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Abstract. Dengty functiona theory was applied to the caculation of molecular
sructures of N-methyl formamide (NMF), N,N-dimethyl formamide (DMF), and N,N-
dimethyl acetamide (DMA). DFT calculationson NMF, DMF, and DMA were performed
usng a combination of the local functional of Vosko, Wilk, and Nusair (VWN) with the
nonlocal exchange functiona of Becke and the nonlocal correlational functional of Lee,
Yang, and Parr (BLYP). The adiabatic connection method (ACM) of Becke has dso been
used, for the firg time, for the calculation of molecular sructures of NMF, DMF, and
DMA. The caculated molecular dructures are in excellent agreement with the
experimental geometries of NMF and DMA derived from gasphase eectron-diffraction
gdudies Sparse experimental data on the gasphase geometry of DMF reported in the
literature compares well with the DFT results on DMF. DFT emerges as a powerful
method to ca culate molecular sructures

Keywords. Densty functional theory; alkyl amides, molecular structure of alkyl
amides; trangtion state search; peptide models.

1. Introduction

Density functional theory, DFT*®, is a first-principle quantum mechanical method
originaly developed for problems in solid sate physics and has recently emerged as a
powerful method for molecular structure calculations. DFT includes electron correlation
effects’™ whose true impact on conformational energetics is yet to be ascertained on a
guantitative level. The basic notion in the density functional theory isthat the energy of a

*For correspondence

Abbreviations used: HF — Hartree—Fock; DFT —dendgty functional theory; LDF —local densty
functional; LSD —local spin densty; NLF—nonlocal functional; ACM — adiabatic connection
method; NMF —N-methyl formamide; DMF — N,N-dimethyl formamide; DMA — N,N-dimethyl
acetamide
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multi-electron system can be expressed in terms of its dendty. Until recently DFT
calculations have been performed® with local density functionals (LDF). However, there
has been a progressve shift in DFT sudies towards utilizing gradient corrected
density(nonlocal) functionals (NLF)>®, which are considered to be more accurate than
LDF for predicting geometries and conformational energetics. NLDFT is computationally
efficient and has been demondrated by previoudy reported sudies in the literature to be
of comparable accuracy and in many cases to be much superior to conventional post-
Hartree—-Fock (HF) methods™.

As a part of our effort in developing fast and dependable force fields for classcal
molecular mechanics and dynamics studies’®*? for peptides, polypeptides, and proteins,
we have relied on gradient-corrected densty functional theory for the prediction of
conformation, torsonal barriers;, NMR chemical shifts (d), vibrational frequencies (U
including isotopic effects of N-alkyl amides and small peptides™?6. We have recently
reported high-level DFT sudies on formamide®, acetamide®®, and N-methyl
acetamide® and have convincingly demonstrated that DFT can reproduce experimentally
derived geometries, conformations, torsonal barriers, chemical shifts, and vibrational
frequencies. In this report, we present the DFT results on the molecular structures of N-
methyl formamide, N,N-dimethyl formamide, and N,N-dimethyl acetamide.

2. Methods
The Fock matrix, F, in Kohn—Sham self-consistent procedure is expressed as
F=H+J+KS

where H is the one-electron Hamiltonian matrix, J isthe Coulomb matrix, and KCc isthe
DFT exchange-correlation matrix. The calculation of H and J proceeds in the same way
as in HF calculations The DFT exchange-correlation matrix, KC, is calculated by
numerical integration using an atom-centered grid'’. DFT calculations on alkyl amides
are performed using two different exchange-correlation functions: (8) A combination of
the local functional of Vosko, Wilk, and Nusair (VWN)®* with the nonlocal exchange
functional of Becke® and the nonlocal correlation functional of Lee, Yang, and Parr
(BLYP)®. The exchange functional is combined with the local gradient-corrected
correlation functional. The correlation functional used is actually C~ EC-™ + (1-
C) ~ Ec"™W, where LYP is the correlation functional of Lee, Yang, and Parr?, which
includes both loca and nonlocal terms, and VWN is the Vosko, Wilk, and Nusair
correlation functional 8 fitting the RPA solution to the uniform gas, often referred to as
Local Spin Dendty (LSD) correlation; (b) the adiabatic connection method (ACM) of
Becke?. For further methodological details, please see references 13, 14 and the original
references cited therein. DFT cal culations were implemented using an in-house computer
program? on a workstation without resorting to the use of the CRAY supercomputer.
The program is configured to handle a molecular system with more than 100 atoms.

