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The Molecular Structure of 2,2-Dimethoxypropane,
CI'I3—O—C(CH3)2—O—CII3, in the Gas Phase

E. E. ASTRUP and A. M. AOMAR

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

The molecular structure of 2,2-dimethoxy-
propane has been investigated in the gas phase
by the electron-diffraction method. The prefer-
red conformation is found to be gauche,gauche
with a C, symmetry. The dihedral angle, «
(COCO), is 52.0(1.2)°. The geometric param-
eters are: r (C—0)=1.423(6) A, r(C-C)=
1.513(8) A, r(C—H)=1.1048) A, /COC=
114.0(1.4)°, £0CO=117.4(2.2)°, /CCC=
112.2(2.9)°, /CCH=111.6(1.1)°, /OCH=
107.8(1.8)°.

The structure of 2,2-dimethoxypropane (Fig. 1)
was investigated in order to obtain information
about the conformation of what may be looked
upon as a unit-brick of larger ring systems,
—(CH;—~ O0—-C(CH,);—0),—. This structure
determination is part of a study on cyclic and
acyclic ethers.

Fig. 1. 2,2 Dimethoxypropane.

Cumper and co-workers have investigated
a number of different methoxy compounds
using electric dipole moment measurements
and ultraviolet and NMR spectroscopic investi-
gations. They conclude that in the (CHg)s,-

C(OCH,), derivatives only hindered rotation of
the methoxy groups occurs. Calculations of
the charge distributions for the mentioned
methoxy derivatives have been performed by
Nagy and Pdrkényi ® and correlated with NMR
data.

EXPERIMENTAL

The electron diffraction diagrams of a com-
mercial sample of 2,2-dimethoxypropane were
taken on a Balzers Eldigraph KDG2 unit.
The sample was kept at about 0°C during
exposure. The background pressure during
the experiment was approximately 1.5x 10~°
Torr. The electron diffraction patterns were
recorded at 25.00 and 50.00 em nozzle-to-
plate distances and the electron wavelengths
were 0.05850 and 0.05852 A, respectively. For
the structure analysis five plates for the 25 ecm
distance and four plates for the 50 cm distance
were selected. The intensity was recorded on a
photometer for each 0.25 mm on the photo-
graphic plates. Each plate was oscillated about
the center of the diffraction diagrams, and the
intensity integrated over the arc. The data
were treated the usual way. ®* An experimental
background was subtracted on each plate
before averaging the intensity data. The molec-
ular intensity curves from the 25 ecm and 50
cm nozzle-to-plate distances were scaled and
combined to one experimental molecular in-
tensity curve extending from s=1.375 A-l
to 8= 30.00 A (Fig. 2). The mean values were
used in the overlap region. The intensity was
modified by s/|fc’llfo’l, where f’ is the complex
scattering factor "* for carbon and oxygen,
respectively.

The distances and the vibrational amplitudes
estimated from the experimental radial distribu-
tion (RD) curve were refined by a least-squares
procedure. The calculations have been carried
out on CDC 3300 and CDC 7400 (CYBER)
computers. *
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STRUCTURE ANALYSIS AND RESULTS

Approximate values for the structure param-
eters used in the least-squares analysis are deter-
mined from the experimental RD curve in
Fig. 3.

The bond distances in the molecule are
represented by the two first peaks in the RD
curve. The first peak at 1.1 A corresponds to
the C—H bond distances. All the C—~H dis-
tances are assumed to be equal. The peak at
1.5 A contains both the C—0 and C—C bond
distances. From the structure of related mole-
cules, dimethoxymethane * and tetramethoxy-
methane,!® g difference in the central and termi-
nal C—O bond lengths should be expected.
Unfortunately, in this investigation the correla-
tions between the C—O and C—C bond dis-
tances and the corresponding vibrational am-
plitudes are so large that these parameters
may not be determined with a great accuracy,
and consequently only a mean C—O bond
distance may be determined. At least two of
the four mentioned parameters had to be kept
at fixed values to give reasonable results during
the refining procedure. Table 1 shows the
parameter values from different refinements
together with the errors of square residuals.

