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Abstract: The intrinsic (gas phase) acidities of pyrrole- and indole-2- and 3-carboxylic acids as well as those
of methyl indole-3-carboxylate and 1-methyl indole-3-carboxylic acid have been measured by means of Fourier
Transform lon Cyclotron Resonance (FT-ICR) mass spectrometry. Ab initio molecular orbital and DFT
calculations were performed at several levels of theory on all the relevant species. This study was extended to
the same species in agueous solution by means of the continuum model implemented in the SCRFPAC program.
The calculated acidities, both in the gas phase and in solution, are in very good agreement with the experimental
data and conclusively show that (i) pyrrole- and indole-3-carboxylic acids behave as NH acids in the gas
phase, (ii) in the gas phase, pyrrole- and indole-2-carboxylic acids are deprotonated at the COOH group,
although competing ionizations possibly take place, and (iii) these four compounds behave in aqueous solution
as OH acids.

Introduction alities, namely, the OH group of carboxylic acids and the NH
group of simple azoles.

The gas-phase acidity of an acid, AH, is given by the standard ~ |, aqueous solution, theik@'s of benzoic acid, pyrrole, and

Gibbs energy chang&G3i{g), pertaining to reaction 1: indole are respectively 4.2017.515 and 16.97 It follows that
B N the ionization of an isolated COOH group is favored over that
AH@Q) — A (@) +H'(9) AG.,{(9) (1) of an isolated NH group by about 1Xpunits (~16 kcal mot?

at 298 K). Unless exceptionally strong interactions are assumed,

Several experimental techniques are available nowadags the mc_)st acidic site of pyrrole- and indolgcarboxylic a}cids in
allow the quantitative study of the thermodynamics of reaction Water is thus expected to be the carboxylic functionality.
1. An important consequence is the possibility of quantitatively ~ Indole- and pyrrolecarboxylic acids are of biological and
assessing the influence of the solvent on the relative strengthsPharmaceutical significance;® and this triggered our interest
of the potential acidic sites of a molecule. It is known, for N these compounds. Pyrrole-2-carboxylic acid presents antiin-
example, that in aqueous or methanolic solution, hydroxamic flammatory activity and hypocalcemic actiohindole-2-car-
acids essentially act as OH acfdsyhile in DMSC? and in boxylic acid is an antagonist of potentiation by glycine at the
the gas phagethey act as NH acids. In the case of 4-[(2,4,6- NMDA (N-methyl-o-aspartate) recept8rindole-2-carboxylic
trinitrophenyl)amino]benzoic acid, the preferred ionization sites acids are hypoglicemic compourtdmd potent type-2 specific
in DMSO and in a 60:40 DMS©water mixture are the amino  inhibitors of human steroidGreductasé?
and the carboxylic groups, respectivélyThese are clear The acidity of these compounds was studied in agueous solu-
examples of medium dependence of the relative strength of thetion by Cativiela et al' but hitherto no study seems to have
acidic sites of a molecule. Here we report an extremely large (3) Catala, J.; Abboud, J.-L. M.; Elguero, J. idvances in Heterocyclic

effect of this sort involving two paradigmatic acidic function-  chemistry Katritzky, A. L., Ed.; Academic Press: New York, 1987; Vol.
41, pp 187-274.
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Table 1. pK, Values Measured in Water fd—4 and a Series of
Reference Compounds

compd Ka ref
1 4.36 11
2 5.01 11
3 3.82 11
4 5.29 11
benzoic acid 4.20 4
pyrrole 17.51 5
indole 16.97 5
indole-2-carboxylate anion 17.13 5
indole-3-carboxylate anion 15.59 5

been carried out on the intrinsic (gas phase) acidity of
heterocyclic carboxylic acids. We have studied in this work the
intrinsic acidities of indole- and pyrrole-2- and 3-carboxylic
acids (see Scheme 1).

As indicated above, comparison of th€gvalues ofl—4in
aqueous solution (see Table 1) with those for a series o
reference compounds suggests tha#t behave as carboxylic
acids (loss of the proton from the COOH group). But, is the

behavior similar in the gas phase? This question is important,

as it is not always certain that the environment of biological
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The pressure readings for the various neutral reagents, as determined
by the Bayard-Alpert gauge of the FT-ICR spectrometer, were corrected
by means of the gauge sensitivity for each reactant. The gauge sensi-
tivities relative to N (S) have been estimated according to Bartmess
and Georgiad® using the average molecular polarizabilitiegahc),
calculated according to Millet:

Computational Details

Standard ab initio molecular orbital and density functional calcula-
tions were performed with the Gaussian 94 series of progfams.

