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Crystal Structures of Complexes between Alkali-metal Salts and Cyclic
Polyethers. Part IV.! The Crystal Structures of Dibenzo-30-crown-10
(2,3:17,18-dibenzo-1,4,7,10,13,16,19,22,25,28-decaoxacyclotriaconta-
2,17-diene) and of its Complex with Potassium lodide

By M. A. Bush and Mary R. Truter,* Agricultural Research Council, Unit of Structural Chemistry (University
College London), Inveresk House, 346 Strand, London WC2R OHG

The crystal structures of the title compounds have been determined from X-ray diffractometer observations. The
molecules of the cyclic ether are centrosymmetric with Z = 2 in a monoclinic unit cell having a = 16-960, b =
8-920, ¢ = 9:096 A, B = 90:03°, and space group P2,/c. They form loops approximately parallel to the a axis.
The structure was solved by the iterative application of Sayres’ equation, and refined by least-squares methods to
R 0-056 for 1414 independent observations.

In the complex Z = 4 in an orthorhombic unit cell having a8 = 19-576, b = 12-405, and ¢ = 12-965 A with space
group Pnna. The structure was solved by conventional Patterson and Fourier methods and refined by least-
squares techniques to A 0-046 for 1102 independent observations. Each potassium ion lies on a two-fold axis,
and is enclosed by a ligand molecule wrapped round to give ten K—O distances in the range 2-850(6)—2-931(6) A.
The iodide ions also lie on two-fold axes and are not in contact with potassium. The packing of the complex
cations and the iodide ions is a distorted sodium chloride structure.

Bond lengths and angles in the complexed and free molecules are the same; the conformations are different.
Four of the C—C—0—C angles change from trans in the free molecule to gauche in the complex: the remaining
torsion angles are of the same type in both forms but corresponding ones differ by as much as 30° and the sign

may be reversed.

EXPERIMENTS on cation transport with mitochondria 2
and with artificial 3 and natural membranes 4 showed
that much higher concentrations of macrocyclic poly-
ethers than of naturally occurring cyclic antibiotics were
required to produce comparable effects. Three cyclic
antibiotics with strong selectivity for potassium have
been shown to form crystalline complexes with the
potassium ion enclosed by oxygen atoms at the corners
of octahedra (enniatin B® and valinomycin 8) or of a
cube (nonactin).” By contrast the cyclic ether com-
plexes of known structure derived from dibenzo-18-
crown-6 810 or benzo-15-crown-51 have the ether
oxygens arranged in a plane round the cation with the
axial positions available for interaction with solvent and
anion.

To discover whether a larger ether could enclose a
potassium ion we determined the crystal structure of
the complex formed between potassium iodide and di-
benzo-30-crown-10 and, as described in a preliminary
report,® found the ligand was wrapped round the cation
‘like the seam of a tennis ball’.? Stability-constant
measurements 1! for a series of macrocyclic ethers indi-
cated that complete enclosure of the cation is also found
in solution with this ligand, which gives a particularly
high ratio for the stability constant of the potassium
compared with that for the sodium complex.

Dibenzo-30-crown-10 is  systematically named
2,3:17,18-dibenzo-1,4,7,10,13,16,19,22,25 28-decaoxa-
cyclotriaconta-2,17-diene and is shown with the crystal-
lographic numbering of the atoms in Figure 1.

1 Part III, M. A. Bush and M. R. Truter, preceding paper.

2 H. Lardy, Fed. Proc., 1968, 27, 1278.

3 G. Eisenman, S. M. Ciani, and G. Szabo, Fed. Proc., 1968,
27, 1289.

4 D. C. Tosteson, Fed. Proc., 1968, 27, 1269.

5 M. Dobler, J. D. Dunitz, and J. Krajewski, J. Mol. Biol.,
1969, 42, 603.

¢ M. Pinkerton, L. K. Steinrauf, and P. Dawkins, Biockem.
Biophys. Res. Chem., 1969, 85, 512.

We now report determinations of the crystal structures
of the potassium iodide complex and of the macrocyclic

FiGure 1 Dibenzo-30-crown-10 showing the designations of
the atoms. The Roman superscript I denotes relation by a
crystallographic element of symmetry. (In the drawing the
conformation of an uncomplexed molecule is shown so the
symmetry element is a centre)

ether itself, and compare the dimensions and conforma-
tions of the two forms.

