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1,7-Dioxaspiro[5.5]undecane, trans- and cis-1,7,9-Trioxadispiro[5.1.5.3]hexadecane

The relative gas-phase energetics of several low-lying isomers of 1,7-dioxaspiro[5.5]undecane and 1,7,9-
trioxadispiro[5.1.5.3]hexadecane have been calculated with second-order Mileset perturbation
theory and basis sets as large as aug-cc-pVQZ. Relative energies in THF, dichloromethane, acetone,
and DMSO have been estimated with corrections from polarized continuum model calculations at
the B3LYP/6-31#G(d) level. In the most stable conformation of 1,7-dioxaspiro[5.5]undecane, both
rings adopt chair conformations, and both oxygens are axially dispo&ajl (t is more than

2 kcal mol* more stable than all the other conformers. In agreement with previous work, the “twist-
boat” trans isomer3A) is the most stable isomer of 1,7,9-trioxadispiro[5.1.5.3]hexadecane. However,

in contrast to this earlier study, an “all-chair” conformati®B] is found to be the most stable cis
isomer of 1,7,9-trioxadispiro[5.1.5.3]hexadecameE(~ 0.5 kcal mof?! in acetone and DMSO).
Gauge-independent atomic orbital computations at the B3LYP/8-&(d) level indicate that this is the

only cis isomer with’3C NMR chemical shifts that are qualitatively consistent with the experimental
spectra.

1. Introduction

Oxaspirocycles are common substructures in many important X
naturally occurring biologically active products? Oxaspiro- o o
cyclic motifs can be found in antibiotics, insect pheromones,
and toxins and, more recently, have garnered much attentionFIGURE 1. Oxaspirocycle prototypes used in this study: (a) 1,7-
because of their presence in marine toxins such as azaspidioxaspiro[5.5]undecane, (bpns1,7,9-trioxadispiro[5.1.5.3]hexadecane,
racid135 Reference 3 provides an excellent review of bis- and (c)cis-1,7,9-trioxadispiro[5.1.5.3]hexadecane.

spiroacetal ring systems (also known as bis-spiroketals) through . . N
1999. conformation. However, the anomeric effect can significantly

stabilize the boat and twist-boat conformations, thereby giving
rise to several energetically competitive minima. In addition,
some trioxadispirocyclic systems can interconvert between cis
and trans isomers under certain conditions. Despite this qualita-
tive understanding of the energetics, relatively little quantitative

(2) O}

These systems have very diverse potential energy surfaces:.
For example, in the simple oxaspirocycles shown in Figure 1,
each six-membered ring can adopt a chair, boat, or twist-boat

(1) Perron, F.; Albizati, K. FChem. Re. 1989 89, 1617-1661. data are available for these important oxaspirocyclic systems.
49§E)5%8'.“b|e’ M. A.; Rush, C. JJ. Chem. Soc., Perkin Trans. 1894 One goal of this work is to compute quantitatively reliable

(3) Brimble, M. A.; Fais, F. A. Tetrahedron1999 55, 7661—7706. relative energies for the conformers of the simple prototypes
142(;:1) Brimble, M. A.; Furkert, D. PCurr. Org. Chem.2003 7, 1461 shown in Figure 1.

(5)-Nicola0u. K. C.; Koftis, T. V.; Vyskocil, S.; Petrovic, G.; Tang, W.; In 198:]?’ DeSIOngCh.amps et a.l' Werg able to infer the
Frederick, M. O.; Chen, D. Y.; Li, Y.; Ling, T.; Yamada, Y. M. A. Am. conformational energetics of 1,7-dioxaspiro[5.5]undecanes by
Chem. Soc2006 128, 2859-2872. using energetic parameters of the gauche forms of butane and
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was attenuated in polar solvesitsFor example3A was found

to be 0.7 kcal mal' more stable thaiE in hexane and 0.3

kcal mol! more stable thaBE in DMSO.
H With only exiguous energetic data available for these

important systems, we have carried out a series of electronic
structure computations designed to help fill this conspicuous
void by probing the relative energetics of the most stable
conformations of 1,7-dioxaspiro[5.5]undecane and 1,7,9-
trioxadispiro[5.1.5.3]hexadecane. This work presents the first
detailed energetic analysis of the most stable isomers of these
important systems in the gas phase and in four common solvents
(THF, dichloromethane (DCM), acetone, and DMSO).

