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Site selectivity and reactivity in some strong organic super bases®NR;)R, containing several possible

sites for protonation, have been analyzed qualitatively in terms of global and local chemical reactivity descriptors
defined in the context of conceptual density functional theory. On the basis of the condensed-to-site Fukui
function values, the protonation site is predicted to be located at the imino nitrogen. Linear relationships
between global energy-dependent quantities and the variation of the Fukui function (or the local softness) at
the protonation site have been also found. These linear relationships can be interpreted within a local HSAB
rule framework, as observed for instance for the gas-phase basicity of alkylamines and gas-phase acidity of
alcohols and thioalcohols. This work extends the range of applicability of reactivity models developed for

the treatment of substituent effects based on empirical enatggysity Hammett-like relationships.(Am.
Chem. Soc200Q 122, 4756).

Introduction It is well-known that, from a theoretical point of view, the
calculation of PA values involve accurate calculations of neutral
base B and their conjugated acid BHMoreover, the assignment
of the reactive site (i.e., the most basic site) is achieved after
the comparison of experimental values with those determined
theoretically from different protonated BHspecies. This
rocedure indeed should involve the inclusion of zero point
energy, as well as the thermal corrections to the electronic
energies due to translational, rotational, and vibrational contri-
butions, to reach the desired chemical accuracy. However, it
has been emphasized that for identification of active sites and
characterization of the molecular structure effects on-aloase

Strong neutral organic superbases play an outstanding role
in chemistry because of their primary impact in medicial,
pharmaceuticad;? and organic synthesis applicatioh$. They
require milder reaction conditions than their inorganic ionic
counterparts, also being stable at low temperatures. Hence, th
understanding and design of enhanced basiciti¥sboth in
the gas and solution phases, have been a primary goal from
experiment&-14 and theoretic4l'> '8 studies. These com-
pounds play, for instance, an important role in the experimental
determination of the basicity of new bases through the bracketing

teclhnlqlue_atnd all_so in tr;]e dﬁsgrlpnonbof dstab_|tl;]zmg s%e%al behavior in polyfunctional compounds, qualitative schemes may
molecuiarinteractions such as nyarogen bonas with SUPEracids. 554 pe developed within the framework of conceptual density
Proton affinities, as a measure of the intrinsic basicities in ¢, ional theory (DFTS In this context, chemical reactivity

the gas-phase, are 1205)2? to be in the range of Z8ID kcal/ i gices have been introduced and interpreted as global or local
mol for superbase§:®202!Protonation equilibrium in the gas responses of a system against perturbations in the external

phase is governed by the proton affinity (PA), defined as the ,entialy(r) and/or the number of electron&?s-2 Qualitative
negative of the enthalpy for protonation reaction: approximations to model chemical reactivity are based upon
global hierarchies of descriptors such as the chemical potential,
B+ H"—BH", PA=—AH° Q) 3t (i.e., the negative of the electronegativiy, the chemical
hardnessy, and softnessS,32
This quantity is generally obtained as a single number (i.e., as
a global property of the Bristed base B), both in experimental _|oE _ _|oE
and in theoretical calculations performed within the super- A PN of) AN a_l\12 of)
molecule approach. In particular, it has been shown by Maksic
et all522-24 that the presence of the imino fragment, AR) Additionally local descriptors, such as the electron deng(ty),
C(R=N—R, in conjunction with suitable effects of substituent Fukui function,xa6(),3*34and local softness(r),3>3¢are also
(i.e.. inductive, resonance, conjugation, etc.) and structural used
changes (i.e., yielding hydrogen bonds stabilizing interactions)
provide a route to find higher PA values for these type of _[ 6E _ [ oul _[op(r)
com d P(r) - ’ f(r) - - ’
pounds. ov(n)|n ov(r)|n oN 1,

ands(r) = S{r) (3)

