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A theoretical study is employed to describe the orbital interactions involved in the conformers’ stability, the
energies for the stereoelectronic interactions, and the corresponding effects of these interactions on the molecular
structure (bond lengths) fais- andtrans-4,6-disubstituted-2,2-dimethyl-1,3-dioxanes. Eist4,6-disubstituted-
2,2-dimethyl-1,3-dioxanes, two lP-0* ¢, -me;, interactions are extremely important and the energies involved

in these interactions are in the range 6:8158 kcal mot? for the LRy, —~0*c,,-ves and 7.58-7.71 kcal

mol~?! for the LRy 0% cp-Meg iNteraction. These two L&~o* ¢, -me, iNteractions cause an upfield shift,
indicating an increased shielding (increased electron density) of the ketal cafh@s @ell as the axial
Meg, group in the chair conformation. These d-Po* ¢, -ve, hyperconjugative anomeric type interactions
can explain thé3C NMR chemical shifts at 19 ppm for the axial methyl group ‘Meand 98.5 ppm for the
ketal carbon “@)". The observed results for the trans derivatives showed that for comp@aras(R =
—CN, —C=CH, and—CHO, respectively) the chair conformation is predominant, wheredbrh [ —CHs,
—Ph, —CgHa(p-NO,), —CeHa(p-OCHg), respectively] the twist-boat is the most stable compound an@edor
[—C(CHg)4] is the only form.

Introduction Rl s~ o R R? o

Chemical reactions involve interactions between electronic \é/\g = R1$A!/Me
orbitals, accounting for the increasingly important role of the Me~ Me H H Me
concept of stereoelectronic effects in modern organic chemis- 13-syn gl)etomdes Chair
try.1:2 Two-electron/two-orbital interactions are important for " )
understanding molecular properties and reactivities and their o o R
magnitude depends on (a) the donor ability of the filled (bonding ww#.we — Me\%ﬁH
or nonbonding) orbital, (b) the acceptor ability of the antibonding R g~ R RZI Ve Me—c 14
orbital, (c) the energy difference between filled and empty o__0 = H § R
orbitals, (d) the strength of the overlap between donor and Me”Me N\ R H /
acceptor orbitals, and (e) the hybridization of the lone pairs in 2 O Me
the case of nonbonding orbitéid.hese delocalization energies 13-anti acstonides RS, \O><Me

are the stabilizing energies calculated by second-order perturba-
tion theory analysis rel_atlve to an |deaI|z_ed L.eV\."S structure and Figure 1. Preferred conformations focis-4,6-disubstituted-2,2-di-
areal m,0|eCU|e’ qffectmg electrorl density distributtonolec- methyl-1,3-dioxanesl) andtrans-4,6-disubstituted-2,2-dimethyl-1,3-
ular orbital energie$,IR frequencie$,and NMR parameters.  gioxanes 2).267
These two-electron/two-orbital interactions influence confor-
mational preferences,modify reactivity?® and determine
selectivity® Depending on the nature of interacting orbitals, these
interactions can provide electron density to electron-deficient
center8 or withdraw it from electron-rich centers, and can
stabilize incipient bond¥’1* The hyperconjugative interaction
between oxygen lone pairs (nonbonding electronic orbitals) and
0* (c-x) bonds is very well documented and the anomeric effect
is a very nice demonstration of such two-electron/two-orbital
interactiong-12.13

The conformations of 1,3-dioxanes have been a subject of
exciting theoretical and experimental investigatléf® It is

Twist-boat

observed for theis-4,6-disubstituted-2,2-dimethyl-1,3-dioxanes
(1) that the most stable conformation is the chair with the
substituents at & and Gg) in equatorial positions (Figure 3}:1°
For the trans-4,6-disubstituted-2,2-dimethyl-1,3-dioxane®) (
there are two stable forms, chair and twist-boat, with the stability
of these conformations depending on the groups attached at
positions 4 and 6. An anti acetonide will preferably adopt a
twist-boat conformation in case the chair conformations are
destabilized*15

