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Abstract. C;H,,0,, M, =142.20, monoclinic, P2,/n,

a=6-3457 (10), b=11.7207 (14), c=11.758 (2) A,

B=104-27(2)°, V=847-5A3, Z=4, D, =
1-11Mgm=3, A(Mo Ka)=0-71069 A, u(Mo Ko)=
0-05 mm~!, F(000) =312, T=293 K, R =0-059 for
1313 unique observed reflections. The molecule adopts
a slightly distorted cis-bisected conformation, with the
carbonyl oxygen eclipsing the ring. The cyclopropane
ring is asymmetric, with one short and two longer
bonds, in accordance with theoretical expectations. The
absolute values of the bond lengths and several bond
angles indicate substantial steric interactions between
the carboxyl and the two cis methyl groups. The
molecules are linked in pairs across centres of sym-

metry by the usual carboxylic acid hydrogen bonding.

* Part 7: Schrumpf & Jones (1987).
0108-2701/87/091752-04$01.50

Introduction. The interaction between a cyclopropane
ring and a 7macceptor substituent induces a shortening
of the connecting bond and a ring-bond asymmetry,
with a short bond opposite the substituent and two
longer adjacent bonds. This is documented by many
structures of appropriate cyclopropane derivatives
determined by X-ray diffraction in the crystalline state
and by electron diffraction and rotational spectroscopy
in the vapour phase (Allen, 1980). Cyclopropane
derivatives of chemical interest are for the most part
polysubstituted molecules, and the question arises as to
the additivity of these substituent effects. Moreover,
since the simple monosubstituted cyclopropanes are
mostly liquids at ambient temperatures, crystal struc-
tures of those compounds are only feasible at low
temperatures, for example cyano- and aminocyclo-
propane (Kiers, de Boer, Heijdenrijk, Stam & Schenk,

© 1987 International Union of Crystallography
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1985; de Boer, Schenk & Stam, 1986). In order to gain
information on the geometry of these molecules in the
crystalline state at ambient temperatures, one has to
study appropriate model molecules carrying additional
substituents with known or presumed small effects on
the structure, e.g. methyl groups.

We were interested in the influence of the carboxyl
group on the cyclopropane ring geometry and the
dependence of the effect on the conformation of the
acid group. Cyclopropanecarboxylic acid melts at
292 K. In the literature, the structure of trans,trans-
2,3-dimethylcyclopropanecarboxylic acid has been
reported (Luhan & McPhail, 1972). Since methyl
groups do not significantly affect the cyclopropane
geometry (Klein & Schrumpf, 1981), the geometry of
this molecule might be considered to be close to the
hitherto unknown structure of the unsubstituted acid.
However, in the crystal, the dimethyl-substituted acid
deviates from the anticipated molecular C, symmetry.
The deviation from C, symmetry might be induced by
crystal packing effects. The dihedral angle of the
carboxyl group with respect to the bisector plane of the
adjacent intra-annular angle is 5°, and the lengths of the
ring bonds adjacent to the substituent differ by
0-012 A. However, this is insignificant in view of the
rather large standard deviations (0-007 A) of that
study.

We have therefore investigated the structure of
2,2,3,3-tetramethylcyclopropanecarboxylic acid.

Experimental. The title compound was synthesized
according to the literature (Meshcheryakov & Dolgii,
1960). Suitable crystals were grown from acetic
acid—water as colourless prisms. Since the compound
sublimes readily, they were sealed in glass capillaries.

Crystal 0.6 x 0-4 x 0-4 mm; 2523 profile-fitted in-
tensities (Clegg, 1981) recorded on a Stoe—Siemens
four-circle diffractometer. Monochromated Mo Ka
radiation, 26,,,, 55°, —h+k+l and some +/ equiva-
lents. Three check reflections, no intensity change. Ry,
0-019 for 1949 reflections, 1313 with F > 40(F) used
for all calculations [program systems SHELX76
(Sheldrick, 1976) and SHELX86 (Sheldrick, 1986)].
Index ranges after merging 1Al < 8, 1 kI, [ /1 < 15. Cell
constants refined from 26 values of 58 reflections in the
range 20-23°.