The potassium iodide complex crystallises in the
orthorhombic system with the potassium and iodide ions
on crystallographic two-fold axes. The cyclic ether is
wrapped round the potassium (Figure 2). The macro-
cyclic ether gives monoclinic crystals in which the
molecules are necessarily centrosymmetrical (Figure 3).

In Table 1, the bond lengths and angles in the complex
and the ligand are given; corresponding ones are the
same within experimental error, except for small vari-
ations of angles in the ether chains. In both forms the
benzene ring is planar, maximum deviations being
0-014 A in the free and 0-015 A in the complexed mole-
cule. O(10) and O(17) are on opposite sides of this

? M. Dobler, J. D. Dunitz, and B. T. Kilbourn, Helv. Chim.
Acta, 1969, 52, 2573.

8 D. Bright and M. R. Truter, J. Chem. Soc. (B), 1970, 1544.

® M. A. Bush and M. R. Truter, Chem. Comm., 1970, 1439.

10 M. A. Bush and M. R. Truter, J. Ckem. Soc. (B), 1971,
1440.

11 H. K. Frensdorff, J. Amer. Chem. Soc., 1971, 93, 600.
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plane by 0-055 and 0-025 A, respectively, in the free
molecule and 0-056 and 0-077 &, respectively, in the
complex.

The difference between the two forms is one of con-
formation. Torsion angles for both forms are given in
Table 2. These show two features also found in the
other cyclic ethers. One is that the torsion angle about
the aliphatic C—C bond is ca. 60° corresponding to the
gauche conformation, the other is that the C-C-O—C
torsion angles are often close to 180 °. The main
differences are that the four angles, about C(19%)-O(1)
and C(3)-O(4) and the symmetry-related pairs, are

FiGURE 2 One complex cation (dibenzo-30-crown-10)-potas-
sium; the crystallographic two-fold axis shown by the arrows
relates the halves of the ligand

FiGure 3 The structure of dibenzo-30-crown-10 projected along
the [b] axis. The designations of some of the atoms are shown,
those with Roman numeral superscripts, I, are related to those
without by the centre of symmetry at 0, 4, 3. Molecules in
heavy lines have their centres at ¥ = 4, those in lighter lines
have their centres at y = 0

trans, when uncomplexed, and gawche in the complex;
there are also changes of sign for eight angles. Further,
angles of the same type (i.e. frans or gauche) may differ
by up to 30°.

The conformation of an uncomplexed cyclic ether
determined by crystal structure analysis may be a
consequence of the crystal packing and lattice energy
as well as of the conformational energy of the molecule.
The conformation of a complexed ether, however, is also
a function of the interactions it makes with the metal
ion. This may be the most important factor as the con-
formation of the complexed form of the ether ‘ dibenzo-
18-crown-6 ’ has been found to be essentially the same in
three different crystal packing environments.310
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TaBLE 1
Bond lengths (A) and bond angles (°) in the complexed and
free molecules. Here as elsewhere numbers in paren-
theses are the standard deviations, in the least signifi-
cant digits
(a) Distances

