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I. Introduction

This review is a critical summary of the oxirene lit-
erature from its inception to the 1982 April issues of
Chemical Abstracts, inclusive. An attempt has been
made to refer directly to most of the papers on this
subject (including all the main ones) and through the
leading references therein to the entire oxirene litera-
ture, with the exception of papers that make only
passing references to this system.

Oxirene (1) is one of a number of heterocycles in
which the CH, group of cyclopropene has been replaced
by a group or atom associated with groups 5 or 6 of the
periodic table. Replacement of the CH, group of cy-
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clopropene by an NH group gives 1H-azirine (2), while
replacement by a sulfur atom results in thiirene (3).
These currently favored names for heterocycles 1, 2, and
3 are based on the cumbersome Hantzsch-Widman
system,! which at present eclipses the simple, effective
and elegant system of replacement nomenclature.! In
the latter, 1, 2, and 3 are, respectively, oxacyclopropene,
aza-2-cyclopropene, and thiacyclopropene. The oxirene
apellation will be used in this review, but I hope that
increasing acceptance of replacement nomenclature will
eventually relegate it to the status of a chemical collo-
quialism.

The reader should be warned that Chemical Ab-
stracts, in keeping with its practice of naming polycyclic
fused-ring systems as derivatives of a fully conjugated
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parent system, bestows the term oxirene on some com-
pounds which are actually oxiranes (epoxides), deriva-
tives of oxacyclopropane. An example is “la,9a-di-
hydro-1a,9b-diphenylphenanthro[9,10-b]oxirene”:?

Ph 0

This compound is really a phenanthrene 9,10-oxide, a
benzene oxide rather than a benzyne oxide.

Compounds 1, 2, and 3 have been by far the most
intensively investigated heterocyclopropenes. While 1
and 2 remain elusive, 3 has recently been observed
spectroscopically at low temperatures.® The interest
attached to these systems derives from the challenge
they pose to synthesis, to theory, and to the unraveling
of their involvement in reaction mechanisms. Brief
reviews have appeared on 1, 2, and 3,% and on 1, 3, and
silacyclopropene.®®

The study of oxirenes may be divided into three
phases. The first phase is marked by three reports of
the synthesis of this system. Oxirenes made their debut
in the chemical literature in 1870, when Berthelot
claimed that oxidation of propyne with chromium tri-
oxide gave methyloxirene.” They reappear again half
a century later, with the report by Madelung and Ob-
erwegner that the reaction of an a-chloro ketone with
base gave diphenyloxirene.® In 1952, Schubach and
Franzen reported that 5-decyne (dibutylacetylene) re-
acted with peroxyethanoic acid (peracetic acid) to give
dibutyloxirene.’ All these claims have been shown to
have been in error.

The second, and current, phase of oxirene chemistry
began in 1968 with the demonstration by Strausz and
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co-workers,!° as outlined in Scheme I, that a species
with the symmetry of an oxirene is involved in the
decomposition of a-diazo ketones (the Wolff rear-
rangement). The reality of this species (the central
dogma of oxirene chemistry, the interconversion of
oxirenes and oxo carbenes—e.g., from diazo ketone
decomposition—has recently been challenged;!! this
heresy is briefly discussed in IIIA1 and ITID1) has been
abundantly confirmed by further work by the research
groups of Strausz and of Zeller (IIID1). However, no
oxirene has ever been isolated or spectroscopically ob-
served (see ref 110); there is but one problematic ex-
ample of the traping of an oxirene (IIID1), and it is not
known if the species 4 is a real intermediate or merely
a transition state. This distinction, although important,
has only rarely been explicitly recognized in experi-
mental work on oxirene; see, for example, the perceptive
comments by Greenberg and Liebman® and by Zeller.!?

There now exists a significant body of experimental
facts (section III), supported by increasingly sophisti-
cated theoretical work (section II), which strongly in-
dicate that the parent oxirene and its simple alkyl and
aryl derivatives are, at best, of low stability. The
available evidence, then, does not allow us to decide if
these species are relative minima (intermediates) or
maxima (transition states or activated complexes) on
the potential energy hypersurface. Should the latter
situation obtain, then simple oxirenes, at least, are
forever beyond the grasp of preparation and direct
observation, and chemists must be reconciled to con-
signing them to those but indirectly accessible regions
inhabited by such species as the pentavalent carbon of
the Sy2 transition state (pace Sneen'?). Of course, as
has been pointed out by one who was not inexperienced
in the art and science of synthesis (R. B. Woodward!4),
mere coyness toward the advances of the experimenter
is no proof of inability to exist; and indeed there ap-
pears to be at present no example of a molecule for
which can be drawn a conventional Kekulé structure
with normal octets that has been shown to be incapable
of existence.

We may now be on the verge of the third phase of
oxirene chemistry, in which modern matrix-isolation
techniques!® will permit the spectroscopic observation
of this system, theory will serve as a guide to the syn-
thesis of relatively stable oxirenes (cf. a fairly stable
thiirene!®), and these elusive heterocycles may even
become recognized as genuine, albeit transient, natural
products (ITTA3).

II. Theoretical Investigations

The simplest, qualitative, theoretical understanding
of the nature of oxirene is provided by Breslow’s con-
cept of antiaromaticity. Whatever criticisms may be
leveled at this notion,'? it did correctly predict that
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oxirene should be unusually unstable. Quantitative
information on this question was adduced by Dewar
and Ramsden!® who concluded, on the basis of semi-
empirical molecular orbital calculations, that the an-
tiaromatic destabilization of 1 should be small. These
workers found oxirene to be 100 kJ mol™ stabler than
methanoylcarbene (formylcarbene) (5) and predicted
that this carbene should rearrange to oxirene without
an activation energy barrier. The cyclic carbenic iso-
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mer of oxirene, carbenaoxirane (oxiranylidene) (6), was
caleulated to be ca. 65 kJ mol™! stabler than oxirene.
Of particular significance was the prediction that ox-
irene should be “stable”, that is, a true intermediate and
not a mere transition state. Similar results were ob-
tained by Hopkinson'? using ab initio molecular orbital
methods. Other workers, using such methods, also
found 6 to be ca. 40 kJ mol™ lower in energy than 1.