13C NMR spectroscopy is a very useful tool to study
substituent effects on the electronic environment of a given
carbonr® In this sense, Rychnovsky and co-workers described a
very useful and simple method for determining the relative

63;_%Tsrlesg%g?}igggg_tggfégé’f:gigztorme”a@ﬁc'rp-“Sp-br- Fé%i5-16- stereochemistry of 1,3-diols derived from polyacetate polyols,
T Universidade de %aPaulo. by analyzing thé*C NMR resonances of their three acetonide
*Universidade Estadual de Campinas. carbons*~17 They observed thasyn- and anti-1,3-diol ac-
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Figure 2. *3C chemical shifts focis- andtrans-4,6-disubstituted-2,2-
dimethyl-1,3-dioxane¥!*®

etonides can be assigned from #8€ NMR chemical shifts of
the ketal methyl groups and from th& NMR chemical shifts
of the ketal carbon (Figure 2}:151t is observed thasyn,3-

diol acetonides have ketal methyl shifts at 19 and 30 ppm and

ketal carbon shifts at 98.5 ppm, whereas #mi-acetonides
have methyl shifts in a range of 225 ppm and ketal shifts at
100.5 ppm‘*15 Later on, Evans et al. extended the method to
polypropionate polyols, with the same trends being obse&&d.
This large difference (about 11 ppm) betweenf@ chemical
shifts of axial and equatorial methyl groups $yn4,3-diol
acetonides is intriguing because the differenc&@chemical

Tormena et al.

(Tables 14) by applying B3LYP hybrid function&}22 and
6-311+G(d,p) basis set using the Gaussian98 progi&finis
basis set includes additional diffuse functiorst(), which were
used to take into account the relatively diffuse nature of the
oxygen lone pairs.

Electronic structures of compounds—h (cis) and2a—h
(trans) were studied using natural bond orbital (NBO) anafsis.
The NBO analysis transforms the canonical delocalized Har-
tree—Fock (HF) MO, or the corresponding natural orbitals of a
correlated description into localized orbitals, which are closely
tied to chemical bonding concepts. Filled NBO describe the
hypothetical strictly localized Lewis structure. NBO analysis
allows for specific lone pairs to antibonding orbital delocaliza-
tions to be quantified, from which a detailed picture of their
contribution to the energetics of different conformations can
be obtained. The interactions between filled and vacant orbitals
represent the deviation of the molecule from the Lewis structure
and can be used as a measure of delocalizatidine NBO
energies were calculated at the B3LYP/6-311G(d,p) level.

Results and Discussion

The geometries and energies fois-4,6-disubstituted-2,2-
dimethyl-1,3-dioxanes were optimized. Only one stable chair
conformation, with both substituents af@nd Gy in equatorial

shifts of axial and equatorial methyl groups in methyl cyclo- positions, was obtained (Figure B)For these systems, the two
hexane and derivatives are in the range of 5 ppm, in agreement_po—og* ¢, e, hyperconjugative anomeric type interactions
with the expectation that carbons which are more sterically are extremely important and the energy involved in this inter-

perturbed (axial methyl groups) will appear at higher field than
those that are not (equatorial methyl grouss).

This method relies on the conformational properties of the
corresponding 1,3-diol acetonides, as mostsl8acetonides
exist in a well-defined chair conformation with both substituents
(at Cgy and Gg)) in equatorial positions (Figure 2). In this
preferred conformation, one of the ketal methyl groups is axial
and the other is equatorial. Aanti-acetonide exists in a twist-
boat conformation to avoid 1,3-diaxial interactions that would
be present in either chair conformatiorn; (& Me or R vs Me).

In this twist-boat conformation, the two-acetal methyl groups
are in nearly identical environments.

