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Conformations of an important model system, the alanine dipeptide, have been calculated by using high-
level, ab initio electronic structure theory. A Ramachandran plot, with the aniglehe range-18C to 9¢°

and the anglep in the range—60° to 18, was generated by using density functional theory with the
generalized-gradient BLYP functional and a polarized tripleasis set (TZVR-). Six conformers, Cg, Cs,

C7x P2, oL, and o', have been identified in this region of the Ramachandran plot. A second derivative
(frequency) analysis showed that all conformers are stable at this level of theory. These structures were used
as starting points for geometry optimizations at the MP2/aug-cc-pVDZ level. Single-point energies were
calculated at the MP2/aug-cc-pVTZ and MP2/aug-cc-pVQZ levels at the final MP2/aug-cc-pVDZ structures
and together with the MP2/aug-cc-pVDZ results were used in extrapolations to the complete basis set limit.
The N—H---O, N—H---N, and C-H---O hydrogen bond interactions that are key to the energetics are discussed.
In general, the results obtained at the BLYP/TZVAMP2/aug-cc-pVDZ, MP2/aug-cc-pVTZ//aug-cc-pVDZ,

and MP2/aug-cc-pVQZ//aug-cc-pVDZ levels are in reasonable agreement with each other, exceptfor the
conformation for which there are significant differences in the structures. Although the same stability order
is obtained at all levels of theory that were used, there are significant differences in the magnitude of the
relative conformational energies.

Introduction

Models based on empirical potential functions are widely
used to simulate the structural, dynamical, and equilibrium
thermodynamic properties of proteihsThere are currently
several computer programs, for example, AMBERROMOS?
DISCOVER* CHARMM,® ECEPP? and NWChen, that have
been developed for such classical simulations of biomolecules.
The structures and conformational energies obtained from
electronic structure calculations on small peptides provide
valuable data with which to parametrize and validate the
classical force fields that are used in such codes. The alanine
dipeptide, 2-(acetylamind}-methyl-propanamide, is one of the

key molecules that have been used for this purpose. ) o )
Figure 1. Structure of the alanine dipeptid&) @nd 2-(formylamino)-

Several StUd'e_S have been reported in which eleCt"_omc propanamide 4) with the Ramachandran anglg¢sand v indicated.
structure calculations have been used for the conformationalthe gihedral angle is defined as C(GYN—Co—C(O) andy is defined

analysis of the alanine dipeptid&)§ 2 and the simpler ana-  as N-C,—C(O)—N for both 1 and2.

logue, 2-(formylamino)propanamid2)(*in which the terminal

methyl groups have been replaced with hydrogens. If it is In contrast, subsequent calculations failed to locate dhe
assumed that each of the two amide bonds are constrained t¢onformer as a minimum on the HF/6-31G*, B3LYP/6-31G*,
the more stable trans orientation (in other words, each amideOr MP2/6-31G* potential energy surfacBsdF/3-21G calcula-
hydrogen atom is trans with respect to the carbonyl oxygen tions yielded arup conformer for2,* and HF/6-31G* calcula-
atom)15then the conformers of the dipeptideand?2 are fully tions yielded anap conformer for 1.1 However, theap
characterized by the Ramachandran anglesidy defined in conformer ofl could not be found as a minimum on the B3LYP/
Figure 116 To date, electronic structure calculations have 6-31G* or MP2/6-31G* potential surfacés.Finally, a f
identified a total of nine distinct conformers far(see Table  conformer forl has been reported at the HF/6-31G** level of