Sophisticated ab initio molecular orbital calculations
with full geometric optimization indicate that oxirene
is less stable than was suggested by some of the earlier
computations. The results of such work are presented
in a recent review of 1, 2, and 3* and, along with leading
references, in an excellent report on state-of-the-art
calculations on 1.2 The salient conclusions of these
more recent computations are summarized in Figure 1.
Ogxirene is predicted to be a true intermediate, but with
an activation barrier of only 8 kJ mol™? (31 kJ mol™!
according to ref 4; even an activation of 31 kJ mol™!
corresponds to a room-temperature lifetime of only ca.
107%s). The surmounting of this small barrier converts
oxirene into methanoylcarbene (5), which is predicted
to be merely a transition state on the way to ketene (7)
as shown in Figure 1, or at best* an unstable interme-
diate that isomerizes to ketene with an activation energy
of only 24 kJ mol™. The reverse process, the conversion
of the oxo carbene to oxirene, requires vibrationally
excited carbene. This is accessible photochemically by
an electronically excited oxo carbene falling to an upper
vibrational level of its electronic ground state (internal
conversion), or, less efficiently, by generating the
carbene at elevated temperatures (IIID1). The oxir-
ene—o0xo carbene interconversion, and other potential
routes to oxirene, are limited to the singlet hypersurface.

Neither ground-state ethynol (8, hydroxyacetylene)
nor carbenaoxirane (6) appear to be viable points of
ingress to the oxirene-methanoylcarbene system, as
both 8 and 6 can isomerize to ketene by lower energy
pathways. The limited experimental information
available on carbenaoxirane (IIID2) indicates that it is
indeed largely isolated from the oxirene-methanoyl-
carbene manifold (but note the work of Russell and
Rowland, ITID1); appropriate labeling experiments with
(the unknown) ethynol have not been performed.

As was mentioned in the Introduction, isotopic la-
beling experiments with a-diazo ketones have confirmed
that labeled oxo carbenes can interconvert through a
species with the symmetry of an oxirene (Scheme I).
Furthermore, experimental evidence has been ob-
tained?! that methanoylcarbene is indeed a species of
very low kinetic stability, or even a mere transition state
on the route to ketene. There thus appear to be sound
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Figure 1. The C,H,0 energy surface.

grounds for accepting as essentially correct the relative
thermodynamic stabilities and the activation barriers
shown in Figure 1. The significance of the heights of
the relevant energy barriers (and thus the correspondig
rate constants) for experiments designed to detect or
isolate oxirene (or azirine, or thiirene) has been sub-
jected to a kinetic analysis by Meier and Kolshorn,??
and their conclusions are in general agreement as to the
validity of oxygen scrambling tests (sections I, ITIA,
IIIB, and IIIC) for the intermediacy of oxirene.

II1. Reactlons Possibly Involving an Oxirene,
or with the a Priorl Potentlal of Generating an
Oxirene

A. Oxidation of Alkynes
1. Oxidation by Peroxy Acids

Perhaps the most obvious putative route to the ox-
irene system is the addition of an oxygen atom across
the carbon—carbon triple bond (eq 1), and indeed the
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literature on oxirene owes its inception to Berthelot’s
claim’ to have thus synthesized methyloxirene (eq 2).
This compound, however, should certainly not be
isolable under normal conditions, and the reaction of
alkynes with strong oxidants is known to give other
products.?? The next claim of a successful oxirene
synthesis® involved a nonoxidative approach (IIID1),
but in 1952 Shubach and Franzen? claimed the oxida-
tion of 5-decyne (9) to dibutyloxirene (10) with per-
oxyethanoic acid®* (Scheme II). However, Franzen
soon showed that the product of the oxidation was in
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fact 6-decen-5-one (11) (Scheme II), and went on to
show that the oxidation of alkynes with peroxyethanoic
acid can produce, besides «,3-unsaturated ketones,
products plausibly derivable from them (eq 3)?® or from
ketenes (eq 4).% These latter compounds can be ra-

HO HO, 0
\ = CH3CO3H CH3CO3H (3)
OH —
OH
HOZC
HCOH + \
CORH

CHaCOaH
\__—_\ LHsCOsH_ :>=C—o Hz0 :>——C02H
(4)

tionalized as arising from an oxo carbene, possibly
formed by rearrangement of an oxirene (Scheme III; cf.
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Scheme I and section IIID1).

Further evidence concerning the role of oxirene in
peroxy acid oxidations of alkynes was sought by later
workers who employed phenylethyne?’ (in the hope of
stabilizing the oxirene system by resonance with the
benzene ring) and diphenylethyne?® (with the intention
of thwarting isomerization of the oxirene to an «,8-un-
saturated ketone, cf. Scheme III). The precise results
obtained depended on the reaction conditions, but the
essential features of these reactions, as interpreted by
these workers, are shown in Scheme IV. An oxo
carbene was not postulated for the oxidation of phe-
nylethyne, and was explicitly rejected for the reactions
of diphenylethyne since PhACOCH(OEt)Ph, the ex-
pected product of ethanol trapping of benzoylphenyl-
carbene, was not isolated.?®

The demonstration of the involvement in a-diazo
ketone decompositions of an oxirene species (I, II,
IIID1) opened up the possibility of probing the in-
volvement of oxirenes in peroxy acid oxidations of
alkynes by attempting to generate the same oxirene in
these two quite different ways. The obtention of similar
product distributions would be consistent with the
common formation of an oxirene, and oxygen scram-
bling (cf. Scheme I) would require the intervention of
this symmetrical (or pseudosymmetrical, R! = R?)
species. Such experiments were reported in 1970 by
Ciabattoni and co-workers.* They showed that the
oxidation of 2,2,5,5-tetramethyl-3-hexyne (di-tert-bu-
tylacetylene) (12) with 3-chloroperoxybenzoic acid (m-
chloroperbenzoic acid, MCPBA) gave (allowing for
further reaction of the enone 13 with peroxy acid to give
14) a product distribution virtually identical with that
from thermolysis of the diazo ketone 15 (Scheme V).
The products of these reactions can be rationalized as
arising from a common oxo carbene 16 (which may arise
from di-tert-butyloxirene, although the results do not
require this) which can undergo a 1,2-methyl migration
to give the enone 13, or effect insertion of the carbene
carbon into a carbon-hydrogen bond on the adjacent
tert-butyl group, giving the cyclopropane 17.

