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The conformational behavior of a 1,3-diazacyclohexane system has been investigated using the DFT B3LYP/
6-311+G** level of theory. The structural parameters and relative energies predicted that anomeric effects
are operative in the conformations of 1,3-diazacyclohexane. The stability of conformers predicted in the solvent
continuum model (water and acetonitrile) is similar to the gas-phase results. The explicit water molecules
stabilized the least-stable conformer, and the predictive trend is opposite to that of the gas-phase results. The
stability of the conformers in the gas phase is a compromise between avoiding repulsions and maximizing
hyperconjugative stabilization. The NBO analysis suggests that the interactions of explicit solvent molecules
with 1,3-diazacyclohexane conformers attenuate the anomeric stabilization. The hydrogen-bonding interactions
of explicit solvent molecules with 1,3-diazacyclohexane swamped the anomeric effects to alter the
conformational stability compared to the gas-phase and solvent continuum model studies.

Introduction Though the studies are limited on-\C—N systems, the 1,3-
diazacyclohexane derivatives are nevertheless important for the
preparation of neuroblocking-active drugs such as clothianidin
and high-energy materiald? The wide application of 1,3-
diazacyclohexane and its derivatives in studies from biology to
X—C—Y system is due to an X o*c_y two-electron-two- matferialst_makle ihzse_ C(t))an}’)]otL}f]ndS cand(ijdatelst_for tr;]e detai_lred
S : . . o conformational study in bo e gas and solution phases. To
?errprlrgil) |rgﬁ(rjaﬁgofo(nkt)aegartrl]\/aenii;élgggogjsu gfzﬂgﬂw $\£?|E;Tfjc?u()rg? the authprs’ knowledge, the conformational preferepce in splvent
parameters, for example, shorter or longer anomeric bonds ano{or 1,'3-d|a.zacyclohexane conformers was not studied previously.
’ ' n this article, we report a density functional (DFT) study of

ager anomeric bord angle; () reltv energy. hat 5, FSIE 5 Cizoc conexan conorers (Schems ) i the gas phese
y o g q ' in water, and in acetonitrile. The solvent calculations have been

%r;]d é?gﬁféi?ge;ﬂ\f :gsggvtlct)ybe-rgg i;n%rrquffaeéftg(r:ttc:jv:r% performed using the quantum chemical solvent continuum model
geran y and p P and explicit solvent molecules. Employing NBO analysis, the

the Stab'“ty of SUbSt'tugldl confprmers of cyclohexanes an_d lother hyperconjugative energetic contribution can be separated from

?heéel\rﬁ%’fll'\f ;%?;?OEQVGLAZQQIZ;G?OT'L% |r2 g;etf]lgﬁsth?;;a;?éngus that due to steric and electrostatic effects on the conformers of
oxXvOen svstems )(/)nl one electr%n diffraction (ED) stud 8vas 1,3-diazacyclohexane. We have shown that the conformer with
e)r/fgormeél/ orN N.N'N'X[etrameth Idiaminomethareand the):e larger anomeric interactions stabilizes more in the polar solvent;

P L 6eyf . and however, the explicit solvent molecules suggested a reversal in

are few really reliable’C NMR)®¢f conformational equilibrium . s

the trend of stability for 1,3-diazacyclohexane conformers.

igumdleIin?f (;??h:Ighg':errnesle(\:/grr:ttai%lig-cilf?ljzfplem?i/estﬁir:-rizea Second-order perturbative NBO analysis has shown that the
plexity Y g binding of explicit water and acetonitrile molecules with the

resilt of a combination of steric and stereoelectronic effects and nitrogen atoms of 1,3-diazacyclohexane largely unperturbed the
hydrogen bond-type interactions. It has been indicated that theanomeric effect

anomeric effects in NC—N systems are smaller than in
O—C—0 systems, but the structural manifestations were bome computational Methods

out as expectetf Salzner has performed ab initio HF/6-31G* ) ]
level calculations on the stability of conformers of 1,3- Al calculations were performed with the Jaguar program

diazacyclohexane in the light of examining the conformational Packagé’ using Becke'’s three-parameter exchange functional
behavior of 2-hydroxyhexahydropyrimidifeRecently, Locke ~ With the 12(:orrelat|o_n functionat of Lee, Yang, and Pf”

et al. have examined the stability of 1,3-diazacyclohexane with (B3LYP).**All species were fully optimized with the 6-31G

the DFT (B3LYP/6-31+G**) level while quantifying the basis set, and harmonic vibrational frequency calculations were
contributions and interplay of steric and electronic factors for USed to confirm that the optimized structures were minima, as
5-hydroxyhexahydropyrimidin& The NBO energy decomposi- Charact_enzed by positive V|_brat|0nal frequenmes. S|ng|e_-po|nt
tion analysis showed that the hyperconjugative stabilization was c@lculations were then carried out with the 6-313** basis

important for the stability of 1,3-diazacyclohexane confornfers. Set- The NBO calculations have been carried out employing the
B3LYP/6-31H-G** level using B3LYP/6-31%G* geometries.