For all the species included in this study, full geometry optimizations
were carried out at the HF/6-31G(d) level. The corresponding harmonic
vibrational frequencies were evaluated at the same level of theory to
confirm that the optimized structures found correspond to minima of
the potential energy surface and to evaluate the corresponding zero-
point vibrational energies, ZPE, thermal corrections at 298 K, and
entropy values. ZPE values were scaled by the empirical factor 0.9135,
recently suggested by Scott and Rad@mll the minima found at the

f HF/6-31G(d) level were again fully reoptimized at the HF/6+&(d)

level (in some cases, reoptimization was also carried out at the MP2/
6-31+G(d) level).

In recent years there has been an intensive development of density
functional theory (DFT) and its applications to various chemical
problems2* Among the various proposed functionals, the combination

receptors behaves as bulk water and the gas phase provides thef Becke's three-parameter hybrid exchange functi§neith the Lee,

ultimate example of a solvent-free environment.

Experimental Section

Indole-3-carboxylic acid was synthesized according to Doyle 8t al.
Pyrrole-3-carboxylic acid was synthesized according to Cativiela and
Garca.® 1-Methylindole-3-carboxylic acid was synthesized from methyl

indole-3-carboxylate according to a standard procedure by Kikugawa

and Miyake!* All other products used in this work were commercial
from Aldrich. Their purity was assessed by standard methods.

The gas-phase acidities were determined from equilibrium proton-
transfer reactions conducted in a modified Bruker CMS-47 Fourier
Transform lon Cyclotron Resonance (FT-ICR) mass spectrorietér.

Working conditions were similar to those already descritfethe

average cell temperature is ca. 333 K. FT-ICR measurements provide

the standard Gibbs energy chandAGs.i{g), for the proton-exchange
reaction 2:

AH(g) + A_ref(g) - A_(g) + AHref(g) Kp, 6AG;ci<£g) (2)

where AHet is a reference acid.
For this equilibrium:

OAGZ{g) = —RTINK, ®)

In every case, the reversibility of reaction 2 was confirmed by means
of double resonance-like experiments.

AH and AH.s were initially deprotonated by isosH1:0~, generated
in situ by electron ionization of isoamyl nitrite (ionization energy of
ca. 3.5 eV).

(12) Doyle, F. P.; Ferrier, W.; Holland, D. O.; Mehta, N. D.; Nayler, J.
H. C.J. Chem. Socl956 2853-2857.

(13) Cativiela, C.; Gara, J. 1.Org. Prep. Proced. Int1986 18, 283—
285.

(14) Kikugawa, Y.; Miyake, Y.Synthesisl981 461-462.

(15)FT-ICR/MS: Analytical Applications of Fourier Transform lon
Cyclotron Resonance Mass Spectromeftgamoto, B., Ed.; VCH: Wein-
heim, 1991.

(16) Marshall, A. G.; Verdun, F. REourier Transforms in NMR, Optical
and Mass Spectrometrizlsevier: Amsterdam, 1990.

(17) Fourier Transform Mass Spectrometryvdtution, Innaation and
Applications Buchanan, M. V., Ed.; ACS Symp. Ser. 359; American
Chemical Society: Washington, DC, 1987.

(18) Gas-Phase lon ChemistrBowers, M. T., Ed.; Academic Press:
New York, 1979; Vols. 1 and 2; 1984; Vol. 3.

(19) Abboud, J.-L. M.; Herreros, M.; Notario, R.; Esseffar, M.; M®;
Yéahez, M.J. Am. Chem. Sod.996 118 1126-1130.

Yang, and Parr (LYP) correlation functiod&{denoted B3LYP) has
been widely used and Smith and Rad&mave calculated acidities
using different functionals and shown that the B3LYP method best
reproduces the experimental data.

This has prompted us to also use DFT in this work. Full geometry
optimizations were carried out at the B3LYP/6-31G(d) level, and the
corresponding harmonic vibrational frequencies were evaluated at the
same level of theory, scaling ZPE values by the empirical factor of
0.9806% All the minima found at the B3LYP/6-31G(d) level were again
fully reoptimized at the B3LYP/6-3tG(d) level.

