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Abstract. C,,H,,0,, monoclinic, P2,/b, Z = 4, a =
10-798 (11), b = 9-057 (10), ¢ = 17-585 31 A, y =
93.02(2)°, ¥ = 1717-4 A>, D, = 1-36 Mg m~3, u =
0-106 mm~! The structure was solved by direct
methods and refined by least-squares procedures to a
final R of 0-048 for 2254 independent reflections. The
interatomic distances and bond angles are in good
agreement with previously published values. The
15-membered ring forms a distorted square. The three
ester groups are in the trans form: two groups are
almost perpendicular to the mean plane of the
macrocycle and the third is displaced from it. The
overall conformation is stabilized by both intra- and

intermolecular C=0-..C=0 and C—H-.--Ofester or
ether) interactions.

Introduction. Publications on structures of macro-
cyclic molecules are devoted mainly to the cyclic
polyethers (crown ethers) and their complexes (Dalley,
1978: Ovchinnikov, Ivanov & Shkrob, 1974). How-
ever, little information is presently available about
crown-ether derivatives containing ester and amide
groups.

We have previously reported (Ganin, Lukyanenko,
Dvorkin. Popkov. Simonov & Bogatsky. 1981:
Simonov et al., 1981) the results of X-ray structure

0567-7408/82/112955-04$01.00 © 1982 International Union of Crystallography
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determinations of 15- and 18-membered crown ethers
containing ester and amide groups. This paper is an
extension of our studies on this new synthetic ligand
and on the conformational changes in a polyether cycle
in the presence of carbonyl groups, other substituents
and hetero-atoms. Further, we describe the crystal and
molecular structures of the title compound ().

N\ s
o ["K °
o L,

) (I

(0]

0 0\/\LO
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Experimental. The synthesis of (I) was performed
according to the method described by Bogatsky,
Lukyanenko, Popkov, Zakharov & Varava (1981). The
crystals obtained were colourless, rhombic bipyramids
0:7x0-5x 0-7mm.

Intensity measurements were made on a DAR-UMB
three-circle automatic diffractometer, using graphite-
monochromated Mo Ko radiation and the «w-6/26
scan mode. 3380 symmetry-independent reflections,
2254 with I(hkl) > 3o(I(hkD)], were processed to
obtain F uncorrected for absorption.

The structure was solved by direct methods using the
program YANX, adapted for the EC series of com-
puters. £ maps and chemical assumptions allowed the
construction of a model with identification of 25 non-H
atoms. The atomic parameters thus obtained were
refined by a full-matrix least-squares method. The
function minimized was 2. (IF,| — | F.)% Unit weights
were used for all reflections. Several cycles of re-
finement with isotropic and then anisotropic thermal
parameters for non-H atoms led to R = 2 |IF,| —
|F 1|/2 1F,l = 0-079. At this stage of the refinement
all H atoms were located from an F synthesis.
Additional cycles were then computed including H
atoms with isotropic thermal parameters. The final R
was 0-048.* None of the positional parameters of the
non-H atoms shifted by more than 0-4¢ in the last
cycle. A final difference map revealed no peaks greater
than 0-11 e A~%. Positional parameters are given in
Table 1. The atomic scattering factors were taken from
International Tables for X-ray Crystallography (1962).

* Lists of structure factors, anisotropic thermal parameters and
distances and angles involving H atoms have been deposited with
the British Library Lending Division as Supplementary Publication
No. SUP 36973 (16 pp.). Copies may be obtained through The
Executive Secretary, International Union of Crystallography, 5
Abbey Square, Chester CH1 2HU, England.

3-BENZYL-1,4,7,10,13-PENTAOXACYCLOPENTADECANE-2,5,9-TRIONE

Table 1. Final positional parameters and isotropic
thermal factors, with e.s.d.’s in parentheses