1
, andS=-= 2
, )
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SCHEME 1: Series of Molecules Included in the Present Study and Atom Numbering
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here to explore the models for more insights concerning the TABLE 1: Global and Local Responses for Superbases

applicability of such a type of index in the description of the

1-13 and the Reference (0) System, Including Predicted
Proton Affinities, PA, Chemical Potential, #, Softness,S,

high PA values of the above-mentioned neutral organic super- condensed-to-Site Mulliken Chargesgns, Fukui Function,

bases. fna~, and Softness Functionsy™
. PA,
Theoretical Models system kcal/mol u,au S,au Ont e~ S
In the context of characterization of chemical reactivity and 0 2489 —0.0860 3.52 —0.6250 0.543 1.912
rationalization of electronic substituent effects, we have pre- 1 259.3 -0.1656 6.04 -—0.6592 0.400 2.417
sented recentf} a Hammett-like linear relationship between 2 2634 —0.2472 405 -0.4631 0.370 1.496
global energy-dependent quantities (it8.and local electronic 2 ggg-g :8-3333 j-;g :8-22‘7‘3 8-;‘;2 1-535
descriptors (i.e., Fukui or softness functions), namely, 5 2651 02508 3.99 —05261 0478 1907
6 266.1 —0.2494 4.01 —0.5387 0.469 1.880
AN AN J(AN) @ 7 2780 —0.1869 535 —05231 0314 1.682
O(N) 8 289.5 —0.1766 5.66 —0.4900 0.185 1.047
“ 9 293.8 —0.1682 5.95 —0.4890 0.156 0.930
. 10 256.5 —0.2296 4.36 —0.7134 0.492 2.143
wherey is a constant ané(AN) represents any well-behaved 11 2792 —0.2336 4.28 —04382 0353 1.512
function of the change in the number of electrons introduced 12 284.1 —0.1693 591 —-0.5943 0.469 2.770
by chemical substitutioff 13 3029 —0.1695 590 -0.6125 0.347 2.049
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SCHEME 2: Nucleophilic Condensed-to-Site Fukui Functions Values (First Entry) and the Net Charges from the
Mulliken Population Analysis (Second Entry) for the Most Important Atoms in Each System for Compounds 18
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In such an approach, chemical substitution is thought to be ais, it contains on the left-hand side the electronic chemical
global perturbation that changes the number of electrons from potential of eq 2, i.ethe firstvariation of the electronic energy
N to N + AN, being the local responses associated \tlit under a variation in the number of electrons induced by
variations of electron density to this change in N area to substitutionwhereas the right-hand side may be associated with
changes int through the Fukui function or local softness given the variations of a density dependent property of the system
in eq 3. Hereafter, it is assunf@&dhat the chemical potential ~ with respect to the number of electrons. As a fassatz,such
displays an exponentially decreasing with the number of a function for the change in the number of electrffAsN) could
electrons, being the falloff parameter. This is just the behavior be represented by the variations of Fukui function or local
first shown by Bartolotti and Parr for atoru(N + AN) = softness because they are associated with these changes (see
1%(N) exp[y(AN)], and we have assumed that it holds for atoms eq 3). Within such arapproximatemodel, it is clear that the
embedded in molecules. It is clear that within such an approach-local effects become incorporated indirectly through the local
ing scheme, eq 4 represents an eneidgnsity relationship. That  responses at the active steOf course, such a model constitutes
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SCHEME 3: Nucleophilic Condensed-to-Site Fukui Functions Values (First Entry) and the Net Charges from the
Mulliken Population Analysis (Second Entry) for the Most Important Atoms in Each System for Compounds 9-13
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an analogy with the Hammett-like free energy relationships, and It seems that the site corresponding to the minimum condensed-
its validity assumes an exponentially decay of the chemical to-site Fukui function will have predisposition to develop a
potential for the valence states of atoms in molectddshas hard—hard-interactions, whereas that sedbft interactions are
also been noted previously that proton affinity (PA) variations expected to occur when the condensed-to-site Fukui function
are proportional to changes in the electronic chemical potential display its maximum values. As it was already noted, this
for proton transfer (PT) reactions. For instance, PA differences reactivity model has a potential advantage over models based
appear as the driving force determining the PT energy barrierson group properties using the electronegativity equalization
in an isoelectronic series of neutral and positively and negatively principle (EEP), since the transferability of group properties is
charged hydrogen-bonded systethiddence, PA, the Fukui not required. It should be also mentioned in this respect that
function, and the local softness seem to be suitable for use asChattar&}” has recently emphasized that the-Evans argument
global and local quantities appearing in eq 4, respectively. Theseholds for the protonation process in systems with a single
relationships have been shown to correctly assess the substituerpirotonation site, but it could fail in polyfunctional systems
electronic effects on both gas-phase basicity of alkylamines andpossessing more than one protonation site. It is well-known that
acidity of alcohols and thioalcohot$:#445> Additionally, an within a perturbative approximation of chemical reactivity, in
interpretation framed on the local hard and soft acids and baseghe case of hardhard interactions, the preferred site will be
(HSAB) principle has been given in agreement to previous associated with the maximum net charge instead the minimum
results reported by Li and Evafs. Fukui function. For instance, Toro-Lable¢ al*® have recently



