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VIBRATIONAL ANALYSIS AND GEOMETRY
OPTIMIZATION OF A LOCAL ANESTHETIC BY MEANS
OF THE AM1 SEMIEMPIRICAL METHOD

Key words: Vibrational frequencies, geometry optimization, AM1, local anesthetics

M. Alcolea Palafox

Departamento de Quimica-Fisica I (Espectroscopia). Facultad de Ciencias Quimicas.
Universidad Complutense, Madrid-28040, SPAIN

ABSTRACT

The semiempirical method AMI was used to optimize the geometric
parameters: bond lengths, bond angles and torsional angles in the local
anesthetic benzocaine hydrochloride. The frequencies and intensities of the
normal modes were computed. These results were compared with the infrared
and Raman spectroscopic data. A theoretical spectrum using several scale
coefficients was plotted. Electron density maps in two and three dimensions
were drawn. Several calculated thermodynamic parameters are discussed.

INTRODUCTION

The study of the mechanism of local anesthesia has been a subject of
considerable interest. One approach is to study the interaction between an
anesthetic and various biomolecules. Another is to calculate the molecular
physical constants and the charges on the atoms which may be related to the
anesthetic potency. However, the interpretation of results from these types of
studies will depend on the knowledge of the conformation and structure of the
anesthetic compounds.

Among the many synthetic molecules in the therapeutic group of local
anesthetics, two well known local anesthetics extensively used clinically'?,
benzocaine (BEN), and procaine (PRC) with free basis, were studied using
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semi-empirical molecular orbital calculations and Infrared and Raman
spectroscopy ®. The data obtained in the present study refer to benzocaine
hydrochloride (BEN-HCL). The differences produced in the structure of the
p-aminobenzoate group result from the protonation of the amino substituent
in the benzocaine molecule.

EXPERIMENTAL

The BEN-HCL was synthesized in our laboratory from benzocaine with free basis, by
threc procedures: 1) A flux of CL, is passed during 30 minutes on the sample of benzocaine
finely pulverized and placed on a porous dish. The benzocaine not converted into chlorhydrate
is removed by solution of the sample in CHCL,. The solid is dried in a vacuum stove at
moderate temperature (-40°C).  2) In this procedure, the sample is a solution of BEN in
CHCL, or ethanol. The CL. is bubbled through the solution, precipitating the chlorhydrate
formed. The solid is washed several times with CHCL, and also dried in the vacuum stove. 3)
The BEN is solved in concentrated CLH. The solution is softly warmed until the total dryness
of the sample. Thus CL, is formed inside the solution reacting with the BEN and precipitating
its chlorhydrate. A similar process can be carried out by the addition of CLH to an ethanolic
solution of BEN. The solid is also washed several times with CHCL, and dried in a vacuum
stove.

In all the cases three recrystallizations were carried out until a high purity was reached,
recognized by constancy in the form and position in the bands of the spectra. The crystals were
of monoclinic structure.

Infrared absorption spectra of samples in KBr pellets were recorded using a Perkin-
Elmer 599B spectrotrophotometer.

Raman spectra were recorded on samples in special glass U-cells using a Jobin-Yvon
laser-Raman spectrophotometer, model Ramanor U-1000 with double monochromator and
holographic gratings. Detection was realized with a photon counting detector and the source
was a 2 w Spectra- Physics, model 165 Argon ion laser. The used laser power was in the range
100-400 mw.

COMPUTATIONAL METHODS

The calculations were carried out by using the standard AMI procedure, as
implemented in the AMPAC package of computer programs ™, indicated for analyzing problems
of molecular structure and reaction mechanism.

The AMPAC package’ was used in its VAX/IV2 version with standard parameters.
Only the AM1 method was utilized. All the geometry was optimized by minimizing the energy
with respect to all the geometrical variables without imposing molecular symmetry constraints.
The BEN-HCL was theoretically considered and analyzed as a molecule of benzocaine with a
proton on the nitrogen of the amino group. Thus it was studied as a cation, the charge on the
system being +1. All the calculations were performed accordingly. In the geometry
optimization, the GAUSSIAN 92 package was also used'®.

The DRAW program'' was applied to evaluate graphically the correctness of
geometries and plot the motions in each vibration, in our case 66 for the BEN-HCL. Thus the
identification and assignation of all the vibrations theoretically calculated were facilitated. The
graphic representations were observed in high-resolution computer terminals, Tektronic 4103
model.
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The GAUSSIAN 90 and 92 with the keyword CUBEDENSITY were used'® to get the
electron density values by AML1. These data were introduced in the FCI DENSIT program!* for
plot maps in two and three dimensions.

The Figures obtained were prepared with a Macintosh microcomputer, using the BALL
and STICK program!?,

RESULTS AND DISCUSSION
GEOMETRY OPTIMIZATION

The optimized bond lengths and angles using AM1 are given in the second
column of Table 1, while the torsional angles appear in Table 2. The labelling
of the atoms is plotted in Fig. 1. In the third column are collected the
geometric parameters obtained with AM 1 for a second stable conformation of
the molecule, in which C7-08-C9-C10 is 80.45°, instead of -179.81°
(conformation 1). This conf. 1 is ca. 0.11 kcal/mol more stable than
conformation 2. However a crystal structure corresponds to a free energy
minimum that can usually be identified with a potential energy minimum,
which is not necessarily the global minimum'. Because of this energy
compatibility, the torsional angles will be the geometric parameters most
affected by the crystal forces, stabilizing in general planar conformations
instead of out-of-plane structures. Thus the conf. 1 could be tentatively
established as the predominante conformation in the crystal, while in solution
the conf. 2, or both, could be present'. According to this feature, all the
discussion of this section and the next one, frequency calculation, refers to this
conf. 1, with the experimental spectra in the solid state.

