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Oxiranes constitute an important class of compounds to
synthetic chemistry:! They are easily prepared and very
reactive. Furthermore, they bear very versatile chemical
reactivity. Thus, a large variety of carbon*? as well as oxy-
gen,® sulfur,®® nitrogen and halogen nucleophiles can
cleave oxirane rings, generating a diverse nature of function-
alities. This unusual chemical property of epoxides has made
oxiranes as one of the most frequently used intermediates
for organic synthesis.

Recently, Landini and his associates reported that tetra-
butylammonium dihydrogentrifluoride is a readily available,
convenient, and highly efficient catalyst for the regioselective
hydrofluorination of many epoxides to afford fluorohydrins
when used in conjunction with a molar excess of potassium
hydrogen difluoride under solid-liquid phase transfer condi-
tions2 The fluorchydrins thus obtained are thought to be
of considerable importance as versatile intermediates for the
preparation of diverse fluorine-containing compounds of me-
dicinal interest. In connection with other project, we were
interested in obtaining fluoromethyl ketones and we thought
that these compounds may be prepared by simple oxidation
of fluorohydrins which are obtainable from appropriate ep-
oxides using the reagent of Landini? However, when we
carried out the reaction with benzyl ester of 2-benzyl-4,5-
epoxypentanoic acid under the conditions of Landini, hoping
to obtain the ester of 2-benzyl-5-fluoro-4-hydroxypentanoic
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acid, there was obtained an unexpected product of a methyl
ketone instead. We wish to report preliminary results of this
regioselective isomerization reaction of epoxyesters to the
corresponding methyl ketoesters under unusual conditions.

The 4,5-epoxyesters were readily prepared by epoxidating
the corresponding olefines with m-chloroperbenzoic acid. The
epoxides thus obtained were treated with the hydrofluorina-
ting agent® as described by Landini et al.? Thus, a heteroge-
neous mixture of epoxide 1, catalytic amount of tetrabutyla-
mmonium dihydrogentrifluoride and an excess of potassium
hydrogen difluoride was heated at 120 C until the epoxide
is no longer detectable by TLC. It took about 5 h. The reac-
tion mixture was then dissolved in methylene chloride and
the solution was filtered on celite. The crude product obtain-
ed by concentration of the filtrate was purified by column
chromatography, giving the corresponding y-ketoester in sa-
tisfactory yield (Scheme 1).* Structural assignments for the
products was supported by the spectral data: two carbonyl
absorption bands (e.g., 1717 and 1731 ¢cm™! for 3d) in their
IR spectra and a characteristic singlet magnetic resonance
signal for methyl protons in the region of & 2.0-2.1 ppm in
the NMR spectra. The mass spectral data and results of
microelemental analyses were in agreement with the struc-
tures.

It is worthy noting that the present regioselective isomeri-
zation of the 4,5-epoxyesters to y-ketoesters is contrary to
the result of Landini ef al. In fact, when we first observed
the formation of the ketoester 3d from the reaction of 1d,
dismayed by the unexpected result we repeated the experi-
ments of Landini ef al? Their results were reproduced.
These are first examples which demonstrate that the reagent
of Landini does not necessarily transform oxiranes to the
corresponding fluorohydrins, but to cause isomerization of
the oxiranes to the ketoesters in cases of 4,5-epoxyesters.
Although the reason for the alternate reaction path in case
of epoxyesters is not apparent presently to us and remains
to be clarified, the present observation is important in view
of the fact that the method of Landini has been known as
an unique route to fluorohydrins which are valuable inter-
mediates for the preparation of compounds having pharma-
cological interests. An additional work to this end and for
finding the limitation of the regioselective isomerization is
in progress.

Most of ring opening as well as isomerization reactions
of monosubstituted epoxides are known to suffer from a lack
of regioselectivity.® In this regard, the present protocol for
the conversion of the epoxide in the epoxyesters to the cor-
responding methyl ketones may itself have a synthetic value
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for the preparation of y-ketoesters as an alternative to the
method of Wacker oxidation,” since this new isomerization
reaction of epoxides to methyl ketones is highly regioselec-
tive* and simple in experimental procedure®
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The convenience of functionalization and the wealth of
available meso-substituents make the meso-porphyrins idea-
lly suited for use in various model systems.'? Although por-
phyrin is easily obtainable in a facile manner from pyrroles
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and aldehydes, generic methods are still limited to symmet-
ric porphyrins because of the isomeric porphyrin formation
and consequent difficulties in separation and identification.
A major limitation in the synthesis of isotopically labeled
porphyrins is the construction of building subunits affording
porphyrins by condensation. Thus methods for the synthesis
of those subunit still leave much to be desired at least in
creating sophisticated models of porphyrin-based enzymes.
The existing synthetic routes are -mainly the condensation
of an aldehyde with pyrrole or pyrromethanes3* In the case
of the porphyrins bearing two different types of meso-substi-
tuents, the synthesis can be achieved by a binary mixed
aldehyde condensation and separation of mixture resulting
from the condensation.®

A synthesis of porphyrins bearing deuterium specifically
at B-pyrrolic position has not investigated well. Major difficu-
lties in the synthesis are the problems associated with con-
struction of the dipyrromethane components with partial
deuteration. The great potentials of deuterated porphyrins
in various model system led us to pursue an efficient syn-
thesis of partially deuterated porphyrins.” Spectroscopic stu-
dies of porphyrins usually require deuterated porphyrins.?
Simple meso-tetraarylporphyrins with B-pyrrolic deuteration
are readily available from the condensation of aldehydes and
pyrrole-ds. But this method is not applicable to porphyrins
with partial deuteration at f-pyrrolic position. OQur current
studies, we report an efficient synthesis of partially deutera-
ted porphyrins by 2+2 condensation.

As shown in Scheme 1, the success of the synthesis solely
relys on the facile construction of dipyrromethanes 1 and
their acylation to 1,9-substituted dipyrromethanes 2. Pyrrole
generally undergoes electrophilic aromatic substitution easily,
but a,a’-functionalization with acyl units cannot be achieved
in a direct manner. But an a-substituted pyrrole can be acy-
lated at the a'-position as long as the a-substituent is not
electron-withdrawing. We recently reported one-flask synthe-
sis of 1,9-unsubstituted, meso-substituted dipyrromethanes.
The BF; or trifluoroacetic acid-catalyzed condensation of an
aldehyde dissolved in 40 times excess pyrrole affords the
meso-substituted dipyrromethanes in high yields depending
on the nature of aldehydes. The selective introduction of
acyl group at 1,9-position of dipyrromethanes was possible
by utilizing ethyl magnesium bromide and acid chlorides.®!°
Meso-aryldipyrromethanes 2 were treated with 2.2 equivalent
of ethyl magnesium bromide in THF at room temperature
and resulting dipyrromethane-Grignard reagent was treated
with 14 equivalent of appropriate acyl chlorides. The reac-
tion gave a mixture of the mono-acylated 3 in 21-34% and
bis-acylated 2 in 18-48% after chromatographic separation.
Another key step in this synthesis is the regioselective pro-