1). Six of these conformers, G7 C5, Cx, 82, ar, anda’, are theory? Subsequent studies have neither confirmed nor denied
present at all levels of theory. Amg conformer forl has been ~ the presence of a stabfeconformer at other levels of theory.
reported at the HF/4-21G and HF/6-31G** levels of thed#). The relative energies that have been reported for the con-
formers of1 and2 are presented in Table 1. For the six con-
t Universidad Autonma Metropolitana-Iztapalapa. formers of1 that are present at all levels of theory, it can be
* Pacific Northwest National Laboratory. seen that the methods that include electron correlation, second-
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TABLE 1: Relative Energies (kcal/mol) for Conformers of 1 and 2 Reported at Different Levels of Theory
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CTeq| -8110-86 66t079 | 0.0 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0-00 | 0.00 { 0.00
C5 | -15610-168 | 15910171 | 1.4 | 0.50 | 0.41 | 040 | 1.47 | 1.76 | 1.61 | 0.89 | 1.43 | 1.97 | 126 [ 0.19 | 1.13
CTa| 721076 S4to-62 | 26 | 299 | 2.82 | 282 | 2.05 | 258 | 241 | 255 | 2.61 | 2.36 | 253 | 256 | 2.19
By | -110t0-136 | 121038 | 3.9 258 | 2.58 | 3.25 | 337 | 3.27 | 2.56 | 3.18 | 3.88 | 3.83 | 2.24 | 2.67
og | 611092 | -5to-41 | 49 NOT | 435 | 3.91 | NOT NOT
o | 63t070 19t041 | 67 | 442|472 {476 | 442|460 | 438 | 421 | 582 | 5.74 | 595 | 473 | 446
-58 134 490 | 4.08
o« | -161t0-179 | -41t0-55 | 7.9 574 | 581 6.34 | 549 | 5.17 | 6.85 7311552 | 5.83
ap | 57t068 |-133t0-177 482 NOT NOT 8.16 | NOT

aNOT indicates that the conformer was investigated and found not to be a minimum at this level of theory.

and fourth-order MgllerPlesset (MP2 and MP4Y,and density and the A2 fitting basis set (TZ\\P).22 The Ramachandran plot
functional theory (DFTI all yield the same relative order of was generated from an equally spaced grid of 304 points. By
stability, C%q < C5 < C7ax < f2 < o < o, for all of the using a step size of 25or each anglep was varied from-180°
basis sets used. In addition, the stability order at the MP2 level to 9¢° andy was varied from-60° to 18C. These angle ranges
is independent of whether the geometry was optimized at the were chosen to yield a potential surface that would contain all
Hartree-Fock (HF) level or the MP2 level. The simpler previously reported conformers with the exception of the
analogue?, yields the same six conformations with the same putativeop form. Although¢ andy were constrained during
stability order, demonstrating that removal of the terminal these optimizations, all other degrees of freedom were optimized
methyl groups does not greatly affect the potential surface for at each point yielding a fully relaxed potential surface. Minima
rotation abouty¢ and y. Although the relative order of the observed at the following positions were then subjected to full
conformers remains constant at the higher levels of theory, thereoptimizations ¢, v): (—75°, 75°); (—15C, 15C°); (75°, —60°);
are significant differences in the relative energies. For example, (—120°, 30°); (75°, 30°); (=175, —30°).
comparison of the results obtained at the best level of theory, To generate initial geometries for tlg form, constrained
MP4+BSSE/cc-pVTZ(-f)/IMP2/6-31G*, with those obtained at  B| YP/TZVP+ geometry optimizations were performed @n
MP2/6-31G*//IMP2/6-31G* reveals relative energy differences (4 = 57.3, y = —133.5), the structure previously located at
in excess of 1 kcal/mol. the HF/6-31G* level! and ¢ = 67.5, y = —177.3), the
Advances in computational capability, including massively structure previously located with HF/3-21G optimizatidn.
parallel (MPP) hardware, software that runs efficiently on such Although not observed on the Ramachandran plot, constrained
MPP architecture$,new algorithms, and new basis sets that BLYP/TzZVP+ geometry optimizations were also performed to
can be extrapolated to the complete basis set (CBS)¥miw generate initial geometries for the form (¢ = —60.7, y =
make it possible to obtain highly accurate energetic information —40.7) and thes form (p = —57.6°, 3 = 134.4) reported at
about molecular conformations and hydrogen-bond interactionsthe HF/6-31G** |eve[t0