2. Computational Details

More than 30 minima of 1,7-dioxaspiro[5.5]undecane and 58
minima of 1,7,9-trioxadispiro[5.1.5.3]hexadecane have been identi-
fied by considering structures previously reported in the literature
along with those from high temperature molecular dynamics
simulations. With the exception @E, only isomers within 6 kcal
mol~! of the global minimum in the gas phase are presented in
this work (see section 3).

After testing several methods and basis sets, it was observed
that the relative energies of 1,7-dioxaspiro[5.5]undecane are
rather insensitive to the geometry optimization procedure (see
Supporting Information). Consequently, all isomers have been
4 optimized with the B3LYP11density functional and the 6-3315-

(d) split valence triple basis set. Conformef3A,E and3A were

2E constrained toC, symmetry while 3B was constrained tcC
symmetry. No symmetry constraints were employed on the re-
maining isomers. Harmonic vibrational frequencies were computed
with analytic second derivatives to ensure that each isomer
corresponds to a minimum on the potential energy surface and to

n-propylether obtained from equilibrium studies. These energetic OPtain zero-point vibrational energy (ZPVE) corrections to the
contributions were then combined with an accepted value for re'?g&iﬁ?f?gﬁ; shown that the B3LYP density functional method
the anomeric effect to prodyce an energetic modgl for the Varous joes not reliably describe the conformational energetics of some
cc_)nform_at|ons of these bicyclic systefgccording to th|s_ simple cyclohexane and tetrahydropyran compouAdSonse-
widely cited study, the most stable conformer of 1,7-dioxaspiro- guently, a series of second-order Mg#@tesset perturbation theory
[5.5]undecane (i.e., the global minimum) is struct2feshown (MP2)!3 single-point energy computations were performed on the
in Figure 2. In this conformer, both rings adopt a chair optimized structures with a family of correlation consistent basis
conformation, and both oxygens are in the axial position (with sets (aug-cc-pVXZ for O and cc-pVXZ for H and C, where=X
respect to the neighboring ring)This analysis also predicts D, T, Q)**!5These basis sets are denoted as aDZ, aTZ, and aQZ.
that structure2B,E lie 2.4 kcal mot! and 4.8 kcal moi?, The gas-phase relative energiad=(,J reported in this work were
respectively, abov@A. Like 2A, the rings in2B,E adopt chair detefrmined by crc])mpiaré)ngl] thg MP2 electronic energies of the various
conformations. Ir2B, however, only one oxygen is in the axial ~ conformers to the global minimum.

position while neither oxygen is axial iE (i.e., both are Solvent effects were estimated at the B3LYP/6-8G(d) level

o). E . i | inal forman. i with the integral equation formalism polarized continuum model
equatorial). Experimentally, only a single conform@#, is (IEFPCM) of the self-consistent reaction field metHé@ielectric

