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Abstract-The photoelectron (PE) spectrum of cis-I, 4,5,8-tetraoxadecalin exhibits in contrast to most polyoxa 
compounds an extremely well resolved low energy part due 10 large ‘through-bond’ interactions between the 
oxygen lone pairs and the ideally oriented C-C bonds. The ‘through-bond’ interactions of the cis- as well as the 
unknown trans-I. 4,5, I-tetraoxadecalin are discussed based on simple perturbation molecular orbital theory and 
PRDDO molecular orbital calculations. Additionally the PE spectrum of 2,2’-bis (I, 3-dioxolane) is reported. 

Molecular mechanics (MM1 and MM2) and molecular orbital (PRDDO) calculations of the different con- 
formations of the I, 4,5,8_tetraoxadecalin and 2,2’-bis(l, 3dioxolane) systems allow the absence of the trons- 
I. 4,s. I-tetraoxadecalin, and the cis-trans energy difference in the series decalin, I, 8dioxadecalin and I, 4,5,8- 
tetraoxadecalin systems 10 be explained. 

Conformational analysis of oxygen containing com- 
pounds has often been successfully analysed by considering 
the replacement of a methylene group’-’ by an 0 atom. 
From this point of view the cis- and trans-1,4,5,8- 
tetraoxadecalins 1 and 2 constitute an interesting pair of 
isomers. Originally they were postulated to be products 
from the condensation of ethylene glycol and 2,3-di- 
chloro-I ,4-dioxane.‘-’ Later they were characterized as 
cis-1,4,5,8-tetraoxadecalin’ 1 and 2,2’-bis( I, 3-diox- 
olane) 3 by X-ray crystallography and NMR spectros- 
c0py.e’T Several workers have since attempted to pre- 
pare the fruns-tetraoxadecalin 2 and to explain the ab- 
sence of this isomer.‘6 

1 2 3 

We present a molecular mechanics study of the two 
isomeric tetraoxadecalins 1 and 2, and the bisdioxolane 3 
using Allinger’s force fields MM1 and MM2.“-*’ 
Secondly, the PE spectra of 1 and 3 reveal a remarkable 
difference between these two structural isomers. The 
electronic structures of the three compounds are dis- 
cussed based on simple perturbation MO arguments and 
confirmed by MO calculations using the PRDDO 
method.“.*’ 

Molecular structures 
The molecular mechanics (force field) method has 

proved a very efficient tool in conformational 
analysis. 2626 The calculation of structures and energies 
(conformation energies and heats of formation) of a great 
variety of compounds is accomplished with high 
accuracy.Zc26 The most versatile molecular mechanics 
program available today is undoubtedly the Allinger 

MM1 force field”’ ‘* (1973 version), which has been 
applied to hydrocarbons as well as several heteroatom 
containing systems including oxygen 
compounds. “-“. 26. 27 For alcohols and ethers the MM1 
method was found to give reasonably good structures 
and energies, although not as good as for 
hydrocarbons. “-v, MM2 is an improved version of MM1 
yielding better results for alcohols and ethers with res- 
pect to conformational energies and heats of formation.2’ 

We performed the geometry optimizations with MMI 
and when the MM2 version was available, we reop- 
timized all the structures and found the MMI and MM2 
geometries to be very similar. We only report the MM1 
structures as they were employed in the MO cal- 
culations. 

Before turning to the bicyclic polyoxa systems l-3 We 
applied the molecular mechanics method to the simple 
cyclic ethers, oxane (tetrahydropyran) 4 and I, 4dioxane 
5. For oxane 4 the agreement between the calculated and 
the experimentally determined structures is excellent,‘* 
and for 1, Cdioxane 5 only the C-O-C bond angle seems 
to be too large by 3” (cf Table l).M It should be noticed 
that MM1 shows the dioxane ring slightly more puckered 
(&) than the oxane ring in accordance with experi- 
ment.” 

The structure of cis-1,4,5,8_tetraoxadecalin 1 as cal- 
culated by MM1 (and MM2) is in reasonable agreement 
with that determined by X-ray’ (cf Fig. la and Table 2) 
although some discrepancies exist. The calculated bond 
lengths generally are too short by 0.03-0.04A; all bond 
angles agree within I”, except for the C2-01-C9 and 
&OS-C10 bond angles, which are calculated to be 6” too 
large. 

