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1,4-Naphthoquinonediazide-2-carboxylic acid: a diazo
compound with a long-lived triplet excited state
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ABSTRACT: Laser flash photolysis (308 nm) of 1.,4-naphthoquinonediazide-2-carboxylic acid 1 in 2-methyl-
tetrahydrofuran (MTHF) leads to the detection of a long-lived (5.3 ps) triplet excited state, whose triplet energy,
obtained by measuring the phosphorescence spectrum of 1 in an Ar- matrix at 10K, is ca 55 kcal mol™" (1 kcal
=4.184 KJ). The first triplet excited state of 1 is quenched efficiently by 1,3-dienes and molecular oxygen. By
calculating the spin density distribution it can be shown that 31 is not a typical naphthalene triplet, as it bears
significant spin density at the diazo moiety. Copyright © 2001 John Wiley & Sons, Ltd.
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INTRODUCTION

Carbenes are generally generated by photolysis or
thermolysis of diazo compounds or diazirines. As the
decomposition mechanism may be of importance for
product distribution, the question of whether carbene
formation occurs via primary C=N scission and
subsequent intersystem crossing (ISC) on the carbene
surface, or via an intermediate triplet excited state of the
diazo precursor, has been adressed in mechanistic
studies.

Carbene and biradical precursors that form reactive
intermediates by photodediazotation usually do so fairly
efficiently, and their excited states are very short-lived.
Exceptions to this rule have only recently been
discovered. A class of relatively rigid polycyclic
derivatives of 2,3-diazabicyclo[2.2.1]hept-2-ene was
found to have triplet lifetimes up to 630 ns, with triplet
energies of 62.5 + 1 kcal mol ~1(1 keal =4.184 kJ). The
triplet quantum yield was determined in one case to be as
high as 0.5+ 0.2.% In the case of 2,3-diazabicyclo-
[2.2.2]octane, the first excited singlet state is exceedingly
long lived; fluorescence lifetimes up to 1 ps have been
reported.3’4 In this case, however, the ISC efficiency is
very low, and sensitization experiments have led to an
estimated lifetime of ca 7 ns for the first excited triplet
state of this compound.’°

Diazo compounds (and diazirines) with alkyl sub-
stituents attached to the diazo carbon atom may undergo
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hydrogen shifts on the excited singlet surface. Examples
of such reactions have been presented by Celebi et al.’
and Reed and Modarelli.® The degree of rearrangement
occuring on the surface of the excited diazo compound
depends on the C—H bond enthalpy of the bond being
broken during the rearrangement. Thus, cyclopropylphe-
nyldiazomethane (with a relatively strong tertiary C—H
bond) yields almost exclusively products derived from
carbene reactions, and a high yield of the carbene can be
trapped by pyridine, while the pyridine ylide of
isopropylphenylcarbene (the tertiary C—H bond being
significantly weaker in this system) is formed only in low
yield.” In the photochemistry of diaryldiazo compounds
hydrogen shifts cannot occur, and dediazotation usually
is a highly efficient and very rapid process. Dupuy et al.
have studied the photolysis of diphenyldiazomethane by
picosecond time-resolved techniques and found the
fluorescence attributed to triplet diphenylcarbene to grow
in within 15 ps’.

To the best of our knowledge, only one instance of a
diazo compound with an excited state lifetime compar-
able to those of the azo compounds mentioned above has
been reported. 2-Diazo-1,3-diphenyl-1,3-propadienone
has been reported to have a triplet lifetime of 15 ps.'”
In this paper, we report the finding of a second example
of such a diazo compound and on the characterization of
its first triplet excited state.

RESULTS AND DISCUSSION

When 1,4-naphthoquinonediazide-2-carboxylic acid (1)
in 2-methyltetrahydrofuran (MTHF) was subjected to
laser flash photolysis (10 ns/100 mJ pulses from an XeCl
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Figure 1. Transient absorption spectrum, measured 4 us
after LFP (308 nm) of 1 in MTHF (1 atm Ar). Inset: typical
transient decay trace, monitored at A =460 nm

excimer laser, 308 nm) (the LFP and matrix isolation
setup used in these experiments has been described
before;'") a transient signal with a lifetime 7 ~ 5.3 ps and
Amax =460 nm was detected (Fig. 1). The transient was
quenched efficiently by molecular oxygen and 1,3-
cyclohexadiene, and not at all by 1,4-cyclohexadiene or
cyclopentene.

A number of possible reactive intermediates have to be
considered, among which the most obvious candidate is
the carbene 2, but 2,4-didehydro-1-naphthol (3), which is
formed by decarboxylation of 2, is another intermediate
to be taken in account. Further possibilities are the
naphthoxy radical 4, the bicyclic compound 5, and the
MTHEF ylide 6 (Scheme 1).

For a number of reasons, an assignment of the transient
observed to the carbene 2 appears highly unlikely. First, 2
has been characterized by matrix isolation spectro-
scopy.12 Its UV-Vis spectrum in an Ar matrix consists
of two strong absorption maxima at A =342 and 358 nm,
plus a weak and broad band between A~ 425 and
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Figure 2. Plot of the decay rate constant of the transient
observed upon LFP of 1 in MTHF (A\non =460 nm, 1 atm Ar)
versus the concentration of isoprene. Straight line: linear fit