Ciabattoni and co-workers also reported product
comparison studies of the oxidation of cyclic alkynes
and the thermal decomposition of cyclic diazo ketones.®
Although both types of reaction gave the same products,
the relative yields in this case (in contrast to the acyclic,
di-tert-butyl compounds, above) were considerably

different. The main results of this investigation are
summarized in Table I. For simplicity, cyclononyne
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and 2-diazocyclononanone have been omitted since they
gave results similar to those obtained from cyclodecane
derivatives. The products are of three types: ring-
contracted ketenes (or the ketones derived from them
by peroxy acid oxidation), bicyclic ketones, and enones.
The diazo ketones gave mainly ring-contracted products
and enones, but the cycloalkynes yielded as their major
products enones and, in the cases of cyclooctyne and
cyclodecyne, bicyclic ketones as well. All three kinds
of products can be explained in terms of a common oxo
carbene, e.g., as shown for cyclooctyne in Scheme VL.
However, the fact that the two kinds of reaction gave
very significantly different ratios of ring-contracted
product, bicyclic ketone, and enone shows that this
must be an oversimplification. The authors suggest four
possible explanations for their results: (1) Both types
of reaction may proceed through oxo carbenes, but these
may be formed in different conformations and energies.
This assumes that rearrangement of the carbene can
complete with its conformational and energetic relax-
ation. Since the cycloalkynes are rigider than the dia-
zoalkanes, insertion of the carbene center into a C-H
bond on a distal carbon could be a more prominent
process for conformationally unrelaxed carbenes from
the cycloalkynes than for carbenes from the diazo ke-
tones, because of the smaller drop in entropy in the
former case. (2) The cycloalkynes may be oxidized to
oxirenes which then open to oxo carbenes, but the diazo
ketones may form their products in processes concerted
with the loss of nitrogen, no free carbene arising. (3)
The products of cycloalkyne oxidation, in contrast to
those from the diazo ketones, may arise directly from
intramolecular trapping of oxirenes. An analogy was
drawn between the insertion of a carbenoid carbon into
a transannular C-H bond (18 — 19) and the hypo-
thetical trapping of an oxirene by such a bond, as shown
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Products of Cycloalkyne Oxidation and Cyclic Diazo Ketone Decomposition®
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¢ The numbers in parentheses are the relative yields from the cycloalkynes; those in brackets are the relative yields from

the diazo ketones. MCPBA = 3-chloroperoxybenzoic acid.

Scheme VII
H_ _H H_ _H
| 7
H H
s

18
%

19

for the C,o system in Scheme VII. That there may be
more transannular insertion from the relatively rigid
oxirene than from an oxo carbene is plausible for the
reasons similar to those advanced in (1), above. It ap-
pears however that for the carbenoid-oxirene analogy
to hold, the oxirene need not be a true intermediate:
oxirene character in a transition state may promote
transannular reactions in a manner analogous to that
in which a transition state with carbene character can
effect transannular insertion, as implied for 18 — 19 in
Scheme VII. Thus, rather than the full-fledged oxirene
20 being formed, delivery of an oxygen atom to the
triple bond by the peroxy acid (see below) may be
concerted with insertion of an incipiently electron-de-
ficient carbon into a transannular C-H bond, leading
to 21. (4) Either or both types of reaction may proceed
by more than one mechanistic pathway. Whichever of
the suggested rationalizations (1)-(4) is correct, pre-
sumably the failure of the C,, system to form bicyclic
products (Table I) is due to those conformational fac-
tors that make large rings less prone than medium ones
to undergo transannular reactions.

More definitive evidence for the formation of an ox-
irene species (intermediate or transition state) was
presented recently by Cormier,? in an extension of his
earlier work on diazo ketones.?®* This approach was
based on the realization that, in principle, the oxirene
22 could be generated from the diazo ketones 23 or 24,
(via the oxo carbenes 25 or 26), or from the alkyne 27
(Scheme VIII). The results of these investigations are
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summarized in Scheme IX and Table II, for the case
of reactions conducted in ether (other solvents gave
similar results). If the carbenes 25 (from 23) and 26
(from 24) equilibrate through the oxirene 22, and if 22
is also the initial product of epoxidation of 27, then
essentially the same mixture of products should be

formed on decomposition of the diazo ketones and on
oxidation of the alkyne. As Table II shows, this is the
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TABLE II. Yields of Products from Diazo Ketone
Decomposition and Alkyne Oxidation

start-
ing : oxirene
mate- vields, % partici-
rial 28Z 28E 29Z 29E 31 30a pation, %
23 13 17 11 11 13 0 ca. 857
24 11 9 13 15 16 0 ca. 82°

27 11 15 11 14 18 3 ?

¢ % oxirene participation = 2 X [(28Z + 28E)/(28Z +
28E + 29Z + 29E)] X 100. °® % oxirene participation =
2 X [(29Z + 29E)/(28Z ~ 28E + 297 + 29E)] x 100.

case. The extent of oxirene participation in the case
of diazo ketone decomposition can be estimated from
the ratio of oxygen-shifted enone to total enone, as
indicated in Table II; the factor of 2 takes into account
the reversion of oxirene to the carbene from which it
was originally formed. This calculation makes the
(reasonable) assumption that the pseudosymmetrical
oxirene 22 does not discriminate between its C; and its
C, side when it opens to an oxo carbene. Besides
forming the ,8-unsaturated ketones 28 and 29 by 1,2-
hydrogen migration, the carbenes can undergo alkyl
migration to give the ketene 30, which undergoes oxi-
dation to 3-hexanone (31) by peroxy acid or adventi-
tious oxygen (or in the presence of methanol forms the
methyl ester 30a). The diketone 32 was suggested to
arise from oxidation of the oxo carbenes, although it
could perhaps have been formed from direct oxidation
of the oxirene 22 to a dioxabicyclobutane followed by
double ring cleavage (cf. Scheme IV). These results
show that an oxirene species 22 equilibrates the carb-
enes 25 and 26 in the diazo ketone photodecomposi-
tions, but they do not reveal whether for the oxidation
of the alkyne 22 is the initial product, is derived from
cyclization of first-formed oxo carbenes, or is not formed
at all, the two carbenes being formed from the pseu-
dosymmetrical alkyne in a ratio which mimics ring
opening of the 22 from the diazo ketones.

That some kind of oxirene species is the first-formed
entity in the oxidation of alkynes by peroxy acids was
strongly indicated by kinetic studies® that showed that
changes in the solvent have a very similar effect on the
reaction rates for oxidation of 3-octyne and of cyclo-
hexene with 3-chloroperoxybenzoic acid. Since the
logarithm of the rate constant is proportional to the free
energy of activation, the effect of solvent on the energies
of the two transition states is virtually identical (the
effects of solvation of the peroxy acid cancel out, since
this reagent is common to all the oxidations, and the
solvation energies of the two hydrocarbons should be
small). This rate constant correlation, and the effect
of the nature of the solvent on the enthalpy and entropy
of activation are in complete accord with a transition
state 33, completely analogous to that in alkene ep-
oxidation. Although the authors concluded that the
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oxirene-like transition state does indeed lead to oxirenes
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(which quickly decompose), it is not clear that this is
necessarily the case: it seems conceivable that the in-
cipient oxirene, still partially bonded to the departing
carboxylic acid moiety, might begin to suffer the ring-
opening reactions which lead to the observed products
of alkyne epoxidation. If this is the case then an ox-
irene-like transition state, but not an intermediate, is
involved in alkyne epoxidation.

