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The Molecular Structure of 2,4,6-Trirhethyl—
trioxan (Paraldehyde)

E. E. ASTRUP

Department of Chemistry, University of Oslo, Oslo 3, Norway

The molecular structure of 2,4,6-trimethyl-trioxan in the gas
phase has been investigated by electron diffraction. The ring is found
to have a chair conformation, and the three methyl groups are in
equatorial positions. The most important molecular parameters are
as follows: (C—0) = 1.410 (0.004) A, »(C—-C) = 1.494 (0.009) A, »(C-H) =
1.104 (0.007) A, /. COC=112.3 (0.8)°, £ OCO =110.7 (0.7)°, / 0,C,C, =
109.2 (1.0)°, £ C,CH,=110.7 (1.3)°; the dihedral angle of the ring,
4(0COC), is found to be 54.6 (1.2)°.

The structure investigation of 2,4,6-trimethyl-trioxan has been carried out
as part of a study on cyclic and acyclic ethers.

The structure of 2,4,6-trimethyl-trioxan has earlier been studied by electron
diffraction by Ackermann and Mayer ! in 1936, by Carpenter and Brockway 2

Fig. 1. 2,4,6-Trimethyl-trioxan.

in 1936, and by Aoki 2 in 1953. These investigations were all based on visually
estimated intensity data and the authors express doubt as to whether the
compound contained a pure e,e,e conformation or a mixture of two isomers.

The sample of 2,4,6-trimethyl-trioxan used in the experiment was kindly
supplied by J. Krane.* The synthesis gives a mixture of the e,e,e and the e,e,a
isomers and the two have been separated on a preparative gas chromatograph.
The purity of the separated e,e,e sample was checked in the NMR spectrum
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Fig. 2. NMR spectrum of 2,4,6-trimethyl-trioxan, showing the presence of a pure e,e,e
conformation.

(Fig. 2). The spectrum shows one quartet due to the C-H protons and one
doublet caused by the CH, protons. The spectrum shows no change with
decreasing temperature. The chemical shift relative to TMS is 83 Hz for the
CH, protons and 302 Hz for the C-H protons.

EXPERIMENTAL

Electron diffraction diagrams were taken on a Balzers Eldigraph KDG2. The nozzle
temperature was about 23°C, and the electron wave length 0.05847 A. The nozzle-to-
plate distances were 50 and 25 cm. The pressure in the apparatus during exposure was
3x 10-* mmHg. Five selected plates were used for each distance. The intensity was re-
corded on a photometer for each 0.25 mm on the photographic plate. The plates were
oscillated about the centre of each plate and the data integrated over the arc. The data
were treated the usual way.® The experimental background was subtracted on each plate
before averaging the intensity data. The molecular intensity curves from the 50 cm
plates and the 25 cm plates were scaled, and the mean values were used in the overlap

i&egion. The final intensity curve, shown in Fig. 3, extends from s=1.75 A1 to s=29.25
-1
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Fig. 3. 2,4,6-Trimethyl-trioxan. Experimental (solid line), theoretical (dotted line), and
difference molecular intensity curve.
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The modified molecular intensity may be expressed by the equation
I(s) = const. %jz Fijrmn(8) XP (=} u;;%s?)[(sin 7y8)/ry]

where

Fijimn(8) = %H‘?;II cos (4ny)

In this case f, was put equal to the complex scattering factor for carbon and f,
equal to the oxygen scattering factor to obtain a Gaussian shape of the carbon-oxygen
peaks in the RD (radial distribution) curve.

The distances and u-values (vibrational amplitudes) estimated from the RD curve
were refined by a least squares procedure. The numerical calculations have been carried
out on a CDC 3300 computer.*

STRUCTURE ANALYSIS AND RESULTS

Approximate values for the molecular parameters, which were used in
the least squares analysis of the structure, were determined from the experi-
mental RD curve (Fig. 4).

1 2 3 4 5 r(A) 6

Fig. 4. 2,4,6-Trimethyl-trioxan. Experimental (solid line), theoretical (dotted line), and
difference radial distribution curve. The damping constant is equal to 0.002 A2

There is no indication from the RD curve that a contribution from the
a,a,0 conformation is present. This is as expected since the energy of this con-
formation must be much higher than for the e,e,e conformation because of
the methyl-methyl interaction in axial positions.