observed. constants ot = 7.58 for THF,e = 8.93 for DCM, e = 20.7 for
NMR studies by McGarvey et al. in 1996 were used to acetone, and = 46.7 for DMSO were used in the IEFPCM
rationalize the relative energetics of 1,7,9-trioxadispiro[5.1.5.3]- calculations to predict the influence of these solvents on the
hexadecane isomers. Equilibrium studies were performed to energetics o_f the Ipwjenergy isomers of 1,7-dioxaspiro[5.5]undecane
determine the relative stability of the cis and trans isomers @nd 1,7,9-trioxadispiro[5.1.5.3]hexadecane. The structure of each
(Figure 1) in a range of solvents. For both the cis and the trans Isomer was re-optimized in all four solvents. The relative energies
isomers, the peaks observed in tH€ NMR spectra were (8) McGarvey, G. J.; Stepanian, M. W.; Bressette, A R.; Ellena, J. F
as_S|gned toa conformaﬂon in which the ce_ntral ring adopts_ @ Tetrahedron Leti1996 37, 5465-5468, B SR
twist-boat conformation while both side rings adopt chair (9) McGarvey, G. J.; Stepanian, M. Wetrahedron Lett1996 37,
conformations, placing all three oxygen atoms in an axial or 5461-5464.
pseudoaxial position with respect to the neighboring ring(s). 8% Eeegk% _A\-(Jén%hwj §2¥f133§y598h58618'1933 a7 785
These cis and trans isomers correspon8BE@ in Figure 3.The (12) Weldon, A. J.; Vickery, T. L.; Tschumper, G. &.Phys. Chem. A

trans isomer predominated in all solvents, but this preference 2005 109, 11073-11079.
(13) Mgller, C.; Plesset, MPhys. Re. 1934 46, 618.
(14) Dunning, T. HJ. Chem. Phys1989 90, 1007.

FIGURE 2. Low-energy conformers of 1,7-dioxaspiro[5.5]undecane.

(6) Deslongchamps, P.; Rowan, D. D.; Pothier, N.; SaliveSaunders, (15) Kendall, R. A.; Dunning, T. H.; Harrison, R.J.Chem. Physl992
J. K. Can. J. Chem1981, 59, 1105. 96, 6796.

(7) Pothier, N.; Rowan, D.; Deslongchamps, P.; Saunders, GaK. J. (16) Tomasi, J.; Mennucci, B.; Cammi, Rhem. Re. 2005 105 2999-
Chem.198Q 59, 1132-1139. 3093.
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FIGURE 3. Low-energy conformers ofis- andtrans-1,7,9-trioxadispiro[5.1.5.3]hexadecane.

in each solvent were then compared to the B3LYP/643&d)
AEg,sto obtain a solvation correctiod ) for each isomer in

chloroform (184.50 ppm), and in DMSO (184.73 ppm). These
values are reported in Supporting Information.

each solvent. These corrections (see Supporting Information) were  All calculations used spherical harmonid, 5f, and 9 functions

then combined with the MPREg,sto estimate the relative energies
in each solvent AEso,, where solv= THF, DCM, acetone, or
DMSO).

AE,

solv

= AE,, T OE

gas solv (1)
1I3C NMR chemical shifts were calculated with the gauge-

independent atomic orbital (GIAO) methddor the five lowest

energy isomers of 1,7,9-trioxadispiro[5.1.5.3]hexadecane. The
GIAO computations were performed both in the gas phase (using

B3LYP/6-31H-G(d) structures and densities) as well as in chlo-
roform and DMSO (using PCM-B3LYP/6-33#15(d) structures and
densities). Thé3C NMR chemical shifts were computed relative
to those calculated for TMS in the gas phase (184.17 ppm), in

(17) Wolinski, K.; Hilton, J. F.; Pulay, Rl. Am. Chem. S0d.99Q 112,
8251-8260.