In other kinetic studies, the effect of ring substitu-
tents on the rate of reaction of phenylethynes with
peroxybenzoic acid was investigated.*® The reaction was
accelerated by electron-donating groups (a good linear
log &,/ ot correlation was obtained), showing that the
peroxy acid attacks the alkyne as an electrophile, rather
than as a nucleophile, the latter being an a priori pos-
sibility for alkynes which, unlike alkenes, are susceptible
to attack by nucleophiles.3¢

Quite recently, the results of the oxidation of phe-
nylethyne and derivatives by peroxymonophosphoric
acid (H;PO;)!! have provided the basis of a challenge
to the traditional view that oxirenes rearrange to oxo
carbenes. The alkynes 34 reacted with the peroxy acid
to give a mixture that did not include the methoxy
ketone 35, a product that would be expected had the
oxirene 36 been formed and rearranged to the oxo
carbene 37; the authors’ interpretation of these results
is outlined in Scheme X. In support of the contention
that 35 should have been formed had 37 intervened,
thermal or photochemical decomposition of the a-diazo
ketones 38 (IIID1), a process for which the intermediacy
of oxo carbenes seems to be well established, indeed
gave rise to 35; the essential features of the diazo ketone
decompositions are summarized in Scheme XI. The
two sets of results were interpreted as showing that an



Oxirenes

Scheme XII
0 o
+ +
o= A N =
] 2~ AN —A\ = 2
R R R' R2 R /2 R R
39
Scheme XIII
0,
_ H202 O, >—\ ol
Ph—=—X o f_§ pr y
X = electronegative Ph X
group
Q 8 villi
22T Y HOX + COp + PhCOH
Ph X

oxirene, formed in the peroxy acid reaction, rearranges
in a concerted manner (Scheme X) to a ketene, without
forming a carbene. This raises the question of how the
well-established interconversion of oxo carbenes occurs
in diazo ketone decompositions (I, ITIID1), and as an
alternative to an oxirene the authors propose the species
39 (Scheme XII; cf. Scheme I). To accommodate the
possibility of there being more than one entity with the
symmetry required for oxo carbene interconversion, the
somewhat noncommittal term “oxirene species” has
generally been used in this review to denote a species
(transition state or intermediate) with the chemical
symmetry of an oxirene. The work with peroxymono-
phosphoric acid, while clearly important, requires some
suspension of judgment since (1) it is not clear how 39
differs from oxirene resonance structures, (2) it is not
yet known if these results can be generalized to other
oxidants and alkynes, and (3) it has not been estab-
lished (cf. earlier parts of this section) that oxirenes are
formed in the peroxy acid oxidation of alkynes. A viable
interpretation of these results is that oxo carbenes in-
terconvert through oxirenes (IIID1), but that oxirenes
are not formed by attack of peroxy acids on alkynes,
at least in the case of compounds 34.

The molybdenum-catalyzed oxidation of alkynes by
tert-butyl hydroperoxide has been investigated®” (the
epoxidation of alkenes by this system has become an
important reaction®). The formation of oxirenes was
excluded since there were no ketene products, and the
reaction, which gave 1,2-diketones and their oxidative
cleavage products, was suggested to proceed through a
metal-oxo carbene complex.

Oxidation of electron-deficient alkenes by alkaline
hydrogen peroxide (a nucleophilic oxidant, in contrast
to the electrophilic ones discussed so far in this section)
gives products that have been suggested to arise from
an oxirene, e.g., Scheme XIIL.3¥ However, although
carbenes are implicated as intermediates in these re-
actions, there is no independent evidence that they arise
from oxirenes under these conditions.

2. Oxidation by O, or O

Ethyne is oxidized to ketene by hot air.#’ This re-
action probably proceeds by a hydroperoxide radical,
as seems to be general for the oxidation of hydrocarbons
by molecular oxygen at elevated temperatures.*! Ox-
irene is probably not involved since molecular oxygen
is not a donor of singlet-oxygen atoms (see the remarks
on this point in ref 27, p 4866).
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In an experiment that might have appeared propi-
tious for the synthesis and detection of oxirene, Haller
and Pimentel*? irradiated a mixture of ethyne and
nitrous oxide, N0, in an argon matrix at 20 K. The
N;O was decomposed with 147-nm light, conditions
under which ground-state, triplet, oxygen atoms are
formed. Only ketene was detected, and the authors
favored diradical intermediates over oxirene (Scheme
X1V), since formation of the latter would not conserve
spin (cf. ref 43).

Avery and Heath** irradiated 2-butyne and N,O in
the gas phase (mercury photosensitization to decompose
the N;0). The main products were carbon monoxide,
propene, ethane, 3-buten-2-one, and polymer. This
reaction, too, was considered to involve a diradical
rather than an oxirene (Scheme XV).

In earlier work the reaction of (presumably triplet)
oxygen atoms with ethyne at liquid oxygen (sic) tem-
perature was suggested to form dioxabicyclobutane
(40),%5 but this is unlikely as it would probably have

0
0
@ N—N
y N
40 0
41

violated spin conservation; other work on the reaction
of alkynes with oxygen atoms* probably did not involve
oxirenes either, for the same reason.

Of relevance to the possibility of synthesizing oxirene
by the reaction of oxygen atoms with ethyne in a matrix
at low temperature are experiments involving the ad-
dition of nitrenes to alkynes to give 1H-azirines. The
singlet nitrene 41 apparently reacts with alkynes to
form a short-lived 1H-azirine.*” However, the parent
reaction, between nitrene itself (NH) and ethyne, gave
keteneimine, H,C—=C==NH, with no sign of the azirine,
although the reaction was conducted at 4 K;*® it was
suggested that initially formed singlet nitrene, from the
photolysis of HNj, was deactivated to the triplet state
before reacting with the ethyne, since the photolysis of
HN; with ethene (which is more reactive than ethyne
toward electrophiles) under the same conditions gave
aziridine.

3. Oxidation by Biochemical Systems

Probably the most surprising aspect of the putative
oxidation of alkynes to oxirenes is the fact that evidence
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has recently been obtained that oxirenes may be
formed, enzymatically, in living cells. The oxidation of
4-ethynylbiphenyl (42) to the carboxylic acid 43
(Scheme XVI) may involve an oxirene, since the labeled
alkyne shown gave acid with complete deuterium re-
tention (path a); path b should have given unlabeled
acid.®®

The alkynyl steroid 44 inactivates aromatase, an en-
zyme that catalyzes the conversion of androgen to es-
trogen (eq 5). It has been suggested® that the inac-

0

A

44

aramalase
—

0 HO

tivation process involves the oxidation of 44 to an ox-
irene that rearranges to an oxo carbene which then
binds to the enzyme prosthetic group, thus inactivating
it. That 44 did not act, as had been previously sug-
gested, by forming an alkynyl ketone (HC=CCH, —
HC=CCO) was shown by the fact that authentic alk-
ynyl ketone did not significantly inhibit aromatase, and
that the C,o-d, alkyne (C=CCD,) inactivated aromatase
at essentially the same rate as the undeuterated alkyne.