The bond distances in the molecule are found in the two first peaks in the
RD curve. At about 1.1 A is the peak corresponding to the C—H bond distances,
and the C—O and the C—Cbond distances contribute to the peak at 1.3—1.6 A.
The C-O bond lengths are determined to be about 1.41 A, as found in other
ethers,”,® and the C-C bond length 1.49 A, which is slightly shorter than ex-
pected. The peak at 2.3 A is composed of C---O distances from the ring oxygen
atoms to the nearest methyl carbon atoms and O..-O and C...C distances in
the ring. The main contribution to the peak at 2.7 A is from the C..-O distances
in the ring. The C...C distances from the carbon atoms in the ring to the methyl
carbon atoms must be expected to occur at 3.6 A, the long C...O distances
from the oxygen atoms to the methyl carbon at 4.0 A, and the C...C distances
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between the methyl carbon atoms at 4.7 A, which explains the three well
resolved outer peaks on the RD curve.

The C-H axial bond distances are assumed to be parallel to the threefold
axis. This assumption may not be quite correct and may be responsible for
some minor discrepancies between the experimental and the theoretical curves.
But because of the insignificant contribution of the distances containing these
hydrogen atoms to the RD curve, their exact positions are difficult to de-
termine. An attempt was made to determine a possible difference between
the C-H bond distances in the methyl groups and the axial C~H bond dis-
tances in the ring, but no difference could be determined.

The position and the shape of the peak at 2.7 A is sensitive to a twist of
the methyl groups about the C-C bonds. A twist angle, 7(CH,), of approxi-
mately 10— 11° from an ideal staggered position of the methyl hydrogen atoms
with respect to the axial C-H bonds gives a better fit between the experi-
mental and the theoretical RD curve for this peak than is obtained for an
ideal staggered conformation, but less good for the peak at 2.3 A and 3.6 A.
The lowest sum of square residuals in the least squares refinement is obtained
for the exact staggered conformation.

The following independent molecular parameters were simultaneously
refined (Fig. 5): C-O, C-C, C-H, « (the angle between the O,C,C; plane and

Fig. 5. The symbols and numbering system
used for the 2,4,6-trimethyl-trioxan model.

the plane through C,C;C;), § (the angle between the plane C,C5Cs and C3-C,),
/. C,CH,, and the vibrational amplitudes for the bond distances C-O and
C—H and for the non-bonded distances O-.-C and the C...C between the
methyl carbon atoms. The remaining u-values were grouped according to
distance type and length. The values for the remaining non-bonded 0.-H
and C...H distances were obtained from separate cycles of refinement, while
the amplitudes for the non-bonded H...H distances were fixed at reasonable
values.

The least squares refinement converges to the results listed in Table 1.
The u-values found for the C~H bond distances are smaller than what is
usually found for C-H bonds. From the correlation matrix (Table 2) it is seen
that the C-H amplitude of vibration is only slightly correlated with the other
parameters, and consequently this amplitude will hardly influence the over-
all result.

In Table 3 is shown a comparison of the ring angles OCO and COC in 2,4,6-
trimethyl-trioxan and in different investigations of 1,3,5-trioxan. In the
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Table 1. Structure parameters for 2,4,6-trimethyl-trioxan obtained by least squares refine-
ment on the intensity data. Distances (r,-values) and mean amplitudes of vibration
(u-values) are given in 4, angles in degrees. The standard deviations given in parentheses
have been corrected to take into account data correlation. The uncertainty arising from
error in the electron wavelength is included. (For numbering system of atorms, see Fig. 5.)

Distances r u

C,—-0, 1.410 (0.004) 0.057 (0.005)
C,—-C, 1.494 (0.009) 0.052 (0.005)
C—-H 1.104 (0.007) 0.051 (0.009)
0,---0, 2.319 (0.012) 0.067 (0.006)
C,---0, 2.366 (0.008) 0.065 (0.009)
C,---0, 2.723  (0.008) 0.081  (0.014)
C,--0, 4.067 (0.009) 0.108 (0.025)
Cy---Cy 2.341 (0.015) 0.076 (0.007)
Cy---C, 3.644 (0.005) 0.087 (0.010)
C,.--C, 4.719 (0.014) 0.101 (0.040)
Cy---H, 2.146 (0.018) 0.109

Cy---H, 2.587 (0.012) 0.140

C,---H, 2175 (0.015) 0.074

Angles

/.C;0,C, 112.3 (0.8)

£.0,C,0, 110.7 (0.7)

o 32.4 (1.0)

B 23.1 (1.6)

1(CH,) 0.0

4(0COC) 54.6 (1.2)

/0,C,C, 109.2 (1.0)

/C,C.H, 113.1

£ 0,C H, 107.4

£ C;CH, 110.7 (1.3)

Table 2. Correlation matrix (x 100) for the parameters. (The coefficients having absolute values less than 20
are not given.)

