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Acetamide planarity revisited : Density functional and second order
Mgeller-Plesset perturbation studiest
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Density functional theory (DFT) with nonlocal functionals, BLYP, BP86, B3LYP and ACM, with split-
valence basis sets has been applied to the prediction of molecular structure and torsional barrier of acetamide, a
peptide mimic. Mgeller-Plesset calculations truncated to the second order (MP2) have been performed on
acetamide for comparison with DFT results. The conformation of the methyl group observed in MP2 calculations
is different from that in DFT calculations. DFT promises to be a powerful method for molecular structure
determination and conformational analysis of peptides in future at the same level of accuracy as NMR, X-ray

crystallography, and neutron diffraction.

Acetamide contains a peptide moiety, sandwiched
between a methyl group and a hydrogen atom, and has
served as a simple mode! for the peptide unit. Because
of this reason, it has been the subject of numerous
Quantum Chemical and experimental studies. Most of
the recent Quantum Chemical studies of acetamide
reported in the literature''? have utilized Hartree Fock
and some post-Hartree Fock methods and structures
predicted by these studies are not always in complete
agreement with the experimental studies. Neutron
diffraction studies of acetamide reported in the literature
by Jeffrey et al."? are probably the most accurate data on
its structure. As a part of our effort in developing fast
and dependable force fields for classical molecular
mechanics and dynamics studiesI*'” we have relied on
gradient corrected density functional theory for the
prediction of acetamide structure. Density functional
theory, DFT'? is a first principle Quantum Mechanical
method originally developed for problems in solid state

1 Dedicated to the memory of Prof. Bernard Pullman
*Address for Correspondence Instituto de Quimica,
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Ciudad Universitaria, 04510 Coyoacan, Mexico DF. Mexico,
Fax : 52-5-616-2217, ¢ mail: renu@servidor.unam.mx
Refs. 42, 43 are previous DFT studies from our laboratories.

physics and recently it is gaining acceptance as a
powerful method for molecular structure calculations.
DFT includes electron correlation effects®">* whose true
impact on conformational energetics is yet to be
ascertained at a quantitative level. The basic notion in
the density functional theory is that the energy of a
multi-electron system can be expressed in terms of its
density. Till recently DFT calculations were per-
formed'® with local density functionals (LDF).
However, in the recent past DFT calculations are being
performed with gradient corrected density (nonlocal)
functionals (NLF)'® which are considered to be more
accurate than LDF for predicting geometeries and
conformational energetics. NLDFT is computationally
efficient and has been demonstrated by previously
reported studies in the literature to be of comparable
accuracy and in many cases much superior to
conventional post-Hartree Fock methods.'®"?

Methods

The Fock matrix,F, in Kohn-Sham self-consistent
procedure is expressed as:
F=H+J+K*¢ (D
where H is the one-electron Hamiltonian matrix, J is the
Couolmb matrix, and K*C is the DFT exchange-
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correlation matrix. The calculation of H and J proceed

in the same way as in HF caloulations. DFT exchange-

correlation matrix, K, are calculated by numerical
integration using atom-centered grids.”* The DFT
calculations on acetamide were performed using two
different exchange-correlational functionals: (a) A
combination of the local functional of Vosko, Wilk, and
Nusair (VWN)? with the nonlocal exchange functional
of Becke?® and the nonlocal correlational functional of
Lee, Yang, and Parr (BLYP),”‘23 the semilocal
(generalized gradient corrected) exchange-correlation
energy functional used was taken from Becke® and the
correlation energy functional of Perdew (BP),” incor-
porating the semilocal corrections selfconsistently.
B3LYP hybrid functional defines the the exchange
functional as a linar combination of Hartree-Fock, local,
and gradient-corrected exchange terms”>°.  The
exchange functional is combined with a local and gra-
dient-corrected correlation functional. The correlation
functional used is actually C*EM + (1 - C)*E."™N,
where LYP is the correlation functional of Lee, Yang,
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and Parr®®® which includes both local and nonlocal

terms, and VWN is the Vosko, Wilk and Nusair 1980

correlation functional ﬁtﬁng the RPA solution to the
uniform gas, often referred to as Local Spin Density
(LSD) correlation.”” (b) The adiabatic connection
method(ACM) of Becke®® where the exchange-
correlational energy (E,.) is expressed as :