As expected MMI (and MM2) fails to reproduce the 
differences in the C-O bond lengths as a function of the 
conformation of the acetal moiety (cf the anomeric 
effect).“, 33 This problem could be overcome by some 
minor modifications in the force field parameters,U but 
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Table I. Structural data for oxane 4 and I, Cdioxane 5 as calculated by molecular mechanics (MMI) and as 
determined by electron diffraction. Bond lengths in A and angles in degrees 

= (CO) = (CC) <co-c CC0 a”= $ 

MM1 1.410 1.531b 110.0 111.7 57.2 
4 

ED= 1.420 1.531b 111.5 111.8 56.4 

MM1 1.409 1.530 109.4 110.6 58.2 
6 

ED* 1.423 1.523 112.5 109.2 57.P 

a. 

b. 

c. 

d. 

e. 

see ref. 31 for definition of $,,, the average torsion angle. 

C-C bond lengths are equal. 

Ref. 29. 

Ref. 30. 

Taken from Ref. 31. 

(4 (b) (cl 

Fig. I. ORTEP representation of the molecular mechanics (MMI) determined minimum energy conformation of : (a) 
cis-1,4,5,8-tetraoxadecalin 1, (b) Iruns-1,4&E-tetraoxadecalin 2. and (c) 2,2’-bis (1,3dioxolane) 3. 

even without these modifications the MM1 method gives 
energetic and conformational results for the simplest 
acetal, dimethoxymethane 6, which are comparable to ab 
initio calculations.3s~‘6 

0 $ 
CH30CH20CH3 

4 5 6 

We thus conclude that the MM\ and MM2 methods 
are able to produce structures of compounds with one or 
more 0 atoms in good agreement with experimental 
structures. 

The structure of trans-1,4,5,8-tetraoxadecalin 2 is 
interesting by virtue of its anti, anti oriented C-O-C-O- 
C acetal fragments (Fig. lb). The central C-O bond 
lengths as calculated by molecular mechanics are slightly 
shorter than the corresponding ones in the cis compound 
1 (see Table 2). This is in accordance with ab initio 
calculations,3S although the reason for this shortening is 
not clear. Maybe more importan! is the compression of 
the O-C-O angles in 2 relative to 1. Still, it is not a large 

effect, probably due to the constraints imposed by the 
bicyclic nature of the compounds. In dimethoxymethane 
6 the O-C-O bond angles as calculated by MM1 are 
111.8”, 108.6” and 105.6” for the gauche, gauche; 
gauche, anti and anti, anti conformations, respectively.36 

6 9+,9+ 9*,a a,0 

Special problems arise for the 2,2’-bis( 1,3-dioxolane) 
3, which in the solid state exists in an anti form 3e with a 
center of inversion” and in solution as an equilibrium 
between the anti form 3a and a gauche form 3g, the 
latter predominating.” 

‘--, 

- 
3a 

0-o v 
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Table 2. Molecular mechanics (MM I) calculated and X-ray determined structural data for cis- and trans-I, 4,5,8-tetraoxadecalin (I 

and 2). Bond lengths in A and angles in degrees 

1-9 l-2 2-3 3-4 4-10 9-10 1-9-8 2-l-9 l-2-3 2-3-4 3-4-10 

d&-J 0.m 1 3 MM= x-ray b 1.407 1.400 1.416 1.409 1.450 1.442 1.510 1.531 1.517 1.409 1.445 1.436 1.404 1.430 1.428 1.520 1.529 108.9 107.1 108.3 113.2 119.4 113.4 110.7 109.8 110.0 110.4 110.1 110.4 109.3 109.8 110.5 
. I 

1.405 1.411 1.533 1.411 1.405 1.532 107.4 109.5 111.0 111.0 109.5 

a. The torsion angles $(7-8-9-l) and $(8-9-l-2) are 179.3' and 65.8', respectively. 

b. Taken from Ref. 9. Two values due to non-exact C2 symmetry. 

