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The conformational, configurtational

behavior and the

structure of N-2-(1,4-Dioxane)-N"-(4-

methylbenzenesulfonyl)-O-(4-methylphenoxy) isourea 1 has been studied using DFT method. Calculations
predict the imidoyl amino group of the dioxane ring prefers axial conformation and that the tosyl and tolyl
groups about the C=N bond retain £ configuration. The anomeric effect controls the population of dioxane ring
conformers, and anomers. Intramolecular hydrogen bonds contribute to the stability of E isomers. The
computational analysis of 1 complements the X-ray findings.
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Introduction

In monosubstituted cyclohexanes, a preference for the
equatorial orientation of substituents is generally observed.'*
The lower stability of the axial orientation of a substituent at
C(1) has been attributed to 1,3-diaxial interactions,
originating from non-bonded steric repulsions from the two
methylene groups at C(3) and C(5)."> On the other hand,
according to theoretical investigations, steric effects of this
kind do not seem to exert a significant influence on the
equatorial preference of the methyl group and OR
substituents.®” An unexpected increase in the population of
the axial conformer has been observed experimentally in
monosubstituted cyclohexanes with the OC(O)CHyLs.,
substituent (n =0, 1,2, 3 and L = H, F, Cl, Br).*"* For these
molecules the axial preference (anomeric effect) increases
roughly in proportion with the bulk of the CHnL.3-n group."
There are many example of anomeric behavior of
cyclohexanes and heterocyclohexanes and in the presence of
almost constant steric effects, hyperconjugation seems a
reasonable explanation."

In monosubstituted cyclohexanes with OH and OMe
substituents, the equatorial conformer is preferred® an
explanation reproduced by ab initio calculations.” The
preference for the equatorial conformer is even greater for
the Me substituent and all these behaviors fit well with the
results of calculations.%” The marked preference of the
equatorial orientation of the Methyl substituent has been
attributed fundamentally to hyperconjugative interactions
and not to steric effects, and the same conclusion has been
reached for cyclohexanol.”

Juaristi and coworkers studied anomeric effect in several
1,3 dioxane derivatives and concluded that in compounds
with good substitute for hydrogen bonding, axial conformer
is prefferd.'®

Recently, Dabbagh and coworkers studied the structure,

conformation of 1,4-dioxane, configuration of the imine
group of the imidoyl moiety and the anomeric effect of 1
using X-ray crystallographic analysis, Figure 1.7

The purpose of the present paper is to establish that the
large imidoyl-amino group [(4-CH;3-C¢Hys-O-C=N-SO;-
CsH4-CH3-4)-NH-] adopts an axial position (the anomeric
effect) using the DFT method. Additional aims of this report
are to investigate the factors (hydrogen bonds and steric
hindrance to anomeric effect) that contribute to this axial
preference and to study the conformations and
configurations of 1, Figure 1. We believe this system, allows
us to shed more light on the phenomenon known as the
anomeric effect.

Results and Discussion

Synthesis. N-2-(1,4-Dioxane)-N"-(4-methylbenzenesulfonyl)-
O-(4-methyl phenoxy) isourea 1 was synthesized by the
thermal decomposition of N'-(4-methylbenzenesulfonyl)-O-
(4-methylphenoxy)imidoyl azide 2 in refluxing dioxane and
characterized by 'H-NMR, '"*C-NMR, COESY, X-ray
crystallography, mass spectra analysis, IR and elemental
analysis, Figure 1."7

Computational details. The relative stability and
molecular properties of the structures under investigation
were determined by the analytic techniques employing the
hybrid density functional method (DFT) with Becke's three-
parameter functional for exchange and the Lee, Yang and
Parr correlation functional (B3LYP)."®" The adequacy of
density functional method for the study of the conformational
analysis and anomeric effect has been subject of several
studies.”* All these calculations were carried out on a Pentium
IV personal computer by means of GAUSSIAN9SW.?* The
3-21G* basis set at B3LYP level was selected for
calculations and the 3-21G* optimized geometries were then
taken for further optimization with 6-31G* basis set on
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Figure 1. Synthesis and selected numbering of an optimized
structure of 1. Lines (-*) indicate hydrogen-bonds.

density functional theory (B3LYP). To characterize all the
optimized geometries, the vibrational frequencies of all
conformers were calculated at B3LYP levels.