Calculations on chemical species in solution have been carried out
by considering the continuum mod&f! that has been successfully
used in several studies on tautomef$end acid/base equilibri&. 38
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Cioslowski, J.; Stefanov, B. B.; Nanayakkara, A.; Challacombe, M.; Peng
C. Y.; Ayala, P. Y.; Chen, W.; Wong, M. W.; AntiseJ. L.; Replogle, E.
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The application of this model to the study of the acidity of a variety of Scheme 1
carboxylic acids in solutioi®> has yielded satisfactory results.
Computations were carried out by using the SCRFPAC proffram
updated to the Gaussian 94 environntétccording to this methodol- . '
ogy, described elsewhefkthe solute is placed in a general-shaped 3871 @
cavity embedded in a polarizable continuum whose permittivity is taken copn 0.1

to be equal to that of water at 2& (78.4). The wave function of the 7\
solute is relaxed in this environment by considering a seistdvent

interaction obtained from a multipole expansion. Terms up to sixth " 0.1
order have been used. Other solvation terms are also included in the !

F
. S . 336.8"
total energy. The B3LYP/6-3tG(d) geometries optimized in the gas @O*‘

Products -8AG, (9) AG,.s (@)  References

(2) l 336.9 £ 0.1

phase were used for single point calculations of solvated structures. 07
Previous worke-3537:38supports this methodology because of the modest
changes observed, both in geometric parameters and in energy 336.2°
contributions, when single point calculations on gas-phase geometries con oM

are compared with full geometric optimizations in the presence of the ©:\>2
(8)

reaction field. t 336.1 £ 0.1

Experimental Results 24

The Gibbs energy change for reactionAlG3i(Q), is given 1 \
by AGZ:idg)(av), the average of th&G5.i(g) values obtained 3338 @SH
through eq 4:

AG;Ci(Kg) = 6AG;Ci(Kg) + AG;ciCKref)(g) (4) Z/ \S*COH (L))

wherein AGg.i(ref)(g) pertains to reaction 5: "

T 332.6 0.2

AH (@)~ A (@) T H'(Q)  AG{ref(@) (5) \ 1 a4 @

Values of AG.i(ref)(g) are taken from ref 40 unless stated I

otherwise. i
Experimental results are shown in Scheme 1. A J
@ T 3306 2 0.1

Notice that the uncertainties reported for the acidities are
rather small, as far as the overlaps with the references are
concerned. The “absolute” values are obviously less precise,
perhaps by as much as 1 or 2 kcal miol 29

The experimental acidity values &f-4 (see Scheme 1) say
little about the origin of the acidic hydrogen of the molecules e &Ow

(possible sites being the COOH or NH groups). To answer this o
H

h—
'S

question it is necessary to carry out a theoretical study of the
intrinsic acidities ofl—4.

3284101

A preliminary study, at the ab initio HF/3-21G(d) level, was o

performed to determine the structure of the most stable ! 3282°  (CN),CH,
conformers of compounds—4, because there are four possible
conformers of the neutral compounds and other four NH-
deprotonated conformers, depending on the orientation of the 22
COOH group within the molecule. In the case of deprotonation 26.4° @
of the COOH group there is only one possible structure.
The most stable structures of compoudest and their OH- @
COZH (3,

0.1

and NH-deprotonated forms are presented as part of the

Supporting Information. As can be seen there, all the structures p

are planar. In the case of anioh&N™) and3(N™) there is an

intramolecular hydrogen bond between the OH group and the

N atom of the ring. Theoretical structures of compoumet<

and their corresponding anions, optimized at HF/6-G1d), 3045 F3©m

B3LYP/6-31+G(d), and in some cases MP2/6-3G(d) levels,

are presented as part of the Supporting Information. To our

knowledge, there are no experimental data on the structures ofenergy values and the corresponding zero-point vibrational

these compounds. energies, thermal corrections to enthalpies, and entropies,
The standard Gibbs energies at 298 K, evaluated at severakyaluated at several levels of ab initio and DFT theories, are

levels of ab initio and DFT theories, for the most stable struc- collected in Tables S1 and S2 (see Supporting |nf0rma’[ion)_
tures of compound&—4 are given in Table 2. The electronic