E=E; ™" + ao (B* ™™ E""™" + 0, E® + 0, Ec P'..(2)
where E,CCI‘DA is the Vosko-Wilk-Nusair local exchange
correlation energy,” E* ®* is the HF exact exchange
energy, E* DA s the local exchange energy, E,° is the
Becke nonlocal exchange energy, and Ec™' is the
Perdew and Wang nonlocal correlation energy. The
coefficients ay, a;, and a, are determined by least square
fit to the experimental atomisation energies, ionisation
energies, and proton affinities from Pople's Gl
database.”’ The DFT calculations were implemented
using an in-house computer program’> on a workstation
without resorting to the use of CRAY supercomputer.
The program is configured to handle a molecular system

Table I — Comparison of calculated and experimental geometries of acetamide from DFT/BLYP and DFT/ACM with DZVP

basis set
Bond Length (A)/ BLYP/ ACM/ MP2/
Bond Angle (°) DZVP DZVP 6-31+G**a HF/6-31G* EXPT.D
C'=0 1.241 1.225 1:232 1.197 1.220
C-N 1.385 1.377 1.371 1.359 1.380
Cc-C 1.535 1.515 1511 1.514 1.519
N-H 1.015 1.005 1.007 0.995 1.022
N-H 1.018 1.008 1.005 0.993 1.022
C-H 1.100 1.091 1.085 1.080 1.124
C-H 1.100 1.091 1.088 1.086 1.124
C-H 1.100 1.091 1.089 1.085 1.124
N-C'=0 121.99 122.07 121.9 122.2 121.9
N-C'-C 115.73 115.87 - - —
0=C-C 122.28 122.07 122.7 122.8 122.8
H-N-H 119.23 119.35 - - —
C'-N-H1 122.64 122.53 1219 117.7 121.9
C'-N-H2 118.12° 118.13 117.1 121.9 117.7
C'-C-H1 113.90 113.90 1123 111.6 111.6
C'-C-H2 108.51 108.41 108.6 108.9 108.9
C'-C-H3 108.51 108.41 109.0 109.6 109.6
H-C-H 109.14 109.22 - - -

4 Wong M W & Wiberg K B, J Phys Chem, 96, 1992, 668.

b Kitano M & Kuchitsu K, Bull Chem Soc Japan, 46, 1973, 3081.
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Table II — Data predicting a slightly non-polar peptide moiety in acetamide

BLYP/6-31G**

—209.14896 —209.22266

BLYP/ BP86/

6-31G** 6-31G**
Energy (au)
C-N 1.382 1.377
c-O 1.234 1.233
c-C 1.536 1.529
C-Ha 1.100 1.102
C-Hg 1.100 1.102
C-H-g 1.100 1.101
N-Ha 1.015 1.015
N-Hc 1.017 1.017
N-C-O 122.20 122.26
N-C-C 115.32 115.27
O0-CC 122.47 122.47
H-N-H 118.47 118.91
C-N-Ha 122.65 122.99
C-N-Hc 117.58 117.85
C-C-Ha 114.17 114.32
C-C-Hg 108.78 108.72
C-C-H-g 108.58 108.54
Hg-C-Ha 108.90 108.83

. H-g—C-Ha 108.96 109.01

O-C-N-Ha 172.44 176.78
O-C-N-Hc 5.69 2.58
C-C-N-Ha 8.28 3.25
C-C-N-Hc 175.03 177.45
C-O-N-C 0.5 0.0
N-C-Hc-Ha 7.0 3.1