In the fourth column of these Tables are shown the experimental results
obtained'* on p-aminobenzoic acid hydrochloride (ABZ-HCL), a molecule
closer to BEN-HCL in which crystallographic data have been reported. The
fifth column lists the data on the complex of BEN with bis-p-
nitrophenylphosphoric acid'®. Curiously, the BEN crystallizes in this complex
in the ionized form, because it is normally regarded as a neutral, non-ionizable
drug. This event is explained by the fact that the amino group of BEN is
protonated by the bis-p-nitrophenylphosphoric acid, all three amino hydrogen
atoms participating in hydrogen bonds with the phosphate group. The BEN
has also been crystallized as the guest molecule with cyclomaltoheptaose'’, but
their geometric parameters differ remarkably from those listed in Table 1.

Comparing the geometric parameters of the two conformations
determined by AMI, slight differences are observed, except in several
torsional angles especially C7-08-C9-C10. Unfortunately no crystal data have
been reported on this torsional angle in order to know the established
conformation in the crystal.



ALCOLEA PALAFOX

1092

“5;p1oe suoydsoydjAusydontu-d-s1g @im NFe Jo xa[dwos oq) uQ, -, 3PLO[YO0IpAY pioe drozusqouTIR-d UQ,
‘yutueauw Ajestsiyd 2q 01 WEnoy) 10U ST pue sINSa: Ay} Jo uononpoidas ur pre o1 S SINTRA PABMOEd S UF UMOYS NSIP 1581 5@ -] SI[qe] UL,

- 8801 | £0'601 (€OH-(ODI-GDH || 1611 voTl | 6£0T1 | 0b0TI 932-(Mo-(0)D
- vL'801 | 15801 (TOH-(0D-(IVH || 80Tl gIcl vzl 91T (€)-(1)o-(€)D
- LEOTT | 08011 (OH-NI(6)D || €611 0611 10611 86811 ()0 (0D
- SP601 | 8T'801 (6DH-(6)I(®)0 || ¢zt 6611 81°0C1 61021 (€)@ (1)
k44| €€0Z1 | s€0TL (8DH-(9)0-($)D
811 eP6IT | pp6Il BDH-90-(10 || z0'1 - ARM It (€DH-(01)D 2
611 L0°0Z1 | 80°0Z1 ODH-@2-(©D | 98 - LIy 1911°1 (IOH-(01)D 1
‘121 SL6IT | vL611 (9ODH-(o-(1)D || or'1 - 1zt | o1zrl (6DH-(6)D 1
Rz4| 9L’ 1Tl | sL1TT (SOHAE- W) || z01 101 0L01°T | oLoT'T (81)H-(9)0 1
LIt €T6I1 | LT6I1 (SDHAE)D (DI | v6 96’ z901°1 79011 (QDH- (DD 1
01 €1601 | T1'601 WOH-CDON(EDH || 16 68 97011 ¥201'1 (SDH-(£)D1
‘901! | SY'601 | ¥¥'601 WOH-CON-BD || s11 8 €L20'1 PLIO'T (POHATIN !
111 vT601 | ST601 (DHAZON-(EDH || 86 68 $970'1 §970°1 (Y1H-(TIN !
11 63600 | $6'601 WDH-CON-B)D || 26 06 €920°'1 | ¥970°1 (EDH-(ZIN*
KAl 00011 | L6601 ECOH-@ON-W)D || voF'1 o'l 8YOP'1T | 8YoY'l (ZON-(p)D 1
8611 | 6l 1€611 | pE6II @DN-P2-(6) || 10Z'1 1121 | 91€TT | 0TET'T (ano=(L)o1
€611 | L'8II SP6IT | Ov6ll @UN-®O(€)D || 1L¥1 - 990§'1 SLOS'T 012-(6)D1
LETl | €Tl 6£0Z1 | €6'611 ano=(L)2-®0 | vt - 2444\ g6vb'l (6)0-(8)0 *
Tl | v €661 | ¥19T1 ano=o-1)0 | zzet 12e'1 86S€'T £65€'1 (8)0-(L)D !
7)Y 88011 | 98°S01 0DI6) (80 || ser1 £6v'l 128%'1 [8y'1 (L)oo
LS |- 1Lt [ 9r9tl (6)0-(8)0~(L)D || oLEN s8¢l 876€'1 6T6€'1 (9)0-(5)D 4
1z | ovll 89¢ll | £6°€ll ®)0- (W (D | oov't £6€°1 €10t (A0 9)0-(1D1
€L | 6LYT LTSI | 9T'8lI Wo (290 || vie (4301 Isov't | vsov'1 ()1
9€Tl | LU pEITL | €1 WO @2 || Log L8ET | OV6ET | 6£6€1 (£ 1
00Z1 | 6611 €0zl | 17°0T1 (£)0-(9)0-(1)D || ¥9¢'1 6E1 686€'1 066€'1 (D)o-(o 1
TJuod | | Juod TJuos | [ juos sofue
Avrx | Ao e (,) s9[duy Aerx | ferx e pue supus] puog

"PoyIOW [NV 241 4q TOH-NHE Ul paje[nofes sa213ap ut sajSue puoq pue ‘y ul syidua] puoq 3yl Jo saneA "1 AqEL

1102 Alenuer 0g €£:€0 @IV Ppapeo |uwog



03:33 30 January 2011

Downl oaded At:

AM1 SEMIEMPIRICAL METHOD 1093

Table 2. Values of the torsional angles in degrees calculated by AM1 in BEN-HCL.