x » z U, /Ui, (AN
o(1) 0-1044 (2) 0-1681(3)  0-8703 (1) 0-036 (1)
C(2) 0-1761 (3) 0-3079 (4) 0-8651 (2) 0-036 (1)
C(® 0-3105 (3) 0-2816 (4)  0-8465 (2) 0-037(D
0@4) 0-3225 (2) 0-1540 (3) 0-8101 (1) 0-041 (1)
C(5) 0-4456 (3) 0-1258 (4)  0-7820 (2) 0-045 (2)
C(6) 0-5254 (2) 0-0620 (4) 0-8418 (2) 0-046 (2)
o7 0-4783 (2) —0-0835(3) 0-8596 (2) 0-048 (D
C(8) 0-5558 (2) —0-1531 (3) 0-9134 (2) 0-049 (2)
C%) 0-4898 (4) —0-2902 (4) 0-9434 (2) 0-049 (2)
0(10) 0-3874 (2) —0-2467 (3) 0-9907 (2) 0-049 (1)
C(1n 0.2735(4) —0-2607 (4)  0-9626 (3) 0-046 (2)
C(12) 0-1855 (4) —0-1933 (4) 1-0172 (2) 0-044 (2)
0(13)  0-0705 (2) —0-1606 (2)  0-9845 (2) 0-042 (1)
C(14)  0-0734 (3) —0-0693 (4)  0-9189 (2) 0-039 (2)
C(15)  0-1346 (3) 0.0822 (4)  0-9300 (2) 0-034 (1)
O(16)  0-3938 (2) 0-3696 (3)  0-8610(2) 0-051 (D
o(1n 0-2468 (3) —0:3166 (4) 0-9022 (2) 0-073 (2)
O(18)  0-2038 (2) 0-1228 (3)  0-9794 (2) 0-046 (D
C(19) 0-1181 (3) 0-3932 (4)  0-8008 (2) 0-042 (2)
C(20) —0-0150 (4) 0-4250 (4)  0-8164 (2) 0-038 (1)
C(21) —0-0452 (4) 0-5300 (4)  0-8690 (2) 0-046 (2)
C(22) —0-1683(4) 0-5583 (4)  0-8829 (3) 0-057 (2)
C(23) —0-2613 (4) 0-4830(5)  0-8441(3) 0-059 (2)
C(24) -0-2327 (9 0-3793 (5) 0-7915 (3) 0-059 (2)
C(25) —0-1097 (4) 0-3494 (4)  0-7771 (2) 0-049 (2)
H(I) 0-169 (3) 0-376 (4) 0-917 (2) 0-042 (10)
H(2) 0-483 (4) 0-233 (4) 0-761 (2) 0-063 (11)
H(3) 0-430 (4) 0-047 (4 0-741 (2) 0-070 (12)
H(4) 0-614 (3) 0-058 (4) 0-822(2) 0-053 (11)
H(5) 0-533 (3) 0-131 (4 0-894 (2) 0-057 (11)
H(6) 0-642 (3) —0-192 (4) 0-885 (2) 0.067 (12)
H(7) 0-580 (4) —0-095 (5) 0-960 (3) 0-101 (15)
H(8) 0:458 (3) —0.357 (4) 0-903 (2) 0-038 (10)
H(9) 0-577 (3) —0-341 (4) 0-977 (2) 0-057 (1D
H(10) 0-163 (3) —0.265 (4) 1-062 (2) 0-056 (11)
H(1) 0-228 (3) —0-115 (4 1-039 (20) 0-043 (10)
H(12)  0-120(3) —0-109 (3) 0-881 (2) 0.035 (9
H(13) —-0-008 (3) —0-064 (3) 0-902 (2) 0-029 (8)
H(14)  0-168 (3) 0-482 (4) 0-802 (2) 0-068 (12)
H(15)  0-124 (3) 0-327 4) 0-754 (2) 0-053 (11)
H(16)  0-026 (3) 0.575 (4) 0-895(2) 0-063 (12)
H(17) —-0-199 (4) 0-647 (5) 0-917 (3) 0-102 (15)
H(18) —0-349 (4) 0.506 (4) 0-852(2) 0-074 (3)
H(19) —0.302 (4) 0-340 (4) 0-762 (2) 0-079 (13)
H(20) —-0-081 (4) 0-267 (4) 0-741 (2) 0-081(13)

1\ ¥ * %
tU,,=1Y,2,Usatala;

7ata.a; Ugisfor H atoms.

Discussion. In contrast to the 18-membered macro-
cycle (II) (Ganin et al., 1981), in which the benzyl
group occupies a pseudoaxial position and in which the
benzyl ring forms a sandwich structure, macrocycle (I)
has the substituent in a pseudoequatorial position with
the benzyl-ring plane perpendicular to the mean plane
of the macrocycle.

The projection of the molecular structure on the
least-square plane through atoms O(1), O(4), O(7) and
O(13) (atoms are coplanar within 0-071 A) is given in
Fig. 1. Interatomic distances and bond angles are given
in Table 2. The mean values of C—O [1-435 (4) A] and
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Table 2. Interatomic distances (A) and angles (°) with e.s.d.’s in parentheses

