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Abstract: A number of 3-phenyl-4-acyl-5-alkylisoxazoles have been found to undergo thermal rearrangement to 2-phenyl-4-
acyl-5-alkyloxazoles. Thermolysis of 3-phenyl-4-benzoyl-5-methylisoxazole (21) at 230° gave a mixture of 3,5-diphenyl-4-
acetylisoxazole (22), 2,5-diphenyl-4-acetyloxazole (23), and 2-phenyl-4-benzoyl-5-methyloxazole (24). A similar set of prod-
ucts was obtained on heating 3,5-diphenyl-4-acetylisoxazole (22). The thermal interconversion of the two isoxazoles was ra-
tionalized by cleavage of the O-N bond to produce a reactive acyclic intermediate which undergoes bond rotation and subse-
quent reclosure to the isomeric isoxazole. A 2H-azirine is suggested as an intermediate in the thermal formation of the oxa-
zoles from the isoxazoles. The photochemistry of the 4-acylisoxazole system was also studied. In contrast to the thermal re-
sults, photolysis of 3,5-diphenyl-4-acetylisoxazole (22) produced 3-phenyl-4-benzoyl-5-methylisoxazole (21) as the only pri-
mary photoproduct. On further irradiation, this material rearranged to 2,5-diphenyl-4-acetyloxazole (23). The exclusive for-
mation of 21 from 22 was rationalized by considering the differences in the free energy of activation for ring closure of the
acyclic diradical intermediates formed on thermolysis or photolysis. The mechanism for the formation of oxazole 23 from
isoxazole 21 does not proceed via an azirine intermediate. A possible reaction path which explains the results is postulated.

Studies of the photochemical and thermal isomerizations
of five-membered heterocyclic ring compounds have re-
ceived considerable attention in recent years.? Photoisomer-
ization involving interchange of the positions of two ring
atoms has been demonstrated for many of these systems. A
ring contraction-ring expansion process in these reactions
was first demonstrated by Ullman and Singh for the photo-
rearrangement of 3,5-diarylisoxazoles (1) to 2,5-diaryloxa-
zoles (3).> An analogous path nicely rationalizes the major
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products produced in the photoisomerization of other five-
membered heterocyclic rings.*-7

There are also a number of reports in the literature de-
scribing the thermally induced isomerizations of five-mem-
bered heterocyclic rings.8-! In each case, the thermal prod-
uct obtained can be rationalized by a sequence involving
homolytic cleavage of the O-Y bond of 4 to produce a reac-
tive acyclic intermediate (5) which recloses to produce the
rearranged heteroaromatic compound 6. An example of this
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type of reaction involves the thermal rearrangement of 4-
carbonyl-substituted oxazoles.®~!3 The reaction was first
observed by Cornforth and coworkers who found that sub-

stituted 4-acyloxazoles (7) rearrange thermally to the iso-
meric oxazoles 8 in high yield.® A reaction similar to the
Cornforth rearrangement was reported by Wittig and co-
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workers in 1928.'4 These authors found that 3-methyl-4-
phenylazo-5-phenylisoxazole (9) was converted to 2-phenyl-
4-benzoyl-5-methyl-1,2,3-triazole (10) on heating. This
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transformation can be explained by a mechanism similar to
that suggested by Dewar to account for the interconversion
of oxazole derivatives in the Cornforth rearrangement.!2!3
A related rearrangement, recently reported by Tada and
Takahashi, involves the thermal interconversion of ligular-
one (11) and isoligularone (12).'° This equilibration was ra-
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tionalized by a C-O bond cleavage followed by rotation
about the C7~C; bond of the intermediate diradical and re-
cyclization.

We recently reported that the thermolysis of 4-carbonyl-
substituted isoxazoles resulted in a rearrangement to both a
4-acyloxazole as well as a 4-acylisoxazole.'® Our initial ob-
servations indicated that this system differed from hereto-
fore observed thermal reactions of five-membered rings, in
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that part of the reaction followed a ring contraction-ring
expansion sequence:
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The present publication describes our findings in detail and
delineates the significant role played by 2H-azirines in the
overall thermal chemistry of this ring system. In addition,
we have studied the photochemistry of several 4-carbonyl-
substituted isoxazoles and have found the product distribu-
tions to be significantly different from those for the thermal
reactions.

Results and Discussion

Thermal Chemistry of 4-Carbonyl-Substituted Isoxazoles.
It is well known that, when two heteroatoms of higher elec-
tronegativity than carbon (e.g., nitrogen and oxygen) are
linked together through a single bond, the bond dissociation
energy of such a linkage is considerably lower than that of a
C-C single bond.!”-'® The origins of this effect are not at
present clear, but repulsion between the necessarily higher
nuclear charges and/or the nonbonded electron pairs may
be responsible. Whatever its source, this effect was consid-
ered to be a potential driving force for the cleavage of the
isoxazole ring. Taking this into consideration, we decided to
examine the thermal behavior of 3,5-diphenyl-4-benzoyli-
soxazole (13). Thermolysis of isoxazole 13 at 240° under a
nitrogen atmosphere for 18 hr afforded 2,5-diphenyl-4-ben-
zoyloxazole (14) in 80% yield. The structure of the rear-
ranged product was established by treating it with methyl-
magnesium iodide and comparing the resulting alcohol (15)
with an authentic sample of methylphenyl(2,5-diphenyloxa-
zol-4-yl)carbinol (15) prepared from the reaction of 2,5-
diphenyl-4-acetyloxazole with phenylmagnesium bromide.
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The thermal rearrangement of 3,5-dimethyl-4-acetylisox-
azole (17) was also investigated. Thermolysis of isoxazole
17 at 230° for 24 hr afforded the known 2,5-dimethyl-4-
acetyloxazole (18), mp 46-47°, in 82% yield. Similarly,
thermolysis of 3-phenyl-4-acetyl-5-methylisoxazole (19) af-
forded 2-phenyl-4-acetyl-5-methyloxazole (20), mp 78-79°,
in quantitative yield. The structure of the rearranged prod-
uct 20 was established by comparison with an authentic
sample.'®