—209.22322 -208.61117
B3LYP/ MP2/
6-31G** 6-31G**
1.368 1.373
1.222 1.228
1.523 1.515
1.093 1.085
1.092 1.089
1.094 1.089
1.006 1.004
1.009 1.006
1223 122.1
1155 114.5
122.2 123.4
119.1 117.6
122.9 120.8
118.0 116.4
114.0 108.6
108.5 110.9
108.7 110.3
109.2 109.8
108.9 109.2
179.0 165.0
1.0 11:3
179.0 16.4
178.6 170.2
0.3 1.0
1.0 14.0

with more than 100 atoms. BLYP, BP86, B3LYP, and
MP2 with 6-31G(d, p) calculations were performed with
Gaussian 92 program.3 .

MP2 calculations require a Hartree-Fock calculation
followed by a Mageller-Plesset correlation energy
correction truncated to the second order. This method
for elec-tronic structure calculation has been widely
discussed.**’

Results and Discussion

Acetamide was found to assume two isoenergetic
structures from HF/6-31G* calculations (unpublished).
Of these two structures, one was found to contain a
planar peptide moiety whereas the second one was
found to contain a slightly non-planar peptide moiety.
These two structures of acetamide obtained from
previous HF/6-31G* studies (unpublished) were opti-
mised using DFT with gradient corrected functionals,
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BLYP, BP86, B3LYP, and ACM. Mgeller Plesset MPZ
method was also used in the calculations of acetamide,

all of them with double zeta (£) VP and 6-31G (d, p)
basis sets. These two structures (Cs and C1) differ in

energy by a few micro Hartrees based on BLYP/DZVP

calculations whereas DZVP calculations predict them to

be isoenergetic. The geometries of these two structures
are comparable with the structure derived from electron
diffraction study of acetamide in the gas-phase by
Kitano and Kuchitsu,”® and neutron diffraction studies
by Jeffrey et al."® (see Table I).

Acetamide structure has been the center of intense
controversy in the literature since 1972."'> Most of the
studies have reported a planar structure for the peptide
moiety in acetamide. Electron diffraction studies by
Kitano and Kuchitsu®® has provided little information, if
any, on the planarity of the peptide moiety in acetamide.
Neutron diffraction studies on the rhombohedral form of
acetamide'® have shown that the peptide moiety in
acetamide is slightly nonplanar and that one C-H bond
is normal to the plane of nonhydrogen atoms, for
infrared studies by Hansen er al’® and Kydd and
Dunham™ have shown that the peptide moiety is nearly
planar. Recently Wong and Wiberg*! have reported a
high level ab initio study of acetamide using basis sets
upto 6-31+G** with electron correlation included in the
Mgeller-Plesset perturbation (MP2) and configuration
interaction with single and double (CSID) levels and
found that the lowest energy conformer of acetamide
was nonplanar with;one C-H bond of the methyl group
almost perpendicular to the plane of non-hydrogen
atoms and a slightly pyramidal N atom. Our studies
reported here using DFT BLYP, BP86, B3LYP, MP2
with 6-31G (d, p) basis sets predict a slightly non-planar
peptide moiety in acetamide (Table II) based on
dihedral angles, 1 , H,~C—-C=0. In addition, there are
two isoenergetic structures predicted for acetamide on
the basis of DFT BLYP with DZVP basis set and one of
them contains a slightly nonplanar peptide moiety. For
the lowest energy conformer of the two isoenergetic
conformers of acetamide, DFT BLYP, BP86, B3LYP,
MP2 with 6-31G (d, p) basis sets calculations predict
C=0, C-N and C-C bond lengths of 1.241 A, 1.385 A,
and 1.535 A which are longer by 0.02 A in comparison
with similar values from DFT ACM DZVP calculations,
which are suggestive of a functional dependence.

