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CONFORMATIONAL ANALYSIS—VIII
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P. AYRAS and K. PIHLAJA
Department of Chemistry, University of Turku, 20500 Turku 50, Finland

(Received in the UK 13 March 1973; Accepted for publication 4 June 1973)

Abstract—Substituent effects on *H chemical shifts of a large number of methyl-substituted 4-oxo-
1,3-dioxans have been estimated and shown to be additive for compounds with a uniform half-chair
conformation. The additivity rule fails, however, if the substitution pattern forces the ring into a non
half-chair conformation. The ring conformations of 5-methyl-, cis- and trans-2,5-dimethyl- and 2,2,5-
trimethyl-4-ox0-1,3-dioxans have been clarified by NMR and through acid-catalyzed equilibration of

the epimeric 2,5-dimethyl derivatives.

Our earlier reports'™ showed the 4-oxo-1,3-dioxan
ring to exist either in half-chair or in 2,5-boat con-
formations in which the lactone grouping
C—C(=0)—0—C is coplanar. A proper substitu-
tion may, however, force the ring into a twist-boat
conformation. This paper will consider the additiv-
ity of substituent effects on 'H chemical shifts and
their application to predict the ring conformations
of methyl-substituted 4-oxo-1,3-dioxans.

The inductive and/or anisotropic effects of a
given substituent may change the chemical shifts of
the ring and exocyclic protons. Starting from
simple model compounds with known conforma-
tions it is easy to derive the values for different sub-
stituent effects since*’ AH(x)=AH(x),+3SE,
(equation 1) where AH(X) is the chemical shifts of
the xth proton in a given 4-oxo-1,3-dioxan, AH(x),
the chemical shift of the same proton in the parent
compound and 3SE the sum of the different sub-
stituent effects.

The NMR shift method has been shown to be
applicable to many structural problems.*'® Re-
cently, Kellie and Riddell’ used *C chemical shifts
to clarify the ring conformations of alkyl-
substituted 1,3-dioxans and 'H chemical shifts were
found to be useful in the configurational assign-
ments of polyhydroxy norbornanes."

Of course, the 'H chemical shifts are small in
comparison to those observed in, e.g., ’C measure-
ments. Consequently, to get as high accuracy as
possible, the proton chemical shift measurements
must be carried out uniformly using a standard
sample concentration. In the present case the sig-
nals of the protons or methyl groups in 2 position
are only little affected by substitution, although a
distinct dependence on the substitution pattern can

*The notations e and a will be used to mean equatorial
and axial orientations, respectively.

still be observed. The chemical shifts of the S and 6
protons or methyl groups of 4-oxo-1,3-dioxans are
more dependent on substitution. Thus the 5 protons
resonate between 130 and 170 Hz and the 5 methyl
protons between 66 and 81 Hz downfield from in-
ternal TMS. Correspondingly, the 6 proton signals
are found between 216 and 265 Hz and those of the
6 methyl protons between 67 and 81 Hz. In the fol-
lowing only the chemical shifts of the 5 and 6
protons or methyl groups will be discussed in detail.

RESULTS AND DISCUSSION

The chemical shifts and coupling constants of 5-
methyl-, 2,5-dimethyl- and 2,2,5-trimethyl-4-0xo-
0xo0-1,3-dioxans are presented in Tables 1 and 2.

Chemical equilibration of the epimeric 2,5-
dimethyl-4-0x0-1,3-dioxans at 298 K revealed that
the trans form is thermodynamically ca
0-88 kJ/mol more stable. The magnitude of the vici-
nal coupling constants (Table 2) shows that the
trans isomer exists in a half-chair conformation
where both methyl groups are pseudoequatorially
orientated. The cis isomer also assumes a half-chair
conformation, the 5 methyl group being now
pseudoaxial. In this case the substitution pattern
does not exclude the possibility of a 2,5-boat con-
formation. However, the vicinal coupling constants
are of the same order of magnitude and close to the
*Jsee value of the 2e5e epimer.* In a 2,5-boat form
(Fig 1) *J.’s should be about 12 and 6 Hz and hence
cis-2,5-dimethyl-4-oxo-1,3-dioxan does not exist
in this conformation. A similar conclusion can be
drawn from thé substituent effects (Table 3).

The larger *Jss of 5-methyl-4-oxo-1,3-dioxan has a
value between the corresponding coupling con-
stants of the cis and trans isomers of 2,5-
dimethyl-4-0x0-1,3-dioxan. This observation is in
agreement with the fact that the 5 methyl derivative
exists as a mixture of the 5e and 5a half-chair con-
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Table 1. Chemical shifts of 5-methyl-, 2,5-dimethyl- and 2,2,5-trimethyl-4-oxo-1,3-
dioxans in CCL. All values in Hz from TMS.

'R RQ@) RG) 2eH *2aH %aH °*6eH °*SH %2-CH, °-CH,
H H Me 320-5 3250 2180 2520 169-5 723
Me H Me* 3270 2165 251-5 163-5 © 868 69-1
Me H Me® 332.5 2505 2230 1675 858 745
Me Me Me 226:5 2505 1575 92-3° 717

“Trans-2,5-dimethyl. *Cis-2,5-dimethyl. “Both 2 methyl signals.