* Corresponding author. Fax-H01)-278-2567562. E-mail: ganguly@  According to the NBO methot,**Eio represents the total SCF
csmcri.org. relative energy, and .y is the energy associated with the

The stereoelectronic behavior of>XC—Y-containing systems
(X,Y = OR, NR,, Hal), known as the anomeric effect, and that
of the X—C—C—Y molecular unit, known as the gauche effect,
have been studied extensivély®. The anomeric effect in an
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Figure 1. B3LYP/631+G* optimized geometries for 1,3-diazacyclohexane conformers.
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localized part of the wave function (corresponding essentially borne out in the calculated results (Table 1). However, if it is
to a Lewis structure, although its interpretation is not direct). assumed that the polar-NH bonds also cause dipole repulsion
The Lewis energy is obtained by zeroing all the orbital butthat these are smaller than those between lone paivgas
interactions, that is, deleting the off-diagonal elements of the lowest in energy. The similar energiesezandaa can thus be
Fock matrix. Finally, the delocalization energy, which corre- rationalized by additional 1,3-diaxial steric repulsions between
sponds to all the possible interactions between orbitals, is the axial N-H bonds inaa. In Table 1, the dipole moments
calculated asEge = Ewt — Eiew. The B3LYP/6-31-G*- are also included because it has been suggested that the most
optimized geometries were used to calculate the solvation stable conformers in the gas phase correspond with the lowest
energies at the B3LYP/6-3#1G** level employing the Pois- dipole_l8 The dipole moment increasaa < ea < eeis in
son—Boltzmann continuum (PB) solvent moé&fet® as imple- agreement with earlier report&however, this trend is found
mented in the Jaguar progréfhin PB-based calculations of  to be different from the HF/6-31G* calculated res@f&he NBO
solvation energies, the dielectric interface between solvent anddecomposition energy suggests a different interpretation. In the
solute is taken to be the molecular surface, which is the contacteeconformation, the nitrogen lone pairs are antiperiplanar with
surface between the van der Waals enevelope of the solute anghe adjacent €H axial hydrogen. In thea conformation, both

a probe solvent molecule (for aqueous solution, a probe radiuspitrogen lone pairs are antiperiplanar with the adjacertNC
isl.4 A) The internal dielectric constant in the PB calculations bonds. Since —0*c-n interactions are stronger tham-ﬁ

is set equal to unity, as molecular polarizability is treated ,+. ,, interactions, a preference due to hyperconjugation for
explicitly with quantum chemical calculations. All regions 55 gvereaandeeresdults.

outside of the molecular surface are assigned the experimental This is borne out in the NBO deletion energidd, Table

solvent dielectric{ = 78.4 for aqueous solution ard= 36.64 1). Evew (Table 1) shows that, after removal of the hypercon-

for acetonitrile). Water and acetonitrile molecules have been iugation energy contributioma s highest in energy. This result
considered for the explicit interactions with 1,3-diazacyclohex- ug 9y 9 9y )
oints to repulsions between the-M bonds. Thus, according

ane conformers. The basis-set superposition error (BSSE) wa o NBO analysis, dipole repulsions between the lone pairs are

corrected by the counterpoise metfidd. much smaller than repulsions between theHNbonds and do
not explain the relative energies of 1,3-diazacyclohexane. The
similar energies ofa andearesult as a compromise between
The relative energies, the energetic contributions in the NBO a@veiding repulsions and maximizing hyperconjugative stabiliza-
model, and selected values of the B3LYP/6+&* geometrical tion. The selection of geometrical parameters listed in Table 2

parameters of each 1,3-cyclohexane conformers (Figure 1) arePermits us to deduce thas, ag andeeshow the tendencies
given in Tables 1 and 2. 1,3-Diazacyclohexane was optimized @ssociated with the anomeric effect and were discussed in many

