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Abstract

The structure of the title compound, endo-(2R)-(-)-L-
menthyl 1.4.5,6,7,7-hexachloro-4-norbornene-2-carboxyl-
ate, consists of discrete C1gH»,ClgO, molecules related
by a twofold screw axis. The relative configuration was
determined and the chirality at the unknown centres
was assigned on the basis of the known chiral centres
of L-menthene. Both the average Csp>—Cl, 1.689 (5),
and Csp>—Cl, 1.753 (3) A, distances are a little shorter
than the literature values. The six-membered ring of
the L-memhyl group has a chair conformation. C—O
bond lengths in the carboxylate group are 1.194 (7) and
1.323(7) A.
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Comment

Enantiomers of the cycloadducts of hexachlorocyclo-
pentadiene (HCC) and the derivatives of acrylic acids
show considerable differences in biological activity
(Miyazaki, Hotta, Marumo & Sakai, 1978; Miyaza-
ki, Sakai & Marumo, 1979, 1980). The derivatives
of the Diels—Alder adduct of HCC can be used as
building blocks for the synthesis of antibiotics, phyto-
toxins and functionalized carbocyclic nucleoside ana-
logues (Berger, Rabiller, Kénigsberger, Faber & Griengl,
1990; Duke & Wells, 1987). It was also reported that
the asymmetric thermal Diels—Alder reactions with chi-
ral dienophiles L-menthyl acrylate and L-menthyl allyl
ether gave cycloadducts of HCC up to 15% optical yield
of predominant enantiomer (Akhmedov, Peynircioglu,
Mamedov, Tanyeli & Demir, 1994). Milder reaction
conditions achieved by the use of Lewis-acid catalysts
(BF3.0Et, BBr;, SnCly, AICl3) increased the optical
yields up to 2.8-fold. The adducts with opposite con-
figurations were obtained by using L-menthyl acrylate
in catalyzed or uncatalyzed reactions.
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ar |
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CcH,

The reaction of HCC with L-menthyl acrylate in the
presence of TiCly in o-xylene gave the Diels—Alder
products in 60% yield. The product was characterized
using IR, '"H NMR and '3C NMR spectroscopy. The
X-ray structure determination was performed to deter-
mine the configuration of the title compound (1). As
can be seen from Fig. 1, the conformation is endo-
(2R)-(-)-L-menthyl 1,4,5,6,7,7-hexachloro-4-norbornene-
2-carboxylate. That the (-)-isomer of the product has an
(R) configuration is shown for the first time as a result
of this study. Previously, the (R) product was obtained
only by thermal Diels—Alder reactions (Akhmedov et
al., 1994). The TiCl, catalyzed reaction seems to be
proceeding through completely different transition states
compared with the other Lewis-acid-catalyzed reactions.

The unit cell consists of two discrete C,3H2»ClgO>
molecules related by a twofold screw axis. The closest
intermolecular contact is 2.44 A between H121 and
H172(x, y, z + 1). In hexachloronorbornene the C—C
bond distances are as expected. Both the average Csp?—
Cl, 1.689 (5), and Csp>—Cl, 1.753 (3) A, distances are
a little shorter than the literature values, 1.734 (19) and
1.849 (11) A (average), respectively, given by Allen et
al. (1987). The distances of the cross-linking atoms Cl1,
C4 and C7 to the best plane through C2, C3, C5, C6 are
0.818(5), 0.826(5) and 1.886(5) A, respectively. The
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Fig. 1. ORTEP (Johnson, 1965) drawing of CigH;>Cl¢O, with the
atomic labelling scheme. Thermal ellipsoids are drawn at the 40%
probability level. H atoms are shown as small circles with arbitrary
radii.

dihedral angle between the C2, C3, C5, C6 and the Cl,
C4, C7 planes is 90.9 (3)°.

