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The NMR spectra of a number of 2,4-disubstituted 1,3-dioxolanes have been recorded and the proton
chemical shifts and coupling constants derived from complete spectral analysis. Vicinal coupling constants
were found to be dependent on the substituent at C-4 and this effect is more pronounced for J(trans) of the
C-4-C-5 fragment. These coupling constants also indicate a homogeneous behaviour within a series with either
a cis or trans configuration, although the cis behaviour differs from that of trans isomers. This has been
interpreted in terms of definite ring conformations in substituted derivatives, while the unsubstituted
1,3-dioxolane undergoes free pesudorotation. Calculations of coupling constants were performed by
semi-empirical MO methods, both for unsubstituted 1,3-dioxolane and for C-4 substituted derivatives in a
large number of conformations, in order to compare calculated and experimental values; the correct order of
J(cis) and J(trans) for 1,3-dioxolane is obtained only by employing energies from ab-initio MO calculations
averaged over the pseudorotation circuit. For the C-4 substituted compounds calculated coupling constants
were employed in a ‘trial and error’ process for the identification of the preferred conformations of these
compounds; a set of two torsional angles for each compound was derived which allows a tentative description
of the geometry of each molecule. A criticism of these geometries is given according to the evidence available

on the structure of substituted 1,3-dioxolanes.

INTRODUCTION

Conformational analysis of six-membered rings rep-
resents a relatively simple problem, since the
molecules can be described as a function of well
defined energy minima. In most cases, the molecular
properties of the ground-state can be accounted for by
chair conformations. Conformational problems are far
more complex for saturated five-membered rings,
owing to the presence of several geometries with
approximately the same potential energy which inter-
convert by a pseudorotational mechanism.! The cyc-
lopentane ring has been found to be puckered' and
the puckering displacements move around the ring.
This property is not a characteristic limited to cyc-
lopentane but is also”> common to five-membered rings
containing one or more heteroatoms, as shown by the
experimental properties of these molecules. Confor-
mations determined for molecules arranged in a crys-
talline lattice may not be coincident with those statisti-
cally favoured in the gas-phase or in solution, and
often in this latter situation experimental determina-
tions do not provide direct evidence for a conclusive
description of either a single conformation or of a set
of conformations which can better represent the
molecule. When substituents are present in the ring it
seems that the molecule is confined® to certain definite
energy minima of the pseudorotation circuit; the
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number and the size of the substituents have definite
control® over the energy minima of the pseudorotation
circuit assumed by the ring.

For the study of the molecular conformation of
saturated rings the method offering the greatest pos-
sibilities’ is that based on the analysis of vicinal
proton—proton coupling constants. For six-membered
rings these constants enable the dihedral angle be-
tween vicinal protons to be determined by the Karplus
equation® or the R value expression:’ the averaged
J(cis) and J(trans) values of one of the methylene
fragments are employed to derive the torsional angle
corresponding to that part of the molecule. Torsional
angles obtained from the R method in six- and seven-
membered rings are usually in satisfactory agreement’
with the results obtained by the direct methods of
measurement of these quantities. For five-membered
rings the application of these methods does not
allow>® the same degree of confidence and the results
obtained are often far removed from the experimental
estimates. This failure has been attributed® to the lack
of three-fold projection symmetry along the carbon-
carbon bond as a consequence of ring-strain. At-
tempts® to introduce explicitly the deformation from
trigonal symmetry of the projection angle in the Karp-
lus equation or R value expression did not allow
definite conclusions on the conformational analysis of
these systems. Even so, the results show clearly® that
to reproduce the experimental values of the coupling
constants, a weight-averaging procedure over the
whole pseudorotational circuit must be performed.
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Substituents can confine the ring to definite minima
due to their own steric requirements.’ For a number of
substituted 1,3-dioxolanes® the relative isomer stabil-
ity, determined experimentally, seems to indicate that
the preferred conformation or the limited number of
preferred conformations for isomers of the same type,
namely cis or trans derivatives, should be very similar,
even though they may differ in the cis and trans
isomers. Attempts to describe these derivatives in
terms of definite conformations can be performed,
bearing in mind that further difficulties arise in this
description since substituents destroy the symmetry
properties of the unsubstituted compound, and stabil-
ise effective conformations which do not necessarily
coincide with the energy minima of the original
pseudorotational circuit. The rigorous procedure for
the geometrical definition of the conformations of
puckered five-membered rings involves the amplitude
(q) and phase (¢) coordinates of a pseudorotational
circuit. 'When the physical properties of these
molecules are known as a function of q and ¢, values
relative to one definite conformation can be derived.
This type of information is at present not obtainable
by experimental procedures. A description of molecu-
lar properties as a function of the torsional angle, w, of
one particular fragment, leaving the remaining part
of the molecule undetermined, is feasible even if it
represents an oversimplification of the problem. This
can apply to the vicinal proton-proton coupling con-
stant of the fragment being considered, provided that
changes in the geometry of the remainder of the
molecule have no significant effect on this value. Al-
ternatively, a system can be chosen where it may be
reasonably assumed that conformational changes are
mainly localised in the torsional angle of one carbon—
carbon fragment, the geometrical properties of the re-
mainder of the molecule being constant. This may be
the case in a series of cis and trans isomers where
substitution occurs only at the particular fragment
under consideration; 1,3-dioxolanes which differ in
substitution at C-4 and C-5 (the torsional angle refer-
ring to the corresponding C—C bond) should properly
represent such a class of compounds.