Complexed Uncomplexed
0(1)-C(2) 1-39(1) 1-407(4)
C(2)~C(3) 1-51(1) 1-484(6)
C(3)-0(4) 1-40(1) 1-413(4)
O(4)—C(5) 1-42(1) 1-409(4)
C(5)—C(6) 1-48(1) 1-475(5)
C(6)—0(7) 1-42(1) 1-422(4)
O(7)~C(8) 1-43(1) 1-408(4)
C(8)~C(9) 1-50(1) 1-482(5)
C(9)—0(10) 1-41(1) 1-424(4)
0(10)—C(11) 1-37(1) 1-364(4)
C(11)~C(12) 1-40(1) 1-375(5)
C(12)-C(13) 1-36(1) 1-376(5)
C(13)—C(14) 1-40(1) 1-351(6)
C(14)~C(15) 1-36(1) 1-369(6)
C(15)—C(16) 1-37(1) 1-379(5)
C(16)~C(11) 1-39(1) 1-395(4)
C(16)—0(17) 1-35(1) 1-358(4)
O(17)~C(18) 1-42(1) 1-422(4)
C(18)—C(19) 1-48(1) 1-486(5)
C(19)—0(1%) 1-41(1) 1-405(4)
(b) Angles
C(191)—0(1)—ﬁ‘2) 115-4(8) 111-6(3)
C(3)~0(4)—C(5) 114-9(8) 112-3(3)
C(6)—0(7)~C(8) 114-4(7) 114-5(3)
C(9)—-0(10)—C(11) 117-3(7) 118-3(3)
C(16)—O(17)—C(18) 118-8(7) 118-2(3)
0(1)~C(2)—C(3) 109-4(9) 110-6(3)
C(2)—C(3)~0(4) 112-8(9) 110-3(3)
O(4)—C(5)-C(6) 109-6(9) 111-0(3)
C(5)—C(6)—O(7) 108-3(9) 109-6(3)
O(7)—~C(8)—~C(9) 115-5(8) 112-5(3)
C(8)~C(9)—0(10) 109-3(8) 108-6(3)
0(17)—C(18)~C(19) 110-3(8) 108-3(3)
C(18)—C(19)—0(1Y) 114-3(9) 110-6(3)
0(10)~C(11)—C(12) 123-6(9) 124-8(3)
0O(17)—-C(16)—C(15) 125-2(9) 125-6(4)
0(10)—C(11)—C(16) 116-9(8) 115-8(3)
O(17)—C(16)—C(11) 115-1(8) 115-7(3)
C(11j—C(12)~C(13) 119-5(10) 120-6(4)
C(12)-C(13)-C(14) 120-6(10) 120-1(4)
C(13)~C(14)—C(15) 119-7(10) 120-3(4)
C(14)-C(15)~C(16) 120-9(10) 120-9(4)
C(15)—C(16)—C(11) 119-7(9) 118-7(4)
C(16)—C(11)~C(12) 119-5(9) 119-4(3)
TABLE 2
Torsion angles (°)
Complexed Uncomplexed
C(189)—C(191)—0(1)—C(2) 79 177
C(191—-0(1)—C(2)—C(3) —176 —175
O(1)~C(2)—C(3)-0(4) 62 —172
C(2)—C(3)—O(4)—C(5) 85 177
C(3)—0(4)—C(5)—C(6) —169 —180
O(4)—~C(5)~C(6)-O(7) 69 —170
C(5)—C(6)—O(7)—C(8) 172 —169
C(6)—0(7)—C(8)—C(9) 62 95
O(7)—C(8)—C(9)—0(10) 44 —67
C(8)—C(9)—O(10)—C(11) 178 148
C(9)—0(10)—C(11)—C(16) 147 —154
0(10)~C(11)~C(16)~O(17) —4 —2
C(11)-C(16)—~0(17)—C(18) —174 —174
C(16)—0(17)—C(18)—C(19) 175 165
O(17)~C(18)~C(19)—O(11) 62 63

The dimensions in Table 1 are in good agreement with
the corresponding ones found previously,»80 and in all
it appears that the bond ¢ (see Figure 4) is shorter than
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the other aromatic C-C bonds. The standard deviations
of the mean bond length, however, when calculated on
the basis of the spread of the individual values about this
mean, indicate that the difference is not significant.

FIGURE 4 Diagram of a ‘ catechol ’ ring defining the
different categories of bonds

The mean values (&) with their estimated standard
deviations and the number of bonds averaged are:
a 136 + 002, 20; b 1-40 4-0-02, 10; ¢ 1-39 £ 0-02,
20; 4 1-39 + 0-02, 20; and ¢ 1-35 & 0-03, 10.