Seven transition states that interconnect the minima
described in Table III for acetamide were selected from
previous HF/6-31 G* calculations(unpublished). These
seven transition states differ by their torsion angle, T,
described about the peptide bond, C-N. Conformer 3
has a conformational energy difference of 17.24 kcal
mole™ which is extremely close to the experimental

TABLE III — Geometry of transition states of acetamide from DFT/BLYP and DFTIACM with DZVP basis set

Transition State 1

Transition State 7

Transition State 3 Transition State 4 Transition State 5 Transition State 6

Transition State 2

BLYP ACM BLYP ACM BLYP ACM

BLYP ACM BLYP ACM BLYP ACM

ACM

BLYP

1.209

1.446

1.229 1.214 1.229 1.214 1.224 1.209 1.224 1.209 1.228 1.213 1.224 1.209 1.223

C'=0

1.453 1.481 1.453 1.475 1.448 1.473 1.446 1.447 1.453 1.474 1.446 1.476

1.481

~
&

1.521

1.501 1.528 1.509 1.534 1.515 1.542 1.522 1.529 1.501 1.541 1.521 1.534

1.519

c-C

120.45

123.08 122.91 122.8 120.19 120.45 120.13 120.36 122.03 123.12 120.11 120.49 120.22

123.25

N-C'=0

115.2 117.36 117.81 118.82 18.84 115.69 113.24 118.85 118.59 117-30 118.58

114.78

113.28

112.97

i
Ll)
Z

120.97

123.78 123.64 122.31 122.0 122.46 122.24 121.05 120.80 122.28 123.65 121.04 120.93 122.48

0=C-C

+123.1
—123.12

+123.83
-123.83

+124.05 -123.02 -93.46 -55.55 -124.03 -123.25
-124.05 +123.02 +93.46 +55.55 +124.03  +123.25

+55:55 +54.39 +55.17 -123.86 -122.75
—55.55 -54.39 -55.17 +123.86 +122.75

-54.77
+54.74

Gy
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®Bond lengths are in A, bond and torsion angles are in degrees.
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value of 16.7 to 17.3 kcal mole™. In striking contrast to
DFT results on formamidc,"z'43 barrier heights for
acetamide varies from 15.34 kcal mole™ to 23.07 kcal
mole™ depending on the basis set used in the
calculation.

DFT calculations of molecular structure and confor-
mations promises to emerge as a potentially powerful
probe in conformational analysis of biological mole-
cules. '

Acknowledgement

Authors would like to thank NIST/ATP, US
Department. of Commerce, Washington DC for their
generous support of the work reported here through a
grant, No. 70ANB2HI247. This work was partially
supported by CONACyT grants 3279P-E9607 and
25245-E. Mr Vivas Cortes Jose Trinidad, Institute of
Chemistry, UNAM and Mr Masahero Tanikawa,
Mexico City rendered valuble help in the preparation of
the manuscript which is sincerely acknowledged.

References

1 Radom L, Lathan W A, Hehre W J & Pople J A, Aust J
Chem, 25,1972, 1601

2 Hagler A T, Leiserowitz L & Tuval M, J Am Chem Soc,
78,1976, 4600

3 Caillet J, Claverie P & Pullman B, Theor Chim Acta, 47,
1978, 17

4 Nalewajski J, J Am Chem Soc, 100, 1978, 41

5 Fogorasi G, Pulay P, Torok F & Bogs J E, J Mol Structure,
69, 1980, 79

6 Williams J O, Alsenoy V C & Schafer L, J Mol Struct,
(Theochem), 76, 1981, 171

7 Radom L & Riggs NV, Aust J Chem, 35, 1982, 1071.

8 Fogarasi G & Balazas A, J Molecular Structure, 133, 1985,
105.

9 lJeffrey G A, Houk K N, Padden-Row M N Rondan N G &
Mitra J, J Am Chem Soc, 107, 1985, 321

10 Jasien P G, Stevens W J & Krauss M J, J Molecular
Structure, 139, 1986, 197.

11 Lim K-T & Franc! M M, J Phys Chem, 91, 1987, 2716.

12 Popelier P, Lenstra A T H van Alsenoy C & Geise H J,J
Am Chem Soc, 111, 1989, 5658

13 Jeffrey G A, Ruble J R, McMullan R K, DeFrees D J,
Binkley J S & Pople J A, Acta Cryst, B36, 1980, 2292

14 Kitson D H, Avbelj F, Moult J, Nguyen D T, Mertz J E,
Hadz{ D & Hagler A T, Proc Natl Acad Sci USA, 90, 1993,
1993 and references cited therein.

