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Abstract

The structure of the title compound has been deter-
mined at room temperature (RT) and with improved
accuracy at 96 K. C;H,,0,, M, = 210.3, is triclinic,
space group Pl: a = 6:420(3), b = 8-734 (4), ¢ =
11-:520(5) A, a = 68:59(3), B = 82:37(3), y =
80-27 (3)°, ¥V = 590-95 A3, u(Mo Ka) = 0-083 mm~!
at RT;a = 6-347(3), b = 8:685 (2), c = 11-336 (3) A,
a = 6847, f = 82-37(4), y = 80-09(3)°, V =
572.05 A3, u(Mo Ka) = 0-086 mm~! at 96 K; Z = 2,
D, = 1-182 (RT) and 1-221 Mg m? (96 K). The
low-temperature data extend to sin 6/4 = 0-86 A~! and
include 5988 independent reflexions. The structure was
solved by direct methods and refined to R = 0-033 for
4080 reflexions with I > 3,. The bond-length difference
between the two chemically equivalent, con-
formationally inequivalent, geminal C—O bonds in the
sc, ap conformation is 0-026 (1) A, and other pairs of
chemically equivalent bonds do not differ by more than
0-003 A. The molecule behaves as a rigid body with its
main librational and translational axes nearly parallel
to the principal molecular axis with the smallest
moment of inertia. The disordered crystal structure of
the unsubstituted propellane, 2,10-dioxatricyclo-
[4.4.4.0"]tetradecane, C,H,,0,, is briefly described.
At 103 K the orthorhombic unit cell has a = 12:26 (1),
b=12-22(1),c = 13-79 (1) A, Z = 8, probable space
group P2ca.

0567-7408/82/041241-05801.00

Introduction

The two equivalent, geminal C—O bonds of the
dioxapropellane (1) become conformationally non-
equivalent in the expected chair—chair—chair form of
the molecule. Our attempt to obtain experimental
evidence for a difference in length between such bonds
was thwarted by disorder in the crystal structure of (1)
(see Appendix). The methylated title compound (2) was
therefore prepared. Details of the synthesis will be given
elsewhere; here we report on its crystal structure.

SONFee

(1 (2)

Details of the analysis

The substance (m.p. 319 K) was crystallized from ether
at 258 K and a first data set collected with a Hilger
& Watts Y290 diffractometer at room temperature.
Although the structure could be solved by direct
methods the data were not good enough to yield results
of the desired accuracy. A single crystal of better
quality (dimensions 0-15 x 0-3 x 0.-55 mm) was
grown by sublimation in an evacuated capillary tube
and a new, more extensive, data set (sin &/4 limit
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Table 1. Fractional atomic coordinates (x 10%) and vibrational parameters (x 10* A?) for C and O atoms (e.s.d.’s

in parentheses)
x y z Uy Uy Uy Uy Uy Uy

C(n 33305 (10) 15246 (8) 71386 (6) 93(7) 136 (7) 145 (7) -32(2) -9(2) —60 (3)
C(2) 31092 (12) 28922 (9) 77324 (7) 156 (7) 169 (7) 191 (7) -38(2) -27(2) -92 (3)
C(3) 14727 (13) 26219 (10) 88845 (7) 218 (8) 238 (7) 188 (7) —40 (3) -5(2) —-130(4)
C4) —-6235(12) 23600 (10) 85327 (8) 171 (7) 262 (8) 211 (7) -373) 46 (2) —143(4)
0(5) -3105 (8) 9996 (7) 80730 (5) 138 (7) 228 (7) 177 (7) -73 (2) 50(2) -—108(3)
C(6) 10769 (10) 12182 (8) 69583 (6) 96 (7) 158 (7) 136 (7) -36(2) 3(2) —68 (3)
Cc(M 45396 (11) —983 (9) 80213 (7) 139(7) 156 (7) 150 (7) =27(2) —-24(2) -50(3)
C(8) 45729 (12) —16418 (9) 76671 (7) 180 (7) 136 (7) 157(7) —16 (2) —11(2) —42 (3)
C(9) 22739 (12) —19090 (9) 76131 (D) 206 (7) 150 () 190 (7) —67(3) 1(2) —63 (3)
C(10) 10921 (11) —~3642 (9) 66627 (7) 144 (7) 169 (7) 180(7)  —58(2) -8(2) -84(3)
cn 46172 (10) 21151 (8) 58307 (7) 105 (7) 148 (7) 163 (7) -32(2) 8(2) —44 (3)
C(12) 33809 (11) 35712 (9) 48386 (7) 154 (7) 152 (7) 158 (1) -39(2) 1(2) -38(2)
C(13) 11903 (11) 31454 (9) 47735 (7) 156 (7) 178 (7) 153(7) —24(2) -24(2) —62(3)
0(14) 390 (8) 26429 (6) 59993 (5) 103 (7) 181 (7) 165 (7) -9(2) —-19(2) —68 (3)
C(15) 58221 (15)  —31728 (10) 85862 (8) 297 (8) 162 () 210 (7) 12(3)  —64(3) —31(3)
Table 2. Fractional coordinates and isotropic Results and discussion