Geometry and energy. All calculations 6-31G* (3-21G*)
have been consistent in predicting that conformer 1E,,A is
the most stable conformers in the gas phase, Scheme 1,
Tables 1-6, Figure 2.

Initially, we incorrectly predicted the insertion of bulky
imidoyl nitrene to favor the equatorial conformer of the
dioxane ring (Reverse Anomeric Effect, RAE)* and steric
hindrance overcome the anomeric effect, but X-ray and DFT
analysis indicate that there is no RAE due to steric hindrance
and the bulky imidoyl group retains a proper axial position,
which minimizes any repulsion with the hydrogens of the
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dioxane ring. The calculated total molecular energy and
relative stability of conformers of amino imino group (-NHG)
are listed in Table 1. Calculated energy differences between
axial and equatorial conformers show that conformer 1E,,C
with bulky immidoyl group in axial position is the least
stable conformer (among the E conformers) by 5.06 (4.70)
kcal mol™ relative to most stable 1E,A conformer. The
1E B conformer with no significant steric repulsion is 4.16
(1.76) kcal mol™ less stable than 1E,A conformer.
Comparison of E and Z isomers indicates that the £ isomers
are more stable than the Z isomers. The Z isomers have
significant repulsion between lone pairs of phenolic oxygen
and sulfonyl oxygenes and no hydrogen bonding, Scheme 2,
Table 1 and Figure 2.

Geometrical characterization of compound 1 is listed in
Tables 2 and 3, Figure 2. The results indeed indicate
delocalization of dioxane oxygen lone-pair (anomeric
effect). This is in good agreement with the experimental data
(X-ray) obtained for 1'” and similar to those found in other
compounds exhibiting anomeric effect.***® In addition
comparison of the 6-31G* (3-21G*) geometries for axial
and equatorial imidoyl group reveal an increase of C(1)-
N(5) bond length, a decrease of C(1)-H(4) bond length and
widening of C(1)O(2)C(7) bond angle in axial form.
Calculations show shorter C(1)-O(2) bond length (normal C-
O bond length, 1.441 A)** and longer C(1)-N(5) bond length
(normal C-N bond length, 1.440 A)."” There is an important
through-space interaction between oxygen atoms of sulfonyl
group (SO;) and hydrogen atom connected to N(5).
Calculations indicate S(20)-O(23) bond length is longer than
S(20)-O(24). This is attributed to hydrogen bonding and/or
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Table 1. The total and relative energy of 1 calculated by B3LYP/6-
31G* and B3LYP/3-21G*

3-21G*
Total energy ¢ AE?

E, A —1612.4766023 0.00
E,.B —1612.4737997 1.76
EC —1612.4691182 4.70
E.E —1612.4697992 4.26
E.F —1612.4712371 3.36
E.D —1612.4712674 3.34
ZxA —1612.4592352 10.90
Z,,B —1612.4625023 8.85

“Total energy in hartree units. “Relative energy in kcal/mol.

6-31G*
Total energy ¢ AE?

-1621.0061760 0.00
—-1620.9995499 4.16
—-1620.998103 5.06
—-1621.0014203 2.98
—-1621.0055488 0.39
—1621.0054548 0.45
-1620.9912257 9.38
—-1620.992696 8.46

Entry
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Figure 2. Three-dimensional optimized isomers of 1.
Table 2. Selected bond length (A), bond angle and torsion angles (deg) of 1 optimized (6-31G*) and calculated by X-ray
6-31G* X-ray
Entry
EnA E.B E.C E.D EoE E.F Z,A Z.B EnA