In the complex, all ten oxygen atoms of the cyclic
ether interact with the potassium ion, the distances
(Table 3) ranging from 2-850(6)—2-931(6) A mean

TaBLE 3
Environment of the potassium ion
(@) Distances (A)

K—0(1) 2-850(6) K-0(10) 2-895(6)
K—-O(4) 2-879(6) K-0(17) 2-931(6)
K—O(7) 2-850(6)

(6) Angles (°) subtended by O—C—C-0O

O(1)-K—0O(4) 60 O(10)—K—O(17) 53
O(4)—K—0O(7) 59 O(17)—-K—-O(17) 60
O(7)—K—0(10) 58

(¢) Angles (°) across the two-fold axis

O(1)—K—0O(1Y) 76 O(10)—-K—0O(107) 75
O(4)~K-0(41) 118 O(17)-K—0(17Y) 168
O(7)-K~O(T1) 127

2-881 A. This is a relatively compact arrangement for
such a high co-ordination number; distances up to 3-06 A
are sometimes included for co-ordination numbers of
eight or more. It compares with the compact eight-co-
ordination by nonactin,” in which K-O ranges from
2-75 to 2-83 A, mean 2-798 A, and the increase in mean
radius with co-ordination number agrees with the known
trend.’? The angles subtended at potassium between
pairs of adjacent ether oxygen atoms are 53° for
0(10)-K—-0O(17) and 58—60° for the remainder. Despite
the crystallographic two-fold symmetry the ten atoms
are not arranged in any of the regular geometrical figures
discussed by King.13 There is no set of five coplanar
oxygen atoms: this is the only cyclic ether complex so
far found which does not contain five or six coplanar
oxygen atoms. The K-O—C angles are similar to the
Na-O-C angles in the dibenzo-18-crown-61¢ and the
benzo-15-crown-51 complexes and approximate to
trigonal at the catechol oxygen atoms and tetrahedral
at the others.

The packing of the complex is shown in Figure 5.
It approximates to that of sodium chloride. The

12 R. D. Shannon and C. T. Prewitt, Acta Cryst., 1969, B25,
925.
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potassium ions are at: 0-508, %, ; 0-492, #, 2; 0-008,
}, %; and —0-008, £, }, giving a distorted face-centred
cube. The iodide ions occupy the octahedral holes in
this lattice but are displaced alternately above and
below the centre points by x/a 0-17. There are no
intermolecular distances <35 A between non-hydrogen
atoms; of the 26 contacts in the range 3-5—4:0 A only
one is to the iodide ion, that from C(18"'H) at 3-95 A.
As shown in Figure 3, the crown molecule consists
of loops which are packed parallel to one another, some-
what similar to the loops of large saturated cyclic
hydrocarbons, e.g. cyclotetratriacontane,* [CHyls,.
Unlike the hydrocarbon however, the cyclic ether has no

o—Q on™  onY

oy o) O

FiGure 5 The structure of the (dibenzo-30-crown-10) potas-
sium iodide complex projected along the b axis. Roman
numeral superscripts refer to the equivalent positions relative
to the molecular co-ordinates %, ¥, # shown in Table 4:

Ix,4—9%—2 V1i—x3+4+93++2
ITi—21—y,2 ViIi+xy 1—2
I ¢+ — %, 44+, % —2 VII ¢4+ 23+ —9y, %42
IVI—2%1—y1—2 VIIL x — 4,9y, 1 — 2z

If the iodide ions were moved 3-3 A along a to cover or be
eclipsed by the potassium in the projection, the ions would
occupy the same relative positions as in the sodium chloride
lattice

intramolecular contacts shorter than the sum of the
van der Waals’ radii. There are no unusual features
about the packing; if hydrogen atoms are excluded there

18 R. B. King, J. Amer. Chem. Soc., 1970, 92, 6460.
14 H. F. Fay and B. A. Newman, Acta Cryst., 1968, B24, 615.
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are three intermolecular distances <3-5 A and all are
contacts to oxygen atoms. These contacts are 3-34 A
between O(7) and C(19) in molecules related by transla-
tion along the b axis and 3-48 and 3-31 A between C(15)
and O(10) and O(17) respectively of molecules related by
the c glide.

The difference in conformation found here is large
compared with that found in the only naturally occurring
compounds for which the crystal structures of free
molecule 1% and complex 16 are known, monesin. Monesin
is an acid held by hydrogen bonding into a cyclic form;
it encloses an alkali metal (or silver) to form a neutral
complex by changes in hydrogen bonding and by changes
of not more than 17° in any dihedral angle. Monesin is
not highly selective for potassium, in contrast with the
neutral compounds valinomycin, enniatin-B, and non-
actin. Hydrogen bonding is partly responsible for the
conformation of valinomycin but not for that of the
other two.