C. The torsion angles +(7-8-9-l) and +(8-9-l-2) are 178.6O and 179.0°, respectively. 

The conformation of the dioxolane rings in the solid 
state are neither envelope nor half-chairs, but some- 
where in-between. lo. 3* Our molecular mechanics cal- 
culations find the anti form 3a to be more stable than the 
gauche form 3g. In both conformers the O-C-C-O 
fragment in the dioxolane rings is planar (see Fig. lc), 
contrary to X-ray results of 3.” Using start geometries 
for 3 without any symmetry restrictions, with a non-zero 
torsional angle about the O-C-C-O part and even iden- 
tical to the crystal structure in all cases led to C2 
envelope coformations after optimization. 

Whether the molecular mechanics method generally is 
poor in handling I ,3dioxolanes 7 cannot be judged solely 
on the above results, as crystal forces may be respon- 
sible for the conformation of the dioxolane rings in 3 in 
the solid phase. 

Electronic structures 

The lone pairs on the 0 atom in ethers are often 
described as two localized orbitals with a tetrahedral 
arrangement,‘-’ and this has been used in explaining 
the rabbit ear and gauche effects.*2.‘3 

n,h) n,(u) 

Another way of describing the 0 lone pairs is as two 
energetically nonequivalent lone pairs, a ?r type and a u 
type.‘%’ Assuming the validity of Koopman’s 
theorem,@*.’ the lowest ionization energy of ethers cor- 
responds to the no(n) lone pair, which can be represen- 
ted by a non-bonding oxygen 2p orbital placed per- 
pendicular and therefore antisymmetric to the C-O-C 
plane. The orbital associated with the no(u) lone pair is 
placed in the C-O-C plane and can best be described as 
an sp2 orbital, as it contains a considerable amount of 2s 
character.3e4’ The ndo) lone pair is located at a higher 
ionization energy than the more localized n,(a) lone pair. 

The PE spectrum of oxane q&.4’ contains a single low 
energy ionization at 9.48eV, which undoubtedly cor- 

responds to the no(n) lone pair. The next higher ion- 
ization energy was found at l0.9OeV and has been 
assigned to the no(u) lone pair.*6.47 

A PRDDO MO calculation of oxane 4 using the pre- 
viously discussed MM1 optimized structureq locates the 
n,,(a) orbital at -9.07 eV and the ndo) orbital at 
- 10.05 eV. 

The PE spectrum of 1,4dioxane 5&*” exhibits three 
low energy ionizations of which only the two lowest 
originally were assigned. In I, Cdioxane 5 the chair form 
of the molecule places the C-C bonds in such a way 
relative to the 0 lone pairs that interactions between 
these orbitals and the u,, and the u,* orbitals are close 
to optimal.M According to Sweigart and Turner& the 
lowest ionization energy at 9.43 eV corresponds to a 
combination of the no(n) lone pair orbitals destabilized 
by out-of-phase interaction with u,, orbitals. The fol- 
lowing value at 10.65 eV has been interpreted as a com- 
bination of the no(a) lone pair orbitals stabilized by 
in-phase interaction with a=,* orbitals. Kobayashi and 
Nagakurd’ interpreted the PE spectrum of 5 by means 
of CNDO/Z calculations, but due to the tendency of the 
latter method to destabilize u type orbitals relative to ?r 
type orbitals their interpretation may only be correct ior 
the two lowest ionization energies. 

A PRDDO MO calculation of 1,4dioxane 5 reveals 
that the electronic structure of the compound can be 
explained easily as arising from interaction between the 
u,, orbitals and combinations of both types of 0 lone 
pairs. The PRDDO results (cj Fig. 2 and Table 3) show 
that the HOMO” and H-l orbitals are out-of-phase 
combinations of the ufc orbitals and combinations of the 
n,,(n) and no(u) lone pairs, respectively. The H-2 and H-3 
orbitals correspond to those combinations of the lone pairs 
which cannot interact with the u, orbitals due to different 
symmetry. The HOMO and H-2 orbitals are the R type 
lone pairs and the split between them (AC = 1.63) can be 
taken as a measure of the a, interaction. The split between 
the u type lone pairs (H-I and H-3) amounts to 1.98 eV, 
both values in good agreement with the experimentally 
observed numbers (AIE = 1.86 eV and AIE = 2.26 eV, 
respectively). This leads to an orbital ordering 1 A, < 2% < 
IB, < 2B, for dioxane L5’ 