To probe for the possibility of a degenerate Cornforth-
type rearrangement in the above systems, the thermal be-
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havior of an unsymmetrical 4-acylisoxazole was also inves-
tigated. When 3-phenyl-4-benzoyl-5-methylisoxazole (21)
was subjected to thermolysis (230°, § hr), a mixture of
three new compounds was produced. Analysis of the crude
reaction mixture by NMR showed that it contained 3,5-di-
phenyl-4-acetylisoxazole (22, 8%), 2,5-diphenyl-4-acetylox-
azole (23, 29%), and 2-phenyl-4-benzoyl-5-methyloxazole
(24, 39%), as well as unreacted starting material. Chroma-
tography of the crude reaction mixture on a silica gel col-
umn separated isoxazole 22 from the mixture of oxazoles
and starting material. Confirmation of the structure of isox-
azole 22, mp 92-94° [NMR (CDCl3) 7 7.8 (3 H)], was ob-
tained by comparison with an authentic sample prepared by
treating 4-phenyl-3-butyn-2-one with benzonitrile oxide.
Attempts to separate the mixture of oxazoles into its com-
ponent parts failed. To overcome this difficulty, the mixture
of oxazoles was converted into carbinols 25 and 26 by treat-
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ing the mixture with methylmagnesium iodide. The two
carbinols were readily separated by silica gel chromatogra-
phy. The first fraction contained material identified as di-
methyl(2,5-diphenyloxazol-4-yl)carbinol (25), mp 114-
115°, on the basis of its spectral data and by comparison
with an authentic sample prepared by treating a pure sam-
ple of 2,5-diphenyl-4-acetyloxazole (23)'° with methylmag-
nesium iodide. The second compound isolated from the
chromatography column was identified as methylphenyl(2-
phenyl-5-methyloxazol-4-yl)carbinol (26), mp 79-80°, by
comparison with an authentic sample prepared from the re-
action of phenylmagnesium bromide with 2-phenyl-4-ben-
zoyl-5-methyloxazole (24) (mp 61-62°, see Experimental
Section).
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A study of the product distribution vs. extent of thermol-
ysis showed that isoxazole 22 was a major product during
the early phase of the reaction. At longer periods of time,
the amount of 22 decreased, and oxazoles 23 and 24 in-
creased in concentration. This was independently verified
by studying the thermolysis of isoxazole 22. Heating a sam-
ple of 22 at 230° for 5 hr gave a mixture of 21 (8%), 23
(30%), 24 (38%), and recovered starting material. Again, at
short periods of time, isoxazole 21 was a major thermal
product. These observations suggest that the thermal isom-
erization of the two isoxazoles occurs rapidly and is fol-
lowed by rearrangement to the 4-acyloxazole system. A
complete equilibration between isoxazoles 21 and 22 was
never established because of the competing oxazole rear-
rangement path.

We are also interested in determining whether oxazoles
23 and 24 were interconverted during the thermolysis since
this interconversion would represent another example of the
Cornforth reaction and seemed quite plausible. We found,
however, that, when oxazole 23 was subjected to thermoly-
sis at 230° for 5 hr, a very low yield (ca. 4%) of oxazole 24
was obtained. Similarly, oxazole 24 produced an insignifi-
cant amount (ca. 5%) of 23 under identical thermal condi-
tions. The lack of significant thermal interconversion of ox-
azoles 23 and 24 under the reaction conditions used for the
isoxazole thermolysis indicates that the ratio of oxazoles ob-
tained from the thermolysis of the isoxazole system is not
the result of a subsequent thermal reaction. This result rules
out any regiospecific mechanism for the thermal rearrange-
ment of isoxazoles 21 and/or 22. A thermal equilibration of
the two oxazoles could be established, however, by heating
23 under a nitrogen atmosphere at 230° for 12 days. This
ratio (23/24 = 0.67) was also obtained when 24 was
subjected to the same thermolysis conditions,

In order to determine the role of the 4-acyl group in the
thermal rearrangement of these isoxazoles, a number of
isoxazoles (27a-e) which were devoid of this functionality
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were prepared and subjected to thermolysis using more
stringent conditions than those previously employed (i.e.,
280°, 10 days). We found, however, that these molecules
were perfectly stable to the thermal conditions. This was
true even when a carbonyl group was present in the 5-posi-
tion of the isoxazole ring (i.e., 27e). This observation would
tend to indicate that the dissociation energy of the O-N
bond is significantly diminished when the isoxazole ring is
in conjugation with a carbonyl group.

The formation of the rearranged oxazole from the 4-car-
bonyl-substituted isoxazole requires bonding, at some point
in the reaction, between C-3 of the isoxazole ring and the
oxygen of the carbonyl group. We believe that the experi-
ments reported here require the intermediacy of a 2H-azir-
ine (i.e., 28) to rationalize the transposition of the two ring
atoms. The most reasonable pathway for the formation of
28 involves homolytic cleavage of the relatively weak O-N
bond of the isoxazole ring to form an acyclic intermediate
which can either recyclize to generate rearranged isoxazole
or close to give a 3,3-diacyl-2-phenyl-2H-azirine (28} inter-
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mediate (Scheme ). The second step, 28 — 23 + 24, most
likely involves C-C bond rupture of the 2H-azirine ring fol-
lowed by cyclization to the observed products. Although the
products formed on thermal decomposition of 2H-azirines
generally appear to involve C-N rather than C-C bond
cleavage,°-3 Wendling and Bergman have recently re-
ported that the thermolysis of certain 2 H-azirines proceeds
by way of C-C bond cleavage.?! Each of the steps of the
above mechanism are thermally induced, and the rates and
products were not influenced by oxygen, radical inhibitors,
or small amounts of acids and bases. It is interesting to note
that S-alkoxyisoxazoles have been reported to undergo a
facile thermally induced skeletal rearrangement to alkyl-1-
azirine-3-carboxylates.32 This rearrangement provides good
analogy for the ring contraction step of the proposed se-
quence. The literature also contains several references deal-
ing with the thermal rearrangement of 4-isoxazolines.33-37
Most of the rearrangements observed with these systems
can also be attributed to a ring contraction-ring expansion
sequence.

In earlier papers, we have shown that arylazirines under-
go ring opening reactions to produce nitrile ylides.3® The
initially generated nitrile ylide could be intercepted with a
number of dipolarophiles to give cycloadducts.?9#° In an at-
tempt to document the existence of azirine 28 in the ther-
mal rearrangement of the 4-acylisoxazole system, we have
tried to trap a nitrile ylide by carrying out the thermolysis
of 21 (and/or 22) in the presence of dimethyl fumarate.
Unfortunately, no cycloaddition product could be isolated
in these experiments. The failure to trap such a species does
not necessarily eliminate the azirine as a reaction interme-
diate since the bimolecular trapping might be too slow to
compete with a rapid unimolecular rearrangement of the
1,3-dipole.

