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Abstract

Rate constants for the quenching of isafindndN-methylisatin @) by hydrogen and electron donors were measured by the laser flash
photolysis (LFP) technique in benzene solution. Eaate constants ranging fromsix 10° M~1 s~ (for toluene) to 3 x 10° M~1s1
(for 1,4-diazabicyclo[2.2.2]octane, DABCO) were obtained. Slightly lower rate quenching values were obtai@ddtinylisatin, which
probably indicates an increase in the charge-transfer (CT) character of its triplet state. The lack of dependence of the quenching rate
constants ofl and2 with the substituent, in the case where substituted phenols were employed as quenchers, indicates that for the two
isatins the primary process in the quenching reaction is electron transfer followed by a fast proton transfer, leading to the formation of the
corresponding phenoxyl radicals. From the quenching rate constatriansy andcis-stilbene, a value between 49.3 and 54.3 kcal/mol
was estimated for the triplet state of isatin, wheread\fonethylisatin theEr is estimated to be:49.3 kcal/mol.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction the reactions of isatin with hydrogen dond#s5], it has
been proposed that the primary photochemical process in-
In the last years, the chemistry of vicinal polycarbonyl volves hydrogen abstraction from the solvent to generate a
compounds has received remarkable attention due to its widesemidione radical.

application for analytical and synthetic purpodés. Al- This work shows the results of laser flash photolysis (LFP)
though the presence of two carbonyl groups in isatin makesstudies of the reaction of isatif)(andN-methylisatin ) in
it an attractive target to synthetic organic chemj&t8], lit- the presence of several quenchers, including hydrogen and
tle is known about its photochemical reactivity. electron donors.
Isatin (1) does not show fluorescence or phosphorescence o
emission in a variety of solvents and upon excitation it un-
dergoes very fast intersystem crossing to the triplet state. In o
oxygen saturated solution the irradiation of isatin leads to N
the formation of isatoic acid anhydridé]. This triplet state lll
is capable of abstracting hydrogen from tolugm&ylene or
cumene, yielding the pinacol isatigé]. The photochemi- ;fg:ge
cal reaction of isatin in the presence of 1,3-cylohexanedione )
leads to the formation of an a spiro derivati#, whereas
the irradiation of isatin and 5-fluorisatin with pyrazolone
gives ring expanded heterocyclic compounds derived from 2. Experimental
the cleavage of the amide boft].
Irradiation ofN-alkylisatins in degassed alcohols leadsto 2.1. Materials
a chemoselective reaction to afford 3-hydrdxymethylox-
indole, as a primary product, ahdmethyloxindol€6]. Like The solvents employed were Aldrich Spectrograde and
were used as received. Isathfymethylisatin, triethylamine,
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phenol, 4-methoxyphenol, 1,4-dimethoxybenzecis;stil-
bene, transstilbene, 1,4-cyclohexadiene, argtcarotene
were purchased from Aldrich and purified when necessary.

2.2. General techniques

UV-Vis spectra were recorded in a Varian Cary 3E. LFP
experiments were carried out on an Edinburgh Analytical
Instruments LP900. Samples were contained in a 106mm
10mm cell made from Suprasil quartz tubing and were
deaerated by bubbling with oxygen-free nitrogen for 20 min.
The samples were irradiated either with the third harmonic
(A = 355nm,~5ns, 40 mJ per pulse) of a Nd/YAG Surelite
laser, or with an Excimer laser from Lumonics EX-530£
308 nm,~5ns, 80 mJ per pulse). Sample concentration was
chosen in order to give an absorption at the wavelength of
excitation of 0.3. Stock solutions of quenchers in the same
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Fig. 2. Transient absorption spectrum obtained on 308 nm excitation of
isatin (1) in benzene s after the laser pulse.

solvent employed in sample preparation were prepared so

that it was only necessary to add microliter volumes to the
sample cell in order to obtain appropriate concentrations of
the quencher.

3. Results and discussion

tions at 320 and 420 nn{g. 2). This transient decays by
mixed first and second-order kinetics with an apparent life-
time around 2.%us.

Similar behavior was observed upon excitation of
N-methylisatin 2) in benzene. In this case, absorption bands
centered at 330, 420 and 530 nm were observed. This tran-
sient also shows a decay with mixed first and second-order,

The ground state absorption spectrum for isatin and from which an apparent lifetime of 6 was obtained
N-methylisatin in benzene shows a strong and sharp absorpﬂ:'g- 3.

tion at 296 nm and a broad band with maximum at 404 nm.
A slight red shift is observed in the long wavelength absorp-
tion for both isatins in going from benzene to acetonitrile
(from 404 to 414 nm). This is an indication that there is
some charge-transfer (CT) interaction in the excited singlet
state of isatin andN-methylisatin.Fig. 1 shows the ground
state absorption spectra fdkmethylisatin in benzene and
in acetonitrile.

