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The intramolecular proton transfer of 2-(@ydroxyvinyl)benzimidazole (HVBI) and 2-{zydroxyphenyl)-
imidazole (HPI) in the ground state and in thet*, nz*, and 3z2* excited states has been studied at the
HF/CIS/D95** level of theory. Their rotamerism reaction in the ground &nd* excited states has been

also analyzed. These systems are two different fragments ofl®«Poxyphenyl)benzimidazole (HPBI),
containing an intramolecular hydrogen bond through a common NCCCO backbone. The comparison of the
calculations on HVBI and HPI with the experimental results available for HPBI and the theoretical calculations
done for HPBI, salicyaldimine, and 1-amino-3-propenal allow us to determine the influence that each functional
group of HPBI has on its intramolecular proton transfer in different electronic states. It is found that the
aromaticity of the phenol ring of HPBI exerts a great influence on the proton transfer in the ground state and
the lowest-lyinglzr*, and 3za* excited states. The aromatic character of the phenol ring explains the higher
stability of the enol form with respect to the keto form in the ground state, while a change in its aromaticity
is responsible for the shift in the relative stability of the two tautomeric forms irsth#, and 3zz2* excited

states. The presence of the imidazole moiety stabilizes the keto form fimttieexcited state, exerting a
significant influence on the proton transfer in this state.

Introduction SCHEME 1

The importance of the intramolecular proton transfer in the A N
photophysical and photochemical properties of systems such @ —> ©:§:®
as 2-(2-hydroxyphenyl)benzoxazole (% O, HPBO)=62-(2- =
hydroxyphenyl)benzothiazole (¥ S, HPBT)% 10 2-(2-hy-
droxyphenyl)benzimidazole (% NH, HPBI)!1-14(see Scheme  SCHEME 2
1), and related compounds has been well establiEh&#lAn . o
important common feature shared by these compounds is the \ o N N
phenol group which is hydrogen bonded to a nitrogen atom of Q @ Q
the same molecule. Photoexcitations in these systems usually e i !
lead to radical changes in the electron density of their acidic
and basic centetd31-36 that facilitate the transference of the H
atom from the OH group to the adjacent N atom and the phenol moieties. It was showed that the phototautomer is only
formation of phototautomers. This is usually a very fast process obtained upon an electronic excitation of the enol (cis) form
since it occurs within a few picoseconds even in molecules and that the enol (trans) form, which is responsible for the
deposited in rigid matrixes at 4 $€:1819The above-mentioned  normal emission, does not undergo an excited-state intramo-
molecules can be used as effective photoprotecting abiits38 lecular proton transfer (ESIPT) reactiét
triplet quenchers? and laser dye%:40-46 From a theoretical point of view, it is well established that

A large Stokes shift from the keto tautomer followed by a &n accurate evaluation of the energy parameters governing the

normal emission from the enol form is usually registered in Proton transfer requires the use of large basis sets and the
the emission spectrum of the species shown in Schemeinclusion of electron correlation effects. For this reason, the theo-

1.11.14,16,18,19.2426 particularly, a strong normal emission along  etical study of these experimentally very interesting molecules
with a tautomer emission was reported for HPBI in polar is usually impractical and it is often performed in molecular
solventsti~142447This can be explained by the coexistence of models of reduced size. Thus, it is really important to find the
two intramolecularly hydrogen-bonded rotamers in the ground fight simple molecular model able of reproducing, at least
state, the enol (cis) and the enol (trans) forms (see Scheme 2)dualitatively, the ESIPT process that takes place in the modeled
The rotamer interconversion involves breaking of the intramo- System. For HPBO, HPBT, and HPBI, 1-amino-3-propenal
lecular hydrogen bond in the enol (cis) form and a rotation by (1A3P) is the simplest model to study their intramolecular proton

