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Abstract

In the crystal structure of the title compound [ethyl
2-hydroxy-1,4,4-trimethyl-2-(2-propynyl)cyclopentane-! -
propenoate, C;sH2403] the propynyl residue only acts
as a donor in a long and severely bent C—H- - -O inter-
action, with an H- - -O distance of 2.92 A. It is engaged
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in a short alkyne-alkyne C—H- - -H—C contact, with an
H- - -H distance of 2.38 A; such a short contact distance
is unprecedented (numerical values are for normalized
H-atom positions).

Comment

Terminal alkynes of the type described here are used as
starting materials in the syntheses of insect pheromones
(Morrison & Boyd, 1989). The crystal structure of the
title compound, (I), was determined in order to study
the solid-state interactions of the propargyl residue.
Normally, terminal alkynes act as weak hydrogen-bond
donors with various acceptors such as O, N or even C
(Desiraju, 1991; Steiner, 1994; Steiner, Starikov, Amado
& Teixeira-Dias, 1995).

CH3 o
OH
CH3 =
M

The molecular geometry of the title compound is
shown in Fig. 1. The cyclopentane ring adopts an
envelope conformation, with the cis torsion angle C2—
C3—C4—C5 having a value of 3.2(4)° (Table 2).
The crystal packing arrangement is shown in Fig. 2.
The hydrogen-bond pattern is not a favourable one as
the O19—H hydroxy group donates an intermolecular
hydrogen bond to the carbonyl O17 atom, which accepts
an additional contact from the propargyl C—H group
(Table 3). However, thg latter contact is very long
and bent (H---O 292 A, angle at H 124°), so that
its classification as a hydrogen bond is questionable.
The resulting finite arrangement O—H- - -O. . . H—C=C
is a much weaker pattern than the cooperative hydro-
gen-bond chain C=C—H. - -O—H-: - -O==C, which was

Fig. 1. Molecular structure and atomic numbering scheme of the
title compound. Displacement ellipsoids are drawn at the 30%
probability level.
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Fig. 2. Crystal-packing projection along the a axis. Hydrogen bonds
are shown as dashed lines.

found in a related compound having the same hydro-
gen-bonding functional groups (Lakshmi, Subramanian,
Rajagopalan, Koellner & Steiner, 1995).

It is worth noting that the shortest intermolecular con-
tact of the propargyl C—H group is not to a hydrogen-
bond acceptor, but to a symmetry-related propargyl H
atom (—x, —y, 2—1z), ie. C=C—H. . -H—C=C with
an H---H distance of 2.38 A and a C—H- - -H angle of
100° (Fig. 3) [H---C 2.78 and C---C 3.487 (7) A; val-
ues are for normalized H-atom positions with a C—H
distance of 1.08 A and a linear alkynyl residue]. Due to
the acidic properties of terminal alkynes and the pro-
nounced C®~—H?®" polarization, these contacts must
be repulsive. The arrangement should be energetically
unfavourable and therefore should occur only rarely
in crystal structures. Indeed, in a search of the Cam-
bridge Structural Database (Allen ef al., 1987), no sim-
ilarly short alkyne-alkyne C=C—H. - -H—C=C con-
tacts could be found. This shows that the present ar-
rangement is in fact an exceptional and unprecedented
case.

Fig. 3. Detailed view of the intermolecular alkynyl contacts (A).
Projection is onto the ac plane.

Ci6H2403

Experimental

The compound was synthesized by Wittig’s reaction and
crystallized from a mixture of ethyl acetate and hexane. The
density D, was measured by flotation in a KI-water solution.

