JACS

OURNAL OF THE AMERICAN CHEMICAL SOCIETY

Subscriber access provided by American Chemical Society

Communication

Preparation and Crystal Structure of Two Bicyclo[1.1.0]butan-2-
ones: A Hybrid Oxyallyl-Cyclopropanone Motif

Surbhi Bhargava, Jianjun Hou, Masood Parvez, and Ted S. Sorensen
J. Am. Chem. Soc., 2005, 127 (11), 3704-3705+ DOI: 10.1021/ja043646q * Publication Date (Web): 24 February 2005
Downloaded from http://pubs.acs.org on March 24, 2009

Pyramidal carbonyl

More About This Article

Additional resources and features associated with this article are available within the HTML version:

. Supporting Information

. Links to the 1 articles that cite this article, as of the time of this article download
. Access to high resolution figures

. Links to articles and content related to this article

. Copyright permission to reproduce figures and/or text from this article

View the Full Text HTML

ACS Publications

High quality. High impact. Journal of the American Chemical Society is published by the American Chemical
Society. 1155 Sixteenth Street N.W., Washington, DC 20036


http://pubs.acs.org/doi/full/10.1021/ja043646q

JIAIC[S

COMMUNICATIONS

Published on Web 02/24/2005

Preparation and Crystal Structure of Two Bicyclo[1.1.0]butan-2-ones: A
Hybrid Oxyallyl —Cyclopropanone Motif
Surbhi Bhargava, Jianjun Hou, Masood Parvez, and Ted S. Sorensen*
Department of Chemistry, Umrsity of Calgary, 2500 Unérsity Drive, Calgary, Alberta, T2N 1N4 Canada

Received October 19, 2004; E-mail: sorensen@ucalgary.ca

Oxyallyls 1 are proposed intermediates in a number of organic
reactions. However, only one report on the direct observation of
an oxyallyl has appeared, involving low-temperature matrix pho-
tolysis generation and UVvisible detectior?. However, we show
in this communication that bicyclobutanones have a hybrid structure
with some oxyallyl “character”, and in particular, that some
bicyclobutanones can now be isolated as crystalline solids suitable
for single-crystal X-ray diffraction study.

The preparation of bicyclo[1.1.0]butan-2-oneKz0) 2 has not
yet been reported, but several 1,3-disubstituted analogues have
previously been characterized in situ in this laboratory by low-
temperature NMR methodsThe most thermally stable of these
was compound and atert-amyl analogue.

Figure 1. ORTEP plot of4.

- (0] o
o
2 2
A 1 3 1 3
o H H ¢Bu tBu
AN
XX
H H H H
1 2 3

Attempts were made to obtain X-ray quality crystals, but a facile
dimerization reaction forced one to work at quite low temperatures, Figure 2. ORTEP plot of5.
and the solid formed from solutions under these conditions did not
diffract? Two possible solutions to the above problems were to
create a sterically modifie8 which might be less susceptible to
dimerization or to create a less symmetrical molecule using
substituents of different sizés.

We now report the synthesis of two successful modifications,
structurest and>5, which have produced crystals suitable for X-ray
study. Both ketones were fragile compounds to handle, but no
identifiable dimerization products were noted. Bdtland5 were
prepared from the corresponding 1,3-dibromocyclobutan-2-one C1, 3, and 4. Previously reported MO calculations also support
precursors using a previously reported low-temperature method tothis conclusiorf.

