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The Wolff rearrangement of diazocarbonyl compounds to
ketenes, a reaction discovered at the beginning of the 20th
century,1 is still receiving attention even as a new century begins.2

In the mid-1960s Kaplan and Meloy demonstrated that acyclic
diazocarbonyl compounds exist as equilibrium mixtures of syn
and anti forms (Scheme 1) and suggested that the relative
contribution of these conformations could have a significant
impact on the mechanism of photoinduced ketene formation.3

Subsequent work has confirmed the important role that conforma-
tion plays in this rearrangement process.4,5 The mechanistic picture
that has emerged from these investigations is that concerted
rearrangement to ketene from a singlet excited state is facile from
the syn conformation, but carbene production occurs from the
anti form.6 (As will be shown below, carbene formation can also
occur from the syn form.) The evidence for involvement of
precursor excited states in such rearrangement chemistry has been
based mainly on product studies. For example, even in the
presence of a large excess of a carbene trap such as alcohol, ketene
rearrangement products are still observed for diazocarbonyls with
significant population of the syn conformer.7

Recently we reported a nanosecond time-resolved infrared
(TRIR) investigation of naphthyldiazoester1.8 In this case, we
found that the rate of ketene growth is equivalent to the rate of
carbene decay, demonstrating that ketene3 arises entirely from
carbene2 (Scheme 2). This result is in excellent agreement with
the alcohol trapping experiments of Platz and co-workers, who
isolated essentially only carbene-derived adducts,9 and the
calculations of Bally, McMahon, and co-workers.10 Those calcula-
tions indicate that naphthyldiazoester1 is planar and exists almost
entirely (99%) in conformations in which the diazo and carbonyl
groups are anti. Thus, the preferred conformation of1 leads to

efficient carbene production upon photolysis with very little if
any direct rearrangement to ketene3.

The lack of excited-state involvement for1 is in contrast to
behavior in systems that have substantial equilibrium concentra-
tions of the syn conformer. To examine the effect that conforma-
tion has on ketene growth kinetics, we are pleased to report herein
a TRIR investigation of 4-diazo-3-isochromanone (4), a cyclic
analogue (phenyl version) of1 that is locked in the syn
conformation.

Typical TRIR data11 observed following 266 nm laser excitation
of 15N-labeled4 in argon-saturated Freon-113 (1,1,2-trichloro-
trifluoroethane) are shown in Figure 1 for the spectral regions
2150-2020 and 1930-1510 cm-1. Data are obtained in the form
of difference spectra. As will be discussed below, we attribute
the positive bands at 1686 and 2116 cm-1 to triplet carbene5
and ketene6, respectively; the negative bands at 2056 and 1716
cm-1 are due to depletion of15N-labeled4. The use of15N-labeled
4 was required to shift a strong negative depletion signal in the
unlabeled compound away from the positive ketene IR band of
interest.12

As shown in Figure 2, the 1686 cm-1 carbene band decays
with a lifetime of 526( 50 ns in argon-saturated Freon-113 ([4]
) 2 mM). The 2116 cm-1 ketene band, however, in dramatic
contrast to the data observed with acyclic diazocarbonyl1,8 is
produced faster than the current time resolution (50 ns) of our
spectrometer. We, therefore, hypothesize that ketene6 is formed
not from carbene5, but entirely from the singlet excited state of
4 (Scheme 3). In agreement with this hypothesis, oxygen and
methanol quench carbene5, but they leave the initial intensity of
the ketene IR band unaffected.13 These results are consistent with
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Figure 1. TRIR difference spectra observed over the first 500 ns
following 266 nm laser photolysis (90 ns, 0.4 mJ) of15N-labeled4 (2
mM) in argon-saturated Freon-113 for the spectral regions (a) 2150-
2020 and (b) 1930-1510 cm-1.

Scheme 1

Scheme 2

4512 J. Am. Chem. Soc.2000,122,4512-4513

10.1021/ja9937775 CCC: $19.00 © 2000 American Chemical Society
Published on Web 04/25/2000



previously reported photochemical studies of414 and the related
diazonaphthoquinones715 and8.16

The lifetime of carbene5 is reduced to less than 50 ns in
oxygen-saturated Freon-113. Methanol quenching was analyzed
according to the pseudo-first-order equation,kobsd) k0 + kMeOH-
[methanol], wherekMeOH is the second-order rate constant for the
reaction of methanol with carbene5 andk0 is the rate of carbene
decay in the absence of methanol and at a fixed concentration of
diazoester4. Values ofkobsdwere linearly dependent on methanol
concentration for the range examined (0-62 mM). This analysis
provides kMeOH ) (4.0 ( 0.4) × 107 M-1 s-1 in Freon-113,
consistent with previous studies of triplet carbene reactions with
methanol.17

Further support for our IR band assignments comes from
B3LYP/6-31G* calculations,18 which have been shown to provide
accurate carbene energies, structures, and vibrational frequencies.
Calculated IR frequencies (scaled by 0.96)20 diagnostic of
diazoester4, triplet carbene5, and ketene6 agree well with TRIR-
observed values.20 Geometries of the lowest singlet and triplet

states of carbene5 reveal that, as expected,21 the carboalkoxy
group in15 adopts a conformation significantly out of the phenyl
carbene plane, whereas these groups are nearly coplanar in35.
The triplet state is calculated to be 7.06 kcal/mol lower in energy
than the singlet in the gas phase;22 ketene6 lies 30.75 kcal/mol
below 35. This calculated singlet-triplet gap is larger than the
corresponding one calculated for acyclic carbene2 (4.52 kcal/
mol) presumably because of the constraints of the ring system in
carbene5. We calculate that15 is separated from ketene6 by a
barrier of 5.20 kcal/mol in good agreement with the previously
CCSD(T)/6-311G(df,p) calculated barrier between singlet formyl-
methylene and ketene (5.88 kcal/mol).23

Additional evidence for a photochemically produced non-
carbene precursor to ketene6 is provided by product analysis.
Photolysis of4 in neat methanol leads to both carbene-derived
(i.e., 9 in 75% absolute yield) and ketene-derived adducts (i.e.,
10 in 18% absolute yield), but thermolysis of4 in neat methanol
(sealed tube at 170°C) provides only9 (91% absolute yield).24

The ratio of9 to 10 in the photolysis experiment suggests that
the diazaoester excited state14* partitions between carbene
production and ketene formation in an approximately 4 to 1 ratio
confirming that syn diazoesters can form carbene intermediates
as has been previously observed.16,25

The kinetic data of Figure 2 indicate that carbene5, under the
conditions of our TRIR experiments, does not form ketene6, in
contrast with the observed reactivity of acyclic carbene2. Platz
and co-workers determined that carbene2 is separated from ketene
3 by a 3.4 kcal/mol barrier in hexafluorobenzene.9 It is likely
that the higher singlet/triplet gap for carbene5 relative to that of
2 raises the effective barrier to rearrangement. We find, by
monitoring the lifetime of carbene5 as a function of concentration
of diazoester4, that5 is effectively quenched by4 with kdiazo )
(5.0( 0.5)× 108 M-1 s-1 in Freon-113. This observation suggests
that a major decay route of the carbene under the conditions of
our experiment is formation of azine.
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Figure 2. Kinetic traces observed at (a) 1686 and (b) 2116 cm-1

following 266 nm laser photolysis (5 ns, 1.5 mJ) of15N-labeled4 (2
mM) in argon-saturated Freon-113. The dotted curves are experimental
data; the solid curve is the calculated best fit to a single-exponential
function.

Scheme 3
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