Parameters 1 2 3 4 5 6 7 8 9 10 11 12 13 14

(C-0) 100
#(Cy++-Cy) 100
#(C-C) —40 —39 100
(C-H) 29 100
« 38 —20 100
B —20 51 41 —69 100
/. CCH, 100
Yoo 32 36 —89 —32 —37 100
Yooy 35 —44 100
Ugpeeecy —61 30 100
11 UG eon 30 100
Ueyec 100
Uoperon ‘ 38 —22 100
14 Scale 25 20 100

—
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Table 3. Comparison of the ring angles and the bond distance C-O in 2,4,68-trimethyl-
trioxan and in 1,3,5-trioxan.

r(C-0) A /.0C0° £.Coce

2,4,6-Trimethyl-  Electron
trioxan diff. 1.410 (0.004) 1107  (0.7) 112.3  (0.8)
(this work)

X-Ray

diff.1° 1.421 (0.006) 109.6 (0.3) 110.4 (0.3)

X-Ray

diff.r 1.429 (0.004) 107.8 (0.2) 108.0 (0.2)
1,3,5-Trioxan Electron

diff.? 1.411 (0.002) 111.0 (0.7) 109.2 (1.0)

Micro-

wave 11 1.411 (0.01) 111.2 (1.0) 108.2 (1.0)

Micro-

wave 13 1.403 (0.002) 112.0 (0.3) 110.4 (0.3)

electron diffraction and microwave investigation of 1,3,5-trioxan the agree-
ment between the results is very good, and in these investigations the / OCO
is found to be greater than the / COC. In the X-ray diffraction investigations
of 1,3,5-trioxan and in this investigation of 2,4,6-trimethyl-trioxan, however,
the / COC is found to be the greater. It is also seen from Table 3 that the
ring angles are somewhat greater in 2,4,6-trimethyl-trioxan and consequently
the ring is less puckered, as expected from the effect of the larger equatorial
groups. A recent article ? on the structure of 1,3,5-trioxan suggests on the
basis of potential energy calculations that the order of the two angles is in
agreement with that found for 2,4,6-trimethyl-trioxan.

REFERENCES

. Ackermann, P. G. and Mayer, J. E. J. Chem. Phys. 4 (1936) 377.

Carpenter, P. C. and Brockway, L. O. J. Am. Chem. Soc. 58 (1936) 1270.

Aoki, K. Nippon Kagaku Zassht 74 (1953) 110.

Krane, J. Private communication.

Bastiansen, O. and Skancke, P. N. Advan. Chem. Phys. 3 (1960) 323.

Andersen, B., Seip, H. M., Strand, T. G. and Stelevik, R. Acta Chem. Scand. 23
(1969) 3224,

Clark, A. H. and Hewitt, T. G. J. Mol. Struct. 9 (1971) 33.

. Blukis, U., Kasai, P. H. and Myers, R. J. J. Chem. Phys. 38 (1963) 2753.

. Pickett, H. M. and Strauss, H. L. J. Chem. Phys. 53 (1970) 376.

. Busetti, V., Del Pra, A. and Mammi, M. Acta Cryst. B 25 (1969) 1191.

. Busetti, V., Mammi, M. and Carazzolo, G. Z. Krist. 119 (1963) 310.

. Oka, T., Tsuchiya, K., Iwata, S. and Morino, Y. Bull. Chem. Soc. Japan 37 (1964) 4.
. Colmont, J. M. and Depannemaecker, J. C. Second European Microwave Spectros-
copy Conference, 1972.

—
SPEN Sohwom

Yk ek ot
O DO =

Received November 6, 1972.
Acta Chem. Scand. 27 (1973) No. 4



