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The ring system of the title compound, C13H18O3, was

synthesized by addition of ethyl acrylate to the dienamine of

2-octalone. The keto acid aggregates in the solid as acid-to-

acid dimers [O� � �O = 2.663 (2) AÊ and OÐH� � �O = 170 (3)�]
whose centrosymmetric hydrogen bonds lie across the a edges

and the center of the chosen cell. Three intermolecular CÐ

H� � �O close contacts within 2.7 AÊ were found involving the

ketone group.

Comment

Of the ®ve hydrogen-bonding modes known for crystalline

keto carboxylic acids, only three involve the ketone function;

the remainder correspond to the common pairing and rare

chain modes of simple acids (Leiserowitz, 1976). As part of

our study of factors governing the choice of hydrogen-bonding

mode, we have examined the structure of (�)-12-oxotri-

cyclo[6.2.2.01,6]dodecane-10-carboxylic acid, (I), which

belongs to the category of �-keto acids, a category generally

rich in hydrogen-bonding types.

Fig. 1 presents a view of the asymmetric unit of (I), which

was synthesized by addition of ethyl acrylate to the dienamine

of 2-octalone (see Experimental). Compound (I) is a `Diels±

Alder-type' product and the arrangement of reactants

required for the observed stereochemistry does, indeed,

appear to be the most favorable of all the candidate [4+2]

electrocyclic processes. Moreover, a study by House et al.

(1965) indicates that the cross-conjugated homoannular diene

required for such a [4+2] addition is a signi®cant component of

the mixture of isomers present in this dienamine. However, we

have no actual evidence as to whether the bridged portion of

the molecule arises from such a [4+2] electrocyclic reaction or

from a polar stepwise one. Compound (I) has not previously

been reported, but several studies have been carried out on

the addition of vinyl ketones to the dienamine involved in our

synthesis and to closely analogous dienamines. These have

concluded that both [4+2] electrocyclic and polar stepwise

processes can operate, with the observed mix dependent on

speci®c conditions of reactant, solvent, etc. (Hickmott &

Simpson, 1992). Despite the alternative con®gurational

options available at C6 and C10, compound (I) was the only

crystalline material isolated from the reaction sequence

involved, and whether the con®gurations in (I) are the result

of kinetic or thermodynamic processes is unknown.

Simple bicyclo[2.2.2]octane systems are not entirely rigid,

and the nominally parallel ethylene bridges are often signi®-

cantly skewed, presumably to relieve eclipsing strain

(Deutsch, 1972; Blackstock et al., 1987; Zimmerman et al.,

1992). In (I), this bridged portion of the molecule displays a

modest conformational twist, described by the torsion angles

C1ÐC6ÐC7ÐC8 [ÿ0.5 (2)�], C1ÐC10ÐC9ÐC8 [8.5 (2)�]
and C1ÐC11ÐC12ÐC8 [4.2 (2)], which would all be 0� in the

absence of any twist. The relatively small size of this twist is

probably attributable in part to the lack of eclipsing strain in

the ketone bridge and in part to restraint presented by the

appended cyclohexane ring, which adopts the expected chair

conformation. Full rotation is possible only about C10ÐC13,

and the carboxyl group is rotated so that its carbonyl lies on

the same face of the molecule as the ketone, with an O2Ð

C13ÐC10ÐC9 torsion angle ofÿ37.8 (2)�. The dihedral angle

between the carboxyl and ketone planes is 58.58 (12)�.
Averaging of the CÐO bond lengths and CÐCÐO angles

by disorder is common in carboxylic acids, but is seen only in

dimers (Leiserowitz, 1976), whose geometry can support the

averaging mechanisms. In (I), these CÐO bond lengths and

CÐCÐO angles are 1.229 (2)/1.313 (2) AÊ and 123.5 (2)/

114.1 (2)�, respectively; in comparison, typical values cited for

highly ordered dimeric carboxyls are 1.21/1.31 AÊ and 123/112�

(Borthwick, 1980). The observed lengths and angles, therefore,

appear to represent only a slight degree of carboxyl disor-

dering, and we were unable to ®nd any electron density
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Figure 1
A view of the asymmetric unit of (I) with the atom-numbering scheme.
Displacement ellipsoids are shown at the 20% probability level.
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representing the minority disorder species in electron-density

difference maps.

