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Structural chemistry of organotin ferrocenccarboxylic esters IL.
The crystal structure of dibutyltin ferrocenecarboxyiate oxide
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Abstract

The X-ray analysis confirms dibutyltin ferrocenecarboxylate oxide (IA) adopts an oxo-bridging dimer structure mode with four
anisobidentate bridging carboxylate groups as ligands and has a planar tortuous ladder geometry. IA crystallizes in the monoclinic space
group P2,/c with a = 1403.2(3)pm, b= 1309.3(3)pm, ¢ = 2786.0(6)pm, B = 102.49(3)° and Z=2. The structure was refined to

R = 0.0508 and WR = 0.0564.
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1. Intreduction

The compounds dibutyltin ferrocenecarboxylate ox-
ide (1A) and dioctyltin ferrocenecarboxylate oxide (IB)
have been synthesized and their possible structures de-
duced [1]. However, the final exact structure must be
determined by mono-crystal X-ray diffraction. IA can
be obtained as a crystal, but IB as a solid powder or like
glass. This report represents the results of the X-ray
diffraction of IA and detailed analyses of its structure.

2. Experimental section

The red-orange crystal for IA, grown from
benzene—ethanol solution, degrades fairly rapidly when
exposed to ambient conditions; this behavior is due to
loss of benzene of solvation. So, a crystal of IA
(0.15 mm X 0.20 mm X 0.50 mm) sealed by epoxy glue
was used for the X-ray study.

Intensity data for compound IA were performed on a
Rigaku AFC6S diffractometer fitted with highly ori-
ented graphite monoch d MoKa radiation, A =
70.073pm at ambient temperature of 296 K. 8816 inde-
pendent reflections (+ A, + k,+ [) were collected using
the @ scan mode for 4° <260 < 50°. During collection

* Corresponding author.

0022-328X/97/817.00 © 1997 Elsevier Science S.A. All rights reserved.

Pl $0022-328X(96)06723-X

of the diffraction data, the standard reflection intensity
decreased by 10%, so the diffraction intensities were
corrected using a decay coefficient, Lp factor and ab-
sorption.

The structure was solved by direct methods using the
Siemens SHELXTL PLUS (VMS) system and refined by a
full-matrix least squares procedure. All Fe, Sa, O atoms
were refined with anisotropi p factors. Ow-
ing to the flexibility of the butyl chains and easy loss of
benzene molecules from the crystal, all of the C atoms
were refined with isowropic thermal parameters. The
positions of the H atoms were according to theoretical
calculations, without least squares correction. The
semiempirical method was made for absorption correc-
tions.

3. Results

Crystal data for IA uniquely determined that empiri-
cal formula C 5oH,;,Fe,0,0Sn, - 4C,H, or {[FeC o H,-
COOSn{(C,H,),0), - 4C H,; formula weight 2192.2;
space group P2,/c; unit cell dimernsions a =
1403.2(3)pm, b =1309.3(3)pm, c =2786.0(6)pm, a
=90°, B=102493)°, y=90% volume = 4998(2) X
10° nm?; Z = 2; density (calc.) 1.457Mgm™3; F(000)
=2232; numbers of observed reflections 2305 (/>
4.00({)); min./max. transmission faction =
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Fig. 1. orTEP plot of IA. The intermediate and the longer Sn-O
interactions (271.0, 274.0, 288.8, 312.2pm) are shown as dashed
lines. The benzene molecules and hydrogen atoms are omitted for the
purpose of clarity.

0.8606/1.0000; final agreement factors (obs. data) R =
5.08%, WR = 5.64%.

The atom labeling scheme for IA is given in the
ORTEP plot of Fig. 1 and in its unit cell plot of Fig. 2,
while atomic coordinates are given in Table 1. The
selected bond lengths and angles are given in Table 2.

4. Discussion

The compound IA has a dimeric formulation. IA
exists as a planar tortuous ladder structure which con-

tains pseudo-six and pseudo-seven coordinated tin
atoms. IA can be viewed as a centrosymmetric dimer,
where one half of the molecule comprises the crystallo-
graphic asymmetric unit and other half is generated by
an inversion center located at the center of the oxo-
bridging parallel quadrilateral (SnO), ring. IA has a
ladder structure rather than a staircase arrangement, as
evidenced by the coplanarity of the atoms comprising
the fused ring system. The atoms Snl, Sn2, SnlA,
Sn2A, O5 and OS5A are coplanar to within +2.38 pm.
The atoms Snl, O3A, OS5, Sn2A are coplanar to within
+1.89 pm. The dihedral angle between the central and
terminal four atom rings is 3.2°. So, the atoms Sn1, Sn2,
03, 05, SnlA, Sn2A, O3A and O5A are coplanar (to
within + 1.90pm).