Photochemistry of 4-Carbonyl-Substituted Isoxazoles. As
was pointed out earlier, the photochemistry of five-mem-
bered heterocyclic rings has been the object of a consider-
able amount of study since the first irradiation induced
isomerization was reported in 1967.3-5 To date, there has
been no attempt to correlate the photo and thermal valence
isomerizations of these molecules. As part of a broad study
concerned with heterocyclic photochemistry, we have exam-
ined the photochemical behavior of several 4-carbonyl-sub-
stituted isoxazoles. The results obtained are of particular
interest in view of the differences from product distributions
of the thermal reactions.
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Irradiation of 4-acylisoxazole 17 in benzene with Corex
filtered light produced oxazole 18 as the only photoproduct.
Similarly, irradiation of 3-phenyl-4-acetyl-5-methylisoxa-
zole (19) afforded 2-phenyl-4-acetyl-5-methyloxazole (20)
in quantitative yield. These results are identical with those
previously found on thermolysis of these systems. When the
irradiation of 3,5-diphenyl-4-acetylisoxazole (22) was car-
ried out in benzene, however, the only product formed was
3-phenyl-4-benzoyl-5-methylisoxazole (21). This product
was isolated by preparative thick layer chromatography and
compared directly with an authentic sample. The chemical
yield of 21 was 60-90%, as the material formed rapidly at
first, but then decreased as photolysis was continued owning
to formation of a secondary photoproduct. This secondary
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photoproduct was formed in good yield when a pure sample
of isoxazole 21 was irradiated in benzene. The structure of
this compound was identified as 2,5-diphenyl-4-acetyloxaz-
ole (23) by comparison with an authentic sample. Most im-
portantly, the isomeric 2-phenyl-4-benzoyl-5-methyloxazole
(24) was completely absent in the photolysis mixture. Con-
trol experiments showed that 24 was not converted to 23
under the irradiation conditions employed. We also found
that isoxazole 22 was not formed on photolysis of 21 in ben-
zene, nor was 21 or 22 formed on photolysis of 23.4! Thus,
isoxazole 21 is the primary photoproduct of isoxazole 22,
and oxazole 23 is the only product produced from the irra-
diation of 21. The exclusive formation of 21 from 22 and
the absence of a photolytic interconversion of 21 — 22 is in
marked contrast to the results previously encountered on
thermolysis of these systems.

The most striking aspect of the photochemical studies is
the product specificity. The simplest interpretation of the
photochemical results encountered with isoxazole 22 is that
electronic excitation results in O-N cleavage of the isoxaz-
ole ring to generate diradical intermediate A which can
isomerize to diradical intermediate B (see Scheme I). Ac-
cording to this argument, the same intermediates (A and B)
are involved in the thermal and photochemical equilibration
of the 4-carbonyl-substituted isoxazole system. Since ben-
zoylisoxazole 21 is formed in high yield from 22 and since
the irradiation of 21 does not produce 22, it may be con-
cluded that the overall rate of formation of 21 from B is
greater than the overall rate of formation of 22 from A (i.e.,
ks > ka) (Scheme I). Since the product selectivity ob-
tained from the photochemical reaction derives from the
lower free energy of transition state 21 relative to 22, it is
instructive to examine the factors which may influence the
free energy of the transition states and lead to the lower en-
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ergy of 21.42 Inspection of molecular models show that di-
radicals A and B cannot attain a planar conformation.
Thus, the acetyl group in diradical A and the phenyl portion
of the benzoyl group in B are tipped out of the molecular
plane. The net effect of tipping the acetyl group out of con-
jugation is to raise the transition state energy for ring clo-
sure. The transition state associated with closure of diradi-
cal B, on the other hand, suffers less steric inhibition of res-
onance and consequently is of lower energy.*? It should be
pointed out that isoxazoles 21 and 22 are readily intercon-
verted at 230°. This observation indicates that the activa-
tion energy differential for closure of diradicals A and B is
not important at 230° but is significant at the temperature
employed in the photolysis reaction (i.e., 25°).

The photochemical reaction of benzoylisoxazole 21 was
found to afford only oxazole 23; the isomeric oxazole 24
was not detected in the reaction mixture (NMR analysis).
One possible explanation to account for this result is to as-
sume that irradiation of 21 leads to azirine 28 which prefer-
entially rearranges to oxazole 23. This explanation would
require a significant difference in the activation energy of
closure of the diradicals produced from the azirine interme-
diate.
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There is a major flaw in this interpretation, however. As
was mentioned earlier, oxazoles 23 and 24 do not intercon-
vert appreciably in 5 hr at 230° (<5%). Thus, the distribu-
tion of the oxazoles obtained from the thermolysis of isoxa-
zoles 21 and/or 22 (i.e., 23/24 = 0.75) is the result of a ki-
netic controlled process. This ratio is essentially the same as
the ratio of oxazoles obtained from a 12-day equilibration
study at 230° (23/24 = 0.67). This observation indicates
that the activation energy difference for the closure of the
diradicals produced from the azirine is essentially the same
as the internal energy difference for oxazoles 23 vs. 24 (i.e.,
kinetic and thermodynamic control give the same product
distribution). The Boltzmann energy differential (N/Ng =
e~ 2E4/RT) for the formation of oxazoles 23 and 24 from a
common intermediate (28) at 230° indicates that the acti-
vation energy difference for oxazole formation is approxi-
mately 0.3 kcal/mol:

N/Ng = 23/24 = 0.75 = ¢=0.288 = g=2£a/2(503));
E, =290 cal/mol

If it is assumed that a yield of 24 of 3% or less would have
escaped detection in the irradiation of 21, the product dis-
tribution of the oxazoles would be 23/24 = 97:3. If the
room temperature photolysis proceeded through the same
pathway as did the thermolysis, then a product distribution
of 23/24 = 38:62 rather than the observed (minimum)
23/24 = 97:3 would be expected.

N/No = 23/24 = ¢(—290/2(298)) = ,—0.48 = 0.618 = 38:62

These simple calculations clearly show that the expected
ratio of oxazoles at 25° is significantly different from that
actually determined. We must conclude, therefore, that the
mechanism for the photolysis of 21 leading to 23 does not
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go through the same intermediate(s) as that involved in the
thermolysis of 21. We have previously argued that the ther-
mal isomerization of the 4-carbonyl-substituted isoxazole
system proceeds through a 2H-azirine intermediate (i.e.,
28). Consequently, this intermediate and the diradical(s)
derived from it must not be involved in the photoisomeriza-
tion of 21 to 23,

As the photochemical formation of oxazole 23 could not
be reconciled with a 2H-azirine intermediate, it was neces-
sary to consider other intermediates which might be the log-
ical precursors to 23. The data can be rationalized in terms
of a mechanism involving O-N bond cleavage followed by a
1,2-carbon-nitrogen shift. In the w-=* excited state, the
isoxazole chromophore will have considerable charge trans-
fer character as is represented by the valence bond structure
29. Cleavage of the O-N bond from this excited state will
result in an electron deficient nitrogen atom, A 1,2-carbon-
nitrogen shift is the most obvious low-energy path available
to the w—=* state, and this will result in the formation of
zwitterion 30. Recombination of the two reactive centers in
30 affords oxazole 23. Zwitterion 30 has the proper cisoid
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conformation of the oxygen atom and the electron deficient
carbon center to close to oxazole 23. The above mechanism
avoids the necessity of having a symmetrical intermediate
(i.e., 28) and can accommodate the product specificity since
the dipolar species formed (30) on bond migration can
readily collapse to the observed product before isomeriza-
tion occurs. In order to form the isomeric oxazole 24, it is
necessary to rotate about the C-N bond of 30. This would
require disruption of the coplanarity of the system and
would have a significant activation energy barrier. Further
studies on related 4-carbonyl-substituted heterocycles are
presently being made to test this mechanism.