Torsional angles conf. 1 conf, 2 x-ray®
C(3)-C(2)-C(1)-[C(6), C(T)] 20.05 -17998| 003 -179.94
H(16)-C(2)-C(1)-[C(7), C(6)] -0.03  179.90 -0.02 17995
C(1)-C(2)-C(3)-[C(4), H(15)] 008 179.89| -0.10 179.84
H(16)-C(2)-C(3)-[H(15), C(4)] -0.06 179.96 -0.08 17998
C(2)-C3)-CA)-[C(5), N(12)] 020 -17948] 012 -179.53
H(15)-C(3)-C(4)-[N(12), C(5)] 054 -179.77 053 -179.82
C(6)-C(5)-C(4)-[C(3),N(12)] -0.19 179.50 -0.07 179.58
H(17)-C(5)-C(4)-[N(12), C(3)] -0.53  179.78 -049 179.86
C(5)-C(6)-C(1)-[C(2), C(7)] 006 18000 002 17999
H(18)-C(6)-C(1)-[C(7), C(2)] 0.04 -179.90 0.06 -179.92
C(1)-C(6)-C(5)-[C(4), H(1T)} 0.06 -179.92 0 -179.94
H(18)-C(6)-C(3)-{H(17), C(4)] 0.04 -179.99 0 179.94
O(8)-C(7)-C(1)-[C(2), C(6)] -0.07 180.00 089 -179.09| -11.0 170.7
O(11)=C(N)-C(1)-[C(6), C(2)] 0 17994 037 -179.66| -114 1669
C(9)-0(8)-C(D)-[O(1]), C()] 0 180.00 083 -179.68
H(13)-N(12)-C(4)-[C(3), C(5)] -30.02 15029 -26.71 153.63] -53 126
H(14)-N(12)-C(4)-[C(3), C(5)] -150.35 2996 | -147.02 33321 -177 2
H(24)-N(12)-C(4)-[C(3), C(5)] 89.83 -89.87 93.18 -86.48 60 -121
C(7)-0(8)-C(9)-C(10) 179.81 80.45
C(7)-0(8)-C(9)-[H(19), H(20)] 59.11  -59.49| -4299 -160.14
H(21)-C(10)-C(9)-[H(19), H(20)] 5769 -178.28 56.23 -179.25
H(22)-C(10)-C(9)-[H(19), H(20)] | 178.20 -57.78 | 176.77 -58.70
0O(8)-C(9)-C(10)-[H(21), H(22)] -60.31 60.19| -66.02 54.53
0(8)-C(9)-C(10)-H(23) 179.94 17443
H(23)-C(10)-C(9)-[H(19), HQ20)] | -62.06 6197| -63.33 6120

*On p-aminobenzoic acid hydrochloride'*.

The bond lengths and angles of the ring calculated by AM1 in BEN-
HCL generally conform to the axial symmetry observed in the majority of the
para-substituted benzene derivatives, showing no special quinonoid character.
It is also noted that AM1 computes a value for the r N(12)-H(24) bond length
higher than those with the hydrogens H(13) and H(14).

Concerning the differences detected between the second and fourth
columns in Table 1, by AM1 were obtained higher values ca. 0.04 A, 0.02 A
and 0.15 A in r C(7)-08). r C(7)=0(11) and r N(12)-H(13,14)
respectively. A remarkable increase in the r C-H(aromatic), especially on C-
H(15), was also computed by AM1. In the angles, only small differences, ca.
4°, involving the bond angles on O(11) and H(24) are observed.
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Fig. 1. Labelling of the atoms in Benzocaine hydrochloride. The geometry of the
molecule corresponds to the equilibrium in the conformation 1.

The NH,' cannot be conjugated with the aromatic ring as found in the
amino group of BEN structure. Thus the experimental C(4)-N bond lengths
of 1.463, 1.464 A (the fourth and fifth columns), the C(1)-C(7) of 1.493,
1.495 A, and the nearly equal lengths within the benzene ring are consistent
with the predicted values from AM1 in BEN-HCL and larger than those
computed in BEN®, C(4)-N: 1.388 A and C(1)-C(7): 1.464 A. In the structure
of o-aminophenol hydrochloride', the C-NH,” bond is 1.474 A and in p-
phenylenediamine dihydrochloride', 1.490 A.

The remaining bond lengths and angles (fourth and fifth columns) are
all in agreement with the crystal, except in C-H(chain) and N-H(13,14) which
are greater by AMI1. The average differences established between the
computed values and the experimental results in many molecules’ are in
accordance with our data.

Concerning planarity, the benzene ring shown by AMI very slight
deviations as in ABZ-HCL. The internal angles in the ipso positions «
(NH;")=121.3°and «(COO)=120.4°, are close to those reported'* in ABZ-
HCL: «(NH,")=121.8°and «(COOH)=120.4°. Due to the similar geometric
parameters with ABZ-HCL, the cations as BEN-HCL, are possibly linked in
endless chains by direct hydrogen bonds, O--H-N, and bridging CL"ions, O-
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H--CL*+H-N. Other CL>-H-N hydrogen bonds connect adjacent chains,
forming a three-dimensional network.

In the complex of BEN with bis-p-nitrophenylphosphoric acid', the
atoms of the ethyl carboxylate group exhibit remarkable deviations from the
plane of the benzene ring, which is the result of small conformational
variations in the side chain. Thus e.g., the carboxyl group is rotated about the
C(1)-C(7) bond by 9.4° while another conformational variation involves the
torsion angle about the carboxylate ester bond 2C(7)-O(8)-C(9)-C(10),
-168.6°. In ABZ-HCL also the oxygens O(8) and O(11) have torsional angles
ca. 11°, outside the planarity with the aromatic ring'", in disagreement with the
planar structure computed by AM1. A saturated chain totally planar is also
predicted by AMI.

The hydrogens on the amine group show in the crystal" greater
torsional angles than those calculated by AM1, Table 2. AM1 computes a 11/t
angle on N(12) of 0.27°, and inversion angles on H(13) and H(14) of 53.88°,
while in H(24) the inversion angle has the very low value of 1.68°.

