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Abstract—Cyclopropanations of an 8-oxabicyclo[3.2.1]octene substrate using diazocarbonyl compounds provided exo, exo-cyclo-
propanated products as the sole or major diastereomeric oxatricyclic products. Reductive cleavage of a meso-oxatricyclic ketone
by samarium iodide resulted in desymmetrization without concomitant oxygen bridge cleavage.
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Oxabicyclic compounds are useful substrates with tre-
mendous synthetic potential for the preparation of func-
tionalized carbocycles and arrays.! Selective synthetic
elaborations occur with high and predictable stereose-
lectivity on the basis of the steric bias provided by the
rigid template of the oxabicyclic framework.? Subse-
quent ring cleavage provide access to stereochemically-
defined cyclic and acyclic compounds.

Among various synthetic transformations, the cyclo-
propanation reaction, in particular, via the well-estab-
lished transition metal-catalyzed decomposition of
diazocarbonyl compounds, which has seen wide utiliza-
tion and applications in organic synthesis, has not been
examined in the context of oxabicyclic alkenes.? Reac-
tion of diazoalkanes with oxabicycloheptenes have
yielded intermediate pyrazolines, which have been trans-
formed into cyclopropanated products via photolysis.*
Dichlorocarbenes, ruthenium and chromium carbenes
in the presence of oxabicyclic templates have resulted
in cyclopropanations.® Other than these examples, few
other instances of cyclopropanation of oxabicyclic
frameworks have appeared in the literature.®’

Other than the apparent lack of data concerning the
cyclopropanation of oxabicyclic templates, we were also
interested to examine this reaction because the resultant
strained cyclopropanated products could provide
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interesting synthetic intermediates via a subsequent ring
cleavage (Scheme 1). The cyclopropane moiety could
conceivably undergo fragmentation in two ways. The
scission of bond (a) in this system would result in a
ring-enlargement to give an eight-membered ring and
would constitute a synthesis for functionalized med-
ium-sized carbocycles. The cleavage of bond (b) would
result in a desymmetrization of the meso-oxatricyclic
molecules. To this end, cyclopropanation reactions,
which install functionality at R’ could be particularly
useful for inducing subsequent ring opening (Scheme
1). Moreover, in the context of the oxabicyclic system,
concomitant oxygen cleavage is also conceivable. Herein
we report the preliminary results in the metal-catalyzed
cyclopropanation of oxabicyclic template 1 by diazocar-
bonyl compounds, and the manner by which these func-
tionalized cyclopropanated products undergo ring
opening.
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Scheme 1. Ring cleavage of cyclopropanated oxabicyclic compounds.
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Table 1. Cyclopropanation of 1

o 9 ey H Q R
Nax L 2cR=tBu °
7 R 2dR=iPr H
Reaction conditions "
OCH; Addition rate OCHs OCHjg
1 3 4
Entry Diazo compounds Reaction Concentration Addition rate Yield of Recovered 1 (%)

2 (equiv) conditions® of 1 [M] of 2 (equiv/min) cyclopropanation %

3 4
1 2a (2.5) A 0.30 0.016 42 12 18
2 2a (2.5) B 0.29 0.010 63 17 —
3 2a (2.5) A 1.54 0.021 70 15 —
4 2a (5) C 0.16 0.20 66 3 —
5 2b (4) A 0.70 0.007 40 — 42
6 2b (6) A 0.11 0.20 68 — —
7 2b (4) C 0.03 0.016 — — 72
8 2¢ (2) A 0.19 0.003 31 — 47
9¢ 2c (4) A 0.26 0.007 68 — —
10 2¢ (4) C 0.20 0.20 52 — —
11 2d (4) A 0.19 0.007 16 — 57
12 2d (7) A 0.19 0.10 35 — 45
13 2d (6) C 0.20 0.062 10 — 44

#Reaction conditions A: cat. Rh,(OAc);,CH,Cl,, room temperature; conditions B: cat. Rhy(OAc)y, CH,Cl,, reflux; conditions C: cat. Cu(acac),,

PhH, reflux.

With 1 as the limiting reagent, cyclopropanations by
metal carbenes generated from diazocarbonyl com-
pounds 2a-d and transition metals were examined (Ta-
ble 1). A very slow addition of the diazocarbonyl
compound was imperative to facilitate the cyclopropa-
nation reaction and discourage carbene dimerization.®
Controlling the rate of addition of 2a by a syringe
pump, the cyclopropanation of 1 in the presence of cata-
lytic Rh,(OAc)4 occurred in 54% yield, with unreacted 1
being recovered (Table 1, entry 1). The reaction condi-
tions were examined to optimize the yield of cycloprop-
anation. It was found that the substrate could be fully
consumed either by reaction under reflux (Table 1, entry
2), or at room temperature starting with 1 at a higher
initial concentration, whereupon an 85% yield was
achieved in the cyclopropanation (Table 1, entry 3).°
Using the less reactive Cu(acac), catalyst, cyclopropana-
tion proceeded at an acceptable rate at the temperature
of refluxing benzene (Table 1, entry 4).