Distances Angles

1-2-3 1-2 1-2-3
O(—-C(2)—C(3) 1-452 (4) 110-3 (3)
C(2)-C(3)-0(4) 1-519 (5) 112.1 (3)
C(3)-0(4)—-C(5) 1333 (4) 1166 (3)
0(4)—C(5)—C(6) 1.453 (3) 112-3 (3)
C(5)—-C(6)-0(7) 1-495 (6) 109-1 (3)
C(6)—0O(1—C(8) 1-422 (4) 111-4 (3)
O(7—C(8)—C(9) 1-431(5) 109-6 (3)
C(8)—C(9)—-0(10) 1-495 (6) 108-2 (3)
C(9)-0(10)-C(11) 1-454 (5) 118-4 (3)
O(10)—C(11H)—-C(12) 1-325 (5) 1090 (3)
C(11N—-C(12)-0(13) 1-503 (6) 114-0 (3)
C(12)-0(13)-C(14) 1-414 (5) 117-4 (3)
0O(13)—C(14)—-C(15) 1-419 (4) 114-9 (3)
C(14)—-C(15)-0(1) 1-504 (5) 108-4 (3)
C(15)—-0(1)-C(2) 1-357 (4) 114-6 (3)
C(19)—-C(2)-0(1) 1-523 (5) 105-9 (3)

Fig. 1. Projection of the molecular structure on the plane defined
by the atoms O(1), O(4), O(7) and O(13) with non-valency
interactions indicated. (Torsion angles in deg.)

C—C [1-506 (5) A] are characteristic of crown ethers
(Dalley, 1978). The structure of the three ester groups
and benzene corresponds to a z-delocalized system:
C=0 1-197(5), C==2O0 1:339(4) and C:=:C
1-379 (6) A.

Valence angles at tetrahedral C atoms range from
109-1(3) to 114-9 (3)°, while those at trigonal C
atoms of the benzene ring range from 118-8 (3) to
120-6 (4)°. The average angles are: O=-:C—C
109:9 (3), O=C=+0 124-4 (3), O=C—-C 125-6 (3),
C—-0—C 114-4 (3), C===0O—C 116-1 (3)°. The follow-
ing parameters are characteristic of the fragments
containing H atoms: C—H 1.02(4)A, H—C-0
109 (2), H-C-C 108(2), H—C—H 109 (3) and
H—-C---C 120 (2)°.

Torsion angles describing the conformation of macro-
cycle (I) are given in Fig. 1. The least-squares deviations
of the angles, shown in Fig. 1 and Table 3, are 0-3°.

Distances Angles

1-2-3 1-2 1-2-3
C(19)-C(2)-C(3) 110-0 (3)
C(2)-C(19)—C(20) 112-6 (3)
C(19)—-CQ0)-C(21) 1-506 (5) 121-2 (3)
C(19)—-C(20)-C(25) 120-1 (3)
C(20)—C(21H—-C(22) 1-378 (5) 120-6 (4)
C(21)-C(22)-C(23) 1-388 (6) 120-4 (4)
C(22)-C(23)—C(24) 1-366 (6) 119-7 (4)
0(16)—-C(3)—C(2) 1-197 (4) 122-7 (3)
0O(16)—C(3)-0(4) 125-1 (3)
O(17)—C(11)-0(10) 1-205 (5) 124-7 (4)
O(17)—C(11)-C(12) 126-3 (4)
O(18)—C(15)—-0(1) 1-191 (4) 123-6 (3)
0(18)—C(15)—-C(14) 127.9 (3)
C(23)—C(24)-C(25) 1-365 (7) 120-6 (4)
C(24)—C(25)-C(20) 1-393 (6) 120-0 (4)
C(25)—-C(0)-C(21) 1-385 (5) 118-7 (3)

The angles shown in Fig. 1 in parentheses refer to the
carbonyl groups.

The 15-membered macrocycle forms a distorted
square ring with three C atoms [C(2),C(5),C(9)] and

Table 3. Some torsion angles (°)

C(15)-0(1)—-C(2)-C(19) —173-6 C(23)-C(24)-C(25)-C(20) 0-0
O(1)-C(2)-C(19)—-C(20) 61.7 C(24)-C(25)-C(20)-C(21) 0-0
C(2)-C(19)—C(20)—C(2D) 73-2 C(24)-C(25)-C(20)-C(19) 180-0
C(19)-C(20)-C(21)-C(22) 180-0 C(25)-C(20)-C(21)-C(22) 0-0
C(20)-C(21N-C(22)-C(23) 0-0 O(4)-C(3)-C(2)-C(19) =911
C(21)—C(22)-C(23)-C(24) 0-0 C(3)-C(2)-C(19)—-C(20) -179:1
C(22)-C(23)-C(24)-C(25) 0.0 0(16)-C(3)-C(-CO19 86-4

Table 4. Least-squares planes and deviations (A) of
individual atoms from them

E.s.d.’s of deviations are given in parentheses.