Table 2. Coupling constants (Hz) of 5-methyl-, 2,5-dimethyl- and 2,2,5-trimethyl derivatives in CCL

‘R(Z) 2R(2) R(5) SJZH. CH3 212-2; zfsase 3Jf.e.s 3]6:5 ]-’5}1, CH3 ‘J2e69 ‘]CHg. CH;3
H H Me -570 -1092 953 729 7-08 0-8

Me H Me* 5-16 -11-54 11-86 7-44 7-16

Me H Me’ -10-81 732 619 7-10

Me Me Me -11-84 845 6-69 7-22 07

“*See Table 1. “Solvent C¢Hs.

Table 3. The parent chemical shifts and the respective substituent effects in Hz. Positive values

mean downfield shifts in CCL,
Proton or

proton grouping AH(x), SEQe) SE(2,2)* - SE(5¢) SE(5a) SE(6e) SE(6a)
Sa-H 169-0=1° -8:0 -12:5 +2-5 -27-0 +11-5
Se-H 162-0x1° —4-5 -9-0 +10:0 -3.5 —
5a-CH, 752022 -1-1 —4-0 +1-8 —4.2 +53
5e-CH, 707022  -14 -2:9 -1:6 +1:2 -2:6
6a-H 2410%1° -2:0 +14-0 —-240 +9-0 +6-0
6e-CH, 79-5+02* -1.7 —4-0 +0-7 ~7-6 +0-4

“SE(2a) = SE(2,2) — SE(2¢). "Estimated derivations.

r _
=7
b - st
/‘2 O/]\ trans
0] O ]

Fig 1.
formation. Taking into account that the expression

- Iabs." ee 9’53"‘6‘19

K—I.,-Job,,— 11-86—9-53

@

can be used to estimate the conformational equilib-
rium constants the value 0-9+£0-4kJ mol™ is ob-
tained at 306 K for the conformational free energy
of a pseudoaxial 5 methyl group in excellent agree-
ment with the value based on chemical equilibra-

tion. The other coupling constants, *Js and *Jses,
are too close to each other to allow any energy cal-
culations.

Also the chemical shifts of the 5e and 5a methyl
groups can be used in a similar manner (Table 3):

_ v(52)—v(obs.) _752-72:3
(obs)—v(3e) 72-3-707

_2:9+04
1604

1-8+0-7

The value 1-5+1-0 kJ mol’ is then obtained for the
conformational energy of a pseudoaxial 5 methyl
group. This estimate is not too far from those de-
rived from chemical equilibration and vicinal coupl-
ing constants taking into account the more crude
nature of chemical shift calculations.”

The values of the vicinal coupling constants of
2,2,5-trimethyl-4-oxo-1,3-dioxan are indicative for
a conformation mixture including also other than
half-chair forms. Also chemical shift calculations
support this view (Table 3), although the half-chair
form with a Se methyl group is likely the most
favoured conformation. This conclusion is in agree-
ment with our previous observation that 2,2,6e-
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trimethyl- and 2,2,5e6e-tetramethyl derivatives
exist mainly in half-chair forms whereas 2,2,5a6e-
tetramethyi derivative assumes a twisi-boat confor-
mation. ™

Thus a Z,Z,5a-trimethy{ substitution seems to be
enough to force the 4-oxo-1,3-dioxan ring at least
partly in a twist-boat conformation.

Estimation of the substituent effects on the 'H
chemical shifts. Table 3 lists the parent chemical
shifts for the 5 protons and methyl groups and for
the 6 axial proton and 6 equatoria) methy) group
and the values of different substituent effects on
them. These values were estimated from equation 1
to find out the best fit between the observed and
calculated chemical shifts of those derivatives ex-
isting in half-chair conformations (Table 4)."* The
values based on differently substituted compounds
were relatively close to each other although slight
variation occurred from compound to compound.
However, any general trend could not be observed
and hence only the ‘“best” values for the sub-
stituent effects are shown in Tabie 3.

Despite the nice fit between the observed and cal-
culated chemical shifts of those methyi-substituted
4-0x0-1,3-dioxans (Table 4) with greatly preferred
hadfi-Cnair contormations. siibstantial discrapancies
bt JWrrind il iRl rmira Siifs
were found for compounds that would have non-
haf-cnair contormalinns ITalte 31 ° The ohsprvad
discrepancies confirm and correlate accurately the
coniormahond condnSIONS 1 DNF HILIPUS JE-
pons.™

EXPERIMENTAL
Syntheses, separation of the isomers, the method of
chemical equilibration and configurational and conforma-
tionza assignmenis of most of the derivatives have been
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described earlier.”™ ' The NMR spectra were recorded on
a 60 MHz Perkin-Elmer R 10 spectrometer using 10% sol-
utions {(w/v) and TMS as iniernal standard. The chemical
<hiftes o6 *hee nathudh privans wre necen v Ui v w R
scans tscde Sxoior 3 Bz, accuracy =02 12y and those 6f
the ring protons mean values of 2 to 3 scans (scale factor
3 Hz, accuracy +2 Hz). The ABC subspectra were anal-
yzed with an IBM 1130 computer with the aid of an itera-
tive program.’
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