600 nm, which clearly is not consistent with the transient
spectrum monitored here. Second, 2 is unlikely to survive
in MTHF for more than 10 ns. This can be inferred from
the known reactivity of carbene 7, which reacts with
cyclohexane (which is less reactive than MTHF) with a
rate constant k = 8.4 x 10°1mol " s™'." Less clear is the
situation when biradical 3 is considered, as no derivative
of m-benzyne has ever been characterized by LFP. But
again, its UV—Vis spectrum in an Ar matrix (Apax =~ 350
nm)° is not consistent with the spectrum obtained by LFP
in MTHF, which also applies to cyclopropene 5
(cyclopropene 5 is unknown, but the UV-Vis spectrum
of unsubstituted benzobicyclo[3.1.0]hexadienone has
been measured.'®). As far as the naphthoxy radical 4 or
the ylide 6 is concerned, it appears unlikely that they
would be quenched rapidly by 1,3-cyclohexadiene, but
not by 1,4 cyclohexadiene. Overall, all reactive inter-
mediates typically encountered after LFP of diazo

OH

Scheme 1
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Table 1. Quenching rate constants (T;) for 1°

kg x 1077 Er
Quencher (Imol~'S71 (kcal mol ™! )b
1,3-Cyclohexadiene 75.5 52.4
(Z)-Piperylene 1.7 57.4
Isoprene 1.1 60.0

* In MTHF, ambient temperature.
® Triplet energy of quencher.'®
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Figure 3. Phosphorescence spectrum of 1, matrix-isolated in
Ar, 10K. The increase in emission towards shorter wave-
lengths is due to the fluorescence of 1

compounds can be ruled out. Instead, the reactivity
pattern of the transient monitored resembles that of a
naphthalene derivative in its triplet excited state. In order
to check for this possibility, we performed two series of
experiments.

First, some rate constants for quenching of the
transient were measured Fig. 2. Table 1 gives the values
obtained for 1,3-cyclohexadiene, (Z)-piperylene and
isoprene. A correlation between the triplet energy of
the quencher used and the rate constant measured is
evident.

Second, the luminescence spectrum of 1, matrix-
isolated in Ar at 10 K, was measured.'! Upon excitation,

the compound emitted a blue fluorescence plus a weak
green phosphorescence. The luminescence spectrum
shows a broad fluorescence maximum  with
Amax 2 430nm and two phosphorescence bands with
Amax =3515.1 and 530.1 nm (Fig. 3). The occurence of a
double phosphorescence band can be explained in terms
of a vibrational fine structure with a spacing of 549 cm™;
the position of the lower wavelength band indicates a
triplet energy of 1 of ca 55kcalmol ', typical of
naphthalene derivatives.'>'®

Why would diazo compound 1 have a relatively long-
lived first triplet excited state, whereas for example, a
very similar molecule such as 8, the diazo precursor to
carbene 7, does not show such a property?'® The answer
has to be sought in differences between the electronic
structures of the two molecules. Hints towards what may
be the reason for the differences can be found in the
infrared spectra of the two molecules. Here, a comparison
of the C=0 and N=N stretching frequencies (Ar matrix,
10 K) is particularly useful: Whereas 8 shows a vy—y at
2062.0cm™" and ve_o=1635.8 cm™",'” which is typi-
cal for quinone diazides, these values are shifted to
Unen=2105.1 and 2086.5cm ! (band split due to
matrix site effects) and ve_o = 1585.9 cm ™' in the case
of 1. The electronic structure of quinone diazides can be
described in terms of a diazocyclohexadienone and an
internal diazonium—phenolate mesomeric  structure
(Scheme 2).

Owing to the strong intramolecular hydrogen bridge
present in 1,'* the zwitterionic structure b gains
additional weight, which is revealed by the changed IR
frequencies, which indicate a higher bond order of the
N=N bond and a lower bond order of the C=O0 bond in
1 as compared with 8. Thus, the properties of 1 shift more
towards that of a naphthalenediazonium chromophore. It
should be noted that some arenediazonium cations do
indeed show phosphorescence when irradiated at 77 K; in
the case of the parent benzenediazonium cation (as
tetrafluoroborate), the phosphorescence maximum was
determined to be A\ja =410 nm.'® In this study, the
quantum yield of phosphorescence was dependent on the
irradiation wavelength. Phosphorescence (as well as
fluorescence) was only detected upon irradiation with
A=295nm, whereas shorter wavelength irradiation
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Figure 4. Spin isodensity surface for the first triplet excited
state of 1, projected on to the molecular framework
(geometry optimized on the UB3LYP/6-31G* level of theory)

(A=259 nm) gave no luminescence, but resulted in
efficient dediazotation instead. Diazo compound 1 may
thus bear sufficient diazonium character to display
characteristics typical of this chromophore.

In order to gain further insight in to the properties of
the first triplet excited state of 1, its geometry was
optimized at the UB3LYP/6-31G* level of theory.
According to the calculation, the CNN moiety is no
longer linear in the triplet excited state, but bent with an
angle of 124.6°. Figure 4 shows a spin density isosurface
projected on to the molecular framework. It reveals that
the spin density is localized mostly on the diazo
functionality and in the cyclohexenone subunit, while
the annelated benzene ring and the carboxy functionality
only receive little spin density. Thus, the triplet excited
state of 1 is not a typical naphthalene triplet.

EXPERIMENTAL

Diazo compound 1 was prepared as described before.'?
The equipment used for laser flash photolysis and for
matrix isolation spectroscopy has been described be-
fore."! In experiments involving matrix isolation spectro-
scopy, 1 was sublimed at 155°C/10~® mbar. For laser
flash photolysis, a 0.1 mmol solution of 1 in MTHF was
employed. In order to avoid depletion of the precursor
and product build-up, a flow cell was used. The MTHF
used was freshly distilled prior to use. Calculations were
performed using the Gaussian 98 suite of programs,19
employing the hybrid B3LYP method.*”

Copyright © 2001 John Wiley & Sons, Ltd.
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