The packing of the cell involves acid-to-acid dimers

[O� � �O = 2.663 (2) AÊ and OÐH� � �O = 170 (3)�], which pair

centrosymmetrically across the a edges and the center of the

chosen cell. Lying within the 2.7 AÊ range we usually employ

for non-bonded CÐH� � �O packing interactions (Steiner,

1997), were found three intermolecular close contacts to the

ketone O atom: 2.61 AÊ to H7A, related through a center of

symmetry on the b edge, and 2.70 AÊ to H9A and 2.68 AÊ to

H10, both to a molecule screw-related in c. Using compiled

data for a large number of such CÐH� � �O contacts, Steiner &

Desiraju (1998) have found signi®cant statistical directionality

even as far out as 3.0 AÊ , and conclude that these are legiti-

mately viewed as `weak hydrogen bonds', with a greater

contribution to packing forces than simple van der Waals

attractions.

The solid-state (KBr) IR spectrum of (I) has C O

stretching absorptions at 1722 and 1691 cmÿ1 for ketone and

acid, respectively. In CHCl3 solution, these bands coalesce to a

single broad absorption at 1720 cmÿ1, with a typical carboxyl-

dilution shoulder at ca 1740 cmÿ1.

Experimental

The pyrrolidine enamine of cyclohexanone was treated with methyl

vinyl ketone to generate the expected mixture of octalone dien-

amines. The mixture was isolated and puri®ed by distillation (Stork et

al., 1963), and then treated with ethyl acrylate as described by

Szmuszkovicz (1963). The isolated alkylation product in that refer-

ence was an ester assigned a bicyclic structure; that assignment is now

cast into doubt by our results. Here, the ester product was isolated by

distillation and saponi®ed to yield (I). Material suitable for X-ray

analysis (m.p. 416 K) was obtained from diethyl ether.

Crystal data

C13H18O3

Mr = 222.27
Monoclinic, P21/c
a = 12.832 (4) AÊ

b = 7.961 (3) AÊ

c = 11.809 (4) AÊ

� = 99.79 (2)�

V = 1188.8 (7) AÊ 3

Z = 4

Dx = 1.242 Mg mÿ3

Mo K� radiation
Cell parameters from 27

re¯ections
� = 3.0±8.4�

� = 0.09 mmÿ1

T = 296 (2) K
Hexagonal rod, colorless
0.38 � 0.28 � 0.24 mm

Data collection

Siemens P4 diffractometer
2�/� scans
Absorption correction: numerical

(Sheldrick, 1997)
Tmin = 0.96, Tmax = 0.97

2775 measured re¯ections
2083 independent re¯ections
1539 re¯ections with I > 2�(I)

Rint = 0.034
�max = 25.0�

h = ÿ15! 15
k = ÿ9! 1
l = ÿ1! 14
3 standard re¯ections

every 97 re¯ections
intensity variation: <1%

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.044
wR(F 2) = 0.114
S = 1.04
2083 re¯ections
150 parameters
H atoms treated by a mixture of

independent and constrained
re®nement

w = 1/[�2(Fo
2) + (0.0429P)2

+ 0.3022P]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max < 0.001
��max = 0.13 e AÊ ÿ3

��min = ÿ0.12 e AÊ ÿ3

Extinction correction: SHELXTL
Extinction coef®cient: 0.026 (3)

All H atoms were found in electron-density difference maps

but were placed in calculated positions (0.98 AÊ for methine H

atoms and 0.97 AÊ for methylene H atoms) and, except for the

carboxyl H atom, were allowed to re®ne as riding models on their

attached C atoms. The displacement parameters were ®xed at

120% of those of their attached C atoms. The carboxyl H atom

was allowed to re®ne fully.

Data collection: XSCANS (Siemens, 1996); cell re®nement:

XSCANS; data reduction: XSCANS; program(s) used to solve

structure: SHELXTL (Sheldrick, 1997); program(s) used to re®ne

structure: SHELXTL; molecular graphics: SHELXTL; software used

to prepare material for publication: SHELXTL.

Supplementary data for this paper are available from the IUCr electronic
archives (Reference: FR1370). Services for accessing these data are
described at the back of the journal.
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Table 1
Selected geometric parameters (AÊ , �).

O2ÐC13 1.229 (2) O3ÐC13 1.313 (2)

O2ÐC13ÐC10 123.50 (16) O3ÐC13ÐC10 114.10 (16)

Table 2
Hydrogen-bonding geometry (AÊ , �).

DÐH� � �A DÐH H� � �A D� � �A DÐH� � �A

O3ÐH3� � �O2i 0.92 (3) 1.75 (3) 2.663 (2) 170 (3)

Symmetry code: (i) 1ÿ x;ÿy; 2ÿ z.