Interatomic distances are also computed by AMI1. Therefore the
possibilities of intramolecular hydrogen bonds formation are evaluated. Thus
the r O(11)-H(18) is 2.5646 A while r O(8)-~H(16) is 2.4079 A in good
agreement with those distances reported on BEN®.

VIBRATIONAL FREQUENCIES

The theoretical frequencies computed by AM | for the normal modes in
BEN-HCL are shown in Table 3. In the second column appear the values of
these vibrations while the theoretical intensities, calculated dividing each
computed value by the intensity of the strongest line (in the present study, line
no. 54), are shown in the third column. The seventh and eighth columns collect
the frequencies and intensities computed by AMI in the conf. 2 of the
molecule. Few differences are found between both conformations. In the
fourth column appear the scale factors available®* used to correct the
deficiency of the AM1 method. The scaling frequencies resulted with conf. |
are listed in the fifth column. The theoretical spectrum computed with these
new frequencies is shown in Fig. 2, together with the infrared spectrum
recorded in the solid state®. The % errors determined in this way regarding the
infrared data are collected in the sixth column. Very low values are obtained,
in the majority of the cases being less than 4 %.

The infrared bands and Raman lines of BEN-HCL in the solid state with
their relative intensities, are shown in the ninth and tenth columns. Computed
frequencies are systematically higher than experimental ones. Such an over-
estimation by quantum-mechanical calculations is a general finding in the
bibliography®*, especially for high frequencies. In the eleventh column the



ALCOLEA PALAFOX

1096

MSSSL mggy i i
MZYL  lwopL ! i
Suu (H-D)A + (002D M STTL |- 8Sh  |LbL 9vy (bl |6l
. |msz89 |mo89 €1 689 |.b5L60
(004 + (0-0)Q + v w> wmpadne ()=3)Q ‘q9 |s 7¢g wzee (98 0.9 |90 (829 |£690°1 1901 Lo |81
(ZOHUDHIHILI + (D=2)¢ ®9 + (FHN)A |MATLL [WOI8 (91T 999 Tl |0T8 [-8908°0 (50T 99 Ll
$6'099
[(H-2)A+{D=2)A} ‘¥ + (00D)A >>n>w m% uys0s9 {ovy |ot9  [8T [T€9  |bSL6O 8T 919 |91
(ureyo)J + A 10 (("HN)I + (SuL)J |MA G686 ImZ09  |L'I€  |bTS 06t sts S
_ wezs (WS
v m AP YN AHQOD)A+[(H-DAHO=D)A] ‘qo1 [m 1Ly |s8v  [pse  |g¢6y |0 [sTs  [Teeo0 |sLE |68y [Pl
(CHD-*HO-M + (00D-8ut) I + ((FHND2 |ma pzy |- 6SE  |€oF ocz oy €l
(FHD-*HD)WJ + (00D + (But) I + ¢ *HN)2 |- woes |00y |Top ger vee |
[(H-D)* + (D=D)A] e9] [wg69¢ [im99¢ |6°C L9€ v6f 72660 |T'€ L9€ 11
((EOHD-'HD-00D).I + (BuL-*HN).I |M €1€  |M00€ [T1€  |OvE 70¢ 1s¢  |ol
(H-D)* ‘901 + (Q0D)A + ("HN)A [wsipvT |- 98¢ |slE l9'oy v87 |6
(*HD-*HO-M + (00D + (BuL-FHN)I (MA $'bET 8LE  19LT T8 €5z |8
[(000-3m),A +(6)2(8)0 W (0-D)A + (FHIHD-)u2 [SA 0§ TPl (LS S6 +S1 L
(002-8u),A + ("HO)2 [s oIl 2t T4 Al ST 9
(FHOI + (00D-8ul-* NI + (FHOM 91z |€l11 162 86 S
(0=D-8uL-*[N), 2 + (ureyd)2 0¥7  |€8 60¢ |LL 4
((ZDHUDHD-*HO-00D):2 0zE  |0S 6Ll s €
{(HD)2 + (0=D-Bum): + (*HN)2> L1z |82 0Gl LT z
LHD)* + (0=D-8uu- *HN)2 €8 01 161 vT I
SN
uewey | pateyul ﬁ,nmww_ﬁ .A_.E%v bonl iobonbay &ws& , 4,._%%_5 ,, .A_._."mv
uoneziusjoeiey) ; sanepa | PR Yo | poeos aJeos g aAneas | Awnbeid | oN
[ewswadxy 7 uoneuuojuo) [ uonewlojuo)

SPLO[YO0IPAY dured0zuaq Ul (| wo) sarouanbaiy jeuonelqia Sluouliey °¢ QB

1102 Alenuer 0g €£:€0 @IV Ppapeo |uwog



1097

AM1 SEMIEMPIRICAL METHOD

(pamuiuo)

(0-2)a+{002)"a+ND m (4-D)a‘g| +HO = (H-D)™¢
JL000)™a + (0=0)4 + *HDO W (H-D)™¢

(000)"a + (0=0)4 ‘b1 + CHO)'V

TOHEDH @ (FHND +,(0-0)a+(*HD) V+(D=0)4 ‘¥l
(0=0)a b1 + CHD)'V

(COHU OH 4w g w (H-D)'¢

(€H W Aew ““HD wi (H-D)'¢

(H-2)9 ¢

o[ a Ajduogs pajdnoo A:-Uvo .mM:

{000)7¢ +HO W (H-D)9-+(H-0)Q 86+ 0{6)30 1 (03D)'A
(8)0(6)22 ® (00D)*a + 3m(H-D)9

(TOHADHD pue ‘) @ (H-D)Q + (3-D)a

(*HOM

LEHNDT + (H-D)9 ‘981

GOH ™ Amew ( NI

(TOHDHD P HD W (H-D)I

461 mia pordnoo (H-0)Q ‘481 + (YDH(EDH ut ("HNDI
861 1 pojdnos (-)) g ‘e8]