Structure solution by routine direct methods. Full-
matrix refinement on F to R 0-059, wR 0-058 [rigid
methyl groups with C—H 0-96 A, H—C—H 109-5°,
U(H) = 0-1 A?; other H refined freely; 111 param-
eters; weighting scheme w~'= ¢(F) + 0-00025F?;
S = 2.07]. Max. 4/0 0-024, max. and min. features in
final 4p map +0-15, —0-21e A3 Atomic scattering
factors those of SHELX.

A rigid-body libration correction was applied; Ry,
= 0-066.
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Table 1. Atomic coordinates (x 10%) and equivalent
isotropic temperature parameters (A* x 10%)

X y z Ueq
C(3) 4833 (3) 3022 (2) 2277(2) 44 (1)
C(2) 4693 (3) 2113 (2) 3139 (1) 46 (1)
C(1) 3551 (4) 1926 (2) 1844 (2) 44 (1)
C(@31) 6952 (4) 3244 (2) 1957 (2) 67 (1)
C(32) 3500 (5) 4103 (2) 2223 (2) 73 (1)
C@21) 6693 (5) 1423 (2) 3699 (2) 70 (1)
C(22) 3222 (5) 2277 (2) 3958 (2) 75 (1)
C(11) 4236 (4) 1094 (2) 1075 (2) 42 (1)
o(1) 6103 (3) 790 (1) 1141 (1) 61 (1)
0(2) 2573 (3) 697 (1) 267 (1) 59 (1)

Equivalent isotropic U defined as one third of the trace of the
orthogonalized U, tensor.

Table 2. Bond lengths (A) and angles (°) in the title

compound
Corrected

C(3)-C(2) 1488 (3) 1-504
C(3)-C(31) 1506 (3) 1-522
C(2)—C(1) 1-532 (2) 1.541
C(2-C(22) 1.510 (3) 1-523
C(11)-0(1) 1.221 (2) 1.234
C(1)=C(3) 1-539 (3) 1-548
C(3)-C(32) 1.516 (3) 1529
C(2)-C(21) 1-512 (3) 1-527
C()-C(11) 1-467 (3) 1-474
C(11)-0(2) 1-318 (2) 1.327
C(1)-C(3)-C(2) 60-8 (1) CBD-CB)-C(2)  120-1(2)
C3N-CB)-C(1) 1196 (2) C(32-C(3)-C(2)  120-1(2)
C(32)-C(3)-C(1)  116-1(2) C(32)-C(3)-C@31)  111-6(2)
C(3)-C(2)-C(1) 61.2 (1) c@N-C()-C@B)  119-7(2)
C@2D-C(@)-C()  119-8(2) C(22)-C(2)—-C(3)  119:6(2)
C(22)-C(2)-C(1)  115.9(2) C(22)-C(2)-C(21)  112:0(2)
C(2)-C(1)-C(3) 58-0 (1) CUD-C(1)-C3)  123-1(2)
CUD-C(D-CQ)  124-7(2) 0(1)=C(11)=C(1)  125-8(2)
oQ)—C(1)-C()  111:9(2) 0(2)-C(11)=-0(1)  122:3(2)
Discussion. Final atomic coordinates, derived

parameters and libration-corrected bond lengths are
given in Tables 1 and 2.*

In the following discussion, we shall use the
uncorrected bond lengths, because the data for the
molecules taken for comparison are also uncorrected.
The carboxyl group (see Fig. 1) adopts the cis bisected
(cb) conformation with a small deviation of 5° from the
ideal dihedral angle. This is a typical result for
cyclopropanes substituted by carboxyl groups and their
derivatives; however, here we expected an ideal cb
conformation, because the symmetric steric inter-
actions with the two cis methyl groups should prevent
the acid group from leaving the cb potential-energy well.