EXPERIMENTAL
(a) (Dibenzo-30-crown)-10-potassium Iodide

Synthesis.}’—Potassium iodide (0-166 g) and dibenzo-30-
crown-10 (0-55 g, giving a slight excess over a 1: 1 ratio)
were dissolved in methanol (20 ml) and set aside for a few
hours. Some crystals of the ligand were deposited and re-
moved by filtration. The filtrate was set aside overnight
and gave colourless crystals of the complex, m.p. 116—118 °C
(Found: C, 48-2; H, 5-7; I, 18:6. Calc. for C;aH, IKO,,:
C, 48-3; H, 5-8; I, 18-2%). As with the other aromatic
crown compounds 8 a band at 965 cm™ in the i.r. spectrum
of dibenzo-30-crown-10 is absent in that of the complex.
No bands appear in the hydroxy-stretching region, indicat-
ing that there is no solvation.

X-ray Diffraction.—Preliminary photographs showed that
the crystal system was orthorhombic and the general
conditions in reflections of O0kl, k + 1= 2n; ROl 11 + 1 =
2n; hkO, h = 2n; h00, h = 2r; OKO, & = 2n, and 00/,
I = 2n determined the space group as Puna. The crystal
density indicated Z = 4, hence the asymmetric unit com-
prised only one half of the formula unit so that the potas-
sium ion and the iodide ion must each be situated either on
a two-fold axis or on a centre of symmetry.

Crystal Data.—CygH,yIKO,,, M = 702-7, Orthorhombic,
a = 19-576(6), = 12-405(6), ¢ = 12:965(4)A, U =
31483 A3, D, =151 g cm™S, Z =4, D, = 148 g cm™3,
F(000) = 1440. Space group Pnna (D$;, No, 52) uniquely
determined. Mo-K, radiation, A(Kg,,) 0:7093, X(K,,)
0-7135A (1A =10 m), pMo-K,,) = 121 cm™, no
correction applied. Molecular symmetry, two-fold axis.

The crystal used for the intensity determinations had
dimensions 0-14 X 0-16 X 0-19 mm and was cut from a

* On a mount designed by R. H. B. Mais and P. G. Owston,
Imperial Chemical Industries Ltd.

1 For details of Supplementary Publications see Notice to
Authors No. 7 in J. Chem. Soc. (4), 1970, Issue No. 20.

15 W. K. Lutz, ¥. K. Winkler, and J. D. Dunitz, Helv. Chim.
Acta, 1971, 54, 1103.

18 M. Pinkerton and L. K. Steinrauf, J. Mol. Biol., 1970, 49, 533.

17 C. N. Lestas, personal communication, 1970.

18 C. J. Pedersen, J. Amer. Chem. Soc., 1967, 89, 7017.
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much larger one. It was set up on a Picker four-circle
diffractometer with the & axis offset by ca. 15° from the
qS axis, to reduce the chance of monitoring simultaneous
reflections.* The centred positions of 12 reflections having
a mean 26 value of 30° were used to refine the orientation
angles and unit-cell parameters.’® Reflection intensities
were measured for the 2kl quadrant out to a 26 value of 51°
by the 26—0 scan method with a scan for each reflection from
28 calcgy,) —0-5° to 26 caleg,,y +0-5° at a rate of 0-5 °/min.
Stationary background counts were monitored at the 26
limits of the scans for 25 s each. The intensities of three
standard reflections (6,0,0, 0,4,2, and 0,1,3) were measured
every 50 reflections and the results used to place all the
observations on a common scale. The observations were
corrected for Lorentz and polarisation factors and reflections
for which I < 36y (with o7 derived as in ref. 8) were re-
jected; this produced 1102 independent structure ampli-
tudes.