There have been a number of reports in the literature
which describe the thermal valence isomerization of isoxaz-
oles which contain a suitable side chain in the 3-position of
the ring.*4-*8 Katritzky and coworkers have proposed the
following scheme in order to rationalize the mononuclear
rearrangement of a large number of 3-substituted azole de-

rivatives:*3
X
A—|/ Xy B/\"—x
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These authors have pointed out that a large number of
transformations are available for different ABD and XYZ

combinations. In an effort to uncover further reactions of
this type, our attention was directed toward the thermal and
photochemical behavior of the phenylhydrazone (31) and
oxime (32) derivatives of 3-phenyl-4-acetyl-5-methylisoxa-
zole (19).

Unfortunately, all attempts to induce rearrangement of
these two systems failed. The initial phenylhydrazone syn-
thesized from the reaction of 19 with phenylhydrazine, mp
133-135°, was thermally (and photochemically) trans-
formed into a geometrical isomer, mp 156-158°, rather
than the pyrazole oxime. Similarly, thermolysis (or photoly-
sis) of the related oxime 32 resulted in syn-anti isomeriza-
tion rather than rearrangement. The lack of success with
these systems suggests that the XY Z side chain must be lo-
cated in the 3-position of the azole ring in order for the mo-
nonuclear heterocyclic rearrangement to occur.

Experimental Section

All melting points are corrected and boiling points uncorrected.
Elemental analysis were performed by Scandinavian Microanalyti-
cal Laboratory, Herlev, Denmark. The infrared absorption spectra
were determined on a Perkin-Elmer Infracord spectrophotometer,
Model 137. The ultraviolet absorption spectra were measured with
a Cary recording spectrophotometer, using l-cm matched cells.
The nuclear magnetic resonance spectra were determined at 100
MHz using a Jeol-MH-100 spectrometer. Mass spectra were de-
termined on a Hitachi Perkin-Elmer mass spectrometer Model
RMU-6, using a standard ionizing potential of 70 eV.

Thermolysis of 3,5-Diphenyl-4-benzoylisoxazole. A 0.5-g sample
of 3,5-diphenyl-4-benzoylisoxazole (13)*° was heated at 240° in a
Curtius tube under a nitrogen atmosphere for 18 hr. The crude
black mixture was then chromatographed on a silica gel column
using a 8% ethyl acetate-hexane mixture as the eluent. The first
fraction obtained was a crystalline solid which was recrystallized
from methanol to give 2,5-diphenyl-4-benzoyloxazole (14), mp
80-81° (0.4 g, 80%): ir (KBr) 6.05, 6.28, 6.45, 6.75, 6.94, 7.40,
7.56, 8.18, 9.36, 9.77, 11.20, 12.90, 13.64, 13.93, 14.23, and 14.65
u; NMR (CDCls) 6 7.20-8.35 (15 H, m); uv (methanol) 290 nm (e
20,000) and a shoulder at 267 (17,000); m/e 325 (M¥), 105
(base), 77, 57.

Anal. Caled for CsaH sNOs: C, 81.21; H, 4.65; N, 4.31. Found:
C,81.32; H,4.61; N, 424,

The structure of the rearranged oxazole was unambigously es-
tablished by conversion to the carbinol by treating it with methyl-
magnesium iodide. A solution containing 0.65 g of 2,5-diphenyl-4-
benzoyloxazole in 10 ml of anhydrous ether was added dropwise to
a methylmagnesium iodide solution prepared from 0.56 g of meth-
yl iodide and 0.097 g of magnesium turnings in 2 ml of anhydrous
ether. The mixture was stirred at room temperature for 1 hr and
was then decomposed with 10 ml of a 20% sulfuric acid solution.
The reaction mixture was extracted with ether which was then
washed with a 5% sodium bicarbonate solution and dried over
magnesium sulfate. Concentration of the solution under reduced
pressure left a yellow solid which was recrystallized from chloro-
form-hexane (10%) to give methylphenyl(2,5-diphenyloxazol-4-
yDearbinol (15) as a white solid, mp 120-121°C; ir (KBr) 2.90,
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6.42, 6.70, 6.90, 7.12, 8.35, 8.60, 9.32, 10.02, 10.82, 10.96, 12.00,
13.10, 14.14, and 14.40 u; NMR (CDCl3) 1.90 (s, 3 H), 3.30 (s, 1
H), 7.0-7.80 (m, 13 H), 7.90-8.30 (m, 2 H): uv (methanol) 235
nm (e 16,800); m/fe 323 (M*) 220, 192, 165, 105, and 77.

Anal. Caled for Ca3H19NO3: C, 80.91; H, 5.61; N, 4.10. Found:
C,81.17; H, 5.48; N, 4.31.

An authentic sample of the above carbinol was independently
prepared by treating 0.26 g of 2,5-diphenyl-4-acetyloxazole (16)1°
with phenylmagnesium bromide (prepared from 0.63 g of bromo-
benzene and 0.09 g of magnesium turnings in 5 ml of anhydrous
ether). The two carbinols were identical in every detail.

Preparation of 3,5-Dimethyl-4-acetylisoxazole. A solution of so-
dium ethoxide in ethanol was prepared by adding 0.55 g of freshly
cut sodium metal to 40 ml of absolute ethanol. To this mixture was
added 2.40 g of acetylacetone, and then 2.15 g of acetohydroxam-
oyl chloride in 40 ml of ethanol was added rapidly at room temper-
ature. The mixture was heated at reflux for 12 hr. The precipitated
salts were removed by filtration, and the mixture was concentrated
under reduced pressure to give a light yellow residue. The residue
was sublimed at 25° (0.03 mm) and recrystallized from hexane to
give 0.92 g (40%) of 3,5-dimethyl-4-acetylisoxazole (17) as a white
solid: mp 47-48°; ir (KBr) 5.95, 6.30, 7.10, 7.70, 9.21, and 10.50
u; uv {(methanol) 230 nm (e 8450); m/fe 139 (M*), 124, 82, and 43;
NMR (CDCl3) § 2.41, (6 H,s),2.61 (3H,s)

Anal. Caled for CtHoNO,: C, 60.42; H, 6.52; N, 10.07. Found:
C, 60.76; H, 6.56; N, 9.99.

Thermolysis of 3,5-Dimethyl-4-acetylisoxazole. A 0.1-g sample
of 3,5-dimethyl-4-acetylisoxazole (17) was heated at 230° in an
evacuated Pyrex test tube for 24 hr. The crude mixture obtained
was subjected to column chromatography using a 7% ethyl acetate-
hexane mixture as the eluent. The yellow solid obtained from the
column was recrystallized from hexane to give 0.082 g (82%) of
2,5-dimethyl-4-acetyloxazole (18): mp 46-47°; ir (KBr) 3.15,
5.90, 6.18, 7.15, 8.30, 9.30, 10.50, and 13.00 u; NMR (CDCl;) 6
2.41 (s, 3 H), 2.48 (s, 3 H), and 2.57 (s, 3 H); uv (methanol) 250
nm (e 38,400); m/e 139 (M*), 124 (base), 82, 54, 43. An authentic
sample of the above oxazole was independently prepared by treat-
ing a mixture of 3.87 g of hydroximino acetylacetone, 10 ml of ace-
tic anhydride, 15 ml of glacial acetic acid, 0.15 g of sodium ace-
tate, and 0.2 g of mercuric chloride with 8.2 g of zinc dust. The
mixture was heated at reflux for 30 min and then filtered. The re-
sulting solution was concentrated under reduced pressure to give a
yellow oil which was sublimed at room temperature (0.03 mm) to
give 1.9 g (45%) of 2,5-dimethyl-4-acetyloxazole as white crystals,
mp 46-47° (1it.50 48-49°). A mixture melting point of the two ox-
azoles was undepressed at 46-47°, and the spectral properties of
the two oxazoles were identical.