Results and Discussion

in three conformations which differ by the orientation of N studies:® Briefly, the bonds are elongated when they are in a
bonds: axial/axial 4g), equatorial/axial 8), and equatorial/  POsition anti to the lone pair of nitrogen, and the angles which
equatorial €€. Conformationseg ea and aa were fully these bonds form are widened (Scheme 1 and Table 2). For
optimized without any symmetry constraints. example, due to the delocalization of lone pairs, theQN-N

The calculated relative energies and NBO results for these Pond angles are larger aa than ineeandea The C-H bonds
three conformers are summarized in Table 1. Eaeand aa antiperiplanar to the lone pairs are relatively longer than the
conformers are close in energy and significantly more stable Ponds that are not satisfying such arrangements.
than theeeform in the gas phas®.According to valence-shell To continue further, the second-order perturbative analysis

electron pair repulsion theory (VSEPREwith axial lone pairs in the NBO procedure has been used to estimate the individual
should be expected to be highest in energy, since lone pairshyperconjugative effect, namely, the lone pair of nitrogen
require more space than bond pairs. This situation has beenantiperiplanar tar*c—y and o*c—y orbitals. Table 3 gives the
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TABLE 1: B3LYP/6311+G**//B3LYP/631+G* Relative TABLE 4: BSSE-Corrected Relative Energies E,) at the
Energies E) (in kcal/mol) in the Gas Phase, Water, and B3LYP/6311+G**//B3LYP/631+G* Level (in kcal/mol) and
Acetonitrile for ee, ea, and aa Conformers of Selected Geometrical Parameters for ee, ea, and aa
1,3-Diazacyclohexane; Lewis EnergieE(w) (in kcal/mol) Conformers of 1,3-Diazacyclohexane with Water Molecules
and Hyperconjugative Contributions (Ege)) (in kcal/mol) to at the B3LYP/631+G* Level (bond lengths in angstroms,
the Total Energy Differences for the Conformers in the Gas and bond angles in degrees)
Phase at the Same Level of Theory; and Dipole Moments (in
Debye) ee ea aa
Erel 0.0 1.4 3.4
ce ca aa C6-H15 1.106 1.099 1.098
Ere(gas) 2.6 0.0 -0.1 C6-H16 1.095 1.095 1.095
ElLew 1.0 0.0 4.4 N1-C2 1.469 1.456 1.470
Egel 1.6 0.0 —4.5 N3—-C2 1.460 1.481 1.467
Ewater 3.3 1.6 0.0 C4—H12 1.107 1.106 1.098
Eacetonitrile 34 1.6 0.0 C4—H11 1.095 1.096 1.095
dipole moment (gas) 1.88 1.23 1.10 N3—-C4 1.473 1.477 1.476
_ N1-C6 1.479 1.477 1.478
TABLE 2: Selected B3LYP/6-31G* Geometrical N1-C2—N3 108.8 111.5 116.8
Parameters for ee, ea, and aa (bond lengths in angstroms, N3—C2—-N1 108.8 1115 116.8
and bond angles in degrees) N1—-C6—H15 111.5 107.3 107.2
N3—-C4—H12 111.1 111.0 107.3
ee ea aa N3—C2—H9 111.4 111.4 107.2
C6-H15 1.110 1.100 1.109 N1-C2-H9 110.4 107.6 107.2
C6—H16 1.096 1.096 1.096 )
N1—-C2 1.460 1.454 1.466 calculated results suggest that the conformer with larger
N3—-C2 1.460 1.470 1.466 anomeric interactions is even more stabilized by the solvent.
C4—H12 1.110 1.109 1.100 Numerous cases have been reported on attenuation of the
(N:g:gil %'22? i'ggg i'ggg anomeric effect to the presence of a polar sol@htpwever,
N1-C6 1.467 1.472 1.476 this feature is not clearly appreciable for the conformers of 1,3-
N1—-C2—N3 108.9 112.0 116.8 diazacyclohexane. Recently, some studies have shown that the
N3—C2—-N1 108.9 112.0 116.8 anomeric effects are not attenuated in the presence of a polar
N1-C6-H15 112.1 107.2 107.2 solvent?! Furthermore, the influence of the polar solvent to
N3—-C4-H12 1121 112.0 107.3 stabilize the conformers with larger dipole moments is not
N3—C2—H9 1111 111.9 107.2 ianifi t Th . lati hio bet th iati .
N1—G2—H9 1111 106.9 1072 significant. There is a relationship between the variation in
dipole moments and relative energies of these conformers. The
TABLE 3: Hyperconjugative Interaction Energies (E,) conformer of 1,3-diazacyclohexane with the smaller dipole
Ca(ljculatc_ed I?t ||33LTP/631HG**//B3|—YP/6'31+G* for ee, ea, moment is stabilized in the solvent phase. This suggests that
and aa (in kcal/mol) the interaction of the total dipole of each conformer with solvent
ee ea aa is not the factor responsible for the solvation energy, and those
N1—C2—N3 1.97 9.88 10.91 local dipolar interactions or even multipole components can be
N3—C2-N1 1.97 2.03 10.93 important??
N1-C6—-H15 7.85 2.07 2.33 The influence of hydrogen bonding of polar solvent molecules
mg:g‘;:gz ;gg ;-Z; gi’i with the substrates is absent in the continuum model calcula-
N1—G2—H9 753 166 514 tions. Therefore, it is important to examine the effect of
N1-C6-H16 1.27 0.83 0.76 hydrogen bonding of solvent molecules on the stability of 1,3-
N3—C4-H11 1.27 1.13 0.76 diazacyclohexane conformers. Interestingly, the hydrogen bond-
N1-C2-H8 1.29 0.94 0.70 ing of solvent molecules with the nitrogen lone pairs can affect
N3—-C2-H8 1.29 1.05 0.70 the anomeric stabilizations in these cases, and hence the stability

