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Structure of Bis(1,1,1,5,5,5-hexafluoro-2,4-pentanedionato)-
(2,5,8,11,14-pentaoxapentadecane)barium(II)

By P. vAN DER SLUIS AND A. L. SPEK*

Laboratorium voor Kristal- en Structuurchemie, Rijksuniversiteit Utrecht, Transitorium 3, Padualaan 8,
3584 CH Utrecht, The Netherlands

AND K. TiIMMER AND H. A. MEINEMA
Institute of Applied Chemistry, TNO, PO Box 108, 3700 AC Zeist, The Netherlands

(Received 25 January 1990; accepted 28 March 1990)

Abstract. [lia(CSHF602)2(C]0H2205)], M,=77371,
triclinicc Pl, a=9-506(1), b=10969 (1), c=
15085 (1) A, a=8410(1), B=8810(1), y=
65-31 (1)°, V=1421-53)A%, Zz=2, D,=
1-808 Mgm ™3,  A(Mo Ka)=0-71073 A, u=
15-1cm ™!, F000) =760, T=100K, R=0-020 for
6391 unique observed diffractometer data [/=
2-50(0)]. The barium cation is coordinated by all
nine O atoms of the three ligands with Ba—O dis-
tances ranging from 2:683 to 2:893A. The
2,5,8,11,14-pentaoxapentadecane ligand is wrapped
around the Ba in a plane. One hexafluoroacetyl-
acetonate anion is found on top of this plane and
one below. Both anions have the ZZ conformation.
The absence of short intermolecular interactions
explains why the compound sublimes easily.

Experimental. Data were collected at 100 K on an
Enraf-Nonius CAD-4F diffractometer for a trans-
parent, colorless crystal (06 X 0-5 X 0-5 mm),
mounted on a glass fiber. The cell parameters were

* Author to whom correspondence should be addressed.

0108-2701/90/091741-03%$03.00

calculated by least-squares from the SET4 setting
angles of 25 reflections with 16=< 6 < 18°. 6755
reflections were scanned [h —12:12, &k —14:14, ]
—19:0; 6 =<275° w/26-scan mode; Aw = (0-60 +
0-35tanf)°; Zr-filtered Mo Ka radiation]. Three
reference reflections (042, 440, 304) showed no decay
during 64 h of X-ray exposure time. The data were
corrected for Lp and for absorption [ABSORB
(Spek, 1983), correction factors 1-75-2-15] resulting in
the unique set of 6391 reflections [/ > 2-50()] used in
the structure determination. o*(1) = o2(I) + (pI)?
(McCandlish, Stout & Andrews, 1975) with
p=0015. All non-H atoms were found by
direct methods followed by peak optimization
(SHELXS86; Sheldrick, 1986) in space group Pl.
The correct space group, P1, was inferred during
refinement. The structure was refined on F by full-
matrix least-squares procedures using anisotropic
thermal parameters for all non-H atoms (SHELX76;
Sheldrick, 1976). All H atoms were introduced at
calculated positions (C—H = 0-98 A) and refined in
the riding mode on their carrier atoms with three
isotropic thermal parameters. Convergence was
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Table 1. Final coordinates and equivalent isotropic
thermal parameters with their e.s.d.’s in parentheses

Uy = (1/3)2,2,Ua*a*a; a,.