for a given level of treatment of the correlation energy. There  agar removal of the dihedral angle constraints, full geometry
is a clear gap between the results that have l_Jeen re_ported up t%ptimizations at the BLYP/TZVP level were performed on
now for 1 and the _results that.can be obtained with current e jpitiq| geometries of minima selected either from the
technology and basis sets. In this paper, we report the structureR amachandran grid or created for g, oz, ands forms. Al

and energies of the stable conformationd ebtained by using g timized structures were characterized by computing second
the MP2 method with a large basis set. In addmon,_we use theseyqrivatives. The absence of imaginary (negative) frequencies
results to benchmark the performance of DFT with the GGA ¢,nfirmed that all final, optimized structures are minima.
exchange-correlation functional BLYPfor 1. We have used
this exchange-correlation functional because it is a popular
functional for quantum chemistry with formal scaling &3
when charge fitting is used.

MP2(Full) calculations were carried out with the aug-cc-
pVDZ, aug-cc-pVTZ, and aug-cc-pVQZ basis 3étsy using
the NWChem program.The BLYP/TZVP+ geometries were
used as starting geometries for optimizations at the MP2/aug-
cc-pVDZ level. Single-point calculations were carried out at
the MP2/aug-cc-pVTZ and MP2/aug-cc-pVQZ levels at the

A Ramachandran plot forl was generated with DFT  MP2/aug-cc-pVDZ geometries. The CBS limit was obtained by
calculations performed by using the DGauss progta@on- extrapolating the total energies, MP2/aug-cc-pVXZ fo=D,
strained optimizations were performed with the BLYP exchange- T, and Q, of each conformer by using a mixed Gaussian
correlation function@P by using a polarized triplé-basis set exponential extrapolatiof?.

Computational Methods
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Figure 2. The BLYP/TZVP+ Ramachandran plot fdr (top) obtained
from a grid of points with 15spacing. Minima are labeled as follows:
a (C%g), b (C5), ¢ (CE), d (B2), e (@), and f @'). The solid contours
are drawn every 1.0 kcal/mol and the dashed lines between them areFigure 3. Stereoviews of the six minima df after optimization at
drawn every 0.5 kcal/mol. The energy scale goes from zero (for the the MP2/aug-cc-pVDZ level.

most stable conformation, G to 12.0 kcal/mol. The bottom panel .

shows the location of the minima on the BLYP/TZ¥MRamachandran ~ TABLE 2: Ramachandran Dihedral Angles ¢ and y (deg)
plot after optimization at the BLYP/TZV/P (@), MP2/aug-cc-pVDZ forl

(m), and HF/6-31G** )° levels of theory. The solid contours are  conformer dihedral HE MP2 B3LYP® BLYP! MP2
drawn every 1.0 kcal/mol.

Cleq —85.8 —83.1 —-819 -—-83.8 -—-82.6
. . 78.5 77.8 72.7 75.1 75.8

Results and Discussion
C5 —-157.9 —158.4 —-157.3 —155.0 —161.1

160.3 1613 1653 158.8 1555

75.8 74.4 73.8 70.8 73.7
—56.5 —-64.2 -60.0 -56.6 —53.7

—128.6 —137.9 —1359 —119.6 —82.3
23.2 22.9 23.4 153 —-95

66.9 63.5 68.2 68.7 63.8
29.7 34.8 24.7 23.3 30.2

The Ramachandran plot férobtained at the BLYP/TZV#
level is depicted in Figure 2 (top). Thieandy angles for the CTax
six minima observed in this plot are shown in Figure 3, and
their ¢ andy angles are summarized in Table 2. Three low- B2
energy minima are clearly observed in the diagram. Two of
them are between from —180° to —60° andy from 45 to oL
180, corresponding to the Ggand C5 conformations. The third
is localized on the left bottom of the diagram and corresponds o’ -166.4 —166.1 —169.4 —161.8 —164.7
to the C%x Three higher-energy minima are also observable. -40.1 —-37.2 -37.8 -—-47.6 —383
A [2 conformation lies in a very flat, large region in the range  aF/p.31G** (ref 10).b MP2/6-31G* (ref 13)° B3LYP/6-31G* (ref
of 3—4 kcal/mol. Finally, higher-energy, ando’ conformers 11). 9 BLYP/TZVP+ (this work).© MP2/aug-cc-pVDZ (this work).
are observed in the expected regions of the plot.