325.9 = 0.1

(38) Li, G.-S.; Ruiz-Lpez, M. F.; Maigret, BJ. Phys. Chem. A997, Discussion

101, 7885-7892. ) i ;
(39) Pappalardo, R. R.: Rinaldi, D. SCREPAC, QCPE No. 622: Indiana The data reported in Table 2 indicate that in the cases of

University, Bloomington IN, 1992. Updated version for Gaussian 94 by pyrr0|e'3'carb0.Xy”.C acid?, and ind0|e'3'Farb0Xy”C acidi,
Rinaldi, D. NH-deprotonation is clearly favored relative to COOH-depro-
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Table 2. Gibbs Energy Values Obtained at Different Computational Levels for Compalindsand Their Corresponding NH- and
OH-Deprotonated ForrAgAll Values in Hartrees)

MP2/6-3HG(d)

compd B3LYP/6-3%+G(d) HF/6-31G(d) /HF/6-31+-G(d) MP2/6-31G(d)
1 pyrrole-2-carboxylic acid —398.70405 —396.38399 —397.54155 —397.54755
1(N7) pyrrole-2-carboxylic acid, pyrrolide anion —398.16788 —395.83699 —397.01231 —397.01838
1(07) pyrrole-2-carboxylate anion —398.17039 —395.84065 —397.01490 —397.02058
2 pyrrole-3-carboxylic acid —398.70062 —396.38262 —397.53843 —397.54429
2(N7) pyrrole-3-carboxylic acid, pyrrolide anion —398.15905 —395.82975 —397.00211 —397.00796
2(0M) pyrrole-3-carboxylate anion —398.15490 —395.82592 —396.99871 —397.00398
3 indole-2-carboxylic acid —552.31273 —549.00095 —550.66474
3(N) indole-2-carboxylic acid, indolide anion —551.78426 —548.45936 —550.14491
3(07) indole-2-carboxylate anion —551.78894 —548.46693 —550.14808
4 indole-3-carboxylic acid —552.31241 —549.00272 —550.66542
4(N7) indole-3-carboxylic acid, indolide anion —551.78299 —548.46168 —550.14221
4(0") indole-3-carboxylate anion —551.77342 —548.45337 —550.13332

2The Gibbs energy values, at 298 K, have been obtained from electronic energies by using scaled zero-point vibrational energies, thermal
corrections, and entropies, computed at B3LYP/6-31G(d) and HF/6-31G(d) levels.

Table 3. Calculated Acidities from Isodesmic Reactions 6 and 7 for NH- and OH-Deprotonations, Respectively. Differences between
Calculated and Experimental Acidities Are Indicated in Parentheses (All Values in kcal)mol

MP2/6-31G(d)//

compd B3LYP/6-33-G(d) HF/6-31+G(d) HF/6-31+G(d) MP2/6-33G(d) expth
1(N) 3325 333.1 332.6 332.6

1(0) 333.3(0.7) 332.340.3) 332.7 (0.1) 332.6 (0.0) 332.6
2(N) 335.8 (-1.1) 336.8 (-0.1) 337.1(0.2) 337.0(0.1) 336.9
2(0) 340.9 340.7 340.9 340.9

3(N) 327.6 329.7 328.6

3(0) 327.1(1.2) 326.4 (0.5) 326.4 (0.5) 325.9
4(N) 328.2 (-0.2) 329.4 (1.0) 328.8 (0.4) 328.4
4(0) 336.6 336.1 336.1

7 332.3(1.7) 332.7 (2.1) 332.3(1.7) 330.6
8 334.8 (1.3) 335.3 (0.8) 335.3 (-0.8) 336.1

9 342.7 (0.8) 344.2 (2.3) 342.1(0.3) 341.9
10 347.5 (1.1) 347.7 (1.3) 347.1(0.7) 346.4
11 342.1(-0.7) 342.0 £0.8) 341.4 ¢1.4) 342.8
12 329.7 (-0.3) 329.7 £0.3) 329.4 {-0.6) 330.0
13 321.9 (1.1) 321.9 (1.1) 322.6 (1.8) 320.8
14 324.3 (-1.5) 325.3 (0.5) 325.4 (-0.4) 325.8
15 335.4 (1.6) 334.4 (0.6) 334.0 (0.2) 333.8
|devi 0.9 (0.9 (0.7)