x y z U (A
Ba 004138 (1) 0-00565 (1) 0-23763 (1) 0-0149 (1)
(1) 03409 (2) 03217 (2) 02120 (1) 00514 (6)
F(2) 0-2180 (2) 0-4705 (1) 01067 (1) 0-0466 (5)
F(3) 0-3603 (2) 0-2675 (2) 0-0781 (1) 0-0644 (7)
F(4) ~0-3082 (2) 06060 (1) 0-1189 (1) 00449 (5)
F(5) ~0:4000 (2) 0-4932 (1) 02080 (1) 00436 (4)
F(6) ~0-3867 (2) 04689 (1) 00687 (1) 00409 (4)
F(7) 0-5441 (2) —0-2461 (2) 0-4503 (1) 0-0470 (5)
F(8) 06317 (1) -0-3016 (1) 0-32090 (9) 0-0383 (4)
F(9) 0-6145 (2) —0-4497 (1) 0-4185 (1) 0-0396 (4)
F(10) 01965 (2) —0-5621 (1) 0-4074 (1) 0-0497 (5)
F(11) 0-0505 (2) —04713 (2) 02924 (1) 0:0447 (5)
F(12) ~0:0318 (2) —04057 (2) 04203 (1) 00432 (5)
o(1) 0-0767 (2) 0-1300 (2) 0-3839 (1) 00317 (5)
oQ2) —0-2002 (2) 0-1143 (2) 0-3645 (1) 00299 (5)
o0) -02471 ) —00125 (2) 02192 (1) 0-0276 (4)
o) ~0-0008 (2) —0-1572 (1) 011418 ©9) 00234 (4)
o) 02458 (2) ~0:0908 (1) 0-08952 (9) 00216 (4)
0(6) 01716 (2) 01764 (1) 0-1783 (1) 00242 (4)
o -01572 (2) 02572 (1) 017271 9) 0-0220 (4)
o(8) 0-3170 (2) —0-1616 (1) 0-3145 (1) 0-0240 (4)
0O9) 00534 (2) —0-2244 (1) 0-3249 (1) 0-0250 (4)
c() 0-2249 (3) 01020 (3) 0-4206 (2) 0-0396 (8)
c@) -0:0448 (3) 01892 (2) 0-4446 (2) 0-0338 (7)
C(3) =0-1959 (3) 0-2299 (2) 0-3971 (2) 00343 (7)
C@4) —0-3498 (3) 0-1432 (3) 0-3278 (2) 0-0376 (7)
C(5) —0-3455 (3) 0-0182 (3) 0-2957 (2) 0-0382 (8)
c©) -02318 2) 01352 2) 01878 (2) 00296 (6)
(o)} -0-1514 (3) —0-1500 (2) 0-0996 (2) 0-0299 (6)
C@) 00938 (3) —0-1937 (2) 0:0367 (1) 00279 (6)
C9) 0-2539 (3) -0-2139 (2) 0-0601 (2) 0-0293 (6)
C(10) 0-3975 (2) —=0-0971 (2) 0-1018 (2) 0-0280 (6)
can 02614 (3) 03413 (2) 01367 (2) 0-0317 (7)
C(12) 0-1274 (2) 0-2978 (2) 0-1529 (1) 0-0218 (5)
C(13) ~00220 (2) 03964 (2) 01376 (1) 00226 (6)
C(149) —-01512 (2) 0-3668 (2) 0-1507 (1) 0-0210 (5)
c(15) ~03123 2) 04850 (2) 0-1359 (1) 0:0270 (6)
C(16) 0-5432 (2) —=0-3207 (2) 0-3855 (1) 0-0252 (6)
Cc(17 0-3768 (2) —-0-2784 (2) 0-3526 (1) 0-0203 (5)
c(18) 03112 2) —0-3707 2) 03703 (1) 00224 (5)
C(19) 0-1539 (2) —0-3356 (2) 0-3525 (1) 0-0223 (6)
C20) 0:0954 (3) —0:4473 (2) 0-3692 (2) 0-0299 (7)

reached at R=0-020 [wR =0-032, w=1-0/0*(F), S
=0-82, 383 parameters; (A4/0)pex =02, (A/o)=
0-04]. No residual density outside the range —0-39-
0-81 ¢ A3, Scattering factors from Cromer & Mann
(1968), anomalous-dispersion corrections from
Cromer & Liberman (1970). The program package
EUCLID (Spek, 1982) was used for geometrical cal-
culations and illustrations. All calculations were car-
ried out on a microVAX II cluster. The final atomic
coordinates and equivalent isotropic temperature
factors are listed in Table 1.* Bond distances and
angles are given in Table 2. Fig. 1 shows the molecu-
lar structure with labeling scheme.

Related literature. Crystal structures of related com-
pounds have been reported. 2,5,8,11,14-Pentaoxa-
pentadecane-barium thiocyanate dihydrate (Wei,

* Lists of anisotropic thermal parameters;, H-atom positions,
bond angles and distances involving H atoms, torsion angles, and
structure factors have been deposited with the British Library
Document Supply Centre as Supplementary Publication No. SUP
52907 (47 pp.). Copies may be obtained through the Technical
Editor, International Union of Crystallography, 5 Abbey Square,
Chester CH1 2HU, England. i

[Ba(CsHFs0,),(C10H205)]

Table 2. Bond distances (A) and angles (°)

BQ—O(I)