We have devoted our attention to a number of
substituted 1,3-dioxolanes in order to gain information
on their conformational properties. The 1,3-dioxolane
nucleus serves as the basic structure for a number of
potent agonists and antagonists of the muscarinic

acetylcholine receptors of smooth muscle.® Studies'® 2
on derivatives of 1,3-dioxolane have demonstrated
that correlations exist between the activity of these
compounds and their molecular arrangement. The
knowledge of their conformational properties, there-
fore, may well help in understanding the pharmacolog-
ical behaviour of these molecules. The compounds
examined here, 4-p-toluenesulphonyloxymethyl- and
4-chloromethyl-2-alkyl-1,3-dioxolanes, are precursors
of 4-dimethylaminomethyl methiodide derivatives,
employed at cholinergic receptor level.'> We report
here the proton NMR spectra of these derivatives and
the assignments. The vicinal proton—proton coupling
constants will be employed in an attempt at conforma-
tional analysis of substituted 1,3-dioxolanes, also em-
ploying the values calculated by MO methods.

NMR spectra

The compounds examined are those represented in the
following scheme,

cis

1 T=p-MeCiH,S0,0; R=Me
2a T=Cl R=Me
2b T=Cl R=Et

2¢ T=Cl R=Pr"
2d T=0l R=Bu"

where the ‘envelope’ conformation has been arbitrar-
ily adopted for representative purposes. The proton
magnetic resonance spectral parameters obtained at
60 MHz are collected in Table 1. Chemical shifts and
coupling constants referring to the five protons on
C-4, C-5 and to the methylene side-chain were de-
rived by iterative analysis employing the LAOCOON
3 program.'* For compounds 1 in the cis and trans
configuration the assignments given by Inch and Wil-
liams'> agree with our results but seem to be reversed
compared to that of a previous report,'> as deduced by
a comparison of the resonances of H-6 and the methyl

Table 1. Chemical shifts (8 units) and coupling constants (Hz) for substituted 1,3-dioxolanes

Compound Solvent H-1 H-2 H-3 H-4 H-5 H-6  6-CHj3 J(12)  J(13)  J(14) J(15) J(23) J(45) J(H-6, CH3) J(34)
1 cis CDCl; 4.247 3.982 3.982 3.857 3.857 4.970 1.302 499 4.99 6.37 6.37 — — 4.86
trans CDCl; 4.285 4.064 4.064 3.617 4.122 5.005 1.302 5.10 5.10 6.60 6.65 — —-8.73 4.82
cis CsHe 3.848 3.825 3.825 3.337 3.484 4.697 1.147 573 5.73 7.29 3.60 — -8.90 4.81
trans CgHg 3.886 3.783 3.783 3.226 3.616 4.786 1.148 4.89 4.89 6.89 6.91 —_ -8.91 4.80

2a cis CDCl; 4.266 3.551 3.431 3.927 3.975 5.056 1.396 4.12 830 633 394 -10.87 -858 486 0.73
trans CDCl; 4.323 3.625 3.501 3.730 4.219 5.172 1.365 4.91 7.49 6.47 6.44 -10.93 -8.97 4.92

cis CeHg  3.810 3.140 3.012 3.423 3.624 4.767 1.224 440 7.69 7.02 3.84 —-1091 -881 476 0.70
trans CgHg 3.915 3.104 2.976 3.335 3.786 4.901 1.210 4.84 6.82 649 665 —-11.13 -8.72 485

