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Aromatic carbenes have been thoroughly studied by transient H
absorption spectroscopy. In condensed phases simple aryl- m
Z

also provides a convenient chromophore for-ts detection.
Recently much attention has been directed toward the study
of alkylcarbenesand acylcarbenés. These species do undergo

. . N,
carbenes do not undergo intramolecular rearrangements which 2
might otherwise limit their lifetimes. The aromatic component =& H %» H/\"/H —keve /ITH
H -
(o]
FDM

facile rearrangements and thus are much shorter lived than lkmsoﬂ
typical arylcarbenes. They also lack convenient chromophores.

We have reported lifetimes of various alkyl- and acylcarbenes o)
using the pyridine ylide-nanosecond laser flash photolysis CHaOCH2JLH

techniqué®. This technique utilizes a competition between all

first-and pseudo-first-order carbene reactions with a pyridine-

dependent second-order reaction which produces a usefal UV in Scheme 2. The value ofkpyr is typically taken as 45 x

vis active probe (ylidel, Scheme 1). 1° M~1 s~ 1 which indicates that the lifetime of singlet formyl
Laser flash photolysis (LFP) of formyldiazomethane (FDM) carbene lies in the range of 0:26.73 ns in methylene chloride.

produces singlet formylcarbene (FC) which can isométiae, This is consistent with our previous estimaterofs 0.5-2.3

react with solvent or pyridine (SchemeL)lt is not possible ns in Freon-113 (CEICFCh).4cd The ratiokcp.on/kpyr = 4.6,

to resolve the rate of formation of ylidein methylene chloride in Freon-113, was determined by Steolmer analysis of the

with the spectrometer available in Columbus (20 ns time quenching of the yield ofl as a function of methanol

resolution). However, standard double reciprocal analysis concentration at a constant concentration (3.1 M) of pyridine

(Figure 1) of the optical yield of ylide with pyridine concentra- (Figure 2) (Scheme 1). At this concentration of pyridine in

tion yields the ratickpyr/ko (01 kpyrt) equal to 0.73 M* where Freon-113, all FC produced in the laser pulse is captured by

ko is the sum of all first-order and pseudo-first-order rate pryridine. Thus, in Freon-113 we can deduce thatonr =

constants of all processes which consume the carbene in the3.4 M. This analysis assumes that all of the chemistry of FC

absence of pyridine and(1/k) is the carbene lifetime as defined in solution proceeds through the singlet state of the carbene.

To confirm this analysis and its implicit assumptions, a
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Figure 2. Stern—Volmer analysis of the quenching of the yield of
ylide 1 as a function of methanol concentration at constant (3.1 M)
concentration of pyridine in GEICFCb.
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Figure 3. Transient grating waveform generated by irradiation of
diazoacetaldehyde in GBI, (see text for details). The circles denote
every third data point used in the fitting. The solid line is the calculated
fit. The (+) indicate the residuals. The increase in the peak signal within
the first three oscillations is the result of a “slow” heat release.

the slow heat release determined from three independent samplea

was 1.1 £0.1) x 10° s, orr = 0.9 ns.

To correlate the transient absorption and transient grating
experiments, the effect of a quencher on the kinetics was studied
Although pyridine would have been the quencher of choice, its
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Figure 4. A plot of kops the “slow” heat release time constant, as a
function of MeOH concentration in the grating experiments. The solid
line is the linear regression fit.

The preceding analysis demonstrates that the same species
has been studied by two independent techniques. However, the
transient intermediate can in principle be either singlet FC or
the excited singlet state of the diazo precursor. We believe that
we have characterized singlet FC for two reasons. First, it is
clear that the yield of ketocarbene from the diazo excited state
depends on the conformatitof the diazo precursor, and FDM
gives a much larger yield of trappable carbene than does LFP
of 2—4.

O

A
R
N2
R = CHjz (2); CH(CHa)2 (3); C(CH3)3 (4)

Significantly, for 1—4 only irradiation of FDM produces
sufficient “slow” (r > 200 ps) heat release as to be detectable
by transient grating spectroscopy.

Furthermore, FDM is non-fluorescent in our hands. This
prevents the use of fluorescence spectroscopy for determination
of whether pyridine or methanol react with the singlet excited
state of the diazo precursor. Nevertheless, the transient lifetime
of 0.9 ns determined in this study seems much too long for a
non-fluorescent excited state which efficiently extrudes nitro-
en?

In conclusion, transient grating spectroscopy directly provides
lifetime data for formylcarbene which is consistent with the
results deduced from more indirect laser flash photolysis studies.
The consistency in the results validates our previous assumptions

strong absorption at 279 nm precludes its use in these gratingof the magnitude ofko,r and the exclusively singlet state
experiments. Instead, the effect of added methanol on the slowreactivity patterns of the transient carbene.

heat release rate constant was determined. As shown in Figure

4, the slow heat release rate constd@ts increased in the
presence of methanol. Analysis of the data using equation 6
yields a value fokcp,on Of 4.3 @0.4) x 10° M1 s,

Kons = Ko * Ke,on[CH3OH] (6)

Thus the value okcpyont in CH.Cl, determined by transient
grating spectroscopy is 3.9 Mwhich is in excellent agreement
with the value determined by optical methods in Freon-113.
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