Rychnovsky and co-workef4,!® described som&ans-4,6-

disubstituted-2,2-dimethyl-1,3-dioxanes derivatives (Figure 1), of the Qg lone pair (Figure 4, Table 1)
applying experimental and theoretical data, and demonstrated

action is in the range 6.817.58 kcal mot? for the LRy,—

0* Co-Megy @Nd 7.58-7.71 kcal mot? for the LRy, —0* - Mg
interaction (Figure 4, Table 1) in compountis—h. These two
LPo—0% cp-Meg interactions cause an upfield shift, indicating
increased shielding (increased electron density) of the ketal
carbon @) as well as of the axial Mg group in the chair
conformation. These two Ld~0*c,-mes Stereoelectronic
interactions may explain th®C NMR chemical shifts at 19
ppm for the axial methyl group “Mg” and 98.5 ppm for the
ketal carbon “Gy". It is also noteworthy that the Ld&,—

0% co-Meg Nyperconjugative anomeric type interaction for
compoundsla—h is stronger than the correspondingdP~

0% cp-Meg INtEractions, as expected from the higher availability

In the presence of this stereoelectronic interaction, it is

that these compounds adopt a twist-boat conformation. Small expected that the central bond lengthg©C) and Qs—Ciz)
substituents such as nitriles and alkynes lead to significant shorten because they have increasectharacter, and the

population of the chair conformatidn.

acceptor )—Meg bond lengthens, because the corresponding

interactions involved in conformers’ stability, the corresponding

interactions become stronger, it is expected to see shogger O

energies for these interactions, and the effect of these interactionsc(z) bonds when compared to-Cz bonds, which, in fact,

on molecular structure (bond lengths). To this end dkeand
trans-4,6-disubstituted-2,2-dimethyl-1,3-dioxanksand 2, re-
spectively (Figure 3), were chosen to perform these studies.

Computational Details
All structures (chair and twist-boat) for th@s- andtrans
4,6-disubstituted-2,2-dimethyl-1,3-dioxanes were fully optimized

Mes R

R 042\
1
Me 1)

chair

is observed. Thus, for these acetonides derived from 1,3-syn
diols, calculated bond lengths for the5Megg) bond (1.534
1.536 A) showed this bond is about 0.015 A longer than the
Cz—Meg) bond (1.519-1.521 A), as expected from these
hyperconjugative anomeric type interactions (Table 1).

In an attempt to try to understand th#& NMR chemical
shifts for the methyl groups attached tgxQn the 1,3-syn

7
RUH
6 &\ 03
Jog oy — S
3 Me H 1 Megy

chair

Twist-boat

R =(a) -CN, (b) -CCH, (c) CHO, (d) CHg, (e) C(CHa)s, () Ph, (g) CeHa(p-NO2), (h) CeHa(p-OCHz)
Figure 3. Chair conformation forcis-4,6-disubstituted-2,2-dimethyl-1,3-dioxands{h) and chair and twist-boat conformations fioans-4,6-

disubstituted-2,2-dimethyl-1,3-dioxanezat-h).
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TABLE 1: Selected Bond Lengths (A) and Orbital
Interactions (kcal mol~1) for the Chair Conformer of the
cis-4,6-Disubstitued-2,2-dimethyl-1,3-dioxanes (tah)
Calculated at the B3LYP/6-31H+G(d,p) Level

parameters a b c d f g h
M0w-Cey 1441 1.433 1.435 1.427 1.430 1.435 1.429
ICo-Op) 1.422 1.425 1.423 1.427 1.426 1.423 1.426
I 0~Cen 1.434 1434 1436 1.434 1.434 1.434 1.435
[CuCe) 1530 1.529 1.529 1.529 1.529 1.529 1.529
ICoCo 1536 1.536 1.532 1.529 1.536 1.537 1.535
IO 1.422 1.432 1.421 1.434 1.430 1.425 1.432
ICoCar 1.468 1.460 1.520 1.519 1514 1.513 1.512
ICa-Ce 1534 1535 1534 1536 1.536 1.535 1.536
ICorCoy 1519 1520 1.519 1.521 1.521 1.520 1.521
LPoy—0%co-mee 681 7.30 7.11 758 7.47 7.18 754
LPo,—0%c,-meq 771 7.67 7.68 7.58 7.67 7.71 7.66
LPoy—0%c,-meey 0.84 101 0.88 094 106 1.02 1.06
LPoy—0*cy-Mee  0.99 1.09 097 094 109 1.10 1.08
OG04 0" Co-Meg 1.38 155 1.43 151 151 142 153
OCuy-0y 0" Co-Meey 1.54 161 154 151 1.67 1.64 1.62
OCo-Meg~0%0y-Ce 2.95 3.49 283 295 349 345 348
OCoMeq 0% 0p-C 3.04 347 293 295 347 351 346
00uy-Ce 0" Coy-Ruy 414 391 140 1.09 173 1.88 1.68
OCp-Rug "0 0p-Ce 479 641 054 412 122 127 111
acetonides, the hyperconjugative anomeric type interactions