2b cis CDCl; 4.268 3.546 3.423 3.920 3.974 4.897 406 855 586 438 —-10.85 -881 4.51J(H-6,CH,) 0.66

2c cis CDCl, 4.257 3.543 3.411 3.914 3.967 4.923 4.13 855 6.01 424 -10.80 -8.70 4.44J(H-6,CH,) 0.64

cis CeHg 3.856 3.175 3.046 3.461 3.648 4.706 439 7.73 7.27 384 -10.87 -8.99 4.35J(H-6,CH, 0.63

2d cis CDCl, 4.251 3.541 3.406 3.913 3.965 4.916 4.10 8.62 6.16 4.05 -10.78 -8.53 4.38J(H-6,CH,) 0.56
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group on C-2. On changing the substituent T the most
obvious differences in the spectra are found in the
side-chain methylene group; the two protons are ap-
parently equivalent when T is the O-tosyl group, while
they differ considerably both in chemical shift and in
their coupling to H-1 when T is a chlorine atom. This
is true both in the cis and trans isomers and in the two
solvents employed, chloroform and benzene. The vici-
nal coupling constants relative to the molecular frag-
ment C-4-C-5 are also influenced by the different T
substituents, since results in CDCI; solution show that
in derivative cis-1 J(14) and J(15) are equal while in
cis-2a J(14) is greater than J(15). In benzene solution
these two coupling constants assume the same order of
magnitude for cis-1 and cis-2a. Different preferred
conformations of the methylene group relative to the
bond joining this substituent to the dioxolane ring, and
of the ring itself, are likely to be responsible for this
effect. Only minor differences are effected in the
spectra by changes of the substituent R, at least as
regards the cis derivatives examined here.

The solvent effect of benzene relative to chloroform
indicates that the shift of H-4 in the cis series and H-5
in the trans series are those most affected. This is
likely to be related to the different ability for removing
solvent interactions by these two protons, depending
on the molecular conformations assumed by the com-
pounds.

Conformational analysis of substituted
1,3-dioxolanes

In order to employ the vicinal spin—spin coupling
constants for the conformational analysis of these
molecules, we first set up a scheme by which calcu-
lated coupling constants for a large number of confor-
mations can be compared with the experimental val-
ues, and conformational information derived accord-
ingly. The procedure was initially tested on the unsub-
stituted 1,3-dioxolane. The full conformational be-
haviour of this molecule may be described® by em-
ploying the pseudorotational potential function on the
variables q and ¢. Energy calculations have been
performed by Cremer and Pople” in the 4-31G ab
initio MO approach with geometry optimisation. Since
we are concerned with molecules having a larger
number of heavy atoms, employment of the ab initio
MO methods, and especially of the 4-31G basis ex-
pansion, becomes almost impossible. Therefore, we
tried to obtain energy values for 1,3-dioxolane from
various semi-empirical MO methods in order to com-
pare the pseudorotational potential functions given by
the different approaches. Bond lengths and bond ang-
les for the dioxolane ring are those employed previ-
ously.” The energy values corresponding to a certain
number of conformations of known ¢ and ¢ were thus
derived from the Extended Hiickel'® (EHM), INDO'’
and MINDO"® semi-empirical MO methods, and the
corresponding potential function V(q, ¢) interpolated
with the procedure of Ref. 2. Geometry optimisation
was not performed in the approaches employed here.
The results obtained can be compared in Fig. 1 by
observing the pseudorotation V(q) and inversion (for

© Heyden & Son Ltd, 1980
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Figure 1. Potential energy function {in KJmol™") of 1,3-
dioxolane caiculated by different MO methods as a function of
the q and ¢ coordinates: the definition of the numbers is as
follows @ 4-31G, @ STO-3G, @ EHM, @ INDO, ® MINDO. (a)
Plot of the potential energy as a function of ¢ in the different
approximations; the constant q corresponds to @ 0.265, @
0.265, @ 0.196, @ 0.177, ® 0.265. (b) Behaviour of the potential
energy in the inversion process at ¢ =0° (c) Behaviour of the
potential energy in the inversion process at ¢ =90°.

