Atypical carbon—carbon bond scission and deoxygenation in the protonation of

tungsten-nl-oxabicyclic compounds
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Treatment of tungsten-n!-7-oxabicyclo[2.2.1]heptadiene
and -n!-7-oxabicyclo[2.2.1]heptene with CF3SO;zH leads to
atypical carbon—carbon bond scission and deoxygenation;
the reaction intermediates in the bond scission involves a
tungsten-n!-2-hydrofurylium cation.

7-Oxabicyclo[2.2.1]heptene and 7-oxabicyclo[2.2.1]heptadiene
are useful compounds in the syntheses of biologically active
molecules. One important transformation in such syntheses
involves the treatment of these compounds with a strong
Brgnsted acid to cleave the oxygen bridge, yielding function-
alized benzenes and phenols respectively, Scheme 1. Such a
pathway is typical in organic chemistry.'-2 Here we report the
protonation of tungsten-n'-oxabicyclic complexes in which
uncommon carbon—carbon scission and deoxygenation reac-
tions are observed.

CsHsW(CO)3 can be considered as an electron-donating
group,># and it activates the furan ring towards [4+2]
cycloadditions with a variety of electron-deficient alkenes and
acetylenes. As shown in Scheme 2, treatment of 14 with
dimethyl fumarate, N-phenylmaleimide, ethyl propiolate and
dimethyl acetylenedicarboxylate afforded 2-5 in excellent
yields (>90%). The reaction was so highly stereoselective that
only one isomer was found for 2-3 and 5. The molecular
structure of 5 was determined by X-ray diffraction.t The
configurations of 2-3 were designated exo by the proton
coupling constants /¢ 0 Hz.5 The structure of 4 was assigned by
the proton coupling constants Jy6 3.2 Hz; this regiochemistry
suggested that the reaction intermediate possibly involves a
zwitterion intermediate A. Protonation of 2-3 with CD3SO3H in
cold CH,Cl, (—40°C), then warming the solution to 23 °C,
yielded the 2-alkylated furans 6-7 in good yields (>72%).
Protonation of 4-5 under the same conditions gave mainly the
deoxygenated products 8a—9a (65-80%}); bipyroduct phenol 9b
(28%) was only observed in the demetalation of 5. Generation
of 8a-9a from 4-5 is exceptional because deoxygenation of
7-oxabiclo[2.2.1]heptadiene to benzene can only be achieved
with reactive low-valent metals.

Protonation of tungsten m'-oxabicyclic compounds 2-5
clearly proceeds in an atypical pathway. The reaction mechan-
ism deserves further investigation. Treatment of 3 with SnCl, in
CH,Cl, at —78°C, followed by reduction with NaBH;CN,
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delivered an alkylated cis-2,5-dihydrofur-3-yl complex 10
(89%) of which the X-ray structuret is given in Fig. 1. This
information indicates that SnCl, reacts with 3 to form a stable
carbonium ion. Scheme 3 shows a plausible pathway in which
SnCl, preferentially attacks at the carbonyl oxygen of 3 to build
a positive charge at the C, carbon, together with the electron-
donating effect of CsHsW(CO)s, leading to carbon—carbon
cleavage to yield the carbenium cation B. Species B can also be
represented by a 2-hydrofurylium structure analogous to that of
species A Scheme 2. Further hydride addition at B preferentially
proceeds opposite to the alkylated substituent to yield 10 with
cis-configuration. Treatment of 3 with CF3SOs;H in cold
CH,ClI, (—40°C) immediately liberated 7, indicating that the
resulting intermediate D is unstable in solution. The instability
of D may be attributed to the imide oxygen basicity of D which
causes deprotonation to give furyl complex E; further proton
cleavage’ of the W-C sigma bond of E yields 2-alkylated
furan 7.

Treatment of 4-5 with SnCly in cold CH,Cl, (—78 °C) led to
a reversible dissociation to 1 and acetylenes. To account for the
deoxygenation, we propose a plausible mechanism which
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Fig. 1 ORTEP drawing of one independent molecule of 10. Pertinent
distances (A): W(2)-C(34) 2.258(7), C(34)-C(35) 1.342(10), C(4)-0O(10)
1.438(9), C(37)-0(10) 1.463(9).

involves cleavage of the bridging oxygen bond of 4-5 to yield
a carbenium intermediate F, further yielding epoxide species G
via an intramolecular oxygen attack at the W=C carbon. Proton
cleavage of the W—C sigma bond of G yields n!-(O)-epoxide H.
Subsequent deoxygenation of H with CsHsW(CO); fragment®
gave arene compounds 8a-9a.

Footnote

t Crystal data for 5, monoclinic, space group P2y, a = 10.452(4), b =
12.263(4), c = 19.916(5) A, B = 90.28(3)0, V = 2552.9(13) A3, Z
Each asymmetric unit contains two independent molecules. Data were
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collected on a Siemens R3m/V diffractometer, using Mo-Ka radiation.
Final R = 0.0366, R,, = 0.0389 for 3204 reflections > 3.0 o(/) out of 4537
unique reflections. For 10, monoclinic, space group P2,,, a = 13.295(2),
b = 16.502(2), ¢ = 21.717(2) A, B = 97.82(2)°, V = 4710.9(10) A3, Z =
8. Each asymmetric unit contains two independent molecules. Data were
collected on a Siemens R3m/V diffractometer, using Mo-Ka radiation.
Final R = 0.0408, R,, = 0.0513 for 6673 reflections > 3.0 o(/) out of 8094
unique reflections. Atomic coordinates, bond lengths and angles, and
thermal parameters have been deposited at the Cambridge Crystallographic
Data Centre (CCDC). See Information for Authors, Issue No. 1. Any request
to the CCDC for this material should quote the full literature citation and the
reference number 182/29.
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