2809 (2) 0(2)—C(4) 14439 (4)
Ba—0(2) 2872(2) 0(3)—C(5) 1437 (3)
Ba—0(3) 2855 (2) 0(3)—C(6) 1422 (3)
Ba—O(4) 2855 (2) 0@ —C(7) 14424 (3)
Ba—O(S) 2893 (1) 0O(4)—C(8) 1435 (3)
Ba—O(6) 2713 2) 0(5—C(9) 1435 (3)
Ba—O(7) 2711 (1) 0(5)—C(10) 1432 (3)
Ba—O(8) 2706 (2) 0(6)—C(12) 1238 (2)
Ba—0(9) 2683 (2) O(7—C(14) 1238 (2)
F(1)—C(11) 1-334 (3) 0oE)—C(17) 1248 (2)
F(2—C(11) 13322) 0(9—C(19) 1234 2)
FG3)y—C(11) 11333 (3) CR—C(3) 1-498 (4)
F(4)—C(15) 1342 2) C4—C(5) 1-485 (4)
F(5)—C(15) 11335 (3) C(6)—C(M 1-502 (3)
F(6)—C(15) 1323 (3) C(8)—C(9) 1-492 (4)
F(T—C(16) 1340 (3) c(11)y—C(12) 1541 (4)
F(8)—C(16) 1324 (3) C(12—C(13) 1388 (3)
F(9—C(16) 1337 2) C(13)—C(14) 1398 (3)
F(10)—C(20) 1311 (3) C(14)—C(15) 1543 (3)
F(11)—C(20) 11335 (3) C(16)—C(17) 1-534 (3)
F(12)—C(20) 1347 (3) C(17—C(18) 1395 (3)
o(—c(1) 1:429 (4) C(18)—C(19) 1-407 (3)
o)) 1-421 (3) C(19—C(20) 1540 (3)
02—C(3) 1422 (3)
Ba—0(1)—C(1) 122:5 2) O(6)—C(12)—C(11) 1132 2)
Ba—O0(1)—C(2) 1226 (2) 0(6)—C(12)—C(13) 1295 (2)
C(1)—0(1)—C(2) 1119 (2) C(11)—C(12)—C(13) 1173 2)
Ba—0(2)—C(3) 1106 (1) C(12—C(13)—C(14) 1216 (2)
Ba—0(2)—C(4) 1115 (1) O(T)—C(14y—C(13) 1294 (2)
C(3)—0(2)—C(4) 1117 (2) O(T—C(14)—C(15) 1132 2)
Ba—O(3)—C(5) 1151 2) C(13)—C(14—C(15) 1174 (2)
Ba—0(3)—C(6) 1135 (1) F(4—C(15—F(5) 1062 (2)
C(5—0(3)—C(6) 1114 ) F(4)—C(15—F(6) 1072 2)
Ba—O(4)—C(7) 1197 (1) F(4)—C(15—C(14) 1139 2)
Ba—O(4)—C(8) 1221 (1) F(5)—C(15)—F(6) 1072 2)
C(7)—0(4y—C(8) 1113 (2) F(5—C(15—C(13) 1109 (2)
Ba—0(5—C(9) 1152 (1) F( 15—C(14) 11141 2)
Ba—O0(5)—C(10) 1138 (1) F(T—C(16)—F(8) 1070 2)
C9)—O0(5)—C(10) 1110 (2) F(7)—C(16)—F(9) 1068 (2)
Ba—0(6)—C(12) 1375 (1) F(T—C(16)—C(1T) 1100 2)
Ba—O(T)—C(14) 1371 (1) F(8)—C(16)—F(9) 1066 (2)
Ba—O(8)—C(17) 137:2(1) F(8)—C(16—C(17) 1116 (2)
Ba—O0(9)—C(19) 137:5 (1) F(©)—C(16)—C(17) 1145 (2)
O(1)—C(2)—C(3) 1082 2) 0(8)—C(11—C(16) 1137 (2)
0(2—C(3—C(2) 1089 (2) O(8)—C(11)—C(18) 1287 2)
0(2—C(4)—C(5) 1086 (2) C(16)—C(17)—C(18) 1176 (2)
03)—C(5—C(4) 1086 (2) C(17)—C(18)—C(19) 1218 (2)
0(3)—C(6—C(7) 1090 2) 0(9)—C(19—C(18) 1282 2)
O(@d)—C(H—C(6) 107-4 (2) 0(9)—C(19—C(20) 1142 (2)
O(@4)—C(8)—C(9) 1083 2) C(18)—C(19)—C(20) 1176 2)
0(5)—C(9)—C(8) 1081 (2) F(10)—C(20)—F(11) 1079 (2)
F(1)—C(11)—F(2) 1062 (2) F(10)—C(20)—F(12) 1079 (2)
F(1)»—C(11)—F(3) 1071 ) F(10)—C(20)—C(19) 1148 (2)
F(1)—C(11)—C(12) 1106 (2) F(11)—C(20)—F(12) 1057 (2)
F)—C(11)—F(3) 1074 2) F(11)—C(20)—C(19) 1101 (2)
F@)—C(11)—C(12) 1148 (2) F(12)—C(20—C(19) 1100 (2)
FG—C(11)—C(12) 110-4 (2)