hyperconjugative interaction energids) of such orbitals in of the conformers can be different from the gas-phase and
ee ea andaa at the B3LYP/6-314+G**//B3LYP/6-31+G* continuum model results. In the present study, we have
level1® The interaction energies clearly show that the anti- considered two water and acetonitrile molecules in each case
periplanaro* c—N ando* c— orbitals overlap much more strongly ~ for the interactions with 1,3-diazacyclohexane conformers.
compared to the antibonding orbitals that are not antiperiplanar  The relative energies, selected values of the B3LYP/6&G1

to the nitrogen lone pairs ieg ea andaa conformers (Scheme  geometrical parameters, and the second-order perturbative

1 and Table 3). For example, in the case of élaeconformer, analysis E,) NBO of each 1,3-diazacyclohexane conformer with
N; and N; lone pairs interact with antiperiplanatc,-n3 and two water molecules are given in Tables 4 and 5. Figure 2 shows
0* co-n1 Orbitals; as a result, the interaction energies are much the interaction of two water molecules with the nitrogen lone
larger than the corresponding interactions indaeonformer, pairs of 1,3-diazacyclohexane conformers. The calculated rela-

where the interacting orbitals are not antiperiplanar to each other.tive energies suggest that theconformer is more stable than
These results corroborate the earlier NBO delocalization analysisthe aa andea conformers at the B3LYP/6-3#1G**//B3LYP/
performed for these conformers. This perturbative analysis will 6-31+G* level (Table 4), which is contrary to the gas-phase
be a particularly useful tool to access the hyperconjugative and continuum model results (Table 1). The water molecules
effects when the explicit solvent molecules interact with these form strong hydrogen bonds with the nitrogen atoms of 1,3-
conformers and are discussed later. diazacyclohexane. In the caseead the water molecules also
The preference for thaa conformer is increased in water interact with each other and form a strong hydrogen bond
and acetonitrile with the PoissemBoltzmann continuum (PB)  (Figure 2). The N-H---O type hydrogen bonding is possible
solvent continuum model (Table 1). Importantly, in the solvent for ea and that presumably leads to the extra stabilization
phase thea conformer is significantly more stable than tha compared toaa. The other orientations of NO—H type
conformer, in contrast to the gas-phase calculations. Theseinteractions with water molecules were also attempted in each
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several trials with different orientations. Therefore, a direct
comparison is not possible for this type of interactions of water
molecules witheg ea, andaa conformers. Earlier reports have