As to the atoms of tin, there are apparently two
types: bridging tin atoms Sn2, Sn2A and side tin atoms
Snl, SnlA. The bridging tin atoms adopt a pseudo-seven
coordination structure, in which the five stronger coor-
dination bonds, Sn2-C9 211(2) pm, Sn2-Cl3
207(2) pm, Sn2-05 219.5(8) pm, Sn2-05A
205.6(9) pm, Sn2-03 223(1)pm, consist of a distorted
trigonal bipyramid. The atoms Sn2, O5A, C9 and C13
are coplanar (to within + 1.76 pm). The plane composed
of them may be viewed as an equatorial plane of a
trigonal-bipyramid. In addition, the atoms Sn2, O1, O3,
04, 05, O5A are coplanar (to within + 1.62 pm) and is
nearly perpendicular to the equatorial plane (their dihe-
dral angle is 89.5°). However, from the two directions
facing the faces composed of C9, C13, O3 and of C9,
C13, 05, the 04 and O! approach the Sn2 atom with a
weaker long-range interaction (the distances between
the two atoms are 289pm and 312pm respectively).
The axial angle 03-Sn2-05 is closed to 150.6°% the
angle C9-Sn2-C13 in the equatorial plane is opened up
to 133.3%

Fig. 2. The packing plot of LA in its unit cell.
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The side tin atoms adopt a pseudo-six coordination

, in which the atoms Snl, O1, O3A and OS5 are
coplanar to within +2.10pm; its geometry, for example
for the Sn1 atom, can be seen as four coordination (with
distances 198.7(10) ~ 213.3(26) pm) to the nearby tetra-
hedron of atoms O1 O5 C1 CS5, where the atoms 02,
O3A coordinate to the side tin Snl facing the faces
shared by the edge defined by the atoms C1 and CS.
There is stronger long-range interaction between the
capped 02, O3A atoms and the side tin (Snl) with
distances 271.0pm and 274.0 pm respectively.

In IA, all of the carboxylate ligands are anisobiden-
we. The ester oxygen atoms as a bridge-oxygen coordi-
nation atom have a normal linkage (Sn-0O; 212.1(10) ~
222.8(12) pm), simultanecusly coordinating to an adja-
cent tin atom with long-range interaction (distances
274.0pm, 312.2 pm), while each of the carbonyl oxygen
atoms, as terminal-oxygen coordination atoms, coordi-
nates to the same tin atom with long-range interaction
(271.0pm, 288.8 pm; the van der Waals sum r,,(Sn—
0) = 368 pm [2]). However, the ester bond and carbonyl
bond in carboxylate ligand bonding to the bridging tin
atom are more averaged (A = Cb—04 — Cb-03 =2 pm)
than to the side tin atom (A =Ca-Ol-Ca-02=

The Cp rings in the same ferrocenyl group are
eclipsed and parallel to each other, between which the
dihedral angles are 0.7 ~ 1.4°. The Cp rings in different
ferrocenyl groups are nearly parallel to each other,
between which the dihedral angles are 8.6 ~ 10.7°.

The solvate benzene molecules embed in the unit cell
with dihedral angles to the Sn,0, core of 113.6° for
C41 ~ C46 and 89.5° for C51 ~ C56. The dihedral an-
gle between the planes of two kinds of benzene molecule

Since the atoms Snl, SnlA, Sn2, Ol ~ 05, OSA,
~C23 and C31~ C33 are coplanar to
within +9.24 pm, the main skeleton of IA, in general,
has a planar structure, except for the butyl groups. The
oxo-bridging core in JA has a panallel quadrilateral
geometry with two unequal length Sn—-O bonds:
219.5(8) pm, 205.6(9) pm; their difference A = 13.9pm,
£0-Sn-0 74.1(4)°, is similar to many other dialkyltin
oxides (Sn—O 217 pm [11) and 199pm [6,11}, A —3pm
[12] to 16pm {6,11}, LO-Sn-071.8° [11}, ca. 775°
[7D. However, the geometric positions about the side-tin
atoms may differ with different coordinating groups;
also, they may be out of the oxo-bridging core or
becomelotwredmsomedegreemthecoreplane
Therefore, the lar g ry of the main skeleton
about this kind of compound may transform from ladder
mode into a tortuous ladder mode [3-12] or into stair-