18C° around the &C bond that links the benzimidazole and transfer in the ground and excited staté$’ However, the
analysis of the intramolecular proton transfer in a larger system

such as salicylaldimine (SA) (see Scheme 3), which contains
* To whom correspondence should be addressed. - . . : .
T Universitat de Girona. an aromatic phenol ring, revealed important differences in the
* University of Arizona. relative stability of the two tautomers and in the proton-transfer

Enol Keto

Enol (trans) Enol (cis) Keto

10.1021/jp9844765 CCC: $18.00 © 1999 American Chemical Society
Published on Web 05/18/1999



4414 J. Phys. Chem. A, Vol. 103, No. 22, 1999 Fores et al.

(a) (b)

Figure 1. The ground state optimized geometries of the enol (cis)
form of (a) HVBI and (b) HPI species.
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Figure 2. Geometrical parameters of the enol (on the left) and the

,H'O keto (on the right) forms of HVBI in the (a) ground state, th)*, (c)
O‘ 2-(2"-hydroxyphenyl)benzimidazole (HPBI) Inz*, and (d)3zx* excited states.

ground state, while the configuration interaction all single-
excitations method (CI8j with the spin-restricted Hartree

Fock reference ground state has been employed to optimize the
geometries in the excited states. Core electrons have not been
correlated in the CIS calculations. All located transition states
exhibit the expected normal imaginary frequency with a
transition vector that corresponds to the motion of atoms during

1 the proton transfer process. Despite the well-known fact that
CIS usually overestimates the energy barrier for the proton
transfer and fails to describe a more significant bond bre&Ris®,

sthe CIS method has been employed because it was demonstrated
that it provides a qualitatively correct characterization of the
ESIPT processe$:5957The calculations have been carried out
with the Gaussian 94 progr&fhusing the doublé- Gaussian
basis set of Dunning and Hay with polarization functions
D95**).60

barriers between 1-amino-3-propenal and salicylaldimine. This
put forward that the results obtained from small models do not
always apply to larger systeffsand that a wrong election of
the molecular model can lead to erroneous conclusions.

In the present work we have analyzed how different molecular
fragments of HBPI affect the intramolecular proton transfer in
the ground state and the lowest-lyidgz*, nz*, and 3za*
excited states. The aim is to determine which is the smalles
molecular model that exhibits qualitatively the same photo-
chemical behavior as HPBI and to study the effect that the
different molecular fragments have on the ESIPT processes o
HPBI. In particular, the effect of the phenol, imidazole, and
benzimidazole rings of HPBI on its ESIPT processes has been
analyzed. Two model systems of HPBI, 2-(8droxyvinyl)-
benzimidazole (HVBI), and 2-(zhydroxyphenyl)imidazole
(HPI) (Scheme 3 and Figure 1) have been chosen for the presen(
analysis. The former differs from HPBI by the lack of the phenol ] ]
ring while the phenyl ring of HPBI has been removed in the Results and Discussion

Ia}tter.. Conjparisop of the resglts for these two systems, in com- 2-(2-Hydroxyvinyl)benzimidazole (HVBI). The geometrical
bination with previous theoretical re_SUItSSff 1-amino-3-propenal o rameters most relevant to the present discussion of the enol
and salicylaldimin® and theoreticaP>! and experimen- (i) and the keto forms of HVBI optimized in the ground state
taftt-142447results of HPBI, has allowed the elucidation of the Z4'in the lowest-lyingzzzr*, nzz*, and 3z* excited states
role that each molecular fragment of HPBI plays in the intra- 50 hiotted in Figure 2. In the ground state, the single and double
molecular proton transfer in the ground and excited electronic ~_ pond distances of the phenyl ring in the enol (cis) and
states. Moreover,_since _the enollgtrans) is responsible for they et forms are quite close to each other because of the similar
strong normal emission in HPBY'® the rotamerism betvyeen aromaticity of their phenyl rings. In fact, taking the difference
the enol (cis) and the enol (trans) of HVBI and HPI in the oy yeen the largest and the smallest@bond distance of the
ground state and the first singlet excited state has been alsopheny| ring &) as a measure of the degree of aromatiei§?
analyzed. we find thaty is 0.017 A for both tautomers. Also, only a few
differences were found among the-C bond distances of the
phenyl ring in the two tautomers of HPBI optimized at the RHF
All molecular geometries in this work have been fully level with the 3-21G* and D95*%! basis sets. The bond
optimized at the restricted Hartre€ock (RHF) level in the distances of the imidazole moiety in the enol (cis) form are

