~SEMIEMPIRICAL SCF-MO CALCULATIONS ON THE
TAUTOMERIC EQUILIBRIUM OF HISTAMINE IN
GAS PHASE AND IN AQUEOUS SOLUTION

CLAUDIO A OLEA-AZAR' AND JULIA E. PARRA-MOUCHET®"

'Departaménm de Quimica, Facultad de Cigncias Cuimicas y Farmacéuiic‘as,
Universidad de Chile. Santiago, Chile,
“Departamento de Quimica, Facultad de Ciencias, Universidad de Chile, Casilla 653
Santiaga, Chile.

ABSTRACT

The potential energy surface of histamine monocation is calculated by MHNDO
types methadologles and by the Aeaction Field model at CNDOY2 level, in order to
rationalize the experimental findings abouwt the relative abundance of histaming
manocation fautomers in gas phase and in aquecus sclulion, respaclively. The resulls
indicate’that the mast stable form In gas phase exhibits an intramolecular H-banding
betwean tha imidazelic and the amino N atoms. The corresponding protan translar
potential energy function acress the H-bridge calculzted in vacuurn, consists of an
asymmeiric double well surve favaring the form in which the proton is mainly bonded
tethe aromatic N atom. The influence of the solvent polarity on the H-bridge structure
consists on an Invarsion of the minima in the proton transter curve, logether with a
lowering of the tarsicnal energy barrier of the side chain respect 1o the aromatic ring.

Finally, a machanism invalving an inlramalecular praten transfar, which explaing
the taulomeric equilibrivm of histamine from gas phase to aqueaus solution is
proposed. The mechanism is ratianalized in lerms of charges distribution and HOMOs
characterization.

Key Words: Quamum chemical, semiempirical, histamine, hydrogen bonding,
solvation.

RESUMEN

La supedicie de energia potencial de la histamina prolonada s calculada por
metodolegias tipo MNDO v par el modelo del Campo de Reaccidn a nivel CNDOWE,
con el proposile de racionalizar los datos exparimentales acerca de la abundancia
relativa de los tautdmeras de la histamina menocaticn en fase gaseosa v en solu-
cidn acuasa respactivamente.

Los resultados indican que el contdrmarn mas estable an lase gaseosa debo-
ria exhibir un enlace por hidrageno intrarmalacular entre el nitrdgenc imidazdélico y ¢l
del grupo aming. La luncion potencial de fransferencia praténica carespondiente,
calculada en vacio, consisle en una curva asimetrica de doble pozo, favoreciendo la
forma en la cual al protdn se encuenira formalmente enlazada al dtomo de nitroga-
ng arométice. La influencia de un medio polar @n la estructura del puente de



hidrigenn, eonsiste en una inversidn de los minimos; ademas produce una disminu-
citn de la barrera de torsidn de | cadena lataral respecto del anilla aremalico.

Finalmenle, se propone un mecanisma gue involucra una transferencia
praténica intramolecular, para explicar la abundancia relativa de los tautomeras de
la histamina protonada desde |2 lase gaseosa a la fase acuosa, Este es racionali-
zado en términes de distribucidn de carga y caracterizacion de log HOMOs.

Palghras Claves: Quimica cudntica, semiempiricos, histamina, enlace hidrogeno,
salvatacidn.
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INTRODUCTION

Histaming (2-(4-imidazalyl)ethylamine), HA, which plays important roles in bislogical systems,
has been extensively sludied in the last decades. Special attention has been devoted 1o the
phamacological proparties of this aulaceid, which is mediated by at leasl three receptors, dencted
H1, H2, and H3 ™9 We have been particularly interested in the histamine-H2 melecular interaction
models and we have reoentlf'.' reporled a malecular model of the H2 histamine recaptor and some of
ils agonists and antaganists A

In agueous solution, HA exists 5 8 mixiure of 2l neutral and protlonated tautomers (see Fig. 1}
and the relative concentration of each species is highly dependent on the pH. For exampla, at pH
values of 5.4 and &.4, the dicalion abundance is 71.5% and 0.25%, respectively. At physiological pH
af 7.4, more than 96% of all the HA molecules are profonated at the alkyl
nitragen™®, In neulral aqueous solutions HA is mainly a mnﬂurs of +HN1H and +HN3H forms. '°C-
MR studies™ confirmed by potentiometric pKa determinations™ showed that in neutral butier salutian,
an approximately 80% of the melecules exist as the +HN3H tautomer in equilibriurm with the +HNTH
form.
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FIG. 1. Structural formulas of the histamine and histamine monocalion tautamers.
Ha hydrochlaride crystals consist of intermolecularly D;.rdmgen bonded +HM3H tautomers,