showed in Table 1 are the most important. However, it is very
important to point out that the following hyperconjugative
anomeric type interactions: IgR—0*c,-o (11.5 kcal mot?),
LP0(3)_’O'* Ce)—Oq) (115 kcal moTl), LPo(l)_’O'* Ce)—Cs) (65 kcal
mol™t), LPo,—0* c ¢ (6.5 keal mot?), might also influence
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effect also explains why the & ketal carbon, for the 1,3yn
acetonides, appears upfield when compared with the same ketal
carbon in 1,3rans-acetonides. The atomic charges can be used
as well to explain this behavior. The atomic charge for the axial
Meg, is around—0.627 whereas for the equatorial ethe
atomic charge is aroune0.584. It is important to point out
that these values for atomic charges were observed for all
compoundsla—h. Moreover, it was observed for 1iBans
acetonides that the@gis downfield (100 ppm) whereas for 1,3-
cis-acetonides the @ is upfield (98 ppm). This behavior was
observed for all compounds and is due to the atomic charges,
because for the trans isomer it is 0.60 and for cis it is 0.58.
These results explain the experimerid NMR data.

Figure 5 shows the conformational equilibrium foans4,6-
disubstituted-2,2-dimethyl-1,3-dioxanes. The energies (Table 2)
and geometries for the most stable forms, chair (Table 3) and
twist-boat (Table 4), are shown.

Data from Table 2 show that the chair conformer is more
stable than twist-boat for compounga—c. The energy differ-
ence decreases from1.75 kcal mot? for 2ato —0.66 kcal
mol~! for 2c. The greater stability for the chair conformer could
be, in principle, attributed to a small 1,3-diaxial interaction.
These substituents (R —CN, —C=CH, and—CHO) present
almost the same size, especially cyano and acetylene groups.
However, the chair conformer for compoud (cyano deriva-
tive) is 0.8 kcal mol® more stable than the chair form for
compound2b (acetylene derivative).

For compounds2d—h the twist-boat is the most stable
conformer (Table 1). The chair form is present with less than
3% in the equilibrium between chair and twist-boat. For
compound2e only the twist-boat conformer was found as a
stable form. Table 2 shows that, fomns4-methyl-6-phenyl-
2,2-dimethyl-1,3-dioxane2f), the energy difference between
twist-boat and chair is 2.15 kcal mdl When an electron-
withdrawing group (NQ) is attached to the phenyl ring at a
para position, a small reduction (0.15 kcal m9lin energy
difference is observed. When an electron donor groups(@H
is attached to the phenyl ring (at its para position), the energy
difference between chair and twist-boat increases.

the charge density as well as the bond lengths in these systems. [f only the steric interactions are taken as responsible for the

Other important values from NBO analysis that can be used
to explain3C NMR chemical shifts for methyl groups Mg
and Mgy, as well as for the ketal carbonA; are the
occupancies of the antibonding orbitals (electronic density) and
the atomic charges. For 1s34racetonideda—h the occupancy
for 0* c,—meg, is @around 0.0479 whereas fof ¢, -me, the value
is 0.0225 (almost half the value observed d6&,,-meg). This
high occupancy foro*c,-mes is because of the strong
LPou;—0* cip-Meg)- AN electronic density over the Nig higher
than over Mgy, can explain why this methyl group appears
upfield, in comparison to Mg, in 3C NMR spectrum. This

A,
i
:o,

o.__0O
Me><

2“Me
(2)

conformation stability, compound8a—c and 2f—h, should
present similar energy differences. Therefore, the conformational
stability for the studied compounds cannot be explained only
by 1,3-diaxial interactions. In this instance, orbital interactions
(anomeric type hyperconjugative interactions) must be consid-
ered to explain the theoretical data.