C, at ¢ =0° and C, at ¢ =90°) diagrams; those for the
STO-3G and 4-31G ab initio approaches were derived
from Ref. 2. All the methods indicate a low barrier for
the pseudorotation process. In Fig. la the EHM,
INDO and STO-3G approaches provide a qualita-
tively similar trend, while this is reversed in the 4-31G
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and MINDO schemes. As regards the order of the
stability of the conformers, INDO, EHM and STO-3G
show the C, form as being more stable, MINDO the
planar C,,, form and 4-31G the C, form. For the
inversion processes, Figs. 1b and 1c, the barrier calcu-
lated by EHM is the highest, whereas MINDO does
not predict inversion, especially for the C, form. Pople
and Cremer” have pointed out that the results from
4-31G are to be preferred to those from the STO-3G
approach: in particular, the ring puckering amplitude,
q, is in reasonable agreement with the experimental
value (0.27 A) found from the crystal structure of
2,2'-bisdioxolane. The EHM and INDO methods pro-
vide a description of the pseudorotation and inversion
processes which, from a qualitative point of view, may
appear acceptable but they fail in quantitative predic-
tions of the small differences in the stability order of
the C; and C, forms, correctly predicted only by the
4-31G basis set. Moreover, these methods fail to
reproduce a constant value of the amplitude q for the
values of ¢ corresponding to the C, and C, forms, as
can be seen in Fig. 1(b and c); only by employing the
4-31G approach” can one obtain correctly both this
result and the corresponding q value which more
nearly approaches the experimental value.

The proton—proton coupling constants for 1,3-
dioxolanes were evaluated in the one-electron MO
approximation of the contact contribution'® by em-
ploying EHM wave-functions derived from atomic
Clementi orbitals®’ according to a procedure previ-
ously reported®' (method A), and in the INDO finite
perturbation scheme®* (method B). Method A has been
employed®' by us to evaluate the spin-spin coupling
constants in a wide series of organic compounds, and
the satisfactory trend of the results with respect to
those from other semi-empirical procedures was asses-
sed. Vicinal coupling constants J(14)cis, J(15)trans
and geminal coupling constants for protons on C-2
and C-5 were calculated by both methods A and B for
several conformations corresponding to known q and
& values. The values of J(gem) relative to C-4 calcu-
lated by methods A and B, respectively, are negative
and positive, the result from method A being consis-
tent with experiment. Both methods indicate that the
range of J(cis) as a function of q and ¢ is restricted to
a small interval (2-4 Hz) while J(trans) spans a larger
interval (10-20 Hz), in agreement with the experimen-
tal results of substituted 1,3-dioxolanes.

If calculated and experimental coupling constants
are to be compared in systems where pseudorotation

has a low energy barrier, the calculated value should
refer to a mean quantity averaged over a large number
of conformations rather than to that corresponding to a
definite minimum.*> With this aim, expression (1) was
employed, where summation extends over the whole
pseudorotational circuit (g = constant) and AE, refers

2. J: exp(-~AE/RT)

(=

= (1
Z exp(—AE,/RT)

to the most stable conformation. The AE; values emp-
loyed in (1) are internal energies, while, more cor-
rectly, free-energy differences should be correlated®
to the fractional populations of conformers; we be-
lieve, however, that this simplification is within the
limit of the accuracy given by the other approxima-
tions introduced in the description of coupling con-
stants reported here. The averaging procedure was
applied on coupling constants both from methods A
and B and by employing energy values from INDO,
EHM and ab initio 4-31G, where the last values were
derived from Ref. 2. The energy values from MINDQO
were not considered, since this method fails to de-
scribe the inversion process, as pointed out above. The
results obtained are shown in Table 2; owing to the
molecular symmetry and to the fact that the coupling
constants are averaged over the whole pseudorota-
tional circuit, only one cis and one trans vicinal coupl-
ing constant need to be evaluated. The order of J(cis)
and J(trans) is reversed with respect to the experimen-
tal values when the energy values are from semi-
empirical methods, while the correct trend is obtained
when more accurate energy values are employed such
as those from the ab initio 4-31G approach. This
result most probably originates from the improper
description of the relative energy of the C, and C,
conformations given by the semi-empirical methods,
owing to the weighting introduced in the averaging
process: vicinal coupling constants obtained both by
methods A and B are in the order J(cis) <J(trans) in
the C; conformation and opposite for the C, con-
former. These results indicate that in the process of
averaging coupling constants over a set of conforma-
tions only energy values from accurate ab initio
methods should be employed; this applies even though
coupling constants may be safely computed by semi-
empirical MO methods in order to have a reasonable
comparison with experimental values both in sign and

Table 2. Calculated mean values for proton—-proton coupling constants in 1,3-dioxolane?