vibrational parameters of H atoms (all x 10%)
Bond lengths and angles obtained from the final

* ¥ z UAY  coordinates are shown in Table 3; they have e.s.d.’s of
:gg 3§§ 8; 33(9)8) 712 (1) 5(2)7 (38) about 0-001 A and 0-1° respectively. A correction of
, 3 ) 799 (1) 9(29) . i
HGD 123 () 1982 o151) T en ]+O 0}(1)2 A sllllou]? be. a}gded uniformly to the bond
H(.2) 195 (2) 166 (1) 963 (1) 235 (28) lensths to allow for rigi -body }lbratlona} motion (see
H(4,1) —125(2) 341 (1) 790 (1) 269 (30) later). Of the five pairs of chemically equivalent bonds
H(4,2) —168 (2) 205 (1) 928 (1) 226 (28)
H(7,1) 606 (2) 11(2) 803 (1) 256 (30) .
H(72) 912 -33() 892 (1) 227(8) Table 3. Bond distances .(A), bond angles (°) and
H(8,1) 527(2)  —143(1) 679 (1) 203 27) selected torsion angles (°)
H(9,1) 230(2) —289 (2) 739 (1) 238 (29)
H(9,2) 159(2) =215(2) 845 (1) 258 (30) E.s.d.’s are about 0-001 A for C—O and C—C bond lengths and
H(10,1) 174 (2) =21 (1) 581 (1) 213(28) about 0-1° for bond angles and torsion angles; e.s.d.’s in C—H
H(10,2) —42(2) =51 (1) 667 (1) 238 (29) distances are 0-01-0-02 A. All bond lengths should be increased
H(11,1) 600 (2) 241 (1) 596 (1) 215(28) by 0-002 A to allow for rigid-body librational correction.
H(11,2) 503 (2) 114 (1) 549 (1) 235 (28)
H(12,1) 317(2) 458 (1) 504 (1) 178 26) C(D)-C(6) 1.551 C(8)—C(15) 1.524
H(12,2) 416 (2) 382(1) 401 (1) 212 (27) — . . .
Ho) B as s won SOC@ s Shecan 154
H(13.2) 135 (2) 228(1)  441(l) 24209 E(3)_C(a) 1.514 CU2-CU3)  1-516
H(15,1) 526 (2) —340(2) 946 (1) 354 (35) C(4)=0(5) 1-432 C(13)-0(14) 1-432
H(15.2) 738(2)  -303(2)  855(1)  377(36)  ((5)-C(6)y  1-412 0(14)—C(6) 1.438
H(15,3) 582 (2) —-416 (2) 837 (1) 345 (34)
C(H)-C() 1.541 C—H 0-95-1-04
0-86 A~!, 5988 independent reflexions, 4080 with I > C(N-C(®) 1-530
. . C(8)—-C(9) 1-529
30,) was collected at 96 K with an Enraf-Nonius C(9)—C(10) 1.527
CAD-4 diffractometer equipped with a graphite mono-  c(10)-c(s) 1.528
chromator (Mo Ka radiation, 4 = 0-71069 A) and a 0()-CE-C(1) 1118 OUI4)—C(6)—C(1) 110
low-temperature device. The structure was solved by  0(5)-C(6)-C(10) 104-4 O(14)—C(6)—C(10) 110-2
direct methods and refined by full-matrix least-squares C(2—-C(1)~C(6)  109-9  C(11)=C(1)—C(6) 109-5
analysis with XRAY (Stewart, Kruger, Ammon, C@)-C(1)-C(7) 109-1 C(11)-C(1)-C(7) 109-6
Dickinson & Hall, 1972). The final R was 0-033, with  ¢(@-0-Cta  115:0 - C(6)-0(14)-C(13) 1133
anisotropic vibration parameters for C and O, iso- C(4)-C(3)-C(2) 109:1 Cfngzc’f]ztcé“) 109.9
tropig for H, and a modified weigzhting sgheme ([?unitz C(3)-C2)-C(1) 1133  C12)—-C(11)=C(1) 112-8
& Seiler, 1973) with r = 1‘7.A . Atomic coordmat*es CUO=CO-C() 1138 C(T—-C®)-C5) 11-0
and vibration parameters are listed in Tables 1 and 2. ggg_gz?z~g((éf) 11(1)(5)_(1) C(9)—C(8)—C(15) 112-1
* A list of structure factors has been deposited with the British C(2)—C(1)—~C(11)  108-7 C(4)-0(5)-C(6)—0(14) —62-8
Library Lending Division as Supplementary Publication No. SUP  C(6)—C(10)-C(9) 112-7 O(5)-C(6)—0(14)—=C(13) 178-2
36524 (26 pp.). Copies may be obtained through The Executive C(10)—C(9)-C(8) 110-5
Secretary, International Union of Crystallography., 5 Abbey C(9)—C(8)—C(7) 109-5
Square, Chester CH! 2HU, England. C(®)—-C(N-C(1) 15-1
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Fig. 1. Molecular structure showing atomic numbering and
vibration ellipsoids (96 K) at the 50% probability level.

