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Abstract: The AMBER force field was extended to include the trimethylanilinium cation. Ab initio and electrostatic fitting 

calculatious were used to derive new AMBER parameters to describe the nitrogen-atyl carbon and nitrogen-united methyl bonds of the 

trimethylanilmium cation. These parameters should be useful in modeling synthetic macrocyclic hydrophobic cavities which 

incorporate the anilinium cation as a structural element. 

The anilinium cation is a favored structural element of many synthetic macrocyclic hydrophobic cavities as 
it imparts water solubility and structural rigidity on the cavity (see Figure I).l-2 As part of our continuing interest 
in hydrophobic binding,3 we wished to model these compounds using molecular mechanics techniques. 
However, the anilinium cation is not parameterized in the common force field packages. In particular, parameters 
for bonds between quatemary nitrogen atoms and aryl carbon atoms are currently absent. Accordingly, we have 
used ab initio and electrostatic fitting calculations to define AMBER force field parameters for the 
trimethylanilinium cation and wish to report these herein. Calculated ab initio structures were found to be in good 
agreement with published x-ray crystallographic data4 Interestingly, semi-empirically derived structures were 
also very similar to the ab initio generated structures. 

Figure I: A typical synthetic macrocyclic hydrophobic cavity which incorporates the trimethylanilinium cation. 

The AMBER force fields as implemented in MacroModel 3.06 was employed in this study. Most 
calculations were carried out on a Convex 210 mainframe and on a network consisting of 5 Digital Microvax III 
workstations governed by VMS 5.1. The calculations with GAUSSIAN !307 were carried out on the Pittsburgh 
Clay (CRAY-YMP). 
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Due to its size, the nimethyhtnilinium cation was initially geometry-optimized using the AM-l Hamiltonian 
available in AMPAC 1.0.8 All N-C(sp3) bonds were constrained to be of equal length and C2v symmetry was 
assumed for the aromatic ring. The minimum energy structure featured one methyl group in the plane of the 
aromatic ring. A saddle point calculation found the energy maxima of the rotation around the N-C(s&2) single 
bond (see Figure II). Comparison of the AM- 1 minimum and maximum energy structutes for this rotation yielded 
a torsional banier of only 0.4 kcal/mol. 

Y. ;I 
Figure II: Minimum energy (left) and saddle point (right) structures for the trimethylanilinium cation illustrate the three-fold rotational 

barrier (the numbering scheme depicted on the left is used in Tables II and III). 

The AM-l derived minimum energy structure was used as input for an ab inirio calculation (GAUSSIAN 
86)9 at the 3-21 G level. The obtained geometry-optimized output structure differed from the AMl-derived 
structure only in terms of bond lengths (5~ 0.03 A) and angles (& 0.4”), not in terms of torsional orientation. An 
ab initio transition state search, analogous to that indicated above on the AM-l level, was carried out (GAUSSIAN 
90) and the resulting output structure was very similar to the AM-1 calculated saddle-point structure (the indicated 
methyl group in the Figure was 28.4O out of the plane instead of 30.0’). The identity of this maximum as a tme 
saddle-point was confiied by the existence of one, and only one, negative eigenvalue of the force constant 
matrix. A comparison of the energies of the minimum energy and saddle point ab initio struchms yielded a 
torsional barrier of 0.2 k&mole. 

A single point calculation was carried out on the 631G level (GAUSSIAN 86) to optimize. the electron 
distribution. Application of an electrostatic fitting routine ( CHEf~G)l0-11 afforded atomic charges. This tit was 
carried out with grid spacings of IA (338 points) and 0.5 A (2786 points). Both runs yield similar values for the 
dipole moment of the molecule (4.5889 D vs. 4.5930 D) and for accessible atoms (aromatic H) but give different 
accounts for the aromatic carbon atoms, probably due to the poor resolution of the molecular surface as seen 
through the the more widely spaced grid. Thus the run with better gtid resolution (0.5 A) was chosen for the 
parametrization of atomic charges in the AMBER force field. To accomodate the united-atom model of the 
AMBER force field, charges on the carbon and hydrogen atoms of each methyl group were combined to give a 
united atom charge. 