Energy values

: Experimental values
Jigemy™

from Jcis)® J{trans)® Jicis)® J{trans)® Jgem)®” Jicis)  Jitrans) Jigem)*
EHM 9.55; 10.85° 14.589; 12.52° 7.3 6.0° -7°,0to+1°
INDO 6.63%;7.79°  11.009; 9.92° +0.8°
4.31G 9.51 6.68 6.34 —-6.19; -1.65 0.90;8.92

+ The superscripts A and B refer to the methods employed for calculating coupling constants (see text).
* The first and second entry are referred to in the order of protons on C-4 and C-2.

2 From Ref. 25.
® Ref. 26.
¢ Ref. 27.

9 Calculated by employing the g value corresponding to the C_ conformation.
® Calculated by employing the g value corresponding to the C, conformation.
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magnitude. This constriction is particularly important
when averaging is to be carried out over a number of
conformations not differing greatly in energy content.
The use of semi-empirical methods for conformational
analysis and ring puckering has been adversely
criticized.”® Geminal coupling constants averaged tak-
ing into account 4-31G energies are in agreement with
experimental values when associated with method A
where the coupling constants were calculated by the
EMH approach.

The experimental results reported in Table 1 show
that vicinal coupling constants, and more significantly
J(trans), are affected by substitution on the dioxolane
ring; the pseudorotation circuit is thus perturbed with
respect to the unsubstituted compound. For substi-
tuted derivatives we therefore approached the prob-
lem by restricting the analysis to a number of definite
conformations, in view, also, of the fact that for these
molecules ab initio 4-31G energy calculations are
prohibitive. Calculations of coupling constants were
performed on a compound of type 2 having a CH,Cl

substituent on C-4 both by methods A and B, covering
a pseudorotational and inversion path (different q and
¢ values) and rotating the substituent around the C-4—
C-6 bond (different g values). The conformation with
the C-6—H-2 bond lying in the plane defined by atoms
C-6-C-4~C-5 and with the chlorine atom pointing
outside the ring, was assumed as having 8 =zero, as
shown in A. The coupling constants calculated for this
compound do not differ greatly (within 1-2 Hz) from
those corresponding to the same q and ¢ values of the
unsubstituted compound. (In substituted compounds
this condition is limited to the coordinates of the
atoms composing the ring.) Furthermore, J(14) and
J(15) values are not greatly affected by the rotation of
the CH,Cl group, suggesting that substituents of this
type have no ‘direct’ influence on these coupling con-
stants but, rather, perturb the conformational be-
haviour of the ring. Assuming free pseudorotation and
applying Eqn (1), the calculated values of the vicinal
coupling constants do not differ greatly from those of
the unsubstituted compound. A solution should thus
be found in terms of preferred definite energy minima.
A practical difficulty in employing the q and ¢ coordi-
nates is due to the loss of a direct envisagement of the
conformation involved, and we thus preferred to cal-
culate first the torsional angles, w, and then to ex-
press the atom positions in terms of q and ¢ coordi-
nates. For defining five-membered rings two puckering
coordinates are necessary,”” q and ¢; if torsional
angles are employed at least two of them must be
specified.*® Accordingly, conformations with different
values of w,, the torsional angle relative to the C-4-
C-5 bond and ranging within +30° and —30° are exp-

© Heyden & Son Ltd, 1980
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Scheme 1. Set of conformations of 4-chloromethyi-1,3-
dioxolane corresponding to different values of the torsional
angles w, and w,.

licitly considered for the two opposite situations of w,,
the torsional angie relative to the C-4-0O-3 bond, near
to +30° and —30° and corresponding to the apex, C-2,
lying above and below the mean plane of the remain-
ing four atoms of the ring (depicted in Scheme 1 for
conformations B to E). Calculations of the vicinal
coupling constants J(12), J(13) and the long-range
J(43), observed experimentally, were also performed.
Since the values calculated by method A show a
general behaviour closer to that found experimentally,
only this set of values has been taken into account in
the discussion of the conformational properties of
substituted dioxolanes.