(00D)'V + (H-0)A ‘8, + (€DH(ODD W (H-D) ¢
(H-D)*

(H-D)A g

(H-D)A ‘eLl

(0=0)¢ + (00D)'V + (€OH  Amew *H) m (H-D)Q
(H-D)A “qL1

(H-D)A ‘e0l

(THNDQ +HD m(H-D)A + (0=0)¢ ‘zI + (00D)¢
(ZOHUDHD pweiH) w(H-D)A

1102 Alenuer 0g €€ :€0

w letl
w letl
w6t
MeIEl

&M 8671

Myl
S ovTl
woll
SSLIIT
IANARY

w et
M 9L01
MA 7601
M 0601
M G0l
W [ool

M 686
M LT6

M 986
woL6

SLES

S ¥T8

SA g6tl
SA £6€1
SA £6E1
waarel

M g0tl

SA ST
wosil
S 0Tl
SOlll

MA 6071

MA 0801

w gzol1

MA 066
MA 96
M 098

Mmzeg

L&44
¥'8T
009
§ST
A4
£TT
6'1¢
L&A
g6t
ULy
T
1'sT
90¢
8l¢
(Y|
(414
1ol
881
ol

'Ll
€L
9'€T
89¢
L
Tle

60¢

194!
LTyl
oovl
L8¢]
98¢l
08¢]
SLEL
1¢el
10€1
0871
1174
9cel
10¢1
s6ll
L911
6s11
[44 8!
orir
[4(0)!

2001
666
066
¥68
£88
LLS
£T8

v pspeo jumog

LT
£t
St
'l

-84

£0

e

vy
460
Vo
Ll

L't

levl
oepl
vrel
8eel
reel
8L¢]
99¢1
vl

6¥2l1

L801

086
LL6
896
SL8
6¢8
678

9t10°1
s0166°0
SL¥P0°1
1S¥0'1

JLYP0']
20800°1
,0800'1
¥¥86°0

s6£00°1

1501°1

ceo’l
LTT0'1
-0800°1
L2201
2eso'l
SELYO']

6Ly
8'¢¢
oLy
1Y 4
0T
9Ll
8°0C
617
90r
o6y
olg
8t
86l
1'6Z
LSt
8¢
701
8¢l
138 /4

€9l
L9
L'SI
6'6¢
9
S'iy
69

832!
9Tyl
1404
86¢1
potl
68¢l
LLEl
0zel
cotl
sl
wil
[4%4!
|§44
1021
6511
1611
£Cll
488!
€201

2001
666
9L6
c68
88
898
19¢]

194
144
134
[44
Iy
or
6¢
8¢
L
9¢
S¢
£
23
43
¢
0¢
67
8¢
LT

97
Y4
14
X4
44
¥4
0T




ALCOLEA PALAFOX

1098

‘enoads ugurey oy woyy st A, NI JO 18IS PIOS SY UT BIEp UBWEY WoL], "N JO ‘A[9Anoadsal aseyd uonnjos pue 3)eIs pIjos 9y Ul BjEp paresjur
Worg;, POIRHUIWOL S A “Aa | PITIVL des | g - s[nosjow auszuaq WO a/ MY A pajeinofe),  "pg oL 0) pAIB[RY, “SpouI SIY) JO UOONGLIUCO
Yeam A19A 9 Jou 0) SWp103o@ ore (,] PUB A ‘.1 1) WUSMINSQNS 1Y “JP[NOS{OUUAUI " IANUT HEM KIDA IMA ‘YBIM ‘M ‘Wnipous :w ‘Buoxs s ‘Buons K14 54,

(PDHEDHN ™ 4Amww (H-N)™s (wgzz0e| 4 |9Ts  [s€ee |09 [g92€ [ITTOL|¥IS  |seee |99
(rDHEDHN @ (H-N)'a |ma 090€ _ |81s  lorze |90 |8LoE [.8ZHO'L|LOS  |OLZE |S9
(VOH-N o Amews (H-N)'a {Ww 640¢ - m TES  100ZE {90 ([890¢ 1.8T¥0'1|0TS 661€ |9

T-HANDA Imspioe | BIS
(HD)A T w| @ (162 |LLIE 1v0€ (LZv0'L |06  [1L1E [€9
(H-2)% ‘902 m g |owr  |Lot€ LEOE |LTHO'L |b'Ov  [L91€ |29
FHO Ul (H-D)™A [mA 867! | {9761 8SIt |SO™> (V86T [2£650°1|102 91¢ |19
(H-D)a ‘vz 2% loer (|ovig [10E |LTVO'L [TTP  |OvIE |09
(H-D)a ‘qL m 4 |zop Jecle p00E |6TKO'1 [T'sh  |EEIE |66
HO @ (H-0)"a q S m L'LT  |860€ 6567 |:98v0°'1(|€7  [€0lE 8§
@OHUDHD ®(H-D)'a [mA ss6T vw g £S5 |TLog T06T [€650°1 (T'ET  (PLOE |LS
(€DH-D w (H-D)a vyT  [$90€ ¥68T |.€650°'1{S¥PT  [990€ |9§
HY W (H-))'a 4— v |g0oz |zvog TL8T [;$8SO'1 (L9  [OVOE |SS
#(--H-N)a Jo pueq uofeuiquio) $ 0097
pueq uoneuquio) M 0897
pueq uoneuiquio) M 09pT
WLHNT + (N-0)8 A OCET
{H-0)2 +(.'HN) ¥ M LY6]