The H bridge is farmed batween N1 and N12 adjacent HA units’ Cr}rstallme neutral HA exhibits M1H
malecules inframolacularly H-bonded between N12 and N3 atoms'
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To account for the gas phasa system, the potential energy surface of HA monacalion has been
axamined by SGF MO methadalogies'™ . In particular, Hermdndez Laguna and collabaratars have
extensively studied the patential energy surface of these compaunds'™*, including experimental FT-
ICR measurements together with high level ab inifio calculations'™. The results shawed that in gas
phase ring protonation is favored over side chain protonation.

MNagy and col., have recently reported ab inifio and Montecarlo-MEF calculatians on the
tautomersfconiormars, TGS, relative enargy of histamine and (@R, f5)-w -dimethylhistamine. Their
results indicated that for neutral histamine the most slable confermers wera the M1H syn and the N3H
sy this last one being stabilized by intramalecular H-bonding'™. The results for the refative abundance
of protonated HA structures at physiclogical pH were +HN2H syn [B4%) in equilibrium with the wo
extended forms, +HNM3H (349} and +NH1H (226", "

In the present paper we address the same subject incorparating the role played by the
intramolecular H-bonding batween M1 and N12 (Fig. 1), on the relative energy of protonated HA TiCs
in gas phase and in water. The gas phase description of the protonated HA system is calculaled by
the AM1 and PM3 methodolagies while the solvent etfects are examined by the Reaction Fisld mode!
at CHOOYE level (CNDOY2-RF). The resulis obilained are analyzed in terms of charge distributian and
an the nature and relafive enargy of the HOMOs. Finally, 8 mechanism for the tautomeric aquilibrium
of HA in aqueous salutions i proposed.

METHODS AND CALCULATIONS

The electronic structure of the HA T/Cs were studied using two refined parametrization sets of
the MMOO hamiltenian'™ AM1 '™ and PM3"; both pragrams were taken from the MOPAC 6.0 packa-
ge. Reliable results are expected for protonated HA since the Al and the PM3 hamiltonizns are
parametrized using a much larger number of molecules containing only two or mare atoms of tha H-C-
M- et than for compounds Curﬂainin§ ary ather elemant; as shown by a survey of maore than 600
compounds performed by JP. Stewar™. It is alsa relevant the report of J.J. Dannenberg and E.M.
Eviel®” who have shown that the AM1 underestimation of the H-bonding enargy is much more prevalent
in the cases of neutral rather than charged cemplexes, where the average underestimation valuas are
of the same order of magnitude of the experimental errors; also, the AM1 medsl has shown (o give
reliable geomelries of the H-bondad complaxes.

The Ak1 and PM3 calculations were performed on optimized canformer geometries, oblained
by the gradient cplimization procedure, invaking the EF and PRECISE options. All the painis invalved
in tha calculafion of patantial ensrgy surfaces were calculatad by performing complele geometry
optimization under the constraint of plana imidazole ning.

The salvent effects on the electronic struciure of the HA manacaticn T/Cs, were studied by the
CNDO/2-RF thearetical scheme, where the solvant palarity is represented by a dielectric canstarit™.

In the representation of the salvent, anly the eflect of the electrostatic field created by a confinuum
accoun, rather than a supermolecule approach, because solvation in polar solvents seems to he
governed mainly by electrostatic driving forces. Infacl, it has been shown that the discrete-continuum
model does not yield a betler description of the solvation process than the continuum mode! doas for
most systems and, in particular for amines™ which is the case of HA. Wa have used this madel lo
rationalize the solvent effects on several cantaining amines 5y5lemsz"'“. and 10 analyze iha Wainstein
miodel for histamine-H2 receptor activation™.