The mean value of |F,| for reflections having # + / even
was three times that for those having % + I odd, thus
suggesting that the iodide ions occupied the special positions
‘d’ of the space group,?® i.e. situated on two-fold axes
parallel to the a4 axis. A three-dimensional Patterson
synthesis verified this and yielded the co-ordinates of the
iodide ions. Subsequent electron-density syntheses re-
vealed the positions of all the remaining non-hydrogen
atoms with the complex lying on the same two-fold axis as
the iodide ion. Three cycles of full-matrix least-squares
refinement !* with scattering factors taken from ref. 21
carried out on the positional and isotropic vibrational
atomic parameters and on one overall scale-factor, resulted
in a conventional R of 0-075. Hydrogen atom co-ordinates
were calculated 22 assuming C-H 0-95 A and these were
included in all further structure-factor calculations with
scattering factors from ref. 23 and with isotropic tempera-
ture factors set at 50 A2. A weighting scheme of ¢ =
1
w?
the coefficients 4 and B modified throughout the refinement
such that ZwA?/x was reasonably constant when analysed in
systematic ranges of |F,| and sin 8. Two cycles of refine-
ment, with the scattering curve of iodide ion corrected for
the effects of anomalous dispersion,?* produced an R value
of 0-052 and a subsequent electron-density difference syn-
thesis showed peaks of 0-8 eA™® near the iodide ion and
smaller random peaks of < 0-4 eA™® elsewhere. The iodide
ion was allowed an anisotropic vibration parameter where-
upon two further cycles resulted in convergence at R 0-048
and R’ {= (Zw[|Fo| — |F,|1?/Zw|F,|?)¥} of 0-064. The
structure refinement was concluded. Atomic co-ordinates
and ‘vibration parameters are in Table 4. Observed and
calculated structure factors are listed in Supplementary
Publication No. 20284 (17 pp., 1 microfiche). An analysis
of the agreement index for % + ! even or odd is given in
Table 5.

= O(counting statisticsy + 4| Fo| + B|Fo[? was chosen and

1® Programmes from the North Western University system
adapted by D. Bright to run on the CDC 6600 and IBM 1130
computers.

20 ¢ International Tables for X-Ray Crystallography,” vol. I,
Kynoch Press, Birmingham, 1952.

21 D. T. Cromer and J. T. Waber, Acta Cryst., 1965, 18, 104.

22 Programmes written by B. L. Vickery for the IBM 1130
computer.

28 R, F. Stewart, E. R. Davidson, and W. T. Simpson, J.
Chem. Phys., 1965, 42, 3175.

24 D. T. Cromer, Acta Cryst., 1965, 18, 17.
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TABLE 4

Atomic co-ordinates (X 10%) and isotropic vibration para-
meters (X 10%) for the complex

000005~
[l S s
[T

Pt et et el et et e el €O QO D O GO DD

© 00 D O WO DY e~

IO OO NI DI DD Dm0 000C00000000
PO oMU w2

y[b
2500(0
2500(0
2658(5
0597(5
0790(5
1360(5
1536(5
1709(9
0845(9

—0170(9
—0195(9
0822(8
0707(8
1380(8
1276(
1330(
1501(
1579(
1509(
1560(
1486(
1761
1431
1183
0251
—0857
0051
—0300
—0836
0292
1519
—0068
0855
1163
1246
1534
1623
0973
2214
0798
1402

9
9
9
8

)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
7)
9)
8)

zfc BJA?
2500(0) b
2500(0) 292(5)
1154(5) 331(13)
1935(5) 363(14)
1402(5) 345(14)
3303(5) 315(13)
4551(5) 296(13)
0736(8) 439(24)
1559(9) 445(25)
1343(8) 413(22)
1690(8) 410(22)
1565(8) 371(22)
2668(8) 359(22)
4335(7) 279(19)
4735(9) 432(24)
5773(9) 463(25)
6441(8) 414(23)
6050(8) 362(21)
5007(7) 276(18)
5185(8) 362(22)
4546(8) 393(22)
0406 500
0194 500
2116 500
1324 500
1376 500
0627 500
2451 500
1431 500
1127 500
1320 500
2838 500
2726 500
4271 500
6052 500
7181 500
6540 500
5703 500
5605 500
4192 500
5012 500

* Anisotropic vibration parameters (x 10%) in the form:
exp [ (B1h® -+ Bask® + Bugl® + 2B10hk + 213kl + 2Bp5k0)1.

1

1 Hydrogen atom parameters were not refined.

Bll
26(1)

Bez
57(1)

Bas
61(1)

312
0(0)

313
0(0)

B23
11(1)

In the atom

labelling, the number after the comma is that of the carbon
atom to which the hydrogen is bonded.