B. (-Elimination Reactions

Little work seems to have been done on the intro-
duction of a double bond into a preformed oxirane ring
by 8-elimination (eq 6). The most obvious candidates

R Q R2 “lxv] Q (6)
e R,ARZ

for this transformation, halooxiranes, have not been

subjected to a systematic study of their reactions with

nonnucleophilic bases,?! although the chlorooxirane 45

has been shown to give on dehydrohalogenation the

cyclopropane 46 (eq 7).>2 Griesbaum and co-workers

O LiNEt 0 0
;& “Eo AX\\/& _’éb% (7)
¢t C? s

45 48 46

have prepared a series of vicinal dichlorooxiranes with
the express intention of investigating their dehalogen-
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ation to oxirenes,’® and Lewars and co-workers have
found that the dichlorooxirane 47 can be dechlorinated
to 46 (eq 8).% The formation of 46 from 45 and 47

b dy by

probably proceeds through an oxo carbene (or carbe-
noid) 48, but it is not known if an oxirene is the pre-
cursor of, or equilibrates with, the carbene. The rela-
tionship of oxo carbenes to oxirenes is discussed further
in ITIID1.

The situation seems to be similar, too, for the 3-
elimination of other simple groups,® although Padwa
and co-workers have rationalized some of the products
from photolysis of a 8,y-epoxy ketone by invoking an
oxirene intermediate (Scheme XVII).% A Norrish type
II photoreaction of 49 was suggested to lead to forma-
tion of the diradical 50 and thence to phenyloxirene
(51), which on aqueous workup gave rise to phenyl-
ethanoic acid, one of the observed products. The va-
lidity of this mechanism has, however, been called into
question by Cormier who in his paper comparing alkyne
epoxidation and diazo ketone decomposition?®2 also in-
vestigated the photolysis of 52 (Scheme XVIII). If the
diradical 53 resulting from v-hydrogen abstraction had
suffered 1,4-fragmentation to an oxirene 54, then the
enones 28 and 29 should have been formed (cf. Scheme
IX, IIIA1); however, only 28 was obtained. It was
suggested that cleavage of bonds a and b is concerted,
leading without the intervention of 54 to the oxo carb-
ene 25 which isomerizes to 28.

Oxirene derivatives (radical cations, cations, or con-
jugate acids; the neutral molecule could not, of course,
be observed) have been invoked as entities formed
eliminatively in mass spectrometric fragmentations.
a,3-Epoxy ketones (acyloxiranes) give species that have
been assigned the protonated oxirene structure, e.g., 55
(Scheme XIX).% The addition of hydrogen sulfide to
ethyne (radical cation chemistry) leads to a species that
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has been assigned the protonated thiirene structure 56
(Scheme XX),% and were an analogous process to occur
with water a protonated oxirene would be formed.
Although these processes may seem to be of little value
for investigating oxirene chemistry, they may permit
measurement of the proton affinity (gas-phase basicity)
of oxirenes.’? The availability of an experimentally
measured parameter for the oxirene system for com-
parison with calculated values would be a significant
advance in our understanding of this compound.

C. Retrocycloaddition Reactions

If oxirene could be made, it might conceivably un-
dergo [4 + 2] (Diels—-Alder) or [2 + 2] cyclizations,® to
give 57 and 58, respectively. The reverse processes (eq
9 and 10)®! offer potential routes to oxirenes. Flash

=
O" — ( + Po (9)
57
©_|J — @ + o (10)
58

thermolysis®? of the parent oxabicycloheptene (57) at
700 °C and ca. 1 Pa gave ketene,®® but it is not kown
if this arose from extrusion of oxirene (eq 9) and rear-
rangement of the latter, or by isomerization of 57 to
3-cyclohexen-1-one followed by reverse Diels-Alder
cleavage. The bicycloheptene derivative 59, a formal
adduct of hexamethylcyclopentadiene and dimethyl-
oxirene, gave in the gas chromatograph hexamethyl-
cyclopentadiene and 2,3-butanedione (eq 11).64 The

Q 0
|
0

(69)

latter could conceivably have arisen from dimethyl-
oxirene (cf. the formation of a-diketones in Schemes IV
and X) although one would have expected the oxirene
to isomerize to dimethylketene under these (nonoxi-
dizing) conditions.

Of more propitious auger for oxirene extrusion than
the archetypal system 57 or the formal cyclopentadiene
adduct 59 are barrellene oxides, e.g., 60, systems in
which the complementary fragment of the reverse cy-
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cloaddition is not merely 1,3-butadiene, but a benzene
ring (eq 12; cf. eq 9). The energy of the transition state

Q
H-0s
60

for the process depicted in eq 12 should be lowered by
the resonance stabilization of the incipient benzene ring.
Although the parent compound 60 is apparently un-
known, several derivatives have been prepared. [Pro-
fessor A. de Meijere and his co-workers (Hamburg
University) have recently synthesized barellene oxide
{(private communication).] Hart and co-workers found
that the dibenzobarrelene oxide 61 rearranged to a
ketone in boiling trichloromethane, in a reaction pro-
moted by traces of acid (eq 13), and an octamethyl
analogue behaved similarly.’ Lewars and Morrison
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CO,CH et
2¥''3
CO,CH3

CO,CHy
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63

subjected dibenzobarrelene oxide (62) (eq 14) and the
barrelene oxide 63 (eq 15) to flash thermolysis.®>% In
both cases the primary reactions were formation of
cycloheptatrienecarbaldehydes, but small amounts (ca.
5%) of ketene were observed in the thermolysis of 63
and similar compounds (the product mixtures were
temperature dependent, and eq 14 and 15 are oversim-
plifications of the results). The ketene may have arisen
from isomerization of oxirene, but the possibility that
63 isomerized to a bicyclooctdienone that extruded
ketene directly was not excluded. An attempt to ex-

trude benzoxirene from 64 led to isomerization (eq 16).5

0
NG 80-100 °C

NI

(18)

NC
64

The reverse [2 + 2] cycloaddition depicted in eq 10
(photoaromatization®!b) is a very tempting approach to
oxirene, since the adduct 58 could be photolyzed at low
temperatures, offering, should the desired reaction oc-
cur, a much greater chance of actually observing an
oxirene than would be expected from the Diels—Alder
reactions mentioned above. This is because the elu-
siveness of oxirenes appears to be due almost entirely
{(assuming they are intermediates and not just transition
states) to the rapidity with which they isomerize to
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ketenes (or to metastable oxo carbene intermediates—
see II and IIID1). This is in contrast to compounds that
are thermodynamically stable even if extraordinarily
reactive toward bimolecular processes; such compounds
can be made by flash thermolysis®? (a good example is
1-methylpentalene®). In a cleverly conceived and
skillfully executed synthesis, Warrener and co-workers®
prepared the formal [2 + 2] oxirene—arene adduct 65,
a promising-looking potential oxirene precursor. Un-
fortunately however, photolysis (or thermolysis) of 65
caused conversion to a bicyclic isomer (eq 17) with no
indication of oxirene extrusion. Suspecting that this

Ph Ph

Ay
0 {ar &) 0

Ph Ph:

(17)

Ph Ph
65

undesired transformation may have been promoted by
substituent stabilization of a biradical-like excited state,
these workers tried to prepare the unsubstituted com-
pound 58, an attempt that was, however, thwarted by
the fickleness of reactions that had proved reliable in
other contexts.