The CHNOCYZ and CHNDOVE-BF calculations were performed using a soltware developed by

Prof, Ranate Contreras using the aptimized AM1 and PM3 geometries. The calculations were performed
al the dieleciric constant valugs of 1 (gas phase) and 80 (water}.
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RESULTS AND DISCUSSION

AM1 calculations were carried cut on the tautomers-conformers, TiCs, of HA monecation. For
those structures invabvad in an intramolecular H-bond, PM2 calculations were also parformed, Fig, 1
shows the variaus tautomers definition. It also shows the atoms numbering of the +HN3H torm,
including the dihedral angle alpha, e, which was used as a parametar in the conformational analysis
of HA tautemers. this numeration holds for all the HA forms. As the ligure shows, o is defined as the
dihedral angle {C5-C8-C9-M12). The magnitude of o is then, the lorsional angle, of the side chain
around the C8-C8 band. The center of coordinate (e=0) coresponds to the syn structure.

The first zet of calculations were devoled 1o g partial description of the HA monocation polantial
enargy surface. The torsional patentlal energy function around o, TPEF, was calculated for all protonated
HA T/Cs. It is quile possible that for a given o« value more than one confarmer can axist, but the
geometry optimization process will provide the most stable ana for that alpha value; then the TPEF
obtained will represant a minimum path of the potential energy surface.

The TPEF for each HA monocation was calculated far o valuas ranging from 0 to 180 degrees,

with increments al 10 degrees: close to the crifical paints, complele optimization procedure was
achieved, Tahla | displays the significant geometrical paramaters of the most

TABLE |. Aki1 and P3 molacular geometries and energies of more stable protonated farms 1o HA.

+HN1H +HN1H +HM3H +HNAH HAH+
A1 PM3 An1 PM3 A

D MN1-C2 1.3960 1.3862 1.3848 1.3524 1.3689
D C2-N3 1.3547 1.2532 1.3977 1.3864 1.3738
D MN3-N4 1,3865 1.3810 1.3908 1.4020 1,3899
D C4-C5 1.4176 1.3068 14101 1.3839 1.4082
O N-H17 0.9874 0.9877 - - 0.9953
O N3-H17 = - 058583 (0.9882 1.0060
0 C5-C8 1.4715 1.4758 1.4751 1.4819 14778
D Ce-Co 1.5310 1.5326 1.5255 1.5204 1.5315
D Ca-M12 1.4918 1.5085 1.4910 1.8141 1.4454
D N12-H15 1.0024 1.0010 1.0213 1.0418 1.0015
D MN12-H16 1.0023 1.0007 1.0230 1.0000 1.0015
D M12-N1 - - 2.8300 2 6300 2.8880
D N1-H18 3.4000 3.5500 2.0530 1.7500 .
D M12-H18 1.0023 1.0010 1.0240 1.0100 2.2400
A (NT-G2-N3) 111.5 107.9 1109 107.58 108.4
A(C2-N3-C4) 105.9 108.9 107.3 108.6 108.8
& {N3-C4-C5) 110.1 108.6 106.1 105.7 107.2
A(CE-CE-C4) 111.1 111.4 1131 113.0 113.0
A (CB-Ca-N12) 1123 111.8 113.8 M.y 113.0
AH-bonding 129.7 139.6 141.7
T -B2.0 -84.5 A6 R -85.2 43.8
2 1722 -174.8 -178.8 -162.0 -167.3
[ 51.3 574 61.3 a8 61.8
TOTAL -320B3.4 22762 -32085.0 -2B296.9 -320897.2
EMERGIES

a_ Total energies in Koal'mol; b. Bond lengths in A; c. ¢1 = C9-CB-C-C4; d. o = M12-C8-C8-C3
a. 62 = H1-N12-C9-C8



siable forms together with the associated total energy, provided by AM1 calculations. The results
indicate that all three protonated HA tautomers show bwo enengy minima, one at an « values of 180
degrées and the most stable form which occurs at an o value around G0 degrees. Also, +HN1H
tauiomers are mora than 10 kealfmol less stable than both +HM3H and HAH+ tautomers. Thess
resulls ara in agreement with sk initio ealculations at vanicus levels of accuracy reponed by Hemandez-
Laguna and collaboratars (159, 15h), whare the most stable T/C comesponds o ihe “Scorpio” lorm.
Same results have been reparted by Nagy and collaborators'™,