Theog andp conformers previously reported at the HF level mapped region, attempts to locate this conformation at the
of theory are not present in the Ramachandran plot. Attempts BLYP/TZVP+ level of theory failed. When started from either
to locate them at the BLYP/TZ\P level, starting fromgp = ¢ =57.3 andy = —133.5 or¢ = —67.5 andy = —177.3,
—60.7 andy = 40.7 for ag and¢ = —57.6° andy = 134.4 the C7%y conformation is obtained.
for g, failed. In the optimization process, the former starting In summary, the BLYP/TZVR- calculations were able to
geometry yielded th¢g8, conformation and the latter starting locate only six stable conformers: £,/C5, C%y, 2, o, and
geometry yielded the G4 conformation. Although a third o'. Second derivative analyses on these conformations establish
previously reported conformeus,p, is outside the range of the  all structures to be minima at this level of theory. Taking the
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TABLE 3: Relative Energies for Conformers of 1 (kcal/mol)
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Cleq 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cs5 1.11 1.61 1.43 1.16 1.77 1.91 1.87 1.59 1.39 0.89 1.39
C7ax 248 241 2.61 2.46 236 2.28 1.96 2.37 2.66 2.55 2.48
B2 2.78 3.27 3.18 2.78 336 3.11 3.00 3.21 335 2.56 3.05
oL 4.36 4.38 5.82 5.81 5.02 4.50 4.59 4.95 5.19 421 423
o’ 5.49 594 6.34 6.67 6.88 6.51 6.59 6.72 6.80 5.17 5.62