D. Isomerization Reactions

1. Isomerization of Oxo Carbenes (“Keto
Carbenes”): The Wolff Rearrangement

The reactions discussed in this section will be treated
within the framework of the oxirene-oxo carbene in-
terconvertibility paradigm. However, results from the
oxidation of some alkynes with peroxymonophosphoric
acid!! raise the possibility that this may have to be
modified; the point was briefly discussed in ITIA1.

After the initial claim of the synthesis of an oxirene
(by the oxidation of propyne: Section I) this system

not formed

CO,CH

“OH

reappreared after 50 years of quiescence with the claim®
that 2-chloro-1,2-diphenylethanone (66) reacted with
sodium methoxide to give diphenyloxirene (eq 18).

2-naphtho!

ol OCH; Q0 ¢ Q0
- >\-——< + NaOCH; —f—~ A (18)
Ph Bh Ph Ph Ph Ph
66

However, it was later shown™ that the product was the
prosaic methoxy ketone (eq 18). The conversion of an
a-halo ketone to an oxirene would be at least formally
analogous (both are a-eliminations followed by car-
bon-oxygen bonding) to the well-established transfor-
mation of a-diazo ketones into oxo carbenes and hence
into oxirene species (see below). However, even with
strong, nonnucleophilic bases, 66 failed to provide ev-
idence of diphenyloxirene formation.?’

Related to the dehydrohalogenation of a-halo ketones
is a potential route to benzoxirenes by dehalogenation
of 2-halophenols (eq 19). This can be envisioned to

oH 0
@: _EHLL.C% _,@o (19)
) ;
67 68

proceed through the oxo carbene 67 that might isom-
erize to benzoxirene (68), although attack of the oxygen
on the halogen-bearing carbon with ejection of halide
is also conceivable.” Attempts to generate benzoxines
by this route have provided results that indicate that
the oxirene is not formed.”>’® For example, thermolysis
of the sodium phenoxide 69 gave the bimolecular
product 70, but no 71 (Scheme XXI);’® had a benz-
oxirene intervened, some 71 should have been formed.
Related experiments with naphthols (Scheme XXII)™
indicated that 72 and 73 form oxo carbenes that do not
cyclize to benzoxirene systems. These results are not
absolutely conclusive evidence against the formation of
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benzoxirenes, since there is a slight chance that even
a remote substituent might bias an oxirene toward a
mode of ring cleavage that converts it exclusively to its
precursor carbene; the point is discussed further below.
The evidence suggests, however, that benzo annelation
does not stabilize the oxirene system, possibly because
of the addition strain caused by annelation.”>"¢

The decomposition of an «a-diazo ketone to an oxo
carbene, which by migration of a group on the carbonyl
carbon gives a ketene (eq 20), is the Wolff rearrange-

Q 2 Q r2
Mo v — o=c=< (20)
RI RZ RI . 2 RI

ment, a reaction of great synthetic and theoretical in-
terest.”” That an oxirene is involved in the Wolff re-
arrangement was first suggested by Eistert,” but ap-
peared to have been disproved a few years later by
Huggett et al.,’® who claimed that the thermal decom-
position of 1-diazo-2-phenyl-2-ethanone (diazoaceto-
phenone) labelled in the carbonyl carbon did not in-
volve an oxirene (cf. Scheme I). Another blow against
the case for oxirene participation was struck by Fran-
zen,® who found no oxygen migration in the photo-
chemical decomposition of 1-diazo-1,2-diphenyl-
ethanone (“azibenzil”). A decade later, however, Strausz
and co-workers!® showed that carbonyl-labeled 1-dia-
zo0-2-butanone and 1-diazo-2-propanone underwent
photolytic decomposition in the gas phase with oxirene
participation (cf. Scheme I). The discrepancy with the
work of Huggett and of Franzen was suggested to be
due to solvent or substituent effects, but later work,?!
reproducing Franzen’s conditions, showed 46% oxirene
participation, a result that was essentially confirmed
by Zeller et al.®

At this stage the reality of oxirene participation in
the Wolff rearrangement had been clearly demon-
strated, although it appeared that this participation did
not embrace thermally induced diazo ketone decom-
positions, but was limited to the photochemical process.
This appeared to be in accord with extended-Hiickel
molecular orbital calculations® that indicated that re-
arrangement of the oxo carbene (Scheme I) to oxirene
required excess vibrational energy, and thus might be
limited to the “hot” carbene formed by the crossing over
of an electronically excited carbene to an upper vibra-
tional level of its ground electronic state (internal
conversion). This theoretical work also accorded with
the fact that oxirene formation seems characteristic of
singlet, i.e., unsensitized, photoexcitation, being asso-
ciated with the singlet hypersurface, as implied in
Figure 1. It soon became apparent, however, that the
oxirene intermediate (or transition state) was even more
ubiquitous than had been thought, appearing in thermal
and both sensitized and unsensitized photodecompo-
sitions of a-diazo ketones.* It does appear, though, that
the metal ion promoted decomposition of diazo ketones
does not involve oxirene,?”# a not surprising finding
since this class of reactions may proceed through or-
ganometallic carbenoids. Oxo carbene interconversion
in the photochemical Wolff rearrangement has recently
been demonstrated by trapping the rearranged carbene
with an alkene.®¢ A concise summary of the role of
oxirenes in the Wolff rearrangement is given in ref 4.
Oxirene species do indeed appear to be accessible only
from the higher vibrational levels of oxo carbenes, as
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is evident from Figure 1, which shows that metha-
noylcarbene in its ground vibrational state should slide
energetically downhill to ketene (substituted oxo carb-
enes may be true intermediates, in contarst to metha-
noylcarbene that appears to be only a transition state;
in those cases one can imagine a slight dip in the curve
at the oxo carbene). The required vibrational excitation
is accessible by thermal means and, as expected, the
extent of oxirene participation increases wth increasing
temperature The fact that oxirene involvement has
been observed in photosensitized diazo ketone decom-
positions is puzzling, but may be due to triplet to singlet
intersystem crossing by excited oxo carbene.