Thermolysis and Photolysis of 3-Phenyl-4-acetyl-5-methylisoxa-
zole. A 1.3-g sample of 3-phenyl-4-acetyl-5-methylisoxazole (19)3!
was heated at 230° in a Curtius tube under a nitrogen atmosphere
for 2 hr. The crude mixture obtained was subjected to column
chromatography using a 7% ethylacetate-hexane mixture as the el-
uent. The crystalline solid obtained amounted to 1.21 g (96%) and
was identified as 2-phenyl-4-acetyl-5-methyloxazole (20): mp 78-
79°; NMR (CDCl3) 6 2.60 (s, 3 H), 2.71 (s, 3 H), 7.3-7.6 (m, 3
H), and 7.9-8.2 (m, 2 H) by comparison with an authentic materi-
al 19

Anal. Caled for CioH{{NO;: C, 71.86; H, 5.57: N, 7.02. Found:
C,71.62;H, 5.51;n, 6.96.

Irradiation of a 1.0-g sample of 3-phenyl-4-acetyl-5-methylisoxa-
zole (19) in 500 ml of benzene for 3.5 hr with a 450-W medium-
pressure mercury arc (Vycor filter) gave 2-phenyl-4-acetyl-5-
methyloxazole (20), mp 78-79° (85%), as the only identifiable
photoproduct.

Thermolysis of 3-Phenyl-4-benzoyl-5-methylisoxazole. A 1.0-g
sample of 3-phenyl-4-benzoy!-5-methylisoxazole (21)32 was heated
at 230° in a Curtius tube under a nitrogen atmosphere for 5 hr.
The NMR of the crude reaction mixture showed the presence of
unreacted starting material (24%), 3,5-diphenyl-4-acetylisoxazole
(22) (8%), 2-phenyl-4-benzoyl-5-methyloxazole (24) (39%), and
2,5-diphenyl-4-acetyloxazole (23) (29%). A mixture of the two ox-
azoles (1:1) was isolated from the crude reaction mixture by col-
umn chromatography using a 7% ethylacetate-hexane mixture as
the cluent. All attempts to separate the mixture of oxazoles into its
component parts failed. To overcome the difficulty of isomer sepa-
ration, the above mixture of oxazoles was treated with methylmag-
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nesium iodide.

A mixture of the two oxazoles (0.67 g) in 10 ml of anhydrous
ether was added dropwise to a solution of methylmagnesium iodide
(prepared by treating 0.072 g of magnesium turnings with 9.4 g of
methyl iodide in 20 ml of ether). The mixture was allowed to stir
overnight at room temperature. At the end of this time, the Gri-
gnard reaction was decomposed with 20 ml of a 20% sulfuric acid
solution and was extracted with ether. The ether layer was washed
with a 5% sodium bicarbonate solution and then dried over anhy-
drous magnesium sulfate. Evaporation of the solvent left a yellow
residue which was subjected to column chromatography using a
7% ethylacetate-hexane mixture as the eluent. The first fraction
collected contained 0.6 g (86%) of a white solid whose structure
was assigned as dimethyl(2,5-diphenyloxazol-4-yl)carbinol (25),
mp 114-115°, on the basis of the following data: ir (KBr) 2.88,
6.70, 6.90, 7.32, 7.50, 8.60, 8.90, 9.06, 9.40, 10.40, 12.82, 13.06,
14.30, and 14.60 u; NMR (CDCl3) 6 1.62 (s, 6 H), 2.70 (s, 1 H,
exchanged with D;0), 7.20-8.20 (m, 10 H); m/e 261 (M™*), 158,
143, 120, 129, 115, 105, and 77 (base); uv (methanol) 297 nm (e
19,700).

Anal. Caled for C13H7NO»: C, 77.39; H, 6.13; N, 5.01. Found:
C,77.13; H,6.10; N, 4.93,

An authentic sample of the above carbinol was independently
prepared by treating 0.67 g of 2,5-diphenyl-4-acetyloxazole (23)'°
with methylmagnesium iodide (prepared from 0.43 g of methyl io-
dide and 0.075 g magnesium turnings in 20 ml of anhydrous
ether). A mixture melting point of the two carbinols was unde-
pressed at 114-115°. The second compound isolated from the
chromatography column amounted to 0.08 g (11%) and was identi-
fied as methylphenyl(2-pheny!-5-methyloxazol-4-yl)carbinol (26),
mp 79-80°, on the basis of the following data: ir (KBr) 3.00, 6.17,
6.40, 6.70, 6.89, 7.20, 7.28, 7.45, 7.73, 8.17, 8.62, 8.92, 9.30, 9.50,
9.72, 10.80, 10.97, 11.85, 12.78, 13.08, 13.55, and 14.33 u; NMR
(CDCl3) 6 1.92 (s, 3 H), 2.10 (s, 3 H), 3.38 (s, 1 H, exchanged
with D;0), 7.10-7.70 (m, 8 H), 7.80-8.10 (2 H, m); m/e 261
(M), 260, 244, 219, 218, 191, 184, 158, 129, 115, 105, and 77; uv
{methanol) 278 nm (¢ 26,300).

Anal. Caled for C1gH7sNO;: C, 77.39; H, 6.13; N, 5.01. Found:
C,77.34;H,6.14; N, 4.99.

An authentic sample of the above carbinol was independently
prepared by treating 2.0 g of 2-phenyl-4-acetyl-5-methyloxazole
(20)'° with phenylmagnesium bromide (prepared from 2.04-g of
bromobenzene and 0.288 g magnesium turnings in 50 ml of anhy-
drous ether). A mixture melting point of the two carbinols ob-
tained was undepressed at 79-80°, and the spectral properties were
identical.

Preparation of 2-Phenyl-4-benzoyl-5-methyloxazole. An authen-
tic sample of 2-phenyl-4-benzoyl-5-methyloxazole (24) could be
independently prepared by treating 5-methyl-2-phenyl-oxazole-4-
carboxylic acid chloride with diphenylcadmium. The correspond-
ing carboxylic acid was prepared by treating a 2.01-g sample of 2-
phenyl-5-methyl-4-acetyloxazole in 60 ml of dioxane at 15° with
an aqueous sodium hypobromite solution prepared by adding 5.4 g
of bromine to 25 ml of 2 N sodium hydroxide solution at 10°. The
resulting solution was allowed to stir for 12 hr at room tempera-
ture. After this time, the solution was extracted with ether and
then acidified with concentrated hydrochloric acid. The crude acid
which precipitated was extracted with chloroform which was sub-
sequently dried over anhydrous magnesium sulfate. Removal of the
solvent left a yellow solid which was recrystallized from benzene to
give 2.0 g (98%) of 2-phenyl-5-methyloxazole-d-carboxylic acid:
mp 185-186° (lit.’9 185-186°); ir (KBr) 3.45, 3.76, 5.87, 6.20,
6.40, 6.75, 6.92, 7.47, 7.57, 7.96, 8.36, 8.95, 9.46, 9.76, 10.85,
12.66, 14.11, and 14.51; NMR (CDCl;) 5 2.78 (s, 3 H), 7.30-7.68
(m, 3 H), 7.90-8.23 (m, 2 H), 11.01 (s, 1 H).