BLYP/TZVP+ geometries as starting points, we further opti- tion error (BSSE) because they are at the CBS limit. BSSE might
mized the six conformers at the MP2/aug-cc-pVDZ. The location be expected to play a role in the energetics for smaller basis
of the minima from both levels of theory tested in this work sets as the structures range from extended to more compact.
and from prior HF calculations are shown on the RamachandranThe MP2/CBS energy results for the energies of the C5,,C7
plot in Figure 2 (bottom). With the exception of the and 3, conformers relative to the Ggconformer are within
conformation, all three levels of theory yield very similar 0.2 kcal/mol of the MP2/cc-pVTZ(-f)//HF/6-31G** and B3LYP/
structures. When compared with the BLYP result, he 6-31G* results and within 0.5 kcal/mol of the BLYP/TZWP
conformation obtained at the MP2 level differs by’ 37 ¢ and and MP2/cc-pVDZ results. The largest differences are found
25° in 3, and we note that this is in a very flat region of the for the g, conformer at the BLYP/TZVP level and the C5
potential energy surface. conformer at the MP2/cc-pVDZ level. The relative energies of
Relative energies of the six conformers at seven different thea, anda’ conformers with the different methods show larger
levels of theory are listed in Table 3, together with the variations of up to 1 kcal/mol relative to the MP2/CBS limit
extrapolation to the CBS limit. In all cases, the same order of results. The MP4BSSE/cc-pVTZ(-f)//IMP2/6-31G* results
stability is obtained: Cg < C5 < C7ax < ff2 < aL < o'. The show quite large deviations from the MP2/CBS limit results.
two gradient-corrected DFT methods give energies that differ The differences are up to 1.6 kcal/mol, and all of the MP4
at most by 0.40 kcal/mol, which is found for tjfe conformer. energy differences are smaller than the MP2/CBS limit results.
Thus, the inclusion of Hartreg~ock exchange in the B3LYP/  The only value in good agreement is the energy difference
6-31G* calculations does not appear to give a large difference between the Ggand C%y conformers. However, the MP4/cc-
in the relative energies with respect to the BLYP/TZVRvel. pVTZ(-f) results for the relative energies of the first four
By comparing the relative energies obtained at the BLYP/ conformers are in good agreement with our MP2/CBS results
TZVP+ and MP2/aug-cc-pVXZ levels, we find that the biggest within 0.3 kcal/mol. The highest energy conformers show larger
difference, 1.31 kcal/mol, occurs with the conformation at deviations at the MP4/cc-pVTZ(-f) level. The MP4 values are
the MP2/aug-cc-pVDZ level. The result is a closer relative a composite based on an MP4(SDQ) calculation with a modified
energy between the. andj, conformations at the MP2/aug-  6-31G** basis set added to MP2/cc-pVTZ(-f) results. The BSSE
cc-pVDZ level. At the BLYP/TZVPr level, theS, form is 3.03 contribution is due to taking the difference between “local MP2
kcal more stable than the, form, whereas at the MP2/aug- (LMP2)” and MP2 calculations with this basis set assuming
cc-pVDZ level, theB, form is only 1.39 kcal more stable than that the LMP2 calculations handle BSSE corrections better. On
the o form. This difference is due in part to the optimization the basis of our CBS results, which account for the BSSE effect,
and in part to the method itself. Overall, the differences in the the MP2 results are closer to the correct values as compared to
MP2/aug-cc-pVDZ//BLYP/TZVR- and the MP2/aug-cc-pVDZ  the LMP2 results, which apparently overestimate the BSSE
results are small with the largest difference of 0.5 kcal/mol for correction. This manifests itself in the MP4 results as well. Thus,
the o conformer. Although the difference in energy between we feel that our MP2/CBS results provide the best estimate of
the 2 anday, conformers increases at the MP2 level with larger the relative conformational energetics of the alanine dipeptide.
basis sets, the increase is not large enough to approach the Internal hydrogen bonds play a role in stabilizing the different
difference obtained at the BLYP/TZ\WPlevel as even at the  conformations ofl. Three types of internal hydrogen bonds,
MP2/CBS limit, thef3, conformer is more stable than the N—H-:-O, N—H--*N, and C-H---O, are present. Calculated
form by only 1.84 kcal/mol. Another difference in relative hydrogen-bond energies fd4-methylacetamide dimers and
energies is found for the C5 and g&%onformers for which N-methylacetamide/methane dimers establish the following
the BLYP/TZVP+ difference is 1.30 kcal/mol and the MP2/  stability order for these interactions: NH---O (—8.6 kcal/mol)
aug-cc-pVDZ difference is 0.37 kcal/mol. This difference is > N—H-:*N (—1.6 kcal/mol)> C—H---O (—0.5 kcal/mol)?425
sensitive to the basis set at the MP2 level: 0.09 kcal/mol with However, it has been shown that when the hydrogen donor is
the aug-cc-pVTZ basis set, 0.78 with the aug-cc-pVQZ basis made more acidic by the presence of electron-withdrawing
set and 1.27 kcal/mol at the CBS limit. groups, C-H---O hydrogen bonds can increase in strength from
The best available results from our calculations are the MP2/ —1.0 to —3.0 kcal/mol?® which are within the same range or
CBS results. These results do not have any basis set superposstronger than the NH---N interaction. Although the weaker
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TABLE 4: Structural Parameters for Hydrogen Bonds in TABLE 5: Hydrogen-Bond Distances (A) for the 8,
MP2/aug-cc-pVDZ Geometrie$ Conformation, Comparison between MP2 and BLYP
CTeq cs T 2 o o Calculations with the aug-cc-pVDZ Basis Set
N—H---O Hydrogen Bond parameter MP2 BLYP
r(H---0O) 2.02 2.23 1.88 2.95 2.85 NP N—H:--O
r(N---O) 291 2.68 2.82 3.40 3.13 NP H---O 2.95 3.51
[ON—H---O 144.8 1050 151.7 1084 96.7 NP N---O 3.40 4.08
0C=0-+H 1048 847 1032 634 675 NP N—H--N
N—H:--+N Hydrogen Bond H:--N 2.27 2.30
r(H---N) NP NP 2.70 2.27 2.30 2.48 NN 2.75 2.78
r(N---N) NP NP 297 275 277 276 CoH-O
ON—H---N NP NP 951 107.2 1069 95.0 H-+-0 260 243
[OH--*N—C NP NP 65.9 89.0 87.7 76.0 265 256
C—H-+-O Hydrogen Bon#l 2.53 2.36
r(H---O) 2.65 2.37 2.48 2.65 2.64 2.48 C:-:O 2.79 2.86
2.68 2.53 2.60 2.55 2.64 2.98 2.90
2.48 2.53 2.54 2.69 2.79 2.87
r(C---0O) 2.81 2.85 3.08 2.98 2.77 3.10
2';2 2.77 22-77;’ 32;331 227787 optimized geometries are quite different. For fheconforma-
[0C—H-O 870 1041 1135 963 85.1 1139  tion, the I_—IF/6-31(_3f*, MP2/6-31G*, and BLYP/TZ\/P meth-
840 907 87.7 921 851 ods predict a positive value far between 15and 25 and an
95.5 91.7 1129 832 average value of-129 + 10° for the angleg. At the MP2/
728 821 977 769 792 971 aug-cc-pVDZ level, the anglg is approximately—10° and¢
0c=0-H 775 80.1 79.1 844 792 is equal to—82° degrees. The main factors leading to the
104.8 76.9 90.8 76.5