Table 1
Atomic coordinates (X 10*) and equi isotropic disp
coefficients (A? X 10) for IA

x v z Uy *®
S0 BIND A7) 168D 6D
Sn(2) 5496(1)  S06R(D 6D S
Fe(1) 92402  6786) 168D 75(1)
Fe(2) 3689%(2) 3208(2) 2161(1) 71Q1)
o) 3552(8) 4500(9) 919(4) 75)
o) 200100 419310)  9624)  91(6)
003) 0860) 5427090 8034)  906)
o 6B639)  S20012)  15425)  114(D)
o5 aASAD 4O 63 56(4)
Ca 2863(16) 4335(14) 1167(D 69%(6)
Cb 7417(15) 5394(15) 1248(8) 78(6)
c() 2454(16) 2943(15) -318) 107(7)
[o(V] 2773(22) 2224(25) 312011 181(12)
c@®3) 232927) 1097(30) 131(14) 221(16)
c@) 2619(51) 515(59) 412(25) 495(53)
C(5) 1947(20) 5826(19) 67(10) 143(10)
c(6) 1195(41) 5992(43) 174(19) 343(28)
[«)) 505(33) 7083(38) 157(17) 281(23)
c®) 1065(33) 7697(36) 203(15) 283(23)
=) 4976(13) 64713 8SUD  THE)
c(10) S504(18) 7319 8219) 1399
o 5077(22) 8353(23) 1053(11) 166(11)
a2 5426400  OI945)  9B4C20)  397(34)
€3 5627014)  3594(13) 889 826
() 6287200 291422  70X10)  160(11) 11pm).
(15) 6300(26) 1735(28) 867(13) 217(15)
a6) 0310 125346)  66519)  398(32)
cen 326(13)  440413)  17046) 685
o) 4168(14)  4595(14) 19701  BX6)
C(23) 3187(14) 4376(14) 2524(7) 85(6)
C(24) 4150(14) 4574(14) 2481(7) 86(6)
cs) W1104)  4261013)  205%7)  78(6)
26 3658(16)  1905(15) 1778  95(D)
@27 4595(17) 2125(16) 2001(8) 112(8)
C(28) 4622(16) 2116(15) 2495(8) 101(7)
cG9 W91(15)  1913(14)  25528)  95(7)
cG0) 3419 1789(16)  208%9)  1168) is 53.°.
6D 8500(13)  5485(13)  14456)  6KS)
C(32) 9195(14) 5638(15) 1154(8) 95(7)
63 1010716) 565205 15158) 1007 Ca, Cb, C21
cGY 9990(14)  552814)  196XT) 818
) 8963(14)  S3I(14) 1958 8O
C(36) 8371(18) 8003(15) 1611(8) 107(7)
) 8882(17)  TOIF16)  20979) 1148
CG8) 9417 800K16)  20769)  110(8)
CG9) 9886(17)  8142015)  15988)  10X(D)
C40) 8937(18) 8119(16) 1308(9) 115(8)
[oC1)] 2648(16) 7182(20) 1866(9) 118(8)
C(42) 2617(16) 7245(21) 2349%(10) 126(9)
C(43) 2735(18) 8163(22) 2564(10) 138(9)
Caa) 200715)  897H19)  23309) 10K
C(45) 2910(16) 8978(19) 1831(9) 122(8)
C(46) 2789(18) T7999%(22) 1622(10) 139%(9)
c(51) 8987(27) 1797(31) 1648(12) 212(15)
o6 960923)  925(25)  1S8110)  169(11)
aG3) 10327025)  960(28)  1371001)  188(13)
C(54) 10592(22) 2009%(26) 1227(10) 166(11)
C(55) 10073(22) 2775(23) 1329(10) 141(10)
C(56) 936126)  2706028)  1502(1D 17712

" Equivalent isotropic U defined as one-third of the trace of the
orthogonalized U; tensor.

case mode [13).
The ''*Sn NMR spectrum of JA has two signals; this
shows that the structures of the two types of tin atom in
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Table 2