The transients obtained in the irradiationloAnd2 were
assigned to their triplet state because they are quenched by
B-carotene at a diffusion controlled rate constant, with the
concomitant formation of the later triplet at 535 nm.

Rate constants for the quenching of isatih) (@nd
N-methylisatin ) triplet by a variety of quenchers were
measured by LFP, in benzene. The addition of quenchers
that could act as electron or hydrogen donor leads to a

Laser excitation of a deaerated benzene solution of isatinShortening of the triplet lifetime of the isatins. Such short-

(1) leads to the formation of a transient with strong absorp-
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Fig. 1. Ground state absorption spectra fdmethylisatin in benzene
(--+) and in acetonitrile (—).

ening of the triplet lifetime of isatin and-methylisatin was
also observed for quenchers suchrass andcis-stilbene,
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Fig. 3. Transient absorption spectrum obtained on 308 nm excitation of
N-methylisatin @) in benzene 2us after the laser pulse.
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Table 1
Second-order rate constants for the quenching of the triplefis aofd 2 35x10°F
in benzene P
3.0x10°
Quencher kg (M~1s71)2 *
1 2 25x10°
— trans-stilbene
Triethylamine 1.9x 10° 1.4 x 108 2 ootk
Ethyl 2-hydroxyethyl sulfide 1.5 107 2.7 x 1P 2 cis-stilbene
DABCO 5.8 x 10° 5.8 x 10° k10
2-Propanol 3.1x 10° 1.9 x 10°
Phenol 3.5x 10° 3.7 x 10° 10x10°
4-Cyanophenol 3. 10° 3.4 x 1¢°
4-Chlorophenol 4.0¢ 10° 3.9 x 10° 5.0x10° . s s ! !
4-Tert-butylphenol 45x 10° 51 x 10° 0.000  0.001  0.002  0.003 0.004 0.005  0.006
4-Methoxyphenol 5.2 10° 5.7 x 10° uencher]. M
Cis-stilbene 3.7x 108 7.4 x 107 ® lq I
Transstilbene 1.7x 10° 5.7 x 108 .
Toluene 1.4x 10° 1.0 x 10° 2.0x10
1,4-Cyclohexadiene 6.6 1¢° 6.8 x 10°
4-methoxyphenol
aEstimated to be accurate #10%. 1 5x10°
DX I~

in which the quenching process can occur by energy trans- _
fer. The decay of these triplets, monitored at their maxima  *,
absorptions (420 nm), followed pseudo-first-order kinetics ;8
in the presence of all quenchers employed. The experimen-
tally observed pseudo-first-order kinetic rate constig)( 5.0x10°
is related to the quenching rate constay @ccording to

Eqg. (1) (Stern—Volmer equation), whekg is the decay rate

6
1.0x10 trans-stilbene

cis-stilbene

1

constant of the triplet in the absence of quencher &@id [ 000 0001 0002 0003 0004 0005 0006
the quencher concentration: (b) [quencher], M
kobs = ko + kq[ O] )

Fig. 4. (a) Quenching plots for the triplet 4f by DABCO, cis-stilbene
fand transstilbene in benzeneifye = 355nm, Amon = 420nm). (b)

Quenching plots for the triplet d by 4-methoxyphenolkis-stilbene and

trans-stilbene in benzeneify: = 355 NmM, Amon = 420 nm).

Plots based on this equation for the quenching of triplets o
1 and2 by various quenchers were found linear, from which
one can determinky values Table 1. For exampleFig. 4a
shows quenching plots fdt by DABCO, cis-stilbene and
transstilbene, in benzene, wherekfy. 4b shows similar spectrum employing 4-methoxyphenol as the quencher of
plots forN-methylisatin in the presence of 4-methoxyphenol, the isatin triplet is shown ifrig. 6. The rate constants for
cis-stilbene andrans-stilbene. the reactions oflL and 2 with phenols are consistent with
The addition of the electron donor 1,4-dimethoxybenzene the contribution of an electron transfer process to the triplet
to the triplet of1 or 2 results in the formation of an intense
signal at the monitoring wavelength of their triplets, with

the resulting spectra showing intense absorption maxima at 00 b

450 and 490 nmKig. 5). This transient was assigned to the o’

cation radical of 1,4-dimethoxybenzene because a similar . %

transient has been detected in dichloromethane and acetoni-  0015F %

trile solutions[7,8]. Since both the triplet state of isatin (and 4 o* '.