The barrier haight ta internal rotation around o of +HN3H and HAH+ conformers ware 9.2 kealf
ml and 7.3 keal/mal, respectively; bath maxima occur al o values around 150° This is & relevant
rasult, since the nuclear repulsion energy of the folded forms (o = G0°) is larger then those of the
extended confofmers (o = 1807}, but the total energy of both compeunds follows the opposite trend.
The existence of an intramolecular H-bonding between N1 and M12 atoms accounts fofthese rasulls.
Moregver, the internuclear distances displayed in Tahle 1 betweaen the atoms invalved in the hydrogen
bridge, i.e., N1-H18, N12-H18 and N1-M2 reinferca this hypothesis. This intramalecular H-bonding
has been reporied for the most stabla neutral N3H tautomer™,

Then, according to the AM1 resulis, the most stable protonated HA species is the HAH+
conformer intramoleculary H-bonded 1a tha amino group, HybHAH +, which is mare stable by 2.3 and
15 kcal/mol that the H-bonded +HN3H, Hyb+HM3H, and +HN1H forms, respectively.

Because tha most stable histamine monocation siructure exhibits H-bonding betwean the atoms
M1 and N12, PR3 calculations were carmied out 1o improve the H-bonding energetic description, The
total energy minima of the PM3 TPEFs and the significant geometrical parameters are shown in Table
Il. The calculated PM3 energy barriers to intemal rotation about o are smallar than those abtained
from the AM1 method. The underestimation of H-bonding energy of the AM1 method compared o
thal of tha PM3 model can be noticed by the diference between the energy minima at ¢ = G0°
Howaver, regardless the refined MNDO hamiltonian used, the most stable structure corresponds to &
protonated MaH form exhibiting an intramolecular H-bond between N1 and N12 atoms, in agreement
with af inifio results'™. In particular, the resulis af the present paper

Table Il Significant PM32 geornetrical parameters® and 1o1al energy® for the most stable structure of profonaled
MNAH [autarmers,

Parameicr HAH+ +HN3H
C5-CH 1484 1.482
CR-CY 1.530 1.525
CO-MI2 1.493 1514
N1-HI18 1.042 1.308
Wil-H18 1.758 1,031
NI1-N12 2614 1637
C5-CB-C9 1222 112.7
C8-CO-N12 111.0 111.6
C4-C5-C8-C9 1494 147.6
C5-CB-C9-N12 58.5 60,2
C8-C9-C12- -165.5 -168.8
H15
Total Energy -28256. 84 -1, 53

+Bond distances in & and bond Bnghes in degraas.
“Emergias in kealmol

are very similar to thase for the +HNH3 tautomer reported by O. Tapia ef al."™", where a bent +HMN3H
tautomer which they called the “Scorpion” form exhibiting H-bonding between M1-MN12, was found 1o
be the most stable conformer according to the ab inilie STO-4G calculations. In that paper, tha
authors made soma remarks about expenmental findings, which are described for comparisan purpases
with 1he results provided by this wark. Based an experimental data for the gas phase basicity of the
HA monecation and from the gas phase basicity of related compounds, they estimatad a value of -7.5
kcalimel for the contribution fram chalation to the stabilizaticn enargy of the protonated folded histamine.



The coresponding theoretical value was estimated as the energy difference between the folded H-
banded form (e = 60°) and the extended structure (e = 180%) of the protonated HA (+HN3H), The
STO-4G result obtained was -31.9 kealimal; according to the auihors, the failure of this result is protably
due to the limited characteristics of that basis set {(and they proved it in a more recant published
paper™™_ From our calculations, the cormespending AM1 and PM3 results are -7.3 keal/mol are -6.7
kealfmol (HAH+), respectively. It can be obssrved that our calculations correlale fairly well with 1ha
axperimental dala, which shows onee again the reliability of these methodologies in the description of
HA monoeation structure.

In summary, the mast interesting feature of the calculated AM1 and PM3 TPEFs is that both
tautomers, HAH+ and +HN3H, exhibit the minimurt @nergy at the same lorsional angle and the energy
difference betwaan those minima is very small, which strongly suggests the accurrence of proton
transfer between N1 and N12.