Computational Details
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Figure 3. Schematic diagram of the orbital structure of the HOMGQsB HOMO (), and LUMO (z*) for the (a) enol and (b) keto tautomers of
HVBI. The numbers correspond to the value of the molecular orbital coefficient obtained from the square root of the sum of the squared coefficients
of intervening atomic orbitals.

P ; ; ; TABLE 1: Energy Difference (AEg_k) between the Two
also similar to the corresponding bond distances in the keto form, Tautomeric Forms of HVBI and Direct (AETSz k) and

except for the N—C, bond length (see Figure 1 for atom Reyerse AETSy ¢) Energy Barriers for the Proton Transfer
numbering). The N-C; bond length in the enol form is smaller  in the S, Yza*, na*, and 3za* States

than in the keto form because it is formally a double bond in AEc_@ AETS. @ AETS, ¢
the former and a single bond in the latter.

The first singlet excited state corresponds to an excitation of 1872:1* :%'2 ig? 18'2
an electron from the HOM@ orbital to the antibonding LUMO n* +376 106 483
m orbital. The second singlet excited state corresponds to a one-  3gz* -11.7 24.0 12.3

electron excitation from the HOMO-3 orbital to the LUMO
orbital. Qualitative molecular orbital representations of the
HOMO-3, HOMO, and LUMO orbitals of the enol (cis) and  0.409, and-0.463 electrons and in tHex* state they change
keto forms are presented in Figure 3. An electronic excitation to 0.123, 0.391, and-0.486 electrons, respectively.
results in some electron density redistribution that affects the  The energy difference between the two tautomeric forms
molecular geometry. In general, a correlation is found between (negative values indicate that the enol form is more stable than
the change in the bonding character of the orbitals involved in the keto form) and the forward and reverse energy barriers for
the electronic transition for each pair of bonded atoms and the the proton transfer that transforms the enol (cis) to the keto form
change in the corresponding bond distance. Remarkably, theare reported in Table 1. The enol and the keto forms of HVBI
nodal structure of the orbitals involved in thes* excitation are almost isoenergetic in the ground state. The similar stability
in the benzimidazole fragment is similar in the two tautomers, of these two forms in the ground state can be understood on
and this is reflected in the similar geometry changes of the the basis of similarities in their electronic structures, as described
benzimidazole group of the enol and keto forms in the* before. The situation is quite different in HPBI, where in the
photoexcitation. ground state the enol form is more stable than the keto form by
The Ni—Hs, Hs—Os, and the N—Os bond distances of the 7.3 kcal/mol at the HF/3-21G® level and by 13.1 kcal/mol
enol and keto forms in the ground state are similar to the with the HF/D95*%1 method. The larger stability of the enol
corresponding bond distances of the enol and keto forms in theform in the ground state of HPBI is due to the existence of the
Inz* state. This indicates that the strength of the hydrogen bond aromatic phenol ring in the enol form that is not present in its
is almost unaffected by thlerz* excitation. Similar results are  keto tautomef?
obtained for thelzz* excitation, although larger N-Hg and Also, the shift in the energy difference between the two
N1—Os bond distances in the enol form of this state reveal that tautomers of HPBI upobrr* excitatiorP®5lis not apparent in
the hydrogen bond strength has been reduced following pho-HVBI. The enol of HVBI in thelnz* state is stabilized with
toexcitation to thelza* excited state. respect to the keto form by nearly the same amount of energy
As in 1-amino-3-propendf, after thelnz* photoexcitation as in the ground state. In tRex* state, the enol form of HVBI
there is an important reduction of the electron density in the is noticeably more stabilized than in the keto form. In this
basic center of the enol and keto forms of HVBI that translates electronic excitation, they parameter for the phenyl ring of
into a reduction on the hydrogen bond strength in both HVBI increases by 0.016 and 0.109 A for the enol and keto
tautomers. For instance, the Mulliken populations af N, forms, respectively, indicating a larger loss of aromaticity in
and Q atoms in the ground state of the enol form a@.430, the phenyl ring of the keto form than in that of the enol form