(0=0)a |5 691 [saooLl |0'001 (890 |$'0 [1691 {s#1ZT1]|0°001 |990T |¥S
[(d-0)9 +(0=D)a) ‘q8 |sa08sl |mzLSI [S'61  |s9L1 |11 [L6ST [1s01'1 (8°L1 soL1 |€s

(0=0)4 ‘eg 887 [19L1 |o'T |v6sT |1sO1'l |¥'6T 1901 |8

(YDHEDH ut (SHN) Y [#A pso1 - SLE  |TS91 9'9¢ 891 [1s

(HND¢Q - - ez |89l 987 891 [0S

(0=0)4 “e61 + B0 w Auew (3OD)" A - SA0I9L P IS 6291 [é1°0 (2191 |PIIOTL[SPS  |0€91 [6F
(.*HNDd - wossr [LLE  [STOU (L1 |9LST (¢TIE0'T(S'9¢ szol  (8v

LFHN)Q+,(000) A +a81 T Afucis paidnox()=0)a‘qe [ |M LZp1 (S €ZPT |29 |LLst  [WL'€ o8l |PSSO'T |b'9s  [LLst |y
L0024+, (FHNI+(0=0)26 1+®OWI W (0-D)a [M 6151 [wsosT |65 [spst |20 |91ST |a£0T0°1]6'8L LyST  |9Y

(panupuod) ¢ AqeY,

1102 Alenuer 0g €£:€0 @IV Ppapeo |uwog



03:33 30 January 2011

Downl oaded At:

AM1 SEMIEMPIRICAL METHOD 1099

I
3 4 5 6 7 10 16 50
oF T T T T T T T

£ 20t
=
w 40
c
2
£ 60
‘g « not-scaled
5 80
&

100 (~
-
s
S 60
c
g
= Wk
s (b)
s
= 20

1 | 1 1 | It
4000 3000 2000 1600 1200 800 400
WAVENUMBER (em-!)

Fig. 2. Spectra of benzocaine hydrochloride, a) calculated by AM1 with the scaled
frequencies, (*) vibrational frequencies without counterpart in the infrared
spectrum, b) infrared spectrum obtained in the solid state.

assigments for each theoretical frequency are indicated. The normal modes of
the ring are identified by numbers according to Wilson's notation®.

The theoretical error of the semiempirical methods, AM1 in our case,
in which the antisymmetric vibration appears in general at lower frequencies
than the symmetric mode, mainly when both frequencies are very close, was
corrected in Table 3, when it was observed.

It is possible in general to relate each calculated frequency to a specific
observed band, except in the low frequency range, in which many
experimental bands are registered. AM1 can only calculate normal modes;
therefore, the experimental bands corresponding to v(N-H-),,.., overtones
and combinations bands are not related to theoretical frequencies. The study
of the vibrational modes in the spectra was carried out as foliows:

Amino group vibrations: Due to a very broad infrared absorption
between 2800 and 3100 cm, the N-H stretchings were not observed. In
Raman spectroscopy the antisymmetric and symmetric N-H stretchings were
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detected at 3077.5 cm”? and 3060, 3049 cm™ respectively. Using the scale
factors reported in BEN for the NH, group®, a closer agreement with the
Raman data was obtained.

In-plane bendings of the NH;' group were determined by AM1 at 1652,
1638 and 1625 cm™, while the bands at 1654 cm™ in Raman and 1550 cm™ in
infrared were assigned to the scissors mode.

The frequencies computed at 1159 and 1123 cm™ as rocking mode in
the amino group corresponded to the experimental bands at 1209, 1213 cm™,
and at 1080, 1092 cm’, infrared and Raman respectively. In these last bands,
a significant contribution of the ring mode 18b was also estimated.

The frequencies computed at 662 and 525 cm™ had a slight contribution
due to the amino group, and they were related to the bands observed at 810,
772 cm™ and at 602, 585.5 cm™, infrared and Raman respectively, which were
assigned as wagging mode in NH;' group. The frequency calculated at 489
cm’' also received a significant contribution from the wagging mode, but it
corresponded mainly to ring mode 16b. The vibrations determined at 394 and
420 cm™, with a significant contribution from the amino group, were related
respectively to the infrared band at 390 cm™ and to the Raman line at 424 cm™.
Both vibrations were tentatively ascribed to a torsional mode, and they were
very close to those observed at 366 and 369.5 c¢m’, infrared and Raman
respectively, and assigned as ["(NH,-ring) mode. The Raman line at 247.5 cm™!
was related to the band computed at 284 cm™ as wagging mode in NH; group.

Another band with remarkable contribution from the amino group and
estimated at 253 cm™ was associated with the line at 234.5 cm™, designated as
rocking mode. The very low frequencies calculated at 24 and 27 cm?! were
mainly t(NH,) torsion.

Ester group vibrations: AMI1 computes, as reported® in BEN, a
v(C=0) frequency far from the experimental value, probably because, as in
other semiempirical methods, such as CNDO/2, they fail when open electronic
deslocalization exists in the moiety. Calculations by MINDO on CH,O
molecule® give for the v(C=0) a value of 2006 cm™ in contrast with the
experimental data of 1746 cm™. In HCOOH the values were 1941 cm™ by
MINDO and 1770 cm™ experimentally. Concerning the intensity predicted for
the v(C=0) mode in BEN-HCL, it was the strongest computed in the spectra,
in good agreement with that observed at 1700 cm™ by infrared and 1697 cm
in Raman.

The C-O-C stretchings were good calculated by AMI1, with scale
factors close to the unity. The frequencies computed at 1630 and 1547 cm™
received a strong contribution from the antisymmetric mode, mainly on the
C(7)-O(8) bond, while at 1451 cm™ it was on the O(8)-C(9) bond. The strong
intensity vibration determined at 1254 cm™, corresponded to the symmetric



03:33 30 January 2011

Downl oaded At:

AM1 SEMIEMPIRICAL METHOD 1101

mode, was related to the very strong infrared absorption at 1245 cm™ and the
Raman line at 1240 cm™.