2Values taken from ref 40’ |deV are the mean absolute deviations between theory and experiment taking into account OH-deprotonation in the
case ofl and3 and NH-deprotonation in the case »fand4.

tonation. In the other two cases, COOH-deprotonation may be We have calculated the acidities of the relevant compounds
slightly more favorable but, in any case, the COOH- and NH- using isodesmic reactions 6, for NH-deprotonation, and 7, for
deprotonated structures have quite comparable stabilities, anddeprotonation of the COOH group:

the computed gap becomes even narrower when correlation COH

effects are included. Thus, f&(N~)/1(O") the gaps at the HF/ f/ %/ 2 ﬂ e WCO2H ﬂ
6-31+G(d), MP2/6-31-G(d)//HF/6-31G(d), MP2/6-31G(d), N N T N + N (®)

and B3LYP/6-3#G(d) levels are respectively 2.3, 1.6, 1.4, and H - = H

1.6 kcal mot? and for3(N™)/3(0") the gaps are 4.8, 2.0, and

COH COs~ CO,~ COH
2.9 kcal mot! at the HF/6-3%G(d), MP2/6-3%G(d)//HF/6- U % 2 N . % 2 +
N ~ N
H H

7
31+G(d), and B3LYP/6-31G(d) levels, respectively. Use of @)
isodesmic reactions (see below) further reduces these gaps.

How does this result compare to the experimental data? We taking pyrrole b) and benzoic aciddj, respectively, as reference
have to obtain now reliable theoretical aciditiesloef4. compounds and using their experimental aciditfeSalculated
The size of the molecules studied in this work does not allow values are collected in Table 3, together with the differences
us to calculate the “absolute” acidities at the G2 or G2(MP2) with the experimental acidities.
levels, which are the most suitable to obtain theoretical acidities ~As shown in this table, the NH-acidities afand4 are very
close to the experimental valugs'! An alternative procedure  close to the experimental values and very far from those
to improve the accuracy is to calculate “relative” acidities calculated assuming deprotonation of the carboxylic group. As
through the use of isodesmic reactithim which there is an mentioned earlier, the situation &fand 3 is not so clear-cut.
important cancelation of errors. (41) Smith, B. J; Radom, LJ. Phys. Chem1991, 95, 10549-10551.
(42) Hehre, W. J.; Radom, L.; Schleyer, P. v. R.; Pople, JABInitio
(40) NIST Chemistry Webbook, NIST Standard Reference Database Molecular Orbital Theory John Wiley & Sons: New York, 1986.

Number 69, March 1998 Release; Negative lon Energetics data compiled  (43) Experimental\Ggci((g) values for pyrrole and benzoic acid are 351.8
by Bartmess, J. E. (http://webbook.nist.gov/chemistry/). and 332.9 kcal mott, respectively, taken from ref 40.
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To further clarify the situation, we have also measured the — T T T T T T
intrinsic acidities of two other compounds, methyl indole-3- 342 2(0) 7]
carboxylate 7) and 1-methylindole-3-carboxylic acid) for A S

which there is only one possibility of deprotonation. The 340 T
experimental results are collected in Scheme 1. It is important 1 L
to point out that the methylation of the carboxylic groupdin 338 T 2(N)

decreases the acidity by only 2.2 kcal mbl while the
N-methylation decreases the acidity by 7.7 kcal ol

Also carried out were the calculations at several ab initio
levels for the corresponding neutral and deprotonated structures
of 7 and8 (see Supporting Information). The calculated acidities
of 7 and 8, from isodesmic reactions 6 and 7, are in good
agreement with the experimental values (see Table 3).

For the very purpose of allowing a more strict comparison
of experimental and computed acidities, we have studied seven
compounds corresponding to NH acids, ind@g pyrazole 10),
and imidazole 11), and carboxylic acids, 4-fluoro1@), 4-cy-
ano- (L3), 4-formyl- (14), and 4-methoxy-15) benzoic acids.
The calculated Gibbs energy values, at 298 K, for the ionization

336
334-
332
ssoJ-
328

326

MP2/6-31+G(d)//HF/6-31+G(d))/kcal mol

of all these compounds are given in Table S3 (see Supporting “oapsd - i
Information), and the corresponding calculated acidities using o 1.~
isodesmic reactions 6 and 7 are shown in Table 3. < 405 |