No account of the calculated energies can be taken,
since, as pointed out above, the semi-empirical
methods fail to describe these systems. The conforma-
tional analysis will thus be carried out by a ‘trial and
error’ procedure, matching the calculated and experi-
mental coupling constants of each molecule and noting
the 8 and w, angles which correspond to the smallest
deviation. This process starts by analysing the calcu-
lated J(12) and J(13) values as a function of @, noting
that these constants have a small dependence on w;.
By examining one of the two-dimensional diagrams of
J(12) and J(13) as a function of 6, for example
corresponding to w,=0° and w,(+), shown in Fig. 2,
we see that the correct experimental behaviour corres-
ponding to J(13) > J(12) is found for values of 8 in the
regions around 140° and 310° corresponding to the
dashed portions. Molecuiar models show that for 6
values near 140°(£20°) the chlorine atom points above
the dioxolane ring, while for values in the region of
310°(+40°) the chlorine atom points outside the ring;
the latter situation should be the one which better
satisfies the energy requirements, and we have there-
fore fixed the preferred conformations of the CH,CI
group in this region. J(14) and J(15) show a similar
behaviour in both regions. Coupling constants calcu-
lated by method A are usually higher*' than experi-
mental values, and a scaling factor can tentatively be
introduced to bring the calculated and experimental
quantities close to each other: for J(12) and J(13) this
can be sought in the region of 6 values between 260°
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Figure 2. Diagram of calculated vicinal coupling constants
J(12) and J(13) (method A) as a function of the angle of
rotation, 8, of the CH,CI group at w,=0° and w,(-).

and 270° and a scaling factor of 1.96 for the experi-
mental values in CDCl;. In Fig. 3 we have plotted
typical examples of the calculated coupling constants
J(12), J(13), J(14), J(15), J(24) and J(34) as a func-
tion of the variables 6, w, and for the two limiting
conditions of @, near +30° and —30°. Figure 3b shows
that J(14), the vicinal cis coupling, changes only
within a small interval as a function of ®,; while
greater changes are found for J(15), the vicinal trans
coupling. Figure 3c shows that the long-range coupling
constant having the higher values is J(34), and in view
of the scaling factor of approximately 2 only this
long-range interaction is likely to be clearly observed
experimentally.

Starting from these general considerations, we have
taken for each compound of Table 1 (only experimen-
tal values in CDCl, have been used) the difference

Hz Hz

20F 52

()

between J(14) and J(15) multiplied by 1.96, and de-
rived from Fig. 3b the value of w, for which this
difference occurs (both in sign and magnitude) in the
region of w, both positive and negative. All the other
coupling constants are interpolated from the approp-
riate diagrams at these values of w, and ,, then
scaled and compared with the experimental values. An
example of the procedure is reported in Table 3 for
compound 2a in the cis and trans configuration; ag-
reement between calculated and experimental values
is, in general, satisfactory, the mean deviation A being
smaller when w, is negative. This has also been ver-
ified for the other derivatives subjected to this process
and reported in Table 4. The scaled values of the
coupling constants and the deviations from experi-
mental values, reported in parentheses, show that the
reproducibility is, in general, satisfactory for the whole
set of calculated values. The torsional angle around
the C-4-C-5 bond is thus in the range of 0° and can be
positive or negative. From the values reported in
Table 4, the largest distortion from 0° is found for the
trans compounds, showing values of w, near +10° and
thus corresponding to conformation F.

H-5

R

The solvent effects of benzene relative to
chloroform can now be interpreted in the light of the
preferred conformations derived. In the cis com-
pounds H-4 is relatively freer to interact with the
benzene solvent, while in the trans compounds the
arrangement of the apex C-2, and, consequently, of R
prevents the solvent approaching this proton. H-5
should now be more available for solvent interactions,

Hz (¢)

wol-)

wp(-)

20

-20 0

Wy

A 1 1
~20 0 +20 w,

1
+20 o,

Figure 3. Behaviour of calculated vicinal and long-range coupling constants in substituted dioxolanes as a function of 6, w, and w,
angles; (a) plot of J{12) and J(13) against w, for three values of 6 and in the two limiting cases of w,(+); (b) plot of J(14) and J(15) as
a function of , for the two limiting cases of w,{+) and for 8 =260° (dashed line) and 270°; (c) plot of J(24) (full line) and J(34)
(dashed line) as a function of w, for the two limiting cases of w,(£)} and for 6 =260° and 270°.
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Table 3. Calculation scheme and comparison with experimental values for the coupling constants in compounds 2a

