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Recent reports on the reactions of acyclic and cyclic un-

saturated epoxides with organometallic reagentsl- encour-
aged us to examine the less studied medium-ring congeners,
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which we felt would reveal novel pathways.t-® We found that
products from one such epoxide, trans-5,6-epoxy-cis-cyclo-
decene!® (1), differ strikingly in structure and selectivity from
reaction with one organometallic reagent to another and also
from those obtained in aqueous mediall (see Scheme I). The

-
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high selectivity of two pathways provides facile entry into two
challenging ring functionalities of current interest.?12

For example, when 1 is added to diethylmagnesium prod-
ucts 3 and 4 result (Scheme II). Ring opening is facilitated by
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magnesium ion and occurs at the Cg position most likely as a
result of through-space interaction with the double bond in
the transition state.l1.13

It is somewhat surprising that GC/mass spectrographic
analyses failed to reveal addition products for all the Gri-
gnard-like reagents tested (ref 14-16 and vide infra). Also
interesting is the effectiveness of the weak Lewis acid dieth-
ylmagnesium to effect a clean transannular ring closure. For
example, reaction of 1 with BF3-OEt; and Grignard reagents
yielded synthetically less useful complex mixtures of products.
Although 3 was the major product in these cases, additional
products resulted from competing rearrangements. In retro-
spect, this is not unexpected since the magnesium halide in
Grignards is known to give competing rearrangement2-58
products, and BF3-OEt; could ring open 4 and lead to carbo-
nium-ion-like rearrangements.

The reaction was shown to be stereoselective for isomer 3
by comparison of physical and spectral constants with those
of an authentic sample synthesized by an alternate route.12
Some A3@.octalol, detected by NMR, resulted from elimi-
nation of a different hydrogen (Hy, Scheme II).17

Compound 4, 1,4-endoxodecalin,181° was identified by es-
tablishing its symmetry in hydrogen-decoupled 13C NMR
[peaks at 6 1H 80.1, 40.3, 24.3, and 19.6 ppm in a 1:1:1:2 ratio
(CDCly)]. Also, the TH NMR of 4 was similar to that of a model
compound, 7-oxabicyclo[2.2.1]heptane [6 4.4 (CHOCH mul-
tiplet)] with multiplets at § 4.4 (CHOCH) and 1.0-2.1 ppm (m,
14 H).

Whereas 1 underwent stereoselective ring closure with a
dialkylmagnesium reagent, it reacted by a different pathway
with an organolithium reagent. When freshly prepared
phenyllithium was refluxed with 1 in ether, proton abstraction
led to 5 in high yields (Scheme III). Bisallylic NMR peaks of
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Scheme III
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6 (Scheme III) were notably absent in all NMR spectra.
Equilibration studies?! and other considerations®? indicate
a strong conformational preference for the formation of 5.
However, ketonic products, whose presence would indicate
rearrangement, were notably absent.20

These results complement other work with similar com-
pounds® 11 and help demonstrate the generality of the highly
selective reaction pathways possible with unsaturated me-
dium-ring epoxides.

Experimental Section

Reaction of Diethylmagnesium with trans-5,6-Epoxy-cis-
cyclodecene. A solution of 1.52 g (10 mmol) of 1 in 20 mL of ether was
added dropwise to 15 mL of an ice-cooled 0.6 M solution of diethyl-
magnesium.?3 After the solution was refluxed for 15 h, standard
workup gave a mixture of 3 and 4 in an 85-90% yield. A sample of 3
was isolated by fractional distillation [bp 91-93 °C (20 mm); n%p
1.4885; NMR (CCly) 6 4.3 {(multiplet, 2 H) and 1.0-2.1 (multiplet, 14
H); M+ (caled) 152.1200 for C10H160, found 152.1188]. Compound
4 was crystallized out of the residue at low temperature from ether/
pentane. Its melting point was 40-42 °C; IR and NMR spectra were
identical with those of an authentic sample.12

Preparation of cis,cis-2,7-Cyclodecadienol. Under argon at-
mosphere, approximately 20 mmol of phenyllithium? was freshly
prepared in 30 mL of ether. A solution containing 2.28 g (15 mmol)
of 1 in 10 mL of ether was added dropwise to the phenyllithium. After
8-12 h reflux, normal workup gave an oil which crystallized after 2
days in the freezer. The crude solid (2.28 g) was recrystallized from
50-70 °C-boiling petroleum ether yielding 1.62 g (72%) of 5 [mp
89.8-90.7 °C; IR (CCly) 3200-3650 (OH) and 708 cm~! (cis CH=CH);
NMR (CCly) 6 5.0-5.6 (m, 4, -CH=CH-), 4.15-4.60 (m, 1, CHO), and
1.1-2.5 (m, 11 remaining H); mass spectrum (75 eV) m/e 152 M* (10),
55 (94), and 29 (100)].

Anal. Caled for C10H160; C, 78.89; H, 10.60. Found: C, 78.68; H,
10.72.
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During absolute configuration assignments of bridged bi-
cyclic products of some enzymic oxidoreduction reactions,?
we carried out thallium(III) nitrate in methanol mediated
homologation of (1S,4R)-2-methylenenorbornane to
(18,55)-bicyclo[3.2.1]-2-octanone (1), a reaction similar to
that first reported in the racemic series by Farcagiu and co-
workers.? A methyl ester impurity was also formed in varying
amounts during the reaction. This methyl ester, whose pro-
portion we now find can reach as high as 31% under the
homologation conditions, has been identified as exo-2-nor-
bornanecarboxylic acid methyl ester (2).

In view of the examples now available of ring contraction
on treatment of six-membered cyclic ring ketones with thal-
lium nitrate,*7 it seemed evident that 2 was formed from the
initial homologation product 1. This was confirmed by
subjecting 1 itself to the thallium nitrate in methanol condi-
tions. As shown in Scheme I, an 85% yield of 2, characterized
as the acid 3, was obtained.
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As in the steroid series,® the ring contraction is highly ste-
reospecific, with none of the endo isomer of 2 being detected.?
The exclusive formation of the exo ester 2 is consistent with
the mechanism proposed by McKillop and Taylor,? with at-
tack of the enol intermediate 4 by T'13* occurring from the exo
direction as expected for electrophilic additions of this type.®
The pathway envisaged is depicted in Scheme II.