On inspection of the charge distribution in the molecule it is apparent that >97% of the positive charge of 
the ion is located on nitrogen and its surrounding atoms. Very little delocalization in the aromatic ring is visible, 
although an inductive polarization is observed (large negative charge on the 2- and 6- carbons of the aromatic ring 
in response to large positive charge on the l-carbon). Thus, no changes were made in the intrinsic phenyl charges 
and C-H dipole moments of AMBER. Two new parameters were introduced to describe the bonds between 
nitrogen and aromatic carbon, and between nitrogen and united atom methyl as shown in Table I. Dipole 

moments were used to attenuate the input positive charge on nitrogen to give the proper charge distribution on the 
nitrogen and four neighboring carbons (united methyl). Force constants were taken from the normal AMBER file 
C(sp3)-N(sp3) bond and used for all four carbon nitrogren bonds. 

With the modified parameters, the rotational barrier around the N - C(sp2) single bond was negligible (0.1 
kcal/mol). As the ab inirio result for this rotational barrier is also extremely low, no corrective terms were 
introduced for this torsional rotation (Vl = Vz = V3 = 0). Furthermore, no new terms were introduced for either 
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Table I: AMBER Parameters for the nimethylanilinium cation 

Bond bond length force const. bond dipole 

(A) (kcal/mol AZ) mom. p 

C(sp2) - N(sp3) 1.480 367.0 2.679 
p3 C(s )-N s ) I-C( )I 1.873 

Table Ik Computed and x-ray crystallographic interatomic distances (A) and angles (9 for 
the trimethylaniliium cation (numbering scheme depicted in Figure 1) 

Bond Mcdified 3-21G x-ray angle Modified 3-21G x-ray 
AMBER data4a AMBER dati& 

’ 

N-2 

jL507 jL508 i1.5o4 ’ ~1 
N-8 1.528 1.519 1.505 

,N-9 1.527 1.526 1.509 
N- 10 1.527 1.526 1.509 

,2-3 1.416 1.384 1.388 
12-4 1.418 1.384 1.367 IN-2-4 1122.5 1120.0 1121.5 I 
3- 5- 1.405 1.382 1.379 N-2-3 1119.2 1120.0 1118.2 
4-6 1.405 1.382 1.391 8-N-2-4 10.0 IO.0 13.8 
5-7 1.403 1.386 1.385 
6-7 1.403 1.386 1.373 

Table Ilk CHELFG and AMBER force field calculated atom and united methyl charges 
for the trirnethylanilinium cation (numbering scheme depicted in Figure 1) 

atom or 
united 
methyl 

-charge- -charge- 

CHELPGL3 modified 
AMBER 

atom or 
united 
methyl 

-charge- -charge- 

CHELPGl3 modifled 
AMBER 

,15H 1 0.164 I 0.150 
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bending or van dcr Waals interactions - those currently in the AMBER force field were used as necessary.12 
Table II presents a comparison of ab initio, x-ray crystallographic (counterion is di-m-bromo-dibromodicuprate 
(I)),da and modified AMBER force field interatomic distances and angles for the trimethylanilinium cation. Table 
III lists a comparison of the electrostatic fitting routine (CHELPG) derived charges with those from the AMBER 
force field minimized structum 

In conclusion, we have completed ub initio and electrostatic fitting calculations on the himethylanilinium 
cation and derived AMBER force field parameters based on our findings. These should be useful for molecular 
modeling of synthetic hydrophobic cavities which incorporate the anilinium cation subunit as well as other 
molecules which contain this chemical moiety. 
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An adaption by C. Still and coworkers of the CHELPG program described in reference 10 was used. 

Authentic AMBER parameters used (see Figure 1 for numbering scheme): N-2-4 and N-2-3 angles - KBndl = 70, ideal angle 

= 120; 2-N-8,2-N-9,2-N-10,8-N-9,8-N-10, and 9-N-10 angles - KBNDl = 50, ideal angle = 109.5, remaining angles and 

torsions: general benzenoid subsbuchue. 

The root mean square deviation for CHELPG charges is 0.017. 