Figure 3. Bond anglef in (B) is the angle given by ©C2 with the
extension of the CxC3 bisector point in (A) and C2.

debrominatively couple the-13 carbons Crystallizations were The remarkable geometric featuresdmnds are an extremely
carried out by low-temperature slow vacuum evaporation of solvent, long C1-C3 bond, 1.691(5) and 1.692(2) A, respectively, a
THF for 4, pentane fol. distinctly pyramidal ketone functionality as defined by the arfyle

in Figure 3, 12.5 and 1222respectively, or 0.265 and 0.26 A out
of the plane of the three carbons as defined by “d” in Figure 3B.
To put these numbers in perspective, one notes that the planar

o]
CHg . ;s - . .
/\ [ 5 carbonyl is among the most rigid functional groups in organic

o]

tBu tBu  tBu chemistry, and out-of-plane pyramidalizations of only 0.074 A have

CHs been noted as unusually large.
H3C H H H Finally, there are short CiC2, C2-C3 bonds, 1.428(5),
4 5 1.437(5) A, and 1.434(2), 1.441(2) A, respectively. These numbers
can be compared to reported general average values of about 1.51
Both 4 and 5 possess a very similar bicyclobutanone core A for carbonytC, bonds® however, for the few reported data sets
structure, as shown in the ORTEP drawings in Figures 1 and 2. available for cyclopropanones, shorter values are found, 1at&9
One advantage of having two structures available is that it helps 1.47 A1° A consequence of the long €3 bond and these short
suggest that the core structure is an inherent property of the systemC1-C2, C2-C3 bonds is a widened 72.4 and 72dngle at the
and not much related to the size and number of substituents oncarbonyl center.
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Figure 4. Schematic representation of the proposed orbital overlaps in
bicyclobutanones.
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Figure 5. Two schematic views of a reaction coordinate along the potential
energy surface for the cyclization of oxyallyl to cyclopropanone where the
carbonyl pyramidal distortion is at a maximum (A). At this point, as sketched
in (B), the dihedral angle HH—C2—-C1 (H—-H—C3-C1) is 161.0.

These unusual structural parameters can be rationalized using

the simple bonding model shown in Figuré Zhe long C1+-C3
bond is visualized as a mainly,pp, (c—x)-type overlap. The
carbonyl pyramidalization helps create a better-f) overlap
between C2 and C1C3, and the short carbonryC,, bond distances

are then a natural consequence of the C2 overlaps (some double (4)

bond “character” in the C1C2, C2-C3 bonds).
This qualitative picture and the title suggestion of a hybrid
oxyallyl—cyclopropanone structure fo4 and 5 can be given

additional credence using a simple computational approach. This

model (B3LYP/6-31G*) involves coordinate following of the
disrotatory cyclization of parent oxyallyl to cyclopropandads

one proceeds downhill in energy, the planar oxyallyl evolves a
distinctly pyramidal carbonyl which reaches a maximum bend of
21.6 (defined in the same way as in Figure 3), and where the
forming “bond” is still 1.75 A. In the end, of course, the carbonyl
(cyclopropanone) is again planar (€23 bond 1.57 A). Two views

of this intermediate structure (Figure 5) illustrate the carbonyl
distortion (5A) and the still mainly p-orbital character of the forming
2—3 bond in cyclopropanone (5B). During this process, the carbonyl
and carbonyt-C, bonds do not change much. The analogy between
this Figure 5 structure and real structurdsand 5 is only
approximate because of ring constraints in the latter, but it does
illustrate that carbonyl pyramidalization is associated with an
intermediate oxyally-cyclopropanone structufé.

The bicyclo[1.1.0]butane skeleton is noted for the presence of a
relatively short transannular bond, mostly ca. 1.51 A, as shown in
a number of X-ray structure determinatidAgiowever, this distance
is strongly correlated with the interflap angle of the two cyclopro-
pane planes and becomes shorter as this angle decteddes.
interflap angles in the bicyclobutanondsand 5 are 157.7 and
157.9, respectively, much larger than those reported for the
hydrocarbon skeleton, which have angles of 2180° in most
cases. With the larger interflap anglesdiand5, one would expect

longer transannular bonds, but evenso, the bicyclobutane hydro-
carbon and ketone have remarkably dissimilar transannular bond

lengthst®

In conclusion, we have presented here the first X-ray diffraction
structures of the bicyclobutanone ring system, and we show that
several of the unique bonding features can be attributed to a hybrid
oxyallyl—cyclopropanone structural motif.
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