differences in the structural predictions between the MP2/aug-
aDistances in A, angles in deg. NP Not present? Data presented cc-pVDZ level and the HF/6-31G**, MP2/6-31G*, and BLYP/
only for C—H-+-O contacts in which the +O distance is<2.7 A. TZVP+ levels are the size of the basis set and the treatment of
the correlation energy. To further check the effect of the basis
N—H:---N and C-H--O interactions are expected to contribute set on thg3, conformation, we also performed calculations at
to the stability of a given conformation, the strongetN---O the HF and BLYP levels with the aug-cc-pVDZ basis set. The
hydrogen bond should play the dominant role in determining BLYP/aug-cc-pVDZ resultsg = —117.0 andy = 14.0°) are
the relative stabilities of the conformations. essentially the same as the BLYP/TZ¥Rnes. The HF/aug-
Examination of the hydrogen bonding in the conformers of cc-pVDZ results show a larger basis set dependence with the
1 supports this hypothesis. Geometric parameters for the |arger basis set resultg (= —101.9 andy = 4.2°) moving
hydrogen-bond interactions in the MP2/aug-cc-pVDZ optimized halfway toward the MP2/aug-cc-pVDZ results showing a
geometries are given in Table 4. It can be seen that the threesignificant basis set effect at this level. The remainder of the
most stable conformations, €/C5, and C%, all contain short  difference is due to correlation effects. In Table 5, we compare
N—H---O hydrogen bonds. However, the-#i---O hydrogen  the hydrogen-bond parameters at the MP2 and BLYP levels by
bonds do not completely govern the relative energetics as otherysing the aug-cc-pVDZ basis set. As shown in this table, the
steric interactions are present, which contribute to the energy N—H---N interaction has similar geometry parameters at both
differences. Those structures with longer-N---O contacts,  |evels of theory. The main difference between the BLYP and
the B> anday conformers, are less stable, and the least stable MpP2 8, geometries is the NH---O interaction, which is
conformer, o, lacks a N-H---O interaction altogether. The  strongly dependent on the theoretical level. The MP2 geometry
geometric parameters of the-\---O hydrogen bond are not  has a N-H---O hydrogen-bond distance of 2.95 A, whereas
favorable for thes, anday conformers, but in these conformers,  the BLYP calculation yields a very long hydrogen-bond distance
the N—H---N hydrogen bond contacts are nearer to the optimal of 3.51 A suggesting that there is little, if any, stabilization at
hydrogen-bond geometrical parameters, showing that thisthe BLYP level. The reduction in the-HO distance affects
interaction plays a role in stabilizing both conformers. For all mostly the dihedral angles andy. Thus, the method used to
conformers, G-H---O hydrogen bond interactions are present, describe the N-H-+-O interaction energy must be good enough
and although this is a weak interaction, it can be important for to get this interaction correct to compete with the geometrical