The experimental and computed values for compountis i . i . . '
15 (those having a single, unambiguous ionization site) obey a6 328 330 332 334 336 338
the excellent linear relationship, eq 8: |

AG_ (exp)/kcal mol

AG,{calc)=12(11)+ 0.965(0.033\G,{exp) (8) Figure 1. MP2/6-3HG(d)//HF/6-31G(d)-calculated versus experi-
mental AG,.iq Values for pyrrole- and indolecarboxylic acids (com-
n=11;r = 0.995; sc= 0.98 kcal mol* poundsl to 4). OH- and NH-deprotonation are represented by up and
down triangles, respectively. The solid line is that defined by eq 8 (see
Ninety-five percent confidence intervals for the intercept and Text) and the dotted lines limit the 99% confidence interval for
the slopé*aare given in parentheses. At this level, the equation Mndividual values.

AGgidcalc) = AGaidexp) remains essentially within the 1516 4 calculatedAG and ApK, Values for Reactions 6 and 7 in

confidence limits of eq 8. Aqueous Solution, at the B3LYP/6-315(d) Level (See Text) (All
Figure 1 is a plot oAG,jq values calculated at the MP2/6-  Values in kcal mot?)

31+G(d)//HF/6-3H-G(d) level vs the experimental values for compd AG ApKa(calc) ApK+(exp)

compoundsl—4. OH- and NH-deprotonation are represented roaction &

by up and down triangles, respectively. The line drawn is that 1 0.2 01 131

defined by eq 8, and the dotted lines limit the 99% confidence 2 2.8 2.1 ~125

interval for individual values (the dispersion baritf). 3 -0.8 —-0.6 -13.7
It is clear that deprotonation in pyrrole- and indole-3- 4 0.7 0.5 —12.2

carboxylic acids? and4, respectively, occurs at the NH group reaction ?

with 99% confidence. In the case of pyrrole- and indole-2- 1 —0.2 —0.1 0.2

carboxylic acids,1 and 3, respectively, both possibilities are 2 2.7 2.0 0.8

within the dispersion band. In the caselpfin equilibrium very 3 _g'g _1271 _0141

likely exists between both anionic structures in the gas phase
Last, we go back to our initial consideration of the ionization ~ *Taking pyrrole (K, = 17.51) as referencé.Taking benzoic acid

of compoundsl—4 in water. It was assumed all through this (PKa = 4.20) as reference.

study that these compounds ionize in water as carboxylic acids. . . . )

To our knowledge, no direct experimental evidence seems to computatlongl details). The results are summarized in Table S4

support this concept. Thus, we have examined the ionization (S€ Supporting Information).

of these species, as well as that of benzoic acid and pyrrole, by Notice that, although specific solvation through hydrogen

means of a continuum solvation motfe{see computational bonding is not included, the treatment takes it implicitely into

details). account, as these interactions are largely electrostatic in rféture.
This kind of model is known to reproduce relative basicities Using these results, we have reexamined the proton-exchange

of amines within 0.7 | units3® As previous studies have shown, reactions 6 and 7 in aqueous solution, taking as before pyrrole

electronic correlation must be included to properly account for @nd benzoic acid as reference compounds. Data are summarized

structural effects on the acitbase behavior of azol@sThis in Table 4.

was done here, using single point DFT calculations (see These results are remarkable and rewarding in various

(44) (a) The 95% confidence intervals of the intercept and the slope of respects: (i) the conceptual self-consistency of our approach
b i interv i . SO
the regression equatiop = a + bx have been calculated through the as compound&—4 are shown in all cases to ionize in water as

i i . 0.05 2 )2 12 0.05
following equations:a £ t,5 {(1/n + x/3(x — x) )%X} andb + t, (45) Massart, D. L.; Vandeginste, B. G. M.; Deming, S. N.; Michotte,

_{Sf/_x/_Z(Xi — x)%}1'2, taken from ref 45. (b) The 99% confidence interval for v :caufman, L.Chemometrics: A TextbopElsevier: Amsterdam, 1988.
individual values has been calculated through the equatiant, =, {(1 + (46) Sola M.; Lledos, A.; Bertra, J.; Abboud, J.-L. MJ. Am. Chem.
In+ (X — I3 — x)2)$,x} 12, taken from ref 45. Soc.1991 113 2873-2879.
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