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COMMENTS

Comment on the Paper “On the Limits of o-electron density of the nitrogen lone pair(s), while the higher
Highest-Occupied Molecular Orbital Driven two occupied orbitals correspond to thedensity within the
Reactions: The Frontier Effective-for-Reaction five-membered ring. The latter are not suitable, because pro-

tonation of the anion takes place in the molecular plane. Triadic
analysis of the amplified acidity in higher azoles with a larger
Zvonimir B. Maksic¢-t+ and Robert Vianellb number of nitrogens leads to the conclusion that enhancement
is a consequence of a combined effect of the principal MO
stabilization and the increased relaxation of the electron density.
Let us focus on the acidity of the carboxylic acids, which in

Molecular Orbital Concept”

Quantum Organic Chemistry Group, &8ion of Organic
Chemistry and Biochemistry, RexdBo%kovi€ Institute,

Bijenitka 54, 10000 Zagreb, Croatia, and Faculty of the Words.of da Silva et &ldid not rece.ive proper .attention
Science, Uniersity of Zagreb, Haratovac 102a, before their work. The fact of the matter is that triadic analyses
10000 Zagreb, Croatia of carboxylic acids do exist® In acetic acid anions, XCOO~
(X = H, CHgs, F, CR), the principal MOs are HOM©L1. The
Receied: February 17, 2006 methyl group decreases acidity relative to the parent HCOOH

In a recent paper, da Silva etlairgued that Fukui’s concept compound du_e to an _incr_ease in the relaxation energy. This
of frontier orbital was obsolete and unsatisfactory. To cor- ©€xample provides a nice illustration of the fact that the one-
roborate this statement, they consider the acidity of carboxylic Particle MO picture is insufficient and that a complete triadic
acids, phenols, and alcohols. For this purpose, the orbital analysis of aC|d|ty_|s necessary, if |ts.understand|ng is our@oal.
energies of the highest occupied molecular orbitals (HOMOs) The electronegative F and €Bubstituents strongly stabilize
and some specific molecular orbitals lower than HOMOs are the principal MO, thus leading to a considerably higher acidity.
compared with the experimentaKpvalues. It turned out (not  However, even in these two cases, the quantitative agreement
surprisingly!) that the latter gave better correlations with the ¢&n be achieved only if all three trichotomy contributions are
measured data. Da Silva etlalound it necessary to baptize taken into account. Similarly, in the para-substituted benzoic
these specific MOs as frontier effective-for-reaction MOs @acids? encompassing a large variety of substituents, the ampli-
(FERMOs), claiming that it is a new concept. This is not true, fied acidity is primarily a result of the stabilization of the
as expounded in the present comment. principal HOMO-3 orbitals. A combined effect of the relaxation

A suitable vehicle in exploring acidity is provided by a triadic @nd bond association energies is small but not negligible. For
(trichotomy) analysis. Let us consider the proton abstraction as ©x@mple, the contribution to the acidity of the relaxation energy
a reverse protonation of the conjugate base anionPen, for the p-NO, substituent is 6 kcal/mol higher relative to the
the thermodynamic cycle yields the following triadic form@la; ~ Parent benzoic acid.

Let us briefly comment on the acidity of a large family of

APA(AT), = —IE(A_)K°°p+ E(ei)(”) + (BAE), + para-substituted phenold.et us focus on the superacidifying
¢ i onrex 313.6 k“c alimol (1) substituents SECF;, S(O)&ENSO,CFs)CF;, and C(CN¥=

) C(CN), only. The principal MOs for the former two moieties

Here, APA stands for the absolute proton affinityjs the are HOMO-2, whereas in the last one it is HOM.
site of protonation, and 313.6 kcal/mol is the electron affinity Undoubtedly, considerable increase in the acidity of para-
of the proton. Further--IE(A-)<°* denotes theith ionization substituted phenols relative to the parent phenol induced by these
energy of thé anion c:';llculate(cxinin Koopmans' approximation superacidifiers arises due to the stabilization of the principal

: : Os. However, the relaxation energy contributions to the
The second and third terms represent the relaxation and bond¥ > '
association energies, respectively. The sum—gE(A-)< relative APA values are 3.8;14.5, and 26.9 kcal/mol for S©

. . . . S on CFRs, S(O)ENSO,CR;)CR;, and C(CNy=C(CN), substituents,
and E(ei) ex gves the first adiabatic ionization energy of the  ognectively, while the bond association energy effect yields
anion, —IE(A");", as required by the, thermodynamic cycle. g 32 3, and-1.4 kcal/mol in the same order. Obviously, these
However, the inclusion of Koopmans' term is pivotal, because nympers cannot be disregarded if a good description of the trend
it has a high interpretative value. The trichotomy components o changes in acidity is desired. On the other hand, the electron-
in eq 1 correspond to the final, intermediate, and initial state donating substituents such as OH, NKnd CH reduce the
effects in the deprotonation process, respectively.heO,  acigity of the parent phenol. In these cases, the contributions
which hosts the electron to be ejected, is the molecular_orbltal to the change in acidity arising from the orbital energy of the
most closely related to the protonated center undergoing the yrincipal MOs are negligible, whereas the contributions of the
largest change in the protonation process. This is FERMO in rg|axation and bond association energies are decisive.

the terr_mn_ology of da_ Silva et al.but we would prgfer the The inadequacy of the single-electron MO model can also
term principal MO. This COUld. be the HOMO, t_)Ut itis usually be illustrated by the proton affinity of imino bases, since the
not the case. For exqmple, n azo!es, the pnnmpql MOs are game triadic formula mutatis mutandis holds for the protonation
HOMO-2 orbitals without exceptioh. They describe the  o¢ o\ 1ol hase®? Consider formamidine and guanidine. Their
* Corresponding author. E-mail: zmaksic@spider.irb.hr. pr|q0|pal MO.S are HOM.G]' orbitals, which possess.the same
t Ruder Bokovit Institute. orbital energies. According to the one-electron MO picture, they
* University of Zagreb. should have the same APA values. However, triadic analysis

10.1021/jp061030c CCC: $33.50 © 2006 American Chemical Society
Published on Web 08/19/2006




10652 J. Phys. Chem. A, Vol. 110, No. 36, 2006 Comments

shows that guanidine is more basic and that its APA is higher  (2) Fukui, K. Theory of Orientation and Stereoselectidpringer-

by 8.7 kcal/mol. The main contribution comes from the Verlag: Berlin, Heidelberg, New York, 1975; see also references
. ) . therein.

increased relaxation effect. , (s:) Maksic Z. B.; Vianello, R.ChemPhysCher2002 696-700.

It_ follows that FERMOs “|ntrod_uced" by da Silva et_hhavg (4) Koopmans, T. APhysical933 1, 104-113.

their predecessor and that the single-electron MO picture is not  (5) vianello, R.; Maksi¢c Z. B. Mol. Phys.2005 103 209-219.

satisfactory in rationalizing (de)protonation processes. Instead,  (6) Vianello, R.; Maksi¢ Z. B. J. Phys. Org. Chen2005 18, 699

it is an important ingredient of the triadic analysis. 705.
(7) Vianello, R.; Maksi¢ Z. B. Tetrahedron2006 62, 3402-3411.
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