C1-02 1.4259 1.4191 1.4156 1.4303 1.4235 1.4303 1.4259 1.4236 1.420
Cl-H4 1.0897 1.0953 1.0937 1.0957 1.1009 1.0957 1.0902 1.0903 a
C1-N5 1.4553 1.4713 1.4678 1.4361 1.4462 1.4361 1.4493 1.4586 1.460
N5-H11 1.0205 1.0205 1.019 1.0213 1.0203 1.0213 1.0123 1.0152 a
C1-C3 1.5304 1.5309 1.5459 1.532 1.5349 1.532 1.5311 1.5309 1.530
C19-015 1.4092 1.4073 1.4015 1.4037 1.4043 1.4036 1.4029 1.3997 1.420
C10-015 1.3437 1.3502 1.3447 1.3494 1.3483 1.3494 1.3523 1.3548 1.340
N5-C10 1.3479 1.3544 1.3531 1.3593 1.3593 1.3592 1.3637 1.3706 1.331
S20-023 1.4859 1.4846 1.4867 1.4859 1.4865 1.4859 1.4684 1.4676 1.447
S20-024 1.4665 1.4726 1.4654 1.4664 1.4663 1.4663 1.4715 1.4725 1.433
C3CINS 108.9694 116.079 158.823 109.9819 114.8145 109.979 108.6913 107.845 108.2
CIN5C10 123.757 131.427 131.387 124.3844 126.836 124.392 125.9688 124.059 123.0
C102C7 112.7268 112.903 115.548 111.4641 111.456 111.467 113.0092 113.072 115.0
06C3C102 -56.5990 -56.757 —57.678 —56.358 -57.533 -56.362 —58.089 —57.758 —54.34

“Not available.

an interaction between N(16) lone pair and S(20) o* (see
NBO analysis), Table 2.

Natural bond orbital analysis (NBO). For a further
understanding of the conformational preference of £ and Z
conformers, NBO analysis was carried out at the B3LYP/6-
31G¥* level of theory. The stabilization energy E» associated
with the charge transfer (CT) interactions was obtained
subsequently from the second-order perturbative estimates
of Fock matrix in the NBO basis. The selected donor
acceptor interaction stabilization energy terms may
quantitatively account for differences among the selected
conformations, Tables 4-6. It is assumed that CT interactions
are more important and stabilization energy terms come
from filled-empty-orbital hyperconjugative interactions.

There is a strong interaction between nitrogen lone pair
N(5) as donor and C(1)-O(2) o* as acceptor for both axial
and equatorial conformers, Tables 4-6. However, the O(2)

lone pair as donor and C(1)-N(5) as acceptor contribute
more to the stability of the axial conformer. This
hyperconjugative effect is called endo anomeric effect. The
interaction between O(2) lone pairs as donor and C(1)-H(4)
o* as acceptor contribute to the stability of equatorial
conformers.

NBO analysis also predicted (confirmed by X-ray)'” two
different bond lengths for S(20)-O(23) and S(20)-O(24). The
hydrogen bonding between O(23) lone pair and N(5)-H(11)
o* in Ex and Eeq isomers and the #n — o* interaction between
N(16) lone pair and S(20)-O(23) antibonding orbital are
presumed to be responsible for this difference and for the
stability of the E isomers over the Z isomer. Hydrogen
bonding does not contribute to the stability of the Z isomers.
Finally, DFT calculations show a weak interaction between
O(15) lone pair and C(1)-H(4) o* in 1E;xA conformer. This
interaction is in excellent agreement with experimental
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Table 3. Selected bond length (A), bond angle and torsion angles (deg) of 1 optimized by 3-21G*