Fig. 1. PLUTON drawing of the molecular structure with adopted
labeling.
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Tinant, Declercq, van Meerssche & Dale, 1987) and
cis-bis(acetylacetonato)diaquacalcium monohydrate
(Sahbari & Olmstead, 1983). Details of the chemistry
will be published elsewhere (Timmer, Meinema, van
der Sluis & Spek, 1990).

Data were collected by A. J. M. Duisenberg. This
work was supported in part (ALS) by the Nether-
lands Foundation for Chemical Research (SON)
with financial aid from the Netherlands Organization
for Scientific Research (NWO).
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Structure of Bromo(4-iodo-1,2,3,4-tetraphenyl-1,3-butadienyl)diphenyltin(IV)

By CHRISTINE R. A. MUCHMORE
The Upjohn Company, Kalamazoo, Michigan 49001, USA

AND MARY JANE HEEG*

Department of Chemistry, Wayne State University, Detroit, Michigan 48202, USA

(Received 3 August 1989; accepted 28 February 1990)

Abstract. [SnBr(CeHs)y(CasHyol)], M, =83619, tri-

clinic, Pl, a=10336(4), b=10582(5), c=
16615(8)A, a=9465(4), B=9880(3), y=
108-23 (4)°, V=1690(1)A}, Z=2, D.,=
1-643 g cm ™3, A(Mo Ka) =0-71073 A, u=

2790 cm ™!, F(000) =816, T =298 (2) K, R=0-032
for 4718 unique observed reflections. The butadiene
is o-bound to the Sn atom and the pendent I substit-
uent of the butadiene is involved in a intramolecular
interaction with the Sn, having Sn--I = 3-8835 (5) A
(van der Waals radii for Sn and I are commonly 2:2
and 2:0 A respectively). Whether this Sn-I interac-
tion is attractive (bonding) or repulsive (steric), the
presence of the I atom distorts the Sn coordination
sphere from the ideal tetrahedron towards a trigonal
bipyramid. The axial Br—Sn-I angle is 168-45 (2)°.
Like all 1,2,3,4-tetraphenylbutadienes, this one is
non-planar with 72-3 (1)° between the two olefinic
planes. The C1—C2—C3—C4 torsion angle of the
butadiene backbone is 78-7 (5)°. The phenyl groups
on the 1, 2, 3 and 4 positions are canted with respect
to their olefinic planes and the dihedral angles are
76-7 (2), —46-3(3), 57-1(4) and 69-8 (3)°, respec-
tively.

0108-2701/90/091743-03$03.00

Experimental. The title complex was prepared by the
reaction of elemental iodine with hexaphenylstannole
and tetrahydrofuran at 195K under a nitrogen
atmosphere and recrystallized from ether/trichloro-
methane. It should be noted that the presence of the
Br atom was unexpected, as Br was not intentionally
a part of the preparation and most likely part of an
unknown impurity.

Colorless  prismatic  crystals, 0-25 x 0-25 x
0-40 mm; Nonius CAD-4 diffractometer, monochro-
mated Mo Ka; 6/20 scans; 3 <20 < 50° Ilattice
parameters from 25 high-angle reflections (26 > 20°);
Gaussian-integration absorption corrections applied
with transmission coefficients 0-40-0-48; 0 < h < 12,
—12=<k=<12, —19</<19; three standard reflec-
tions fluctuated 2-7%; 6093 total reflections, 5956
unique, 4718 observed with I, = 3-00(J). Patterson
methods; full-matrix refinement vie SHELX76
(Sheldrick, 1976) on F’s, minimizing >w(|F,| —
|F,])% all C atoms anisotropic; H atoms were placed
in calculated positions (C—H =1-08 A) and held
invariant with U(H) set to 0-08 A% Number of
parameters varied was 388. For observed reflections
R=0032, wR=0045, S=166, w=(0p) 2% In a

© 1990 International Union of Crystallography