The next peak in the RD curve, at about 2.4
A, contains information about the CCO, OCO,
COC, and CCC bond angles. The main contri-
butions to this peak are the four C---O distances
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from the oxygen atoms in the methoxy groups
to the methyl carbon atoms (2.36 4), the O-+-0
distance(2.43 A), which corresponds to an OCO
angle of 117.4°, the two C---C distances from
methoxy carbons to the central carbon atom
(2.39 4) (£ COC equal to 114.0°), and the C---C
distances between the two methyl group carbon
atoms (2.51 A), corresponding to a CCC angle
of 112.2°. The shoulder at about 2.0—2.2 A
shows the O---H distances in the methoxy
groups and the C---H distances between the
central carbon atom and the methyl hydrogen
atoms. It is assumed that the CCC plane formed
by the central carbon atom and the methyl
carbon atoms is perpendicular to the OCO
plane and bisecting the angle OCO.

The maxima determining the conformation of
the molecule are the three well-resolved peaks
in the outer part of the RD curve at 2.9, 3.3,
and 3.7 A. The first of these represents the
C:--O distances between non-bonded methoxy
carbon and oxygen atoms (2.89 A), and the
two shorter C---C distances between methoxy
and methyl carbon atoms (2.89 A). The next
peak corresponds to the C---C distances between
the methoxy carbons (3.30 A), and the last
peak the two longer C:--C distances between
methoxy and methyl carbon atoms (3.67 A).

The best agreement between experimental
and theoretical curves is obtained for a gauche,
gauche conformation of the C—0-C—-0-C
chain, the dihedral angle being 52.0°. A gauche,
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Fig. 2. 2,2-Dimethoxypropane. Theoretical (solid line), experimental (dots), and difference molecu-

lar intensity curve.
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Fig. 3. 2,2-Dimethoxypropane. Theoretical radial distribution curve. The lower curve shows the
difference between the experimental and the theoretical values. Artificial damping constant k=

0.002 A.

Table 1. The results of different cycles of
least-squares refinement of the parameters
for the C— O and C—C bond distances and
vibrational amplitudes.  shows the errors
of square residuals for each cycle. Due to the
large correlation of the listed parameters,
only two of these could be refined simul-
taneously.

C-0 c-C

R u R u® >
1.414 0.051(7) 1.508(16) 0.050 483.8
1.425(6) 0.048%  1.506(9) 0.050 113.0
1.425(6) 0.046¢  1.510(9) 0.050 111.8
1.424(6) 0.044% 1.513(8) 0.050 113.8
1.424(6)  0.046° 1.510(8) 0.048 110.9
1.424(6)  0.046 1.510(8) 0.046 110.3
1.423(6) 0.046%  1.510(8) 0.044 110.2
1.423(6) 0.045%  1.513(8) 0.044 107.2
1.423(6) 0.0442 1.514(8) 0.044 109.0

% Values kept fixed during the refinement.

gauche conformation could be expected because
the lone pair interaction in this conformation
should be more favourable than in an all-ants
conformation. The angle OCO is found to be
117.4° and the angle COC to be 114.0°. The
latter is in good agreement with the correspond-
ing angle in the cyclic ether 1,3,5-trimethyl-
trioxan,! and the acyclic dimethoxymethane °

and tetramethoxymethane. The OCO angle
found in this molecule is, however, somewhat
larger than those found in the other ethers
mentioned above.

In both dimethoxymethane and 2,2-di-
methoxypropane are the shortest O---H dis-
tances, which extend over more than one
angle, fairly small, 2,09 and 2.34 &, respectively.
This is a fact which may indicate an interaction
between oxygen and hydrogen atoms. Also
the C—C bond distances in this molecule are
found to be shorter (1.513 A) than what is
usually found for such bonds. It should be
mentioned that a shorter C—C bond distance
(149 A) also is found in 1,3,5-trimethyl-
trioxan.

The twist of the CH; groups about the C—C
and C—O bonds cannot be determined with
great accuracy because of the poor scattering
power of hydrogen atoms. It was assumed that
the two methyl groups had an equal twist,
and the best result was obtained for an ideal
staggered conformation. The twist of the meth-
oxy CHj groups were also assumed to be equal
and refined to 15.9° from an ideal staggered
position.

As already mentioned, the refinement of
the C—0O and C—C bond distances and their
vibrational amplitudes may not be carried
out simultaneously because of the great correla-
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Table 2. Structure parameters for 2,2-di-
methoxypropane obtained by least-squares
refinement on the intensity data. Distances
(r,-values) and mean amplitudes of vibration
(u-values) are given in A, 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 the atoms see Fig. 3.)