A recent ab into studyT2 has shown in close agreement 
with our results that the electronic structure of 1,4- 



3674 F. S. JBRGENSEN et al. 

Table 3. Experimental and PRJJDO NO calculated data for I, Cdioxane 5 

IIP IEb bIE I c 
E be .SpllU%etry d Orbital -electron densityf- 

typee O-atoms(Zs:2p)3 Cli-atoms 

9.43 9.41 HOMO lA3 n+(n)-occ 0.77 f3:9?) 0.22 

1.86 H-l 1.68 2A 
3 

n+(n)-occ 0.62 (19:81) 0.36 

2.26 H-2 1.98 1% n_(n) 0.82 (5:95) 0.13 

H-3 *B" n_(a) 0.85 (18:82) 0.10 

a. 

b. 

c. 

d. 

e. 

Ionization energies feV); taken from Ref. 46. 

Ionization energies (ev); taken from Ref. 47. 

Orbital energies (eV). 

S-try within the Cab point group. 

n+fnl corresponds to an in-phase combination of the n,(n) lone pairs; n_(u) to an 

out-of-phase combination of the n,(u) lone pairs; occ to a combination of the act 

orbitals and so on. 

f. The electron density is defined as lci2, where ci is the atomic orbitaL coefficient. 

3. The ratio between the oxygen 2s and Zp atomic orbital coefficients. 

-4 

! 
-10 - 

0 

6) 
5 

Fig. 2. PRDDO MO correlation diagram for 1,edioxane 5. The 
arrows indicate the “through-any des~abiii~tion of Ihe oxygen 

lone pairs. For further explanation see text and Table 3. 

dioxane 5 best can be described as a ‘through-bond’ 
phenomenon.s3 

In 3,7.9-trioxabicycloI3.3. llnonane 8 the “through- 
bond’ destabilization of two of the three 0 lone pair 
combinations are even larger than in 1,4-&oxane 5 
(AIE = 2.00 eV resp. AIE = 1.74 eV).S4 The destabiliza- 
tion in 8 has been explained as out-of-phase interactions 
between combinations of the two 0 tone pairs and com- 
binations of the four cr,, orbitals in a way similar to that 
described above for 1.4dioxane 5.” 

0 

A f 
I 

0 0 

8 

The PE spectrum of cis-1,4,5, Wetraoxadecalin 1 
(Fig. 3) contains four well resolved bands below 12eV, 
which is quite unusual for polyethers.*.*Y’* The max- 
ima of the four peaks are located at 9.22,9.98, 10.66 and 
I1 A0 eV, the latter accompanied by a shoulder at 11.64. 
The co~esponding areas suggest that each of the first 
three bands corresponds to a single ionization and the 
fourth to two or three ionizations.” The shapes of the 
bands in the PE spectrum of the cis-tetraoxadecalin 1 
suggest that the HOMO of the molecule is more delo- 
calized than the H-I and H-2 orbitals, and therefore 
gives rise to a broader peak than the two latter ones, 
which seem to be mainly localized on the 0 atomsW 

As shown the frontier orbitals of molecules like I, 4- 
dioxane 5 and 3,7,9-trioxabicyclo[3.3. lfnonane 8 can be 
derived by combinations of the no(n) 0 lone pairs and 
suitable u,, orbitals, and the same can be done for 
cis-l,4,S,3-tetraoxadec~in I, which can be viewed as 
two 1,Cdioxane units with a common C-C bond (see 
Fig. la). It is possible to combine the no(v) lone pairs to 
give two symmetric (no(lA) and n&A)) and two 
antisymmetric (ndlB) and no(2B)) combinations with 
respect to the CZ symmetry of the cis-tetraoxadecalin 
molecule. Analogously, the three ucc orbitals can be 
combined into two symmetric (&lA) and o,,(2A)) Bnd 
one antisymmetric (o,,(B)) orbitai (Fig. 4). Interaction 
between the lone pair and cr,, combinations leads to 
destabilization of the three of the lone pair orbitals. The 
no(IA) orbital will be destabilized by interaction with 
both the o;JIA) and ucT(2A) orbitals. The n&A) and 
n&lB) orbitals can interact with the o&IA) and o,,(B) 
orbitals, respectively, but the symmet~c case seems to 
lead to a smaller destabiIization than the a~tisymmet~c 
case. Hence the I:l:I picture observed for the cis- 
1,4,5,8-tetraoxadecalin molecule 1 (see Fig. 3) can be 
described easily using a simple PM0 mole& which pre- 
dicts the ordering of the frontier orbitals to be 1A < 1B < 
2A ~28. 