a1n kcal/mol.
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TABLE 2: Geometry Parameters (in A) Involved in the Hydrogen Bond of the Enol (trans) Form of HVBI, Energy Difference
between the Enol (cis) and the Enol (trans) AEg.—g;) Forms, and Direct (AETSg._g;) and Reverse AETSg_g) Energy Barriers

for the Rotational Process in the Ground and thelzz* States

N7—H1s Hi16—0Os N7—0Os Os—He AEgcgf AETSecgf AETSggd
S 0.993 2.225 2.834 0.943 -7.3 11.9 45
Lra* 0.994 2.215 2.821 0.944 -7.0 23.8 16.9
2|n kcal/mol.

after 3zr* excitation. On the contrary, the keto form is more
stabilized than the enol tautomer in ther* state. This result
was also found in 1-amino-3-propeffand can be understood
by analyzing the orbitals involved in the excitation. The LCAO
MO coefficients of thes orbital of the enol tautomer shown in
Figure 3 are quite different from those of the keto form.
According to these coefficients, the electron density is less

The larger stability (by 7.3 kcal/mol in HPVI and by 4.2 kcal/
mol in HPBPY) of the enol (cis) form with respect to the enol
(trans) conformer can be attributed to the strongeig®-N;
hydrogen bond as compared to the <H;6N; hydrogen bond
as a result of the better proton donating ability of O and
accepting capacity of N.

In nonpolar solvents, HPBI is present as a unique enol (cis)

concentrated at the N atom in the enol form than at the O atom conformert?~14 In water the enol (trans) is stabilized with

in the keto form. Therefore, when an electron is promoted from
theo orbital to ther* orbital, the destabilization effect is smaller
in the keto form because of the larger reduction in electron
electron repulsions upon the electronic excitation. In addition,
the loss of aromaticity in the phenyl ring of HVBI is more
important in the enol than in the keto tautomer (thearameter

is 0.058 A for the enol form and 0.030 A for the keto form).
Remarkably, thénz* excitation of the enol form corresponds
to the third excited state of this system, while for the keto form

respect to the enol (cis) and HPBI exists as a mixture of these
two interconvertible rotamers in the ground stté#244The
results obtained for HVBI indicate that the rotamer intercon-
version for this system in the ground state will be more difficult
irrespective of the solvent used. As in HPBthe HVBI rotamer
interconversion in thérz* excited state is prevented by a higher
energy barrier than in the ground state. Since the lifetime of
these systems in the excited state is rather short, after the
electronic excitation of the enol (cis) form, it will either relax

it corresponds to the first excited state. This crossing betweenback to the ground state or undergo an ESIPT before the cis

the lzzz* and nz* excited states, also observed in 1-amino-3-
propenal®4®may open a channel for inhibition of the ESIPT
process after the keto promotion to ther* excited state. That
is, the keto form promoted to tHez* excited state can follow
the adiabatic potential energy curve falling down to the*

trans rotation takes place.