Compound 2a
cis J{(14) J{15) J(12) JO13) J(34)
W, + 9.25 450 841 1650 1.25 calculated

w,=-7.3 471 229 428 840 0.64 scaled

633 394 412 830 0.73 experimental

162 165 -0.12 -0.10 0.09 A
A=+0.72

Wy — 13.00 830 8.00 16.75 1.16 calculated
w,=-55° 662 423 407 853 0.59 scaled

6.33 394 412 830 0.73 experimental

-0.29 -0.29 0.05 -0.23 0.14 A
A=+0.2

Compound 2a

trans J(14) J(15) J(12) J(13) J(34)

wy: + 10.70 10.62 9.82 14.12 0.74 calculated
w;=+1.3 545 541 5.00 7.19 0.38 scaled

647 6.4 491 7.49 ~0 experimental

_1.02 1.03 -0.09 030 -0.38 A
A==+0.56

@y — 1350 13.38 8.96 14.02 0.80 calculated
@, =+8.67° 687 6.81 456 7.14 0.41 scaled

647 644 491 749 0 experimental

—040 -037 035 035 -041 A
A=+0.37

also owing to the outward distortion of the CH,T
substituent (w, positive) relative to the dioxolane ring.

Lacking direct tests for assessing the reliability of
the conformations derived here for substituted diox-
olanes, we have tried a comparison with the
‘philosophy’ of the R method’ in six- and five-
membered rings. In six-membered rings torsional ang-
les are well predicted by the R value expression’ when
the full set of trans and cis coupling constants relative
to the same molecular fragment is known. In five-
membered rings qualitative information can be de-
rived,® but the torsional angles determined® from R
values are overestimated. The Karplus equation,® also,
could not be employed, since the presence of strong
electronegative groups on the ring makes problemati-
cal®® the determination of the series of coefficients
which enter into the equation.® Furthermore, both the
R value method and the simplified Karplus equation
establish a quadratic cosine relationship between cou-
pling constants and torsional angles which limits the
application to symmetric situations, and precludes sign
determinations which are particularly useful when the

Table 4. Calculated coupling constants (Hz) and torsional
angles ®, for a number of substituted 1,3-
dioxolanes (the deviations from experimental values
are reported in parentheses)

Compound J(14) J(18) JA2) U013 J(3e) w,
2b cis 6.80 5.37 400 835 049 +0.3
(~0.94) (-0.99) (0.06) (0.20) (0.17)
2c¢ cis 6.72 4.91 407 838 052 -17°
(—0.71) (-0.67) (0.06) (0.17) (0.12)
2d cis 6.70 4.58 407 848 055 —-3.35°
(—0.54) (-0.53) (0.03) (0.14) (0.01)
1 cis 6.70 6.70 5.712 +7.5°
(-0.33) (-0.33) (-0.72)
1trans 6.82 6.92 5.84° +8.67°
(—0.22) (-0.27) (-0.74)
2,4-diphenyt- 6.70 6.59 +7.17°
cis® (0.34) (0.39)
2,4-diphenyl- 6.62 7.74 +13.3°
trans® (-0.23)  (0.07)

2 Mean value of J{12) and J(13).
b Ref. 9: experimental values of J{45) are —7.72 and —8.14 Hz
for the cis and trans compound respectively.

© Heyden & Son Ltd, 1980

torsional angles range around ()°, as seems to be the
case for w,; in substituted dioxolanes. On the other
hand, implementation of these expressions with sine
terms introduces a new series of undetermined
parameters. The calculated R value for 1,3-dioxolane
as a function of ®, is reported in Fig. 4; it can be seen
that its behaviour is symmetrical, since interchange
within the pairs of cis-type and trans-type coupling
constants occurs for opposite signs of w,. The experi-
mental value of R for 1,3-dioxolane, from coupling
constants reported in Table 2, is 0.82 and from Fig. 4
w; may be derived as +2.5°. This can be compared
with a value of —0.46°, obtained by averaging w, over
the whole pseudorotational circuit by employing an
equation equivalent to (1), with w; in the place of J,
and 4-31G energies. If we apply the same procedure
to 2,2'-bis-1,3-dioxolane, for which vicinal coupling
constants have been reported,*” w, derived from the
plot of Fig. 4 amounts to +17.5°; the experimental
value®* for the solid amounts to —20.7°. Apart from
the difference in the physical states for these two
estimates, their agreement seems, at least, interesting.

-20 0 +20 (2

Figure 4. Plot of the calculated R value in 1,3-dioxolane as a
function of the w, torsional angle.
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The presence of a relatively large substituent at C-2
probably confines this molecule in a defined energy
minimum.