Oxo carbenes in which an adjacent carbon has a C-H
bond undergo considerable enone formation (from a
1,2-hydrogen shift) in addition to the Wolff rear-
rangement, and this forms the basis of a test for oxirene
participation based on labeling the oxirene with alkyl
groups rather than with isotopic carbon (IIIA1, espe-
cially Schemes VIII and X and Table II, and the asso-
ciated discussions). By this means the involvement of
a common oxirene species has been demonstrated in the
peroxy acid oxidation of “dialkylalkynes” (ITIA1)% and
in the thermal and photochemical decomposition of a
“dialkyl a-diazo ketone”.®* Appending to an oxirene
different substituent groups does have the disadvantage
that the extent of oxirene participation is not neces-
sarily reflected in the degree of oxygen migration, since
a substituent can bias the oxirene ring toward cleavage
of the proximate or the distal C-O bond. Thus, in the
extreme, formation of the oxirene 74 (Scheme XXIII)
would not be detected should R! and/or R? coerce 74
into undergoing cleavage of bond a to the exclusion of
b. The amount of oxygen scrambling observed in re-
actions involving unsymmetrical oxirenes thus repre-
sents a minimum value for the extent of oxirene par-
ticipation. The limited information on this point is
discussed in ref 4. An example of such uncertainty is
provided by the photolysis of the 13C-labeled diazo-
naphthalenone 75 that gave only carboxylic acid labeled
in the carbonyl group, derived from the ketene 76
(Scheme XXIV), none of the acid derived from 77 being
observed.® The absence of oxygen migration does not
exclude an oxirene intermediate 78, since 78 could
conceivably open to the oxo carbene 79 to the exclusion
of 80. Even the subsequent demonstration®® that the
isomeric labeled naphthalenone 81 gave carboxylic acid
derived only from the ketene 82 (eq 21) does not quite

0
Na C//
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81 82

exclude the possibility of an oxirene intermediate being
formed from 75 or 81: one, but not both, of these diazo
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ketones might form an oxirene, which then opened
exclusively to recreate its parent carbene; this logical
possibility is clearly unlikely. The apparent reluctance
of 75 and 81 to form oxirenes was suggested to be due
either to concerted ketene formation without the in-
tervention of a carbene (carbene formation from acyclic
a-diazo ketones seems well established”), or to stabi-
lization of the oxo carbenes by resonance; the dipolar
rsonance form has an extra aromatic ring and might
stabilize the hybrid considerably, e.g., for 79:

._ﬁ*

Zeller has shown by labeling experiments that the
equilibrium between 2-methyl-3-phenyloxirene (83) and
its isomeric parent carbenes 84 and 85 is strongly

shifted toward 85 (eq 22).87
% <zz>

/_<

Diazo ketones that clearly did not give rise to sig-
nificant oxirene formation are 868 and 87:%° the oxir-
enes 88 and 89, by virtue of their symmetry, would

Lewars
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undergo, except for slight isotopic biasing, equal
cleavage of their two carbon—oxygen bonds (Schemes
XXV and XXVI). However, the product carboxylic
acids were derived only from the ketenes 90 (with vir-
tually none from 91) and 92 (with none from 93), re-
spectively. The reluctance of the carbene 94 to cyclize
to 88 was ascribed to the extra ring strain that would
be incurred. Lack of oxirene formation from the carb-
ene 95 was suggested to be due to its rapid deactivation
to a lower energy level, or to incompatibility of the
oxirene geometry with fusion to a cyclohexene ring (this
latter factor seems to be equivalent to increased ring
strain). Not surprisingly, medium?' (IIIA1) and
large®® ring (e.g., 96) diazo ketones seem less reluctant
to form fused-ring oxirenes.

Q

96

For the oxygen migration test for oxirene participa-
tion to be valid, it must be shown?? that intermolecular
oxygen transfer does not occur, and that oxygen
scrambling does not happen at the ketene stage. Di-
lution studies excluded the former for photolysis of
simple aliphatic a-diazo ketones®® and it appears to be
taken for granted that this complication does not in-
trude; oxygen scrambling at the ketene stage was ruled
out for a series of alkyl/aryl-labeled diazo ketones.”!

The question of whether the symmetrical or pseu-
dosymmetrical species implicated in the Wolff rear-
rangement and other reactions is a true intermediate
or a mere transition state could be definitively settled
in favor of the former, more chemically interesting
possibility, by successful trapping experiments or, more
dramatically, by the spectroscopic observation of an
oxirene. There appear to have been no reports of de-
liberate attempts to trap oxirenes (cf. closing remarks
of ref 83d), but one adventitious case of the possible
trapping of such an intermediate has been reported.
Photolysis of the diazo amide 97 in methanol gave the
methanol adduct 98.772 This was regarded as strong
evidence for a true intermediate 99, as depicted in eq
23, but incorporation of methanol at an earlier stage
seems to be conceivable, e.g., as outlined in eq 24. Less
ambiguous would be the observation of a cycloaddition
reaction such as the trapping of an oxirene by a diene
to give a Diels—Alder adduct, or the isolation of the
dihydro derivative (an oxirane) in the presence of
diazene (diimide).
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The most promising technique for the spectroscopic .

observation of oxirene is matrix isolation,!® in con-
junction with photolysis of a suitable oxirene precursor
(the successful application of this approach to the
characterization of thiirene is described in a state-of-
the-art investigation by Krantz and Laureni.}> However,
Krantz found? that photolysis of diazothanal or ethyl
diazoethanoate in an argon matrix at 8 K gave only
ketene or ethoxyketene (plus a carbonyl compound that
was probably a lactone from intramolecular trapping
of an oxo carbene), respectively. Evidently the oxirenes
are photochemically or thermally (!) unstable under
these conditions, or they are not true intermediates, or
a solid matrix prevents oxirene formation, perhaps by
rapid deactivation of vibrationally excited oxo carbene
(cf. section II) to a low-lying level that can only slide
energetically downhill to a ketene (Figure 1). Labeling
experiments would show if an oxirene species is in-
volved at all in Jow-temperature matrix photolysis. See
ref 9a in ref 106.

The vibrationally excited molecules that can rear-
range to an oxirene species (section II) appear to be
accessible by generating electronically excited singlet
ketenes, although this approach apparently gives lower
oxirene participation than does the diazo ketone route
(up to 30%, vs. up to 100%): Russell and Rowland
found® that the photolysis of labeled ketene gave ox-
ygen migration, and suggeted carbenaoxirane (6) as the
precursor of oxirene (Scheme XXVII); presumably vi-
brationally excited carbenaoxirane is involved (cf.
IIID2). Generation of excited ketene by “chemical
activation” (the reaction of singlet carbene with carbon
monoxide) also gave oxygen migration.?® Despite these
experimental results, SCF molecular orbital calculations
suggested that ketene photolysis and the addition of
singlet carbene to carbon monoxide did not involve a
“planar, symmetrical oxirene intermediate”.% To the
extent that such calculations are reliable, it is not clear
if this means that oxirene is not a planar, symmetrical
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species, or if the entity involved in the ketene reactions
is different from that in other “oxirene” reactions (cf.
ref 11 and the associated discussion in IIIA1).