10072 J. Phys. Chem. A, Vol. 109, No. 44, 2005 Chamorro et al.

- 0,18 -
0,20 .
] *i3 1 Ln(PA/PA’)= 0.36154 Af, +0,01819 g
0,18 0,16 4
J 4 [ )
0,16 ®9 0,14 4
4 .8 4
0,14 4 0,12 -
. s ’
Eo 12 < ]
< i
a 0127 11 o & o104
< 0,104 g 1
o | < 008+
S 0,084 - ; .6
] o 0,06 - M R =0,8949
0,06 *5 ° 1 SD=0.02172,N =11
1 24 P =0.0001986
0,04 *3 . 0,04 o1 )
- . T
0,02 10 0,02
—rr —— ————————————T—
005 010 015 020 025 030 035 040 000 005 010 015 020 025 030 035 040
Afm A
() (a
. 0,18 -
0.207 o13 1 o9  LN(PA/PA’)=-0.09244 A5 "+ 0.06082
1 0,16 -
0,18 ] o5
0,16 - *9 0,14
1 o3 A
0,14 - s> 0124
l o12 x ;
&~ 0,12 = 010
E i 011.7 i ]
~ 0,10 4 c 0,084
< ] ]
o ] R =-0.87037
~ 0,08 0,06 SD =0.02397,N =11
5 . . ] o2 o4 P =0.0004921
()
0.06 2 o4 0,04 o3 o1
0,04 - 3 o1 1
1 10 002+
0,02 + — T T T T T T T T T
. . . i . 42 10 -08 -06 -04 02 00 02 04 06
1,0 05 0,0 05 1,0 -
As™y,
as’,, (b)
(b) Figure 2. Correlation between In(PA/PAand (a) local Fukui function

Figure 1. Correlation between In(PA/PAand (a) local Fukui function ~ differences and (b) local softness differences at the imino N1 site,
differences and (b) local softness differences at the imino N1 site for €xcluding system$2and13. Ris the regression coefficient, SD is the
the whole series studied here. See text for details. standard deviatiorl\l is the number of points, arfdis the probability

that the observed correlation is randomly obtained. See text for details.

reported a discussion concerning the nature of the intemal gpproximation based on a finite difference scheme and Koop-
proton-transfer interactions in the interconversion from hy- ans’ theorem through the expressiops= e + €./2 andy
droxyethylene (the enol form), to ethanal (the keto form). From , . _ given in terms of the one electron energies of the
the examination of the change of several types of atomic chargesjomo and LUMO frontier molecular orbitalsey and e,

and the condensed Fukui function along the IRC reaction regpectively. The global softneSswas calculated as the inverse
pathway for this process, it was found that hahdrd interac-  of the chemical hardness. The condensed-to-site Fukui function
tions are better mapped with natural population analysis charges,iyas evaluated from single point calculations in terms of the

than those from Fukui functions. . ith-frontier molecular orbital coefficients,', and the overlap
In this work we focus on the applicability and extension of matrix, S,v, taken over the atomic basis sgf,(r)}, using a
Hammett-like approacfi to describe the intrinsic basicities of procedufe described elsewh®re

strong superbases with higher PAs values ranged from 250 to
kcal/mol. [ i
300 kealimo =33 e/eS 8= [uonnd  ©
uek v