A mixture containing 2.0 g of the above carboxylic acid, 5.0 g of
thionyl chloride, and 0.5 m! of dimethylformamide was heated on a
steam bath for | hr and was then allowed to stand at room temper-
ature for an additional 12 hr. The excess thionyl chloride was re-
moved under reduced pressure, and the resulting solid was recrys-
tallized from benzene to give 2.14 g (97%) of 2-phenyl-5-methyl-
oxazole-4-carboxylic acid chloride: mp 135-136°; ir (KBr) 5.62,
6.27, 6.86, 7.40, 8.15, 8.50, 9.43, 9.70, 10.57, 11.90, 12.76, 13.52,
and 14.28; NMR (CDCl3) 8 2.70 (3 H, s), 7.20-7.40 (3 H, m),
7.90-8.10 (2 H, m).

A solution containing 1.0 g of the above acid chloride in 40 m! of
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dry benzene was added to a benzene solution of diphenylcadmium.
The diphenylcadmium reagent was prepared by adding 0.55 g of
anhydrous cadmium chloride to phenyl Grignard (prepared from
0.78 g bromobenzene and 0.12 g of magnesium turnings in 20 ml
ether). After all of the cadmium had been added, the mixture was
heated to reflux for 1| hr, and the ether was distilled out of the
flask. To the dark residue was added 3 ml of dry benzene, and the
mixture was heated at reflux for 5 min in order to break up the
cake in the flask and disperse it through the solvent. The solution
was then cooled at 0° and the acid chloride (1.0 g) in 40 ml of ben-
zene was added to the diphenylcadmium reagent. After heating for
10 hr, the mixture was decomposed by adding 2 ml of a 20% sulfu-
ric acid solution. The organic layer was diluted with ether, and the
combined extracts were washed with a 5%-sodium bicarbonate so-
lution followed by water. The ether layer was dried over anhydrous
magnesium sulfate, and the solvent was removed under reduced
pressure. The yellow solid obtained was chromatographed on a sili-
ca gel column using a 5%-ethyl acetate-hexane mixture as the el-
uent. The initial fractions contained 0.12 g (10%) of 2-phenyl-4-
benzoyl-5-methyloxazole (24): mp 61-62°; ir (KBr) 3.28, 6.06,
6.25,6.35,6.75, 6.93,7.30, 7.43, 8.06, 8.35, 8.84,9.45,9.76, 10.55,
11.00, 12.90, 13.72, 14.16, and 14.56; NMR (CDCl3) 4 2.70 (s, 3
H), 7.10-7.50 (m, 6 H), 7.8-8.0 (m, 2 H), 8.10-8.35 (m, 2 H); uv
(methanol) 260 and 272 nm (e 22,800 and 21,800); m/e 263 (M™),
262, 248,220, 193, 165, 105 (base), and 77.

Anal. Caled for C1gH3NO;: C, 77.55; H, 4.98; N, 5.32. Found:
C,77.68; H, 5.25; N, 5.28.

Preparation of 3,5-Diphenyl-4-acetylisoxazole. Confirmation of
the structure of 3,5-diphenyl-4-acetylisoxazole (22) was obtained
by comparison with an authentic sample synthesized by the meth-
od described below. To a solution containing 1.44 g of 4-phenyl-3-
butyn-2-one and 1.55 g of benzhydroxamoyl chloride in 50 ml of
carbon tetrachloride was added, at —10°, a solution containing 1.5
g of triethylamine in 20 ml of carbon tetrachloride over 10 min.
The solution was allowed to stir at 5° for 30 hr and at room tem-
perature for an additional 12 hr. The mixture was then filtered and
washed with water and then dried over anhydrous magnesium sul-
fate. Removal of the solvent left a dark orange oil which was chro-
matographed on a thick layer plate using a 15% ethyl acetate-hex-
ane mixture as the eluent. In addition to 0.8 g (55%) of recovered
starting material, a new compound was isolated (0.3 g, 13%) which
was identified as 3,5-diphenyl-4-acetylisoxazole (22): mp 94-95°;
ir (KBr) 5.95, 6.40, 7.12, 9.10, 9.30, 10.30, 10.60, 12.72, 13.00,
13.61, and 14.40 u; NMR (CDCl3) 6 2.20 (s, 3 H), 7.34-7.98 (m,
10 H); mfe 263 (M*), 248, 235, 234, 221, 220, 193, 105 (base),
and 77; uv (methanol) 267 nm (e 16,400).

Anal. Caled for C7H3NO;: C, 77.55; H, 4.98; N, 5.32. Found:
C,77.42; H,5.14; N, 5.16.

Thermal Equilibration of 2,5-Diphenyl-4-acetyloxazole with 2-
Phenyl-4-benzoyl-5-methyloxazole. A 0.1-g sample of 2,5-diphe-
nyl-4-acetyloxazole (23) was heated at 230° in a Curtius tube
under a nitrogen atmosphere for 12 days. At the end of this time,
the NMR spectrum showed the presence of both 2-phenyl-4-ben-
zoyl-5-methyloxazole (24) (60%) and 2,5-diphenyl-4-acetyloxazole
(23) (40%). The same ratio was obtained when 2-phenyl-4-ben-
zoyl-5-methyloxazole (24) was heated at 230° for 12 days. At-
tempts to trap the transient azirine by heating 2,5-diphenyl-4-
acetyloxazole in the presence of excess dimethyl fumarate (10
mole excess) failed. The only products present in the crude reac-
tion mixture were recovered starting material and 2-phenyl-4-ben-
zoyl-S-methyloxazole.

Photolysis of 3,5-Diphenyl-4-acetylisoxazole. A solution con-
taining 100 mg of 3,5-diphenyl-4-acetylisoxazole in 150 ml of ben-
zene was irradiated for 2 hr using a 450-W Hanovia lamp
equipped with a Vycor filter. Removal of the solvent under reduced
pressure left a yellow oil which was purified by thick layer chroma-
tography. The only material that was isolated from the thick layer
band was identified as 3-phenyl-4-benzoyl-5-methylisoxazole (21)
(85%) by comparison with an authentic sample.>2 If the irradiation
was continued for an additional 8 hr, a new component was detect-
ed in the crude photolysate. Thick layer chromatography of the re-
action mixture afforded 2,5-diphenyl-4-acetyloxazole (23) as the
only oxazole. Irradiation of a pure sample of 3-phenyl-4-benzoyi-
S-methylisoxazole (21) (100 mg) in 150 ml of benzene for 12 hr
using a 450-W Hanovia lamp equipped with a Vycor filter was
found to give 2,5-diphenyl-4-acetyloxazole as the major photo-

product. The photoreaction was carefully monitored as a function
of time, and no detectable quantities of 3,5-diphenyl-4-acetylisoxa-
zole (22) or 2-phenyl-4-benzoyl-5-methyloxazole (24) were present
in the crude photolysate as evidenced by NMR analysis.