Hoffmann and Schiittler®® attempted to generate
methanoylcarbene by high temperature chelotropic
extrusion from the bicycloheptadiene derivative 100 (eq
25), but the only identified product was a very low yield
of benzene.

ﬁ Ald)

very low
yield

Other routes to oxo carbenes (or carbenoids) are the
a-elimination of bromine from «,a-dibromo ketones,*
the elimination of hydrogen bromide from a-bromo
ketones,”” and the elimination of CO, or COS from
dioxolenones (vinylene carbonates) or their sulfur
analogues.?® The first two reactios have not been in-
vestigated with regard to oxirene involvement; the third
is discussed in ITIE. The formation of an oxo carbene
from a chlorooxirane and a dichlorooxirane was men-
tioned in ITIB.

2. Isomerization of Carbenaoxiranes (Oxiranylidenes)

The isomerization of carbenaoxirane (6) to oxirene
seems unlikely, as ab initio calculations predict a more
facile conversion to ketene (Figure 1). However, oxirene
involvement has been demonstrated for ketene photo-
lysis (IIID1) and this may proceed through vibrationally
excited 6; “cold” carbenaoxiranes would appear to be
even more reluctant than cold oxo carbenes to isomerize
to oxirenes, and the oxo carbene—oxirene interconver-
sion appears to be confined to “hot” (vibrationally ex-
cited) oxo carbenes (II, IIID1). It should be noted that
the generation of oxirenes from ketenes involves less
oxirene participation than generation from oxo carbenes
(i.e., diazo ketones): see IIID1.

Flash thermolysis of compounds of the type 101,
derivatives of “Meldrum’s acid”, is a fairly general
synthesis of ketenes (eq 26). However, Brown and

Q

R2 (>< >==c=o + \ﬂ/ + €O, (26)

101

co-workers® found that the spirooxirane 102 gave
ketene, possiblly via the expected carbonyloxirane 103
and probably by isomerization of carbenaoxirane (eq
27).

ﬁ( /—§ L. A — CH,CO

(27)
103

In a deliberate attempt to generate 6, Hoffmann and
Schiittler®® subjected the quadricyclane 104 to flow
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Scheme XXVIII

O * 0 *
L aws
104 105 $ l

O==C==CH, H,C=¢=0

thermolysis (not true high-vacuum flash thermolysis)
(Scheme XXVIII). Ready isomerization to a bicyclo-
heptadiene derivative 105 was apparently followed by
chelotropic extrusion of 6. *C labeling showed that 6
opened to ketene without isomerizing to oxirene. This
is, of course, what would be expected from the molec-
ular orbital calculations summarized in Figure 1. The
appropriate dimethyl analogue of 104 gave dimethyl-
ketene, presumably by way of dimethylcarbenaoxirane.

In a study of the deoxygenation of carbonyl com-
pounds by atomic carbon, Dewar and co-workers!®
presented experimental and theoretical evidence that
the carbonyl group can react with carbon atoms to form
a carbenaoxirane. Butanal gave propylketene, probably
via the carbenaoxirane 106 (eq 28).

Q g
/\/U\H e AA: -
106

NS0
(28)

E. Extrusion from Larger Heterocycles

Any heterocycle containing the OCH=CH moiety
can in principle extrude the superfluous fragment and
form oxirene, as illustrated for a five-membered ring
in eq 29. Probably the most propitious AB fragment-

C/ /A + AB (29)
c
4

C/r\{ T --LNEY\ (30)

107

would be nitrogen, but the required 1,2,3-oxadiazole 107
is unknown, presumably because of ready valence tau-
tomerization to diazoethanal (eq 30) (this approach has
been spectacularly successful with the sulfur analogue
of 107).2 The use of 107 as an oxirene precursor is thus
closely linked to the important diazo ketone decompo-
sitions discussed in IIID1.

The flash thermolysis of the dioxolane 108 gave
among the products diphenylketene and ethyl metha-
noate (eq 31),1! and it is conceivable that diphenyl-

I><Ja S FrR0=O0 - HCOE (31)

oxirene is the precursor of the ketene, although this is
by no means required.

Of much greater promise than thermolysis for the
detection of oxirene is low-temperature photolysis.
Clement and Strausz investigated the photolysis in an
argon matrix at low temperatures of 1,3-dioxolenone
(vinylene carbonate), 109.% However, the only C,H,0

Lewars

0 Q S
O\ij\—/o SL/_[E/O O\iL—/O Si S

110 111 EON

112

species detected was ketene. The sulfur derivatives of
109, compounds 110 and 111, behaved similarly, as did
the benzo derivatives of 110 and 111. Flow thermolysis
of these compounds also provided ketenes, indicating
that these cyclic carbonates are a new source of oxo
carbenes. The probable greater stability of thiirenes
as compared to oxirenes is shown by the fact that
photolysis of compounds of the type 112 in a low-tem-
perature matrix is an excellent source of thiirenes.1%

1V. Conclusions and Speculations

Oxirene is probably a true intermediate, but is sep-
arated from ketene by only a very low barrier. Since
its instability results from unimolecular isomerization
rather than from reactivity in bimolecular processes, the
only viable current technique for its direct observation
seems to be generation and spectroscopic examination
in an inert matrix at temperatures near absolute zero.

Substituted oxirenes may well be more stable. The
substituents would be required not to present mere
steric hindrance to bimolecular reactions, as in tetra-
tert-butyleyclobutadiene,1? or even to exert the more
subtle steric effect which keeps tetra-tert-butyltetra-
hedrane from springing open,!% but to hinder isomer-
ization to the oxo carbene. Electron-withdrawing
groups may be of value in this respect,”!¢ and further
information on this point could be gathered by molec-
ular orbital calculations and perhaps by studies of the
effects of substituents on thiirene, the closest known?
relative of oxirene.

Another, conceptually straightforward, approach to
designing a relatively stable oxirene is to deplete the
electron density in the carbon-carbon double bond by
utilizing the “push—pull” concept,'% the affixing of an
electron source and an electron sink to opposite ends
of the bond. This subterfuge does have the disadvan-
tage that to the extent to which it succeeds one has
bypassed the very system sought, and although formal
victories should not be disdained, the signal climax to
the search for oxirene would no doubt be the securing
of the spectroscopic profile of the elusive heterocycle.

Note Added in Proof. Since this review was sub-
mitted, five important papers relevant to the subject
have appeared.!06-110
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