Computational Details
Geometries for base B and the conjugate acid"Bi a The condensed-to-site softness has been evaluated correspond-

selected series of molecules included in the present study (sed"d!Y from S(r) in eq 3 as follows:s = Sk.
Scheme 1) have been optimized at the B3LYP/6-31G(d) level
of theory using the Gaussian 98 package of progr@Bscause

we deal only with general trends concerninginsic basicities, We recall that, in the model defined by eq 4, the chemical
our calculated proton affinities do not include ZPE or thermal substitution is treated as a global perturbation that changes the
corrections. The calculation of the electronic chemical potential number of electrons iAN, while the local response of the
and the chemical hardness were obtained from the well-known system, including the associated change in the external potential,

Results and Discussion



Empirical Energy-Density Relationships J. Phys. Chem. A, Vol. 109, No. 44, 20080073

is mapped through Fukui or softness functions. Global quantities 0,18
are associated with reactivity (i.e., thermodynamics), while the T Ln(PA/PA’)=0.33479 A f, "+ 0.02818 9
local ones are related to site selectivity. In particular, it has been 0167
shown that the Fukui function may be used as a natural local
descriptor of reactivity within a generalized HSAR:ontext,
both in some polyfunctional systems and within a family of
related molecules with similar global reactivit§. 1
The superbases considered in the present study are depicteds 0,10
in Scheme 1. Selected global responses corresponding to protongg 1
affinities, the chemical potentjal and the chemical softness, - 0081

0,14 -

0,12 4

PA%)

S are reported in Table 1. We have also included in Table 1 1 of6 R =0.93701
atomic Muliken charges and the condensed-to-site Fukui and °‘°6'_ o4 D osoa. N =7
softness values at the imino nitrogen (N1) for superbases and 004
the selected reference system (i.e., guanidine). ' -

It may be seen that predicted PA values for the superbases 005 010 015 020 025 030 035 040
are in the range 256-4302.9 kcal/mol, excluding the reference AF
system. These values are consistent with the experimental PA @) N

values reported by Maksic et &l in the sense that these
systems present larger values than traditional amines. On the  5_

other hand, it is clear that there is not a correlation between the Ln(PA/PA’)=-0.11169 A s, + 0.0556

theoretical PA values and the chemical potential and the global 0,16_-
softness for the whole series presented. However, by considering |
subseries of systents-9 for our analysis, it may be seen that 0144

such correlation exists between the PA values, chemical potential |
and global softness of superbases. While PA values increases; g,
the electronic chemical potential also increases. This result may & |
be interpreted as an enhancement in the charge transfer wherg g 4o
the proton affinity increases in this subseries, and therefore, a = |
better interaction with the Hof the superbases is expected.  ~ 0,08 4

In Schemes 2 and 3, the nucleophilic Fukui function is given | R =-0.9316
for the whole series (first entry). This constitutes the nucleophilic 0,06 4 20:0%%12324’ N=7
response of system against an electrophile species in the initial |
stage of the reaction. It may be observed that protonation sites 0,04 4 o3
are predicted to be those presenting the highest electrophilic N
Fukui function value in each superbase. The highest values 1,0 0,8 0,6 0,4 02 0,0
correspond in all the cases to the N1 nitrogen center at the imino AS®
group (-C=N-). This result is in agreement with the expected Nt