The proton transter potential function, PTPF, batween M1-M12 atoms was calculated by A1
and PM3 methodologles, Figure 2 shows the results. As beiore, because of the eplimization procedure
the cakculatad PTPFs may be considerad 1o represent the minimum energy path for the proton transfar.
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Both methodolagies show a double well patential curve for the intramolecular proten transfer.
One minimum shows the N1-H distance of 0.99 A, HybHAH+, and the othar one shows a N12-H
distance of 1.03 A, Hyb+HN3H, The relative energy of these minima preved 1o be slightly depandent
on the MKNDO hamiltonian used. In fact, the double well potential functions illustrated in Fig. 2 show
thal, according 1o the AM1 curve, the enargy difference between the minima is 2.2 kealimol favoring
the HybHAH+ form, while the coresponding value obtainad from the PM3 resulls Is 0.3 kealimol.
Also, the two wells are connected through a proten transfer barrier of 15.2 and 12.6 keal/mol, provided
by the AM1 and PM3 calculations, respectively.

. Herndndez-Laguna and callaborators have recently reported the critical points of the N3H
monacation T/Cs ™= from an exhaustive description of the patential enargy surface of the prolonated
M3H eonformer provided by ab iniio 6-31G**//6-31G"" and MP2/6-31G""/MP2/6-31G"" level
calculations. According to the B-31G**/6-31G"* results the mast stable T/C is HybHAH+ and the next
one is Hyb+HMNZH; tha energy difference between these two forms is 3.7 kealfmol, and fhe prolon
transfer barrier is 9.7 kealimol and 6.0 kealimel respect to the first and 1o the second minimum,
respectively. The agreement of the AM1 resulls with these is apparant. When correlation effacts were
taken ina account by the MP2/6-31G""//MP2/8-31G** basis set'™™, the proton transter barrier height
is 2.2 kealimol and the energy difference between the minima is 0.3 kealimol, this last value corresponds
1o that calculaled by the PM3 mathod. The AM1 and PR3 energy barriers to proton transfer, are
expacted to be less reliablo than the stationary paints, due to the fact that the parametrization of
MHDD hamiltonians is built up from experimental data. For the present purposes, it is important (o
keep in mind that the AM1 and PM3 energy barriers magnitude to proton transfer represent an uppar
bound of this paramater.
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An impartant feature displayed by both eurves in Fig, 2 is that the PTPF around M1 is narmower
thanthat accurrng arcund M12, indicating that the force constant and the bond enargy of the M1-H
bond are larger than thosa corresponding fo the M12-H ane, in agreement with various theoretical
calculafions (8, 12, 14, 15 and 16); cansaquently the first energy minimum (HybHAH+) represents a
mare cavalent band than that of Hyb+HN2H, which is described by a shallow well, correspanding to
an lon pair interaction, This characterstic of the PTPF suggests that the presence of an electric field
llke those created by palar solvent molecules, ions, other malecules, atc., should stabilize the more
ionic form, Hyb+HMN32H, in a larger magnituds than the mare covalent HybHN1H+ farm. Therafore, a
palar solvent such as water for example, could produce a change in the shapa of the PFTPF.

The abdve considerations, in addition to the exparimental data about the relative abundance
of protonated confarmers of HA in agueous solutions, clearly show the need to study the solvant
effects an the protonated N3H PTPFs.

The influence of the salvent polarity on the PTPF of these T/Cs was studied by the Reaction
figld model, in the continuum solvent representation at CNDO/2 level, CHOO2-AF

In arder to test the reliability of the CHDOY2 methodolagy, the PTPF function was calculated in
the Isolated system and compared with the AM1 and PM32 curves. Fig. 3 shows that the CHDOVZ
PFTPF, in the absence of a polar medium exhibits the two protonated forms in equilibrium, favaring he
HybHAH+; the curve follows the same trends as tha AM1 one, which represented the conslraints
impesed to the CHODV2 calculations 1o test it reliability in the description of the praton transfer process

in he MN3H monocation.
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To study the solvent polarity effects on tha PTPF, this funclion was calculated al several dielectric
canstant valuss; tha results oblained showed that for dielectric canstant valuas larger than 30, the
PTPF remained almost unchanged, as it Is usual in the RF ealculations.