in the molecule, the only pair that shows an appreciable
difference (>0-003 A) in bond length is C(6)~O(5),
1.412A, and C(6)-0(14), 1.438 A, difference
0-026 A. The conformational inequivalence of these
two bonds is imposed by the chair—chair—chair form of
the molecule. As is clear from Fig. 1, which shows the
molecular conformation, the longer bond C(6)—0(14)
is synclinal (s¢) to O(5)—C(4), and hence antiperi-
planar (ap) to a tetrahedral lone pair on O(5), whereas
the shorter bond C(6)—0(5) is ap to O(14)—C(13).
Our observed difference of 0-026 A is in pleasing
agreement with results of calculations on methanediol
and methoxymethanol in the sc, ap conformation which
predict a relative lengthening by 0-025-0-030 A of the
C—O bond ap to a lone pair (Jeffrey, Pople & Radom,
1974; Lehn, Wipff & Biirgi, 1974; Williams, Scarsdale,
Schéfer & Geise, 1981). Although bond-length dif-
ferences between geminal C—O bonds have been
observed in many molecules and may range up to
0-1 A or more depending on various factors (Biirgi,
Dunitz & Shefter, 1974; Chadwick & Dunitz, 1979;
Jones, Kennard, Kirby & Martin, 1979; Jones &
Kirby, 1979) we believe that this is the first example of
an authentic bond-length difference between chemically
equivalent geminal C—O bonds in the sc, ap con
formation and attributable exclusively to the stereo-
electronic factor.

In this connexion it is noteworthy that this structure
does not fit at all well with the empirical correlation
4B(°) = +1734d(A) found by Biirgi er al. (1974)
between geminal C—O bond-length differences (4d =
d, — d;) and OCC angle differences (45 = B, + 8, — f3,
— B,; see Fig. 2 for explanation of symbols). This
correlation says that as one C—O bond lengthens and
the other shortens, the shorter bond tends to move
towards the CCC plane and the longer bond tends to
move away from it. In our case this tendency is not
observed: we have 48 = —5-0°, 4d = +0.026 A, so
that even the sign is wrong. The most likely explanation
of the discrepancy is that the empirical correlation is
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B2-_ 0O
B1
c d1
c d2
83
B4 o]

Fig. 2. Explanation of symbols defining the geometry of the two
geminal C—O bonds.