the stabilization of some systems. As shown in Table 4, Changes in the parametejjsandw, which induce strain.
favorable hydrogen-bond parameters for this weak bond are

found in the all conformers and, these are the interactions thatqclusions
are important in the stabilization of tleé conformation.

As noted above, the geometric parameters for fhe The geometries of the Gf C5, C%y (2, ar, and o
conformation are the only ones that show a dependence on theconformers of the alanine dipeptide were optimized with two
computational method. The energy for thgconformation at levels of theory, BLYP/TZVR- and MP2/aug-cc-pVDZ. Both
the MP2/aug-ccpVDZ level is only 0.33 kcal/mol above that methods give similar results except for thgconformer, and
obtained at BLYP/TZVR- level even though we found that the they are in agreement with previous reports. For the most stable
Ramachandran angles between them were very different. AsC7s C5, and C¥ conformers, the NH:--O hydrogen-bond
noted above, this is due to the flat region observed in the interaction is responsible for the stabilization; however, this is
Ramachandran plot where th# conformer is found. For not true for the remaining stable conformers. In partic-
example, for thgg, conformer, the relative energy at the MP2/ ular, the 8, conformer is localized in a very flat region and
aug-ccpVDZ/IMP2/aug-ccpVDZ level is lower by only 0.25 N—H---N and C-H---O hydrogen-bond interactions are present.
kcal/mol as compared to that at the MP2/aug-ccpVDZ//BLYP/ Although the BLYP/TZVP+- and MP2/aug-cc-pVDZ methods
TZVP+ level even though the dihedral angles for the two predict a similar relative energy for this conformer with respect
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to the most stable conformer, the geometries are quite different.A.; Taylor, H. L.; Vr\qong, AT, Fann,hG. .; Littlefield, R. J.; Niep&Oﬁha, J.

; ivdnt. J. Quantum Chem., Quantum Chem. Syh995 29, 475. Kendall, R.
Comp'lete basis set M_P2 results were_calculateq, and the relatlve'A_; Apra, E.; Bernholdt, D. E.: Bylaska, E. 3. Dupuis, M. Fann, G. 1.
energies for the various conformations relative to th&qC7  narrison, R. J.; Ju, J.; Nichols, J. A.; Nieplocha, J.; Straatsma, T. P.; Windus,
structure in kcal/mol are as follows: C5, 1.39; £72.66; 0>, T.L.; Wong, A. T.Comput. Phys. Commu@00Q 128 260. Harrison, R.
3.35;0, 5.19;c, 6.80. These represent the most accurate values \J/\-/?ir']\gﬁzo'? i .AKPE;%@SA”;%EL-I PJ-?_DE;Jng]ﬁ(:)I’\é't-? BY'ES(L(%VEK?-?PF?ETAHE- L
ava|lqble for the relative energies of the conformers and can beT‘; Clerc, D.- Dachsel, H.: de jon'é' B.: Deeg'an"’M.; Dya””K‘;"EIWOOH’
used in the development of molecular force fields for molecular p.; Fruchtl, H.; Glendenning, E.; Gutowski, M.; Hess, A. C.; Jaffe, J.;
dynamics simulations. Johnson, B.; Ju, J.; Kendall, R. A.; Kobayashi, R.; Kutteh, R.; Lin, Z;

Littlefield, R.; Long, X.; Meng, B.; Nieplocha, J.; Niu, S.; Rosing, M.;
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