15 Maple J R, Hwang M J, Stockfish T P, Dinur U, Waldman
M, Ewig C S. & Hagler A T, J Comput Chem, 5, 1994, 162

INDIAN J CHEM, SEC B, NOVEMBER 1998

16 Parr R G & Yang W, Density functional theory of atoms
and molecules (Oxford University Press, New York, NY,
USA)1989.

17 Labanowski J A & Andzelm J, Density functional methods
in chemistry (Springer-Verlag, New York, NY, USA)1991.

18 Zeigler T, Chem Rev, 91, 1991, 651.

19 Andzelm J & Wimmer E, J Chem Phys, 96, 1992, 1280.

20 Sosa C, Andzelm J, Elkin B C, ‘Wimmer E, Dobs KD &
Dixon J A, J Phys Chem, 96, 1992, 6630.

21 Raghavachari K, J Chem Phys, 81, 1984, 1383.

22 Lee C, Yang W & Parr R G, Phys Rev, B37, 1988, 785.

23 Miehlich B, Savin A, Stoll H & Preuss H, Chem Phys.Lett,
157, 1989, 200.

24 Murray C W, Handy N C & Laming, G, J Molecular Phys,
78, 1993, 997

25 Vosko S H, Wilk L & Nusair M, Can J Phys, 58, 1980,
1200.

26 Becke A D, Phys Rev, A38, 1988, 3098.

27 Perdew J P, Phys Rev Lett, 55, 1985, 1665.

28 Stephens P J, Devlin F J, Chabalowski C F & Frisch M J, J
Phys Chem, 98,1994, 11623.

29 Becke A D, J Chem Phys, 98,1993, 1372.

30 Becke A D, J Chem Phys, 98,1993, 5648.

31 Popie J A, Head-Gordon M, Fox D J, Raghavachari K &
Curtiss L A, J Chem Phys, 90, 1989, 5622.

32 Baker J & Scheiner A, TurboDFT, BIOSYM/MSI, Inc San
Diego, CA, USA.

33 Gaussian 92/DFT, Revision G-2, Frisch M J, Trucks G W,
Schlegel H B, Hill P M W, Johnson B G, Wong M W,
Foresman J B O, Robb M A, Head-Gordon M, Replogle E
S, Gomperts R, Andres J L, Raghavachari K, Binkley J S,
Gonzalez C, Martin R L, Fox D J, Defrees D J, Baker J,
Stewart J J P & Pople J A, Gaussian Inc., Pitssburgh, PA,
1993.

34 Mgeller C & Plesset M S, Phys. Rev,.46, 1934, 618.

35 Frisch M.J, Head-Gordon M, Pople J A, Chem Phys Lett,
166, 19990, 281.

36 Frisch M J, Head-Gordon M & Pople J A, Chem
Phys Lett, 153, 1988,.503.

37 Head-Gordon M, Pople J A & Frisch M J, Chem Phys Lett,
153, 1988, 503.

38 Kitano M & Kuchitsu K, Bull Chem Soc, Japan, 46, 1973,
3048.

39 Hansen E L, Larsen N W & Nicolaisen M, Chem Phys
Lett, 69, 1980, 69.

40 Kydd R A & Dunham A R C, J Mol Structure, 69, 1980,
79.

41 Wong M W & Wiberg K B, J Phys Chem, 96, 1992, 668.

42 Axe F, Renugopalakrishnan V & Hagler A T, J Chem Res,
1998, 242.

43 Axe F, Renugopalakrishnan V & Hagler A T, J Chem

Res, 1998, S 1