We expected that cyclopropanation on the rigid tem-
plate provided by 1 would proceed with high diastereo-
facial selectivity, as observed in other reactions on
similar substrates.” In the event, two cyclopropanated
products 3a and 4a were isolated from the reaction.'”
The major isomer 3a was an exo cyclopropane resulting
from carbene attack syn with respect to the oxygen
bridge, which is expected due to the facial bias of the
oxabicyclic template. The sterically more demanding
carboethoxy group was exo with respect to the substrate
framework and thus avoided interaction with the oxy-
gen bridge. The coupling constant of the cyclopropane
protons in the "H NMR spectrum of 3a was 3.2 Hz,
within the expected range for trans vicinal protons.'!
The data conformed very well to other compounds hav-
ing the same relative stereochemistry (vide infra). The
minor diastercomer 4a was also an exo cyclopropane

from reaction on the same face of the olefin; however,
the carboethoxy group was endo with respect to the oxy-
gen bridge. With the carboethoxy group proximate to
the substrate framework, the cyclopropane protons of
isomer 4a showed coupling constants of 7.2-7.7 Hz, in
the range expected for cis vicinal protons. The structure
of 4a was unambiguously determined by X-ray crystal-
lographic analysis (Scheme 2).'?> The lowest energy con-
formation of isomer 4a was calculated to be 5.276 kcal/
mol less stable than that of 3a. The formation of this
more congested and less stable cyclopropane could be
attributed to the high reactivity of the metal carbene,
which initiates bond formation at distances relatively re-
moved from the oxabicyclic alkene, resulting in a dimini-
shed sensitivity to the steric demands of the substrate.!?

The cyclopropanation of 1 was further examined using
diazoketones 2b—d. Intermolecular cyclopropanation
reactions with diazoketones as carbene precursors
would afford cyclopropyl ketones, but these reactions
are much less studied than those of diazoesters.'* In fact,
cyclopropanations using 2¢ or 2d as carbene precursors
have never been described.

Compared with the reaction using 2a, larger excesses of
the diazoketones were required to give satisfactory
yields of cyclopropanated products, and the reactions
were not as clean (Table 1, entries 5-13). Cyclopropana-
tion yielded 3b-d as the sole diastereomeric products.
Presumably, the approach of the metal carbene with
the R group endo to the substrate has become a much
less favourable trajectory with the increased steric
demands of the R groups of 2b-d over the ethoxy group
of 2a; thus the analogous cyclopropane isomers 4b—d
were not generated. The structure of 3b was unambigu-
ously determined by X-ray crystallography.'?!> This
served to affirm the structure of 3a as well as other
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Scheme 2. ORTEP diagrams of 4a and 3b.

cyclopropanated compounds having the same relative
stereochemistry. Due to the extremely rigid oxatricyclic
framework, the values of Jyg, 3 for the series of com-
pounds 3a-d were found to be exactly 3.2 Hz regardless
of the identity of R (Scheme 3). However, cyclopropana-
tion of 1 using ethyl diazoacetoacetate failed under all
reaction conditions tried.

The cyclopropanation of 1 by diazocarbonyl compounds
resulted in oxatricyclic compounds as products, in which
the cyclopropane ring is functionalized and inherently
strained. Attempted cleavage of the cyclopropanated
oxabicyclic compounds 3a-d using Buz;SnH/AIBN uni-
formly failed. Treatment with SmI,/HMPA also failed
to effect reaction of cyclopropyl ester 3a, but was suc-
cessful in inducing the reductive cleavage of the more
reactive cyclopropyl ketone 3¢ to afford desymmetrized
oxabicyclic compound 5 in 80% yield (Scheme 4). No
concomitant cleavage of the oxygen bridge was
observed.

Herein we have demonstrated the first metal-catalyzed
cyclopropanations by diazocarbonyl compounds on
the functionalized 8-oxabicyclo[3.2.1]oct-6-ene template
of 1. Both diazoketones or diazoesters as carbene pre-
cursors yielded exo, exo-cyclopropanated products 3a—d
as the sole or major diastereomeric products, although

0 3a R=OEt, Jyy=32Hz
3b R=Ph,  Jypus=32Hz
R 3¢ R=t-Bu Jyorn3=32Hz
Hy OCH, 3d R=i-Pr Jypp3=32Hz
Scheme 3. Coupling constants of 3a-d.
Q 6 eqg. Sml, Q
o} 8 eq. HMPA 0
t-Bu THF, rt, 80% yield  t-Bu
3¢ OcH, 5 OCHs

Scheme 4. Desymmetrization of 3¢ by Sml,.

an exo, endo-cyclopropanated product 4a was a minor
product in the reaction of 2a with 1.
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