based mainly on structures showing large 4d values
which tend to occur in molecules where the geminal
C—O bonds are very different in their chemical
reactivity, and in such molecules the ground-state
structures may already show distortions pointing along
the reaction pathway [see Chadwick & Dunitz (1979)
and Jones & Kirby (1979) for examples). In our case,
with chemically equivalent C—O bonds, any such
motion along the reaction coordinate for heterolytic
rupture of one bond to give an oxocarbonium ion at
C(6) must be minimal and overweighed by other
factors. Among these, the most important is probably
the steric compression between the axial H atoms
H(10, 1) and H(13, 2), d = 2-16 (2) A. This should
tend to open the angle C(14)—C(6)—C(10) at the
expense of O(5)—C(6)—C(10), which is by far the
smallest [104-4 (1)°] of the four bridgehead O—C—C
angles. On the other hand, the small OCO angle of
105-1 (1)° follows directly from Bent’s (1961) rule.

The remaining molecular parameters do not seem to
call for any special comments. They agree reasonably
well with those found in the symmetrical, unsubstituted
2,10,11-trioxatricyclo[4.4.4.0'+ |tetradecane (Banyard
& Dunitz, 1976). However, it seems futile to try to
make a detailed comparison since the latter structure
was determined at room temperature and shows much
higher vibrational parameters and indications of
disorder.

Thermal-motion analysis

For a completely rigid body 4, , = 22 ; — z3 , (where
2% 4 is the mean-square vibration amplitude of atom 4
in the direction B) should be zero for every pair of
atoms A, B in the molecule (Rosenfield, Trueblood &
Dunitz, 1978). For the 15 x 14/2 = 105 pairs of heavy
atoms in the molecule we find (4?)"2 = 7.5 x 10-4 A?
with 4., = 22 x 107* AZ; for the 17 bonded pairs the
corresponding values are 5 x 1074 A2and 9 x 10-¢ A2
As the e.s.d.’s of the A’s are approximately (2)"26(U)
or about 10 x 10~* A? (see Table 1), the agreement
with the rigid-body model is as good as can be expected
— or even a little better. Calculation of the rigid-body
motions with THMB (Trueblood, 1978) gave the
following results for the T, L and S tensors (referred to
a molecular inertial coordinate system):
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155 4 =2
L= 121 —19 |rad? x 10-°
! %8 ]
[155 -9 3]
T= 119 —6|A?x 10
L 89J
—27 —16 —50]
§S=|-76 11 36 |rad A x 1075
106 —13 16|

In this coordinate system both L and T are approxi-
mately diagonal, with the main libration axis and also
the main translational direction along X, the principal
axis of the molecule corresponding to the smallest
moment of inertia. This is approximately along the
C(8)—C(15) bond. The agreement between observed
and calculated Uj; values is good, as expected from the
result of the rigid-body test: ((4U)*)"? =6 x 10~ A%
This is much better agreement than was obtained in our
low-temperature structure of 18-crown-6 (Maverick,
Seiler, Schweizer & Dunitz, 1980) even though that
analysis was based on more extensive experimental
data and yielded more accurately determined Uj; values
than the present analysis. This shows that, in some
cases at least, discrepancies between observed and
calculated Uj; values may be attributable more to
failure of the underlying rigid-body model than to
errors in the experimental vibration amplitudes.

When the atomic coordinates are corrected for
libration, they yield bond lengths that are uniformly
about 0-002 A longer than the uncorrected values
shown in Table 3.

Packing

The packing is rather loose with no intermolecular
H--.H distances less than 2-4 A; there are about 20
such distances between 2:45 and 2-60 A, all between
molecules of opposite chirality. The shortest C—H---O
distances, however, occur between translation-related
molecules: O(5)--- H(7(100], 2.57TA and
O(14)-- -H(ID[100], 2-61 A, both pointing nearly
along the ‘equatorial’ lone-pair orbitals of the O atoms
(see Fig. 3). In addition, O(14) interacts with a second
H atom on the opposite side of the COC plane:
O(14)---H(13")[011], 2-68 A, but here the H atom is
not so close to the plane bisecting the COC angle. The
next shortest O...H distances are >2-8 A. In the
structure of 18-crown-6 (Maverick et al., 1980) all six
O atoms were involved in C—H-..O interactions at
distances of 2-45-2.8 A roughly along the tetrahedral

13-METHYL-2,10-DIOXATRICYCLO[4.4.4.0"* ] TETRADECANE AT 96 K

Fig. 3. Stereoscopic view of the packing in the crystal. The atoms
of the reference molecule and the O atoms of symmetry-related
molecules are indicated by filled circles.

lone-pair directions. In the present structure only the
‘equatorial’ lone pairs on the O atoms are thus
involved, but the two resulting C—H-.-O contacts
seem to be the principal feature of the crystal packing
along a.