TABLE 5: Hyperconjugative Interaction Energies (E,)
Calculated at B3LYP/6-31H-G**//B3LYP/6-31+G* for ee,
ea, and aa with Water Molecules (in kcal/ mol)

ee ea aa demonstrated that the Nk a good proton acceptor but a less
N1-C2-N3 1.93 9.27 9.93 effective proton dono?3 and that is also evident in this study.
N3—C2-N1 1.54 1.67 10.25 Studies were extended with four water molecules as well (two
N1-C6-H15 6.92 197 2.08 with the available lone pairs of nitrogen and two with the Nl
N3—C4—H12 6.16 6.45 1.92 ; ; ;

hydrogens), but thaa conformer did not converge in this case

N3—C2—-H9 6.32 5.97 1.82 ith bl h ic f . f d f h
N1—C2—H9 6.24 153 194 either. Presumably, the steric factor is not favored for the
N1—C6—H16 1.20 0.74 0.66 interaction of water molecules with the axiaHW hydrogens
N3—-C4—-H11 1.21 1.03 0.77 in the aa conformer. It is important to note that the additional
N1-C2-H8 121 0.87 0.63 water molecules can have an influence on the relative stability
N3—C2—-H8 1.21 0.96 0.72

of conformers compared to the two-water model study; however,
it is difficult to comment in the absence of such results.

Moving to the conformational stability oée, ea and aa
conformers with acetonitrile molecules, the hydrogen-bonding
interactions have been considered between the amino hydrogens
of 1,3-diazacyclohexane and th€€N group of acetonitrile. The
interaction of nitrogen lone pairs with the GHydrogen (G-

TABLE 6: BSSE-Corrected Relative Energies E,) at the
B3LYP/6311+G**//B3LYP/631+G* Level (in kcal/mol) and
Selected Geometrical Parameters for ee, ea, and aa
Conformers of 1,3-Diazacyclohexane with Acetonitrile
Molecules at the B3LYP/6341-G* Level (bond lengths in
angstroms, and bond angles in degrees)

ce ca aa H---N) of acetonitrile is not stable in these cases. Hence, we
B s M %0 L7 oo could not locate such complexation geometriesdley eaand
C6-H16 1096 1096 1095 aa conformers with acetonitrile.
N1-C2 1.460 1.453 1.462 The relative energies, selected values of the B3LYP/6&G1
N3-C2 1.460 1.474 1.468 geometrical parameters, and the second-order perturbative
Ca-H12 1111 1.109 1101 analysis E,) NBO of each of the 1,3-diazacyclohexane con-
(N:g:gil 1222 iggg ig% formers with two CHCN molecules are given in Table6 and
N1—C6 1.464 1.469 1.469 Table S1 (Supporting Information). Figure 3 shows the interac-
N1-C2-N3 109.3 112.7 117.3 tion of two CH;CN molecules with the-N—H moieties of 1,3-
N3—C2-N1 109.3 112.7 117.3 diazacyclohexane conformers. The calculated geometries show
N1-C6-H15 1121 107.5 107.6 that the hydrogen-bonding interactions are much weaker in these
mg:gg::gz ﬁg; %ﬁ; %gg'é cases. The calculated hydrogen-bonding distances are around
N1—C2—H9 110.9 107.0 107.8 2.4 A and deviate from linearity. In the case of geconformer,

a N---H—C type interaction takes place (2.33 A) with the

case, but the optimizations led to the geometries shown in Figure@Cetonitrile molecule and the amino nitrogen of 1,3-diazacy-
2. The computed structural parametersderea andaasuggest ~ c¢lohexane (Figure 3). Fogeand aa, it appears that the 1,3-

that the anomeric effects are operational in these cases. Theliazacyclohexane conformers form a van der Waals complex
bonds are elongated when they are in a position anti to the loneWith acetonitrile molecules as the hydrogen-bonding distances

pair of nitrogen, and the angles which these bonds form are &€ larger tham-2.5 A (Figure_ 3). Itis known that acetonitrile

widened (Scheme 1 and Table 4) in a manner similar to that forms a hydrogen bond with phenol, alcohols, and water
observed in the gas-phase studies. To examine further, themoleculeg* However, to the authors’ knowledge, the interaction
Second_order perturbatlve analyﬁxhas been performed to Of CH3CN Wlth amines Is not knOWI‘l. ThUS, we haVe Computed

estimate the hyperconjugative effect, namely, the lone pair of the relative interaction energies for acetonitrile with methyl
nitrogen antiperiplanar to*c_n and o*c_y orbitals in these alcohol and methylamine at the B3LYP/6-BG* level. The

cased? The interaction energies show that the antiperiplanar calculated results suggest that methanol forms a strong hydrogen
o* c_n anda* c_y orbitals overlap much more strongly compared bond (5.2 kcal/mol) with acetonitrile, whereas, the methylam_lne
to the antibonding orbitals which are not antiperiplanar to the forms a much weaker hydrogen bond (2.5 kcal/mol) with
nitrogen lone pairs iree ea, and aa conformers (Scheme 1 acetonitrile (Supporting Information; Figure S1).