The orbital interactions (NBO analysis) can be invoked to
explain the stability of the chair conformer for compouds-c
and the energy difference in compourzfs-h (Table 4). The
orbital interactions that are involved in the conformational
stability are those present in thez-Ce)—Ow)—C2)—O)

R2

1,3-anti acetonides

Me’

2
% Me
9

3

R7

)

5 4

Me

H 8

° Oq Me
’@ X

Me H Oi Me9

Twist-boat

R=(a) -CN, (b) -CCH, (c) CHO, (d) CHs, () C(CHa)s, (f) Ph, (9) CeHa(p-NO2), (h) CeHa(p-OCH3)

Figure 5.

Most stable chair and twist-boat conformations ti@ns-4,6-disubstituted-2,2-dimethyl-1,3-dioxan@s{h), including atom numbers.
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TABLE 2: Absolute (hartrees) and Relative (kcal mol™?)
Energies between Chair and Twist-Boat Conformers for
trans-4,6-Disubstituted-2,2-dimethyl-1,3-dioxanes (2ah)

Calculated at the B3LYP/6-31H+G(d,p) Level

compounds chair twist-boat ~ AE?

a(R=—CN) —518.0048998 —518.0021046 —1.75
b (R=—CCH) —501.9029252 —501.9013485 —0.98
¢ (R=—CHO) —539.0951215 —539.0940676 —0.66
d (R= —CHy) —465.069761 —465.0732482  2.18
e(R=—C(CHy)3) unstable —583.0432292
f (R=—Ph) —656.8483445 —656.8517791  2.15
g(R= —CeHy(p-NO,)  —771.4045774 —771.4077679  2.00
h (R= —CgHa(p-OCHs;) —861.4123174 —861.4164581  2.59

2 AE = Echair — Ewist-boat.
TABLE 3: Selected Bond Lengths (A) and Orbital
Interactions (kcal mol~?) for the Chair Conformer of the
trans-4,6-Disubstituted-2,2-dimethyl-1,3-dioxanes (2ah)
Calculated at the B3LYP/6-31H+G(d,p) Level

parameters a b c d f g h
I'Ouy~Cppy 1.449 1.439 1.442 1.430 1.434 1.440 1.433
I'Cey~O) 1.420 1.423 1.419 1.425 1.425 1.423 1.426
I O~Cpay 1.435 1.435 1.438 1.434 1.434 1.434 1.434
I'Cwy—Ces 1.527 1.526 1.527 1.527 1.528 1.527 1.527
ICe—Ce 1.538 1.539 1.529 1.535 1.533 1.533 1.533
I'ce~Ou) 1.418 1.431 1.425 1.439 1.440 1.435 1.442
FCo-Co 1.483 1.473 1530 1.533 1.531 1.532 1.529
I'Co~Cy 1.532 1.534 1.535 1.537 1.535 1.534 1.535
FC-Co) 1.520 1.521 1520 1.523 1.522 1.521 1.522
LPoy—~0*ce-c, ~ 914 807 834 741 7.14 745 7.02
LPoy—~0*c, e, 681 7.35 7.13 7.93 755 7.31 7.61
LPoy—0*coyMee ~ 7.56 7.52 7.77 7.61 7.45 7.52 7.43
LPo,—~0%cy—Me, 0.72 080 090 156 1.09 1.05 1.10
LPoy—0%coMee ~ 1.01 098 0.99 0.94 1.09 1.10 1.08
0Ce-0u 0% Co-Meg 1.10 120 1.26 1.20 1.31 1.24 1.33
OG-0y 0" CoyMeg 1.55 155 162 150 1.63 1.65 1.63
OCu-Meg ~0%0u-ce 2.94 3.03 285 3.02 353 349 353
OCo-Meg ~0%0g-C,y 3-04 299 3.03 298 350 354 3.49

Tormena et al.