Preparation and Thermolysis of the Phenylhyrazone of 3-Phe-
nyl-4-acetyl-5-methylisoxazole. A solution containing 1.01 g of 3-
phenyl-4-acetyl-5-methylisoxazole, 0.16 g of phenylhydrazine, and
two drops of acetic acid in 20 ml of absolute ethanol was heated at
reflux for 10 hr. At the end of this time, 50 ml of water was added,
and the solid that precipitated was collected and recrystailized
from ethanol to give a phenylhydrazone derivative of 3-phenyl-4-
acetyl-5-methylisoxazole (31): mp 133-135°; ir (KBr) 3.10, 6.30,
6.65, 6.75, 7.35, 8.50, 9.40, 10.41, 13.70, 14.50 u; uv (methanol)
283 nm (e 25,300); NMR (CDCl;) 4 1.80 (s, 3 H), 2.60 (s, 3 H),
and a multiplet between 6 6.8 and 7.4 (11 H).

A 0.2-g sample of the above hydrazone was heated at 185°
under a nitrogen atmosphere for 2 hr. The NMR spectrum of the
crude mixture showed the presence of unreacted starting material
as well as new singlets at § 2.3-2.1. The crude mixtuure was chro-
matographed on a thick layer plate, and the new thermal product
was isolated as a crystalline solid: mp 156-158°; ir (KBr) 3.05,
6.20, 6.60, 6.90, 7.08, 7.95, 8.00, 8.80, 9.20, 9.30, 9.95, 10.22,
10.91, 11.25, 12.73, 13,35, 13.70, and 14.40 y; uv (methanol) 275
nm (e 18,300); NMR (CDCl3) 6 6.9-7.5 (m, 11 H), 2.3 (s, 3 H),
2.1 (s, 3H).

Anal, Caled for CigH|7N3O: C, 74.20; H, 5.88; N, 14.42.
Found: C, 74.08; H, 5.96; N, 14.37.

This same material was also formed when the initial hydrazone
29 was heated in refluxing benzene which contained a trace of io-
dine. Thermolysis of the 156-158° isomer at 185° or in benzene
which contained a trace of iodine gave a mixture of unreacted
starting material as well as the original 133-135° geometrical iso-
mer.

Preparation and Thermolysis of the Oxime of 3-Phenyl-4-acetyl-
5-methylisoxazole. A solution containing 1.05 g of 3-phenyl-4-ace-
tyl-5-methylisoxazole, 0.69 g of hydroxylamine hydrochloride, and
0.4 g of sodium hydroxide in 9 ml of a 90% ethanol solution was
heated at reflux for 10 hr. The solvent was removed under reduced
pressure, and 5 ml of water was added to the residue. The aqueous
suspension was extracted with ether and the ethereal layer was
dried over magnesium sulfate. Removal of the solvent left a white
solid which was recrystallized from aqueous ethanol to give 1.07 g
of the oxime of 3-phenyl-5-methyl-4-acetylisoxazole (32): mp
121-122°; ir (KBr) 3.00, 6.20, 6.80, 7.00, 7.60, 7.95, 8.70, 9.25,
9.65,9.81,10.95, 12.70, 13.25, 13.65, and 14.20 u; NMR (CDCl3)
6 10.4 (broad s, 1 H), 7.3-7.5 (m, 5 H), 2.50 (s, 3 H), 1.90 (s, 3
H).

A 0.4-g sample of the above oxime was heated at 190° under a
nitrogen atmosphere for 7 hr. The NMR spectrum of the crude
mixture showed that syn-anti isomerization of the oxime had oc-
curred. Chromatography of the mixture on silica gel gave 3-phe-
nyl-5-methyl-4-acetylisoxazole.

Acknowledgment. We gratefully acknowledge support of
this work by the National Institutes of Health (Grant No.
CA-12195-09) and the National Science Foundation
(Grant PO-37550). The National Science Foundation pro-
vided financial assistance in the purchase of the NMR spec-
trometer used in this research. We thank Professor Gene
Wubbels for some helpful discussions.

References and Notes

(1) Photochemical Transformations of Small Ring Heterocyclic Compounds.
70. For part 69 see A. Padwa and J. Rasmussen, J. Am. Chem. Soc..
97, 5912 (1975).

(2) P. Beak and W. R. Messer, '‘Organic Photochemistry”’, Vol. Il, O. L.
Chapman, Ed., Marcel Dekker, New York, N.Y., 1969, p 136.

(3) E. F. Ullman and B. Singh, J. Am. Chem. Soc., 89, 6911 (1967); 88,
1844 (1966).

(4) H. Goth, A. R. Gagneux, C. H. Eugster, and H. Schmid, Helv. Chim. Acta,

50, 137 (1967),

H. Tiefenthaler, W. Dorschelen, H. Goth, and H. Schmid, Helv. Chim.

Acta, 50, 2244 (1967).

(6) H. Wynberg, R. M. Kellogg, H. van Driel, and G. E. Beekhuis, J. Am.
Chem. Soc., 89, 3501 (1967).

{7) E. E. vanTamelen and T H. Whitesides, J. Am. Chem. Soc., 93, 6129
(1971).

(6

Journal of the American Chemical Society [ 97:22 | October 29, 1975



(8) J. W. Cornforth in “The Chemistry of Penicillin*', Princeton University
Press, Princeton, N.J., 1949, p 700.
(9) H. T. Clarke, J. R. Johnson, and R. Robinson, J. Am. Chem. Soc., 71,

694 (1949).

(10) C. G. Stuckwisch and D. D. Powers, J. Org. Chem., 25, 1819 (1960).

(11) W. Steglich and G. Hofle, Chem. Ber., 104, 1408 (1971).

{12) M. J. S. Dewar, P. A, Spanninger, and 1. J. Turchi, J. Chem. Soc., Chem.
Commun., 925 {1973).

(13) M. J. S. Dewar and . J. Turchi, J. Am. Chem. Soc., 96, 6148 (1974).

(14) G. Wittig, F. Baugert, and H. Kleiner, Chem. Ber., 61, 1140 (1928).

(15) M. Tada and T. Takahashi, Tetrahedron Lett., 3999(1973).

(16) A.Padwa and E. Chen, J. Org. Chem., 39, 1876 (1974).

{(17) J. A. Kerr, Chem. Rev., 66, 496 (1966).

(18) M. K. Rochetkov and S. D. Sokolov, Adv. Heterocycl. Chem., 2, 365
(1965).

(19) A. W. Allan and B, H. Walter, J. Chem. Soc. C, 1397 (1968).