2-(2-Hydroxyphenyl)imidazole (HPI). According to the
Lewis structures, the enol and the keto tautomers of HPI have
different distribution of the single and double bonds. Unlike
the keto form, the enol form has an aromatic six-membered

excited state and returning to the ground state before givingring and a largerz delocalization that expands over the

rise to the enol form in thézsz* excited state.
The similarities between the ground ahdr* excited states
are also reflected in the similar energy barriers found for the

proton transfer in the enol and the keto forms in these states.

This is completely different in salicyaldimifand HPBI°
where the proton transfer is favored in ther* state as
compared to the ground state. Interestingly,¥ne* state also
differs from thelzz* state in the proton-transfer barrier. The
barrier for the proton transfer of the enol form in ther* state

is about 11 kcal/mol higher than in thex* state. This result

is consistent with the reduction of the intramolecular hydrogen
bond strength found in thérz* excitation. Despite the fact
that the hydrogen bond strength is also diminished in both
tautomers after thénsz* excitation, the smallest barrier to the
proton transfer from the enol to the keto form is found for this
excited state. This result is attributed to the high exothermicity
of the enol to keto conversion in this state.

imidazole ring. These differences are reflected in the bond
lengths of the two tautomers in the ground state, as shown in
Figure 4. All of the C-C bond distances in the phenyl ring of
the enol (cis) form are within 0.02 A of each other, while the
bond lengths in the ring of the keto form clearly show a single/
double bond alteration of the bonds (they range between 1.45
and 1.35 A). Similar behavior was found in the two tautomers
of salicylaldiming® and HPBI%51 Furthermore, the imidazole
rings in the enol and keto tautomers exhibit some noticeable
differences. Despite being formally a double bond in both
tautomers, the £-C;3 bond in the enol form is 0.014 A larger
than in the keto form. On the other hand, theCgs bond,
formally single in both tautomers, is 0.014 A smaller in the
enol form than in the keto form. We attribute these geometrical
differences to a larger electron delocalization in the enol than
in the keto form.

As in salicylaldimine® HPBI 551 and HVBI, when one

Table 2 lists the geometrical parameters describing the electron is transferred from the HOMO orbital of HPI to the
structure of the intramolecular hydrogen bond in the enol (trans) LUMO orbital, the first singletizz* excited state is formed.
form and the energy difference between the enol (cis) and enolWhen a one-electron transition takes place between the highest
(trans) forms (negative values indicate that the enol (cis) is more occupiedo orbital and the LUMO orbital, the second singlet
stable than the enol (trans)). Also, the direct and reverse energyexcited state is obtained (see Figure 5 for orbital representation).

barriers for the rotation process in the ground and ‘the*
states are given in the table. Since thgatbm in the enol (trans)
form is far from the N atom, the @—Hg bond distance becomes
shorter in the enol (trans) than in the enol (cis). On the other
hand, despite that the;slatom forms a hydrogen bond with
the G atom in the enol (trans), the;NH;6 bond distance hardly
changes in going from the enol (cis) to the enol (trans).
Moreover, the N—Os bond length is larger in the enol (trans)
form than the N—Os bond length in the enol (cis) form. These

Thelzz* excitation of the enol form leads to some lengthening
of the C-C bond distances around the six-membered ring (the
exceptions are the &£Cgy and G1—Cj, bond distances) and
some loss of aromaticity (the value for the phenol ring
increases by 0.074 A in tHer* photoexcitation). By contrast,
the bond lengths of the ring in the keto form increase and reduce
alternately becoming more uniform (although in this casejthe
value remains almost constant). This result agrees with that
found for salicylaldiming® On the other hand, the bond

results indicate that the intramolecular hydrogen bond presentdistances of the imidazole moiety in both tautomers behave

in the enol (trans) form is weaker than in the enol (cis) structure.

similarly upon thelrr* excitation, although the change is more
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Figure 4. Geometrical parameters of the enol (on the left) and the
keto (on the right) forms of HPI in the (a) ground state, y*, (c)
Inz*, and (d)3za* excited states.

significant in the enol form. Also, the structural changes in the
two tautomers of 2-(2hydroxyphenyl)oxazole (HPO) in the
Lrr* excited state follow a similar pattefd.