Distances r u
Cc-0 1.423(6) 0.045
C-C 1.513(8) 0.044
C-H 1.104(8) 0.070(04)
0,---0, 2.439(21) 0.064(15)
C,-+-0, 2.359(12) 0.079
C,-+-0, 2.885(12) 0.110(11)
C,---C, 2.388(16) 0.073(09)
Cy+C, 2.512(36) 0.078
C,---C, 2.886(18) 0.108
C,-+C, 3.303(31) 0.120
Cp+Co 3.671(8) 0.128(12)
0,---H, 2.038(16) 0.091(18)
0,-+-H, 2.337(29) 0.120
81”%’ 2.611(17) }

L
8‘“%: } 2.662(24) 0.116

LUH 3.526(41)
0,-+H, 3.705(31) } 0.122
C,-+H, 2.177(14) 0.093
C,-+H, 2.891(56) 0.148
C,--H, 3.510(53) 0.156
C,---H, 3.953(28) 0.120
C,---H, 3.997(17) 0.120
Cy++-Hy 4.336(35) 0.160
C,-- 1, 4531016 0.132

.-+ H, 1.782(14)
H,..H, 1.831(12) } 0.094
H,---H, 4.597(48) 0.20
Angles deg.
/.00C 114.0(1.4)
70CO 117.4(2.2)
2(CH,0)* 52.0(1.2)
/ OCH 107.8(1.3)
7(CH,)? 15.9(2.1)
/Cce 112.2(2.9)
7 CCH 111.6(1.1)

%a is the twist angle of the methoxy groups
around the central CO bonds. (Dihedral angle
C—~0—-C—0). b7 is the twist angle of the CH, in
the methoxy groups around the terminal CO bonds.

tions. Two of these parameters were kept
at fixed values during the refinements. If the
vibrational amplitudes are fixed at reason-
able values, the C—C and the C— O distances
may be refined simultaneously with the COC,
0CO, CCC, OCH, and CCH angles, the twist
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angles of the CH;— O — groups and the methoxy
CH, groups, and the vibrational amplitudes
for O---O and the shorter O---H non-bonded
distances. As the correlation between the COC
and CCC angles is considerable (0.8), the vibra-
tional amplitudes for the C-:.:C and C---O
distances have been refined in separate cycles.
The remaining vibrational amplitudes have
been grouped according to distance type and
lengths and refined in separate cycles. Keeping
some parameters at fixed values during the
refinements results in too small standard
deviations for some of the parameters. To
compensate for this, the approach proposed
by Seip,'® has been applied to some of the most
important parameters. The final parameters
are shown in Table 2 and the correlation matrix
in Table 3.

CONCLUSION

As expected the conformation of 2,2-di-
methoxypropane is found to correspond to
that of dimethoxymethane, i.e. + gauche,
+gauche. Due to substitution of hydrogen
atoms by the much larger CH; groups the
angles in 2,2-dimethoxypropane are gener-
ally somewhat larger than the corresponding
angles in dimethoxymethane ? and the dihedral
angle of the C— 0O —C—0—C chain somewhat
smaller (52 and 63°, respectively), giving
more space to the methyl groups. The bond
distances are found to be close to what is
usually found for distances of this type. The
shortest non-bonded O,---Hy distance is, how-
ever, found to be somewhat short, and this
may indicate that a weak oxygen-hydrogen
interaction is present.

Dipole moment measurements show that 2,2-
dimethoxypropane possesses & small dipole
moment, as is also found for dimethoxymethane
(0.61 D and 0.99 D,* respectively). By
comparison!? of these moments with that of
a compound having a +gauche,—gauche con-
formation of the C—0—-C—0-C skeleton
(e.g. 1.3-dioxan) it is seen that the latter has
a considerably greater dipole moment (1.9
D®), Dipole moments for the gauche,anti and
anti,antt conformations should be expected
to be still larger.

Calculations of dipole moments! according
to Eyring,* has been carried out for different
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Table 3. 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 ] 9 10 11 12
1 7(C,-0,) 100
2 /.COC 100
3 /.0CO —87 100
4 «(CH,0)2 38 100
5 / OCH 100
6 7(CH,)? 42 27 100
7 7(Cy— Cy) —-24 -—34 30 —-28 100
8 /.CCC 86 —86 -—28 24 100
9 / CCH —-33 39 -31 —43 100
10 (0, --0,) -30 24 23 —-178 100
11 u(0,++-H,) 37 -—-53 21 —-21 30 -—65 100
12 scale —-24 22 26 —-24 -29 59 -21 100

@ o is the twist angle of the methoxy groups around the central CO bonds. ? 7 is the twist angle of the
CHj in the methoxy groups around the terminal CO bonds.

conformers of the molecule. The best agreement
with the measured dipole moment is obtained
for a dihedral angle of 77°, which is in good
agreement with the result of this work.
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