Selected bond bond lengths (pm) and bond angles (deg) for IA

Bond lengths

Snl-01 212.1(10)  Sm2-03 222.8(12) 0l1-Ca 132(3) Cb-C31 151(3)
Snl-05 198.7(10)  Sn2-05 219.5(8) 02-Ca 121(2) Snl-02 271.0(14)
Snl-Cl 212(2) Sn2-C9 211.2(18) Ca-C2t 148(3) Snl-03A 274.0413)
Snl-C5 2133) Sn2-C13 207.2(17) 03-Cb 123(2) Sn2-01 312.2(12)

Sn2-05A 205.6(9) 04-Cb 125(3) Sn2-04 288.8(12)

C1-C2 135(4) C2-C3 164(5) C3-C4 110(8) C5-C6 118(7)
C6~-C7 172(8) C7-C8 1117 C9-Cl10 139(3) C10-C11 165(4)
Cl1-C12 122(7) Ci3-Ci4 146(4) C14-CI5 161(5) C15-Cl6 142(7)
c-C

inCp Cyaas 138(2) ~ 146(3) Cy. 30 135(4) ~ 141(3)

Cyiaas 130(3) ~ 1453) Cyq. 4o 12%(4) ~ 140(3)

in benzene U 130(4) ~ 1404) Cgy_ 5o 120(5) ~ 150(5)
Fel-Cy, . 40 199 ~ 203(2) Fe2-C, .3 201 ~ 206(2)
Bond angles
01-Sn1-05 82.4(4) 03-Sn2-05 150.6(4) 0O1-Sn2-03 150.9(4)
0O1-Sn1-03A 1489(4)  03-Sn2-C9 98.1(6) 01-Sn2-04 103.2(3)
01-5n1-Cl 108.1(6)  03-Sn2-Cli3 96.0(6) O1-Sn2-05A 1324(3)
01-8n1-C5 105.1(7)  C9-Sn2-C13 133.3(8) 04-Sn2-C9 80.3(5)
05-Sn1-03A 66.3(3) 05-Sn2-C9 94.5(5)  04-Sn2-C13 77.0(6)
05-Sn1-C5 111.3(8) 05-Sn2-C13 94.4(5) 04-Sn2-03 47.7(4)
C1-Sri-C5 130.7(9)  05-Sn2-05A 74.14)  04-Sn2-05 161.5(4)
C1-Sn1-03A 81.1(7) 03-Sn2-05A 76.6(4) 04-Sn2-05a 124.3(4)
C5-Sn1-03A 88.9(8) 09-Sn2-05A 1LI6) Snl-Ol1-Ca 105(1)
02-Sn1-CS 84.0(8) Ci3-Sn2-05A 115.4(6) Sn1-05-Sn2 128.8(4)
02-5n1-03A 158.2(4)  01-Sm2-C9 745(6)  Snl-05-Sn2A 125.1(4)
02-Sn1-05 135.4(4)  O1-Sn2-CI3 71.8(6)  Sn2-05-Sn2A 105.9(4)
02-Sn1-0t 52.8(4) 01-Sn2-05 58.3(3)  Sm2-03-Cb 112()
01-Ca-02 122(2) 01-Ca-C21 1132)  02-Ca-C21 125(2)
03-Cb-04 121(2) 03-Cb-C31 120(2)  04-Cb-C31 1%2)
Sn1-C1-C2 117(2) C1-C2-C3 HiR C2-C3-c4 1S
Sn1-C5-C6 130(3) C5-C6-C7 133(5)  C6-C7-C8 103(4)
Sn2-C9-C10 118(2) €9-C10-C11 1142)  Cl0-C11-C12 118(4)
Sn2-C13-C14 117(2) C13-C14-C15 117(3)  C14-C15-Cl6 106(4)
C31-Fel-C32 40.0(8) C32-C31-C36 90.3(9) Ca-C21-C22 129Q2)
Ca-C21-C23 124(2) Cb-C31-C32 125(2)  Cb-C31-C35 124(2)
C21-C22-C24 108(2) C42-C41-Ca6 120(2)
Numbers in h are esti dard . Atoms are labeled to agree with Figs. 1 and 2.

the solid state are still retained in solution. The signal at
—2223ppm is assigned to the pseudo-seven coordina-
tion bridging tin (or bicapped trigonal bipyramid tin}
and at —217.3ppm to the pseudo-six coordination side
tin (or bicapped tetrahedron tin).
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