(18) Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Scuseria, G. E.; Robb,
M. A.; Cheeseman, J. R.; Montgomery, J. A., Jr.; Vreven, T.; Kudin, K.
N.; Burant, J. C.; Millam, J. M.; lyengar, S. S.; Tomasi, J.; Barone, V.;
Mennucci, B.; Cossi, M.; Scalmani, G.; Rega, N.; Petersson, G. A.;
Nakatsuji, H.; Hada, M.; Ehara, M.; Toyota, K.; Fukuda, R.; Hasegawa, J.;
Ishida, M.; Nakajima, T.; Honda, Y.; Kitao, O.; Nakai, H.; Klene, M.; Li,
X.; Knox, J. E.; Hratchian, H. P.; Cross, J. B.; Bakken, V.; Adamo, C.;
Jaramillo, J.; Gomperts, R.; Stratmann, R. E.; Yazyev, O.; Austin, A. J.;
Cammi, R.; Pomelli, C.; Ochterski, J. W.; Ayala, P. Y.; Morokuma, K.;
Voth, G. A.; Salvador, P.; Dannenberg, J. J.; Zakrzewski, V. G.; Dapprich,
S.; Daniels, A. D.; Strain, M. C.; Farkas, O.; Malick, D. K.; Rabuck, A.
D.; Raghavachari, K.; Foresman, J. B.; Ortiz, J. V.; Cui, Q.; Baboul, A.
G.; Clifford, S.; Cioslowski, J.; Stefanov, B. B.; Liu, G.; Liashenko, A;
Piskorz, P.; Komaromi, |.; Martin, R. L.; Fox, D. J.; Keith, T.; Al-Laham,
M. A,; Peng, C. Y.; Nanayakkara, A.; Challacombe, M.; Gill, P. M. W.;
Johnson, B.; Chen, W.; Wong, M. W.; Gonzalez, C.; Pople, Hdussian
03, revision D.01; Gaussian, Inc.: Wallingford, CT, 2004.
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rather than their @, 10f, and 15 Cartesian counterparts. Electronic
energies were converged to at leask 1106 E,, and Cartesian
gradients were converged tox2107° E, bohr-1. The Gaussian 03
program package was used to perform all B3LYP and IEFPCM
computation¥ while all MP2 energies were computed with
MPQC19-23

3. Results and Discussion

3.1. 1,7-Dioxaspiro[5.5]undecaneln the dioxaspirocyclic
system, four low energy conformers were identified and are
shown in Figure 2 along with structuE from the study of
Deslongchamps and co-workér€onformers2A,B,E have
already been described in section 1. LE&, 2C,D have both
oxygens in the axial position with respect to the neighboring
ring. However, one of the rings adopts a boat conformation in
2C and a twist-boat conformation i2D.

Table 1 provides the relative energies f&—E in the gas
phase as well as in four different solvents. Also included are

(19) Janssen, C. L.; Nielsen, I. B.; Leininger, M. L.; Valeev, E. F.; Seidl,
E. T. The Massiely Parallel Quantum Chemistry Programersion 2.3.1;
Sandia National Laboratories: Livermore, CA, 2004 (MPQC, http://
WWW.mpgc.org).

(20) Janssen, C. L.; Seidl, E. T.; Colvin, M. E. Object-Oriented
Implementation of ParalleAb Initio Programs. IrParallel Computing in
Computational ChemistryMattson, T. G., Ed.; ACS Symposium Series
592; American Chemical Society: Washington, DC, 1995.

(21) Nielsen, I. M. B.; Seidl, E. TJ. Comput. Cheml995 16, 1301.

(22) Nielsen, I. M. B.Chem. Phys. Lettl996 255 210.

(23) Nielsen, I. M. B.; Janssen, C. Comput. Phys. Commu200Q
128 238.
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TABLE 1. Relative Electronic Energies AE in kcal mol~1) and
Dipole Moments (ugasin debye) of 1,7-Dioxaspiro[5.5]undecane in
the Gas Phase and in Several Solvents
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TABLE 2. Relative Electronic Energies AE in kcal mol~1) and
Dipole Moments (uqasin debye) of 1,7,9-Trioxadispiro[5.1.5.3]
hexadecane in the Gas Phase and in Several Solvents