electronic and resonance substituent effects in these series. It is (b)
interesting to note in this point that for systeimthe HOMO ~ Figure 3. Correlation between Ln(PA/PA and (a) local Fukui
and HOMO-1 energy levels are very close in energy by 0.0053 fgnctlon dn‘f_erences and (b) local softr_less dlfference_s at the imino N1
. site, excluding systems, 2, 10—13. R is the regression coefficient,

au (~3.4 kcal/mol) and Fhe elec.tronlclresponse, as measyredSD is the standard deviatiolN| is the number of points, and is the
from the condensed-to-site Fukui function becomes not a direct probability that the observed correlation is randomly obtained. See text
measure of the selectivity. In effect, the regional contribution for details.
from HOMO-1 is predicted to be 0.1142, 0.1615, and 0.4860
for the N1, N2, and N3 centers, respectively. Such an effect by imino group of the reference system, and the corresponding
orbital degeneracy is not present in the other systems, whichvalues for the superbase B, i.éfi- = fy (0) — fc(B) and
cannot be explicitly treated with our model equations for Asc = s (0) — s (B), respectively. At present level of theory,
reactivity indices via egs 4 and 5. Note, however, that deter- these values are for the referen€ gystem (i.e., guanidine)
mination of the preferred protonation site in this polyfunctional fni™(0) = 0.5432, andsy;~(0) = 1.9123, as reported in Table
system agrees with the expected resonance effects for suchl-
system. However, there is not a relation with a local HSAB It may be seen from Figure 1 that such type of correlation is
rule. not feasible for the entire set of selected superbases. Systems

Predicting the Gas-Phase Basicity of SuperbaseBollow- 1, 2, and 10-13, belonging to a ramified type subseries of
ing the Li—Evans rulé®46 we can make use of the Fukui superbases, do not show apparent correlations between PA and
function or local softness to build up a Hammett-like relationship Fukui function or softness differences. However, excluding
with proton affinity variations in a logarithmic scale as compoundsl12 and 13, we have obtained a fairly good

thoroughly discussed in the development of €§4:434Hence, correlation, as depicted in Figure 2. An explanation to this
we can explicitly write that behavior might be given considering that this subseries under-
goes a great molecular framework reorganization (i.e., drastic

PAL _ - PA] _ - changes in the external potential) under protonation, which is
In[pAO = vl orln pAO] = VAN ©) an effect not being considered by our treatment of substituent
effects via the Hammett-like model of eqs 4 or 6.
The Fukui functionAf ~ and local softnesas, ~ differences It is clear that eq 6 can be applied only within a family of
correspond to the variation of the condensed-to-site Fukui and molecules structurally closely related. In fact, a good correlation
softness functions at the most basic nitrogen center N1 of thecould be expected for the whole subseries of syst8ms,
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Figure 4. Correlation between Ln(PA/PA and (a) local Fukui function differences and (b) local softness differences at the imino N1 site for
compound$—9. Ris the regression coefficient, SD is the standard deviabibis,the number of points, ard is the probability that the observed
correlation is randomly obtained. See text for details.

where it is expected that the chemical substitution could be S{. As noted from Table 1, this response presents a significant
treated like a perturbation in the number of electrons. Linear variation along the entire subseries. Thus, the great variations
relationships for the variations in the condensed-to-site Fukui in S do not account for the complete effect of the substituent
and softness functions are shown in Figures 3 and 4. In all casesgffect around the imino fragment. The condensed-to-site Fukui
the local softness differences provide slightly less satisfactory function is only slightly better than the condensed-to-site
linear relationships. Note that for i Evans selectivity rule to softness on the entire system. Note that a structural change in
be satisfied, an additional prerequisite should be fulfilled. This systemd, i.e., inclusion of a double bond and the methyl group,
additional condition requires that the whole series of molecules does not excessively affect the site reactivity of the imino
have to be characterized by global reactivity patterns not nitrogen if compared with systel®. It may be seen that an
differing too much from each other. In this case, the natural even better correlation exists between relative proton affinities
descriptor is the global softness appearing in eq 6, k= and the Fukui function differences for the subsebe® (see
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Figure 4) with a correlation coefficienR = 0.998 and a (2) Boussif, O.; Lezoualch, F.; Zanta, M. A.; Mergny, M. D.; Scherman,
regression slope of 0.309. The positive slope for these correla-D:; Demenix, B.; Behr, J. PProc. Natl. Acad. Sci. U.S.AL995 92,
tions may be interpreted in terms of a hlghgr electron. pqpulat!on (3) Wermann, K.; Walther, M.; Gorls, H.: Anders, Bynlett2003
at the imino (N1) center promoted by chemical substitution with 1459, _
respect to the reference system. This is also clear from reportedK (4)I *<IOPLP¢t|, I'|A'|;\/|S'Cr?weS"|3/|g§r’PFf{; Brglﬁer, T-/’;g gg{k,lga-; gHse;gdes, K.
: oppel, I.; Leito, I.; Mishima, M.J. Phys. Chem. .