A slight contribution of the COO in-plane bending mode was computed
at 1023, 976 and mainly at 868 cm™, while the out-of-plane vibration was
calculated at 747, 616 cm™ and with an important contribution at 672, 489,
284 and 154 cm™. The weak infrared and Raman bands at 753, 755.5 cm™ and
680, 682.5 cm™ were assigned to the y(COO) mode.

Ethyl group vibrations: The stretchings in -CH, and -CH,- groups
were not detected by infrared because they were hidden by the very strong and
broad absorption at 3000-3400 cm™. However, in Raman two very weak bands
at 2984.5 and 2955 cm™, were observed. AM1 computed the antisymmetric
mode at 3161 and 3103 cm’, in -CH, and -CH,- groups respectively, while the
symmetric vibration was predicted at 3074, 3066 cm™ in -CH, and at 3040 cm™
in the -CH,- group.

The bending modes were characterized in the frequency range 800-
1450 cm’, generally close to the experimental results. At very low frequencies,
less than 150 cm were identified the torsional modes in -CH, and -CH,-
groups.

Normal vibrations of the ring: The assignments for the observed
infrared bands and Raman lines are listed in Table 3. The ring normal modes
were divided into tangential, radial and out-of-plane vibrations.

In the tangential vibrations, the 8b and 19b C-C stretchings appear at
frequencies higher than those corresponding to 8a and 19a modes. Thus the
frequencies at 1765 and 1761 cm™” by AM1 were assigned to the 8b and 8a
vibrations respectively, while those computed at 1577 and 1547 cm™ were
characterized as 19b and 19a modes. An important contribution of the 19a
mode was also calculated at 1630 cm™. In the » modes, a coupling with
8(C-R) vibration was observed, in accordance with that reported in benzene
derivatives'®.

Mode 14 was identified in infrared as a band of medium intensity at
1318 cm™, and in the Raman spectra as a weak band at 1319 cm’, being
computed by AM1 at 1398 cm™ with medium intensity.

Concerning the 8(C-H) bending vibrations, 18a was determined at
1292 and 1114 cm! coupled with the 19a mode, while 18b was calculated at
1201 cm™. A slight contribution of the 9a mode was computed at 1254 cm™,
in accordance with the same frequency obtained in BEN®. The 9b mode and
the 15 mode were not characterized by AM1. The very weak intensity
predicted for the 3 mode at 1320 cm™ was in agreement with its not being
detected in the infrared and Raman spectra.

In the C-H and C-R radial vibrations, a slight contribution of the 7a
stretching mode was calculated at 1023 cm™, while the pair 20b and 20a was
computed at 3167 cm™ and 3140 cm™. Mode 2 was characterized at 3171 cm™.
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Table 4. Several thermodynamic parameters calculated in BEN-HCL by AM1.

Parameters Conf. Conf. 2 BEN*
Heat of formation (Kcal/mol) 92.13485 92.02931 -69.90100
Electronic energy (eV) -10823.24614 -10880.07433 -10594.01460
Tonization potential (eV) 13.74856 13.95495 8.83539
Principal moments of inertia: A: 0.08496 0.09503 0.08662
(cm™) B: 0.01435 0.01426 0.01464
C: 0.01236 0.01288 0.01259

*Values calculated on BEN by AM1¢
0.1990
0.2620 18:3114)

=0.0441 0.1046
(4.0441) {0.8954)
0.261
(0.7334) -0.1153 -0.0495 £0.0084
(4.1153) (4.0495) -0.2746 4.0084)
(6.2746) 0.1071
(0.8929)
0.1631 0.1963
(0.8369) (0.8037)
0.0916
0.0917
(0.9083) (0.9084)

Fig. 3. Net atomic charges and atomic electron density (values in parentheses) of
Benzocaine hydrochloride, computed by the AM1 method with the AMPAC
package
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Table 5. Values of the charge and atomic eletron density calculated by AM1 with
AMPAC and GAUSSIAN 90 program packages.

Charge Atomic electron density

Atom BEN-HCL BEN® BEN-HCL

No. BEN

AMPAC GAUSSIAN AMPAC
Conf.1 Conf2 [Conf.1 Conf 2 |AMPAC | conr i Conf 2 |AMPAC

Cl -0.0441 | -0.0449 | -0.0685 | -0.0694 | -0.1694 | 4.0441 | 4.0449 | 4.1694

C2 -0.0495 -0.1090 -0.0260 | 4.0495 4.0260
C3 -0.1153 [ -0.1150 | -0.1718 | -0.1714 | -0.2219 | 4.1153 | 4.1150 | 4.2219
C4 -0.1352 -0.1517 0.1104 | 4.1352 3.8896

Cs -0.1134 | -0.1139 | -0.1699 | -0.1703 | -0.2198 | 4.1134 | 4.1139 | 4.2198
Cé -0.0533 | -0.0535 | -0.1134 | -0.1136 | -0.0289 | 4.0533 | 4.0535 | 4.0289
Cc17 03311 | 03328 | 0.3922 | 03939 | 0.3554 | 3.6689 | 3.6672 | 3.6446
08 -0.2746 | -0.2744 | -0.3198 -0.2836 | 6.2746 | 6.2744 | 6.2836
C9 -0.0084 | -0.0088 | -0.1100 | -0.1106 | -0.0097 | 4.0084 | 4.0088 | 4.0097
C10 {-0.2240 | -0.2494 | -0.3651 | -0.3929 | -0.2183 | 4.2240 | 4.2494 | 4.2183