* Lists of structure factors, anisotropic thermal parameters and
H-atom parameters have been deposited with the British Library
Document Supply Centre as Supplementary Publication No. SUP
43949 (10 pp.). Copies may be obtained through The Executive
Secretary, International Union of Crystallography, 5 Abbey
Square, Chester CH1 2HU, England.
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The ring asymmetry is as expected, with a short
C(3)—C(2) bond (1-488 A) and two larger lateral
bonds C(1)—~C(3) (1-539 A) and C(2)—C(1) (1-532 A).
The difference between the latter of about two e.s.d.’s is
probably insignificant. The most interesting result is
that the average ring bond length is 1520 A, which is
about 0-016 A longer than the average of many
structures with carbonyl and carboxyl substituents
(1-504 A; Allen, 1980). In the 2,3-dimethyl-substituted
acid (Luhan & McPhail, 1972), the average is 1-503 A.
The difference between the average adjacent and the
opposite ring bonds is 0-037 A in the dimethyl, but
0-048 A in the tetramethyl derivative. Allen (1980)
_gives an average difference of 0-035 A for carbonyl
derivatives with cb conformations. Thus, substantial
steric pressure in the present molecule between the two
methyl groups and the carboxyl group is indicated,
which tends to lengthen the lateral bonds preferentially.
There are two more pieces of evidence for this
interaction. The bond C(1)—C(11) between the ring and
the carboxyl group (1-467 A) is 0-011 A longer than
the same bond in the dimethyl derivative (1-456 A).
Second, the angle of inclination of the carboxyl group
towards the ring as measured in terms of the average of
bond angles C(3)C(1)C(11) and C(2)C(1)C(11)
(123.9°) is larger than in the dimethyl analogue
(121-1°) or in the trans diacid (Schrumpf & Jones,
1987) with sterically essentially unperturbed carboxyl
groups (117-9°). Concomitantly, the cis methyl groups
are bent backwards away from the cyclopropane
threefold axis. Their average CCC bond angle is
119-7°, compared with 116-0° for the trans methyl
groups.

In cis-1,2-cyclopropanedicarboxylic acid, with con-
siderable steric strain between the two acid groups, one
group adopts the cb and the other the sc conformation
(Schrumpf & Jones, 1987). The average CCC bond
angles defining the inclination of the carboxyl group
towards the ring plane are also opened to 122-3° (sc)
and 119-6° (cb). The CC bond length between the cb
carboxyl group in the cis diacid, which is sterically
similar to the carboxyl group in the title molecule, and
the ring (1-465 A) is very close to the one found in the
present study.

Fig. 1. Thermal-ellipsoid plot (50% level) of the title compound,
showing the atom-numbering scheme.

2,2,3,3-TETRAMETHYLCYCLOPROPANECARBOXYLIC ACID

For methylcyclopropane and trans-1,2-dimethyl-
cyclopropane in the vapour phase, we found 118-3 and
118-4°, respectively, for the CCC bond angles involv-
ing the methyl carbon atoms (Klein & Schrumpf,
1981). This is about midway between the corre-
sponding CCC bond angles found in the title molecule.
The distortion of each of the two geminal dimethyl
groups is thus a bending of the whole CMe, moiety
away from the carboxyl group. The average
CCC(methyl) angle of the dimethyl acid (120-7°;
Luhan & McPhail, 1972) is somewhat larger than
expected. This is probably associated with the cis
position of the two vicinal methyl groups, but may also
be a consequence of crystal packing. Interestingly, the
average length of the bond between the methyl groups
and the ring in the tetramethyl acid (1-:511 A) is slightly
larger than that of the corresponding bonds in the
dimethyl acid (1.501 A), which may be taken as
additional evidence for steric crowding in the tetra-
methyl acid.