3-21G*
Entry

E,A E,B E,C ED EqE EF ZaxA ZaxB
C1-02 1.4674 1.4191 1.4568 1.472 1.4765 1.4718 1.4687 1.4652
C1-H4 1.0864 1.0953 1.0927 1.0917 1.0975 1.0918 1.0867 1.0873
CI-N5 1.4567 1.3544 1.4680 1.4392 1.4473 1.4392 1.451 1.4558
N5-H11 1.028 1.0205 1.0295 1.0302 1.0311 1.0302 1.0172 1.0195
Cl1-C3 1.5288 1.5309 1.5551 1.5323 1.5340 1.5323 1.5302 1.530
C19-015 1.4162 1.4328 1.4205 1.4168 1.4290 1.4167 1.4273 1.4342
C10-015 1.3662 1.3743 1.3598 1.3642 1.3819 1.3641 1.3897 1.393
N5-C10 1.3578 1.3587 1.3574 1.3531 1.3606 1.3604 1.3624 1.3619
C3-H8 1.0976 1.1016 1.0994 1.0912 1.0914 1.0912 1.0968 1.0916
C3-H9 1.0909 1.0878 1.0892 1.1006 1.0921 1.1006 1.0912 1.0969
S20-023 1.488 1.4846 1.4886 1.4879 1.4901 1.4881 1.4705 1.4748
S20-024 1.4634 1.4726 1.4622 1.4624 1.4616 1.4624 1.467 1.4657
C3CINS 107.0661 116.079 129.76 110.0977 114.5191 110.1027 106.8017 106.7226
CIN5C10 123.8553 131.43 123.68 124.2891 124.80 124.2808 125.4332 126.8727
C102C7 110.3536 112.903 112.99 109.9114 109.46 111.4860 110.8754 110.6822
06C3C102 —59.3412 —58.9656 -58.0709 -59.6924 —59.0991 —-59.6849 —64.2712 —64.0759

Table 4. Selected donor—acceptor natural bond orbital interactions and their second-order perturbation stabilization energies, AE(2) (kcal
mol™), calculated at the B3LYP/6-31G* level for axial conformers

AE (2)
Donor NBO Acceptor NBO Interactions

1E.A 1E..B 1E.C
BD (1) C1-N5 BD*(1) C10-N16 o—o* 4.02 3.52 3.06
BD (1) C1-H4 BD*(1) 02-C7 o—-o* 3.53 3.60 2.59
BD (1) C1-H4 BD*(1) C3-06 o—o* 3.49 3.52 3.26
BD (1) 02-C7 BD*(1) C1-H4 o-o* 1.01 0.95 1.89
BD (10 N5-C10 BD*(1) CI-N5 o—-o* 1.15 1.17 1.61
BD (1) N5-C10 BD*(1) O15-C19 o—o* 2.18 241 1.85
BD (1) N5-H11 BD*(1) C10-O15 o-o* 4.72 4.28 3.80
BD (1) C10-N16 BD*(1) CI-N5 o—-o* 1.76 1.67 1.81
BD (1) C10-N16 BD*(1) N5-C10 o—o* 1.66 1.70 2.10
LP (1) 02 BD*(1) C1-C3 n—o* 2.13 2.07 1.67
LP (1) 02 BD*(1) CI-N5 n—o* 0.79 0.90 1.10
LP(2) 02 BD*(1) C1-N5 n—o* 11.29 10.85 10.47
LP (2) 02 BD*(1) C1-C3 n-o* 4.12 4.06 487
LP (1) N5 BD*(1) C1-02 n-—o* 13.80 12.36 5.69
LP (1) N5 BD*(1) C1-C3 n-o* 1.45 - 5.62
LP (1) N5 BD*(1) C1-H4 n—o* 0.61 3.46 0.56
LP (1)N5 BD*(1) C10-N16 n-o* 61.42 62.37 39.89
LP (1) 06 BD*(1) C1-C3 n-—o* 1.54 1.57 1.28
LP (2) O6 BD*(1) C1-C3 n—o* 6.10 5.97 6.10
LP(1)015 BD*(1) N5-C10 n—o* 1.53 1.53 0.77
LP (1) O15 BD*(1) C10-N16 n—o* 6.29 6.40 6.14
LP (2) O15 BD*(1) C10-N16 n—o* 36.68 36.40 493
LP (1) 023 BD*(1) N5-H11 n—o* 1.38 8.17 -
LP (2) 023 BD*(1) N5-H11 n—o* 4.51 6.52 2.49
LP (1) N16 BD*(1) S20-024 n—o* 16.36 17.58 3.01
LP (1)N16 BD*(1) S20-023 n-—o* 5.23 4.61 0.75