charges in Table 1 and Sc_hemes 2 _and 3 (see second entry). (5) Lyavinets, A. S.: Abramyuk, I. S.. Choban, A. Russ. J. Gen.

It is clear from the Mulliken atomic charges reported that Chem. (Engl. Transl. Zh. Obshch. Khir2)04 74, 1068.
any correlation exists between the most probable protonation ~ (6) Ishikawa, T.; Isobe, TJ. Synth. Org. Chem. Jp@003 61, S8.
site and high PA values for these systems. However, for the ~ (7) Maksic, Z. B.; Kovacevic, BJ. Phys. Chem. A999 103 6678.

. . 8) Kovacevic, B.; Maksic, Z. B.Chem. Phys. Lett1998 28
subseriess—9 and 3—9, we have found fairly good correla- 289_( ) Y 4 288

tions: In[PA/PA] = — 0.10788\qgn; — 1.96522 (coefficienR (9) Kovacevic, B.; Maksic Zvonimir, BChemistry (Weinheim, Ger.)
= —0.94272, standard deviation SB 0.01813, testp = 2002 8, 1694. .

_ (10) Kovacevic, B.; Maksic, Z. BOrg. Lett.2001, 3, 1523.
0.01631) and In[PA/PA = — 0.10947Aqy; — 1.9347 (coef- (11) Kisanga, P. B.. Verkade, J. G.; Schwesinged Rrg. Chem200Q

ficient R = —0.89128, standard deviation SB0.02413, test 65, 5431.
p = 0.00705), respectively. In our Hammett-like model of eq 6  (12) Costa, M.; Chiusoli, G. P.; Taffurelli, D.; Dalmonego, & Chem.

; ; ; Soc., Perkin Trans. 1: Org. Bio-Org. Cheri998 1541.
we have used the atomic charges difference with respect to the (13) Trofimov, B.. Gusarova, N.. Brandsma, MGCN, Main Group

guanidine system0j, Aqn: = dn1(0) — ona(B). Note that only  chem. Newd.996 4, 18.
in the sense of eq 4 could a charge increment at the imino  (14) Trofimov, B. A. Sulfur Rep.1992 11, 207.

nitrogen be associated with a higher PA value. For these families (ig) EOV&CEV?C' E-g 'l\B/'aKSiCb?-MB?(fQ- '—gtt-BZ\IOOl 33' 01523'200 -
of superbases, the minimum value in the condensed-to-site Fukuizgf1 ) Kovacevic, B.; Baric, D.; Maksic, Z. BNew J. Chem2004 28,

function is directly related with a decreasing of the condensed-  (17) Kovacevic, B.; Glasovac, Z.; Maksic, Z. B. Phys. Org. Chem.
to-site softness, (i.e., an increase of the hardness in a local2002 15, 765.