The CHOOE-AF PTPFE calculated for a bulk digleciric constant of 80 exhibits two minima,

which oceur at the interatamic distances M1-H18 of 1.0 A and 1.5 A, respectively. Al this painl, he
M12-H18 distance was 1.1 A and it comespands to the Hyb+HN3H form, being 3.6 kealimal mare
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slable than the HybHAH+ species. A barrier height to proton transfer of 5.5 kealimal, with respact af
this minimum enargy paint. The ene;gﬁ?:lirferenna between the minima |2 in good agreement with the
experimantal valua of 3.97 kealimol of Gibbs lree energy at 298°K, reported by Naszal and Rabestein
respact to the favering site of prelonation at the imidazalic M1 respect to the pratanatien at the aminag
M12 abtained from the ratio of protonation microconstants in 0.0,

As Figure 3 shows the presence of the electric field created by a polar solvent an the T/Cs
praduces an inversion of the minimum relative energy and a lawering in the proton transfer barrier
height. In addition, the inframolecular H-bonding is maintained.

Even though Rashin af al®™ from theuret?cal calculations have proposed that HA remains H-
bonded in aquecus solutions, most of tha experimental results™ assume that +HN3H ls the most
stable form, ragardless its conformation, Besides the inleraction with water malacules, it could be
argued that the increase in the degreas of freedom of the extended +HMN3H form respect to 1he
corresponding intramolacularly H-bonded species could be responsible for the free energy decrease
associated to this form. By the other hand, the solvent polarity could praduce a barrier height decrease
of TPEF about o To gel & betler insight in this respect the solvent effects on the torsional energy
aboul o wera calculated, The rasults showed a torsional energy barrier decrease fram 15.2 kealimol
{izolated system) to 9.0 keal/mol which corresponds to 58 % of this magnitude. [n turn, the energy
differznce between tha minima decreases in % 54.2%.

The formation of various protonated histamine T/Cs upon solvation can be described through
Lhe fallowing scheme:

- The first step consists in the protenation of the nautral tautomer at the imidazole M atom in
gas phase; as a resull anly one product is formed, i.e., the two imidazole N atoms are
pratonated, and the amina N is nonprotenated, in agreement with experimental and theoretical
results,

Upon protonation al the imidazele M atom, intramolecular H-bond is formed between N1 and
M12, slighily favoring the HybHARH+ farm.

The palar solvent stabilizes the Hyb+HN3H respect to the HybHAH structure; such that the
larger lhe dilectric constant value, the larger the stabilization energy of the Hyb+HN3H respect
to the other species.

- The electrostatic solvent efiects on the internal rotation around o, stabilize the nan H-bonded,
+HMEH form respect 1o the Hyb+HN2H one and it lowers the energy barrier to internal ratation
around .

According 1o the resulls obtained, the relative abundance of various T/Cs of HA in agqueous
salution can be explained by a molecular mechanism shown in Figure 4.
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FIG. 4. Scheme aof the
mechanism for the
+HRLM, o HYEBHANF(g)] =——————  +HHIl [, tautomeric aquilibrium of
histaming in agueous
salution.
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To rationalize the proposed mechanizm the charge distribution and relative anergy of the
s HOMOs were used. Confour plots of charge dansity, electrostatic potentials and frontier
molecular orbitals were calculated.

The Mullken net charges and the atomic orbilal coeflicents provided by AM1 and PM3 methods
pave the same qualitative results than thase provided by ab initio STO-631G. Consequently,
the Ald1 method was used in these calculations. A molecular explanation of each step of the
proposed mechanism was intended.

- Protonation at the imidazole N atom; the most slable structure of the neutral M1H and M3H
were oplculated and the HOMOs wera obtained. Boin tautomers showed the HOMO
delocalized on the pi system, while the HOMO-1 was mainly localized at N12 reprasenting
the electran lona pair on this atom, as shown in Fig. 5. The slectrosfatic polential contour plot
was also calculated for the same molecular system and it s shown In Fig. 6. It is

FIG. 5. AM1 (HOMO - 1% of
M3 laviomer.

FIG. 6. AMI1 electrostalic
potential of N3IH
fautomer.
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gvidant thal the large negalive alectrostatic potential at N1 ogether with the lack of availability
al the elactron lone pair on M12,are indicativa that protenation is highty pratable to aoour at
M.