E, denotes the stabilization energy; BD, denotes bonding orbital; BD*, denotes antibonding orbital; Lp, denotes lone-pair. For BD and BD*, (1) and (2)
denote -orbital and -orbital, respectively. For Lp (1) and (2) denote the first and second lone pair electron, respectively.
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Table 5. Selected donor—acceptor natural bond orbital interactions and their second-order perturbation stabilization energies, AE (2) (kcal

mol™), calculated at the B3LYP/6-31G* level for equatorial conformers

. AE (2)
Donor NBO Acceptor NBO Interactions

1ED 1EE 1E.,F
BD (1) C1-N5 BD*(1) 02-C7 o-o* 1.46 1.51 1.45
BD (1) 02-C7 BD*(1) C1-N5 o-o* 2.05 2.01 2.03
BD (1) N5-C10 BD*(1) C1I-N5 o—-o* 1.05 1.05 1.11
BD (1) N5-C10 BD*(1) C10-N16 o-o* 1.90 1.72 1.56
BD (1) N5-C10 BD*(1) 015-C19 o-o* 2.18 2.06 2.19
BD (1) N5-C10 BD*(1) N16-S20 o—o* 1.73 0.97 -
BD (1) N5-HI11 BD*(1) C10-015 o—o* 3.98 4.45 4.00
BD (1) N5-H11 BD*(1) C10-N16 o-o* 0.69 0.51 0.74
BD (1) C10-N16 BD*(1) CI-N5 o-o* 1.68 1.75 1.64
BD (1) C10-N16 BD* (1) S20-024 o—-o* 7.95 725 9.31
BD (1) C10-N16 BD*(1) S20-023 o-o* 2.05 0.54 1.61
LP (1) 02 BD*(1) C1-C3 n-o* 0.79 1.18 0.74
LP (1) 02 BD*(1) C1-H4 n-o* 1.23 0.93 1.27
LP (1) 02 BD*(1) C1-N5 n-o* 245 2.54 2.40
LP(2) 02 BD*(1) C1-C3 n—o* 5.60 5.20 5.60
LP(2) 02 BD*(1) C1-H4 n—o* 4.72 5.43 4.62
LP (1) N5 BD*(1) C1-02 n—o* 13.99 13.03 14.11
LP (1) N5 BD*(1) C1-C3 n—o* 1.21 3.72 1.09
LP (1) N5 BD*(1) C10-N16 n—o* 47.38 52.24 49.80
LP (1) 06 BD*(1) C1-C3 n—o* 1.20 1.11 1.19
LP (2) O6 BD*(1) C1-C3 n—o* 6.03 6.36 5.99
LP (2) 06 BD*(1) C1-N5 n—o* 1.00 0.99 1.00
LP (1) O15 BD*(1) C10-N16 n—o* 7.61 7.67 7.13
LP (2) O15 BD*(1) C10-N16 n—o* 37.01 32.46 35.05
LP (1) 023 BD*(1) N5-H11 n—o* 2.39 2.87 3.54
LP (2) 023 BD*(1) N5-H11 n—o* 6.20 5.89 5.42
LP (1)N16 BD* (1) S20-024 n—o* 12.68 13.65 10.26
LP (1)N16 BD*(1) S20-023 n—o* 0.93 0.68 0.75

E, denotes the stabilization energy; BD, denotes bonding orbital; BD®, denotes antibonding orbital; Lp, denotes lone-pair. For BD and BD*, (1) and (2)
denote -orbital and -orbital, respectively. For Lp (1) and (2) denote the first and second lone pair electron, respectively

Scheme 4

data."”