LPoy;—0%* ci,-Me iNteractions become more important because
the antibonding orbitals*c,-ves are lower in energy in
comparison to the correspondiagc,-c, orbitals. For com-
pounds 2d—h a competition between steric and electronic
interactions is also expected. It must be noted that, for
compounda—c and2g, the LRy ;0% c,—meg, IS Stronger than
LPoy—0% cp-Meg, @s the @y lone pair is also involved in an
orbital interaction with ther*c(ﬁ)_cm orbital.

The preference for chair or twist boat conformation, for
compound®2a—h, is dependent on the acceptor ability for the
group attached to carbongf This behavior can be observed
from a comparison of compoun2g with 2h (Table 3). For
compound2g, bearing an electron withdrawing group (BQ©
the LR, —0* c-c iNteraction becomes more important than
the LRy, —0% cp—me iNteraction, although the strongest ob-
served interaction is the IR —0% ciy-Mey AN opposite behavior
is observed for compourizh, where the CHO group is present.

For compound22d—f and 2h, the same trend is observed,
with LPo,;—0* ¢, -Meg iNteraction being favored, the nature of
the “R” group being important to increase the electron density
at Qq. It is clear from these results that the;Jone pair is
being delocalized to different extents into different antibonding
orbitals * ce-cr, aNd 0™ cp—Meg)-

The orbital interaction energies for twist-boat conformation
presented almost the same values for all compounds (Table 4),
indicating that the most important interactions that stabilize the
electronic system for these compounds argPo* c,-meg
and LRy, —0* c,-meg (Table 4). Compound8a—c prefer the
chair conformation because the &f~0* c,-c;, hyperconju-
gative anomeric type interactions predominate over any other
interaction observed for the twist-boat conformation. This is in
perfect accordance with recently published results by Alabugin
and Zeidar?® These authors reported a theoretical study
regarding general trends in hyperconjugative acceptor abilities
of o bonds using NBO analysis at the B3LYP/6-31G** level,

framework (Figure 5). Thus, only the orbital interactions present and they found that* c—c bond orbitals are very good acceptors.
in this molecular fragment will be discussed here. The energies As expected, bond lengths for£=-Meg) and Gg—Ci7) in
for the orbital interactions were calculated by applying NBO compound®a—c and2gare longer (Table 4), and bond lengths

analysis and the results are presented in Tables 3 and 4.

It can be observed from Table 3 that, for compouBédsc
as well as2g, one of the most important orbital interactions is
LPoy—0* ceCay The energy for the LB —0* ce-Cry interac-
tion decreases from 9.14 kcal méifor 2ato 7.45 kcal mot?
for 2gand is larger than that for ld2;—0* c,-meg, fOr the same
compounds. However, for compoundsl, 2f, and 2h the

for Oy—Cie) are shorter in the chair conformation (Table 3),
when compared to the same bond lengths in the twist-boat
conformation (Table 4). For compoungis—c (R= —CN, —C=

CH, and —CHO) and2g [R = CgHa(p-NO)] the anomeric
interaction LR, —0* cg—c is stronger than L&, —0* ¢ -meg)-

As expected, the interaction bR—0* c,~meg, is stronger than
LPoy 0% cp-Megy @S this is the only possible anomeric interac-

TABLE 4: Selected Bond Length (A) and Orbital Interactions (kcal mol=1), for the Twist-Boat Conformer of the
trans-4,6-Disubstituted-2,2-dimethyl-1,3-dioxanes (2ah) Calculated at the B3LYP/6-31H1+G(d,p) Level