The ring (C9-C14) of the L-menthyl group has a
chair conformation. The total puckering amplitude of
the ring is 0.561 (5) A. The L—menthyl moiety consisting
of Cl4, Cl16, C17, C15 atoms is a flat trigonal pyr-
amid with C15 occupying the apical position at a
distance of 0.437 (6) A from the basal plane. The C—
O bond distances in the central bridge of the mol-
ecule, C8—O1 = 1.194(7), C8—02 = 1.323(7) and
02—C9 = 1.473(6) A, agree well with those found
in other compounds containing menthyl esters, such as
that described by Saba, Adovasio & Nardelli (1992),
which are 1.194 (3), 1.332 (4) and 1.476 (3)A (average),
respectively, for the same distances. Also, the total
puckering amplitude of the menthyl ring given by Saba
et al. (1992), 0.567 (3) A (average), agrees with that
found in the present compound.

Experimental

A mixture of L-menthyl acrylate (10.5 g, 50 mmol) and hexa-
chlorocyclopentadiene (13.6 g, S0 mmol) in the presence of
TiCls in o-xylene in a sealed tube was heated for 8 h at 433 K.
After removal of unreacted starting materials by distillation,
crystals were grown from methanol solutjon.

Crystal data

CigH2CleO; Mo Ko radiation

M, = 483.09 A =0.71069 A
Monoclinic Cell parameters from 25
P2, . reflections

a = 8.8496 (13) A_ 0 = 10.09-18.35°

b =14.8198(19) A =0.798 mm™"

c = 8.3661 (14) A T=295K

B =92.221(5)° Prism

V=1096.4(7) A’ 0.40 x 0.35 x 0.30 mm
Z=2 Brown

"Dy = 1463 Mg m™*
D,, not measured

Ci13H2Cl60;

Data collection
Enraf-Nonius CAD-4
diffractometer
w/26 scans
Absorption correction:
empirical via 3 scans
(MoIEN:; Fair, 1990)
Tmin = 0.727, Tpax = 0.785
2321 measured reflections
2171 independent reflections

Refinement

Refinement on F

R = 0.049

wR = 0.056

S=1.18

2104 reflections

240 parameters

H atoms riding, see text
w = 1/[o(F?) + (0.02F)* +

2104 reflections with
1> o)

Ry = 0.009

Omax = 26.32°

h=-11 50

k=0-—>18

I=-10 - 10

3 standard reflections
frequency: 120 min
intensity decay: —0.58%

(A/0)max = <0.001

Apmax = 0557 ¢ A7

Apmin = —0.149 ¢ A3

Extinction correction: none

Scattering factors from
International Tables for
X-ray Crystallography
(Vol. IV)

1.5], except w = 0 if
F2 < o(F?)

Table 1. Selected geometric parameters (A, °)

cn—c7 1.777 (6) Oo1—C8 1.194 (7)
cR—C7 1.753 (5) 02—C8 1.323(7)
CB3—C1 1.742 (6) 02—C9 1.473 (6)
Cl4—C4 1.744 (6) Ci1—Ceé 1.531(9)
CI5—C5 1.689 (7) C2—C8 1.523(7)
Cle—Co 1.691 (6) C5—C6 1.31(1)
C1—C2—C3 102.7 (4) C14—C15—Cl16 LS (M
C4—C5—C6 108.6 (5) Cl14—C15—C17 114.3 (6)
cn—C7—Cu2 107.0(3) Ct6—C15—C17 110.7 (7)
C1—C7—C4 93.1(4)

All non-H atoms were refined with anisotropic thermal
parameters. H atoms were placed geometrically 0.95 A from
the parent C atoms. The H atoms of the L-menthyl group were
refined for a few cycles and then a riding model was used for
all H atoms with U(H) = 1.3Uc4(C).