Among the geometrical parameters that change the most in

the process of proton transfer, the-Hs and N—Os bond

distances of the keto form are larger in all excited states than
in the ground state. This indicates that the hydrogen bond in

J. Phys. Chem. A, Vol. 103, No. 22, 1999417

tautomers of HPI and HPBI in both the ground dne* states
indicate that the phenyl ring exerts little influence on their
stability.

Although the energy barrier for the proton transfer is reduced
by 8.3 kcal/mol aftefzr* excitation in HPI, it is still too high
to facilitate an ultrafast ESIPT in this state such as it was
experimentally observed in HPBi4 or theoretically predicted
for HPBI?? and salicylaldiming? Including electronic correlation
in the calculation should reduce the proton-transfer energy
barrier in thelzz* state and improve the agreement with the
experimental results, as was shown by salicyla#firend
HPOS83 Furthermore, it was shown experimentally that HPI
derivatives exhibit features similar to HP81,and this cor-
roborates our conclusions concerning HFte HPI results and
those obtained for HP® are consistent with the relation
between the electronegativity of the X atom and the energy
barrier established for the series of compounds, HPBI, HPBO,
and HPBT2C This relation states that the energy barrier for the
proton transfer from the enol to the keto tautomer increases with
the electronegativity of X. In agreement with that, the HF/CIS/
6-31G* energy barriers for the proton transfer from the enol to
the keto tautomer in HPO (¢ O) are 22.1 and 10.7 kcal/mol
for the ground andwzz* states®® respectively, while these
barriers for HPI (X= NH), computed with the HF/CIS/D95**
method, are 17.6 and 9.3 kcal/mol, respectively.

Finally, let us analyze the internal rotation in HPI (Table 4).
Geometrically and energetically the rotation process of HPI
follows a pattern similar to that of HVBI. The hydrogen bond
in the enol (trans) form appears weaker than in the enol (cis)
form. The enol (cis) is more stable than the enol (trans) in both
the ground and th&rz* states, and the energy barrier is higher
in the lzz* state than in the ground state. However, the
interconversion between the two conformers of HPI in the
ground state is more feasible than in HVBI. It should be
mentioned that, in agreement with our results, the predominance
of the enol (cis) rotamer of HPI in the ground state was recently
determined experimentalfy.

A Comparison between ESIPT Process in a Series of

this tautomer is stronger in the ground state than in the excited Different_Models of 2-(Z-Hydroxyphenyl)benzimidazole

states. A similar effect occurs in tHar* and 3za* excited

(HPBI). Table 5 collects the energy differences between the

states for the enol form. However, the distance between the N keto and enol forms, the difference between the relative stability

and the H atoms for the enol form in thezr* excited state is

shorter than in the ground state, indicating that the strength o

the hydrogen bond increases uponie* excitation. The same
result was found for 1-amino-3-properfélsalicylaldimine?®
and HPBI®

The energy parameters concerning the ketool tautomerism

of the two tautomers in the ground state and each excited state,

gand the energy barriers for the enol to keto conversion in

different electronic states of a series of HPBI fragments.

As far as the ground state is concerned, the phenol ring is a
critical fragment for the relative stability of the two tautomers.
All systems containing the phenol ring have a ground-state enol

in HPI are given in Table 3. The enol tautomer is more stabilized form more stable than the keto tautomer due to the presence of

than the keto form in the ground state, and the difference in the aromatic phenol ring in the former. In HVBI, the two
energy between the two tautomers is about 13 and 9 kcal/moltautomers have similar energies. Compared to 1A3P, the

smaller than in HVBI and salicylaldimirf®, respectively, but
only 2 kcal/mol smaller than in HPBL. The aromaticity of the
enol form and the lack of it in the keto form are responsible for
the higher stability of the former tautom#%3 The imidazole