A PRDDO MO calculation of cis-1,4,5,&\etra- 
oxadecalin based on the MM1 optimized geometry 
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Fig. 3. Photoelectron spectrum of cis-1,4,5. S-tetraoxadecalin 1. 

Fig. 4. The four tin) lone pair combinations and the three uCcc 
combinations for cis-I, 4.5, I-tetraoxadecalin I. For further 

explanation see text. 

confirms the above interpretation. The PRDDO results 
(Fig. 5 and Table 4) show the HOMO to be pre- 
dominantly the no(lA) orbital, but with considerable 
amount of ucc character. The H-l and H-2 orbitals are 
the no(lB) and no(2A) orbitals containing less u charac- 
ter than the HOMO in agreement with the broad ap- 
pearence of the first band in the PE spectrum of 1 (Fig. 
3) compared to the following two bands. 

The u type lone pairs on the 0 atoms can be combined 
in a similar way and interaction with the u orbitals leads 
to an analogous picture (see Table 4 and Fig. 5). The H-3 
and H-4 orbitals are the combinations of the u type lone 
pairs, which show the largest coefficients on the C atoms, 
whereas the remaining combinations are nearly 
unaffected. 

The size of the “through-bond” interaction may be 
defined as the difference between the most destabilized 
lone pair orbital (the HOMO) and the lone pair orbital 
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which cannot interact with the u orbitals for symmetry 
reasons. This leads to Se = 2.76 eV (see Table 4) for the 
no(a) lone pairs corresponding to an experimental AIE = 
11.64-9.22 = 2.42eV. The calculated split for the no(u) 
lone pairs corresponds to A6 = 2.14 eV (see Table 4). The 
“through-bond” interactions in cis-I, 4.5, I-tetra- 
oxadecalin 1 are therefore larger than in both l,Cdiox- 
ane 5 and 3,7,9-trioxabicyclo[3.3.I]nonane 8, and to our 
knowledge the largest observed for any 0 compound. 

Plotting of the experimentally determined ionization 
energies (IE,r,,) against the eigenvalues ( - c) calculated 
by the PRDDO method for oxane 4, I, 4-dioxane 5, and 
cis-I, 4,5, I-tetraoxadecalin 1 (see Fig. 6) yields the rela- 
tionship: 

IE pred = - 0.917 e t I.50 eV 

(correlation coefficient 0.933), which confirms the validity 
of Koompmans’ theorem for these compounds.6’ 

The trans-I, 4,5,8-tetraoxadecalin 2 having CZh sym- 
metry can be viewed like the cis isomer as composed of 
two I, 4-dioxane units fused together (see Fig. lb), which 
suggests that large “through-bond” effects may be 
present in this molecule as observed for the cis isomer 1. 
A PRDDO MO calculation of the trans-tetraoxadecalin 2 
confirms this and the destabilization of the combinations 
of the no(r) and no(u) 0 lone pairs leads to a comparable 
pattern for the cis and frons isomers (Fig. 5 and Table 5). 
The HOMO of 2 is located at -8.33eV. which is even 
lower than the HOMO of 1 (E = - 844eV). The 
“through-bond” split for the trans isomer 2 is equal to 
the value of the cis isomer 1 (Ae = 2.76 eV, see Table 5). 

Finally we wish to discuss the PE spectrum of 2,2’- 
bis(l, 3dioxolane) 3 (see Fig. 7), which exhibits one 
broad low energy band with maximum at 9.32eV. The 
following band displays two maxima at 10.24eV and 
10.46eV, and a shoulder on the high energy side esti- 
mated at 10.7-10.9eV. The corrected areas of the two 
bands suggest that the low energy band corresponds to a 
single ionization and the large band to four ionizations.5g 
The PE spectrum of 3 is not straightforward to interpret, 
but it may be anticipated that at least one of the lone pair 
combinations may be destabilized by interaction with the 
ucc orbital of the central band. 

