hz, 1H, Hyg, or Hyq,), 1.54 (s, 3H, -CH,), 1.41 B of AB (bd, 1H, H,g, or Hyo,). IR
(CH,Cl,): v 3015-2820 (C-H, unsat, and sat.), 1730 (C=0) cm', CUMS: mie (%) 177 (S;M*+1), 159
(7,-H,0), 111 (100,-CsHg), 82 (47,CsHOY), 66 (66,CsHg*). EVHRMS mie: 176.0840 (calc. for
C11H1202 (M+): 176.0837).
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Preliminary experiments showed that hardly any inverted epoxy alcohol 7 was obtained from the
addition of more bulky Grignard reagents such as n-butyl, sec-butyl and ters-butyl magnesium halides.
Apart from formation of some non-inverted epoxy alcohols 6, considerable reduction of § to alcohol
6a was observed. Apparently, carbonyl addition of these relatively bulky Grignard reagents is
considerably retarded, most likely due to unfavorable steric interaction with the exo epoxide function
in §. As these Grignard reagents possess B-hydrogens, reduction of the carbonyl function is now



3490

10.
11.

12.
13.
14,

18.
16.

P. P. M. A. DOLS et al.

feasible and apparently more favorable. A similar result was found earlier in our attempts to

deprotonate § with lithium diisopropyl amide in tetrahydrofuran’. Here too, exclusive formation of 6a

was observed by efficient B-hydrogen transfer from the lithium amide to the carbonyl function. The

absence of any reduction product in the addition of organolithium reagents- (Table 1) is most likely due

to higher reactivity of these organometallics toward nucleophilic additions as compared with Grignard

reagents. (Klunder, A.J.H.; Schuurman, R.F.W.; Zwanenburg, B. to be published)

Miura, H.; Hirao, K.-1.; Yonemitsu, O. Tetrahedron, 1978, 34, 1805.

After addition of LiAID,, a fast conversion of 6b to exo-4-D-20b was observed. After one day,

however, the rate of reaction had decreased considerably. Rather than wait until complete conversion

was achieved, the reaction mixture was quenched after one day (approximately 50% conversion). The

drop in the rate of reaction can be explained by assuming a sharp drop in the rate of the Payne

rearrangement of 6b to 7b, which was also observed in the addition of methyllithium to §. Based on

this assumption, at this stage, the rate of the direct reduction can become comparable to or higher than

that of the Payne rearrangement and direct reduction will predominate over the indirect pathway. As a

result, Liu and coworkers!? observed a mixture of endo- and exo-4-D-20b after prolonged reaction

times (6-8 days), the ratio of both products depending on the point at which the Payne rearrangement

is slower than the direct reduction.

Liu, Z.-Y.; Chu, X.-1. J. Chem. Soc., Perkin I, 1993, 2155.

Chapmann, S.L.; Hess, T.S. J. Org. Chem., 1979, 44, 962.

ll)oals,3 PP.M.A.; Verstappen, M.M.H,; Klunder, AJ.H.; Zwanenburg, B. Tetrahedron, 1993, 49,
1353,

Corey, E.J.; Suggs, J.W. Tetrahedron Lett., 1975, 31, 2647.

The crude product is sufficiently pure for further synthetic purposes. Purification of 25b by flash

c hy is therefore not necessary and has to be avoided as it was accompanied by an almost

50% loss of material.
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