Plane (1): 3-4887x + 4-6838y + 13-7288z = 13.0391

o(h) 0-061 (4) om 0-040 (5)
0(4) —0-071 (4) o(13 —0-029 (4)

Plane (2):2:9768x — 3-7700y + 15-3523z = 12.8671

o(1l) 0-171 (4) C(3) —0-009 (6) C(5) —0-009 (6)
C() —0-222 (6) (o] (3] —0-051 (4) 0(16) 0-130(5)
Plane (3): —5:2576x + 4-3451y + 13-1142z = 8-4656

C(5) —0-006 (6) om —0-070 (7) c9 0-070 (7
C(6) 0.081 (6) C(8) —0-074 (6)

Plane (4): 1-5034x + 7-8428 y — 8-1713z = 9-4045

C(9) 0-156 (7) can —0-043 (1) o113 0-206 (4)
0(10) —0.043 (5) C(12) —0-144 (7) oun —0-080 (6)
Plane (5): —8-5892x + 3-8133 v + 8.3064z = 6-8757

om 0-098 (4) 0(13) 0-084 (4) c(15) 0-007 (7
C(2) —0-028 (6) C(14) —0-138 (6) O(18) -0-023 (5
Plane (6): 0-0797x + 6-3504y — 12-5143z=7.5158

C(0) —0-003 (6) C(22) —0-001 (7) C(24) 0-001 (8)
c@2n 0.003 (D C(23) —0-001 (8) C(25) 0-001 (7

Dihedral angles between planes (°): 1-2 56-3; 1-3 48-1; 1-4 81-4; 1-5
71.6; 1-6 100-2; 2-3 70-5; 34 91-0: 4-5 89-9; 2-5 87.7.
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one O atom [O(13)] at the corners. The dihedral angles
between planes of each side of the quadrangle are given
in Table 4 (planes 2-5).

The three ester groups exist in the energetically
favoured trans form (Miyazava, 1959). The torsion
angles around the C,:—C,, bonds for C(11)-C(12)
and C(14)-C(15) are near 180°, and around
C(2)—C(3) are near 0°. The atoms in the groups of
type O—C—C—O are in the energetically favourable
gauche conformation (Flory, 1969). On the other hand,
the C—O—C—C groups show a trans preference

(Flory, 1969), but only two [C(6)—O(7) and
Table 5. Intermolecular interactions
(I C-H---0

C(6)—H(5)---0(10) [C---O 3-492,H..-0O 2.42 A, C—H-0 161°: 0(10)
at (1 —x,—p, 2 — 2)I

(ID C—-H---0=C

C(5)—H(3):--0(16) |IC:--0O 3-448, H-.-O 2.43 A, C—H-0 176°; O(16)
at (x.y —0-5.1.5 — z)]

C(8)—H(7)---O(18) [C---0 3-209. H---0 2-59 A, C—H-0 130°; O(18)
at (—x, —v. 2 — 2)|

(I O0=C.-.0

O(18)—C(15)---0(13){C-++0 2:799 A; O(13) at (—x, —3. 2 — 2)]
(IV) C—H---H-C

C(Q24)-H(19)---H()-C(2) |[H.--H 2-47 A  H(D at (x — 1.3.2)

C(22)—-H(17)---H(6)—C(8) [H---H 2:38 A; H(6) at (x — 1. 1 + 1. 2)]|

C(l9)~H(l|5)~-~H(12)—C(l4) [H---H 2:45A; H(12) at (x. 0-5 + 1.
1.5 - 2z)

Fig. 2. Projection of the crystal structure along the @ axis.

3-BENZYL-1,4,7,10,13-PENTAOXACYCLOPENTADECANE-2,5.9-TRIONE

O(7)—C(8)] of the seven C—O bonds of the title
compound have this conformation.

The shortest intramolecular distances, reflecting
1,4-interactions, are: C(11)=0(17)---H(12)—C(14)
(O---H 2.41; 0..-C 3.01A: C-H-O 125°),
C(15)=0(18)---H(11N-C(12) (O---H 2-42:;
0---C 2:94 A; C—H-0 118°) and C(15)=0(18)---
C(3)=0(16) (C---0 2-95 A). The latter dipole—dipole
interaction leads to pyramidalization of the C(2), C(3),
O(16), O(4) ester group: C(3) deviates from the plane
defined by C(2), O(4) and O(16) towards the nucleo-
phile O(18) by 0-018 A (e.s.d. 0-006 A). This feature
for C=0-..C=0 interactions was noted by Biirgi,
Dunitz & Shefter (1974).

Fig. 2 shows the molecular packing of the title
compound. We particularly note the C(15)---0(13)
intermolecular distance (2:799 A) [0(13) at (—x, —»,
2 — z)|. This interaction is reflected in an observed
deviation of C(15) from the plane of the atoms C(14),
0O(18) and O(1) (4 = 0-026 A). Other intermolecular
interactions with indications of their types are given in
Table S.
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