Tables 4 and 5 there are two strong interactions between
O(15) and N(5) lone pairs and C(10)-N(16) o *. In addition,
O(15)-C(10) bond length is shorter than O(15)-C(19) bond
for all conformers and N(5)-C(10) bond length is
approximately equal to a N(sp?)-C(sp’).'” The s-cis

conformation of S(20)-O(23) and C(10)-N(16) bonds and
S(20)-O(23) H(11)-N(5) hydrogen bond form a stable six
member ring, Scheme 4.

Conclusion

The anomeric effect (hypercojugative effect) plays a major
role for the axial preference of the imidoyl amino group HN-
G (G = 4-Me-CsHs-O-C=N-SO,-CsHs-Me-p). Energetically,
DFT calculation predicts 1E,cA isomer as the most stable
conformer. The endo anomeric effect, intramolecular
hydrogen bonding and steric repulsion of bulky HN-G group
control population of conformer and/or configurations (in
excellent agreement with X-ray findings). Geometrically,
anomeric effect is revealed from shortening of C(1)-O(2),
increase of C(1)-N(5) bond length and widening of
C(1)O(2)C(7) angle. All E isomers are more stable than Z
isomers (due to steric effects and hydrogen bonding).
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Table 6. Selected donor—acceptor natural bond orbital interactions
and their second-order perturbation stabilization energies, AE (2)
(kcal mol™), calculated at the B3LYP/6-31G* level for Z isomers

: AE (2)

Donor NBO Acceptor NBO  Interactions————————

1Z,A 1Z,B
BD (1) C1-C3 BD* N5-C10 o—-o* 3.15 3.30
BD (1) C1-N5 BD* C10-N16 o—-o* 342 3.50
BD (1) C3-O6 ~ BD*C1-H4 o—-o* 1.03 0.89
BD (1) N5-H11 BD*C1-H4 o—-o* 1.67 1.44
BD (1) N5-C10 BD*C1-C3 o—-o* 0.84 0.98
BD (1) N5-C10 BD*C1-N5 o—-o* 1.06 1.20
BD (1) N5-C10 BD*C10-N16 o-o* 1.74 2.05
BD (1) N5-C10 BD*N16-S20 o—-o* 2.98 2.94
BD (1) C10-N16 BD* N16 S20 o—-o* 0.85 0.70
BD (1) C10-N16 BD*S20-C25 o—-o* 1.07 0.93

BD (1)C10-N16 BD*(1)CI0-N5  o-o* 170 163
BD (1) C10-N16 BD*(1)N5-C1 c-oc* 183 164

LP (1) 015 BD*(1) C1-H4 n-o* 067 050
LP (1) 015 BD*(1)C10-N16 n-o* 176  4.99
LP (2) 015 BD*(1)N5-C10  n—o* 4006 34.93

LP ()N 16 BD*(1)C10-015 n-o* 1936 21.08
LP ()N 16 BD*(1)C10-N5  n-o* 330 336
LP ()N 16 BD*(1)S20-023 n-o* 263 261
LP ()N 16 BD*(1)S20-024 n-o* 461  3.89

LP()N5 BD*(1)C10-N16 n-o* 5636 57.65
LP()N5 BD*(1) C1-02 n-o* 1522 1639
LP()N5 BD*(1) C1-C3 n-o* 134 138
LP()N5 BD*(1) C1-H4 n—o* 107 130
LP(1)02 BD*(1) C1-C3 n-o* 218 231
LP(1)02 BD*(1) C1-H4 n-—oc* 130 094
LP(2)02 BD*(1) C1-N5 n—o* 1139 11.50
LP(2)02 BD*(1) C1-C3 n-o* 403 324
LP(1)06 BD*(1) C1-C3 n-o* 144 144
LP(2)06 BD*(1) C1-C3 n-o* 608 584

E, denotes the stabilization energy; BD, denotes bonding orbital; BD",
denotes antibonding orbital; Lp, denotes lone-pair. For BD and BD", (1)
and (2) denote -orbital and -orbital, respectively. For Lp (1) and (2)
denote the first and second lone pair electron, respectively
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