Crystal data

Ci6H2405 Cu Ko radiation

M, = 264.35 A=15418 A
Monoclinic Cell parameters from 20
P2i/c reflections

a =8.526(6) A 6 = 14-25°
b=10815(5 A u = 0.585 mm™'
c=17.547(9) A Room temperature

B =90.40 (6)° Needle

V=1618() A3 1.0 x 0.25 x 0.1 mm
Z=4 Colourless

D, = 1.085 Mg m~®
Dn = 1.090 Mg m™3

Data collection

Enraf-Nonius CAD-4 Rine = 0.026
diffractometer Omax = 60°
w scans h=-9—-9
Absorption correction: k=0—-12
none I=0—-19

2487 measured reflections

2256 independent reflections

2173 observed reflections
[F > 26(F)]

Refinement
Refinement on F

3 standard reflections
frequency: 30 min
intensity decay: 4.8%

(A/6)max = 0.001

R =0.057 Apmar =021 e A3
wR = 0.057 Apmin = —021e A3
§$=0.82 Atomic scattering fac-

2173 reflections
250 parameters
Unit weights applied

tors from SHELX76
(Sheldrick, 1976)

Table 1. Fractional atomic coordinates and equivalent
isotropic displacement parameters (A?)

Ueg = (1/3)2.2,U,-,a,' a’a;.a;.

X

z U

Y
C1 —0.0283 (3) 0.0193 (3) 0.7412 () 0.M§3)
Cc2 —0.0280 (3) 0.0146 (3) 0.6521 (2) 0.046 (3)
C3 —0.2060 (4) 0.0010 (4) 0.6339(2) 0.059 (4)
C4 —0.2883 (3) —0.0574 (3) 0.7033 (2) 0.055 (3)
C5 —0.1568 (3) —0.0705 (3) 0.7639 (2) 0.047 (3)
C6 0.0554 (3) —0.1009 (3) 0.6273 (2) 0.046 (3)
Cc7 0.1810(3) —0.1085 (3) 0.5841 (2) 0.051 (3)
Cc8 0.2542 (3) —0.2288 (3) 0.5667 (2) 0.051 (3)
c9 0.4587 (4) —0.3273 (4) 0.4977 (2) 0.077 (4)
Cl10 0.5757 (6) —0.2926 (5) 0.4400 (3) 0.145 (8)
Cl11 0.1330 (4) -0.0104 (4) 0.7765 (2) 0.056 (3)
Ci12 0.1350 (4) 0.0014 (4) 0.8599 (2) 0.068 (4)
C13 0.1341 (5) 0.0128 (6) 0.9259 (3) 0.105 (7)
C14 0.0419 (5) 0.1305 (3) 0.6158 (2) 0.063 (4)
C15 —0.4199 (5) 0.0258 (5) 0.7316 (3) 0.084 (6)
Cl6 —0.3577(7) —0.1843 (5) 0.6845 (3) 0.095 (6)
017 0.2211 (3) —0.3277 (2) 0.5937(1) 0.069 (3)
018 0.3714 (2) —0.2148 (2) 0.5168 (1) 0.064 (2)
019 —0.0709 (3) 0.1433 (2) 0.7612 (1) 0.053 (2)
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Table 2. Bond lengths (A), bond angles (°) and torsion

angles (°)

c1—C2 1.566 (4) Cc4—Cl6 1.530 (6)
Cl1—C5 1.519 (4) C6—C7 1.319 (4)
ci—Cii 1.538 (4) C7--C8 1476 (5)
C1—019 1.434 (4) Cc8—017 1.204 (4)
C2—C3 1.556 (4) C8—018 1.341 (4)
C2—C6 1.503 (4) C9—C10 1.476 (6)
C2—Cl4 1.529 (5) C9—018 1.466 (4)
C3—C4 1.545 (5) Cl1—CI2 1.469 (5)
C4—C5 1,546 (4) Ccl12—C13 1.165 (6)
C4—Cl15 1.524 (6)