In 2-substituted alkoxy derivatives Altona*> con-
cluded that the w, values should be higher in com-
pounds having a predominantly exocyclic anti confor-
mation (the 2-OMe substituted compound) than those
having a predominantly gauche form (the 2-OBu'
substituted compound) of the exocyclic CO bond. R
values from Altona’s work®” enable w, angles for both
these compounds to be obtained from the plot of Fig.
4; these are in the correct order (+17.1 and +14.2 in
benzene solution) even if their difference is rather
small. These torsional angles probably refer to an
averaged situation, and further studies will aim at
obtaining greater insight into the manipulation of cal-
culated R values for obtaining torsional angles in
five-membered rings.

The R value cannot be obtained for 1,3-dioxolanes
mono-substituted at C-4 or C-5, whereas the ratio
between one cis-type and one trans-type coupling
constant, denoted as R/, is still available. This experi-
mental quantity, which should still be independent of
the electronegativity of groups bonded to the C-4-C-5
fragment and related to the molecular conformation,
can probably be employed to obtain structural infor-
mation. Examination of these values reveals their
linear dependence on the w, angles calculated in this
paper, and Eqn (2) can then be formulated by a
least-square treatment. Equation (2) thus enables the
torsional angle w; to be determined (probably an
averaged value) in 1,3-dioxolanes

®,=33.321 R'—25.323 2

substituted at C-4 or C-5 from the experimental
R’ value. The determination of w; is also linked
with the constancy of the w, torsional angle as a
function of the substituents at C-4 or C-5. Knowledge
of these two torsional angles enables a full description
of the conformation of the ring, in particular as a
function of q and ¢ coordinates. Equation (2) cannot
be extended in general to five-membered rings since,
even though R’ is a quantity which should normally be
free from electronegativity effects, it should be
affected by strain effects which are characteristic of the
different five-membered heterocyclic compounds.

In conclusion, we feel that the results reported in
this paper represent an encouraging attempt to deter-
mine the conformation of five-membered rings by
employing experimental vicinal proton—proton coupl-

ing constants, even if several aspects need to be inves-
tigated more deeply. The results indicate that the
procedure seems to be valid both for substituted 1,3-
dioxolanes having definite energy minima and when an
average situation gives a better description of the
molecular properties.

EXPERIMENTAL

The NMR spectra were recorded on a JEOL JNM-
C60-HL spectrometer by employing 0.5 M solutions in
choloroform-d; and benzene. All the calculations were
performed on a CYBER 76 CDC computer.

The syntheses and properties of the cis- and trans-
4-chloromethyl-2-alkyl-1,3-dioxolanes have been re-
ported elsewhere.'?

cis- and trans-2-Methyl-4-p-toluenesulphonyloxy-
methyl-1,3-dioxolanes were prepared as follows.
Equimolecular amounts (1 mole) of pure glycerine and
paraldehyde, acidified with Smls of 50% H,SO,,
were heated at 100°C for 10h with stirring. The
reaction mixture was made alkaline with a 20% aque-
ous solution of Na,CO; and then extracted with
diethyl ether. The ether solution, dried over anhydr-
ous Na,SO,, was evaporated and the residue distilled.
The fraction collected at 80-90°C, 11 mm, (yield 63%)
was composed of cis- and trans-2-methyl-4-
hydroxymethyl-1,3-dioxolane and of cis- and trans-2-
methyl-5-hydroxy-1,3-dioxane. This mixture was
separated using a Fractovap model P gas chromatog-
raph with a 10 mm diameter and 4 metres long column
filled with 20% Carbowax M on Chromosorb A 30-
40 mesh, using the following operating conditions: col-
umn oven temperature 140°C, injection port tempera-
ture 240°C, temperature of the filament detector
240°C, helium flow-rate 200 ml/minute, quantity of
sample 0.5ml of a 1/1 solution in diethyl ether. In
agreement with the literature,®® the chromatogram
shows 4 peaks; A, B, C and D. Peak A is identified as
cis-2-methyl-5-hydroxy-1,3-dioxane and peak D as
trans-2-methyl-5-hydroxy-1,3-dioxane. Peaks B and
C are identified as cis-2-methyl-4-hydroxymethyl-
1,3-dioxolane and its trans isomer. Toluene-p-
sulphonates were prepared by reaction overnight with
toluene-p-sulphonyl chloride in pyridine at room
temperature; cis-tosylate m.p. 53° (from ethanol),
trans-tosylate m.p. 73° (from ethanol), in agreement
with the values reported in Ref. 15.
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