The PRDDO calculations of both the anti 3a and the 
gauche 3g forms of the bisdioxolane do not show a 
HOMO placed well above the following orbitals, al- 
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Table 4. Experimental and PRDDO MU calculated data for c&-1,4,5, ~tetra~xadec~ia I 

a. 

b. 

c. 

d. 

e. 

f. 

g* 

Ionization energfes 

The differences for 

(see footnote d). 

feWi this work. 

the IE's, which correspond to the differences for the c's 

Orbital energies (eV). 

The difference between the basis combination of the no(*) lone pairs (H-5) 

and the three destabtlized combinations (HOm), H-l and H-21. 

The difference between the basis combination of the no(o) lane pairs (H-7) 

and the three destabilized combination6 (H-3, H-4 and H-6). 

Symmetry within the C2 point group. 

See Table 3, footnotes f and g_ 

Table 5. PRDDO MO calculated data for trans-1,4,5, fketraoxadecaiin 2 

-electron deneitye- 

ca AC symetryd O-atomaf2s:2p)a CH-atoms 

HOMO -8.33 

H-l -9*97 

H-2 -10.21 

n-3 -10.2% 

n-4 -11.09 

H-5 -11.57 

H-6 -12.31 

H-&f -12.81 

2.?6b 

1*12b 

2.60C 

5.81b 

o.oob 

1.24= 

O,SOC 

o.oo= 

IA 
4 

lAu 
211 

g 

1Bu 

IB 
g 

2A* 

28 
g 

2Bu 

0.80 ~0:155) 5.20 

0.80 IO:1001 0.20 

0.68 (12:88f 0.28 

0.76 (5:953 0.24 

0.84 (0:lOO) 0.14 

0.52 (31:69) 0.38 

0.80 (25:75) 0.14 

0.76 (18:82) 0.22 

a. 

b. 

Orbital energies (ev). 

The' difference between the basts combination of the no(a) 

lone pairs (H-41 and the three destabilized combinations 

fHOMJ, H-1 and H-3). 

c. The difference between the basis combination of the no(nf 

lone pairs (~-8) and the three destabilized combinations 

(H-2. H-5 and H-6). 

d. Symmetry within the C2h point group. 

e. See Table 3, footnotes f and g. 

f. The H-7 orbital is a (r type orbital. 
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Fig. 5. PRDDO MO correlation diagram for cis- and tram-l, 4,5, &tetraoxadecalin (1 and 2). The arrows indicate 
the “through-bond” destabilization of the oxygen lone pairs. For further explanation see text and Tables 4 and 5. 
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Fig. 6. Plot of the experimentally determined Ionization energies 
(IEd,) vs the PRDDO calculated MO energies (c). All values in 

eV. 

though the HOMO in fact is an orbital with considerable 
amount of aFE character from the central C-C bond as 
mentioned above. 

Whether the failure of the PRDDO calculations to 
yield a high lying HOMO for the bisdioxolane is due to 
the use of inappropriate geometries of the 1,3dioxolane 
rings in 3 has not been subjected to any detailed studies. 

Relative energies 
All attempts to prepare the trans-1,4,5,8-tetra- 

oxadecalin 2 have until now been unsuccessful, which 
may be due to the fact that all syntheses have been 
carried out under conditions leading to isomerization, 
either in the final product or in some intermediate spe- 
cies.16 Likewise if the cis-isomer or the bisdioxolane 3 
are equilibrated by means of acid a mixture of the two 
compounds is obtained without any trace of the trans- 
isomer 2.” This suggests that the trans-1,4, S,&tetra- 
oxadecalin 2 is thermodynamically less stable than the 
two other isomers (1 and 3) and synthetic approaches to 

the trans-isomer must avoid any conditions that may 
lead to isomerization. 

The relative energies of the two tetraoxadecalines and 
the two conformers of the bisodioxolane are collected in 
Table 6. The pseudorotation in 1,3-dioxolane is esti- 
mated to 0.13 kcal/mol,63VW which means that although 
the molecular mechanics calculated conformations of the 
1,3dioxolane rings in the bis-dioxolane 3 may be wrong 
the relative energy of this isomer compared to the cis- 
and trans-tetraoxadecalines is not much affected. 