3. Resultsand discussions
3.1 N-methyl formamide (NMF)

The geometry of NMF derived from DFT caculaionwith BLYP/DZVP and ACM/DZVP besssets
is presented in table 1 and compared with the experimentally observed geometry
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of NMF from gas-phase electron diffraction studies reported by Kitano and KushitsuZ.
The ACM/DZVP predicted carbonyl bond length of 15221 A is very close to the CE&O
bond length of 1219 A from electron diffraction studies®. Similarly, the C&N bond
length of 15859 A predicted from ACM/DZVP differs from the experimentally derived
value of 15368 A within the experimental error margin. In the case of N—-C bond length,
BLYP/DZVP isin better agreement (Dd= 0501 A) with the experimentally derived value
than the ACM/DZVP (Dd = 0013 A). The predicted C-H (Me) bond length of 1x114 A
differs from the experimental C-H (Me) bond length of 15094 A by 002 A. Both methods
predict N-C&O bond angles fairly close to the experimental values from the electron
diffraction studies®. The predicted C&N—C bond angles by the two methods differ from
the experimental value by Dg>4°. Kitano and Kuchitsu® have reported only two
experimentally derived bond anglesi.e. N-C&O and C&N-C (Me).

A transition sate search for the transtion statesin NMF was made by looking for the
presence of one negative eigenvalue. We were able to locate two trangtion states for
NMF, the geometries of the trangtion states being presented in table 2. ACM calculations
predict a sretching of the C&O bond length by 05078 A and a gretching of the N-C bond
length by 0006 A. The BLYP calculations predict a different trend and hence the
geometry of the transition state depends on the NLF used in the calculations. The trend
observed in the geometries of the transition states of NMF are seen in each NLF class and
are smilar to the trend previoudy reported for formamide***, acetamide and NMA .

3.2 N,N-dimethyl formamide (DMF)

The geometry of DMF was determined using BLYP and ACM NLF with the DZVP bass
set. The calculated geometry of DMF is compared with the rather sparse experimental
geometry reported in the literature® 2 in table 3. The ACM NLF predicted C¢&O bond
length of 1219 A is dightly shorter than the experimental value of 120 A. The BLYP
NLF predicted C&O bond length of 1524 A is much longer than the experimental value.
Similarly, the C&O bond length of 1.362 A from ACM NLF calculations is dightly
shorter, by Dd = 0022 A, than the corresponding experimental value. The N-C bond
length from ACM NLF calculations of 1>449 A differs from the experimental C—N bond
length by Dd = 0001 A. The BYLP NLF consgstently predicts longer bond lengths than
the ACM NLF caculations for DMF. The C&N-C1 bond angles predicted by both
NLF's are close to each other (Dg3 0%4°) and differ from the experimental values by
Dg>4°. The discrepancy between the calculated values from BLYP and ACM are
somewhat better with the C&N—-C2 bond angles, Dg > 3°. N-C2=0 bond angles predicted
by both NLF's (BLYP and ACM) are extremely close to each other and differ from the
experimental value by Dg< 3°.

We were able to locate four trandtion states for DMF (table 4) in which smilar
divergences in bond lengths and bond angles are observed. Stretching of the C=0 bond
length and a dight contraction of the C&N bond length, between the ground state and
trangtion state geometries, are observed asin the case of NMF.

3.3 N,N-dimethyl acetamide (DMA)

The geometry of DMA determined usng BLYP and ACM NLF is presented in table 5.
The calculated geometry of DMA is compared with the geometry of DMA derived from
gas electron diffraction studies of DMA reported by Mack and Oberhammer . The C&O
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bond length calculated usng ACM NLF of 1,231 A differs from the experimental value
by Dd=0%05A, the CE&N bond length by Dd=0%05A, the C-C bond length by
Dd = 0009 A, and the N—C bond length by Dd = 05005 A. The BLYP NLF differs much
less from the experimental bond length than the ACM NLF calculation. The N-C¢&O
bond length by both NLF are in good agreement with the experimental value. Similar
trends can be observed for other bond angles, e.g. N-C&C3, C&EN-C1, C&N-C2 aswell.

Three trangition states of DM A were derived from the transtion state search, but their
geometries are not reported here.

4. Conclusion

DFT is seen to predict geometries of the methyl and dimethyl derivatives of formamide
and acetamide accurately in agreement with experimentally derived geometries. DFT is
promising as a powerful tool in the elucidation of gasphase geometries and we are
exploiting its full potential to explore di and tri-peptides with the ultimate goal of
deriving DFT configured force fields for better description of protein structures and their
dynamical fluctuations.
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