conformer AEgad AErne® AEpcw® AEaceton? AEpmse®  pgad isomer AEga® AEme®  AEpcm®  AEaceton?  AEpuse®  Ugad
2A 0.00 0.00 0.00 0.00 0.00 0.01 3A 0.00 0.00 0.00 0.00 0.00 1.36
2B 3.86 2.92 2.93 2.70 2.62 1.91 3B 1.45 0.74 0.61 0.53 0.48 1.45
2C 5.09 5.10 5.12 5.12 5.12 0.04 3C 1.54 0.76 0.63 0.57 0.52 1.28
2D 5.55 5.76 5.66 5.74 5.81 0.49 3D 2.12 1.87 1.76 1.77 1.79 1.58
2E 8.09 5.35 5.16 4.76 4.52 2.89 3E 2.21 1.79 1.73 1.65 1.65 1.42

. . . F . . 2.92 2.92 2. 2.2
3aMP2/aQZ//B3LYP/6-31#G(d). ® Using solvation correction from 3 3.00 300 9 2 o 8
A . 3G 3.96 3.20 3.11 2.99 2.92 1.45
PCM-B3LYP/6-31H1-G(d) calculations. See text for detaisB3LYP/6-

11 d 3H 4.66 2.37 2.20 1.71 1.71 1.30
311G(d) 3l 516  4.80 4.68 4.65 467 154

the gas-phase dipole moments for each conforni€g,s

represents the gas-phase relative energy from MP2/aQZz

computations. This value is combined with PCM-B3LYP/
6-311+G(d) solvent corrections in order to estimate the relative
energies in each solvemEsoy). The solvent correctionsEso,

aMP2/aTZ//B3LYP/6-314G(d). ® Using solvation correction from PCM-
B3LYP/6-311-G(d) calculations. See text for detailsB3LYP/6-31H-G(d)

moment ¢ = 2.89 D), 2E experiences the greatest solvation
effect; it is stabilized by roughly 3 kcal nol in the solvents

are described in section 2 and tabulated in Supporting Informa- examined here. Having thoroughly characterized the confor-

tion. Note that it is imperative to re-optimize each structure in
solvent. Only after re-optimizing with the IEFPCM method does
AEsqy differ appreciably fromAEgas

In agreement with previous studi@$2A is the most stable
conformer followed by2B. This result holds true not only in
the gas phase whe®B lies 3.86 kcal mot! above2A but also
in the solvents used here wheh& ranges from 2.62 to 2.93
kcal molL. To facilitate a comparison with the experiment,

mational energetics of and solvent effects in this bicyclic
oxaspirocycle, we can now turn our attention to the more
complicated tricyclic prototype.

3.2. 1,7,9-Trioxadispiro[5.1.5.3]hexadecaneNine low-
energy isomers of 1,7,9-trioxadispiro[5.1.5.3]hexadecane have
been identified and are shown in Figure 3. Both terminal rings
adopt a chair conformation in every case, aside Bl where
one of the terminal rings adopts a boat conformation. Similarly,

ZPVE corrections to the relative energies have been tabulatedthe central ring tends to be a chair except3aiE in which it

in Supporting Information. Applying this correction 2B
decreasedE by 0.12 kcal mot! which yields values in each
solvent that are just slightly larger than the relative energy of
2.4 kcal mot from the model in ref 6. This model also predicts
a value ofAE = 4.8 kcal mot? for conformer2E. However,
this work has identified two new conformer2QG,D) that are
energetically competitive with conform@E. In the gas phase,
2E lies 8.09 kcal mot! above the global minimum while
2C,D actually have substantially smaller relative energies of
5.09 and 5.55 kcal mot, respectively. In polar solvent&E is
dramatically stabilized (by as much as 3.57 kcal Thah
DMSO) and becomes energetically competitive wi@,D.
Again, the ZPVE correction slightly stabilizexC,D (by 0.10
and 0.20 kcal mott, respectively), but it destabilize2E by
nearly 0.8 kcal moll. Consequently2C is more stable than
2D,E regardless of the environmerD,E have very similar
energies, buD is slightly more stable in the gas phase and
the less polar solvents.