N-methylisatin) and of 1,4-dimethoxybenzene show intense © .0l ° °

absorption in the 420 nm region, the kinetics at this wave- < ° ‘e

length after addition of the quencher was complex enough o '0.

to prevent a reasonable measurement of the corresponding ~ 0005| 0ge® *e,.

guenching rate constants fbrand 2. Sece
Phenoxyl radicals were easily detected when the irradi- 0,000 : : : : : : :

ation of 1 and2 was performed in the presence of phenols. 350 400 450 500 550 600 650 700 730

In this case, the absorption due to the phenoxyl radical was wavelength, nm

observed in the 370-440nm region, dependlng on the SUb'Fig. 5. Transient absorption spectrum obtained on 355nm excitation of

stituent, which is in full agreement with those previously isatin (1) and 23x 10-3 M of 1,4-dimethoxybenzene in benzene solution,
described for phenoxyl radical®,10]. A representative  0.75us after the laser pulse.
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0008 obtained a value for the quenching rate constant of isatin
by transstilbene in benzene closed to diffusion control
(1.7x10° M~1s1). The lower rate constant for the quench-

0.006 - ing of this triplet by cis-stilbene g1 = 54.3 kcal/mol)
[16] indicates that its triplet energy is located between
. 49.3 and 54.3kcal/mol. FoN-methylisatin, considerably
0004 ©

AOD

lower values than those found for isatin for the quench-
ing rate constants birans and cis-stilbene were obtained
(Table 1), which indicates that for these quenchers the en-

0002 ergy transfer process is endothermic by few kcal/mol. From
. these data, one can estimate a triplet energ® lefss than
0,000 , ® e 0 0 o %0, 0% _© 49.3 kcal/mol. The difference in the triplet energy between
400 500 600 700 isatin andN-methylisatin can be explained again by the
wavelength, nm increasing in the CT character of the later triplet.

_ _ , _ o Surprisingly, it has been reported that the quenching rate
Flg._ 6. Transient absoigtlon spectrum obtained on 355nm excnat'lon of constant of isatin byransstilbene is one order of magni-
isatin (1) and 14 x 10°M of 4-methoxyphenol in benzene solution, . . .
0.75us after the laser pulse. tude larger than that for diffusion controlled reactifH.

However, the discrepancy with our value can be due to the

methodology employed in the literature measurement, since
guenching Table 1. These quenching rate constants are in the later case the quenching rate constant was estimated
guasiidentical since the very fast process is close to diffusion from the addition of a single concentration of the quencher,
controlled rates for all phenols. Thus, the quenching of thesei.e. transstilbene, and not from a Stern—Volmer plot ob-
triplets with phenols may involve an initial electron transfer tained either from steady-state irradiation or time-resolved
process followed by a fast proton transfer, ultimately leading experiments.
to the formation of the corresponding phenoxyl radi¢alg. In conclusion, slightly lower quenching rate constants

The configuration that describes the excited state of aro- were obtained foN-methylisatin ) (ET < 49.3 kcal/mol,

matic carbonyl compounds bearing strong electron releasingfrom energy transfer experiments) when compared to isatin
groups involves nearly complete transfer of an electron from (1) (Er between 49.3 and 54.3 kcal/mol, from energy trans-
the heteroatom on the substituent to the carbonyl group. Thisfer experiments), which probably reflects an increasing in
electron transfer reduces the electrophilicity of the carbonyl the CT character of the former triplet state. On the other
oxygen in the excited state, making it more nucleophilic. hand, no dependence of the quenching rate constahtsmaf
States which are best described by such a model are calle® with the substituent was found when substituted phenols
charge-transfer states. Although beth* and CT states in-  were employed as quenchers. This indicates that in the two

volve mainly type orbitals, in therm™* state ther and=w* cases the primary process in the quenching reaction is elec-
electrons are generally considered to occupy similar or the tron transfer followed by a fast proton transfer, which results
same region of space, but in the CT statedtend ™ elec- in the formation of the corresponding phenoxyl radicals.

trons may be located in different regions of space, thereby
producing a charge separation. This implies a decreasing
of reactivity of these excited states towards hydrogen ab- Acknowledgements
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