Both the MM1 and MM2 calculaions show the cis- 
tetraoxadecalin 1 to be 3-I kcal/mol more stable than the 
trans-tetraoxadecalin 2 and 4-5 kcal/mol more stable 
than the bisdioxolane 3. This is far from agreement with 
the results of the equilibration of 1 and 3, and the 
absence of 2. In the original parameterization of MM1 to 
alcohols and ethers the largest error between the cal- 
culated and experimental heats of formation was found 
for 1,3dioxolane 7 (3.63 kcal/mol),‘9 so apparently both 
force fields have a problem in calculating energies of 
1,3-dioxolanes properly. 

The PRDDO energies reflect the experimental facts 
very well. The cis-tetraoxadecalin and the bisdioxolane 
are nearly equally strained, whereas the trans-tetra- 
oxadecalin is about 5 kcal/mol more strained. Thus under 
equilibrium conditions the trans-tetraoxadecalin cannot 
be expected to be present in detectable amounts. 

For the hydrocarbon analogue, decalin 9 the trans- 
isomer is more stable than the cis-isomer by about 
3 kcal/mol.6s The I,&dioxadecalin system 10M can be 
viewed as a decalin skeleton in which a single acetal unit 
has been incorporated. This alters the relative energies of 
the cis- and trans-isomers, so the trans-isomer is now 
only about 0.2 kcal/mol less stable than the cis- 
isomer.67.6B In the 1.4.5,8 - tetraoxadecalin system 
(1.2) another acctal unit has been incorporated and this 
leads to a further favouring of the cis-isomer (see Table 
6). 

In the 1,8dioxadecalin 10 and 1,4,5,8_tetraoxadecalin 
(1,2) systems the conformations of the acetal moieties 
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Fig 7. Photoelectron spectrum of 2,2’-bis( I, 3dioxolane) 3. 

Table 6. Energies for the 1,4,5.8-tetraoxadecalin and the 2,2’-bis(l.3-dioxolane) systems as calculated by 
molecular mechanics (MM1 and MM2) and MO methods (PRDDO). In kcal/mol 

1,4,5,8-tetraoxadecalin 2,2'-bis(l,3-dioxolane) 

cis trans gauche ant.1 

MMl D = l.oa 0.00 3.95 6.70 5.15 

D = 2.2 0.00 3.50 5.85 5.02 

MM2 D = 1.0 0.00 3.39 5.57 4.79 

D = 2.2 0.00 3.05 4.49 4.31 

PRDDO 0.00 5.50 0.37 1.00 

a. Dielectric constant employed in dipole-dipole 

interaction term. 

are anti, gauche in the cis-conformation and anti, anti in 
the trans-conformation (see Figs. la, lb). The difference 
in energy between these two conformations of the simple 
model compound, dimethoxymethane 6 is 2.5 kcal/mol 
and 3.4 kcal/mol as calculated by MM1 and PRDDO, 
respectively.“*69 This preference for the go&e 
arrangement in acetals is known as the “anomeric” 
effect. 32. 33 

A rationalization of this is that the trans-isomer is 
destabilized relative to the cis-isomer by about 
3 kcaJ/mol by the introduction of each acetal unit, 
because this fragment is fixed in the less favorable 
anti, anti conformation, This simple explanation does not 
account for the possible 1,Cdioxa interactions in the 
I, 4,5,8-tetraoxadecalin system, but these interactions 

are expected to be weaker than the 1,3dioxa inter- 
actions4 

EXPERIMENTAL 

cis-I ,2,5,8-Tetraoxadecalin 1 and 2, 2’-bis( 1.3-dioxolane) 3 
were prepared as described” and separated by preparative gas 
chromatography. 

The PE spectra were recorded on a PS-I8 spectrometer (Per- 
kin-Elmer) with a He(f) source and calibrated with a mixture of 
agron and xenon introduced into the target chamber shnul- 
taneously with the sample. The recording temps for 1 and 3 were 
35-36” and 20”, respectively; the experimental resolution was 
30 meV. The reported ionization energies are averages of four 
determinations. 

The MMI program is the QCPE version,” whereas copies of 
the MM2 and PRDDO programs kindly were provided by N.L. 
Allinger (University of Georgia) and T. A. Halgren (City Uni- 
versity of New York), respectively, and made available for us by 
J. P. Snyder (University of Copenhagen). 
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