TABLE 5

Variation of R with |F,| for the complex

{Fol
13-3—25'5
25-5—29-8
29-8-—34-1
34-1-—39-3
39-3—45-5
45-5—53-0
53:0—65-3
65-3-—88-2
88-2—134-9

>134-9

R
h+1=2n
0-119
0-101
0-080
0-066
0-067
0-059
0-036
0-033
0-031
0-030

R
h+1=2n+1
0-091
0-084
0-073
0-058
0-050
0-038
0-029
0-067
0-058
0-017

(b) Dibenzo-30-crown-10

The compound ¥ was recrystallised from methanol.
Preliminary X-ray photographs showed that the crystals
are monoclinic with space group P2,/c.
ation indicated Z = 2, so that the molecule must be centro-

Density determin-
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symmetric. The crystal used for the collection of intensities
had dimensions 0-40 x 0-35 X 0-20 mm and was cut from a
much larger one. It was set up on the diffractometer
using 13 reflections having a mean 26 value of 21° and
observations were collected for the reflections of types
hkl and hEl out to a 20 value of 52° using the procedure

TABLE 6

Atomic co-ordinates (x 10%) and vibration parameters for
the uncomplexed molecule. For the hydrogen atoms
co-ordinates were not refined and all were assigned an
isotropic temperature factor exp (—4-5 sin?6/)%).

xla y/b zfe
O(1) —1229(2) 2063(2) 5029(3)
C(2) —0732(3) 1546(4) 6160(5)
C(3) —0116(3) 2676(5) 6503(4)
0O(4) 0446(1) 2731(3) 5359(2)
C(5) 1026(2) 3836(4) 5605(4)
C(6) 1601(2) 3872(4) 4391(4)
o(7) 2080(2) 2563(2) 4444(3)
C(8) 2739(3) 2598(4) 3504(4)
C(9) 3463(2) 3118(4) 4260(4)
0(10) 3366(1) 4656(2) 4640(2)
C(11) 3720(2) 5167(4) 5891(4)
C(12) 4382(2) 4548(4) 6519(5)
C(13) 4682(2) 5114(6) 7812(5)
C(14) 4326(3) 6286(6) 8477(4)
C(15) 3678(3) 6946(4) 7850(4)
C(16) 3367(2) 6408(4) 6552(4)
O(17) 2729(1) 6976(2) 5840(2)
C(18) 2393(2) 8330(4) 6378(4)
C(19) 1855(3) 8935(4) 5232(4)
H(1,2) —0485 0640 5863
H(2,2) —1037 1359 7018
H(3,3) 0136 2420 7401
H(4,3) —0358 3635 6609
H(5,5) 1288 3644 6491
H(6,5) 0772 4792 5654
H(7,6) 1923 4737 4472
H(8,6) 1333 3899 3469
H(9,8) 2629 3246 2700
H(10,8) 2829 1612 3129
H(11,9) 3910 3016 3620
H(12,9) 3557 2543 5118
H(13,12) 2806 9034 6579
H(14,13) 2116 8135 7256
H(15,14) 2150 9085 4361
H(16,15) 1660 9868 5572
H(17,18) 4619 3707 6048
H(18,18) 5157 4676 8232
H(19,19) 4524 6654 9395
H(20,19) 3445 7797 8309

Anisotropic vibration parameters (X 10%) of the form
expl— (B1rh® + B2ok® + Basl® + 2B10hk + 281901 + 2B5kI)]