The data in Table 1 clearly indicate that oxaspirocyclic
isomers with large dipole moments are not inherently unstable.
For example, conforme2B has a dipole moment of 1.91 D.
Yet it is always 3 kcal mol!t more stable tha2C or 2D
which have dipole moments of 0.04 and 0.49 D, respectively.

adopts a twist-boat conformation. The remaining distinction
between isomer8A—1 is the orientation (axial vs equatorial)
of the oxygen atoms relative to the adjacent ring(s). The oxygen
in the central ring tends to lie in the axial position with respect
to the adjacent terminal ring. However, only one of the oxygens
is axially oriented in structure8D,F,I. The oxygens in the
terminal rings are usually in the axial position with respect to
the central ring with the exception 8C,F,H.

Table 2 contains the relative energetics of these nine isomers.
The AEgss were obtained from MP2/aTZ electronic energies
since MP2 computations with the aQZ basis set were not feasible
for this larger system. Fortunately, the MP2/aTZ relative
energies of 1,7-dioxaspiro[5.5]undecane were quite similar to
the MP2/aQZ values. (The former is consistentty4®6 larger
than the latter.) The relative energies in each solvent reported
in Table 2 were obtained in the same manner as those in
Table 1.

Having identified nine viable conformations of 1,7,9-
trioxadispiro[5.1.5.3]hexadecane, we ranked tl3&mx-| in order
of relative gas-phase energy. In accord with the experimental
results of McGarvey et af.the trans isomeBA is the most
stable isomer in the gas phase as well as in all four solvents
chosen. Two isomer8B,C, are found to be slightly higher in

There is, however, a connection between the dipole moment ofenergy to varying degrees depending on environment, but they

a conformer and the magnitude of the solvation correction
associated with the polar solvents examined in this study.
For this particular prototype, it is fairly easy to detect the

are isoenergetic regardless. They lie roughly 1.7 kcal ol
above the global minimum in the gas phase but only 0.5 kcal
mol~! above in polar solvents. A second set of isoenergetic

trend because the dipole moments of the conformers are wellconformers,3D,E, have been identified. They are roughly 2

separated and the dipole moment of the global minimum is

kcal molt higher than3A in the gas phase and are stabilized

essentially zero. These solvents have essentially no effect onby only a few tenths of a kcal mol in the polar solvents

the relative energy oC (u = 0.04 D), while they slightly
destabilize2D (u = 0.49 D) by roughly 0.2 kcal mot. The
solvation corrections grow much larger f@B,E. 2B has a
dipole moment of 1.91 D and is stabilized by approximately 1
kcal moi in these polar solvents. With the largest dipole

selected3E is of specific interest because it is the cis isomer
described by McGarvey and co-work&Ehe remaining isomers
identified, 3F—I, have quite large relative energies in the gas
phase (3.665.16 kcal mot?). All four experience the expected
stabilization in polar solvents, excefH, whose energy is

J. Org. ChemVol. 71, No. 24, 2006 9215
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dramatically reduced from 4.66 kcal miélin the gas phase to
1.71 kcal mot? in DMSO, which is a value similar to that of
3D,E. As with the bicyclic system, ZPVE corrections tend to
have very little effect on the relative energetics 3A—I
(Supporting Information). For exampl@B is stabilized by 0.05
kcal mol~* while 3C,D,E are destabilized by 0.03, 0.05, and
0.11 kcal motl, respectively. The magnitude of the ZPVE
corrections to the relative energies of these isomers never
exceeds 0.18 kcal mol.

Although line broadening in th&C NMR spectra of 1,7,9-
trioxadispiro[5.1.5.3]hexadecane suggests 8t&amay be the
most stable cis isomérall computational results presented here
indicate that3E is not likely to be present, to any appreciable
extent, at equilibrium. BotBB and3C are at least 1 kcal mot
more stable thar8E in THF, DCM, acetone, and DMSO.
Furthermore, the relative energies of b&B and 3C in the

Weldon and Tschumper

definitively associate a particular isomer with the observed cis
signals despite the fact th8B is the only cis isomer that is
qualitatively consistent with the experimental spectrum.