(20) D. J. Anderson, T. L. Gilchrist, G. E. Gymer, and C. W. Rees, J. Chem.
Soc., Perkin Trans. 1, 550 (1973).

{21) T. L. Gilchrist, G. E. Gymer, and C. W. Rees, J. Chem. Soc., Perkin
Trans. 1, 555 (1973).

(22) K. Isomura, S. Kobayashi, and H. Taniguchi, Tetrahedron Lett., 3499
(1968).

(23) K. Isomura, M. Okada, and H. Taniguchi, Tetrahedron Lett., 4073
(1969).

{24) K.lIsomura, M. Okada, and H. Taniguchi, Chem. Lett., 629 {1872).

(25) T. Nishiwaki, J. Chem. Soc., Chem. Commun., 565 (1972).

(26) R. Selvarajan and J. H. Boyer, J. Heterocycl. Chem., 87 (1972).

(27) T. Nishiwaki, A. Nakano, and H. Matsuoka, J. Chem. Soc. C, 1825
(1970).

(28) J. H. Bowier and B. Nussey, Chem. Commun., 1565 (1970).

{29) D. Knittel, H. Hemetsberger, R. Leipert, and H. Weidmann, Tetrahedron
Lett., 1459 (1970).

(30) N. 8. Narasimhan, H. Heimgartner, H. J. Hansen, and H. Schmid, Helv.
Chim. Acta, 56, 1351 (1973).

(31) L. A. Wendling and R. G. Bergman, J. Am. Chem. Soc., 96, 308 (1974).

(32) T. Nishiwaki, Tetrahedron Lett., 2048 (1969).

(33) J. E. Baldwin, R. G. Pudussery, A. K. Quershi, and B. Sklarz, J. Am.
Chem. Soc., 90, 5325 (1968).

(34) S. Takahashi and H. Kano, Chem. Pharm. Buil,, 12, 1290 (1964).

6491

{35) S. Takahahi and H. Kano, J. Org. Chem., 30, 1118 (1965).

(36) R. M. Acheson, A. S. Bailey, and J. A. Selby, Chem. Commun., 835
(1966).

(37) A.R. Gagneux and R. Goschke, Tetrahedron Lett., 5451 (1966).

(38) A. Padwa and J. Smolanoff, J. Am. Chem. Soc., 93, 548 (1971); A.
Padwa, M. Dharan, J. Smolanoff, and S. Wetmore, ibid., 95, 1945
(1873); 85, 1954 (1973).

(39) A. Padwa, J. Smolanoff, and S. |. Wetmore, J. Org. Chem., 38, 1333
(1973).

(40) N. Gakis, M. Marky, H. J. Hansen, and H. Schmid, Helv. Chim. Acta, 55,
748 (1972).

(41) Optical pumping of 22 — 21 cannot account for the photochemical re-
sults since the isoxazoles equally absorb the incident light.

(42) It should be pointed out that no direct information is available concerning
the reiative energies of diradicals A and B or isoxazoles 21 and 22,

(43) The difference in the relative rates of cyclization (ks > ka) could aiso be
attributed to a difference in the electron density on the oxygen atomns of
a delocalized diradical

{44) M. Ruccia, N. Vivona, and G. Cusmano, Tetrahedron Lett., 4959 (1972);
J. Hetaerocycl. Chem., 8, 137 (1971), J. Chem. Soc., Chem. Commun.,
358 (1974).

(45) A. J. Boulton, P. B. Ghosh, and A. R. Katritzky, J. Chemn. Soc. B, 1004
(1966); ibid., 1011 (1966); ibid., 2005 (1967).

(46) H. Kano and E. Yamazaki, Tetrahedron, 20, 159 (1964}, ibid., 20, 461
(1964).

(47) W. K. Warburton, J. Chem. Soc. C, 1522 (1966).

(48) T. Ajello and S. Cusmano, Gazz. Chim. ftal., 68, 792 (1938); 89, 391
(1939); 70, 770 (1940); 77, 332 (1947).

(49) W. B. Renfrow, J. F. Witte, R. A. Wolf, and W. R. Bohl, J. Org. Chem.,
33, 150 (1968).

(50) A. Triebs and W. Sutter, Ber., 84, 96 (1951).

(51) P. Caramella and E. Cereda, Synthesis, 433 (1971).

(52) G. Renzi, V. DalPiaz, and C. Musante, Gazz. Chim. ital., 98, 5 (1968).

Electrochemical Reactions of Organic Compounds in
Liquid Ammonia. III. Reductive Alkylation of Quinoline

Wayne H. Smith and Alien J. Bard*

Contribution from the Department of Chemistry,
The University of Texas at Austin, Austin, Texas 78712. Received February 28, 1975

Abstract: The electrochemical behavior of quinoline in anhydrous liquid ammonia was investigated by cyclic voltammetry
and controlled potential coulometry. In the absence of added alkylating agent, quinoline is reduced in two steps to yield the
radical anion and dianion both of which undergo further chemical reaction. The radical anion species dimerizes to form the
dimeric dianion which is stable in the medium and can be reversibly reoxidized back to parent compound. The second-order
rate constant for this dimerization reaction was found to be 1.5 X 102 1./mol sec at —40°C. In the presence of ethyl bromide
or n-butyl bromide, reductive alkylation proceeds via an ECEC mechanism to yield approximately equal quantities of the
1,2-dihydro-1,2-dialkyl and 1,4-dihydro-1,4-dialkyl derivatives. Differences in product composition between chemical reduc-

tion with lithium and electrochemical reduction are explained.

Recently there has been an upsurge of interest in the
study of reductive alkylation reactions in nonaqueous sol-
vents because of their possible applications to organic syn-
thesis. Previously, this technique has been used to prepare a
variety of mono- and dialkyl derivatives by chemically re-
ducing an unsaturated hydrocarbon with an alkali metal in
liquid ammonia, followed by quenching of the reaction mix-
ture with an alkyl halide.!-* In more recent work, these re-
actions have been performed in the nonaqueous solvents di-
methylformamide (DMF) and acetonitrile (AN) with elec-
trochemical reduction of the parent compound.’>7 An ad-
vantage in this procedure over alkali metal reduction is that
both reactants can be present in solution simultaneously
since selective reduction of the unsaturated compound can
be obtained by proper adjustment of the electrode potential.

With the electrochemical procedure, the scope of the reac-
tion has been broadened to include reduction of unsaturated
carbon-oxygen, carbon-nitrogen, and nitrogen-oxygen
bonds, while the use of acid chlorides or acid anhydrides as
electrophiles has led to the preparation of certain acyl de-
rivatives in addition to the alkyl derivatives available from
reaction with alkyl halides,

A competing protonation reaction frequently accom-
panies the alkylation reaction in DMF and AN, producing
a product mixture consisting of diprotonated, monoalkylat-
ed, and dialkylated derivatives, with the dialkyl derivative
often occurring in very low yield. A higher yield of the alkyl
derivatives as well as a better understanding of the alkyla-
tion reaction would be obtained if protonation could be
eliminated. For this reason, a study of this reaction with
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