parameters a b c d e f g h
r'og)-Ce) 1.444 1.436 1.439 1.430 1.430 1.434 1.439 1.433
ICo-Og) 1.427 1.429 1.426 1.430 1.430 1.429 1.427 1.429
I'0@)~Ca) 1.437 1.436 1.438 1.436 1.435 1.436 1.436 1.436
I Cay~Ces) 1.543 1.542 1.539 1.540 1.539 1.542 1.542 1.542
I'ce-Ce) 1.545 1.546 1.537 1.540 1.543 1.546 1.548 1.545
I -0y 1.424 1.435 1.424 1.436 1.436 1431 1.426 1.436
ree-co 1.466 1.459 1.518 1.518 1.549 1.512 1.511 1.509
I Co-Cee) 1.524 1.526 1.525 1.527 1.527 1.526 1.525 1.526
rCe-Co 1.525 1.526 1.525 1.527 1.527 1.527 1.526 1.527

Pou—0* ce-ca) 1.37 0.77 1.54 0.81 0.81 0.86 0.75
LPou 0" cioy-Megy 6.63 7.07 6.83 7.38 7.34 7.05 7.44
Pog—0" cy-Meg) 1.67 171 1.83 1.78 1.82 1.79 181
LPoy; 0% co-Meg) 1.62 1.67 1.65 1.77 1.87 1.84 1.88
Pog—0" cy-Meg) 7.54 7.44 7.53 7.39 7.65 7.72 7.63
0Ce-0 0™ Cioy-Meg) 1.30 1.44 1.31 1.43 1.38 1.30 1.42
OG-0 0" Coy-Meg) 1.47 1.45 1.46 1.43 1.52 1.53 1.50
OCz-Meg 0% 0)~Ce) 251 2.57 251 2.55 3.06 3.02 3.05
OC-Mee 0% 0g-Cay 2.67 2.60 2.58 2.55 3.13 3.18 3.13
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tion for the Q) lone pair. This makes the§-C,) bond shorter
than the @)—Cz) bonds for2a—c and2g (Table 3).

The bond length for @—Megg, is longer (1.532-1.537 A)
than for G—Me) (1.520-1.523 A) in the chair conformations
of compound®a—h (Table 3). This is not the case for the twist-
boat conformation (Table 4), as thgE Meg) and Gx—Meg)

J. Phys. Chem. A, Vol. 109, No. 27, 2008081

by far more important than any other interactions. Herg,—C
Mee) and G,—Meg) bond lengths are almost the same for the
whole series, which together with antibonding orbital occupan-
cies and atomic charges (also almost the same for all deriva-
tives), can be invoked to explain th&C NMR behavior for the
methyl groups and the ketal & carbons, for these trans

bonds in this conformation present approximately the same bondderivatives, which occur mostly in twist-boat conformation.

lengths (1.5241.527 A). These results, together with orbital

interactions, antibonding orbital occupancies and atomic charges Acknowledgment. We are grateful to FAPESP and CNPq

can be invoked to explain tHéC NMR behavior for the methyl
groups and the ketal & carbons in both conformations.

The Gz—Me bond lengths present different values because
of the stronger interaction between &P~0*c,-me,, l€ading
to high electronic density over &—Meg), for the chair
conformation. The occupancy fOI*c(z)—Me(s) is 0.0467 and the
occupancy for the™ c,-me,, is 0.0253. The electronic density
over these bonds leads to an atomic charge fog)\dgual to
—0.631, whereas for Mg the value is—0.587. This behavior
of occupancy and atomic charge was observed for all com-
pounds Ra—h). For the twist-boat conformer, these occupancies
and atomic charges are almost the same, becaus& dgr-wve,
itis 0.0376 and fov*c(z),Me(g) it is 0.0381, whereas the atomic
charge for Mg and Mgy are equal,—0.608.

Conclusions

Theoretical calculations onis- (1) and trans-4,6-disubsti-
tuted-2,2-dimethyl-1,3-dioxaneg)(showed that compounds
occur in the chair form whereasare in equilibrium between

a chair and twist-boat, which is dependent on the substituents

at the 4 and 6 positions. The chair conformation of the cis
derivatives is stabilized by the R —0* cy-Megs (7.58-7.71
kcal mol?) and by the LB, —0*c,-mee (6.81—7.58 kcal
mol~1) interactions. These interactions lead to changes in the
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