benzimidazole group in HVBI acts to stabilize the enol form
by ca. 10 kcal/mol. Again the larger electron delocalization

in the enol form than in the keto form explains the greater
stability of the HVBI enol tautomer. This effect also accounts

moiety appears also to stabilize the enol form in the ground for the greater stability of the enol with respect to the keto form

state. The enol form of HPI in th&rz* excited state is less
stable than the keto form. As in salicylaldimf&@nd HPBI%3

in HP1 when compared to SA. The energy barriers increase with
the endothermicity of the enol to keto conversion process. The

there is a reverse of the relative stability of the two tautomers only exception is HPBI, but it must be said that the barrier of

upon thelzz* excitation. This change in stability comes from
the enol form losing aromaticity and the keto form gainintfit.
The keto tautomer of HPI in ther* excited state is stabilized
with respect to the enol form by an amount similar to that in
HPBIF%51 but by a smaller quantity than in salicylaldimifte.
The similarities between the relative stability of the two

9.5 kcal/mol reported in Table 5 was computed with the HF/
3-21G* method®® At the HF/D95** level, the energy barrier
for the conversion of the enol to the keto form must be
necessarily larger than 13.1 kcal/mol.

Among the excited states studied, ther* excited state is
the only one that has significant oscillator strength and therefore
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Figure 5. Schematic diagram of the orbital structure of the HOMGQs% HOMO (), and LUMO @@*) for the (a) enol and the HOMO-24],

HOMO (), and LUMO (z*) and for (b) the keto tautomers of HPI. The numbers correspond to the value of the molecular orbital coefficient
obtained from the square root of the sum of the squared coefficients of intervening atomic orbitals.

0.043

0.052 0.094 0067

TABLE 3: Energy Difference (AEeg_x) between the Two this case, the phenol ring seems to have an opposite effect
Tautomeric Forms of HPI and Direct (AE™¢_x) and although it is not very significant. For instance, the keto is
fﬁﬁ‘(}%fsseo QE ;) Energy Barriers for the Proton Transfer stabilized by 7.7 kcal/mol in LA3P and by 6.6 kcal/mol in SA.
' ' ' Likewise, the keto is stabilized by 35.2 kcal/mol in HPI and by
ABe* AETSe AETS¢¢* 39.4 kcal/mol in HVBI. In this transition, the fragment that has
S -15.1 17.6 25 the largest influence is the imidazole or benzimidazole groups.
im: 3.0 9.3 12.3 Their presence stabilizes the keto form by-3® kcal/mol. This
3;’;* Egé ig‘; iz'i can be related to the larger localization of the nonbonding
’ ' ’ oxygen lone pair for systems that contain the imidazole or
2In kcal/mol. benzimidazole group. According to this finding, it is expected

that the relative energy between the two tautomers of HPBI

is the state that has the largest relevance from an experimentalyi|| pe closer to that of HVBI than to that of HPI.
point of view. Remarkably, all systems having a phenol ring  Finally, comparing the difference between the relative stability
experience a reverse of the stability of the two tautomers upon of the two tautomers in the ground state and¥ne* state for
the Izr* excitation. The energy change in the stability of the 1A3pP and HVBI 8.6 and—9.9 kcal/mol, respectively) one
two tautomers is 16.3, 18.1, and 23.8 kcal/mol in the HPBI, can say that there is a slight stabilization of the enol form owing
HPI, and SA systems, respectively. This property together with to the presence of the benzimidazole group in the molecule.
the high fluorescence yields and the low barrier for the proton By contrast, the phenol ring helps to stabilize strongly the keto
transfer in thelzz* state are the basis for the efficient laser form, as happens in thierz* state.
action found in HPBP#4546 Systems that do not show this )
behavior cannot be considered good models of HPBI. As Conclusions
commented before, the change in the relative stability of the A detailed analysis of the proton transfer in the HVBI and
enol and keto forms followingrr* excitation is atributted to  the HPI systems in the ground and ther*, nz*, and 3zz*
a loss of aromaticity in the phenol ring of the enol form and a excited states has been performed. The results have been
gain of aromatic character in that of the keto tautomer. The compared with the calculations of 1A3P and SA and with the
relative stability of the enol with respect to the keto form in available theoretical and experimental results for HPBI. Rota-
the Lzz* transition is not much affected by the presence of the merism of HVBI and HPI in the ground and thex* states
imidazole and benzimidazole groups. For instance, whereas inhas been also investigated.
1A3P the keto tautomer is stabilized by only 0.3 kcal/mol in The two tautomers of HVBI are structurally very similar and
this transition, in HVBI it is the enol form that is stabilized by almost equally stable in the ground state. By contrast, the energy
only 0.8 kcal/mol. difference between the enol and keto forms of HPI in the ground