Bll 322 333 312 Bla 323
O(1) 0055(1) 0134(4) 0179(4) 0003(2) 0008(2)  0044(3)
C(2) 0061(2) 0194(7) 0186(6) 0036(3) 0040(3) 0071(6)
C(3) 0059(2) 0239(8) 0124(5) 0047(3) 0004(3) 0029(5)
O(4) 0055(1) 0176(4) 0140(3) —0002(2) 0018(2) —0019(3)
C(5) 0060(2) 0163(6) 0145(6) 0023(3) —0016(3) —0021(5)
C(6) 0051(2) 0127(5) 0179(6) —0003(3) —0011(3) —0009(5)
O(7) 0061(1) 0114(3) 0223(4) 0008(2) 0032(2) 0015(3)
C(8) 0073(2) 0106(5) 0177(6) —0003(3) 0021(3) —0032(5)
C(9) 0063(2) 0126(5) 0175(6) 0012(3) 0029(3) —0014(5)
O(10) 0064(1) 0111(3) 0151(4) 0011(2) 0001(2) —0026(3)
C(11) 0043(2) 0120(5) 0137(5) —0004(3) 0022(3) 0011(5)
C(12) 0048(2) 0160(6) 0198(7) 0004(3) 0021(3)  0023(5)
C(13) 0051(2) 0239(9) 0230(8) —0022(4) —0019(4) 0061(7)
C(14) 0076(3) 0232(9) 0164(7) —0049(4) —0023(4) 0018(7)
C(15) 0063(2) 0171(6) 0146(6) —0028(3) 0013(3) — 0023(5)
C(16) 0042(2) 0133(6) 0137(5) —0014(3) 0017(3) 0003(4)
O(17) 0051(1) 0120(3) 0169(4) 0007(2) 0009(2) —0036(3)
C(18) 0052(2) 0123(5) 0224(7) —0007{3) 0027(3) —0042(5)
C(19) 0063(2) 0104(5) 0238(7) 0009(3) 0044(3)  0001(5)
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described earlier. The standard reflections were 4,0,0,
0,1,4, and 1,5,0. The intensities were corrected for Lorentz
and polarisation effects and those reflections for which
I < 20y were rejected from the data set; this produced 1414
independent observations.

The structure was solved by the programme REL which
applies Sayres’ equation interatively to the E value triplets;
the use of this programme has been reported previously.2®
E values were first computed 1° for all reflections; 233 of
these were >1-30 and these were used as input data for
REL. Sixteen possible sets were produced; the set having
the highest consistency index (0-81) also converged in the
fewest cycles (7) and an E map based on these phases clearly
showed all the non-hydrogen atom positions.

Three cycles of full-matrix least-squares refinement were
carried out on the positional and isotropic vibrational
atomic parameters and on one overall scale-factor to give
R 0-24. The weighting scheme was applied as described
for the complex. Two more cycles of refinement with the
atoms allowed anisotropic vibration parameters reduced
R to 0-12. Four more cycles were carried out in which the
hydrogen atoms were included in the structure-factor
calculations at positions calculated from the parameters of
the previous cycle assuming C-H 0-95 A, and isotropic
temperature factors of 4-5 A2. Convergence was obtained
at R and R’ 0-056. A final electron-density difference

25 D, Bright, G. H. W, Milburn, and M. R. Truter, J. Chem.
Soc. (4), 1971, 1582.

J.C.S. Perkin 11

synthesis showed only random fluctuations between -+0-2
and —0-2eA™. Atomic co-ordinates and vibration para-
meters are given in Table 6.

Crystal Data.—CygH 49019, M = 536-7, Monoclinic, a =
16:960(11), b = 8-920(9), ¢ — 9-096(6) A, B = 90-03(2)°,
U =13760A3, Dy = 1-31gcm3,Z = 2, D, = 1-30 g cm’3,
F(000) = 576-0. Space group, P2,/c (C§;, No, 14), Mo-K,
radiation; w(Mo-K,) = 53 cm™. No correction applied.
Molecular symmetry, centre.

Computing.—Full-matrix least-squares, some three-di-
mensional Fourier syntheses and the sign determinations
were carried out on the London University CDC 6600
computer.l® This was also used to calculate bond lengths
and angles with their standard deviations derived from the
variance—covariance matrix. Intermolecular distances and
angles, torsion angles, and planes through groups of atoms,
were calculated on the IBM 1130 computer.2?

We thank C. J. Pedersen, E. I. Du Pont de Nemours and
Company, for the dibenzo-30-crown-10, C. N. Lestas for
making the complex, H. K. Frensdorff for letting us see his
paper before publication, the Director of the London
University Computer for facilities, the authors for their
programmes, J. Cresswell for the drawings, Imperial
Chemical Industries Ltd. for working drawings of the crystal
support, and the Royal Society for some equipment.
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