Data collection and cell parameters: CAD-4-Express (Enraf—
Nonius, 1990). Data reduction, program used to solve struc-
ture, program used to refine structure, molecular graphics and
software used to prepare material for publication: MolEN (Fair,
1990). Other programs used include PLATON (Spek, 1990)
and PARST96 (Nardelli, 1995).
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entific and Technical Research Council of Turkey. The
grant AFP-1995-01-03-02 (Middle East Technical Uni-
versity) along with the grants of TUBITAK and DPT are
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Abstract

The title compound, C,6H,603, adopts a chiral confor-
mation incorporating a flattened cyclohexene ring, with
pairs of molecules forming centrosymmetric carboxyl
dimers. The acid group is rotated 18 (1)° from copla-
narity with the alkene and displays typical carboxyl dis-
order; the methyl group is rotationally disordered.

Comment

Our continuing study of the X-ray structures of simple
keto carboxylic acids concerns their hydrogen-bonding
motifs, of which four are known. The commonest has
acid dimers in which the ketone is not involved (Coté,
Thompson & Lalancette, 1996). Less frequently, inter-
molecular carboxyl-to-ketone hydrogen bonds repeat,
often along a screw axis, to yield a catemer (Coté,
Thompson & Lalancette, 1997). A third rare arrange-
ment has an internal hydrogen bond (Coté, Lalancette
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& Thompson, 1996) and one instance is known of acid-
to-ketone dimerization (Abell, Trent & Morris, 1991).
The title compound, (I), is a é-keto acid, a class found
to contain examples of both dimeric and catemeric, as
well as internal, hydrogen bonding.

O

HOOC  CH,
8]

The atom-numbering scheme for (I) and the chiral
conformation it adopts are shown in Fig. 1. Around the
planar alkene, whose C1—C2==C3—C4 torsion angle
is —0.9 (4)°, the six-membered ring assumes a confor-
mation which is more flattened than a standard cyclo-
hexene half-chair because of the sp? hybridization at the
C6 atom. The ketonic C6 atom lies only 0.282 (2) A out
of the average plane of this ring [the C3=C2—C]1—C6
torsion angle is 9.4 (3)°], while C5 lies 0.332 (1) A from
this plane on the opposite face [torsion angle C2=C3—
C4—C5 is 21.5 (3)°]. The indane system 1s planar, with
a mean deviation from planarity of 0.016 A, and nearly
orthogonal to the plane defined by the C6, Cl and
C2 atoms [dihedral angle 89.0(1)°]. The methyl group
H atoms are rotationally disordered, with contributions
from two principal rotamers in a ratio of 76 (3):24 (3);
the predominant rotamer is shown in Fig. 1.

The carboxyl group is rotated slightly out of the plane
defined by the alkene and its two neighboring ring C
atoms (C1—C2=—C3—C4), forming a dihedral angle of
18(1)°. Its C—O bond lengths and C—C—O angles
are partially averaged by disordering, as is frequently
found in dimeric carboxylic acids (Leiserowitz, 1976).
The observed lengths here are C7—O02 1.229(3) and
C7—03 1.263 (3)A and the angles are 116.6(2) for
C3—C7—03 and 123.6(3)° for C3—C7—02. Typlcal
values for highly ordered cases are 1.21 and 1.31 A, and
112 and 123°, respectively (Borthwick, 1980).

It is possible that the disordering exhibited by both
the methyl and carboxyl groups is coupled, since these
two groups are physically quite close. Modeling with
a fully ordered carboxyl (Borthwick, 1980) in the two
orientations (differing by 180°) contributing to the
carboxyl disorder shows that the modeled C—O oxygen
approaches significantly closer to the methyl H atoms
than does the modeled C=0O oxygen. For the worst-
case ‘head-on’ steric interaction involving the modeled
cC—O oxygen and the minor (24%) methyl conformer
(not shown in Fig. 1), our model indicates an O---H
distance on the order of 1.8 A. The serious repulsion
involved would force the staggering of the H atoms
to either side of the C—O oxygen, as seen in the
major methyl conformer (76%), where their modeled
O---H distances become roughly 2.15 and 2.50 A to
H8B and H8C, respectively. For the modeled C=0 oxy-
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