Before concluding, the evidence in favor 8B and that
against3E must be tempered with two caveats. There is an
apparent inconsistency between the chair conformatiodBof
and the observed line broadenihgnd our NMR computations
do not include the dynamical effects necessary to model this
phenomenon. Also, since the trans isorB€ris nearly isoen-
ergetic with the cis isome3B, it is possible thaBC would be
present if equilibrium between all of the thermodynamically
accessible conformations of 1,7,9-trioxadispiro[5.1.5.3]hexadecane
is established. We are currently collaborating with an experi-
mental group to resolve these issues with more sophisticated
NMR techniques.

solvent are in good agreement with the experimental values that

range from 0.7 kcal molt in nonpolar solvents to 0.3 kcal mdl
in polar solvents. Also, since3D,E,H are nearly isoenergetic
in acetone and DMSO, one would exp&®,H to be present
with 3E at equilibrium in polar solvents.

To shed some light on this discrepancy, tH€ NMR
chemical shifts have been calculated at the B3LYP/
6-311+G(d) level in the gas phase, in chloroform, and in DMSO
for the five lowest energy isomerS8A—E. (See Supporting
Information.) TheC, symmetric3A isomer gives rise to seven
unique signals, as does ti& symmetric3B isomer which is
qualitatively consistent with experimental observations. In
contrast, the GIAO calculations predict that the other isomers
(3C—E) will have far more than seven (up to 13) well resolved
peaks in their'3C NMR spectra, although rapid conversion
between equivalent conformations could reduce the number of
peaks observed.

Quantitatively, the3C NMR signals from the isomers of
1,7,9-trioxadispiro[5.1.5.3]hexadecane are quite similar. In the
experimental spectrum, five of the peaks from the cis isomer
differ from the corresponding trans signals by no more than
0.30 ppm and by as little as 0.04 pgn{The experimental
chemical shifts have been tabulated in Supporting Information
for convenience.) In only the signals assigned to the C5:C13
and C14:C16 pairs, the cis and trans peaks differ appreciably
(by 1.35 and 1.32 ppm, respectively). The theorefig@INMR
spectra from GIAO calculations are similarly congested. Con-
sequently, the typical theoretical proceddrfer distinguishing
between different configurational and conformational isomers
on the basis of NMR chemical shifts fails even after empirically
adjusting the B3LYP GIAO chemical shiff8.For example,
when comparing the theoretictlC NMR spectra for3B,D,E

4. Conclusions

Conformer 2A is substantially more stable than all other
structures of 1,7-dioxaspiro[5.5]undecane which is consistent
with experimental observatiohas well as the energetic model
of Deslongchamps and co-workér&ven in polar solventB

is at least 2.6 kcal mol above the global minimum, and the
other conformers examined lie more than 4.5 kcal thabove

The situation is rather different for 1,7,9-trioxadispiro[5.1.5.3]-
hexadecane where several isomers within 2 kcalfnof the
global minimum have been identified. Isom@A is clearly
the most stable isomer which is consistent with earlier
work of McGarvey et af.In polar solvents3B,C lie only about
0.5 kcal mof?! above 3A while AE ~ 1.7 kcal mot? for
3D,E H.

In contrast to the experimental assignment based@NMR
spectra, this work indicates thaB is the most stable cis isomer,
not 3E. Not only is the relative energy d3B quantitatively
consistent with the experimental cis:trans ratios, but alsS@s
NMR spectrum has only seven signals which is qualitatively
consistent with the experimental spectrum. Other B@ywhich
is energetically very similar t8B, no other isomers (including
3E) should be present to any appreciable extent at equilibrium
under ambient conditions.
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