Inramaiecular H-bond formation: upon prafonation at N1 ie., the formation of HAH+ stucture,
the A1 charge on N12 increases from -0.462 (M3H), -0.480 {N1H) 1o -0.661 (HAHH) a.u.,
concomitantly the MO representing the aleciron lone pair at M12 becomes the HOMO of he
HAH+ confarmer, indicating that pratonation of M3H at M1 triggers the increase of MN12 proton
affirity of the +HNEH confarmer, Thiz process is achieved by increasing the negative chargs
an M12 and destabilizing the MO which reprasents the electran lone pair on M12, now the
HOMO of the protonated struclure.

- Sowant polarty effect on proton \ransfer process: In order o analyze the etfact of solvent
polarity an the alectronic distiibution of the +HAH form, the Mulliken nat charge on W12 was
recarded.

When going from e = 1.0 0 £ = 80.0 the net charge on MN12 changes from -0.07 a.u, to
-0,3081 a.u., respectively. The increase of the negative charge an N12 together with 1he incredss in
the solvent polarity, lustrate the classic respense of the system, i.2., the mare polar the solvent the
mare stable becomes the +HN3H conformer.

The non classic malecular response o an Increase of solvent palarity is the destabilization of
Ihe MO represanting the elecltron lone pair on M12. Since this MO coresponds 1o the HOMO of
HybHAH+ and HAH+, the increase al the slactric field created by the polar salvent erhanced he
destabilization of tha HOMO ie., that af the electran lone pair on M12. Then, as polarily increases the
pratan affinily of the less polar solute also increases and therefore it becomeas mare raactive to
protonation.  Table 11l shows the HOMO sigen values for HybHAH+ and non H-bondad HAH+
conformers. An important feature shawn in the Table is the ilustration that even though, the salvent
efiects are mainly of electrostatic nature, e molecular response Lo the leciric field implies a change
of the electronic structure. Ancthar impariant feature of the salvent polarity effact on the taulameric
equiliorium of he histaming in agueous solution, is a cooperative phenomenon produced by the
formation of the nonbonded +HMN3H confarmer, which increases the solution polarity, since ils dipole
roment is larger than that of Hyb+HMN3H. As the solution polarily increases, the +HM3H concentration
increases, which in urm, increages the soiution polarity.

TABLE Ill. Home energias and some ralevant coefficients for neutral and prafonated forms obiainad
by A1 mathod.

MiH MaH +HM1H +HM3H HAH+
|- EMERGIES B ERN -B.B8771 -12.86704 -12.65152 -13.69574
pz W1 0.10926 -0.00538 014912 01872 000688
pz C2 0.51405 -0.42753 0.52710 049162 011272
pz M3 017885 -0.19358 028855 049186 -0,00435
pz C4 -0.50823 052919 -0.46058 -0.56730 015162
pz Co -0.57969 0.47326 -0.62148 -0.56302 0.12140
sN12 0.04917 013000 =0 = -0.24525
pz W12 -0.07608 -0.2436 =0 =0 -0.T3ETT

CONCLUDING REMARKS

The AM1 and PM3 methods have shown, as expected, their reliability in tha description of the
confarmational and electronic structure of HA manocation molecular shiecture in gas phase of protonated
forms of HA. The conformer distribution of the HA monocation faulamers, specially the large relative
ahundance of the protonated form at the imidazale ring in gas phase, isin agreement with experimen-
ial razults and with high level ab it calculations.

148



The results obtained reinforce 1he idea ihat solvation process is mainly of electrastatic naiure,
zince the Reaction Field modal recuperatas tha axperimental data of relative abundance of prolonated
H& in agueaus solution; however, the malecular responses of HybHAH+ to the solvent pofarity is
ralevant for the interpretation of the increase of the +HKN3H form abundance relative to the +HAH
lautemar in aquecus salution,

We have recently raported a 30 model of H2 receplor of Histaming. Docking studies of the
+HMAH folded confermation in our model show that an intramolecular hydrogen bond between M1
and M12 is broken, and the histamine adogpts the a conformation similar +HM3H form to interact
optimally with the H2 receptor™, Tha sama results were oblained far the antaganist of histamine at the
H2 receplar™™ %

£
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