O11 {-03114 | -03109 | -0.3401 | -0.3397 | -0.3678 | 6.3114 | 63109 | 6.3678

N12 [-0.0086 -0.2327 -0.3448 | 5.0086 53448
HI13 | 02616 0.3256 02011 | 0.7384 0.7989
H14 | 0.2620 0.3260 0.2014 | 0.7380 0.7986
HI15 | 0.1631 0.2325 0.1368 | 0.8369 0.8632
H16 | 0.1963 0.2748 0.1526 | 0.8037 0.8474
H17 | 0.1643 0.2340 0.1378 | 0.8357 0.8622

HI18 | 0.1990 | 0.1988 | 0.2783 | 0.2780 | 0.1554 | 0.8010 | 0.8012 | 0.8446
HI19- | 0.1047 | 0.1117 | 0.1615 | 0.1698 ( 0.0911 | 0.8953 | 0.8883 | 0.9089

0.1199 0.1777 | 0.0904 0.8801 | 0.9096

H21- | 0.0916 | 0.0891 | 0.1411 | 0.1379 | 0.0864 | 0.9084 | 0.9109 | 0.9136

0.0979 0.1488 | 0.0859 0.9021 | 09141

H23 0.1071 | 0.1061 { 0.1582 | 0.1571 | 0.0853 | 0.8929 | 0.8939 | 0.9147

H24 0.2607 0.3253 - | 0.7393 -
*Values reported on BENS.

The radial skeletal mode 1 was not determined while a slight
contribution of the mode 12 was computed at 868 cm™. The strong intensity
calculated for this frequency was in agreement with the great intensity of the
Raman band at 837 cm™. The pair 6a and 6b was identified as an important
contribution in the frequencies at 662 and 672 cm’, but mode 6b, as in heavy
substituents®, was coupled strongly to a C-R stretching vibration.

In the out-of-plane vibrations, a remarkable contribution from skeletal
mode 4 was calculated at 616 cm™, which is strongly coupled to a C-H out-of-
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Fig. 4. Electron density map on two dimensions calculated in the ring plane of
benzocaine hydrochloride with AMI in the conformation 1. The scale is 85
points with 0.15 step on axis X and 70 points with 0.1 step on axis Y.

plane vibration. The frequency of the vibrational components 16 rises also, on
substitution on benzene, as a result of coupling to out-of-plane C-R vibrations
of lower frequencies®. Thus mode 16b at 489 cm’, computed at higher
frequency than 16a (367 cm™), were both coupled tentatively to the strong C-
H out-of-plane 10b mode.

The C-H out-of-plane vibrations, represented by normal modes 5, 10a,
17a and 17b, were characterized at the frequencies 1002, 884, 999 and 895
cm™ respectively. The very low intensity calculated for 10a mode was in
agreement with its not being detected in the spectra, as in BEN. Also the weak
or very weak intensity, determined by AM 1 in the other modes, were in good
accordance with those experimentally observed, with scale factors very close
to the unity.
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Fig. 5. Electron density maps in three dimensions. The out-of-plane axis represents
the number of electrons per unit volume.

OTHER PROPERTIES

Table 4 summarizes for the two conformations, several thermodynamics
properties calculated by AMI1, such as heat of formation, electronic and
ionization energies and main moments of inertia. Similar values were found for
both conformations, conformation 1 being slightly more stable than conf. 2.
An increase concerning BEN (fourth column) was noted, especially on the heat
of formation (positive), and ionization potential, which is due to the formation
of the chlorhydrate with the presence of a positive charge on the molecule. The
enthalpies of formation of compounds containing carbon, hydrogen , oxygen
and nitrogen by AM1 have been reported™ to be in agreement with MNDO
and the experimental data, the mean absolute errors being 6.64 (MNDO) and
5.88 kcal mol” (AM1).

The values of the net atomic charge using AM1 for the conformation
1 are shown in Fig. 3, and in parentheses, the atomic electron density. These
values are in agreement with those reported” in other molecules.
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Table 5 collects the data of net atomic charges obtained with AM1 on
AMPAC, the total atomic charges with AM1 on GAUSSIAN 90, and the
atomic electron density with AMPAC. Values of the charge and electron
density calculated on benzocaine with free basis are also listed.

Figs. 4 and 5 draw, in the aromatic ring plane, the electron density
maps in two and three dimensions respectively, obtained with AM1. The axes
represent the distance in A with a scale of 85 points (0.15 step) on axis X and
70 points (0.1 step) on axis Y. The topology of the maps represents the
electron density of the valence shell of an atom, the core of the atoms not
being represented. Therefore by AM1 in the positions of the atoms appear
holes (Fig. 5), at difference of ab initio methods, which characterize the core
of the atoms. In these figures, the two highest peaks correspond to oxygen
atoms, and the other peaks indicated the positions of all the carbon and
hydrogen atoms in the ring plane and in the ethyl chain.

SUMMARY AND CONCLUSIONS

The equilibrium geometry computed for benzocaine hydrochloride was
in agreement with the available experimental structural parameters on ABZ-
HCL. The ring aromaticity was kept. Two stable conformations, differing in
the C10-C9-O8-C7 torsional angle, were computed by AM1.

The calculated frequencies and, in many cases, the intensities described
qualitatively well those observed from the infrared and Raman spectra. The
modes not detected experimentally were in general those with the lowest
calculated intensities. The ring vibrations were rather stable in frequency with
regard to benzene, therefore the scale factors used, characterize a theoretical
spectrum very close to the experimental one. The % error obtained was very
small, less than 4.0% in the majority of the cases.

The interaction between ring and substituent vibrations was generally
weak, because ring and substituent internal vibration frequencies lie within
very limited intervals, and frequency variations of ring radial skeletal
vibrations were due to coupling to C-R stretching normal modes.
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