i ion3s ; ; (18) Kovacevic, B.; Maksic, Z. BChem— Eur. J. 2002 8, 1694.
apprOX|mat|on§ and hence an accumulation of the electronic (19) Raczynska, E. D.; Decouzon, M.; Gal, J.-F.; Maria, P.-C.; Wozniak,

charge at the N1 center. ) K.; Kurg, R.; Carins, S. NTrends Org. Chem1998 7, 95.
Of course, although the protonation process could be under- (20) Kovacevic, B.; Baric, D.; Maksic, Z. Bew J. Chem2004 28,
stood like a hareéthard interaction (i.e., a charge controlled 284

- - - - . (21) Raczynska, E. D.; Decouzon, M.; Gal, J. F.; Maria, P. C.; Gelbard,
process), the existence of a Hammett-like linear relationship g :"Vieitaure-Joly, F.J. Phys. Org. Chen001 14, 25.

which could also be interpreted on the basis of a local HSAB  (22) Kovacevic, B.; Maksic, Z. B.; Vianello, Rl.. Chem. Soc., Perkin
rule in the context of the LiEvans generalized HSAB principle ~ Trans. 22001, 886.

is remarkable. The enhanced basicity at the imino nitrogen N1 206223)15M253i°' Z. B.; Glasovac, Z.; Despotovic, X Phys. Org. Chem.

site shown by superbases along subsesied and3—9 seems (24) Maksic, Z. B.; Vianello, RChemphyscher®002 3, 696.
to be framed on a local HSAB principle in the sense that alow  (25) Geerlings, P.; De Proft, F.; Langenaeker, @hem. Re. 2003

(high) value for the condensed-to-site Fukui (softness) functions 103 1793.
Son . . 26) Nalewajski, R. F.; Parr, R. G. Chem. Phys1982 77, 399.
is linearly related to a hard interaction global property. Such 2273 Nalewa}ski, R. FJ. Chem. Physl983 78, %’112_

was the case for the gas-phase basicity of alkylamines and the (28) Cedillo, A.Int. J. Quantum Chem., Quantum Chem. Syh§94
gas-phase acidity of alcohols and thioalcol¥8ls. 28, 231.
(29) Senet, PJ. Chem. Phys1996 105 6471.
. (30) Senet, PJ. Chem. Physl997 107, 2516.
Concluding Remarks (31) Parr, R. G.; Donnelly, R. A; Levy, M.; Palke, W. B. Chem.
. - S . Phys.197§ 68, 3801.
Site selectivity and reactivity in strong organic superbases  (32) Parr, R. G.; Pearson, R. G. Am. Chem. Sod.983 105, 7512.

containing the imino group, RRC(NR2)R, have been analyzed (33) Parr, R. G.; Yang, WJ. Am. Chem. Sod.984 106, 4049.
qualitatively in terms of global and local chemical reactivity &334) Fuentealba, P.; Contreras, Rev. Mod. Quantum Chen2002 2,
descriptors within an empirical energgensity Hammett-like (35) Berkowitz, M.: Ghosh, S. K.: Parr, R. G. Am. Chem. S0d985

relationship frameworR® The protonation site is predicted to 107, 6811.
be at the imino nitrogen in each superbase within an empirical ~ (36) Berkowitz, M.; Parr, R. GJ. Chem. Phys1988 88, 2554.

simple model based on condensed-to-site Fukui functions. Linearllész)os%qamo”o' E.; Contreras, R.; Fuentealba].RChem. Phys2000

rel_aﬁo_nShips between_gl(_)bal energy—dependent quantities (proton (38) Perez, P.; Simon-Manso, Y.; Aizman, A.; Fuentealba, P.; Contreras,
affinities) and the variation of the Fukui function (or softness) R.J. Am. Chem. So@00Q 122, 4756.

at the imino nitrogen have been discussed. It seems that theselo‘(f‘i)lg%%rezv P.; Toro-Labbe, A.; Contreras,JRPhys. Chem. £00Q

linear relationships could belso interpreted within a local (40) Perez, P.; Contreras, R.; Aizman, RHEOCHEM 1999 493
HSAB rule framework. 267.
(41) Perez, P.; Toro-Labbe, A.; Contreras,JRPhys. Chem. A999
103 11246.
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