Cl11—C1—019 108.9 (3) C3—C4—C5 104.4 (3)
C5—C1—019 110.4 (3) C15—C4—C16 108.4 (4)
c5—C1—Cl1 114.0 3) C5—C4—C16 110.1 (3)
C2—C1—019 106.1 (2) C5—C4—C15 1112 3)
C2—C1—Cl1 112.8 (2) Cl-—C5—C4 106.4 (2)
C2—C1—C5 1043 (2) C2—C6—C7 127.3(3)
Cl—C2—Cl4 113.1 (3) C6—C7—C8 121.3(3)
Cl1—C2—C6 108.6 (2) C7—C8—0I18 110.7 (3)
Cl—C2—C3 101.5 (3) C7—C8—017 1269 (3)
C6—C2—Cl4 112.0 (3) 017—C8—018 1224 (3)
C3—C2—Cl4 1120 3) Ci0—C9—018 107.0 (3)
C3—C2—C6 109.0 (3) Cl—C11—C12 112.7 (3)
C2—C3—C4 108.9 (3) C11—C12—C13 178.5 (5)
C3—C4—Cl6 111.9 (3) C8—018—C9 1159 (3)
C3—C4-Cl5 110.8 (3)

C1—C2—C3—C4 —245(3) C5—C1—C2—C6 —~780(3)
C2—C3—C4—C5 32(4) Cl1—C1—C2—C6 46.2 (4)
C2—C1--C5—C4 —364(3) Cl1—C1—C2-C14 —78.9 (4)
C5—C1—C2—C3 368(3) 0I19—C1—C2-C6 165.3 (3)
C3—C4—C5—Cl 205(3) O019—C1-—C2-Cl4 40.3 (4)
C2—C1-C11—C12 1765(3)  C14—C2—C6—C7 4.5(5)

Table 3. Hydrogen-bond parameters (A, °)

Data for the normalized H-atom position were based on bond
lengths of O—H =098 A and =C—H = 1.08 A

D—H.--0 D—H H--O DO Hugm O D—Hym:--O
O19—H. - .017" 0.78((3) 2.10(3) 2.874(3) 1.90 175
C13—H- - -017" 091 (4) 297(4) 3.634(5) 292 124

Symmetry codes: (i) —x,y+ 1,3 — z; (i) x,— 1 —y,z+ ].

H atoms were refined isotropically, except those bonded to
atoms C9 and C10. These did not refine realistically and were
included in the model in their ideal positions (Sheldrick, 1976).

Data collection: CAD-4 Software (Enraf~Nonius, 1989).
Cell refinement: CAD-4 Software. Data reduction: CAD-4
Software. Program(s) used to solve structure: SHELXS86
(Sheldrick, 1985). Program(s) used to refine structure:
SHELX76 (Sheldrick, 1976). Molecular graphics: ORTEPII
(Johnson, 1976). Software used to prepare material for publi-
cation: PARST (Nardelli, 1983).

Lists of structure factors, anisotropic displacement parameters, H-
atom coordinates and complete geometry have been deposited with
the IUCr (Reference: KA1125). Copies may be obtained through The
Managing Editor, International Union of Crystallography, 5 Abbey
Square, Chester CH1 2HU, England.
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Abstract

In the crystal structure of the title compound [ethy! 2-
hydroxy-1-methyl-2-(2-propynyl)cycloheptane-1-prop-
2-enoate, C,¢H2403] the hydroxy and the propar-
gyl groups of neighbouring molecules form cooper-
ative finite hydrogen-bonded chains, C=C—H: - -O—
H---O=C. In 113&: C—H- - O interaction, the H. - -O sep-
aration is 2.32 A.

Comment

The terminal alkyne residue, C==C—H, is among the
most acidic C—H groups (Pedireddi & Desiraju, 1992)
and is, therefore, an excellent model system for gaining
insight into C—H- - -X hydrogen-bond interactions (De-
siraju, 1991; Steiner, 1994). In the title compound, (I),
the strongest hydrogen-bond donors are a hydroxy and a
propargyl group. For these, three O atoms are available
as good acceptors. Therefore, C =C—H- - -O hydrogen
bonding can be expected to occur in the solid state.
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