APPENDIX

Crystal structure of (1) (2,10-
dioxatricyclo[4.4.4.0"¢ Jtetradecane, C,,H,,0,)

Crystals (m.p. 325 K) prepared by sublimation from a
sample kindly provided by Professor P. Deslong-
champs were soft and pliable at room temperature.
Diffraction measurements at 103 K gave an
orthorhombic unit cell: a = 12:26 (1), b = 12.22 (1),
c=13-79 (1) A, Z = 8. Systematic absences (hk0, h =
2n only; hOl, I = 2n only) were compatible with the
space groups P2,ca or Pmca, but, in addition, all
reflections with / odd were very weak, and there was
also a conditional absence: (0k/, if / even then 2k + [ =
4n only), indicating that the subcell with ¢’ = ¢/2 can
be described in terms of the space groups Pn2,a or
Pnma.

Although the crystal used was not unduly small
(dimensions ~0-3-0-35 mm) only 572 refiections out
of 1969 measured had 7 > 30,. An attempt to solve the
subcell structure by direct methods in the latter space
group was successful in that it led to an interpretable £
map in which atoms 1, 3, 4, 6 lay on the pseudo mirror
plane perpendicular to the b axis, the remaining atoms
being duplicated on both sides of this plane. This
arrangement corresponds to a superposition of the two
possible enantiomeric conformations at each molec-
ular site. It seemed likely, therefore, that in the actual
structure molecules displaced by the pseudo translation
¢/2 are enantiomeric rather than translationally equiva-
lent as in the subcell. The expanded cell would then
belong to the space group P2,ca with two sets of
molecules in the unit cell, one set lying close to the
plane y = 0, the other lying close to the plane y =  and
appropriately displaced in the ¢ direction in accordance
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with the pseudo symmetry of the subcell. However, all
attempts to refine trial structures in the expanded cell
led to apparent disorder at one of the two molecular
sites. Since it was clear that accurate C—O distances
would not be obtainable with this crystal the analysis
was not pursued further.
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Abstract

C,,H,,0,.2C,H,NO,, M, = 538-60, monoclinic,
P2,/c, a = 10:053(2), b = 11-893Q3), ¢ =
12:359 3) A, B=105-51 (2)°, V= 14238 (5) A%, Z =
2, d, = 1.26 Mg m~3, g(Cu Ka) = 0-817 mm~".
Full-matrix least-squares refinement (non-hydrogen
atoms anisotropic, H atoms isotropic) based on 1518
reflections led to a final R of 0-040. The 18-crown-6
ether sits on a center of symmetry and exhibits
approximate D,, symmetry. The six oxygen atoms are
alternately 0-24 (1) A above and below the mean plane
and form a nearly planar hexagon with averaged sides
of 2-86 (1) A. The two guest molecules are related by a
center of symmetry and each forms hydrogen bonds
with H- - - O distances of 2-12 (3) and 239 (3) A.

* To whom correspondence should be addressed.
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Introduction

The weak interactions between crown ethers and
neutral organic molecules are of chemical and bio-
logical interest. The study of such interactions may lead
to the design of specific host molecules for small neutral
biologically active compounds, as well as to a better
understanding of secondary interactions that occur at
biological receptors or enzyme pockets. These weak
interactions may be of importance in stereoselective
recognition by receptors and substrates. Although a
number of structures of 18-crown-6 ethers with
charged species have been described, only the neutral
complexes with dimethyl acetylenedicarboxylate (1:1)
(Goldberg, 1975), dimethyl sulfone (1:1) (Weber &
Vogtle, 1980), urea (1:5) (Harkema, Van Hummel,
Daasvatn & Reinhoudt, 1981) and benzenesulfon-
amide (1:2) (Knochel, Kopf, Oehler & Rudolph, 1978)
have been reported. We would like to describe the

© 1982 International Union of Crystallography