Finally, the relaxation of steric pressure is obvious
from the angles about the trigonal carboxylic carbon
C(11). In unstrained molecules, the angle corre-
sponding to C(1)C(11)O(1) would be 121-122°, rising
to 122-8 (3)° for the sc carboxyl group in cis-1,2-
cyclopropanedicarboxylic acid. In the tetramethyl acid,
this angle opens to 125-8°, mainly at the expense of
C(1)C(11)O(2) (111-9°). This corresponds to a tilt of
the O—C=0 moiety away from the cis methyl groups
relative to the unstrained dimethyl acid (122-0 and
116-0°).

The conformation of each methyl group is staggered
with respect to the neighbouring ring atoms, i.e. the
relative position of the H atoms at geminal methyl
groups in the tetramethyl acid resembles that in
propane. This means that the methyl hydrogens are not
substantially (> 1°) rotated from their normal positions
with one H atom pointing towards the threefold axis of
the cyclopropane ring. If the steric strain at the
carboxylic face of the ring were solely due to the

Fig. 2. Stereo packing plot of the title compound. H atoms omitted.
Hydrogen bonds are indicated by dashed lines.
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repulsion between the methyl hydrogens and the
carbonyl oxygen, a rotation of the cis methyl groups at
C(21) and C(31) would be expected to relax a great
deal of the strain, unless the whole methyl group must
be regarded as spherically symmetrical with respect to
its repulsive non-bonded potential. But this is not found
in the present study, even if the relatively large errors of
the hydrogen positions are taken into account. Thus,
the structure determined here reflects the delicate
balance of all the forces between bonded and non-
bonded atoms in the molecule.

In summary, the title molecule is found to adopt a
slightly distorted cb conformation, as found in all
sterically unperturbed carboxyl-substituted cyclopro-
panes studied so far. The ring-bond asymmetry
predicted by simple molecular-orbital considerations is
observed with the expected sign and approximate
magnitude. However, the absolute values of several
bond lengths and angles exceed those of similar
molecules with carboxyl groups lacking steric inter-
ference. This limits the suitability of the tetramethyl-
substituted acid as a model for cyclopropanecarboxylic
acid.

The molecules are linked in pairs by hydrogen
bonding across a centre of symmetry in the manner

Acta Cryst. (1987). C43, 1755-1757
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typical of carboxylic acids, with 0(1)---0(2)
2.68 (1) A (symmetry operator 1—x, —y, —z). See
Fig. 2.

We thank the Verband der Chemischen Industrie for
financial assistance.
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Abstract. C;H,0,, M,=112-09, monoclinic, P2,/m,
a=5324(2), b=8-369(3), c=6-057(2Q)A, f=
114.74 (3)°, V=245-1A% Z=2,D,=1-52 Mg m~>,
A(Mo Ka) = 0-71069 A, (Mo Ka) = 0-12 mm~,
F(000) = 116, T=293 K, R=0-050 for 469 rcflec-
tions. The molecule possesses crystallographic mirror
symmetry. The cyclopropane ring is symmetric with a
libration-corrected average CC bond length of 1-509 A,
close to that of cyclopropane. The bond angles in the
slightly non-planar anhydride ring correspond to some
Bayer ring strain. The anhydride ring structure is

* Part 8: Jones & Schrumpf (1987).
0108-2701/87/091755-03$01.50

similar to that of other five-membered cyclic

anhydrides.

Introduction. In our previous communications, we
studied the effect of substituents on the geometry of the
cyclopropane ring. In part 7 of this series (Schrumpf &
Jones, 1987), the additivity of substituent influences in
cis- and trans-1,2-cyclopropanedicarboxylic acids was
investigated. We interpreted our results in terms of the
simple Hoffmann model (Hoffmann, 1970), treating the
carboxyl group in the cis-bisected (cb) conformation as
a n-electron acceptor. In other conformations, carboxyl
groups were assumed to have no 7-electronic effect on

© 1987 International Union of Crystallography