In thens* transition, the keto form of all systems is stabilized state is predicted to be quite large. Unlike the keto form of HPI,
with respect to the enol form. As commented before, this can the enol form exhibits aromaticity in the six-membered ring.
be attributted to the larger reduction in electraiectron This effect stabilizes the enol tautomer more than the keto
repulsions experienced by the keto form in this transition. In tautomer.
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TABLE 4: Geometry Parameters (in A) Involved in the Hydrogen Bond of the Enol (trans) Form of HPI, the Energy
Difference between the Enol (cis) and the Enol (trans)AEg.—g;) Forms, and Direct (AE™Sg.—g;) and Reverse AETSg_gc) Energy
Barriers for the Rotational Process in the Ground and thelzz* States

N7—Hie Hi6—0Os N7—0Os Os-He ABgcgf AETSegc g AESg g
S 0.993 2.096 2.721 0.944 -39 8.3 4.4
Lwa* 0.993 2.114 2.721 0.945 —-4.1 25.9 21.8
a|n kcal/mol.
TABLE 5: HF/CIS/D95** Energy Difference ( AEgk) transfer of HPBI in the groundsz*, and 3zz* excited states
E%t\gleetﬂéhljeif}—evggnzgug?minlge':lgtrir\?: gIanHifgf%?tﬂ’]\/e'O_fri\?\)g of and HPI or HVBI is needed if one also wants a qualitative
, L . .
Tautomers in Each Electronic Excitation (AAEg_x), and ESI.PT descrlptlon. of HBPI n thén* state. N .
Direct (AETSt_«) Energy Barrier for the Proton Transfer in Finally, rotamerism in HPI in the ground afdz* excited
the &, n*, Inx*, and *zx* Excited States states is similar to that found in HPBI. The enol cis and trans
AEe @ = AETS: @ rotamers are interconvertible in the ground state but not in the
first excited state. In HVBI the interconversion is more inhibited
o 1A3P 8.7 0.0 8.7 both in the ground and the first excited state.
SAb -6.8 0.0 14.4 ) )
HPI —15.1 0.0 17.6 Acknowledgment. This work has been funded in part
HVBI -1.8 0.0 12.5 through the Spanish DGICYT Project No. PB95-0762 and the
_ HPBI* —131 0.0 9.8 European Union Project No. CI1*-CT93-0339. One of us (M.F.)
’”impj 0.0 03 35 thanks the Generalitat de Catalunya for financial help through
SAb 17.0 238 15 CIRIT Project No. FI/96-05011.l.
HPI 3.0 18.1 9.3 _ _ _ o _
HVBI -2.6 -0.8 13.1 Supporting Information Available: Table listing coordi-
HPBI° 3.2 16.3 23 nates and total energies for all optimized minima and transition
nz* " states in the ground addx*, nz*, and3zz* excited states of
éﬁg’ _18'3 g'g %gz HPVI and HPI. This material is available free of charge via the
HPI 201 352 15.4 Internet at http://pubs.acs.org.
HVBI 37.6 394 10.6
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