and Table 5). The second-order perturbative energie}d ( The relative energies calculated for the interaction of aceto-
predicted that the hyperpconjugative effects with water mol- nitrile molecules with 1,3-diazacyclohexane conformers suggest
ecules foree ea andaa are slightly attenuated compared to that theeais more stable than that @fe andaa with CHs;CN

the gas-phase results; however, the trend predicted is similar tomolecules (Table 6). The three weak attractive interactions of
that obtained in the perturbative analysis of deeea andaa acetonitrile molecules with theaconformer presumably makes
gas-phase conformers (Tables 3 and 5). Therefore, it appearst energetically more stable thareandaa conformers (Table
that the structural parameters are not significantly affected with 6). The calculated results foee and aa with acetonitrile

the interaction of explicit water molecules, but such interactions molecules show that the energy difference has been reduced
are reflected in the hyperconjugative interaction enerdigk ( compared to the gas-phase results (Table 1). It appears that the
The calculated results suggest that the reversal in the confor-greater stability of thea conformer thareedue to the anomeric
mational stability ofeg ea and aa with water molecules effect is partially attenuated by the weak attractive interactions
compared to that in the gas phase is primarily dictated by of acetonitrile molecules with the latter conformer (Figure 3).
hydrogen-bonding interactions (Tables 1 and 4). Further, the Importantly, the trend predicted for the stability of conformers
study was extended to examine the interaction of water of 1,3-diazacyclohexane conformers with acetonitrile molecules
molecules with amino hydrogens of 1,3-diazacyclohexane is different from the gas-phase and acetonitirile continuum
conformersee ea andaa. However, the interaction of two water  model results (Table 1). Expectedly, the computed structural
molecules with theaa conformer could not converge after parameters foeg ea andaa are largely unperturbed in these
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ee:2H,O ea: 2H,0O aa:2H,0

Figure 2. The optimized geometries &g ea andaa conformers with two water molecules at the B3LYP/6+&3* level. Hydrogen-bonding
distances are shown with-{) in angstroms. (Red: oxygen; blue: nitrogen; grey: carbon; white: hydrogen.)

ee:2CH;CN ea:2CH;CN aa:2CH;CN

Figure 3. The optimized geometries @fe ea andaa conformers with two acetonitrile molecules at the B3LYP/6+&* level. Hydrogen-
bonding distances are shown with-J in angstroms. (Blue: nitrogen; grey: carbon; white: hydrogen.)

cases because the nitrogen lone pairs are not directly involveddue to the hydrogen-bonding interactions of water molecules.
in the interaction with the solvent molecules. The bonds are The explicit acetonitrile molecules also predicted a different
elongated when they are in a position anti to the lone pair of stability trend foreg ea andaa conformers compared to the
nitrogen, and the angles which these bonds form are widenedgas-phase results. The hydrogen-bonding interactions are much
(Table 6) in a manner similar to that observed in the gas-phaseweaker in the case of acetonitrile and, in general, forms a van
and aqueous-phase studies. The second-order preturbativeler Waals complex with 1,3-diazacyclohexane conformers.
energies [E,) calculated foreg ea andaa conformers with
acetonitrile molecules are similar to that obtained in the gas Acknowledgment. It gives us great pleasure to dedicate this
phase and with water molecules (Supporting Information; Table paper in honor of Prof. Kailasam Venkatesan who, through his
S1). work and dedication in solid state chemistry, has inspired
Overall, the DFT-calculated results suggest that the anomericgenerations of chemists. This work was supported by the
effects play an important role toward the stability of 1,3- Department of Science and Technology (DST), New Delhi,
diazacyclohexane conformers. The solvent continuum model India, and the Department of Atomic Energy (BRNS), Mumbai,
results enhanced the stability of conformers with larger anomeric India.
interactions. However, the explicit solvent molecules reverted
the stability pattern for 1,3-diazacyclohexane conformers. The  Supporting Information Available: Optimized geometries
nonbonding interactions (hydrogen-bond; —C) dictate the ~ and hyperconjugative interaction energies for confornesys
stability of ee ea and aa conformers though the anomeric €a andaa This material is available free of charge via the
interactions prevail in such situations. These results warrant anInternet at http:// pubs.acs.org.

experimental study to verify the trends predicted by the DFT
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